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Summary

This research investigates chm ate and vegetation dynamics in two Atlantic regions; central 

Ireland and NW  Spain. Atmospheric and oceanic processes influence climate and hence 

vegetation through forcing factors operating at millennial time scales. But the extent of 

their influence over shorter periods is less well understood. Climate, however, is only one 

factor affecting vegetation change and increasing anthropogenic pressure may mask its 

influence during the late Holocene. Here climate and vegetation history are inferred 

through proxy indicators and examined in the light o f archaeological and historical data.

Humification, non-pollen palynomorph (i.e. fungal spores and testate amoebae), loss on 

ignition and pollen analyses were undertaken on samples from three peat cores; one from 

Ballyduff bog in Co. Tipperary and two from bogs in the Xistral uplands, Galicia. High 

resolution chronologies for two o f the cores were constructed by wiggle match dating 

closely spaced radiocarbon dates and combining them with horizons o f  lead and fly ash 

concentration. The chronology o f the third core is based on fewer radiocarbon dates and 

hence does not have the same resolution. The proxy datasets were evaluated with proxy 

results derived from the same cores but generated by different research.

Wet periods starting at c. 4400, 4250, 4000, 2500, 2050 between 1700 and 1000 and 

between 800 and 100 cal BP were inferred for central Ireland. In Galicia wet signals were 

less pronounced but they could still be identified at c. 4400, 4000, 3150, between 2750 and 

2300, 1950, 1800, between 1500 and 1200, between 700 and 450 and at 0 cal BP. The 

timing o f wet signals between the two regions was often broadly similar but not 

synchronous in detail.

Ordination o f pollen data revealed similar trends in all cores; major gradients related to the 

amount o f tree pollen in samples. The hydrological records did not correlate significantly 

with the pollen gradients suggesting that precipitation had no systematic influence on 

vegetation dynamics. Similarly rates o f change analysis indicated that the main difference 

between pollen samples arose when the amount o f tree pollen fell. This relationship 

changed at c. 2200 cal BP in Galicia. After this date repeated deforestation produced 

similar conditions and high difference scores arose when trees were allowed to regenerate. 

This was tentatively interpreted as representing grazing pressure.
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The pollen record from Ballyduff shows three phases o f tree pollen reduction, two in the 

Bronze Age and one recent. The pollen signature indicates that all phases were due to 

human intervention. The high dating and sample resolution made it possible to propose 

woodland regeneration rates as well as a five event model o f clearance and land use for one 

of the Bronze Age phases. A medieval tree and shrub regeneration period is interpreted as 

a drop in land under cultivation following the Black Death pandemic o f 1348 AD. Pine 

pollen reappears particularly early for central Ireland in the 17”’ century.

The Xistral profiles record a general trend o f  decreasing tree pollen percentage punctuated 

by further reductions at c. 5300, 3400, 2750, 2100, 1150 and from 450 cal BP. Like in 

Ireland low tree pollen in Galicia is also associated with human initiated deforestation. 

Deforestation occurs mainly during phases o f increased cultural activity such as in the late 

Neolithic, in the Bronze Age and during the Iron Age and the Roman occupation. The 

deforestation at 1150 cal BP is associated with high macroscopic charcoal and drier 

conditions and coincides with a period o f political change between Visigoth and Arab rule. 

Millet and rye were mainly cultivated from the medieval period onwards while barley and 

wheat are more important earlier in the record. Deforestation in the 16”’ century coincides 

with local shipbuilding industry and population pressure. Both the Galician and Irish 

pollen diagrams show pine afforestation in recent centuries.

Variations in the vegetation surrounding the study sites did not seem to be linked to 

hydrological change but to be due to anthropogenic activity during cultural phases. Many 

of these cultural phases manifested themselves in similar ways in Ireland and Galicia 

particularly during prehistory. Other parallels between the two regions may include 

genetic makeup, navigation, early exploitation o f metal resources, related Celtic languages, 

reduced human activity in the early centuries AD as reflected by the pollen profiles, a 

fervent adaptation o f Christianity and population expansion against a backdrop o f mild 

oceanic climates and similar vegetation where hazel and oak feature prominently.
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Introduction

1.1 Climate

The year 2007 was arguably the most important year in Holocene cUmate history to date. 

That year saw the pubhcation o f  the 4'*’ and last report o f the UN Intergovernmental Panel 

on Climate Change (IPCC). The IPCC report established a firm link between 

anthropogenic activity and recent climate changes (IPCC, 2007). This report and others 

similar to it would not have been successful without a huge body o f scientific investigation 

into the mechanisms and background o f climate history behind them.

One strand o f this investigation focused on Abrupt Climate Changes Over the European 

Land Mass (ACCROTELM). ACCROTELM  was a European Commission funded project, 

which ran between 2003 and 2006 and involved 10 partner institutions. Its main aims 

were: ‘to identify and quantify abrupt climate changes in Europe in the last 4500 years’ 

(ACCROTELM members and Chambers, 2007). It set out to do this by multi-proxy 

investigations geared towards the detection o f abrupt hydrological changes. Eight sites 

forming two transects were selected for investigation. One transect connects sites along a 

climatic gradient between the Atlantic and the Baltic Sea while the other connects three 

sites along the Atlantic Fringe, the Faroe Islands, Ireland and NW  Spain. This thesis forms 

part o f the investigation o f  the latter two sites.

Plate 1.1 ACCROTELM  transects with eight European and one Newfoundland sites. 
This thesis forms part o f  the investigation into the hydrology o f sites 6 and 7.
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Site locations along the ACCROTELM transects were chosen so as to facilitate the 

detection of Atlantic Ocean influence on climate. Much of the climate o f Western Europe 

is governed by the thermohaline circulation of the Atlantic Ocean (Roucoux et al,  2001; 

Stenseth, 2004; Scourse et al,  2006). Differences in ocean water density drive a slow 

moving, warm current eastwards across the Atlantic and north along the northwest 

European seaboard. Like other warm surface waters the North Atlantic Current influences 

temperatures over adjacent landmasses (Dickson et al,  1996; Witak et al,  2005; Eiriksson 

et al,  2006; Scourse et al,  2006). Indeed past disruptions of these warm currents have 

lead to southward advances of the Polar Front and to attendant cooling of the North East 

Atlantic (Ruddiman and McIntyre, 1981). The Younger Dryas and the 8.2 K cooling 

event, for instance, are attributed to such disruptions. These events leave a particularly 

strong signature in Atlantic Fringe regions even though they are picked up in 

palaeoenvironmental records from many other areas too (Fossitt, 1994; Allen et al,  1996; 

Penalba et al,  1997; Leira, 2005; Munoz Sobrino et al,  2005; Diefendorf et al,  2006). 

Another type of ocean influence relates to shifts in storm tracks which influence rainfall 

patterns on a shorter inter-annual to inter-decadal scale. The dipole mode of the North 

Atlantic Oscillation (NAO) accounts for most of the short-term climate variability in the 

North Atlantic region (van Loon and Rogers, 1978; Rogers and Van Loon, 1979; Hurrell 

and Van Loon, 1997; Qian et al ,  2000; Stenseth, 2004). In its positive phase the NAO 

consists of a high pressure area located over the Azores and a low pressure area over 

Iceland. Since, in the Northern Hemisphere, air circles clockwise around high pressure and 

counter clockwise around low pressure fields the positive phase of the NAO is associated 

with the advance of strong frontal systems on north-western Europe especially during the 

winter months. During the NAO’s positive phase wet conditions dominate in north and 

northwest Europe while southern Europe experiences dry conditions. These patterns are 

reversed in the negative phase (Dawson et al,  2003; Uvo, 2003; Garcia et al,  2005). The 

NAO’s influence on rainfall distribution and regional hydrology can be detected in areas as 

far apart as Greenland and Iberia (Fowler and Kilsby, 2002; Dawson et al,  2003; Trigo et 

al,  2004). Garcia et al  (2005), for instance, show the direct influence of the NAO on 

Galician rainfall patterns. In a dataset covering 50 years of winter rainfall measured in 10 

stations, the pressure changes associated with the NAO and Galician rainfall patterns had a 

common oscillation of an approximately eight year period, this pattern was particularly 

strong along the coast.
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Present climatic links between areas of the northeast Atlantic are well recognised (Hurrell, 

1995; Rodwell et a l ,  1999; Gil et al., 2006; Scourse et a l ,  2006). However, establishing 

synchronous change in the hydrological regime of these regions through proxy records and 

thus confirming the influence of Atlantic forcing in the past, remains a challenge. This 

work aims to examine Atlantic Ocean influence on terrestrial hydrological regimes. Sites 

in Ireland and NW Spain were chosen for this investigation as their hyper oceanic climates 

and their latitudinal position make them especially suitable to investigate Atlantic forcing.

High resolution past hydrological change is best investigated through systems which 

archive palaeo-precipitation independently from other signals and which facilitate direct 

high precision dating. Mires and more specifically ombrotrophic raised bogs are eminently 

suitable for effective precipitation investigations since they are not in contact with 

groundwater and thus receive all inputs from the atmosphere. These systems also offer a 

wealth of potential indicator material archived in the peat matrix (Chambers and Charman, 

2004; Barber and Charman, 2005).

In climate research the most commonly used indicators from bogs are macrofossils, testate 

amoebae, peat humification, geochemical elements, biological marker molecules, pollen 

and charcoal. Combining indicators that imply similar conditions but measure different 

indices has become best practice over the last decade or so (Charman et al., 1999; 

Chambers and Charman, 2004; Caseldine and Gearey, 2005; Langdon and Barber, 2005; 

Blundell et a l ,  2007; Swindles et al., 2007b). The advantage of this approach lies as much 

in the added detail to the record as in the implied support or query of its main trends 

depending on the agreement between proxies, whereas the main drawbacks are the labour 

and skills needed for a multiproxy approach. Indeed it is rare that a single researcher has 

either the time or the expertise to complete a spectrum of analyses at high resolution. Thus 

most multiproxy investigations rely on collaboration between researchers or even 

institutions. This is the case with the research reported in this thesis which forms part of a 

wider multiproxy investigation of three sites - one in central Ireland and two in Galicia, 

northwest Spain.

The suite of hydrological proxy indices analysed from the Irish and the Spanish cores 

includes macrofossils, testate amoebae, humification and Non-pollen Palynomorphs 

(NPPs) (Stefanini et a l ,  2006; Oksanen et a l ,  forthcoming). In addition the inferred 

effective precipitation record is supported by pollen from bog plants. Loss on Ignition
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(LOI) and macroscopic charcoal (Corcoran, 2007). The climate and environmental proxy 

investigations reported in this thesis are humification, NPPs, pollen fiom bog plants and 

LOI but the interpretation o f these strands of the climate record draws equally on the other 

investigated proxies. Resources and practical considerations dictated that not all of the 

analyses were performed on all o f the cores.

Understanding of mid- to late Holocene climate history in Ireland as well as in NW Spain 

was rather sketchy until very recently, but the amount of well dated temperature and 

precipitation reconstructions has increased steadily through the last decade in both regions. 

However, multiproxy records that cover most of the late Holocene are still few and far 

between. The Glen West Bog Surface Water (BSW) record from Northern Ireland is one

of the few well dated records that have been published so far (Swindles et a l ,  2007b).
18Among the single proxy records from Ireland the Crag Cave speleothem derived 5 O 

record is noteworthy for its resolution (McDermott et al., 2001). Extensive work on 

dendrochronology and the IntCal calibration curve in Queen’s University has spawned 

further investigations o f ancient wood resources and lead on to securely dated tree ring and 

tree preservation derived climate proxy records (Leuschner et a l ,  2002; Turney et al., 

2006). Equally as interesting are the single proxy records inferring palaeo-precipitation; 

for instance three macrofossil raised bog profiles from Abbeyknockmoy, Mongan and 

Fallahogy bog (Barber et a l,  1999, 2003), inferred water table depth reconstructions using 

testate amoebae from Cloonoolish Moss and Ardkill Moss (Blundell et a l ,  2007). Other 

studies which report on shorter term hydrological variation help to flesh out the emerging 

climate history of Ireland such as a multiproxy record of three Northern Irish raised bog 

profiles (Swindles et al., 2007a), the humification profiles around Corlea bog (Caseldine et 

a l,  1998), a compilation of seven humification profiles (Plunkett, 2006), the peat 

stratigraphy, testate amoebae, pollen and humification multiproxy investigation from 

Derryville (Caseldine and Gearey, 2005) and the diatomite stratigraphy at Toome which is 

used in evidence for a large scale lake level rise of Lough Neagh (Plunkett et al., 2004). A 

fuller discussion of the Irish climate records is presented in Section 3.5.

Many of the published climate records from NW Spain infer temperature rather than 

palaeo-precipitation and several use different proxy indicators than the Irish records. A 

short overview of the published climate records shows two detailed palaeo-flood records 

and a calculation of the likelihood of palaeo-floods through time which have been 

compiled and calculated for the whole of Spain (Macklin et al., 2006; Thorndycraft and
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Benito, 2006). M artinez Cortizas et al. (1999, 2005, 2007) use geochemical indicators to 

infer temperature, moisture and LOI. Dominguez-Villar et al. (2007) present a new 

speleothem record which details the 5**0 variations from Kaite Cave, a cave east of 

Galicia and just south o f  the boundary between the Eurosiberian and the Mediterranean 

biogeographical regions (Rivas-Martinez, 1991). There are several studies looking at 

climate indicators in marine cores, for instance two multiproxy records (Gonzalez-Alvarez 

et al., 2005; Lebreiro et al., 2006) and two foraminifera studies (Diz et al., 2002; Martins 

et al., 2006) one using pollen influx data from riverine transport (Desprat et al., 2003) and 

one geochemical measurements (Martins et al., 2005). There are also broader 

environmental investigations into lakes - one analysing diatoms (Leira, 2005) and the other 

geochemical elements (Luque and Julia, 2002). Allen et al. (1996) reconstruct temperature 

and potential evapotranspiration from pollen data while Fabregas Valcarce et al. (2003) 

present a shorter term multiproxy study o f climate changes and human settlement including 

an inferred precipitation record. A fuller discussion o f NW Iberian climate reconstructions 

is presented in Section 4.10.

Even with the publication o f  many recent records, NW Iberia like Ireland is still lacking in 

high resolution multiproxy palaeo-precipitation investigations. The driving forces, scale, 

coherence and timing o f  mid- to late Holocene palaeo-precipitation changes can only be 

addressed by combining high resolution multiproxy investigations with reliable and 

accurate chronologies. This project aims to fill the gap and produce high resolution, robust 

and well dated multiproxy information, which can be used to test for teleconnections 

between the ACCROTELM  sites and other high resolution records such as ice cores, 

speleothems and tree rings.

1.2 Vegetation

Climate however is just one part o f this thesis the remainder o f which deals with vegetation 

history. The same three cores as in the proxy climate investigation are used to reconstruct 

past vegetation and landuse through pollen analysis. These three cores come from two 

areas, one in Co. Tipperary, central Ireland and the other from the province o f Lugo in the 

Xistral M ountains o f Galicia. Both o f these areas have long histories o f vegetation studies 

going back to the mid 20"’ century (Mitchell, 1942, 1956; M enendez Amor and Florschiitz, 

1961)
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In contrast to the relative scarcity o f  cHmate reconstruction data there is a weahh of 

palynological information available for these two regions. Several pollen studies from 

central Ireland trace the vegetation history back to the early Holocene (Mitchell, 1965; 

O'Connell, 1980; Heery, 1998; Connolly, 1999). Whereas these long records establish the 

long-term trends in plant migrations and landscape evolution a focus on more recent 

landuse and settlement history has resulted in detailed, high resolution studies o f the last 

millennia (van Geel and Middeldorp, 1988; Parkes and Mitchell, 2000; Cole and Mitchell, 

2003; Hall, 2003; Lomas-Clarke and Barber, 2004; Brown et a l ,  2005; Hall, 2005; Hall 

and Mauquoy, 2005). Several profiles contain tephra layers with associated dates giving 

them a high precision chronology o f  at least some core sections (Cole and Mitchell, 2003; 

Hall, 2003; Lomas-Clarke and Barber, 2004; Hall, 2005; Hall and Mauquoy, 2005). 

Likewise in Galicia long records going back to the early Holocene and sometimes beyond 

have been published for instance from the sites o f Penido Velio, Chan do Lamoso, Chan da 

Cruz, Lagoa di Lucenza, Laguna de la Roya, Lago de Ajo, Sanabria Marsh, Lleguna, 

Laguna de las Sanguijuelas, Mougas and Pozo do Carballal (Ramil- Rego and Aira 

Rodriguez, 1993b, a, 1994; Allen et a l ,  1996; M unoz Sobrino et al., 1997; Ramil-Rego et 

al., 1998; Santos et a l ,  2000; M unoz Sobrino et al., 2001; Munoz Sobrino et al., 2004). A 

few shorter records have also been published from the sites o f Pena de Cadela, Borraleiras 

da Cal Grande, A Golada, A Cespedosa, Castelo Cerveira and As Aguilladas (Muiioz 

Sobrino et al., 1997; Santos, 2004; Mighall et al., 2006) One o f the longer pollen profiles 

even comes from Chan do Lamoso, the same site as one o f  the sites examined in this thesis 

(Ramil- Rego and Aira Rodriguez, 1994; Ramil-Rego et al., 1998).

With so many pollen studies published from both central Ireland and Galicia why should 

more effort be spent on undertaking yet another one?

There are several reasons why such a study is desirable. One is that a denser group of 

pollen profiles from a region will lead to a more detailed spatial understanding of 

vegetation change. Such an understanding may be particularly valuable when trying to 

reconstruct mid- to late Holocene vegetation history since that history is not only shaped 

by plant population dynamics, plant migrations and climate but is also intertwined with the 

cultural history o f people and their use o f the landscape resource to an ever greater degree 

(Diaz-Andreu and Keay, 1997; Bradley, 2007). Because o f rising anthropogenic influence 

mid- to late Holocene vegetation change may operate on a more local scale than earlier 

Holocene vegetation change. Thus assumptions made on the strength o f one or a small
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number o f representative regional pollen diagrams may be inaccurate. However, building 

up a denser group o f  pollen studies is o f limited value unless they can be scaled against 

each other and rapid or subtle processes may be lost unless the resolution o f the studies is 

high. These factors lead on to the next reason why the pursuit o f  this study is important. 

Each o f the ACCROTELM  cores has up to 40 AMS '"'C dates associated with it. In order 

to quantify the timing o f  abrupt climate changes between cores these dates are used to 

construct wiggle matched chronologies with narrow confidence intervals. To extend the 

chronologies beyond the upper age limit o f the calibration curve the top o f the cores are 

dated independently using several techniques. The combined chronologies lead to a degree 

o f dating control that has, to the best my knowledge, not yet been achieved in 

palaeoenvironmental records o f either central Ireland or Galicia. On the contrary many of 

the above mentioned records lack even moderate dating control and some do not have high 

analytical resolution.

Finally this study offers the opportunity to assess vegetation history in the light o f a 

multiproxy high resolution palaeo-precipitation record. Combining palaeoenvironmental 

proxies with vegetation reconstruction is not a new idea. Indeed a description o f peat 

humification is often performed as part o f the Troels-Smith sediment description method 

before cores are sub*sampled. Microscopic charcoal may be counted on pollen slides and 

LOI analysis be performed to estimate changes in mineral input to a site. The analysis of 

several proxies inferring different parameters adds additional dimensions to an 

investigation. Hall and Mauquoy, (2005) for example investigated climate change and 

landuse history through macrofossil and pollen analysis o f a peat profile from Mongan 

bog. Lomas-Clarke and Barber (2004, 2007) combined palynology with geochemical 

studies to infer erosion as well as landuse changes around Abbeyknockmoy bog. Whereas 

Martinez Cortizas et al. (2005) added microscopic charcoal to pollen and lithogenic 

elemental analyses to gain multiple facets in the interpretation o f  their vegetation and local 

and regional erosion record from Galicia. While Mighall et al. (2006) inferred vegetation 

and precipitation changes from their pollen and NPP data for two peat profiles.

In this thesis the three pollen records are examined in the light o f multiple strands o f 

palaeo-precipitation and other environmental data. The precise chronologies and high 

resolution o f the palaeo-hydrological investigations allow this thesis to assess the impact o f 

climate change and anthropogenic pressure on the vegetation. However, these data also
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constitute a unique opportunity to explore how climate and vegetation change might have 

affected past populations in areas along the Atlantic Fringe.

1.3 Research Aims and Objectives

Regions adjacent to the east Atlantic, such as Ireland and NW Spain, are more strongly 

influenced by Atlantic Ocean forcing o f  their climates than continental ones. Sites within 

these regions are thus ideally suited to investigate the timing and extent o f  palaeoclimate 

signals.

This research aims to reveal climate- and other major influences on vegetation dynamics in 

Ireland and NW Spain since the mid-Holocene and will focus in particular on palaeo- 

precipitation change.

It also seeks to explore temporal and spatial linkages o f palaeo-precipitation along the east 

Atlantic Fringe.

These aims will be accomplished through the following objectives:

1. To generate high resolution pollen records from peat cores from a site in central 

Ireland, Ballyduff, and two sites in Galicia, Pedrido and Chan do Lamoso 

reaching back to the mid-Holocene.

2. To generate climate proxy and environmental data, such as humification. Loss 

on Ignition, Non-Pollen Palynomorph and local bog pollen and spore 

distribution from the same cores as the pollen records.

3. To construct inferred palaeo-precipitation records for all sites from these data 

and to combine them with hydrological indices obtained from the same cores 

but generated by different research.

4. To construct high precision chronologies for the two ACCROTELM  research 

sites, Ballyduff and Pedrido and a chronology which is to be as precise as 

possible for Chan do Lamoso.

5. To assess the pollen records in the light o f inferred climate and regional 

vegetation change as well as archaeological and historic information.
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To integrate the palaeo-precipitation records with regional climate proxy data 

for central Ireland and NW  Spain and to asses the timing and extent o f inferred 

climate shifts within and between regions and sites.



Sites and Methods

2.1 Central Ireland

2.1.1 Location Ballyduff

Ballyduff bog (BAL) is situated in north Co. Tipperary c. 6km west o f Birr, in the central 

Irish Midlands. The central Irish Midlands are a low-lying area bordered in the southeast 

by the Slieve Bloom Mountains, in the west by the river Shannon and in the north by the 

drumlin belt. In the east the Irish Midlands stretch towards the coast. Shallow basins in 

the limestone geology are a dominant feature of the Irish Midlands. Some of these basins 

are lakes and others fens but many more have filled in. Once separated from ground water 

they developed into ombrotrophic raised bogs. The landscape of the Midlands alternates 

between wetlands and dry lands in an ever changing pattern made o f rivers, lakes, fens, 

raised bogs and dry lands interspersed with raised esker ridges and other glacial features 

(Mitchell and Delaney, 1997).

2.1.2 Geology

The bedrock geology of the Midlands is dominated by Carboniferous limestone with only 

occasional outcrops of Ordovician and Silurian rock. This older rock mainly forms the 

higher ground and is often fringed by deposits of Old Red Sandstone (Mitchell and 

Delaney, 1997; Gatley et al., 2005). Ballyduff lies on low ground at c. 60 m. a. s. 1. on a 

bed of Waulsortian limestone, formed in the Lower Carboniferous (Dinantian). 

Waulsortian limestones are thick and unbedded and usually non permeable to groundwater, 

except at fault-lines. Such a fault-line, the Knockshigowna fault, runs for about 65km 

from Tullamore to Nenagh and passes 2km south of Ballyduff Bog (Gatley et a l, 2005). 

Quaternary features occur as both deposits and abrasions o f older bedrock, but few features 

that are typical of Irish Midland glacial deposits, such as drumlins, moraines, kames and 

eskers occur near Ballyduff bog. However, some islands of higher ground composed of 

outwash sands and gravels surround the bog.

2.1.3 Climate

Ireland has a generally mild and oceanic climate, which is influenced by frontal systems 

and depressions coming from the Atlantic, particularly in winter. South-westerly winds
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dominate year round but average wind speeds in the Irish Midlands reach only about 4m s'' 

and are thus lower than along the west coast. Observations from Birr weather station for 

1961-1990 show annual mean temperatures o f 9.3°C, with mean daily maximum values o f 

19.2°C (July) and mean daily minimum values o f 1.8°C (January, February). Mean annual 

rainfall for the same period was 804mm made up o f only slightly lower mean monthly 

values between April and July than for the rest o f the year (Keane et a l ,  2004; Met 

Eireann, 2007) (Figure 5.2).

2.1.4 Landuse

At present the rural economy surrounding Ballyduff is based mainly around cattle rearing 

and some dairy production. M ost farms in the immediate vicinity o f the bog are 

extensively managed and pastures, hay meadows and narrow strips o f mixed woodland 

surround the bog. Plate 2.1 shows the ratio o f bog to agricultural land in the vicinity o f the 

study site.

Plate 2.1 Google Earth image o f  Ballyduff Bog and surrounding landscape, with study site 
marked in yellow. M illed bog systems show up red, others brown.
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2.1.5 Site description Ballyduff

Ballyduff is one of a string o f raised bogs, which extends in an approximately east west 

direction through the Barony of Lower Ormond, in the North Riding of Co. Tipperary. 

The bog is situated c. 6km southwest of Birr at an altitude o f c. 60m a. s. 1. It covers an 

area o f 98.6 ha and its grid reference is 53° 5' 9" N 7° 59' 35" W (National grid reference 

N 007 042). Ballyduff is joined to Clonfmane bog on its western end and both are 

protected under the Habitats Directive as Natural Heritage Areas (NHA) and Special Areas 

of Conservation (SAC) (1997). The bog is owned by the National Parks and Wildlife 

Service. It was damaged around its periphery. There are draining ditches along some of 

its edges and peat harvesting occurred especially along its southern and eastern end. 

Nevertheless, it is still domed, actively growing and quaking over much of its extent.

Plate 2.2 Looking over Ballyduff Bog towards tree and shrub fringe at southern edge.

Plates 2.2 and 2.3 give an impression of the present hygrophilous vegetation on Ballyduff 

Bog. The vegetation includes bog moss, bog cotton, heather, ling, bog bean and sundew. 

A species list is presented in Appendix la.
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Plate 2.3 Lawn and hollow vegetation Ballyduff Bog.



2.2 Galicia

2.2.1 Location Xistral

The two Spanish sites, Pedrido (PED) and the Chan do Lamoso saddle bog (SAD) are 

located in the Xistral M ountains o f Galicia in North West Spain. The Xistral Mountains 

form the heartland o f the Septentrionais range, also called the Galician-Asturian range, the 

most northerly o f four mountain ranges in Galicia. The Xistral range is situated close to 

the coast, in the northern part o f the province o f Lugo. Its peaks reach over 1000m but 

most o f the range forms a gently undulating upland area, which has an altitude between 

600 and SOOm.a.s.l. The high ground is covered in acid heath, blanket bogs and thin soils, 

which are drained through initially steep sided valleys by streams collecting into the rivers 

Ouro and M asma to the east and Landro in the west.

2.2.2 Geology

Geologically the Xistral M ountains, along with the eastern part o f  Galicia, belong to the 

West Asturian -  Leonese Zone (WALZ). The WALZ is bounded in the west by the Olio 

de Sapo or Viveiro fault, which runs parallel to the flank o f the Xistral Mountains. The La 

Espina and Throne thrusts mark its end on the eastern side c. lOOkm from the Xistral 

Mountains (Gibbons and Moreno, 2002). The WALZ underwent a series o f tectonic 

deformations in the Carboniferous era, which resulted in a number o f thrusts and caused 

intrusions o f metamorphic, granitoid material. The granites o f the Xistral Mountains are 

fine grained, due to the more severe deformations that affected the western part o f the zone 

(Gibbons and Moreno, 2002).

2.2.3 Climate

The climate o f Galicia is strongly oceanic, that is humid and mild throughout the year. 

However, frequent high pressure conditions over the Azores during the summer months, 

generate dry north winds over the west Cantabrian coast, which can lead to water deficits 

in the sub-coastal mountain ranges. In winter, south westerly winds bring moist air from 

the Atlantic (Ramil-Rego et a l ,  1998; Martinez Cortizas et al., 2000). Autumn 

precipitation is highest, followed by winter, spring and summer rainfall (fig 2.1). In 

general, precipitation levels can increase by about 100mm y f ' per 100m altitude in the 

north west o f Galicia. Depending on topography and proximity to the coast, upland 

precipitation may exceed 1800mm yr‘'even at moderate elevations o f 600-700m a. s. 1 

(Martinez Cortizas et al., 2000).
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Figure 2.1 Mean seasonal distribution of precipitation in Galicia measured at sea level 
(Martinez Cortizas et a l,  2000).

According to a predictive model, given by Martinez Cortizas et al. (2000), mean annual 

temperature can be estimated with the equation: Ta = 39.5 -  0.0054H -  5.3 10'^ Y Where 

Ta is the annual mean temperature, H is the altitude a. s. 1. in m and Y is the latitudinal 

coordinate in The Universal Transverse Mercator Coordinate (UTM) system. The model 

has a correlation coefficient of 0.91 and an error o f approximately 0.7°C. For Pedrido the 

model predicts a mean annual temperature o f 9.8°C and of 8.5°C for Chan do Lamoso. A 

summer water deficit of 50 to 100mm is indicated from summer evapotranspiration and 

precipitation values (Martinez Cortizas et a l,  2000).

On the basis o f its flora the Iberian Peninsula has been split into two bioclimatic regions: 

The Eurosiberian region and the Mediterranean region. The Eurosiberian region covers a 

belt along the Cantabrian sea and Atlantic Ocean between the Pyrenees and northern 

Portugal. The Mediterranean region covers the rest o f the mainland (fig 4.24). According 

to Rivas-Martinez (1991), these regions can be further subdivided into bioclimatic belts, 

delimited from each other by their temperature and rainfall patterns. Within this definition, 

the Xistral Mountains belong to the sub-coastal mountains and have an annual mean 

temperature o f 10-14°C, which ranges between mean winter temperatures of 6 to 8°C and 

mean summer temperatures of 18 to 20°C (Ramil-Rego et al,  1998; Martinez Cortizas et 

al,  2000).

2.2.4 Landuse

The landuse of the Xistral Mountains shifted in the last decades o f the 20'*’ Century. Until 

a few decades ago the acid soils and wet heath were grazed by horses and some cattle.
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Horses and cattle are still grazing the uplands buy forestry plantations o f Pinus cordata, 

Pinus radiata and Eucalyptus, in sheltered areas, have become widespread. At the same 

time, many o f the north facing slopes, as well as the higher grounds, have been developed 

for wind farming.

Plate 2.4 Google Earth image of the Xistral uplands with site locations.

2.2.5 Site description Pedrido

Pedrido is a small raised bog, situated in the lee o f higher ground, 24km south of Viveiro 

and the coast. It lies in the Xistral Mountains at 43°27'1.81"N, 7°31'45.92"W (National 

grid reference 29TPJ187126). The bog fills a small depression at 770m. a. s. 1. and covers 

an area of about 2.5ha. Like Ballyduff, the Xistral Mountains are also protected as an SAC 

site. Nevertheless there is considerable recent development in the form of partially 

harvested Pinus pinaster and Eucalyptus plantations around the bog. Windmills are also 

sited within a few hundred metres of the bog.
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Plate 2.5 The peat forming vegetation of Pedrido consists mainly of sedges, dwarf shrubs 

and grass.

2.2.6 Site description Chan do Lamoso

The saddle bog of Chan do Lamoso measures only 0.14 ha; it has an altitude of 980m. a. s. 

1. and lies c. 600m north of the summit of Chan do Lamoso (1041m). The grid reference of 

the site is 43°30'9"N, 7°33T"W (National grid reference 29TPJ175178). The saddle has a 

northeast southwest orientation and is separated from Pedrido by a valley and a distance of 

5.5 km (Plate 2.4). This site is far more exposed than Pedrido and has a clear line of vision 

towards the coast, the closest point of which is c. 19km distant. The access road to the bog 

passes a TV mast and some windmills.
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Plate 2.6 Looking north at the Chan do Lamoso saddle bog and the coring site between the 
first and second windmill. Note two cows at the base o f the first windmill.
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2.3 Core Collection and Sub-Sampling

2.3.1 Ballyduff fieldwork

Fieldwork in Ballyduff was carried out on June 24"’ 2003. Sediments were sampled at five 

locations along a 300m transect with a Hiller corer (Fries and Hafsten, 1965). This 

transect was sampled so as to obtain some stratigraphic background information on the bog 

and to select a suitable coring site. A coring site between the centre o f the raised bog and 

its edge was selected so as to avoid edge effects as well as the exceptionally wet peat from 

the centre o f the bog. A lawn microform was chosen as the coring site. The peat at the 

coring site was over 900cm deep but only the upper 600cm were extracted (Figure 3.7). 

I'he top 69cm o f sediment were collected with a Wardenaar monolith corer (Wardenaar, 

1987). The rest o f the core was extracted in 50cm x 7cm diameter segments from two 

adjacent holes with a Russian corer (Jowsey, 1966) in such a way that each segment 

overlapped the preceding one from the other hole by 25cm. The core segments were 

photographed, labelled, wrapped in aluminium foil and plastic bags and transported in 

drainpipes and wooden boxes back to the laboratory where they were stored at 4°C until 

they could be sub sampled (see Section 3.2.1 for more details).

2.3.2 Ballyduff sub-sampling

The W ardenaar monolith and the middle o f each Russian core section were cleaned of 

possible contamination and sliced into 1cm thick slices. These slices were cut up to 

provide material for macrofossil (5cm^), testate amoebae (2cm^), biomolecule (5-lOcm^), 

humification (5cm^), and pollen (1.2cm^) analyses. Additionally the monolith was sub

sampled for ^''’Pb (1.2cm^) and Spheroidal Carboniferous Particles (SCP’s) (5cm^), for 

dating. All sub-samples were placed in labelled sample bags and stored at 4°C except 

samples for biomolecular analysis which were kept frozen (ACCROTELM members and 

Daniell, 2003).

2.3.3 Spain fieldwork

Fieldwork in Spain was carried out between September 6"’ and 9'*’ 2003. Sub-sampling of 

the Spanish cores proceeded along similar lines as in Ireland. Only the differences are 

detailed below.
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2.3.4 Pedrido coring

Points every 10m along two perpendicular transects o f 120m and 200m lengths were 

sampled with a Hiller corer to determine the depth and stratigraphy o f the mire (Figure 

4.8). A coring site near the centre o f the bog was chosen at a peat depth o f 370cm, 350cm 

o f which were extracted from a lawn microform. The top 106cm were extracted with a 

Wardenaar while a Russian corer with a chamber o f 50cm x 8cm diameter was used for the 

other core sections.

2.3.5 Pedrido sub-sampling

Since the core was very compact and firm only adjacent Russian core segments were used 

for sub-sampling without providing an overlap. Samples for Loss on Ignition (LOI) (5cm^) 

were added to the above suite o f sub-samples.

2.3.6 Chan do Lamoso coring

Test coring took place at 7m intervals along two perpendicular transects (fig 4.17). A 

coring site in the centre o f the small saddle mire was chosen. The top 99cm were extracted 

from a lawn microform with a Wardenaar corer while a Russian corer with a chamber o f 

50cm X 8cm diameter was used to extract samples further down the core. Peat depth was 

375cm but only the top 3.50cm were extracted and only the top 225cm were analysed.

2.3.7 Chan do Lamoso sub-sampling

The middle parts o f the Russian core sections were selected for sub-sampling so as to leave 

an overlap between sections. Sub-sampling for pollen and NPP analysis, humification and 

' '̂C dating was undertaken in the manner outlined above.

2.4 Humification

Humification analysis was used as one o f the proxy methods to infer past changes in 

precipitation. In humification analysis, the relationship between plant decay and bog 

surface water availability, in ombrotrophic sites, is exploited. The analysis is based on 

colorimetric readings o f alkali extracts o f acid by-products o f plant decay. The approach 
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relies on various assum ptions, for instance, that decay is proportional to the surface water 

availability and tem perature at the tim e o f  peat form ation. Som e o f  the assum ptions around 

the chem ically  com plex decay process are problem atic. D ifferent taxa m ay leave species 

specific decay signals, due to their chem ical break dow n history (C aseldine et a l ,  2000; 

Y eloff and M auquoy, 2006). N evertheless, hum ification analysis seem s to perform 

relatively consistently  w hen it is used carefully (Borgm ark, 2005; H ughes et al., 2006; 

Plunkett, 2006). A m ong its ch ie f advantages are that it is quick and easy to use. It can also 

be carried out on highly decayed sam ples, where som e o f  the other proxy indicators, such 

as testate am oebae or m acrofossils, m ay becom e less reliable.

The hum ification m ethod used to analyse the three bog profiles follow s the A CCROTELM  

hum ification protocol, which is based on Je ff  B lackford’s m ethod (1993) and draws 

elem ents from  A aby and Tauber (1975).

1. A pproxim ately 5cm^ o f  peat were sam pled contiguously from  1cm thick slices and dried

over two nights at about 70°C.

2. Sufficient 8%  N aO H  solution for each batch was prepared by dissolving 80g o f  AnalaR

grade N aO H  per litre solution, in about 500 ml distilled w ater and m aking the solution 

up to 1 litre.

3. Peat sam ples were then ground up using a cleaned m ortar and pestle to avoid 

contam ination.

4. Sam ples o f  200m g were weighed out and transferred into 250m l pencil labelled conical

flasks to w hich 100ml o f  the 8% NaOH solution were added.

5. Conical flasks w ere then placed on warm  hotplates and left to sim m er but not boil for an

hour. The contents o f  the flasks were occasionally topped up w ith distilled water in 

order to retain  a sim ilar concentration o f  solution throughout.

6. Once they had cooled slightly the contents o f  each flask were transferred into a 200m l

graduated cylinder. The conical flask was rinsed w ith d istilled w ater which was also 

added to the cylinder. The solution in the cylinders was then topped up to the mark 

stoppered and m ixed.

7. 50ml o f  solution from  each flask was then filtered into 100ml graduated cylinders using

folded W hatm an No. 1 grade papers. The solution was decanted into labelled 

volum etric flasks w hich were topped up to the 100ml mark.

8. About 50m l from  each flask were poured into separate pencil labelled beakers and 

analysed using the continuous sipping m ode o f  a H itachi U -1100 Spectrophotom eter. 

Percentage light transm ission at a w avelength setting o f  540m n was read three tim es
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unless the first two readings produced the same value. Average values were used to 

calculate average percentage light transmission. Spectrophotometry is based on the 

following formula:

1. It/ Io =  10"'="'

2. t = '"/.oo

3. log Vt = 8 c 1

4. ‘a =10^

5. t = VioE

Hence absorbance can be calculated from % transmission w ith  the equation:

E = log where

It = transmitted light 

lo = incident light 

c = concentration

s = the absorptivity constant which is solution specific 

t = transmission 

T = percent transmission 

E = Absorbance

Readings o f all samples were taken at similar intervals after boiling because fading o f the 

colour extracts occurs. Due to differences in plant composition, the location o f the 

acrotelm/catotelm boundary and forcing factors in the decay rate o f  peat deposits, 

standardised humification residuals were used, rather than absolute values (Blackford and 

Chambers, 1993).

2.5 Loss on Ignition

Loss on Ignition (LO I) analysis can be used to estimate the organic component o f 

sediments. In this analysis, a sample o f known dry weight is burned and the resultant 

weight loss o f the remaining material is expressed as a percentage o f in itia l dry weight. A 

sample o f a 94% LO I value is said to contain about 94% organic material. However, there 

are issues around the precision o f the analysis. The content o f organic carbon can be 

overestimated, due to structural water loss from clay and carbonate rich sediments (Heiri et 

a i ,  2001). Low final burn temperature and position in the oven can also bias results 

(Grimshaw, 1989; Heiri et a i ,  2001). Furthermore the resuhs from cross analysis o f
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samples in different laboratories do not always correlate to a high degree (Jankauskas et 

ai,  2006). The analysis is still worth while, however, particularly when relative rather 

than quantitative results are used form sediments with low clay and carbonate content, such 

as peat.

LOI is a versatile analytical tool, used to pinpoint changes in organic matter content, 

between horizons in a profile. The method can indicate disturbance, such as erosion 

events, show differences between sediment types, i.e. soil and peat, and correlate depth 

measurements between adjacent monoliths (Huang, 2002).

The profile from Pedrido was analysed for LOI because some small flakes o f mineral 

material had been noted during the sub-sampling process.

The method used was adapted from the standard method detailed in Grimshaw (1989). A 

gradual temperature increase serves to avoid the risk o f contamination and ash loss through 

samples exploding during the burning process. Maximum temperatures o f 550°C were 

used to ensure complete combustion while safeguarding against loss o f volatile minerals 

(Grimshaw, 1989):

1. Sub-samples taken from 1cm intervals were oven dried at 80° C until dry weight had 

become constant.

2. Porcelain crucibles were oven dried, weighed and labelled before they were filled 

with the oven dried sub samples to about 2/3 o f their volumetric capacity. Care was 

taken, to leave neither the dried crucibles, nor the samples outside a desiccator longer 

than necessary. This was done to avoid moisture uptake from the air.

3. The filled crucibles were weighted, placed into a muffle furnace and burned at 

temperatures increasing stepwise for the following times:

1 hour at 150°C 

3 0 m in  at 180°C 

30 min at 200°C 

30 min at 220°C 

30 min at 240°C 

1 hour at 300°C 

5 hours at 550°C
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4. When cool enough to handle, the samples were placed in a desiccator and then 

weighed. Oven dry weight and ignited weight were calculated by subtracting 

crucible weight from the relevant measurements.

5. % LOI was calculated using the following equation

% LOI = oven dry weight (mg) -  ignited weight (mg) x 100/ oven dry weight (mg)

The make o f the muffle furnace used was Thermolyne and the type 6000.

2.6 Palynology and Non-Pollen Palynomorph Analysis

Pollen analysis or more correctly palynology, since the latter term includes microfossils 

other than just pollen, is the identification and evaluation o f pollen and spores. The 

technique was pioneered in the early decades o f the 20"’ century by von Post and has stood 

the test o f time with only moderate modifications. Pollen grains have a tough outer shell, 

the exine, which is largely decay resistant in anoxic conditions. The exine structuring is 

distinctive, making it possible to identify most grains to genus and some to species level, 

using a light microscope. The ubiquity o f pollen in palaeoenvironmental samples, makes 

palynology a versatile technique, used particularly in the reconstruction o f vegetation and 

land use history (Cole and Mitchell, 2003; Hall, 2003; Lomas-Clarke and Barber, 2004; 

Hall and Mauquoy, 2005; Mighall el al., 2006) but also occasionally as a climate proxy 

(Huntley et a i ,  1993; Allen et al., 1996; Seppa and Bennett, 2003) or as chronological 

marker (Turetsky el a l ,  2004). For an overview o f palynology and a comprehensive 

assessment o f the advances made in the last 50 years in North West Europe consult Birks 

(2005).

Non-Pollen Palynomorphs (NPPs) are the remains o f various organisms that turn up 

alongside pollen and spores in pollen preparations. Many NPPs represent transient 

lifecycle stages. They can come from broken parts o f plants, fungi or animals. In the past 

decade NPPs have increasingly been used as palaeoenvironmental indicators (Cole and 

Mitchell, 2003; Blackford el a l ,  2006; Mighall el al., 2006). Much o f the pioneering work 

in this area, for instance descriptions and establishment o f indicator value for NPP types, 

was carried out by Bas van Geel (van Geel, 1978; van Geel el a l ,  2003).

Plate A l, Appendix 2, shows NPP taxa with indicator value analysed by ACCROTELM 

members within that project (ACCROTELM  members and Daniell, 2003). Some o f these
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types, particularly algal spores (zygospores), did not turn up in this study. The NPPs 

recorded for this thesis and their indicator values are listed in Table 2.1. Fungal spores 

indicate generally rather dry conditions since they do not usually thrive in wet 

environments (van Geel et a l ,  1995; ACCROTELM members and Daniell, 2003). Type 

10 is a fungal spore that lives on Calluna roots while Meliola niessleana is a parasite of 

Calluna and Type 12 grows on a wider range o f bog plants. Remains o f the two testate 

amoebae, Am phitrema flavum  and Assulina indicate relatively wet conditions (Charman et 

a l,  2000). Other testate remains may be destroyed during pollen extraction.

Table 2.1 NPP types found in this study and their indicator va ue
Indicator Type Indicator value

Gelasinospora sp. fungal spore dry

Gelasinospora cf. fungal spore dry

I'ype 10 fungal spore dry

Type 12 fungal spore dry

Meliola niessleana fungal spore dry

Neurospora sp fungal spore fires

Amphitrema flavum. testate amoebae wet

Assulina sp testate amoebae wet

2.6.1 Preparation of microfossil samples

The preparation o f  the microfossil samples followed in most respects the method set out in 

the ACCROTELM  protocols, which is based on the standard method devised by Faegri 

and Iversen (Faegri and Iversen, 1989; van Geel, 2003)

1. A plug o f 1.2cm^ o f peat was placed in a pencil labelled centrifuge tube. 10% KOFI 

(by weight) were added to this tube. The solution in the tubes was heated in a 

water bath for 10 minutes to near boiling point, stirred occasionally with separate 

glass rods for each sample. The tubes were centrifuged and the supernatant 

discarded in such a way as to make sure the pellet was left intact.

2. Distilled water was added to the tubes, mixed, centrifuged and decanted.

3. Samples were sieved into centrifuge tubes in which one tablet o f Lycopodium  

spores was already dissolved in a few drops 10% HCl. The tubes were centrifuged 

again and decanted.
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4. If supernatant was not clear, step 2 was repeated, until it became clear. Otherwise 

the samples were dehydrated w'ith 96% glacial acetic acid, centrifuged and 

decanted.

5. A batch o f acetolysis mixture was prepared by slowly adding 1 part H2S0'* to 9 

parts acetic anhydride. The material was acetolysed by heating the sample in the 

mixture to near 100°C for 4 minutes in a water bath.

6. The samples were again treated with 96% glacial acetic acid, centrifuged and 

decanted.

7. They were then washed with distilled water and centrifuged. This step was 

repeated at least twice or until the supernatant became clear.

8. The samples were treated with 96% ethanol, centrifuged and decanted. This step 

was repeated with Tertiary Butyl Alcohol (TBA).

9. The samples were washed into labelled residue tubes using TBA. A few drops of 

silicone oil, density 2000 centistokes, were added to each sample tube.

10. The samples in the residue tube were placed in an oven at 50 °C and dried 

overnight.

2.6.2 Details to pollen preparation

Samples were treated in batches o f eight and twelve depending on centrifuge capacity. All 

pollen preparation steps, except for sieving were undertaken in a fume cupboard. 

Centrifuge tubes were labelled with pencil to prevent loosing ink through dissolution by 

chemicals.

1. The potassium hydroxide digestion serves to help break down the peat plug, extract 

humic acids and to deflocculate sample mixtures (Moore et a i ,  1991).

2. All centrifugation took place in a desktop centrifuge at 4000rpm for 5 minutes. It 

is important that samples are stirred well at each step to expose as many 

microfossils as possible to all chemical treatments. Stirring also helps prevent 

clumping o f samples on microscope slides later on. Both individual glass rods and 

a ‘W hirlimix’ were used to stir samples.

3. Individual polyester sieves o f mesh size 125|im were used for each sample. To 

avoid contamination between samples, sieves cleaned by ultrasonic vibration were 

used. Sievings were saved and dried in petri-dishes for macroscopic charcoal
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analysis. One tablet containing approxim ately 62712 Lycopodium  clavatum  spores 

(Batch num ber 124961) was added to each sam ple (Stockm arr, 1971).

4. A cetolysis is used to rem ove cellulose m aterial from  sam ples (M oore et a l ,  1991). 

The acetolysis m ixture is corrosive and has to be prepared freshly. The m ixture 

also reacts violently on contact with water and care should be taken to wear 

protective clothing and gloves when working w ith it. Spent acetolysis m ixture 

should be put aside for safe disposal.

None o f  the sam ples contained m uch silica (sand), so neither density flotation nor 

HF treatm ent was used. Sam ples were not stained other than by the acetolysis 

procedure.

5. W ashing o f  sam ples in alcohol helps prevent clum ping o f  m aterial on slides.

6. TBA needs to be w arm ed before use since it is a solid at room  tem perature. The 

chem ical has a very low boiling point so that m ost o f  it will evaporate after a few 

hours at 50°C or a few  days at room tem perature.

7. Silicone oil was chosen as the preferred m ounting m edium  because its optical 

properties are excellent and it does not absorb w ater like glycerine jelly  and lead to 

swelling o f  grains. H ow ever pollen grains m ounted in silicone oil tend to be 

sm aller than ones m ounted in glycerine jelly . This can m ake identification more 

difficult, as details o f  the ultra-structure o f  the exine are at the limit o f  light 

m icroscopy (M oore et al., 1991; Beug, 2004).

2.6.3 Mounting of microfossil samples and microscopy

Pollen sam ples were stirred thoroughly in the residue tube. A sub-sam ple o f  the stirred 

m ixture was extracted w ith a cocktail stick, diluted w ith additional silicone oil and sm eared 

over an area o f  a m icroscope slide that was going to be covered by a coverslip. Coverslips 

o f  grade 00 were used to ensure that there was enough space to fine focus an oil im m ersion 

objective. A fter m ounting, sam ples were sealed w ith a coat o f  nail varnish along coverslip 

edges. Slides were scanned from left to right, in rows o f  1mm distance, at 200 and 400 

tim es m agnification. Once a pollen grain was located, the plane o f  focus was shifted, in 

order to render its ultra-structure visible. Only the hollow  exine o f  pollen grains survives 

acetolysis. W hen sam ples are m ounted in silicone oil, grains can be prodded, to turn them 

around and exam ine them  from different angles. G rains were exam ined under phase 

contrast or at 1000 tim es m agnification, as necessary. A t high m agnification anisole or 

im m ersion oil was used to im prove optics.
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A pollen grain is said to be tectate when the exine is made up of a tectum which is 

separated from the nexine or foot layer by a row of columellae. The structure of the exine 

together with the arrangement and number of apertures is often diagnostic in identification. 

LO analysis, a method of shifting the focal pane through the exine o f a pollen grain, 

proposed by Erdtman in 1956 shows up extruding features such as ridges and islands 

brightly while the nexine and holes in the exine remain dark (Moore et a i ,  1991; Reille, 

1992). As the focus is shifted closer to the grain the extruding features become dark when 

they are above the focal pane and the nexine becomes bright allowing the analyst to 

distinguish between the two.

Pollen, spores and NPPs were identified using keys, photograph collections and the Trinity 

college reference slide collection (Moore et a l, 1991; Reille, 1992; ACCROTELM 

members and Daniell, 2003; van Geel, 2003; Beug, 2004). Nomenclature for pollen 

followed Beug (2004), for spores Moore et al. (1991) and for NPPs van Geel (1978) and 

van Geel and Grenfell (1996).

Pollen and fern spores were counted until a sum of at least 400, (Ballyduff) and 300, 

(Pedrido and Chan do Lamoso), of non-bog pollen grains was reached. The pollen from 

the top 20cm of Chan do Lamoso and from a sample from Pedrido at 36.5cm was too 

oxidised to identify with confidence. Nomenclature, size measurements and distinction 

criteria between wild Poaceae and Cerealia pollen followed Beug (2004). Where possible 

the latter group was split into subgroups of Cerealia, according to pollen morphology. 

Poaceae pollen grains of diameter > 36|o,m, annulus width > 2.7|im, pore diameter > 

and annulus thickness >2|im but without distinguishing properties, remained in the group 

Cerealia. The threshold diameter measure of > 36)j,m is slightly smaller than the 37|j,m 

advocated by Beug (2004). Beug set the 37|j,m limit to include 98% of Triticum, Secale, 

Hordeum and Avena pollen. The smaller value was chosen to compensate for the use of 

silicone oil rather than glycerine jelly as a mounting medium. Where Cyperaceae pollen 

fitted the description, size measurements and photographs of Carex, as outlined by Beug 

(2004), this taxon was distinguished from the Cyperaceae group. Similarly an attempt was 

made to subdivide tetrads and particularly the Ericaceae group. Sub-key 4.7 in Beug’s key 

(2004) allowed to distinguish Calluna on the basis of its four short, wide colpi and the 

irregularities of its shape and Empetrum on the basis of its thick walls partitioning the 

tetrad but further divisions among the Vaccinium group are not deemed feasible within that 

key. Thus the Ericaceae were not identified to a higher taxonomic level but Empetrum 

nigrum could be identified to species level in Ireland where the other members of the same
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exit o f Beug’s key (2004) do not occur (Webb et a l ,  1996). An attempt was made to 

distinguish between Myrica  and Corylus pollen on the bases o f the integrity o f the 

endexine near pore openings and the thickness o f the pollen wall. The Plantaginaceae 

were not separated into different taxa. According to Beug’s key the diagnostic features o f 

Plantago lanceolata  are its smooth, flat operculum but within the material analysed in this 

study the ultra-structure o f opercula o f the Plantaginaceae were not recognised. Oak pollen 

grains were identified with the help o f the key and photographs. However, with some o f 

the Spanish pollen in a poor state o f preservation and without fresh reference material to 

help with the identification o f evergreen oak pollen, the two groups, Quercus cerris-lype, 

encompassing Q. cerris, Q. siiber and Q. crenata and Quercus //ex-type encompassing Q. 

ilex and Q. coccifera  were amalgamated within the evergreen oak subheading. Evergreen 

oak was readily distinguishable from deciduous oak, Quercus robiir-pubescens-type 

encompassing Q. robur, Q. petraea, Q. pubescens and Q. frainetto  by the latter group’s 

larger size, larger equatorial width, more open or gaping colpi and the often square or 

barrel shaped form o f  the pollen grains.

2.7 Dating

Sample preparation and analysis o f SCP concentration and '̂*’Pb activity was undertaken 

by personnel from the Centre for Environmental Change and Quaternary Research in the 

University o f Gloucestershire. SCP sample preparation methods followed Rose (1990, 

1994) and are reproduced in Appendix 6 while the preparation for '̂*’Pb activity 

measurements followed Flynn (1968) and Robbins (1978).

Accelerator Mass Spectrometry (AMS) ''^C dates represent a big advance in accuracy on 

bulk radiocarbon dates. With the advent o f AMS dating it became possible to date samples 

weighing no more than a few mg. This meant that peat sample size could be reduced by 

about three orders o f  magnitude and that plant macrofossils from small samples or even 

from the same plant could be dated.

The methodology for the preparation, selection and cleaning o f plant macrofossils followed 

the guidelines set out in the ACCROTELM vv'iggle match dating protocol (Mauquoy et a i ,  

2003) a short version o f which is given below. Once the cleaning was achieved the
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samples were subm itted to the dating laboratory in the University o f  Groningen, the 

Netherlands.

2.7.1 Preparation of material for AMS dating

1. Samples were boiled in 5% o f  KOH solution

2. Sub-sam ples o f  about a Icm^ were treated at a time. Sub-sam ples were placed into 

a glass petri-dish w ith some m ili-Q  water. They were exam ined under a 

stereom icroscope and suitable m acrofossils for AM S dating were picked out.

3. M acro fossils were rem oved with finest grade forceps to a clean glass container. 

They were then carefully  cleaned o f  fungal and other contam ination using two pairs 

o f  forceps.

4. Selected fossils were stored in glass containers covered in slightly  acidic mili-Q 

water at 4°C. To produce the slightly acidic m ili-Q  water, som e drops o f  4% HCl 

(1 part 37%  HCl diluted in 9 parts m ili-Q  water) were added to m ili-Q  water.

5. Selected sam ples were placed into pencil labelled 100ml glass beakers and 

imm ersed in 4%  HCl, covered with watch glasses and left overnight.

6. Samples were rinsed w ith m ili-Q water to neutralise their pH. For this purpose a 

clean metal sieve (m esh size 100|im) was used. The pH o f  the w ater was m easured 

with indicator paper.

7. Petri-dishes with sam ples floating in some m ili-Q water were exam ined under the 

m icroscope and visible contam ination rem oved.

8. The selected sam ples were pre-w eighed and placed in tin capsules (pressed, 

standard weight, size 8 x 5  mm. Elem ental M icroanalysis L im ited). Tin capsules 

can be “glued” to bottom  o f  small glass beakers using a drop o f  water. It is 

convenient to add another drop into the capsule which helps to rem ove the selected 

fossils from the jaw s o f  the forceps.

9. Samples adding to a dry weight o f  c. 5mg were collected and care was taken not to 

fill the entire capsule. The covered beakers w ith capsules w ere placed in the oven 

to dry the contents overnight at 60°C. The tin capsules were closed and packed 

into labelled sam ple pots lined with alum inium  foil to avoid shaking and breaking 

o f  samples.
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7.2 Details to AMS preparation

Selection o f  sample material: It is important that clean or easily cleanable plant material is 

collected. For a list o f  suitable material consult Mauquoy (2003).

Preparation o f  samples: To avoid contamination, samples should not be touched either with 

gloved or naked hands. Containers should be made o f  glass or porcelain and instruments o f  

metal. Do not use paper towels to dry instruments and wear a protective lab coat during sample 

preparation.
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2.8 Table of Analyses

Table 2.2 summarises the analyses and analysts discussed in the text. Additionally SCP
") 10and Pb analyses were undertaken in the University o f Gloucestershire for the BAL and 

PED cores. Biomolecular analysis (BIO) was performed on samples from the BAL and 

PED cores in Bristol University but is not discussed in this thesis.

Table 2.2 Summary o f  analyses discussed in this thesis.

Site Analysis Analyst

Ballyduff descrip tion  o f  core  and sub-sam pling M aar ten  B laauw

(BAL)

hum ification  (H U M ) this au thor

testate am oebae  (TST) A n tho ny  Blundell

m acrofoss ils  (M A C ) Pirita O ksanen

pollen and N PP (M IC) this au thor

preparation  for ‘‘*C A M S dating Pirita O ksanen

Pedrido descrip tion  o f  core  and sub-sam pling
M aarten  B laauw  / this 

au thor

(PED)

hum ification  (H U M ) this au thor

macrofoss ils  (M A C ) Pirita O ksanen

loss on ignition (LOI) th is au thor

pollen and N PP (M IC) this au thor

prepara tion  for ' “*C A M S dating Pirita O ksanen

Chan do 
Lamoso descrip tion  o f  core  and sub-sampling S iobhan  M cN am e e

(SAD)

hum ification  (H U M ) Siobhan M cN am ee

pollen and N P P  (M IC) this au thor

prepara tion  for '“’C A M S  dating this au thor
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2.9 Numerical and Statistical Methods

2.9.1 Humification

Humification results for Pedrido were corrected for mineral content according to the 

equation: r = T /LOI

Where r = corrected result, T = percentage transmission and LOI = loss on ignition as a 

proportion (LOI = 0.8 equals LOI = 80%) (Blackford and Chambers, 1993).

Decay rates in ombrotrophic peat tend to slow down with depth, therefore humification 

results are often standardised to correct for this trend by using the residuals rather than the 

raw data. The situation with the three cores here was somewhat more complex, since 

decay rates were at their highest above the acrotelm/catotelm boundary (a/c) and the 

relationship between depth and humification did not give a good fit for a straight line 

model. To increase the fit o f the model a second predictor variable (d- a/c) correcting for 

slower decay rates in the catotelm was introduced. To calculate percentage transmission 

corrected for depth variation in decay rates (C r) the following regression model was used:

Ct = a  + Pid + Pida/c

where C r = corrected percentage transmission, 

d = depth, and

d a / c  = d -  depth o f acrotelm/catotelm boundary (a/c) if d> a/c otherwise d a / c =  O

In practice the best fit resulted when the depth o f the acrotelm/catotelm boundary was 

assumed to be 30cm for Ballyduff and 40cm for Pedrido and Chan do Lamoso. Standard 

residuals were calculated from Cy

2.9.2 Collapsing the dimensionality of hydrological proxy data

Macrofossil and testate amoebae data were statistically summarised into a single indicator 

value for each sample. The indicator value for the macrofossils was based on the axis of 

most variance form a Nonmetric Multidimensional Scaling (NMS) ordination whereas the 

data for the testate amoebae were derived from a transfer function approach (see Charman
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2007a). Both datasets were assumed to be linked to the amount of water available at the 

time of peat formation.

Humification and LOI data did not need summarising as they were already uni

dimensional. Standard residuals were calculated from all proxy data to render them 

comparable.

To compare the NPP and local bog taxa results to the rest of the hydrological indicators, 

the microfossils were summed up into wet and dry indicating curves. The number of these 

curves and the taxa included varied by site. Details are given in Sections 3.4 and 4.9.

2.9.3 Calculating pollen sums and concentrations

Pollen percentage data were calculated on the basis of a Pollen Sum which included tree 

and shrub, herb and Pteridophyte taxa. Not included in the Pollen Sum but part of the 

Super Sum, were pollen and spores from local bog origin, for instance, ericaceous shrubs, 

Cyperaceae and Sphagnum spores, NPPs and unidentified pollen. Unidentified pollen was 

grouped into the following five categories: Deteriorated, buried, unknown, crumpled and 

broken. Pollen data are presented in pollen diagrams, graphs of taxon abundance versus 

depth or age. Percentage diagrams are based on the Pollen Sum. The percentages of taxa 

not included in the Pollen Sum are based on the sum of the taxon abundance and the Pollen 

Sum. The percentage of Sphagnum, for instance, is calculated out of a total of the Pollen 

Sum plus Sphagnum abundance.

Microfossil concentration per unit volume can be calculated if a known quantity of exotic 

marker grains is added to a sample during extraction (Stockmarr, 1971). In this case one 

tablet containing approximately 62712 Lycopodium davatim  spores (Batch number 

124961) was added to each sample of 1.2 cm^. Pollen concentrations were calculated and 

plotted as grains per cm using the Tilia programmes (Grimm, 1991, 2004).

2.9.4 Focus Periods and record resolution

In general the proxy records and dating resolution within the ACCROTELM project were 

to be high enough to detect variations at a decadal scale so as to facilitate the identification 

of teleconnections between the hydrological signals from different sites. Previous research 

had indicated some likely starting points for the search for climate teleconnections. 

Hughes et al. (2000) for instance compile a table listing papers reporting wet shifts 

recorded in North West European mires. In their paper the authors cite nine out of the
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fourteen papers examined for reporting a wet shift between 4200 and 4350 cal BP (Hughes 

et a i ,  2000), whereas van Geel et al. (1996) connect the Subboreal-Subatlantic transition, 

often associated with a widespread recurrence surface in peaty deposits, with a pervasive 

climate downturn around 2650 BP. Evidence for near simultaneous climatic fluctuations 

in recent centuries is equally widespread and makes the last millennium another attractive 

starting point (Barber et al., 2000; Mauquoy et al., 2002a; M auquoy et a i ,  2002b). This 

led to the formulation o f three Focus Periods (FPs) for the ACCROTELM  project. The 

FPs were to be examined at a higher resolution than the rest o f the cores and to cover the 

time spans between c. 4000 and 4500 cal BP, 2950 and 2450 cal BP and between 1150 and 

150 cal BP.

Humification and LOI were analysed at 1cm resolution. The pollen record for Ballyduff 

was examined at 2cm resolution through the FPs and at 8cm for the rest o f the core. A 

pollen and NPP resolution o f 4cm throughout the Pedrido profile and o f 5cm through the 

Chan do Lamoso profile were chosen. Because o f time constraints the resolution of these 

latter profiles was not augmented during the FPs. Sample resolution o f the comparative 

macrofossil and testate amoebae records is given in Sections 3.4 and 4.9.

2.9.5 Archaeological data

The locations, types and dates o f occupation o f archaeological monuments can be 

correlated with pollen data sets (Odgaard, 2007). The locations and monument type of 

archaeological sites from a 10km radius around Ballyduff were transcribed from the maps 

and files o f the Records o f Monuments and Places (RMP). This information was then 

reproduced in a map to help in the interpretation o f the vegetation record (Figure 3.20, 

Appendix 3). This step was only performed for Ballyduff as similar information from 

Galicia was not accessible. Most o f the sites can also be found in the archaeological 

inventories o f  Co. Tipperary and Offaly (O'Brien et a i ,  1997; Farrelly et al., 2002).
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Climate and vegetation history of Ballyduff

3.1 Chronology

The Ballyduff chronology is based upon 39 AMS ''’C dates from sample depths between 

36.5 and 508.5cm (Table 3.1, Figure 3.1, Figure 3.2), SCP concentrations at 1cm 

resolution between 0.5 and 31.5cm (Figure 3.3) and five ' ‘’C activity measurements on 

samples between 5.5 and 25.5cm (Table 3.2, Figure 3.4).

3.1.1 Wiggle Match Dating

A Bayesian Wiggle Match Dating (WMD) approach was taken to construct the main body 

o f the Ballyduff chronology. Within a Bayesian approach some prior knowledge about the 

peat core or its stratigraphy such as probable accumulation rates and the possibility o f a 

hiatus are integrated into the model as priors. Numerous solutions that fit the data are then 

computed with the most likely ones coming up most frequently (Blaauw and Christen,

2005). The output o f a Bayesian dating model can be regarded as an envelope giving the 

most probable chronologies. WMD exploits the variations in '"’C concentration over time 

as recorded by the ''’C calibration curve. Within this technique the ‘wiggles’ in an age 

depth curve constructed from closely spaced, un-calibrated '“’C dates from a core are 

matched against the ones o f the radiocarbon calibration curve. The better the fit between 

the two curves the less uncertainty remains around dated levels leading to smaller standard 

deviations o f dates and much narrower confidence intervals for the levels between dates 

(van Geel and Mook, 1989; Blaauw et a l ,  2003; Mauquoy et a l ,  2004; Y eloff ei a i ,

2006).

For the Ballyduff age model the program BPeat was chosen (Blaauw and Christen, 2005) 

in conjunction with the INTCAL04 calibration curve (Reimer et a l ,  2004). The software 

works on the assumption o f piecewise, linear accumulation between sections o f the core. 

The number of sections within a core is chosen to give a good fit between the dates and the 

calibration curve, represented by the F statistic. For the Ballyduff core a four section 

model gave a good fit with 37 out o f 39 dates within 2o o f the calibration curve (Figure 

3.1). The program calculates a likely solution space through iteration o f possible solutions 

in a Markov Chain Monte Carlo (MCMC) procedure which estimates all parameters and 

down-weights outliers automatically (Blaauw and Christen, 2005). For Ballyduff the
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iterations lead to a model with a fit F o f 93.15% even with two dates falling outside o f the 

2a range. The core settings for the BPeat program were chosen considering the 

stratigraphy o f the core. Thus the likelihood o f a hiatus was perceived to be small and if 

one did occur it was thought to be short-lived. The hiatus prior A was thus set to 0.0005 

and the prior B to 1/200. To reflect the fast growth o f Ballyduff Bog an accumulation rate 

prior o f 10 years cm '' with a standard error o f 5 years cm '' was chosen and Epsilon, the 

prior for interdependence o f accumulation rates between sections was set at 5; indicating a 

weak dependence only (Blaauw et al., 2004a; Blaauw and Christen, 2005; Yeloff et a l ,  

2006).

The BPeat model covers the bulk o f the core from 508cm to 36.5cm (4749 to 285 cal BP). 

A four section model was run with 180,300,000 iterations. The first section 1 is the 

longest, running from 508 to 157cm (mean age 4749 to 1720 cal BP) and has an 

accumulation rate o f 8.5 years/cm. The second section II covers the depth from 157 to 

90.5cm (mean age 1720 to 915 cal BP) and has an accumulation rate o f 12 years/cm while 

section III is the shortest, from 90.5 to 54.5cm (mean age 915 to 815 cal BP) and has an 

accumulation rate o f 3 years cm ''. The most recent section IV covers 54.5 to 36.5cm (mean 

age 815 to 285 cal BP) and has by far the slowest accumulation rate o f nearly 30 years 

cm ''. BPeat calculates a single mean calendar age for each depth. These ages are simply 

the mid points between 95% confidence intervals also generated by the program (Figure 

3.6). As mentioned above some age model iterations are more likely than others; to 

illustrate this point Figure 3.2 shows a BPeat graph where the more diffuse grey lines 

represent greater uncertainty. The Ballyduff AMS dates were used in various runs of 

BPeat as well as another Bayesian dating program, CPGchron (Haslett and Parnell, 

submitted 2007). Most o f these runs produced very similar models thus increasing the 

general confidence in the precision and robustness o f the dating procedure.
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Table 3.1 Un-calibrated AMS dates used in the wiggle match chronology o f Ballyduff.

depth
(cm)

Lab code Age BP Sample composition

36.5 GrA-26850 175±35 Ericaceae leaves, wood, S. cuspidatum
40.5 GrA-28726 295±35 S. cuspidatum  stems, Ericaceae leaves, flowers
45.5 GrA30488 595±35 Sphagnum  stems, Ericaceae, leaves, Rhynchospora 

alba seeds
50.5 GrA-28727 795±35 S. imbricatum, S. capillifolium, Erica, Rhynchopora 

alba seeds
79.5 GrA-30490 890±35 S. imbricatum  leaves and branches, Ericaceae twigs
84.5 GrA-28715 965±35 S. imbricatum
89.5 GrA-28716 1615±35 S. imbricatum, Ericaceae leaves, flowers, wood
90.5 GrA-30463 920±35 S. imbricatum  leaved branches, S. cuspidatum, 

S. acutifolia branches, Ericaceae leaves, twigs
97.5 GrA-26772 1150±40 S. cuspidatum, Ericaceae leaves, bark, wood
115.5 GrA-28717 1210±35 Sphagnum  stems, Ericaceae leaves, Rhynchospora 

alba seeds
122.5 GrA-28730 1405±35 S.cuspidatum  stems. Erica, Rhynchospora alba seeds
146.5 GrA-26773 1640±80 S. imbricatum  and S. rubellum
174.5 GrA-30863 1910±35 S. imbricatum  and S. capillifolium  stems
186.5 GrA-25182 1930±35 Erica, Calluna leaves, seeds, twigs. Sphagnum  stems, 

Rhynchospora seeds
193.5 GrA-28731 2085±40 S.s. acutifolia stems, Erica leaves, Rhynchospora alba 

seeds
205.5 GrA-28745 2170±40 S. fuscum, S. imbricatum, (charred) Ericaceae, 

Rhynchospora
212.5 GrA-28748 2205±40 S. imbricatum, S. c f  capillifolium, Ericaceae leaves
230.5 GrA-30864 2340±35 S. imbricatum  and S.s. acutifolia stems
242.5 GrA-28757 2485±40 S. imbricatum
250.5 GrA-28758 2445±40 S. imbricatum. Erica flower
259.5 GrA-28759 2460±40 S. imbricatum
270.5 GrA-28749 2515±40 S. imbricatum
279.5 GrA-26795 2740±35 S. imbricatum  stems
288.5 GrA-28750 2815±40 S. imbricatum
312.5 GrA-25191 2980±40 Sphagnum  stems with leaves
349.5 GrA-30853 3040±40 S. imbricatum, S. capillifolium  stems. Erica, Calluna
376.5 GrA-30854 3265±35 S. imbricatum  stems
385.5 GrA-25190 3360±40 Sphagnum  stems, Calluna, Erica leaves, twigs, 

Rhynchospora seeds
419.5 GrA-28760 3630±40 S. rubellum, S. fuscum  stems, capsules. Erica wood
423.5 GrA-28762 3700±45 S. c f  rubellum  stems, (charred) Erica tetralix
432.5 GrA-26796 3825±35 S. imbricatum  stems
441.5 GrA-28763 3890±40 S. imbricatum, S. capillifolium  stems, Erica tetralix
451.5 GrA-28764 3855±40 Erica wood, bark, (charred) leaves, S.s. acutifolia
460.5 GrA-30453 3935±40 S. imbricatum, S.s. acutifolia, Ericaceae leaves, twigs
468.5 GrA-28766 4125±40 S. imbricatum, S.s. acutifolia, (charred) Ericaceae
475.5 GrA-30855 4000±40 Dicranum, Erica tetralix flowers and leaves
508.5 GrA-26799 4170±35 Ericaceae leaves, flowers, twigs
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Figure 3.1 Wiggle Match Dated Ballyduff chronology with 37 ' “̂C AMS dates and 2 down- 
weighed outliers superimposed on the confidence intervals o f the INTCAL04 radiocarbon 
calibration curve.
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Ballyduff BPeat age depth model
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Figure 3.2 The Ballyduff ' ‘’C age depth curve with four sections I to IV has an F fit o f 
93.15%. BPeat assumes piece-wise linear accumulation o f sections within the model. The 
dense, dark and narrow parts o f the curve carry least uncertainty.
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3.1.2 Spheroidal Carboniferous Particles

Spheroidal Carboniferous Particles (SCPs) are fly-ash particles produced in high 

temperature combustion of coal and oil. In Britain and Ireland, SCPs start to occur 

regularly in lake sediments from AD 1850 with the advent of the industrial revolution and 

fossil fuel based power generation. Typically SCP concentration peaks in the late 1970s or 

early 1980s in Britain and Ireland and decreases towards the end of the 20'^ century 

reflecting cleaner combustion technology and legislation aimed at curbing air pollution 

(Rose et al., 1995; Rose and Harlock, 1998). Rose et al (1995) have shown that SCP 

concentration curves are regionally replicable between lakes. This circumstance can be 

exploited for dating. In this technique percentage SCP concentration is used as a 

chronological marker (Yang et a l,  2001; Langdon and Barber, 2005; Rose and Appleby, 

2005). Here the data from a regionally comprehensive SCP concentration curve that Rose 

and Appleby (2005) produced from their study of 80 lake sediment cores across the UK 

were applied to the Ballyduff core. Only the initial occurrence and the SCP peak were 

used for dating since these two events have a higher diagnostic value then the percentile 

concentrations.

The closest calibration curves to Ballyduff come from Northern Ireland and North Cent;al 

Wales (Rose and Appleby, 2005). The curve from Northern Ireland was preferred here 

both because its origin is geographically closer to Ballyduff and also because the outfill 

patterns from industrial combustion in central Ireland are more likely to reflect tie 

Northern Irish situation than the Welsh one. The latter presumably incorporates fly-ash 

carried with the prevailing south westerly winds from the industrial centres of the Irish etst 

coast. Lower SCP input into Ballyduff Bog is expected since there are no large industral 

centres close to the bog except the electricity generating station at Moneypoiit. 

Moneypoint, the largest coal fired electricity generating plant in Ireland, is situated at tie 

mouth of the Shannon estuary, south west of Ballyduff. However building on the plait 

started only in 1979 too late to influence the pre peak SCP phase of the Ballyduff coie. 

According to the Northern Irish curve the initiation of the SCP record occurred in 1850± 

25 years and peaked in 1980 ± 3 years. This corresponds to an age of 100 BP ± 25 f)r 

30.5cm and -30 BP ± 3 for 15.5cm respectively (Figure 3.3).
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Figure 3.3 Ballyduff; Spheroidal Carbonaceous Particles per gram (dry weight) against 
core depth. The SCP curve starts at 30.5cm corresponding to SCP initiation dated to 1850 
± 25 years and peaks at 15.5cm dated to 1980 ±3yrs.

3.1.3 The 1963 bomb peak

With the advent of nuclear testing in the 1950s, the carbon isotope '"̂ C concentration in the 

atmosphere increased dramatically until it reached a maximum of some 200% of the pre- 

1950s level in 1963. After the 1963 peak, international agreements curtailing nuclear 

testing lead to a steady fall in atmospheric '“̂C. The fall out from the 1963 peak generated 

a radioactive layer in accumulating sediments which can be traced and dated to 1964 in the 

Northern Hemisphere (McGee et a l ,  2004; Goslar et a l ,  2005; van der Linden and van 

Geel, 2006; Danzeglocke, 2007). Details of the 5 AMS samples from the top of the 

Ballyduff core which were analysed for activity are given in Table 3.2. Figure 3.4 

shows maximum '"*C activity at 20.5cm in the Ballyduff core but poor sample resolution of 

5cm intervals gives rise to a large error term and prevents the determination of the precise 

location of the bomb peak. However the 20.5 ± 5cm depth for the 1963 bomb peak lends 

some support to the SCP determinations (see Section 3.1.2).
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Table 3.2 activity measured with AMS to establish the 1963 bomb peak
depth Lab code Activity Sample composition
(cm) (corrected)
5.5 GrA-30140 108.97±0.46 S. papillosum, S. capillifolium  stems
10.5 GrA-30142 109.8U 0.44 S. papillosum, S. capillifolium  leaves, stems
15.5 GrA-30143 116.19±0.49 S. papillosum, S. cuspidatum, Calluna leaves
20.5 GrA-30144 153.28±0.58 S. papillosum, S. capillifolium leaved  stems
25.5 GrA-28725 115.95±0.46 S. cuspidatum  stems
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Figure 3.4 '"'C activity curve (corrected) with peak at 20.5cm showing fall out after 
nuclear testing in the 1950s and early 60s. The so called bomb peak dates to 1963, located 
here at 20.5 ± 5cm.

3.1.4 dates

The analysis at 2cm resolution for ^ 'V b  derivatives resulted in the same age report (AD 

2002) for every sample between 1.5 and 10.5cm and a consistent date o f AD 1984 for 

every sample below 10.5cm until the detection limit at 20.5 cm. Due to these large 

uncertainties the '̂*^Pb analysis was regarded as unsuccessful and the results were not used.

3.1.4 Integrated Ballyduff chronology

An integrated chronology for Ballyduff was created by assembling the diverse dating 

elements and linking them into a plausible model. For this purpose the top dates were 

calibrated individually (Danzeglocke, 2007) and used as stepping stones between the 

earliest SCP date and the top o f the BPeat chronology. For the top o f the core two models
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were tried; a polynomial (y = 0.0183x^ - 0.7165x^ + 8.9089x - 54.754, = 0.9529) and a

straight line interpolation (Figure 3.5). The latter was preferred as unlike the polynomial it 

did not involve time reversals in the most recent peat.
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Figure 3.5 Shows the building blocks used to construct an integrated chronology for 
Ballyduff. In the chronology the top of the BPeat sequence was linked to the SCP dates 
through a straight line interpolation using separately calibrated dates.

Accumulation rates in peat profiles appear to be partially controlled by the composition 

and moisture status of the peat (Blaauw and Christen, 2005; Blundell and Barber, 2005; 

Yeloff et a l,  2006). The integrated Ballyduff chronology ties in with the stratigraphic 

model in so far as some changes in accumulation rates seem to coincide with changes in 

the peat composition (Figure 3.6). For instance, the macrofossils show a marked change 

from Sphagnum cuspidatum with some S. tenellum and Rhynchospora to S. imbricatum at 

90cm (915 cal BP). According to the integrated chronology the accumulation rate changes 

at this point from 12 to 3 years cm’'. The next accumulation rate change from 3 to 30 

years cm’' at 54.5cm (815 cal BP) may also be reflected in the macrofossil record. Around 

this time the dominant S. imbricatum gave way at first to S. capillifolium and then to S. 

tenellum and S. cuspidatum. The latter became dominant and may well indicate pool 

conditions which could account for the slow accumulation rates (Oksanen et a l, 

forthcoming) (Figure 3.6). Not unexpectedly, changes in peat accumulation rate are 

sometimes reflected in the rate of change of pollen concentration. However there are other 
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factors that potentially influence pollen concentration such as changes in the abundance o f  

prolific pollen producers in the vicinity o f the site or climate and prevailing wind direction 

during flowering season. The Ballyduff pollen concentration record varies a lot throughout 

the core, a fact which is perhaps challenging the BPeat assumption o f a piecewise linear 

accumulation. Nonetheless, among the differences between peat and pollen accumulation 

rates there are some parallels. The trend towards diminishing pollen concentration starting 

from 128.5cm (1375 cal BP) and continuing to the surface is not uniform. When this trend 

is considered in the context o f mean pollen concentration for the chronology sections it 

becomes clear that the pollen concentration is linked to the peat accumulation (Figure 3.6). 

When peat accumulation is slow as in section IV (30 years cm '') mean pollen 

concentration is high while the converse is true for fast accumulating sections.
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Figure 3.6 Integrated Ballyduff chronology with BPeat sections o f  different accumulation 
rates shown against 3 point moving average o f total pollen concentration. Arrows denote 
major and minor changes in peat composition derived from the macro fossil record 
(Oksanen et a l ,  forthcoming).

In general the Ballyduff chronology is well anchored to many robust dates throughout the 

core and is thus thought to be representative. One shortcoming it may have, however, lies 

in the error determinations around the mean projected dates. The BPeat program produced
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equally narrow confidence intervals regardless o f  the distance o f a projected date to the 

nearest '“*0 date. Some dating points in the section above the AMS chronology have 

calibrated errors but it is not obvious how these should be extended to give reasonable 

error predictions for modelled dates. In the absence o f an unambiguous system to quantify 

the confidence limits around the entire chronology, all dates in this study will be referred to 

by their mean values only.
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3.2 Sediment Stratigraphy

3.2.1 Basin morphology and sediment stratigraphy

An impression o f the Ballyduff basin morphology and its stratigraphy was attained by 

coring five points along a 300m NS transect across the bog. The depth o f the basin at these 

points reaches between 400 and 1100cm. Basin depth at the coring location is 1100cm 

(Figure 3.7). Notes on the condition and appearance o f the core were taken while the 

sides were cleaned o f  possible contamination and the core was divided into 1cm slices and 

sample units for different analyses in the lab. It was noted then that the acrotelm/catotelm 

boundary, the boundary between the layers above and below the water table was located at 

12.5cm and that the sections from 77.5-83.5cm, 116.5-143.5cm, 359.5-372.5cm were very 

wet while the sections from 12.5-32.5cm, 64.5-70.5cm, 281.5-282.5cm, 315.5-316.5cm, 

396.5-397.5cm and 444.5-452.5cm had a well humified appearance. A basal date for 

ombrotrophic peat initiation o f about 8500 cal year BP was calculated for the site by 

projection o f the linear accumulation rate o f section I o f the chronology (8.5 years cm ''. 

Figure 3.2) down to a depth o f 945cm.
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Figure 3.7 Schematic diagram of sediment stratigraphy at coring location in Ballyduff Bog. 
The top 510cm o f the peat core were examined in this study.
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3.3 Climate Proxy Results

In order to elucidate changes in the climate of the Irish Midlands over the study period, 

five proxy indicators, humification, NPPs, local bog pollen and spores, macrofossils and 

testate amoebae preserved in the peat were examined. Only the first three analyses form 

part o f the research for this thesis. However, in order to interpret the results of the climate 

and vegetation investigation covered here the results of the other proxy analyses will be 

outlined and interpreted. The results are presented by zones defined from a 

stratigraphically constrained cluster analysis (CONISS) o f the macrofossil data (Grimm, 

2004). Using this technique the core was split into eight zones, BAL-A to BAL-I.

3.3.1 Humification results

Contiguous samples of 1 and 2cm thickness were analysed from the entire Ballyduff core 

and results are presented in Figure 3.8. The peat was generally quite wet and made up of 

well preserved plant material.
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Figure 3.8 Ballyduff raw humification data expressed as percentage light transmission and 
detrended, standard residuals after correction for faster decay in top of the core. High 
values indicate poorly humified material. Zones are based on a CONISS dendrogram of 
macrofossil data (Oksanen et a l ,  forthcoming).
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BAL-A: 509.5 to 469.5cm (4758 to 4413 cal BP)

Percentage light transmission through samples from this earliest zone is quite low and does 

not vary much through the zone.

BAL-B 469.5 to 377.5cm (4413 to 3620 cal BP)

This zone consists o f well-humified material especially at 447.5cm (4215 cal BP), 417.5cm 

(3956 cal BP) and 399.5cm (3801 cal BP). But minor short-lived pulses o f less 

decomposed peat appear at 465.5cm (4379 cal BP), 439.5 (4146 cal BP) and 379.5cm 

(3629 cal BP).

BAL-C 377.5 to 209.5cm (3620 to 2172 cal BP)

Very poorly humified material is gradually more decomposed until it reaches the 

maximum humification o f the core at 315.5cm (3077 cal BP). The trends soon reverse, 

however, and a peak o f poorly humified material is reached at 309.5cm (3026 cal BP). 

Changes in humification in the rest o f the zone are less spectacular but humification 

continues to fluctuate markedly. Overall, the peat stays poorly humified between 309.5 and 

265.5cm (3077 and 2646 cal BP) but after that becomes more decomposed until the end of 

the zone at 209.5 cm (2172 cal BP).

BAL-D 209.5 to 176.5cm (2172 to 1888 cal BP)

This short zone starts out with a break in the recent trend to well decomposed material 

which lasts until 185.5cm (1957 cal BP). At this point there is a shift towards less humified 

peat at 181.5cm (1923 cal BP) but this is short-lived and the zone ends with well humified 

material.

BAL-E 176.5 to 126.5cm (1888 to 1351 cal BP)

Here, two peaks o f decomposed peat at 163.5 and 153.5cm (1767 and 1666 cal BP) initiate 

a long and slow shift to poorly decomposed material which continues throughout the zone 

and beyond.

BAL-F 126.5 to 93.5cm (1351 to 952 cal BP)

The long and slow shift towards well preserved material continues from the last zone until 

it reaches a peak at 133.5cm (1424 cal BP) which lasts till the end o f the zone.
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BAL-G 93.5 to 50.5cm (952 to 701 cal BP)

Zone G starts with an increase in highly decomposed material and a peak is reached at 

77.5cm (876 cal BP) from there values recover gradually until they become neutral.

BAL-H 50.5 to 23.5cm (701 to 39 cal BP)

Maybe the most dramatic zone in the Ballyduff core, zone H starts with another peak in 

decomposed peat. However, there is a large change at 36.5cm (145 cal BP) with values 

showing poorly humified material until the end o f the zone where they drop again.

BAL-1 23.5 to 0.5cm (39 to -53 cal BP)

Just before the top o f the core the peat turns more humified again until 11.5cm (-36 cal BP) 

when the fresh material o f  the top o f the core shows low decomposition.

3.3.2 NPP results

A brief outline describing fluctuating percentage distributions o f NPP types within the 

macrofossil zonation is given below. Figure 3.9 shows NPP percentages expressed with 

relation to the NPP and pollen sums.

BAL-A: 509.5 to 469.5cm (4758 to 4413 cal BP)

The four principal NPPs in the Ballyduff core are Amphitrema flavum , Assulina sp, 

Meliola niessleana and Type 10. All are present in high numbers throughout the zone. 

The concentration o f Amphitrema  starts low but increases steadily while Type 10 

concentration drops dramatically at the end o f the zone. Two o f the rarer types; 

Gelasinospora c f  and Type 12 occur also.

BAL-B 469.5 to 377.5cm (4413 to 3620 cal BP)

Amphitrema gradually rises from the beginning o f this zone, peaks at 464.5cm (4370 cal 

BP) and then falls considerably until it peaks again at 442.5cm (4181 cal BP). From then 

on its percentage values remain quite high. The Assulina  and Meliola  curves are similar. 

Both are present in good numbers for most o f the zone and both decline towards the end. 

Type 10 makes a quick recovery in the beginning and its numbers remain high until the 

middle of the zone when they drop sharply at 438.5cm (4146 cal BP). The taxon recovers 

for another while but percentages drop again at 392.5cm (3750 cal BP) shortly before the
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end o f  the zone. All o f the three rarer types, Gelasinospora cf, Gelasinospora spec, and 

Type 12 are present in the first half o f the zone.

BAL-C 377.5 to 209.5cm (3620 to 2172 cal BP)

Amphitrema  percentages are high until 290.5cm (2871 cal BP) when they drop. Through 

the rest o f the zone the taxon’s values fluctuate. The distribution o f Assulina  forms a bell 

shape with low values in the beginning and the end o f the zone and a higher representation 

through the middle. Meliola is present in small percentages throughout except between 

320.5 and 294.5cm (3129 and 2905 cal BP) when they are higher. Type 10 values remain 

low until 344.5cm (3336 cal BP) when they start to increase rapidly. The values remain 

high with the exception o f 294.5 and 268.5cm (2905 and 2681 cal BP). Single spores of 

Gelasinospora  c f  and Type 12 are also present.

BAL-D 209.5 to 176.5cm (2172 to 1888 cal BP)

The four major taxa are all present but none o f them have high percentage values and the 

values iox Amphitrema  and Type 10 are below average.

BAL-E 176.5 to 126.5cm (1888 to 1351 cal BP)

Low values o f Amphitrema  grow steadily while the Assulina  and Meliola curves remain 

stable. Type 10 peaks at 168.5cm (1819 cal BP) before its values diminish to a low point 

at 136.5cm (1472 cal BP)

BAL-F 126.5 to 93.5cm (1351 to 952 cal BP)

Amphitrema dominates the NPP record, particularly towards the end o f this short zone. 

Assulina  and Meliola  curves again remain stable but low and the Type 10 stays at a very 

low percentage throughout the zone.

BAL-G 93.5 to 50.5cm (952 to 701 cal BP)

Amphitrema  starts with a short lived peak before its values drop between 81.5 and 63.5cm 

(890 and 840 cal BP). A converse increase in values in the same period seems to occur 

with the other major taxa and is most pronounced with Type 10. Type 10 concentration 

drops dramatically after 63.5cm (840 cal BP)
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BAL-H 50.5 to 23.5cm (701 to 39 cal BP)

Before the middle o f this zone at 42.5cm (463 cal BP) the percentages o f Amphitrema, 

Assulina  and Meliola are quite high. After this they decline and stay low until they form a 

small peak near the top o f the zone. At the same time Type 10 percentages start rising 

from the low values they maintained for the rest o f the zone.

BAL-I 23.5 to 0.5cm (39 to -53 cal BP)

Amphitrema and Assulina  percentages fall sharply at the beginning o f  this zone at the same 

time as the Type 10 values increase rapidly. The converse happens in the very top o f  the 

zone. Meliola percentages recover somewhat.
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Figure 3.9 Ballyduff local bog pollen percentage diagram with composite tree, herb and pteridophyte curves. The diagram is CONISS zoned based on 
the macrofossil assemblage. Pollen and spore curves are displayed with depth bars for frequent taxa; times 10 exaggeration, stippled, for not so 
frequently encountered taxa and dots at the level o f occurrence o f rarer types.
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3.3.3 Local bog taxa results

It is assumed that the pollen and spores from plants growing on bog surfaces originated 

from within the Ballyduff/Clonfmane Bog complex and represent the local vegetation. 

Nonetheless the distinction between a local bog pollen type and a regional one is not 

always clear. As in many other studies of this type some rather arbitrary boundaries 

between local and regional pollen types were drawn here: all Poaceae, Pinus and 

Pteridophyte pollen and spores were termed regional and were thus included in the pollen 

sum, even though some of these fossil pollen types had probably originated from within 

the bog. Variations in the distribution of pollen from local taxa over time is described and 

interpreted within the climatic section of this chapter and sectioned into macrofossil zones 

like the other climate indicators. This is because the distribution o f these plants is assumed 

to have been governed primarily by climate and only secondarily by edaphic factors. The 

following paragraphs give a short outline of the distributions of these pollen types through 

the core. Figure 3.9 shows local bog pollen and NPP percentages with relation to the 

pollen sum.

BAL-A: 504.5 to 469.5cm (4715 to 4413 cal BP)

Calluna pollen makes up 5% of the pollen sum. Ericaceae and Empetrum nigim  pollen are 

also present particularly in the first half of the zone while Cyperaceae, Myrica and 

especially Sphagnum spores become widespread in the second half

BAL-B 469.5 to 377.5cm (4413 to 3620 cal BP)

Initial high values of Calluna pollen drop gradually throughout the zone until they dwindle 

to a mere 1% at the end. Cyperaceae pollen is near constant in this zone but Carex only 

becomes important in the latter half of it. Drosera, Empetrum nigrum, Ericaceae, Myrica, 

Rhynchospora and Potentilla type pollen are all present too while Sphagnum spores attain 

values of over 20% on four occasions in the first half of the zone.

BAL-C 377.5 to 209.5cm (3620 to 2172 cal BP)

All local bog taxa are present and most have higher than normal percentage values in the

middle section of this long zone. Calluna, Cyperaceae, Empetrum, Ericaceae,

Rhynchospora and Myrica start the zone with small values which increase towards the 

middle (c. 296.5cm 2922 cal BP). Potentilla and Drosera pollen appear in the second half
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and the Sphagnum  spore percentage is higher in the beginning and the end o f the zone than 

it is in the middle.

BAL-D 209.5 to 176.5cm (2172 to 1888 cal BP)

In this short zone most local bog pollen types are present in small numbers only, this is 

particularly true for Calluna and the Ericaceae while Myrica, Sphagnum, Rhynchospora 

and Cyperaceae pollen are more frequent especially in the first half.

BAL-E 176.5 to 126.5cm (1888 to 1351 cal BP)

Here Callima has a steady low percentage presence as do the Cyperaceae. Ericaceae,

Myrica and Rhynchospora  are more important at the start o f the zone while the converse is

true for Sphagnum, Potentilla  and Drosera.

BAL-F 126.5 to 93.5cm (1351 to 952 cal BP)

Calluna but not Ericaceae pollen frequencies are up while Cyperaceae, Potentilla and 

Rhynchospora pollen are consistently present. Sphagnum  spores amount to over 5% 

throughout except in the last quarter o f the zone, where they double.

BAL-G 93.5 to 50.5cm (952 to 701 cal BP)

The majority o f the local taxa are present in considerable numbers in this zone with 

Calluna, Myrica and Cyperaceae more important later on and Drosera, Empetrum  and 

Ericaceae earlier. Sphagnum  spores occur in moderately high numbers except in the 

middle, where there are few.

BAL-H 50.5 to 23.5cm (701 to 39 cal BP)

All local bog pollen are represented in higher percentage values in this zone than in the 

previous sections. Calluna, Ericaceae, Empetrum  and Narthecium  produce higher values 

mostly in the middle and the end o f the zone while Sphagnum, Cyperaceae and especially 

Carex gradually increase throughout the zone. Drosera, Potentilla and Rhynchospora 

pollen are more frequent at the beginning and at the end.

BAL-I 23.5 to 0.5cm (39 to -53 cal BP)

Nearly all local pollen types are again well represented with Calluna pollen dominant at 

the end and Sphagnum  spores at the beginning o f the zone.
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3.3.4 Macrofossil results

Macrofossils were analysed from 197 samples at a resolution of between 1 and 6cm 

depending on sample location with regard to the ACCROTELM focus periods (section 

2.9.4) (Oksanen et a l ,  forthcoming).

In order to build a robust environmental record from multiproxy data it is essential to 

compare like with like. Therefore similar indices for all proxies should be constructed. 

This multi-strand approach is more likely to confirm the status of a climatic variable, for 

instance bog surface water (BSW), where its trace appears in the various strands of proxy 

data. Numerous multiproxy studies have summarised macrofossil data, through ordination 

techniques, into a single curve, which fluctuates between dry and wet indicating gradients 

(Barber et a l ,  2003; Blundell and Barber, 2005; Hughes et a l ,  2006; Blundell et a l ,  2007). 

The Ballyduff macrofossil data were summed up into two hydrological indices, one based 

on the BSW preference of the recorded components, as pioneered by Dupont and refined 

by Barber et al. (Dupont, 1986; Barber et a l ,  2003), and the other based on a Nonmetric 

Multidimensional Scaling (NMS) ordination (McClune and Mefford, 1999). The NMS 

ordination was rotated to increase variance along a gradient which was interpreted as 

hydrological. With both methods producing similar outputs the NMS results were 

preferred since they are less subjective. The results from the first ordination axis scores are 

shown in Figure 3.10 and are used in the Ballyduff climate reconstruction. For further 

details of the Ballyduff macrofossil record consult Oksanen et a l  (forthcoming).

3.3.5 Testate Amoebae results

Water table levels were reconstructed based on 174 peat samples which were analysed for 

testate amoebae fossil remains at 2 and 4cm resolution. Reconstructed watertable 

calculations are based on a new European transfer function model generated using modem 

ecological data from ACCROTELM sites (Charman et a l ,  2007). Details of the testate 

amoebae record for Ballyduff will be published by Oksanen et a l  (forthcoming).

The results of the RTW curve are shown in Figure 3.10 together with the macrofossil 

score, the humification residuals, the NPP and local bog pollen data.
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and are displayed as 3 point moving averages except for the humification residuals and the macrofossil scores where 5 point moving averages were 
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3.4 Local Hydrological Record

In this section the strands o f  the various proxy investigations are assembled into a 

hydrological record for Ballyduff Bog. The Ballyduff hydrological record is made up of 

standardised Relative W ater Table depths (RWT) calculated from a testate amoebae 

transfer function (Charman et a l ,  2007), the standardised MNS ordination score o f the 

macrofossil assemblage (Oksanen et a l ,  forthcoming), percentage light transmission 

residuals from colorimetric humification analysis, NPP assemblage and local bog taxa 

pollen and spore distribution. For ease o f  discussion the hydrological record is split into 

CONISS derived macrofossil assemblage zones. Figure 3.9 presents a comprehensive 

diagram of the NPP and local bog taxa distribution whereas Figure 3.10 shows a summary 

diagram of the different strands o f  the hydrological record. In this figure the NPPs are 

represented by two curves, one indicative o f  dry and the other o f wet conditions. Similarly 

there are two local bog taxa curves, one representing dry and the other wet conditions. 

Each o f these four curves was generated by adding the relativised abundances o f two 

frequent taxa. For the NPP dry curve these are the spores M eliola niessleana and Type 10 

and for the NPP wet curve the testes o f  Amphitrema flavum  and Assulina. Calluna and 

Ericaceae pollen make up the dry indicating local bog taxa curve and its wet indicating 

counterpart consists o f the combination o f  Cyperaceae and Carex pollen on the one hand 

and Sphagnum  spores on the other.

BAL-A: 509.5 to 469.5cm (4758 to 4413 cal BP)

All proxy records show a dry environment in this short zone even though RWTs become 

smaller indicating somewhat moister conditions towards the end o f the zone. Not 

surprisingly one o f  the testate components o f the NPPs, Amphitrema flavum, also registers 

a trend towards wetter conditions and this is supported by an increase in Sphagnum  spores. 

However the NMS score, humification results and high numbers o f  fungal spores and 

dwarf shrub pollen continue to indicate dry conditions to the end o f the zone.

BAL-B 469.5 to 377.5cm (4413 to 3620 cal BP)

Fluctuating hydrological indicators present an overall relatively dry zone which ends in a 

wet peak. During this zone all components o f the proxy record fluctuate above and below 

mean water table depths. Despite the apparent chaotic picture that this produces between
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the different records, some well defined shifts to wetter conditions can be picked out. The 

first three o f these wet shifts are marked around 4380, 4200 and 3980 cal BP in the three 

main proxies as well as in a drop in fungal spores, an increase in Sphagnum  spores and 

more wet indicating testes from the NPP record. The latest shift also records an increase in 

Cyperaceae pollen, especially Carex. The next wet shift at 3800 cal BP is different in so 

far as there is a small lag in the macrofossil index and the NPP values are ambiguous, 

indicating both wet and dry conditions, as do the local bog pollen types. The zone ends in 

a pronounced wet peak o f all records with a maximum peak indicated around 3620 cal BP. 

Changes indicating shifts towards drier conditions are found around 4300, 4100 and 3922 

cal BP, the first o f which is mainly indicated by the macrofossil and humification records.

BAL-C 377.5 to 209.5cm (3620 to 2172 cal BP)

After a century or so the wet peak starts to reverse until conditions appear dry in the initial 

third o f the zone. From then on the three main proxies fluctuate often, with only small 

residuals and revert to a small wet peak at the end o f the zone. This longest o f the 

macrofossil zones spans one and a half millennia; it is also in some ways the most 

ambiguous section o f the Ballyduff record. There are several reasons for this, firstly 

Oksanen et al. interpret the NMS score for much o f this zone as not representative o f a 

hydro-climatic signal but merely reflecting the strong dominance o f Sphagnum imbricatum 

in the macrofossil assemblage. S. imbricatum  has two growth forms, one often associated 

with the moss growing on hummocks and the other with lawn microforms (Green, 1968). 

The moss may thus have a wider ecological niche than some other bog species and its 

presence when dominant may not necessarily reveal the nuances o f water table 

fluctuations. Secondly, the large oscillation that the humification residuals undergo around 

3100 cal BP may originate at least partially in the local stratigraphy o f the analysed peat 

core and may not be a full reflection o f the hydrological status o f the mire at that time. 

Evidence that this may indeed be the case came from humification residuals measured in a 

replicate core extracted just 50cm away from the main core. These replicate residuals 

show the same general trends and peaks during the oscillation period but with much 

decreased amplitude.

As already stated above the wet phase between 3620 and 3500 cal BP reverses until it turns 

into a dry shift peaking around 3100 cal BP. This dry shift is really only apparent from
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the RWTs and the humification residuals. NPPs and bog taxa distribution do not 

corroborate these data. The NPPs and local taxa on the contrary do not fluctuate until the 

increase of Type 10 spores and ericaceous pollen together with the demise of Amphitrema 

flavum  and Sphagnum spores point to a drying of the bog surface in the wake of a short 

lived wet shift at 2900 cal BP. However there is little evidence for either o f these peaks in 

the other proxy data, unless a gentle trend towards a wetter environment peaking at 2715 

cal BP is taken into account. Within the Ballyduff records a semblance of coherence is 

only restored with two small dry peaks at 2580 and 2460 cal BP respectively, both of 

which find a small echo in the local records. The zone ends after further divergent 

fluctuations in a collective wet shift.

BAL-D 209.5 to 176.5cm (2172 to 1888 cal BP)

The Sphagnum imbricatum dominance continues through this zone and complicates an 

interpretation which has to rely on two at least partially contradictory proxy records; 

testates, which indicate a high water table and humification residuals, which show well 

decayed peat in the first half of this short period. Unfortunately, the NPP and local bog 

pollen types do not shed much light on the situation with numbers of indicator 

palynomorphs quite low. The most diagnostic feature of these two records may well be 

that the evidence for dry indicating taxa is quite small. Yet around 1923 cal BP, just 

before the end of the zone, the three main indicators align themselves into a clearly defined 

wet peak.

BAL-E 176.5 to 126.5cm (1888 to 1351 cal BP)

The three main proxy records together with the NPP and local bog taxa describe a

collective shift to a drier climate starting just before the zone boundary. Somewhat over

half way through the zone conditions deteriorate again and all proxies except the local taxa 

and the NPPs begin to rise and indicate a high water table around 1600 cal BP.

BAL-F 126.5 to 93.5cm (1351 to 952 cal BP)

Wet conditions are displayed by the macrofossil, testate and humification scores and 

somewhat subtler also by the NPPs and local bog taxa indicating a high water table for this 

short zone.
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BAL-G 93.5 to 50.5cm (952 to 701 cal BP)

This zone starts with a rapid swing to dry conditions initially registered in all o f the 

Ballyduff proxy records at 871 cal BP (AD 1079). The dry conditions decline somewhat 

over the next fifty years. But while the testate, humification, NPP and local taxa records 

show a rising water table from then on, the macrofossil proxy record only shows wetter 

conditions at the end o f the zone.

BAL-H 50.5 to 23.5cm (701 to 39 cal BP)

The Ballyduff proxies register a major trend towards wet conditions at the end o f this zone, 

yet the route they take differs. The inferred water table levels continue to rise steadily 

from their low point in BAL-G at 871 cal BP. The NMS scores on the other hand show a 

local wet peak at 582 cal BP, after which they express somewhat drier conditions at 552 

cal BP before they revert to wet indicating scores which peak at 258 cal BP. Humification 

residuals take yet a third route involving a passage through a dry peak at 523 cal BP before 

they also indicate similarly wet conditions around 115 cal BP. The NPP emphasise wet 

conditions early on in the zone whereas the bog taxa remain ambiguous with much pollen 

o f Calluna and Ericaceae present simultaneously with high values o f Cyperaceae and 

Drosera pollen and Sphagnum  spores.

BAL-1 23.5 to 0.5cm (39 to -53 cal BP)

In the last century or so the climate index o f  the Ballyduff curves has turned about to 

indicate a marked drying o f the bog. This time the water table and NMS indices are 

leading and the humification residuals trailing behind. The NPPs are following the trend 

with high quantities o f fungal spores and few testes. Among the local bog taxa, Calluna 

and Ericaceae pollen attain high percentages but Cyperaceae and Sphagnum  spores are also 

present.

With few exceptions the Ballyduff hydrological record shows consistently good agreement 

between all proxies. The biggest exceptions seem to centre around issues such as the 

hydrological sensitivity o f the macrofossil score during the phase o f Sphagnum imbricatum  

dominance, the hydrological interpretation o f the massive swing in the humification 

residuals c. 3100 cal BP and the interpretation o f  simultaneous dry and wet indicating 

palynomorphs; for instance just after 4400 cal BP and at 2800 cal BP. Within the local
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pollen taxa some discrepancy in the signal of dry and wet indicators might not be 

surprising since most o f the pollen and spores did not originate within the core matrix but 

arrived on the bog surface from elsewhere. There are also phases in the hydrological 

record where one or several proxies are silent while others indicate fluctuations. Outside of 

the Sphagnum imbricatum phase of the NMS scores this is particularly apparent with the 

local bog pollen and the NPP indicators during most of the BAL-E, BAL-F and BAL-H 

zones and could at least in part be due to the small number of taxa included in these 

indices.

In the last two millennia the similarity between the hydrological curves of the different 

indices becomes striking and may reflect more consistent trends in Bog Surface Water 

(BSW) status and, by implication, in climatic patterns (Figure 3.10).
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3.5 Climate over Central Ireland

The Ballyduff hydrological record is considered in the light o f regional and some extra 

regional climate indicator records. Details o f these records and site locations are given in 

Figure 3.11, Figure 3.12 and Table 3.3. In Figure 3.12 the Ballyduff hydrological curves 

are drawn on an age scale and graphed with regional and extra-regional records 

represented by boxes which are individually tagged. Each box refers to a wet-shift or to a 

shift to low values. The resultant stacks o f boxes give a visual impression o f the 

approximate timing o f wet-shifts and allow for comparisons with the Ballyduff 

hydrological records.

For the extra-regional hydrological indicator curves two records compiled from numerous 

local studies were chosen for their added robustness. One o f these is the Charman el al. 

(2006) stacked Holocene peatland palaeo-water table reconstruction and the other the mid- 

European lake level fluctuations by Magny (2004). The Ballyduff curves are also 

compared to M cDerm ott’s (2001) speleothem derived stable isotope record from Crag 

Cave.

■ multiproxy record

■ testate

■ macrofossil

□ 6 '®0 speleothem

■ humification

□ diatomite

sites of compiled 
humification record

1 Moyreen
2 Lough Lurgeen
3 Owenduff
4 Glen West
5 Claraghmore
6 Garry
7 Sluggan

■tSIieveanorra

Fallahogy
^e a d  Island 

5 Toome

r t - 4
Glen West

Corlea
jbbeyknockmoya

Mongan 
■  -

lonoolish ■  
Moss B a llydu ff

Ardkill Moss

Crag Cave

Figure 3.11 Map o f site locations and proxies for Irish climate records.
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Table 3.3 Details o f proxy climate data described in Section 3.3 and discussed in Section
3.4 and 3.5

Site name Site type Proxy data Data source

Period 
covered 
(k yrs 

BP)

Sect.
ref
Fig.
3.12

Ballyduff raised bog humification this project 4 .7 -
present

3.3.1 1

Ballyduff raised bog NPPs this project 4 .7 -
present

3.3.2

Ballyduff raised bog bog taxa this project 4 .7 -
present

3.3.3

Ballyduff raised bog macrofossils
(Oksanen et al., 

forthcoming)
4 .7 -

present
3.4 2

Ballyduff raised bog testates
(Oksanen et al., 

forthcoming)
4 .7 -

Dresent
3.4 3

Crag Cave cave
speleothem

(McDermott et 
a/., 2001)

10-
present 3.5 4

Ireland
raised
bogs,
lakes

number o f 
Irish bog and 

lake oaks

(Leuschner et 
a/., 2002)

7 .4 -
present 3.5 5

Northern
Ireland

raised
bogs

annual mean 
age o f bog 

oaks

(Turney et a l ,  
2006) 5 .6 -  1 3.5

Abbeyknock
moy raised bog macrofossils

(Barber et al., 
2003)

7 -0 .5
3.5

6

Mongan raised bog macrofossils 4.5 -0 .3 7

Glen West raised bog
macrofossils
humification

testates

(Swindles et al., 
2007b) 4.7- 1 3.5 8

Cloonoolish
Moss

raised bog testates (Blundell et a l ,  
2007)

2.1 -0 .5
3.5 9

Ardkill Moss raised bog testates 2 .2 -0 .5 10

Fallahogy raised bog macrofossils (Barber et al., 
1999)

2 -
present

3.5 11

West Corlea raised bog humification (Caseldine et 
al., 1998) 5 .5 -2 3.5 12

Toome floodplain diatomite
stratigraphy

(Plunkett et al., 
2004) 4.3 3.5 13

Ireland
5 raised, 
2 blanket 

bogs
humification (Plunkett, 2006) 3.5 -2.5 3.5 14

Northern
Ireland

3 raised 
bogs

humification
testates

macrofossils

(Swindles et al., 
2007a) 2 .9 -2 .1 3.5 15

Northern
Britain

12 raised 
bogs

testates (Charman et al., 
2006)

4.5 - 
present

3.5 16

Jura, mid 
Europe 26 lakes dated

stratigraphy
(Magny, 2004) 12-

present
3.5 17
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3.5.1 BAL-A 509.5 to 469.5cm

(4758 to 4413 cal BP)

Similar to Ballyduff, dry conditions are also indicated in the Abbeyknockmoy record

according to an index derived from a macrofossil ordination score (Barber et a i ,  2003).
18But the dryness contrasts with low stable isotope 5 O values from Crag Cave (McDermott

et a i ,  2001). The cave lies less than 150km south west of Ballyduff and has produced a

5 '*0 record which spans the entire Holocene. The 6*^0 values reflect ambient air

temperature as well as storm trajectories and thus care has to be taken when interpreting

them. However McDermott et al. (2001) point to an apparent strong association between 
18lower 5 O values and colder climatic periods in their record. Dry conditions are inferred 

too from the presence of dendro-dated oaks found below present-day lake levels in 

Northern Ireland (Turney et a i ,  2006). Still further away from the Irish Midlands both the 

stacked palaeo-water table reconstructions of Charman et al. (2006) and the compiled lake 

level fluctuations of Magny (2004) show dry conditions for this period.

3.5.2 BAL-B 469.5 to 377.5cm

(4413 10 3620 cal BP)

Some of the regional records show similarly overall rather dry conditions during this 

period without necessarily repeating the shifts and peaks of the Ballyduff curves. One of 

these is from the macrofossil ordination score of Mongan Bog, 27km north of Ballyduff 

(Barber et a l ,  2003) and another one comes form the multiproxy record from Glen West, 

Co Fermanagh (Swindles et al., 2007b). Moreover, oak populations both from below 

modem lake levels and from bog environments, indicate dry conditions for the first half of 

the zone (Turney et a l ,  2006). The stable isotope curve of Crag Cave is in good agreement 

with Ballyduff too, it shows an amelioration to high 5 '^0  values at the start of the zone. 

After a peak around 4100 cal BP the isotope values fall to a low. Contrasting with the 

Ballyduff record however, are the wet conditions and flooding reported widely in the 

region and from further afield around the time of the Hekla-4 eruption 2310 ± 20 BC (4260 

cal BP). This is evident from the Abbeyknockmoy Bog profile, Corlea and the Lough 

Neagh floodplain (Caseldine et a l ,  1998; Barber et a l ,  2003; Plunkett et a l ,  2004). 

Shortly after this Charman et al. (2006) show a wet shift for northern Britain in their
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stacked water table compilation. A wet shift on the Jura plateau is also indicated half a 

century later by lake level rises betw'een 4150-3950 cal BP (Magny, 2004).

3.5.3 BAL-C 377.5 to 209.5cm

(3620 to 2172 cal BP)

The initial Ballyduff wet phase from c. 3620 to 3500 cal BP can be found in most regional 

records such as the ones from Abbeyknockmoy, Glen West and slightly later in the stacked 

northern British water tables and the Mid-European lake levels (Barber et ai,  2003; 

Magny, 2004; Charman et al,  2006; Swindles et ai,  2007b). The speleothem proxy record 

from Crag Cave also records low values at this time. A dry shift with a maximum at 3100 

cal BP follows this wet phase in Ballyduff. This shift is recorded by all of the above 

records except in Abbeyknockmoy. In addition a remarkable dry shift is demonstrated at 

that time by the annual mean age chronologies from Irish bog oaks (Leuschner et al,  

2002).

The internal hydrological proxy indicators of Ballyduff may be ambiguous for the second 

half of this zone but in a wider context this period produced one of the most frequently 

described climatic deteriorations of the late Holocene. This event often features a legacy 

of humified peat overlain by fresher peat. It recurs throughout north western Europe where 

it is known as the Sub-boreal/Sub-atlantic transition and is sometimes assumed to have 

been caused by a simultaneous climatic deterioration (van Geel et al,  1996). However 

since chronologies based on multiple *'*C dates have become standard it has been 

recognised that the ‘event’ was not usually contemporaneous in palaeoenvironmental 

records. Nevertheless, an often recurring climatic downturn has been dated to around 2800 

cal BP. Because of the frequency with which this 2800 cal BP downturn is encountered it 

has been linked to a climatic forcing mechanism which may be connected to the increase in 

the '"'C production rate at that time (Chambers et al,  1999; van Geel et al,  1999; Beer et 

al., 2000; Blaauw et al,  2004b; Mauquoy et al,  2004). The use of more sophisticated 

dating techniques like tephra horizons and wiggle matched ' “̂C chronologies have 

increased the speculation around this downturn rather than emphasising either a clear 

timing or a certain origin and mechanism for its establishment (Plunkett, 2006; Swindles et 

al,  2007a).
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In Ballyduff the 2800 cal BP event is not prominent. There is a slightly moister signal 

which peaks at 2715 cal BP but this signal is dwarfed by a number o f more substantial wet 

shifts throughout the record. Comparing Ballyduff to other records it was found that 

around 2900 cal BP the mean age o f Irish bog oak falls from c. 200 to 25 years, a fact 

which Leuschner et al. (2002) interpret as reflecting a climatic deterioration. In addition, 

the number o f dendro-dated bog oaks falls sharply around 2850 cal BP, also a sign of 

higher water tables, which are assumed to have impeded oak growth on marginal terrain 

(Turney et a l ,  2006). W ithin the extant chronologies a shift to a wetter climate occurs at 

Mongan and Abbeyknockmoy bogs around 2850 cal BP (Barber et a l ,  2003). Climatic 

downturns are also indicated in five o f seven tephra-dated peat humification profiles from 

the Irish north and west coasts and in the multiproxy records o f  Dead Island, Slieveanorra 

and Glen West around 2700 cal BP (Plunkett, 2006; Swindles et al., 2007a). 

Notwithstanding this. Crag Cave shows high 5*^0 values whereas the northern British 

stacked water tables reveal a downturn at 2750 cal BP and the European lakes between 

2750 to 2350 cal BP (Magny, 2004; Charman et al., 2006) The rising water table in 

Ballyduff at the end o f this zone has an echo in the Abbeyknockmoy and Mongan records 

and in the rapidly falling number and mean age o f Irish bog oaks as well as in the Mid- 

European lake levels. Moreover, neither Glen West nor the northern British reconstructed 

water tables experience it as a particularly wet period.

3.5.4 BAL-D 209.5 to 176.5cm

(2172 to 1888 cal BP)

The comparative proxy data show wet conditions on the one hand, like the records from 

Abbeyknockmoy and Mongan Bog and the small quantity o f dendro-dated bog oaks 

(Barber et al., 2003; Turney et al., 2006). Glen West and two testate amoebae based water 

table reconstructions one from Cloonoolish Moss, 20km north west, and the other from 

Ardkill Moss, 70 km north east o f Ballyduff, on the other hand show dry conditions for this 

period (Blundell et a l ,  2007; Swindles et al., 2007b). The third group consisting o f the 

Crag cave, the mean age o f Irish bog oaks, the northern British stacked water table and the 

Mid-European lake levels are maybe most similar to Ballyduff in that they show dry 

conditions at first which deteriorate into a wet shift later (McDermott et al., 2001; 

Leuschner et al., 2002; Magny, 2004; Charman et al., 2006).
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3.5.5 BAL-E 176.5 to 126.5cm

(1888 to 1351 cal BP)

The shift to lower water tables observed in the Ballyduff record is replicated in eight of the 

comparative records, the two exceptions being the mean age of bog oaks and the Crag 

Cave speleothem data, which show rather cold conditions (McDermott et al,  2001; 

Leuschner et al,  2002). Additionally macro fossil data from Fallahogy Bog in Northern 

Ireland also indicate a contemporaneous dry shift (Barber et al,  1999). The similarity in 

the pattern of the comparative records and Ballyduff continues as the bog environment 

registers increasing wetness to the end of the zone.

3.5.6 BAL-F 126.5 to 93.5cm

(1351 to 952 cal BP)

Similar to the last section, the Ballyduff record agrees well with the hydrological indices 

from other sites. Within these, Abbeyknockmoy and Mongan show wet conditions with a 

somewhat drier episode in the middle of the zone (Barber et al,  2003). Glen West, 

Cloonoolish and Fallahogy indicate very wet conditions the latter with a period of marked 

high water tables dated to between 1225 to 1090 cal BP (AD 725 and 860) (Barber et al, 

1999; Blundell et al,  2007; Swindles et al,  2007b). The number of dendro-dated Irish bog 

oaks dwindles during this time together with the age class of the extant oaks, giving further 

evidence of wet conditions in Ireland (Leuschner et al,  2002; Turney et al,  2006). The 

Crag Cave speleothem data have low values implying a cold environment and the 

reconstructed northern British stacked water tables also register wet conditions with a drier 

interval. At this time some of the Mid-European lake levels rise while others remain very 

low (Magny, 2004).

3.5.7 BAL-G 93.5 to 50.5cm

(952 to 701 cal BP)

The inferred hydrological record of Ballyduff agrees again quite well with the other proxy 

records from Ireland. The shift to dry conditions, otherwise known as the ‘Medieval Warm
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Period’ (MWP) is evident in the records of Abbeyknockmoy, Mongan, Ardkill Moss,

Fallahogy and Cloonoolish, in the latter bog the shift is interrupted temporarily by a return

to wetter conditions around 920 cal BP (AD 1030) (Barber et al,  1999; Barber et al,  2003;
18Blundell et al,  2007). The Crag Cave speleothem shows high 5 O values, the number of 

dendro-dated bog oaks is quite high, the northern British stacked water tables are neutral 

and the Mid-European lake levels are low until they rise sometime after 800 cal BP (AD 

1150) (McDermott et al,  2001; Magny, 2004; Charman et al,  2006; Turney et al,  2006).

3.5.8 BAL-H 50.5 to 23.5cm

(701 to 39 cal BP)

Many of the Irish palaeoclimate records do not cover the last half millennium. However,

similar to Ballyduff, the records that cover this period show marked shifts towards wet
18conditions and, in the case of the Crag Cave speleothem, low 5 O values encompassing 

the Little Ice Age (LIA) period (Barber et al,  1999; McDermott et al,  2001; Magny, 2004; 

Charman et al,  2006).

3.5.9 BAL-I 23.5 to 0.5cm

(39 to -53 cal BP)

Similar to Ballyduff, the post-LIA warming is also well documented in Fallahogy where it

starts at 105 cal BP (AD 1845) (Barber et al,  1999). The Crag Cave speleothem shows 
1high 5 O values and a dry period can also be inferred from the northern British stacked 

water tables (McDermott et al,  2001; Charman et al,  2006).

There are many periods particularly in the last 2000 years when the Ballyduff wet shifts 

coincide with wet periods in other Irish and some European proxy records thus supporting 

the hypothesis of at least partial climate forcing for Ireland. However the converse is true 

for much of the earlier part of the record. Sometimes discrepancies appear between 

Ballyduff and the majority of the other records as happened during the wet phases of 3200, 

2800 and 2300 cal BP. At other times the hydrological signals from most sites are so 

individual that it may not be safe to draw any coherent conclusions about regional climate 

signals. Most of the climate records that were compared to the Ballyduff proxy responses
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have high precision chronologies based on tephra or dendro-dates and wiggle matched 

AMS determinations. This means that the considerable disparities between the Ballyduff 

and other Irish climate records are not easily explained as artefacts o f  dating techniques. 

On the contrary, these disparities challenge the notion o f a simple forcing mechanism 

governing the hydrological history o f  the last five millennia in Ireland (Figure 3.12).
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Widespread precisely dated rapid wet shifts can be used in support o f climate forcing 

models if  their timing coincides between records. The same is not true for rapid dry shifts, 

however, since the latter could have originated from autogenous changes within the bog 

system itse lf Changes like this could be the result o f drainage or the legacy o f bog bursts.

3.6 Bog Bursts

In recent years there has been much focus on bog bursts within raised bog systems. Large 

scale archaeological site investigations along drainage ditches, excavations and literary 

sources reveal extensive evidence for prehistoric and historic bog bursts in Ireland (Feehan 

and O'Donovan, 1996; Caseldine and Gearey, 2005; Dykes and Warburton, 2007). The 

underlying cause o f the disturbance o f the hydrological equilibrium in a bog may be the 

result o f autogenic or allogenic processes and can stem from a water surplus, a drying out 

or from a source o f direct stress on the system. The latter two causes are often attributed to 

human activity such as tu rf cutting or the building o f trackways across weak areas o f a bog 

(Casparie, 2005; Dykes and Warburton, 2007).

According to Bermingham (2005) a bog burst can sometimes be interpreted as an 

independent climate indicator. More often, however, unrecognised bog bursts within an 

ombrotrophic bog system have the potential to seriously undermine climate records based 

on multiproxy evidence from a peat core o f that system. In the absence o f large scale 

stratigraphic investigations bog bursts may not be recognised readily or directly from the 

core sediment stratigraphy (Caseldine and Gearey, 2005). It is therefore vital that indirect 

evidence is obtained to investigate the likelihood o f bursts. Bog bursts can directly impact 

on coring locations by erosion, deposition o f peat slurry or by perturbing the existing 

stratigraphy (Caseldine and Gearey, 2005; Dykes and Warburton, 2007). By their nature 

directly impacting bog bursts disturb the peat stratigraphy and can thus be detected by 

closely spaced AMS dating o f plant material within the core sediment. Furthermore the 

likelihood o f encountering peat deposition and sediment disturbances at a palaeoecological 

core location may be reduced by careful site selection, away from possible drainage 

channels, for instance on the dome o f a raised bog. It should also be borne in mind that 

larger bogs may have a more complicated bedrock topography than smaller ones and that 

in larger basins peat initiation may have taken place in several locations at various times
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leading to complex hydrological systems where the location and even the direction of 

drainage channels may have changed over time.

Episodes of peat erosion on the other hand may be detected at least to some extent within 

the multiproxy record (Caseldine and Gearey, 2005; Caseldine et al., 2005). An erosional 

bog burst removes large quantities of water and peat slurry from the bog, a characteristic 

that is usually reflected in a multiproxy hydrological record in the form of a marked dry 

shift which may take hundreds of years to rebound (Caseldine et a l ,  2005; Casparie,

2005). At the site of the erosion the burst will remove wet and unstable peat to leave a 

drier base anchored more firmly in the bog. The erosion will thus leave its trace not only 

in the chronology and the hydrological history but it may also show up in the conspicuous 

and sudden change in macrofossil taxa. Table 3.4 gives a summary of some diagnostic 

features of a bog burst.

Table 3.4 Some diagnostic features towards the recognition of a bog burst within the
stratigraphic and palaeoenvironmental analysis of a peat core from a raised bog.__________

Impact of burst on 
muitiproxy palaeo-
hydrological record________
Medium to long term dry 
shifts. Bursts may be 
preceded by prolonged wet 
periods

May leave marked change in 
macrofossil and testate 
amoebae species assemblage 
and pollen record

Location and type of 
bog burst

Coring site is not directly 
affected by bog burst

Coring site is eroded

Impact of burst on 
chronology

Change in accumulation rate 
possible

Hiatus and/or change in 
accumulation rate

Peat deposition or Date reversals and changes
disturbance at coring site in accumulation rates

May leave erratic changes in 
records

ft may be possible to distinguish between more and less likely bog burst candidates by 

comparing the dry shift signals in the Ballyduff proxy record with dry periods in other Irish 

records. For instance the dry shift at c. 3900 cal BP does not appear in any of the 

comparative records except in the northern British stacked water tables (Charman et al,

2006). On the other hand this shift is not rapid nor is it reflected in either the NPP or the 

local pollen taxa records. Thus it does not appear to be a likely bog burst candidate. A 

similar argument can be made for the dry shift around 3560 cal BP. Like its precursor it is
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not rapid and this time the dry period is reflected in Mongan Bog and by the rising number 

of dendro-dated bog and lake oaks (Barber et al,  2003; Turney et al,  2006). The next 

candidate is the dry shift starting c. at 1923 cal BP. This shift is rapid and it occurs during 

a period when many regional records indicate a wet period (Figure 3.12). However, 

Mongan Bog, Fallahogy, the mean age of Irish oaks and the high 5 '^O values from Crag 

Cave suggest that not all of the region experienced wet conditions at this time (Barber et 

al,  1999; McDermott et al,  2001; Leuschner et al,  2002; Barber et al,  2003).

The next dry shift occurs just before 900 cal BP, it is the most striking example of a rapid 

change in the climate record of this study period. It occurs at the same time as a change in 

the accumulation rate and is reflected in all of the Ballyduff proxy records. Initially the 

shift looks like a prime candidate for a bog burst but on inspection o f other climate data it 

becomes clear that this shift may mark the start o f the Medieval Warm Period (MWP). At 

this time dry conditions also occurred in Abbeyknockmoy and Fallahogy and they are

reflected too in the mean age of Irish oaks and in the number of dendro-dated bog oaks. A
18warm climate may also be mirrored in high 6 O values from Crag Cave (Barber et al,  

1999; McDermott et al,  2001; Leuschner et al,  2002; Barber et al,  2003; Turney et al,  

2006).

Finally the rapid dry shift at 39 cal BP could be due to drainage connected to the 

exploitation of the bog for fuel. There is evidence for peat harvesting in the south comer 

of Ballyduff as well as on the east side of the bog (Plate 2.1). The shape of the site itself is 

also unusually square for a raised bog and may point to drainage or efforts to ‘improve’ the 

surrounding land. Feehan and O'Donovan (1996) note several instances of surmised 

prehistoric turf cutting and ample documentary evidence for the practice from medieval 

times onwards. But according to the authors ‘It appears likely that turf only came to be 

used widely as fuel in Ireland after wood became really scarce’ i.e. possibly in the 17*'’ 

century around Ballyduff (Feehan and O'Donovan, 1996). Apart from a manifestation of 

peat harvesting or drainage the dry shift at 39 cal BP could also be a climate signal; its 

timing coincides with the end of the Little Ice Age (LIA). A dry shift around this time is 

also a prominent feature in the Fallahogy record and occurs in the northern British water 

tables (Barber et al,  1999; Charman et al,  2006).
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Figure 3.13 Ballyduff hydrological record with macrofossil (CONISS) zones and dry 
shifts. Superimposed on the hydrological record is the integrated chronology with 
independently dated AMS dates (Danzeglocke, 2007).

In summary: An examination o f the Ballyduff record for signs o f bog bursts reveals that 

directly impacting bursts are improbable because the AMS dates are closely spaced and 

show few irregularities (Figure 3.13). Neither o f the two outlier dates, GrA-28716 at 89.5 

and GrA-28766 at 468.5cm, occurs at a turning point o f the hydrological record. However, 

indirect impacts on the site from bog bursts that may have occurred in the Ballyduff 

complex can not be completely ruled out. If bursts did occur they are likely to have 

lowered the water table substantially and could have left a ‘dry shift’ signal in the 

hydrological record (Caseldine and Gearey, 2005). Figure 3.13 shows dry shifts in the 

proxy record. Three o f  these shifts are associated with changes in the peat matrix as 

indicated by the macrofossil zone changes at 1888, 952 and 39 cal BP. The 952 cal BP dry 

shift is notable also in this context for the change in accumulation rate that follows it. The 

accumulation rate changes from 12 years cm '' to only 3 years cm’'. Neither the dry shifts 

nor the accumulation rate change constitute by themselves enough evidence to presume 

one or several bog bursts in Ballyduff. However if  the bog experienced this phenomenon 

during the study period it is more likely to have occurred at times o f  rapid dry shifts with 

concurrent changes in the macrofossil assemblage than at other times.
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3.7 Pollen Stratigraphy

Pollen and spore counts o f at least 400 grains were recorded for 149 sub-samples from the 

Ballyduff core. Samples were examined at 2cm through the Focus Periods and at 8cm 

resolution through the rest o f the core (Section 2.9.4). CONISS was used to construct a 

dendrogram from pollen data attaining at least 5% o f the pollen sum in any sample (Figure 

3.14). On the bases o f  this dendrogram the pollen stratigraphy was divided into five Pollen 

Assemblage Zones (PAZ), labelled BAL-1 to BAL-5. Pollen types that were recorded 

only once throughout the core are defined as rare and are not included in the pollen 

stratigraphy. These taxa and their occurrence depths are given in Appendix 4a.

Pollen percentage data are presented in Figure 3.14 for tree and shrub taxa and Figure 3.15 

for herb taxa. Figure 3.16 shows pollen concentration curves for selected taxa and 

palynological richness. This figure is based on concentration data for all pollen included in 

the pollen sum.
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Figure 3.14 Ballyduff tree and shrub percentage diagram with composite tree, herb and pteridophyte curves and CONISS dendrogram. The pollen 
diagram is split into PAZ BAL-1 to BAL-5 along CONISS divisions. Pollen and spore curves are displayed with depth bars for frequent taxa, times 10 
exaggeration, stippled, for infrequently encountered taxa and Pinus and dots at the level o f occurrence o f rarer types.
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BAL-1: 504.5 to 289.5cm (4715 to 2862 cal BP)

This oldest zone is also the longest. It covers 214cm (1853 years) and is characterised by 

arboreal pollen values that are in excess o f 90% throughout and are often higher than 95% 

of the pollen sum. The tree and shrub pollen o f this zone is dominated by Corylus (60 -  

75%), Quercus (7 -  15%), Alnus (5 -  15%), Ulmus (2 -  10%), Pinus and Taxus (up to 7%), 

Fraxinus (up to 6%) and Betula  (up to 3%). Pinus percentages drop to below 3% after 

456.5cm (4301 cal BP) and decline further from there until they appear as single grain 

occurrences at the end o f  the zone. The herbs record small percentages only with both 

Poaceae and Plantago  highest (up to 5%) while the fern percentages stay low. 

Palynological richness varies between 14 and 25 taxa per sample and pollen concentration 

is higher than in the rest o f  the core. It ranges between 100,000 and 500,000 grains per 

cm'^ and fluctuates throughout.

In spite o f the consistently high arboreal pollen values the tree and shrub pollen 

composition remains dynamic. There are two main drops in arboreal pollen. The first 

starts at 476.5cm (4474 cal BP) with the fall in Pinus and Taxus pollen and continues to 

454.5cm (4284 cal BP) followed by a sudden reduction o f Quercus pollen percentages. 

Quercus pollen percentage recovers to former levels at 444.5cm (4198 cal BP) at which 

stage Ulmus, Alnus and Corylus pollen drop while Plantago and Poaceae reach their 

maximum values in the zone. It is from this point onwards that an increase in the 

occurrence o f other herb taxa, particularly the cereals and some weed species takes place. 

The second drop in arboreal pollen is more gradual. It starts at 304.5cm (2991 cal BP) and 

continues to the end o f  this zone and beyond. Polypodium vulgare and undifferentiated 

fern spores are more significant in the first half o f the zone.

BAL-2: 289.5 to 269.5cm (2862 to 2690 cal BP)

This short zone covers 20cm (172 years) but, with minimum arboreal pollen values o f just 

55% and herb pollen percentages o f  up to 40%, it stands apart from the bulk o f the core. 

Species richness increases to between 23 and 28 taxa per sample and pollen concentration 

is low between 50,000 and 200,000 grains per cm'^.

The drop in arboreal pollen continues from the top o f the last zone. It is initiated by a 

reduction o f all major tree and shrub taxa from 296.5cm (2922 cal BP), except for Corylus. 

Ulmus pollen percentage dropped slightly earlier at the same time as Poaceae pollen started 
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to increase. The fall in pollen values from the other trees is concurrent with a rise in herb 

pollen percentages, particularly Plantago, Cerealia, Brassicaceae, Chenopodiaceae, 

Ranunculus acris, Rubiaceae, Rumex acetosa and the fern Pteridium aquilinium. One by 

one the tree and shrub taxa recover starting with Betula, Coryhis, Alnus, Hedera and 

Ulmus and leading on to Fraxinus and Quercus.

BAL-3: 269.5 to 62.5cm (2690 to 837 cal BP)

This is another very long zone not dissimilar to BAL-1 except that Pinus and Taxus are 

largely missing from the arboreal suite o f taxa whereas grass, cereal, weed and herb pollen 

types are increasingly present. Arboreal pollen percentages vary between 81 and 97% with 

the highest values in the middle o f the zone. Palynological richness drops to between 18 

and 27 taxa per sample and pollen concentration fluctuates between 40,000 and 260,000 

grains per cm'^.

With respect to BAL-1 there are some minor shifts in the representation o f the tree and 

shrub taxa. Thus Betula, Fraxinus and Ilex pollen percentages increase overall while 

Quercus decreases and Alnus, Corylus and Ulmus pollen percentages fluctuate. The most 

pronounced changes occur towards the top o f the zone. From 112.5cm (1182 cal BP) all 

arboreal pollen taxa decrease. Superficially it seems as if  all tree taxa except for Corylus 

recover in the next few levels. However, this is an artefact o f the percentage figures and 

concentration data only show a short increase at 96.5cm (988 cal BP) especially in 

Quercus pollen. The wide range o f herb pollen is similar as in the previous zone but with 

time the share o f most o f these pollen types declines until it is at a minimum at 136.5cm 

(1472 cal BP). From then on herb pollen is increasing, starting with Poaceae.

BAL-4: 62.5 to 37.5cm (837 to 201 cal BP)

This penultimate zone is characterised by rapidly falling arboreal pollen and consequent 

increases in other pollen taxa, particularly Poaceae and Plantago, whose percentage values 

rise from 10.5 to 28% and from 2.4 to 10% of the pollen sum respectively. Species 

richness increases to 23 to 35 taxa per sample and pollen concentration is low between 

56,000 and 110,000 grains per cm'^.

The fall in arboreal pollen is gradual if  the current chronology with its very slow 

accumulation rate for this section is accepted (Figure 3.6, section IV). However when 

graphed against depth the fall occurs quite suddenly after 42.5cm (463 cal BP) when the
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arboreal pollen percentage values drop from 70 to 46% in 4cm. Pinus pollen reappear in 

great numbers leading to a dramatic rise in its curve which is concurrent with the drop in 

most other arboreal pollen taxa at 42.5cm (463 cal BP). Fagus pollen appear for the first 

time and weedy herb species, cereals and Pteridium aquilinium  increase alongside the 

Poaceae and Plantago pollen curves. In this zone the extant cereal pollen types, Triticum 

and Hordeum  are joined for the first time by Secale.

BAL-5: 37.5 to 0cm (201 to -53 cal BP)

The top zone o f the Ballyduff core contains further reductions in arboreal pollen in spite of 

increases o f Fagus and Pinus pollen. New herb taxa appear also in the rising herb pollen 

record but there are few fern spores. Species richness increases to its highest values in the 

record o f between 25 to 38 taxa per sample and pollen concentration is lowest between 

5,000 and 85,000 grains per cm'^.

Composite arboreal pollen percentages fall to an all time low o f 25% at 24cm (48 cal BP). 

This low point is also evident from the concentration record and, hence, is not just an 

artefact o f some pollen percentages masking other taxa. In the last few samples the trend 

is reversed with rising tree and shrub pollen percentages going hand in hand with declining 

values in some herb taxa, for instance Plantago, Apiaceae, Asteraceae, Brassicaceae and 

Ranunculus acris. This fall in herb pollen does not affect all taxa though and grasses, 

cereals, Rosaceae and Urticaceae pollen percentages remain high or increase (Figure 3.14 

and 3.15).

3.8 Ordination of Ballyduff Vegetation Data

In order to investigate the similarity between pollen taxa distributions at different depths of 

the Ballyduff record a Nonmetric Multidimensional Scaling (NMS) ordination was 

calculated using the PC-ORD package (McClune and Mefford, 1999). On the basis that 

pollen types which are infrequent in the record are unlikely to shed much light on the 

similarity between samples, such taxa were removed. However in order not to reduce the 

dimensionality o f the dataset excessively by cutting out all but the most frequently 

occurring pollen types, all taxa within the pollen sum which occurred in at least 10% of the 

samples were included in the ordination. This left a distance matrix o f  30 taxa and 149 

sample units. The ordination was calculated on relative abundance values o f the taxa to 

curb the influence o f dominant species. Five successive runs o f NMS produced similar 
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and stable two dimensional solutions with typical stress levels in the order o f 21.5 

compared to 33.5 in randomised data as calculated in a Monte Carlo test with 250 runs o f  

real and randomised data. A Sorenson (Bray-Curtis) city block distance measure was used 

for all calculations since Euclidian distance measures are deemed unsuitable for datasets 

that contain many empty cells (McCune et a l ,  2002). The ordination is presented in two 

plots, Figure 3.17 and 3.18. Figure 3.17 shows the importance o f pollen types within 

sample groupings relative to the two axes. In ordination space the most similar samples 

are grouped closest together and the axes describe the gradients o f  highest variance. Here 

the samples are colour coded by their pollen assemblage zones (PAZ). The taxa are 

overlaid on the ordination scatter plot, labelled and marked with black symbols. The 

distance between the centroid, here the point at which the two axes cross, and the 

perpendicular projection o f a taxon point onto the axis gives an indication o f the 

correlation o f that taxon with the axis while the direction o f the connection shows whether 

the correlation is negative or positive.

Much o f the variance within the ordination can be attributed to a gradient between samples 

dominated by tree pollen and samples dominated by pollen from cultivated, introduced and 

open ground taxa. At one end o f the spectrum species such as oak, elm, hazel and alder are 

perhaps representative o f a stable ‘ancient woodland’ community around Ballyduff 

whereas the pollen from cereals, beech, pine and weedy species could form the background 

to an essentially ‘open and m odem ’ community structure. Tree and shrub species, which 

may be more characteristic o f transitional woodland, such as ash, birch, ivy and holly fall 

somewhere in the middle o f this scheme while grass, plantain, hemp and mugwort appear 

between the trees and the ‘m odem ’ taxa. According to the ordination, samples containing 

more than average yew pollen are quite different to other samples. BAL-5 samples are 

also different. They separate from the bulk o f pollen samples to such a degree as to ‘pull’ 

the closed canopy tree taxa near the middle o f Axis 1.
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A second matrix with auxiliary data was added to the ordination in order to compare 

correlations between the pollen dataset and climate and vegetation data (Figure 3.18). The 

second matrix contained macrofossil, testate and humification residuals which were 

interpolated for depths with no direct measurements. Another three variables: age, 

percentage tree and shrub and herb pollen were added to the second matrix. Table 3.5 

gives the correlation coefficients between the ordination axes and the variables o f the 

second matrix. Bold type denote values that are statistically significant at P< 0.05 level. 

Since this dataset has 147 degrees o f freedom and is thus reasonably large the cut off 

points for statistically significant values are quite low at 0.159 for P< 0.05 and 0.211 for 

P<0.001 respectively. In the context o f correlations, statistical significance merely denotes 

that the covariance reflected by the correlation coefficient has a 95% or 99% probability o f 

portraying a real covariance rather than one arrived at by chance. It does not reflect the 

importance o f this covariance. The importance depends on the area o f research and the 

inherent noise in the dataset. Noisy datasets generally show important trends with lower 

correlation coefficients than less noisy ones. Here a strong relationship between the 

variables in the secondary matrix and the pollen dataset was surmised only where the 

correlation coefficient was larger than 0.500 or smaller than -0.500. The information in 

Table 3.5 is displayed graphically in the ordination biplot (Figure 3.18).

Table 3.5 Metric, Pearson’s r and rank, Kendall’s tau, coefficients o f correlations between 
the NMS ordination axes and vegetation and climate proxy data from the secondary matrix. 
Statistically significant coefficients at the 5% level are presented in bold type.___________

Pearson and Kendall Pearson and Kendall
correlation of secondary correlation of secondary

matrix and Axis 1 matrix and Axis 2
r tau r tau

Humification residuals 0.181 0.121 0.027 0.030
Water table reconstructions - 0.208 - 0.197 0.145 0.123
Macrofossil NMS scores -0.045 -0.009 0.060 0.082
% tree and shrub pollen - 0.929 - 0.777 -0.013 -0.036
% herb pollen 0.915 0.766 0.049 0.015
Sample age - 0.770 - 0.625 - 0.276 -0.153

Figure 3.18 shows a strong positive correlation between Axis 1 and ‘landscape openness’ 

as represented by the percentage herb taxa. As expected this is complemented by a similar 

but negative correlation between ‘canopy cover’, here indicated by the tree and shrub 

percentage, and Axis 1. The different scale o f Axis 2 is not so readily interpreted but it 

may be related to the ‘ancient woodland’ part o f the tree and shrub data as opposed to the
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‘canopy cover’ part since Axis 2 is weakly correlated with sample age. According to 

Pearson’s correlation coefficient, landscape openness versus canopy cover explains 92% of 

the gradient o f Axis 1 within the rotated ordination. But, where the correlations between 

the three proxy climate indicator scores and Axis 1 are statistically significant, they are 

very weak. It follows that the proxy indicators do not correlate strongly with either 

landscape openness or canopy cover. Since the ordination indicates that the biggest 

difference within the pollen dataset is this openness gradient one can conclude that overall 

the hydrological history did not have a major influence on the pollen history o f the 

Ballyduff profile.
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Figure 3.18 Ballyduff NM S ordination biplot with two axes solution. Overlain on the sample scatter plot are variable scores from the second matrix 
where MAC = macrofossil NMS scores, TST = relative water table depth, HUM = % light transmission residuals, trees = % tree and shrub pollen and 
herbs = % herb pollen. The length and direction o f the connecting lines (red) show their correlation with the axes.
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3.9 Rates of Change Ballyduff

The Rates O f Change (ROC) between adjacent pollen samples can be defined as the 

dissimilarity between pollen samples from constant time intervals. A pollen dataset o f 

equal time intervals between pollen samples was constructed from a pared down version o f 

the pollen count data. Between 508 and 157cm (4749 to 1720 cal BP) equidistant samples 

from 4cm (34.5 year) intervals were used. This was possible because the Ballyduff 

chronology displays a constant accumulation rate between 508 and 157cm (Section 3.1.1). 

Between 157 and 0cm (1720 and -53 cal BP) the pollen data points were interpolated to 

generate one sample for every 34.5 years. A dissimilarity analysis was calculated on two 

datasets: A reduced one containing only pollen sum taxa that amount to 5% at least once 

and a full dataset where only the rare pollen types have been removed (For rare pollen 

types see Appendix 4a). ROC were calculated using chord distance within the Tilia 

software (Grimm, 1991) (Figure 3.19).
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2900-100 400 900 1400 1900 2400 3400 3900 4400 4900

age (cal BP)

accumulation rate change  pollen zone boundary macrofossil zone boundary

 rates of change (reduced data set) -----  rates of change (full data set)

Figure 3.19 ROC in the pollen dataset. Dissimilarities were calculated using chord 
distance on a near complete and on a dataset which only contained frequent pollen types. 
Accumulation rate changes from the BPeat chronology, macrofossil zones (CONISS) and 
pollen assemblage zones (CONISS) are superimposed on the ROC.
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The ROC in the Ballyduff pollen data varied around a mean value o f about 2.5 with high 

rates (above 4 in the smaller dataset) occurring during four periods, between c. 4200 and 

4150 cal BP, between 2900 and 2660 cal BP, between 1050 and 800 cal BP and after 180 

cal BP (AD 1770). The spike at 630 cal BP was not taken into consideration as it is 

generated by a single data point only.

Not surprisingly another multivariate technique, CONISS came up with comparable breaks 

between similar pollen samples in its cluster analysis (Figure 3.14 PAZ), yet the rising 

ROC at 4400 cal BP is not reflected in the last eight cluster agglomerations o f CONISS 

while the rise in the ROC at 3715 cal BP appears already in the seventh last cluster fusion 

of those results. It is perhaps still more intriguing that three macrofossil cluster boundaries 

before 2000 cal BP fall into periods o f rising ROC within the pollen record. This 

synchronicity occurs in spite o f the m acrofossil’s NMS score not correlating with the 

pollen ordination axes (Table 3.5, Figure 3.18). This suggests either that the macrofossil 

species assemblage and the pollen taxa undergo changes caused by some agent other than 

net precipitation or that there are two unrelated causes o f change affecting subsequent 

macrofossil and pollen samples around the same time. In the period between 1050 and 800 

cal BP change is multifaceted and recorded within most strands o f the Ballyduff proxy 

investigations. In this period the peat matrix changes as indicated by the macrofossil zone 

boundary, accumulation rate rises to a staggering 3 years cm '' (Section 3.1.1), the climate 

indicators record a massive dry shift which is interpreted as reflecting the MWP (Section 

3.4) and the ROC in the pollen record rise sharply at 1050 cal BP (AD 900) and remain 

high for the next 150 years. For a further 500 years or so the ROC may be artificially low 

since this is the period o f very slow accumulation rate (30 years cm '') which was 

consequently sampled at a much lower time resolution leading in places to consecutive 

interpolated samples and hence reduced ROC. In the last few centuries high rates o f 

vegetation change in the Irish Midlands are documented by historical sources and other 

pollen studies. It is thus not surprising that the ROC rise for this period o f the Ballyduff 

record and remain high.

3.10 Pollen Source Area

Empirical and theoretical research into the probable source area o f a pollen sample have 

shown that the source area depends on a number o f factors such as basin size, pollen type, 

species distribution and wind speed (Jacobson and Bradshaw, 1981; Prentice, 1985; Sugita,
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1994). In recent years much research has been carried out fine tuning models for the 

estimation o f pollen source areas and on testing these models both through a simulation 

approach (Sugita et a l ,  1999; Bunting et a l ,  2004; Eklof et a l ,  2004) and through careful 

calibration o f modem  and pre-industrial datasets (POLLANDCAL, 2002-2004; Brostrom 

et a l ,  2005; Nielsen and Sugita, 2005; Rasanen et al., in press). These studies indicate that 

the Pollen Source Area (PSA) varies regionally. Thus Nielsen and Sugita (2005) found 

that the Relative Source Area o f Pollen (RSAP) for lakes was larger in western Jutland 

than in eastern Denmark around AD 1800. Simulations indicated that the RSAP o f Jutland 

had a radius o f 2200m and that the RSAP o f the rest o f Denmark had a radius 1500m from 

the lake shore (Nielsen and Sugita, 2005). While Brostrom et al. (1998) concluded that 

relative landscape openness was harder to detect in largely forested areas than in a mainly 

treeless agricultural landscape. A few studies have attempted to calibrate modem Irish 

pollen samples with their source area but attempts to calibrate the source area o f  fossil 

pollen samples have not been satisfactory so far (Mitchell, 1988; Hall, 1989). The 

difficulty in such calibration exercises is due to the few and small ‘ancient woodland’ 

remnants left in Ireland. Calibration o f fossil pollen on ‘modern type’ datasets is more 

hazardous since the flowering behaviour o f many plants and especially trees and shrubs 

changes with the degree o f canopy openness and the type o f  management practice. Where 

several pollen studies from nearby deposits have been attempted in Ireland a considerable 

degree o f variation between the pollen datasets was the norm rather than the exception 

(Dodson and Bradshaw, 1987; Weir, 1995; Brown et al., 2005). Thus it may be reasonable 

to suppose that much o f  the fossil pollen from Irish sites originated from quite a small 

radius around the site, a radius between a few hundred and a few thousands o f  metres. 

This does not account for the input o f background pollen, a portion o f the pollen sum 

which could have originated from much further away.

3.11 Archaeological Monuments

Climate and pollen source area are among the parameters that if  quantified may help in the 

interpretation o f pollen diagrams. Another important aid in the interpretation o f pollen data 

is a knowledge o f land use and settlement patterns (Odgaard and Rasmussen, 2000). One 

source with information on former settlement is the archaeological inventory o f an area. 

All archaeological monuments discovered in Ireland so far are recorded in the National 

Monuments Archive and their locations and other attributes can be inspected in the Sites 
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and Monuments Records (SMR) files and maps. A transcription o f these maps for the area 

around Ballyduff is presented in Figure 3.20.

XfUlachta fiadhH Barrows Cairns and Mounds 
A Ringforts and Cashels ■ Enclosures 

•  other features

Figure 3.20 Map o f Ballyduff with archaeological monuments. The study site is marked 
with a red cross and is at the centre o f concentric circles with radii o f  1, 2, 3, 4, 5, 7.5 and 
10km. The Tipperary Offaly county boundary is marked as a dark line which dissects the 
map about 5km east o f Ballyduff. Monuments likely to date from the Bronze Age are 
depicted in turquoise and blue while likely early medieval monuments are shown in orange 
and red. Monuments labelled ‘other features’ can date up to AD 1700.

The SMR maps did not indicate any monuments o f  definite Neolithic date within 10km of 

Ballyduff, however, monuments labelled ‘Barrows, Cairns and M ounds’ in Figure 3.20 

may date to this period. Excavated sites o f  these types o f monument from elsewhere in
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Ireland generally return dates between the Neolithic and the Iron Age (Farrelly et a l ,  

2002). For the purpose of this study and without indication to the contrary the ‘Barrows 

Cairns and Mounds’ are assumed to date to the Bronze Age as are fulachta fiadh, troughs 

that may have been used for cooking and other processes that involved heating water 

(Monk, 2007). Most of the monuments around Ballyduff are ringforts or enclosures. The 

former were early medieval farmsteads while the later may be degraded ringforts and 

probably date to the same period (Farrelly et a l ,  2002). The rest of the monuments are 

generally of a later date (up to AD 1700). Four Megalithic tombs are situated 

approximately 18km south of the study site demonstrating that the wider area around 

Ballyduff was occupied in the Neolithic.

3.12 Vegetation History Ballyduff

In this section the pollen stratigraphy is interpreted in the light of the hydrological record, 

the archaeological and historical record and other pollen studies from the Irish Midlands 

and further afield. In Section 3.8, the relationship between the pollen data and the 

hydrological indices was examined but no apparent long-term correlation between the two 

datasets was found. The lack o f long term correlation between the two datasets does not 

preclude the possibility of isolated hydrological events influencing past vegetation either 

directly or indirectly through changed levels of land use. The following discussion follows 

the pollen assemblage zones and uses loose references to archaeological age divisions. 

Consult Figure 3.9 for local bog taxa distribution, Figure 3.14 and 3.15 for percentage tree 

and herb pollen. Figure 3.16 for regional pollen concentration and palynological richness, 

Figure 3.19 for rates o f change in the pollen data and Figure 3.21 for a composite 

percentage diagram including hydrological indices.
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3.12.1 Late Neolithic to the middle Bronze Age

c. 2770 to910B C  

BAL-1: 504.5 to 289.5cm (4715 to 2862 cal BP)

In this zone the extra local pollen record is dominated by high percentage values o f trees 

and shrub pollen and very small values of herb pollen. Indeed the record starts out with 

less than 1% herb pollen and this feature does not change for the next 200 years or so. 

Among the trees and shrubs hazel is by far the highest pollen producer and makes up about 

two thirds of the pollen sum throughout until recent times. High (>40%) hazel pollen 

values are ubiquitous in Irish midland pollen diagrams through most o f the Holocene 

(O'Connell, 1980; Heery, 1997; Connolly, 1999; Parkes and Mitchell, 2000; Brown et a l ,  

2005; Newman et a l ,  2007). Other sites with high hazel pollen representation are 

Mooghaun Lough in Co Clare and Redbog in Co. Louth (Weir, 1995; Molloy, 2005). 

There may be several reasons why hazel pollen is so abundant: Apart from growing

around the fringes o f the bog, hazel may also have grown in pure stands or as the dominant 

taxon within mixed stands in the ancient woodland structure (Huntley and Birks, 1983; 

Caseldine and Fyfe, 2006). At present the shrub grows in pure stands on till and gravel 

elevations close to Ballyduff and it is credible that it may have a long history of growing in 

these locations.

Pine-indicating macrofossil remains were found in the Ballyduff core at this time 

indicating the local presence of the tree even though the pollen values are not much higher 

than 6% (Oksanen et al., forthcoming). Elm starts out just below 10% but these values 

decline through the next two centuries and the curve continues to fluctuate from then on. 

In most Irish records where elm is important its pollen values crash either at or before c. 

5850 cal BP (c. 5100 BP) forming an ‘elm decline’ horizon (Hirons and Edwards, 1986; 

Molloy and O'Connell, 1987; O'Connell and Molloy, 2001; Parker et al., 2002). The first 

elm decline in Irish pollen diagrams is often followed by several minor elm pollen crashes. 

In the wake of an elm decline pollen diagrams frequently show evidence for woodland 

instability and/or early agricultural activity (Mitchell, 1942; O'Connell, 1980; O'Connell 

and Molloy, 1988; Molloy and O'Connell, 1991; Fossitt, 1994; Heery, 1998; Connolly, 

1999; Huang, 2002; Brown et a l ,  2005; Molloy, 2005; Caseldine and Fyfe, 2006). In 

Ballyduff a previous elm decline might explain the presence of ash pollen from the 

beginning of the record. In Irish pollen diagrams ash and yew pollen curves often appear
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only in the wake of woodland disturbance (Watts, 1984; O'Connell et a l ,  1987; Jelicic and 

O'Connell, 1992; Weir, 1995; Brown et a l ,  2005; Lamb and Thompson, 2005; Molloy, 

2005).

Apart from some minor shifts in the arboreal pollen (AP) curves it appears as if the 

woodland around Ballyduff Bog remained stable until after the Neolithic/Bronze Age 

transition around 4450 cal BP (2500 BC) (Mitchell and Ryan, 1998; Cooney, 2000). Like 

Ballyduff, other Irish pollen diagrams do not show much evidence for human activity in 

the final centuries of the Neolithic (Heery, 1997; Connolly, 1999; O'Connell and Molloy, 

2001) and this is to some extent borne out by the archaeological record which often 

emphasises the continued use of older Neolithic monuments and techniques rather than the 

building of new ones (Cooney, 2000).

The first sign of extensive disturbance within the Ballyduff pollen record is a drop in oak 

pollen values around 4250 cal BP which is accompanied by drops in hazel first and then in 

elm pollen. This leads to a fall of 10% in the composite tree pollen curve. The fall in tree 

pollen dates to approximately 4180 cal BP and lasts for less than 100 years. Increasing 

herb pollen percentages, particularly plantain and grass but also many other taxa and 

bracken spores make up the difference in the pollen sum. This shift in the pollen record 

stands out in the rising ROC and species richness for this period too (Figure 3.19 and 

3.16). There are grounds, for instance, in the occurrence of single grains of wheat and 

barley pollen and in the drop of AP values, for assuming an anthropogenic cause for the 

change in vegetation structure. Even if humans did not cause the change it may be 

reasonable to assume that they exploited openings in the woodland caused by other agents 

(Groenman-van Waateriinge, 1983; Caseldine and Hatton, 1996). In contrast to the 

Neolithic period. Figure 3.20 and Appendix 3 show evidence o f a strong Bronze Age 

human presence within a 10km radius of Ballyduff, which also occurs in the wider region 

(O'Brien et a l ,  1997; Farrelly et a l ,  2002; National Monuments Service, 2007). The 

pollen record shows a first incidence of arable indicator taxa, particularly barley and 

wheat, and some undifferentiated grains of cereal pollen at 442.5cm (4181 cal BP). Care 

should always be taken when basing arguments for early agriculture on single grain finds 

of cereal-type pollen because such pollen have occasionally appeared in contexts where 

their presence due to farming activities is improbable (O'Connell et a l ,  1999). However 

the repeated occurrence of cereal type pollen at different levels, like in this section of the 

Ballyduff diagram is a more reliable indicator of arable farming activity. Cereal pollen
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finds are quite common in Neolithic and Bronze Age contexts and macrofossil imprints o f 

both wheat and barley have been identified in pottery from Knowth and Newgrange, Co. 

Meath and from Rockbarton, Co. Limerick dating to the late Neolithic/early Bronze Age 

transition (Monk, 1985/6; O'Connell and Molloy, 2001). The increase in other herb pollen 

types during this period is interpreted as indicating some level o f pastoral farming and 

fallow land (Behre, 1981). Even after the main agricultural indicators have become scarce 

and the pollen diversity has dropped back to baseline levels at about 3600 cal BP, traces o f 

farming activity linger in the shape o f  occasional pollen grains o f  wheat, barley and 

mugwort {Artemisia), the latter indicating disturbed ground. With the reduction in herb 

pollen around 4070 cal BP most o f the AP percentages recover but leave a slightly more 

open canopy compared to the opening centuries o f the pollen diagram (Figure 3.22). In 

Figure 3.22, the same ordination as in Figures 3.17 and 3.18 is presented with different 

colour coding for samples pre- and post- dating the early Bronze Age drop in AP and 

concurrent increase in agricultural indicator taxa. The sample position in ordination space 

demonstrates both a similarity and a subtle difference o f  pollen distributions within 

samples dating to before and after the disturbance.
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Figure 3.22 NMS ordination scatter plot highlighting samples with different pollen 
distributions pre- and post-dating the early Bronze Age disturbance (c. 4240 to 4070 cal 
BP)
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Pine percentages drop twice, the first time shortly after the disturbance and then again after 

a slight and short lived recovery. The first drop is associated with a shift to wetter 

conditions, mainly indicated by the macrofossil scores, testates and NPPs, while the second 

and final drop coincides with a much more extensive wet shift indicated by all proxies just 

before 3700 cal BP (Figures 3.12 and 3.21). The pine pollen increase just before the final 

drop in its curve may be due to the colonisation o f the bog edge by the tree facilitated by 

ameliorating climatic conditions at c. 3800 cal BP. O ’Connell (1980) and McNally (1990) 

found pine stumps which grew directly on bog surfaces. M cNally dated communities o f 

pine stumps which grew on three midland raised bog surfaces to between 4000 and 3500 

BP (4480 and 3780 cal BP) and postulates that the contemporary decline o f all three bog 

pine communities at c. 3500 BP (3780 cal BP) was due to increasing wetness making the 

bog unsuitable for pine growth. The Ballyduff record, showing the increase in wetness and 

the decline in pine pollen at a similar time, possibly points to the same phenomenon. The 

final pine decline was dated to a similar period in several bogs around Ireland’s Midlands 

for example Mongan and Clara (Bradshaw and Browne, 1987; Connolly, 1999; Parkes and 

Mitchell, 2000).

There is a second smaller shift in tree pollen starting around 3600 cal BP with a drop in 

elm and a spike in yew pollen. Drops in oak and an increase in alder first and later in ash 

precede a recovery o f  most tree pollen taxa. This later disturbance coincides with a wet 

phase in the climate record (Figure 3.21) but this does not in itself form a convincing 

explanation for the disturbance apart from possibly explaining the alder peak. Agricultural 

activity as indicated by a smattering o f herb taxa seems to have fallen to background 

levels, too low to account for the woodland disturbance either. The zone ends with a major 

reduction in AP values.

3.12.2 Late Bronze Age

c. 910 to 740 BC 

BAL-2: 289.5 to 269.5cm (2862 to 2690 cal BP)

A dramatic fall in AP and concurrent rise in herb pollen indicate a short but intense period 

o f agriculture. The number o f pollen taxa per sample rises with the fall in AP, as do the 

related ROC (Figure 3.16 and 3.19). The pollen record seems to trace a phase o f clearance 

which starts in the wake o f a small elm decline just before 2900 cal BP and manifests itself
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as small reductions in ash, pine, oak, alder and about 30 years later as a large drop in hazel 

pollen. During the same period both arable and pastoral agriculture indicators rise in 

numbers to maximum percentage values o f grass and plantain pollen about 2800 cal BP. 

The pollen percentages from these two taxa fall abruptly by two thirds within 15 years or 

so. Woodland regeneration starts with birch pollen reaching a peak 30 years later and 

continues to a maximum o f alder pollen in another 15 years and a peak in ash pollen in yet 

another 50 years. After this episode pine pollen only ever appears in single grains until its 

post- Norman re-introduction. Interestingly herb pollen diversity and percentages, apart 

from the initial drop in grass and plantain pollen, do not really fall much until about 2000 

cal BP or the second half o f the Iron Age. Behind these broad changes it may be possible 

to read a more subtle sequence o f events introduced as a hypothesis model below and 

illustrated in Figure 3.23.
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Figure 3.23 Changes in relative pollen abundances o f 10 selected taxa are shown for 500 
years after a secondary elm pollen decline at 3060 cal BP. The arable indicator curve is 
composed o f the taxa labelled ‘arable’ in Figure 3.15. The coloured boxes illustrate a five 
event model o f late Bronze Age land use in B allyduff

3.12.3 Five event model hypothesis of late Bronze Age land use in 
Ballyduff

Event 1. A small reduction in most tree pollen taxa but not hazel could signify the removal 

o f single or small groups o f  trees for building (trackways, houses), fuel (fulachta fiadh), to 

open the woodland to graze domestic animals, to attract deer for hunting and to exploit 

woodland edge vegetation (Groenman-van Waateriinge, 1983; Caseldine and Hatton, 

1996). Clearing many single or small groups o f trees might explain why the drop in tree
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pollen does not leave a larger signature when the concurrent increase in herb pollen taxa is 

as big as here (Figure 3.14 to 3.16) The small drop in tree pollen could be due to increased 

flowering and pollen production o f the remaining trees under higher light penetration of 

the canopy. The steep rise in bracken may also indicate more light penetration in the 

woodland rather than neglected fields since this is the beginning o f the agricultural 

episode. Young bracken fronds, even if not actively cleared from fields, may have been 

eaten by cattle and humans alike. The custom of eating the young fronds o f bracken, the 

so called ‘fiddleheads’ was widespread before the fern’s carcinogenic properties became 

widely known after the 1980s (Liener, 1980). Fiddlehead eating was originally introduced 

to the western United States and Canada from France and bracken consumption is still 

common in several regions around the world notably in Japan and Brazil (Brouk, 1975; 

Liener, 1980). According to Marrs and Watt (2006) bracken was formerly used for various 

economic purposes including as a fodder in animal husbandry. Hazel pollen does not drop 

at this point maybe signifying that neither the forest edge towards the bog nor till 

elevations were cleared o f hazel scrub.

Event 2. The steep rise in grass and plantain pollen may show that woodland clearings are 

increasingly turned into fields. Tree pollen does not seem to fall further at this point.

Event 3. A sharp drop in hazel pollen just before the rise in the agricultural indicator curve 

could show increased pressure on the woodland margins, the selective use o f hazel stems 

and branches or the preparation o f the soils covering till elevations for agriculture.

Event 4. A large initial increase in both pastoral and arable indicators might signify intense 

agriculture. Bracken is cleared from pastures if  that is where its spores originated from 

but if  they came from clearings in the woodland as seems more likely then the drop in fern 

spores may be due to decreasing light within the regenerating woodland.

Event 5. Classical woodland succession signature starting with a rise in birch, alder, ash, 

hazel and oak. The rise in bracken at the end o f this period might signify the abandonment 

of fields.

Although a small event close to the study site and a large event further away can leave very 

similar pollen signatures an argument for the proximity o f the farmed Bronze Age areas to 

Ballyduff Bog can be made on the basis that cereals are self pollinating and have large.
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heavy pollen grains that do not travel long distances. If the relative pollen source area for 

Ballyduff is rather small, up to a couple of thousand metres for instance, then much of the 

reduction in AP might be due to local interference with the woodland. On the other hand, 

the low pollen concentration throughout this zone (Figure 3.16) might be caused by the 

overall reduction in AP and thus hint at a larger extent of cleared land. Outside Ballyduff, 

some pollen studies show an expansion of herbs and arable farming indicators in the late 

Bronze Age, for instance. Lough Sheeauns, Co. Galway; Redbog and Essexford Lough, 

Co. Louth; Sluggan Bog, Co. Antrim and Mooghaun Lough, a site in Co. Clare beside 

Mooghaun hillfort (Molloy and O’Connell, 1991; Smith and Goddard, 1991; Weir, 1995; 

Molloy, 2005). Mooghaun Lough has many features in common with Ballyduff not least 

of all a secondary elm decline preceding agricultural expansion and also a concurrent rise 

in bracken. Three peaks in bracken spores are registered in a pollen study from 

Carrownaglough, Co. Mayo (O'Connell, 1986). O ’Connell (1986) quotes Prior who linked 

the etymology of bracken to Brache or Brachfeld, brach meaning fallow in German. Even 

though bracken may have been important on fallow fields, taking its occurrence here as 

indicating fallow misses out on the timing of events. In Carrownaglough, as in Ballyduff 

the bracken spike precedes the phase of maximum arable farming. Indeed once this phase 

is reached bracken spore percentages fall and only rise again towards the end of the 

farming episode. It would be interesting to examine charcoal deposition in Ballyduff 

during this period since there may be common features between the Ballyduff clearance 

phase and a Neolithic landnam (Edwards, 1993).

As discussed in connection with the 2800 cal BP event (Section 3.5; BAL-C) the local bog 

and NPP proxy indicators show a shift from dry to wet during BAL-2 which is not 

replicated to the same extent in the other proxies (Figures 3.10; 3.21). Here the proxy 

climate indicators are interpreted as showing a gradual increase in wetness through BAL-2 

rather than a pronounced shift from dry to wet. This is because the local bog dry signal, 

while strong, is mainly pointing to good conditions for the accumulation of Calluna and 

Ericaceae pollen. Without the support of the other proxy indicators, conditions leading to 

copious flowering of the dwarf shrubs can not automatically be taken as indicative of a 

widespread drying of the bog surface. Given the extent o f landscape change or lack 

thereof during periods o f stronger climatic fluctuations as indicated by the Ballyduff 

proxies, for instance between 3600 and 3400 cal BP, between 2000 and 1900 or during the 

MWP, it is probable that climate change was a contributing factor at best rather than a 

causative agent of the late Bronze Age agricultural phase.
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In Figure 3.24 the changes in the pollen rain before, during and after BAL-2 are 

highlighted through the NMS ordination scatter plot and juxtaposed with the early Bronze 

Age disturbance phase.

Post-agricultural phase (2690 to 2520 cai b p ) 
Agricultural phase BAL-2 (2860 to 2690 cal BP) 
Pre-agricultural phase (3370 to 2860 cal BP) 
Early Bronze Age disturbance (4240 to 4070 cs 
Other pollen samples ^

X<

IBP)

0.5

Axis 1

• 1 5

0 o

Figure 3.24 NMS ordination scatter plot highlighting variations in pollen distribution 
between BAL-2 and samples pre and post dating the agricultural phase. Samples from the 
Early Bronze Age disturbance are picked out also while all other pollen samples are 
represented by open circles.

The ordination indicates quite an abrupt change in pollen percentages from samples 

predating BAL-2 compared to BAL-2 and later samples. Some qualitative similarity 

between BAL-2 and early BAL-3 samples remains in the ordination. A similar trend is 

also evident from the percentage herb pollen diagram where both pasture and arable 

agriculture indicating herb pollen taxa remain present after BAL-2 (Figure 3.15). Both 

Early Bronze Age disturbance and BAL-2 samples score rather high on Axis 2 but are 

separated from each other along Axis 1 showing increasing canopy openness during the 

changes o f the later Bronze Age.
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3.12.4 Final Bronze Age, Iron Age and early Medieval Period

c. 740 BC to AD 1110 

BAL-3; 269.5 to 62.5cm (2690 to 837 cal BP)

As mentioned before, the late Bronze Age agricultural period in Ballyduff does not end 

with the rise in AP c. 2700 cal BP and the PAZ boundary. Continuity is implied in the 

grass pollen, which doubles after an initial fall to 3%, and even after its percentage values 

eventually drop again around 2370 cal BP the pollen continues to be present at rather 

higher than background levels until about 1820 cal BP (AD 130). The same continuity 

shapes the arable indicator species and the rest o f the herbs. Here, as in many Irish 

diagrams, (Weir, 1993, 1995; Connolly, 1999; Brown et a l ,  2005; M olloy, 2005; Newman 

et al., 2007) AP values rise during the late Iron Age, reaching 97% o f the pollen sum, at 

the same time as grass pollen percentages fall. However, one-sided emphasis on the 

reduction in herb pollen and the rise in AP values is in danger o f missing the presence o f 

low level anthropogenic activity, which is indicated by a smattering o f  arable and pasture 

indicating pollen at many levels throughout this long zone. Among the tree pollen 

producers elm is as usual more erratic than the other taxa with the possible exception of 

ash, which reaches 10% around 2160 (AD 210) and then settles back to about half that 

percentage. The biggest swings in tree and shrub pollen percentages through this zone 

seem to occur between hazel and the other AP producers (Figure 3.21) particularly elm and 

ash (Figure 3.14). The two earlier hazel expansions around 2100 and 1750 cal BP (AD 

100 and 200 respectively) fall into periods o f increased dryness on the bog surface and 

might possibly be explained by colonisation o f the bog margin by shrub. This does not 

seem to be the case with the hazel expansion o f 1180 cal BP (AD 770) however as this 

coincides with a wet period, which is present in all o f  the proxy records. Arboreal pollen 

values fluctuate extensively throughout BAL-3 and so do the climate proxy indicators 

which show particularly wet periods at 2000 cal BP and between 1400 and 1000 cal BP. 

However, a conclusive pattern between the moisture status o f the bog surface and AP 

distributions for this time is not readily established from the data.

In Figure 3.25 the NMS ordination is examined for similarity between the late Iron Age 

pollen samples and earlier periods with few anthropogenic indicators like the opening 

centuries o f the record and the period before the agricultural phase o f  the late Bronze Age.
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The ordination scatter plot shows that along Axis 2 the samples from the opening centuries 

o f the record differ markedly from the other two periods with few anthropogenic 

indicators. The Neolithic samples also separate along Axis 1 from the late Iron Age 

samples demonstrating that the latter period featured a somewhat more open canopy than 

the late Neolithic. However, it is more difficult to distinguish between the Bronze Age 

samples from the pre- agricultural phase and the late Iron Age samples and this suggests 

that the late Iron Age vegetation cover around Ballyduff reverted back to a composition 

similar to the one it had a 1500 years previously.

Early M edieval {1300 to 840 cal BP)
Late Iron A ge (1900  to 1300 Cal BP)
P re  B ronze A ge agricultural p h a se  

(3400 to 2900  cal BP)
O pening  of record  (4715 to 42 4 0  cal BP) 
O th e r pollen sa m p le s

Axis 1

-0.5

.  .  -0,5

CNJ
to
X<

0.5

Figure 3.25 NMS ordination scatter plot highlighting pollen samples with few 
anthropogenic indicators and juxtaposing them to early medieval samples.

The pollen distribution o f the early medieval period is not sufficiently different to the later 

Iron Age to be distinguished from it through a CONISS PAZ. However in the ordination 

the samples o f the latter half o f PAZ BAL-3 separate along Axis 1 denoting a more open 

and cultivated landscape (Figure 3.25). This is borne out by the pollen diagrams which 

show that from about 1470 cal BP (AD 480) grass pollen values rise again, eventually 

bringing plantain, arable indicator pollen and, just before the end o f the zone, many other 

herbs along with it. The species diversity increases considerably at 1180 cal BP, the time 

o f the last hazel expansion and a wet climate. This date also marks the beginning o f 

rapidly increasing ROC in the pollen diagram (Figure 3.16 and 3.19). From a human
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centred viewpoint, BAL-3 spans two distinct periods, the late Iron Age and the early 

Christian period. Many o f  the ringforts and enclosures that have been excavated so far are 

dated to the latter period. In a 10km radius around Ballyduff, there are 37 ringfort and 

over 100 enclosure remains (Figure 3.20). The number o f  ringforts and enclosures around 

Ballyduff increases, yet the anthropogenic signature in the pollen record remains quite low 

even though ringforts are, after all, interpreted as farmsteads. This low impact on the 

pollen record o f so many farming units at this time is one o f the reasons why the continuity 

o f  pastoral and arable indicator pollen taxa in Ballyduff is stressed in the context o f the late 

Iron Age, rather than the high percentages o f AP. The difficulty o f matching an increasing 

number o f archaeological features with evidence for increased cultivation in the pollen 

record has been noted also by Hall (2006) who compared pollen-derived cultivation 

records from three sites close to early Christian monastic settlements to a site with no such 

settlements and found that there was little difference between the two.

3.12.5 Late Medieval Ireland and Plantations

c. 1110 to AD 1750 

BAL-4; 62.5 to 37.5cm (837 to 201 cal BP)

This zone is characterised by major changes in almost every investigated proxy. 

Hydrologically, the zone starts at the end o f  the most pronounced dry shift o f the record 

and then swings into an equally well delimited wet phase. The pollen record shows a 

quantitative shift away from tree and shrub and towards large increases in herb and fern 

taxa just after overall pollen concentration drops sharply (Figures 3.6, 3.16, 3.18). In the 

second half o f the zone exotic taxa begin to leave their mark and the record starts to reflect 

an essentially modern landscape. The zone covers section III and IV o f the BPeat 

chronology, section III with its very fast accumulation rate where 36cm represent 100 

years and section IV with the slowest rate o f the model where 18cm represent 530 years 

(Figure 3.2, Figure 3.5). Well documented historical events that may have produced 

landscape changes large enough to be visible in the pollen record also fall within this 

period. Some o f these possible marker events are: the Black Death pandemic o f AD 1348 

with its crippling effect on the rural population and hence abandonment o f manor and farm 

lands (Kelly, 2001) and Norman settlement and the later plantation period, which resulted 

in the removal o f much o f  the remaining woodlands and in the planting o f Fagus, Pinus 

and Ulmus (McCracken, 1971). When the pollen record is examined in the light o f the
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above historical events a discrepancy between the timing o f the two records becomes 

apparent (Figure 3.26). In Figure 3.26 the horizontal lines represent historical events and 

the vertical lines pollen markers. In a pollen record with an accurate chronology the 

intersection o f horizontal and vertical lines, as long as they represent the same event, 

should fall onto the chronology. This is doubtful in Ballyduff. Here a reduction in arable 

indicators and herb taxa and a concurrent rise in bracken, scrub and tree pollen occurs at 

50.5cm (Figure 3.21). If this shift in pollen values is due to the plague o f AD 1348 then it 

would be expected to have occurred in the second half o f the 14'*’ century and not around 

the middle o f the 13‘̂  century to which it is dated at present. It is also feasible that the 

Black Death did not leave its mark on the pollen record o f Ballyduff and that the pollen 

shift at 50.5cm is due to other factors. However a decrease in cereal pollen in the 

aftermath o f the pandemic has been noted from Garry Bog, Co Antrim and Moneyveagh 

Bog in Co Galway both o f which are dated by a tephra layer at AD 1362 (Hall, 1998, 2003; 

Yeloff and van Geel, 2007). Historical accounts o f  the plague and its aftermath emphasise 

the severity o f the epidemic. An eyewitness to the devastation caused by the plague, a 

Franciscan friar named John Clyn who lived in Kilkenny, writes that the mortality o f the 

plague was so great that scarcely anybody survived (Kelly, 2001). This account is likely 

exaggerated but Kelly (2001) estimates that Black Death reduced the population o f the 

colony in rural Ireland by about 40% leaving many holdings tenantless.

forest glass furnace, Shlnrone Co Offaly | 
  plantation of Lelx and Offaly -------

bubonic plague outbreak

0 10 20 30 40 50 60 70 80 90 100

depth (cm)
—  integrated chronology a calibrated ''^C date

©  drop in herb pollen and increase in bracken spores 

d) initial drop in Corylus pollen and start of Pinus curve 

®  start of Fagus curve

Figure 3.26 Ballyduff chronology with independently calibrated '"̂ C AMS dates and their 
lo  error determinations. Horizontal gray lines show historical events that may have left a
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direct or indirect legacy in the pollen record. Vertical lines indicate the depth o f pollen 
markers.

The initial drop in the Corylus pollen and the start o f the Pinus curve at 42.5cm falls onto 

the calibration curve at 463 cal BP (AD 1487) nearly 70 years before an act o f Parliament 

started the Plantation o f  Leix and Offaly and more than 100 years before the glasshouse at 

Shinrone, Co. Offaly was built, suggesting that enough trees were still growing in the area 

to make the operation o f a wood fired glass furnace economically viable (O'Brien and 

Farrelly, 1997; Andrews, 2000). O 'Brien and Farrelly (1997) found the upstanding ruins o f 

this furnace in Glasshouse near Shinrone, which lies 12.5km to the south east o f Ballyduff 

Bog. They trace the history o f  the glasshouse and cite a law, which may well have lead to 

its abandonment. The bill came into force in AD 1641 and forbade the felling o f wood for 

use as fuel in glass furnaces.

According to M cCracken the planting o f  exotic trees in Ireland started only when the 

political situation had largely stabilised around AD 1700, while the clearing o f forests for 

wood used in various trades and to deprive rebellious natives from shelter was an ongoing 

process which had started much earlier and which continued well into the 17’*’ century 

(McCracken, 1971). In this context pine is included in the exotic tree species, as is beech. 

The pollen o f the latter is first found continuously at 40.5cm and dated to 370 cal BP (AD 

1580). Comparing the dates o f the pollen markers in the Ballyduff chronology with the 

likely historical dates o f  these events, a discrepancy o f at least 150 years is noted 

throughout this zone. The gap between the historical date for exotic tree planting and the 

Ballyduff chronology widens to more than 240 years in the case o f  the first reappearance 

o f pine pollen. The additional discrepancy between the two sources may not be an artefact 

o f the chronology in this case since pine pollen reappears particularly early in Ballyduff as 

measured against the drop in Corylus pollen, which predates the reappearance o f Pinus in 

many other midland bog pollen diagrams, e.g. at Mongan, Clonenagh, All Saints, 

Monaincha, Moneyveagh, Abbeyknockmoy, Carbury and Clara (van Geel and Middeldorp, 

1988; Connolly, 1999; Cole and Mitchell, 2003; Hall, 2003; Hall and Mauquoy, 2005; 

Lomas-Clarke and Barber, 2006; Mighall et a l ,  2006). On the other hand it is not 

impossible either that the timing o f  the Ballyduff pollen curves marks a particularly late 

fall in Corylus pollen rather than an early reappearance o f Pinus. However the fall in 

Corylus pollen is a common feature o f Irish pollen diagrams from the Midlands and 

elsewhere around this time and is usually taken to indicate more intensive land clearance to 

support a rapidly increasing population. Here, the reappearance o f  the Pinus curve is
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interpreted as a particularly early local incidence o f introduction and plantation o f the tree 

in the early 17"’ century rather than survival o f native stock and its establishment in the 

area naturally. To highlight the succession o f  changes in the percentage pollen diagram, 

the Ballyduff profile is presented on a depth scale rather than an age scale in Figure 3.27. 

A postscript to chapter 3 focuses on the Ballyduff chronology, which was revised in order 

to deal with the discrepancies in timing between the radiocarbon dates and the pollen 

markers. The revised chronology leads to a more even accumulation rate through BAL-4 

rendering the age depth relationship o f a pollen percentage diagram o f this zone more 

similar to Figure 3.27.
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The PAZ BAL-4 in Figure 3.27 sheds some light on the transition between a pollen 

spectrum dominated by trees and a largely modern, open landscape. This ties in with 

historic records, which suggest that the barony in which Ballyduff is located, Lower 

Ormond, was fiercely fought over until the late I ? ”’ century, while the Petty census o f 1659 

shows that the ratio o f natives to settlers lay at 8:1 at that time (Gleeson and Murphy, 

2001). Many lords in Ormond have their holdings listed according to Gaelic law and 

custom in the civil survey o f 1653 suggesting that colonisation and, in its wake, woodland 

exploitation around Ballyduff may not have reached its full extent by this time (Gleeson 

and Murphy, 2001). Around 1640, the land around Ballyduff Bog seems to have been 

under common usage lying just east o f territory belonging to the Gaelic clan o f the 

©’Kennedy’s and west o f  land belonging to the Countess o f Ormond, a member o f the old 

English Butler family (Nolan and McGrath, 1985). According to the Down Survey o f c. 

AD 1655, trees around Ballyduff included woodland remnants classified as ‘tim ber’ as 

well as ones denoting ‘bog’ and ‘underwood’. Figure 3.28 shows an extract from a 

reproduction o f the land classification map, the original o f which had been drawn up in 

conjunction with the Down Survey o f c. AD 1655 for the Barony o f Lower Ormond (Petty, 

1655). The layout o f the map would suggest that the study site is located close to 

Derelaghan, south o f the lands named ‘Ballyduffe’ in the survey. Derelaghan, a townland 

name that is still used within the Ballyduff/Clonfinane complex (currently spelling 

Derrylahan), is shown forested with timber wood on the Down Survey map.
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approx. 5km

Figure 3.28 Copy o f map originally drawn up in conjunction with Sir William Petty’s 
Down Survey c. 1655. The map covers the north eastern quarter o f the Barony o f Lower 
Ormond. The Ballyduff coring site is thought to lie in the townland o f Derelaghan or 
Drynagh.

Notwithstanding the woodland remnants still shown in the Down Survey map, the 

composition o f the pollen rain changes quite abruptly after 50.5cm suggesting marked 

differences in the landscape. This is borne out by the ordination scatterplot (Figure 3.18)



which suggests that the top samples of BAL-4 may be more closely related to the cluster of 

BAL-5 samples than to their own PAZ.

3.12.6 Modern Ireland

c. 1750 to AD 2003 

BAL-5: 37.5 to 0.5cm (201 to -53 cal BP)

The end of the last zone according to the original model occurs at 201 cal BP (c. AD 

1750). The first secure SCP age determination marks the 30.5 level which gives a date of 

100 cal BP (c. AD 1850). The pollen recorded in BAL-5 differs both qualitatively and 

quantitatively from the rest of the core. Overall pollen percentage values drop sharply 

probably reflecting the decrease in tree and shrub pollen towards the end of the zone 

(Figure 3.6, Figure 3.16). Many of the changes that were already initiated in BAL-4 are 

amplified here, for instance, the clearance of woodland and the appearance of exotic tree 

pollen. Similar to BAL-4, the time covered in this zone is one of immense change in the 

social and environmental history of Ireland. The zone starts during the latter half of the 

LIA a time when the Irish population was rapidly increasing. According to Graham and 

Proudfoot (1993) the population of Munster expanded from 630,000 in 1712 to 2,400,000 

in 1841. The earlier figure is based on extrapolations from hearth tax data since the first 

Irish census dates to 1821 only. The enhanced pressure on resources from a growing 

population may have been exacerbated by the effects o f a wet and cold climate. Thus the 

reduction of tree and shrub pollen from 45% at the beginning of this zone to 35% at 

32.5cm, dated to AD 1835 (115 cal BP), may be due to an increase in wood fuel 

consumption as well as to continuing exploitation o f the woodland resource and the 

clearing of ever more marginal land for agriculture (Bell, 1998).

The famine years starting in 1845 decimated the population and most of this marginal land 

dropped back out of cultivation. In the North Riding of Co. Tipperary the post- famine fall 

in population amounted to 50%: The population dropped from 200,000 registered in the 

1841 census to 100,000 registered in the 1861 census (Nolan and McGrath, 1985). It is 

perhaps possible to extrapolate the effects of the famine on the pollen record: Between 

32.5 and 30.5cm, 1835 and AD 1850 (115 and 100 cal BP), bracken spores rise sharply 

from 1.7 to 5.5% while between 32.5 and 28.5cm 1835 to AD 1867 (115 to 83 cal BP), 

herb pollen percentages fall by 10% and tree and shrub pollen percentages increase by the



same amount. This shift in pollen percentage values is somewhat similar to the shift at 

50.5cm that is interpreted as reflecting the abandonment o f fields after the plague 

pandemic in AD 1348.

The increase in tree and shrub pollen is a short lived respite, however, and tree pollen 

percentages resume their decline after 28.5cm. They reach minimum values o f 25% at 

24.5cm at c. AD 1900 (48 cal BP). This corresponds to minimum extent o f woodland 

cover o f around 2% in Ireland at about AD 1900 (McCracken, 1971). Over the last century 

the number o f pollen taxa per sample has increased steadily and single grain occurrences o f 

exotic pollen types, for instance, field maple, lime, fir, sweet chestnut, walnut and spruce 

have become common place. This tendency towards more varied pollen types in recent 

decades may be emphasized by the methodology. During much o f  the time covered by the 

Ballyduff core tree pollen, and in particular, hazel pollen make up most o f the pollen 

percentage. It is thus only when the hazel percentage drops in the sediment covering the 

last few centuries that comparatively more herb and other tree pollen taxa are counted. If 

the pollen sum o f c. 400 grains per sample had been increased for samples predating the 

18'*’ century more rarer types may have been encountered earlier.

In the last few decades a subtle shift in herb pollen percentages has been noted. Initially, 

grasses increase in the wake o f a large drop in plantain pollen percentages at 22.5cm, c. 

AD 1930 (31 cal BP). This drop might point to the increasing cultivation o f improved 

grasslands containing fewer weed species. The drop in plantain pollen is a characteristic 

feature o f many midland pollen diagrams (Cole and Mitchell, 2003; Hall, 2003; Hall and 

Mauquoy, 2005; Lomas-Clarke and Barber, 2006; Mighall et a l ,  2006). Hall and 

Mauquoy (2005) identify a tephra layer dated to AD 1947 slightly below the drop in 

plantain showing that, at least around Mongan Bog, the drop in plantain might be 

associated with post war intensification o f  agriculture. In Ballyduff, indicators o f 

agriculture, be it pastoral or arable, have been a more or less continuous feature since the 

Middle Ages. This is evident not only in the percentage values o f cereal and Artemisia  

pollen but also in the curves o f Matricaria, Brassicaceae, Cannabinaceae, Papaver rhoeas, 

Rosaceae and Urticaceae. But during the 20*'’ century the distribution o f various herb 

pollen taxa, particularly the arable indicator species, becomes somewhat more erratic. 

Nettle pollen values rise sharply in the last decades o f the century probably indicating a 

shift towards increased animal husbandry and possibly an intensification o f agriculture 

around Ballyduff Bog. The drop o f pollen concentration values in the top few samples
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may also constitute a hint o f such an intensification as it could be due, at least in part, to a 

reduction in hay meadows or to their mowing before large scale flowering occurs (Figure 

3.6, Figure 3.16). However, much of the reduced pollen concentration is probably due to 

lower bulk density of the upper samples. Since c. AD 1900, tree and shrub pollen 

percentages have again increased somewhat a feature that is mainly due to larger Pinus 

percentage values. It is interesting to note that the small pollen percentages of the rest of 

the tree and shrub taxa in the top sample of the core correspond to quite extensive, if 

narrow, strips of mixed woodland around the fringes o f the bog. Hazel is common on the 

edge of these strips and also grows in pure stands on a till elevation 2km south west o f the 

study site. Pine grows on Clonfmane Bog west of Ballyduff and is also mixed in with 

deciduous trees in the woodland strips between Ballyduff and the surrounding fields.

Plate 3.1 Narrow strip of mixed woodland surrounding a hay meadow west o f Ballyduff. 
The coring site is c.300m behind the camera.

Postscript

3.13 Revising the Ballyduff Chronology

The discrepancies in timing between the Ballyduff environmental record and the historical 

sources demonstrate the inaccuracy o f the Ballyduff chronology for the period between the
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14‘̂  and the 18'*’ centuries. In so far as can be seen, when matching the pollen and historic 

events, the timing discrepancy seems to be stable through PAZ BAL-4. There is no proof 

for a greater accuracy o f the chronology during other periods in the record but there are 

two arguments in favour o f  a restriction o f the problem to this section. There are no 

independently datable pollen markers less recent than the last millennium but the well- 

defined dry shift o f the beginning o f  the M W ? may tentatively be used as a marker once it 

is remembered that this dry shift is only called the M W ? because o f its timing. Figure 3.12 

shows that the M W ? which dates to c. 900 to AD 1300 (1050 to 650 cal BP) according to 

Mackay (2003) does indeed start about 1050 cal BP and not much earlier. The other 

pointer is the relatively snug fit o f  the ''*C AMS dates to the radiocarbon calibration curve 

over periods o f major fluctuations in the atmospheric *'*C concentration, e.g. during the 

first millennium BC (Figure 3.1) rendering large discrepancies between the Ballyduff 

chronology and the actual dates o f  the core during those periods unlikely. In view o f the 

above it will be assumed here that the problematical period in the Ballyduff chronology is 

restricted to the last millennium. Indeed following the suggestion o f Charman and Garnett 

(2005), pollen markers were tentatively used in conjunction with SCP concentrations and 

with the '“’C AMS determinations that gave later and more plausible dates to produce a 

new chronology for the zone (Figure 3.29).
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Figure 3.29 Outline o f proposed new chronology for BAL-4 with markers o f  pollen 
horizons at the time o f their probable appearance and ‘young’ AMS dates marked in 
turquoise. The dates marked with red symbols appear to be too old.

The Ballyduff chronology was designed to excel in securely anchoring the time line o f this 

high resolution study. To this end considerably more money and effort was spent on it 

than on the chronologies o f most Irish palaeoenvironmental studies to date, hence, it would 

be useful to discover possible causes for its perceived failure.

There are several possible causes: 1) The dating model. 2) Contamination o f material to 

be dated with material from different time horizons. 3) Contamination o f materials during 

the lengthy preparation process for atomic mass spectrometer analysis. 4) Lack in 

accuracy o f  the mass spectrometer reading. These will be discussed in turn.

1) The dating model, the Ballyduff dating model was singled out from many runs o f  the 

BPeat program because it was representative o f the majority o f such runs and because it 

produced a good F fit. The Ballyduff dates were also used with another iterative Bayesian 

dating program, CPGchron, which produced a very similar chronology albeit with different 

confidence intervals (Haslett and Parnell, submitted 2007). From Figure 3.2 it looks as if
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the BPeat chronology was representative of the underlying dates and hence the dating 

model seems to have worked well.

2) Contamination of material to be dated with material o f different time horizons is 

unlikely since the plant fossils were carefully cleaned of possible contaminants such as 

rootlets and fungal remains during sample preparation.

3) Great care was taken not to introduce other contaminants during the cleaning process. It 

is possible nonetheless that some small contaminants may have been missed or that older 

carbon was introduced. One mechanism that may have played a role in this is the so called 

reservoir effect (Kilian et al,  1995). The effect is thought to be created when ‘old’ carbon 

from methane or other decomposing peat is rising through the peat profile and is 

incorporated either directly in plant remains to be dated or indirectly in fungal material 

attached to such plant remains. The mechanism has not been established so far but some 

studies find AMS dates that appear to be too old, particularly when recent material is dated 

(Clymo et al,  1990; Kilian et al ,  1995; Charman and Garnett, 2005). Charman and 

Garnett (2005) report on the AMS dating of two short replicate peat profiles each 

covering the last 300 years or so. They carried out 65 AMS readings on 33 samples. 

There are two points of interest here: Firstly, they found that the age determinations of 

many of their samples were too old even when they discounted the direct influence that 

fossil fuel derived SCP carbon had on their samples. This age difference was often worse 

in younger samples but also occurred in the older samples they measured. The second 

point concerns the often considerable spread of the replicate AMS measurements. In that 

study the gap between the oldest and youngest sample ages among 2 or 3 replicate readings 

was anything between a few years and several hundred years. Blaauw (2003) did not find 

a gap between expected ages and measured dates. He felt that thorough cleaning of the 

plant fossils from possible sources of contamination could avoid the problem.

4) A global study of AMS determinations of various materials in a blind trial found 

that only 10% of the dates returned were outliers. The outlier dates came from a minority 

of laboratories and the study established a good general accuracy and precision of replicate 

samples (Boaretto et al,  2002; Scott et al,  2004). Nevertheless it seems that the -150 year 

age gap between the Ballyduff chronology and the events marked by pollen horizons is not 

an isolated occurrence but rather that similar gaps between expected ages and AMS age
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determinations do occur in some instances. Possible causes o f  this offset have not been 

established satisfactorily so far (Charman and Garnett, 2005).
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Climate and Vegetation History of the Xistral Mountains

4.1 Pedrido Chronology

The Pedrido chronology is based on 30 AMS dates from sample depths between 20.5

and 248.5cm (Table 4.1, Figure 4.1, Figure 4.2), SCP concentrations at 1cm resolution
210between 0.5 and 23.5cm (Figure 4.3), Pb age determinations at 2cm resolution between 

1.5 and 15.5cm and four ' ‘*C activity measurements on samples between 5.5 and 20.5cm 

(Table 4.2, Figure 4.4).

4.1.1 Wiggle Match Dating

The Pedrido dates were wiggle matched using the BPeat program (Blaauw and 

Christen, 2005) in conjunction with the INTCAL04 calibration curve (Reimer et a i ,  2004). 

The likelihood o f a hiatus was perceived to be small and thus a hiatus A prior o f 0.0005 

and a B prior o f 1/200 was chosen in the core settings. The accumulation rate prior was set 

to 15 years cm"' with a standard error o f 5 years cm '' and Epsilon, the prior for 

interdependence o f accumulation rates between sections was set at 5, indicating a weak 

dependence only (Blaauw et a l ,  2004a; Blaauw and Christen, 2005; Y eloff et a l ,  2006). 

After about 20 trial runs, a model with an F fit o f 98% that showed a hiatus o f  285 years 

between c. 2627 and 2327 cal BP was chosen, on the grounds o f the high F fit and also 

because about 80% o f BPeat runs on these ''^C dates showed a hiatus o f  approximately this 

length in this position. The other 20% o f the models indicated a very slow accumulation 

rate over the same period. The selected run gave a three section model with all dates 

falling within 2a o f the calibration curve (Figure 4.1 and 4.2).

The BPeat model covers the bulk o f  the core from 248.5cm to 20.5cm (4542 to 441 cal BP) 

and was run in three sections with 45,150,000 iterations. The first section I is the longest 

and covers a depth from 248.5 to 154.5cm (mean age 4542 to 2627 cal BP). It has an 

accumulation rate o f 20.4 years cm'*. The second section II starts after the hiatus and 

covers the depth from 153.5 to 90.5cm (mean age 2342 to 1242 cal BP). It has an 

accumulation rate o f 17.5 years cm '' while section 111 covers a depth from 90.5 to 20.5cm 

(mean age 1242 to 441 cal BP) and has an accumulation rate o f 11.5 years cm ''. The '“’C 

AMS dates, which are presented in Table 4.1, have also been used in another Bayesian 

dating program, CPGchron, which generated similar results (Haslett and Parnell, submitted 

2007). In Figure 4.1 the '"'C dates are superimposed on the 95% confidence intervals o f  the
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INTCAL04 calibration curve. This produces a good fit for most dates, particularly the 

ones covering the last 3000 years. The figure also gives the position o f determinations 

around the proposed hiatus and shows that this episode is flanked at either end by well 

fitting dates, even though its timing does not seem to be constrained precisely. In the age 

depth diagram. Figure 4.2, the relationship between sections o f different accumulation 

rates, as well as the varying uncertainty o f the model, is portrayed. Here more diffuse grey 

lines represent greater uncertainty. Like in Ballyduff, all ages are referred to by their 

midpoints.
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Tabic 4.1 Un-calibrated '"'C AMS dates used in the wiggle matched chronology of Pedrido

depth
(cm)

iLab code Age BP Sample composition

20.5 GrA-30387 360±45 (charred) Ericaceae leaves, Campylopus, 
Eriophorum, Molinia

24.5 GrA-26807 370±30 Ericaceae wood, bark, leaves
30.5 GrA-30464 540±35 (charred) Ericaceae leaves, flowers, wood, Poaceae
37.5 GrA-30454 665±35 (charred) Ericaceae, Molinia, Hypnum, Sphagnum
44.5 GrA-30466 795±35 (charred) Ericaceae leaves, Cyperaceae seeds, 

Sphagnum
56.5 GrA-30467 945±35 (charred) Erica mackaiana leaves, flowers
60.5 GrA-26809 940±30 Ericaceae leaves, wood, bark, flowers
70.5 GrA-30402 1130±50 (charred) Ericaceae leaves, wood, bark, flowers
80.5 GrA-30468 1260±35 (charred) Erica mackaiana leaves, flower
90.5 GrA-26810 1190±35 Ericaceae leaves, wood, bark, flowers
96.5 GrA-30459 1460±35 Ericaceae leaves, wood, Cyperaceae stems
99.5 GrA-30460 1580±35 (charred) Ericaceae leaves, wood
129.5 GrA-30455 1955±35 (charred) Ericaceae leaves, wood, flowers, Molinia 

stems
139.5 GrA-30410 2080±50 (charred) Ericaceae wood, Cyperaceae seeds
143.5 GrA-26854 2220±40 Ericaceae leaves, wood, bark
151.5 GrA-30406 2290±50 (charred) Ericaceae, Cyperaceae, Coleoptera, Acari
153.5 GrA-30408 2330±50 (charred) Ericaceae, Poaceae, Cyperaceae, 

Coleoptera, Acari
157.8 GrA-30403 2480±50 (charred) Ericaceae leaves, moss, Cyperaceae seeds
159.5 GrA-30409 2600±50 (charred) Ericaceae remains, Cyperaceae, Molinia
162.5 GrA-26811 2715±35 Ericaceae wood, bark
167.5 GrA-30448 2865±40 (charred) Ericaceae remains, Cyperaceae, Molinia
175.5 GrA-30449 3050±40 (charred) Ericaceae leaves, wood, Molinia stems
216.5 GrA-26800 3640±45 Ericaceae wood, bark, leaves
220.5 GrA-30462 3555±40 (charred) Ericaceae leaves, wood, Cyperaceae 

stems
222.5 GrA-30486 3725±40 (charred) Ericaceae leaves, wood, Cyperaceae 

stems
230.5 GrA-30404 3720±50 (charred) Ericaceae leaves, wood, Cyperaceae 

stems
233.5 GrA-30487 3795±35 (charred) Ericaceae leaves, wood, bark, seeds
235.5 GrA-30450 3805±40 (charred) Ericaceae leaves, flowers, wood, bark
237.5 GrA-30452 3945±40 (charred) Ericaceae leaves, wood and seeds
248.5 GrA-25192 4155±40 Ericaceae, Calluna leaves, flowers, twigs
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Figure 4.1 Pedrido WMD chronology; 30 AMS dates are superimposed on the 
confidence intervals o f the INTCAL04 radiocarbon calibration curve.
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Figure 4.2 Pedrido WMD ''*C age depth curve in three sections, I to III, with an F fit of 
98%. BPeat shows a hiatus o f 285 years between section I and section II. The model 
assumes piece-wise linear accumulation o f sections and the dense, dark and narrow parts of 
the curve carry least uncertainty.

4.1.2 Spheroidal Carboniferous Particles

For Pedrido, the SCP age calibration is based on data from three Portuguese and one 

Spanish mountain lakes as well as on northern Irish lake sites (Rose et a i ,  1999; Rose and 

Appleby, 2005). There are more uncertainties attached to the Iberian mountain lake data 

when used for calibration purposes then there are around their UK counterparts. This is 

because the lakes are in rural areas and are expected to have captured a mixture o f regional 

and background level SCP deposition; There are fewer replicate sites over a larger area 

and the lakes are further away from Pedrido than the northern Irish lakes were are from 

Ballyduff. Furthermore, dates for only two o f the Iberian mountain lake SCP curves are 

given. The rest o f  the calibration relies on comparable accumulation rates between lakes. 
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Rose et al. (1999) conclude that SCP concentration curves incorporate trans-boundary 

signals which make these curves broadly similar across European regions. Their data show 

that lakes at the Atlantic fringe from countries like Ireland, Portugal and western Spain 

show similar concentration curves. Here a combination of the Portuguese and Spanish 

mountain lake SCP concentrations together with the Northern Irish data is used to interpret 

the ages o f the Pedrido SCP curve (Figure 4.3). The first SCPs occur at 17.5cm and the 

curve peaks at 4.5cm. In the four Iberian mountain lakes SCP curve initiation occurs 

around 1920 (30 BP) and the concentration peaks between 1975 and 1988 (between -25 

and -38 BP) (Rose et a l,  1999). The mean age of SCP curve initiation in the ten lakes of 

the northern Irish dataset, on the other hand, is 1850 (100 BP) with a 25 year error. The 

curve then peaks at 1980 (-30 BP) with a three year error (Rose and Appleby, 2005). The 

1850 initiation date of the Irish dataset is probably more representative of Galician SCP 

initiation than the Iberian one. This is assumed even though most of the early 19"’ century 

iron industry was concentrated east of Galicia in the Basque country (Kamen, 1973). But 

even using the initiation date from the Irish dataset, the Pedrido curve initiation depth at 

17.5cm is thought to be too deep considering the rest of the chronological markers (Figure 

4.6). The erratic base of the curve may also point to irregularities in SCP accumulation. 

For these reasons, only the SCP peak at 4.5cm was taken into consideration in building the 

Pedrido chronology. This peak was surmised to date to 1982 and carry an error o f 7 years.
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Figure 4.3 Pedrido SCP concentration change with depth. The start of the curve occurs at 
17.5cm and the peak at 4.5cm depth.
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4.1.3 dates
7  1 f )

Samples between the core surface and 20.5cm were analysed at 2cm resolution for Pb. 

The resultant concentration data were calibrated in the University o f  Gloucestershire and 

are displayed as an age depth curve in Figure 4.4. In contrast to Ballyduff the results from 

the Pedrido ^'°Pb age depth curve look sensible and fit in well with the other parts o f the 

chronology even though the error bars o f the last two dates are very wide. This is due to
910the short half life o f  22.3 years o f Pb leaving progressively less o f  the isotope further

9 10down the section. As a result, Pb is only suitable to date sediments accumulated in the 

last 200 years or so (Appleby and Oldfield, 1983; Turetsky et a l ,  2004). The Pedrido
91 nPb age depth curve shows a steady accumulation which becomes faster in the uppermost 

parts o f the profile, probably indicating increasing compaction o f the peat with depth.
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Figure 4.4 Pedrido ^'^Pb age determinations with their age error against depth.

4.1.4. activity

In order to locate the 1963 bomb peak, four AMS determinations were made covering 

the top 20.5cm o f the Pedrido core (Table 4.2, Figure 4.5).
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Table 4.2 '"'C activity measured with AMS to establish the depth of the 1963 bomb peak

depth
(cm)

Lab code Activity
(corrected)

Sample composition

5.5 A-30145 114.17±0.45 Molinia, Campylopus leaves and stems
10.5 A-30383 101.61±0.59 Eriophorum, Molinia stems, Andromeda seeds
14.5 A-30384 111.63±0.66 Campylopus, Hypnum, Eriophorum, Molinia
20.5 A-30387 95.65±0.55 (Charred) Ericaceae leaves, Campylopus, 

Eriophorum, Molinia

It seems reasonable to assume that the peak activity is located between 0.5 and 10.5cm 

in the profile (Figure 4.5). However more AMS '“̂C determinations are needed to constrain 

the depth of the peak activity to a horizon that can be used as a reliable time marker.
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Figure 4.5 AMS determinations from the top of the Pedrido profile

4.1.5 Integrated Pedrido chronology

A chronology incorporating the WMD BPeat model, the SCP concentration peak and the 

^'°Pb concentration curve was created for the Pedrido profile. The integrated chronology
9 1 0  • •links the top of the BPeat model with the bottom Pb date through a straight line 

interpolation (Figure 4.6). Figure 4.6 shows a pronounced accumulation rate change at 

20.5cm, a feature which may have been exacerbated by the abrupt end of the BPeat model 

at that depth and which should be treated with some caution when interpreting the timing 

of climate and vegetation changes around that depth.
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Figure 4.6 Shows the elements used in building an integrated chronology for Pedrido and 
the wide error bars which make the activity date ineffective for that purpose.

The lowest ’"'C date, GrA-25192, was measured on material from a depth o f  248.5cm but 

the proxy analyses included material up to a depth o f  280.5cm. For that reason the basal 

date o f the WMD chronology was extrapolated down to 280.5cm using the accumulation 

rate o f  20.4 years cm"' calculated for section I, from 248.5 to 154.5cm. Changes in 

accumulation rate, pollen concentration and the peat matrix are presented in Figure 4.7.
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Figure 4.7 Integrated components of the Pedrido chronology with pollen concentration and 
depths of changes in the macrofossil composition o f the peat matrix

Changes in the accumulation rate, as defined by the BPeat section breaks between section I 

and II and between sections II and III, are predated by shifts in the macrofossil 

composition of the peat matrix. Around 160cm, peat preservation deteriorates shown by a 

rise of up to 55% in unidentified organic matter (UOM), whereas abundant Ericaceae, 

Poaceae and some Sphagnum remains were identified from below this horizon. Similarly a 

shift to more Sphagnum, Poaceae and Cyperaceae remains appears shortly before the 

section break at 93cm. The converse occurs too, however, and changes in the macrofossil 

composition at 215, 60, 40 and 6cm do not lead to accumulation rate changes (Stefanini et 

a l,  2006). Pollen concentration is highest in section I, which has the slowest accumulation 

rate o f the three sections and falls in section II, where accumulation rate increases to some 

extent. This relationship breaks down in section III, where pollen concentration seems to 

recover somewhat at the same time as the accumulation rate increases. This may be 

indicating that there are further factors to consider and that pollen concentration and 

accumulation rate may not be exclusive in their dependence on each other. It is tempting to 

link the slow accumulation of the interpolated section o f the chronology at 20cm to the 

increase in pollen concentration at the same time. It should be noted, however, that there 

are alternative ways of linking the BPeat and the ^'°Pb parts of the chronology, for
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instance, by extending the WMD model to the top o f the core thus treating the ^'°Pb dates 

in the same way as dates. By running the model through the midpoint o f GrA-26807, 

the '"'C date at 24.5cm, a smaller accumulation rate change at 20.5cm might have been 

achieved. Moreover, large increases in pollen concentration in recent peat horizons could 

reflect the genuine increase in pollen influx from tree plantations, as well as a slowing 

down o f the peat accumulation rate.

Overall the integrated Pedrido chronology seems well defined apart from the interpolated 

sections. The ' ‘’C AMS and ^'^Pb dates worked well with the first set, leading to a model 

without apparent outliers and the second constraining the recent chronology securely. The 

SCP data suffer somewhat from uncertainly around calibration issues. There is also some 

doubt around the possibility o f  downward movement o f SCPs in the peat profile since they 

start to occur at a horizon 3cm deeper than the one they would be expected to start at. At 

least two further '"'C activity measurements are required to constrain the 1963 bomb peak 

depth. Whether the effort put into dating this horizon would increase the accuracy o f the 

Pedrido chronology sufficiently to be worth the expenditure o f additional resources 

remains doubtful.
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4.2 Pedrido Sediment Stratigraphy

4.2.1 Basin morphology and sediment stratigraphy
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Figure 4.8 Peat depth and basin morphology o f Pedrido determined through exploratory 
coring at 10m intervals along a north-south a) and an east-west b) running transect. The 
approximate coring location and depth is indicated in blue.

An impression of the Pedrido basin morphology and its stratigraphy was attained by coring 

points along north-south and east-west running transects. The two transects crossed on the 

east dome of the bog at the coring site where peat depth reached a maximum of 354cm 

(Figure 4.8). Even though the Pedrido peat core reached down to the non-organic substrate 

of the bog no fen-peat was identified in the basal layers. This could mean that Pedrido 

does not fit into the definition of a raised bog since it does not seem to have formed over 

lake and fen sediments. During cleaning and sub-sampling it was noted that the 

acrotelm/catotelm boundary seemed to run at 4.5cm. Assuming the same constant 

accumulation rate as in section I of the BPeat model, an approximate peat initiation date of 

c. 6700 years BP is projected for the basal peat layer at 354cm.

The Pedrido core was described through the Troels-Smith scheme (see Section 2.3.5 and 

Appendix 5). Results of this classification are presented in Table 4.3.
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Table 4.3 Troels-Smith sediment description Pedrido

Macrofossil
zone

Depth
(cm) Nigor Stratifi

cation
Elastic

itas
Siccita

s Limes Humo
sitas

Calcar
eousn

ess

Mosse
s

Ligneo
us

>2mm

Herba
ceous
>2mm

<2mm 
> c.0.1

disinte
grated

Sand < 
0.6mm

Sand
<2mm

PED-A 281-250 nig 4 strf 0 elas 0 sicc 3 Mm 1 hum 3 calc 0 TbO Dl + Dh 1 Dg2 Sh 1 GaO Gs 0

PED-B 250-170 nig 4 strf 0 elas 0 sicc 3 lim 1 hum 3 calc 0 TbO DI + Dh 1 Dg2 Sh 1 GaO GsO

PED-C 170-81 nig 4 strf 0 elas 0 sicc 3 lim 1 hum 3 calc 0 TbO DI + Dh 1 Dg2 Sh 1 Ga + Gs 0

PED-D 81 -40 nig 4 strf 0 elas 0 sicc 3 lim 1 hum 3 calc 0 TbO DI + Dh + Dg3 Sh 1 Ga + Gs +

PED-E 4 0 - 6 nig 4 strf 0 elas 0 sicc 3 lim 1 hum 3 calc 0 Tb + DI + Dh 1 Dg2 Sh 1 Ga + GsO

PED-F 6 -0 .5 nig 3 strf 0 elas 0 sicc 2 lim 1 hum 2 calc 0 Tb + Dl 1 Dh + Dg2 Sh 1 Ga + Gs +



The sediment description o f the Pedrido core highlights the relatively homogenous nature 

o f  the core structure. With the exception o f the top zone, PED-F, the sediment throughout 

the core was firm, relatively dry containing well humified peat with a large component o f 

disintegrated material. PED-F consited o f fresher, lighter and moister material. Some 

parts o f the core also contained small stones and inorganic sand-like flakes.

4.2.2 Loss on Ignition

Further investigation o f the Pedrido peat matrix with respect to inorganic material was 

prompted by finds o f small stones and sand grains in some core segments. To this end 

contiguous samples at 1cm intervals were analysed for Loss on Ignition (LOI).
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Figure 4.9 Loss on ignition results for the Pedrido profile with CONISS derived 
macrofossil zones PED-A to PED-F

Figure 4.9 presents the LOI results with the CONISS derived macrofossil zones PED-A to 

PED-F. The LOI results indicate the very organic nature o f  the peat with ash content 

making up around 2% of the initial mass through most o f the profile. However towards the 

middle o f PED-B, at 214.5cm (3850 cal BP), the organic content o f the samples starts to 

decrease and this trend continues until the middle o f  PED-C to 140.5cm (2115 cal BP) with 

maximum ash remnant o f about 12% o f the dry mass at 151.5cm (2307 cal BP). Apart 

from the lower LOI values o f two samples in PED-D around 70.5cm (1001 cal BP), the
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organic content only decreases again in the middle o f PED-E at 25.5cm (498 cal BP). The 

rest o f PED-E as well as PED-F are characterised by low LOI values between 92 and 96%.

4.3 Pedrido Climate Indicator Results

In order to investigate the changes in the climate o f the Xistral M ountains over the study 

period four proxy indicators were examined; humification, NPPs, local bog pollen and 

spores and macrofossils. Only the first three analyses form part o f  the research for this 

thesis. The results o f  the climate proxy indicators are presented in six zones. Zones 

PED-B to PED-F are defined by CONISS from the macrofossil data while PED-A predates 

the macrofossil data analysis.

4.3.1 Humification results

Contiguous samples o f 1 cm thickness were analysed for humification through the core. 

Apart from the very top, the Pedrido peat was generally well humified and made up of 

poorly preserved plant material. Figure 4.10 shows the raw percentage light transmission 

data as well as the standard residuals corrected for changing decay rate in the top o f the 

core (Section 2.9.1).
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Figure 4.10 Pedrido raw humification data expressed as percentage light transmission and 
detrended standard residuals, after correction for change in decay rate in top o f the core. 
High values indicate poorly humified material. Zones are based on CONISS zonation o f 
macro fossil data.

PED-A 281.5 to 250.5cm (5215 to 4583 cal BP)

The peat in this zone is well humified particularly in the second half from 268.5cm (4950 

cal BP). There are two peaks with better preserved material at 273.5cm (5052 cal BP) and 

also at the end o f the zone at 252.5cm (4624 cal BP)

PED-B 250.5 to 170.5cm (4583 to 2953 cal BP)

The humification within PED-B falls into two sections. The first covers the material from 

250.5 to 217.5cm (4583 to 3911 cal BP) which is evenly humified and somewhat better 

preserved than the material in the second section. Here the humification record oscillates 

between more and less decayed material, generally indicating well humified peat. Similar 

to PED-A this zone also ends on a peak o f well preserved material.

PED-C 170.5 to 81.5cm (2953 to 1139 cal BP)

The longest zone, it starts with a great shift towards well humified peat and a swing back to 

fresher material at 160.5cm (2750 cal BP). From about 140.5cm (2115 cal BP) the 

humification results start to oscillate around mean values even though most data points
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indicate less than average humification. The exceptions to this are at 123.5cm (1818 cal 

BP), 98.5cm (1381 cal BP) and 84.5cm (1173 cal BP). At these points humification values 

plummet showing advanced break down o f the peat matrix.

PED-D 81.5 to 40.5cm (1139 to 670 cal BP)

Once the humification scores have returned to mean values after the initial fall to well 

humified material at the start o f the zone, values remain average until the end o f  the zone. 

At the top they register increased humification at 49.5 and at 42.5cm (773 and 692 cal BP).

PED-E 40.5 to 6.5cm (670 to -22 cal BP)

During this zone the trends o f the raw  % light transmission values diverge significantly 

from the corrected humification residuals calling for an increasing need for caution in the 

interpretation o f the humification material. The divergence is due to the correction for 

increased rate o f breakdown in the top o f  the core (Section 2.9.1). By applying a factor to 

correct for the large difference in percentage light transmission between the top and the 

main body o f the Pedrido core, it became easier to observe the relatively modest variations 

in humification through that core. These changes are nonetheless thought to originate from 

and thus reflect the climate regime o f  Pedrido through time. However the drawback o f the 

correction is an exaggeration o f the signal within the residuals from the top o f the core 

(Figure 4.10). Thus, the material becomes better preserved through PED-E and PED-F 

without necessarily undergoing all o f  the large swings indicated by the standard residuals. 

Even so it is likely that the peat at 35.5, 26.5 and 13.5cm (612, 509 and 54 cal BP) 

indicates relatively well humified material.

PED-F 6.5 to 0.5cm (-22 to -53 cal BP)

This zone registers very wet and well preserved material throughout.

4.3.2 NPP results

A brief outline describing fluctuating percentage distributions o f NPP types within the 

macrofossil zonation is given below. Figure 4.11 shows NPP percentages expressed with 

relation to the NPP and pollen sums.
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PED-A 281.5 to 250.5cm (5215 to 4583 cal BP)

The high percentage values o f Type 10 peak in the middle o f the zone. Meliola niessleana 

is evenly present. Gelasinospora c f and Gelasinospora spec occur occasionally. There are 

a { q w  Assulina  tests around 270.5cm (c. 5000 cal BP)

PED-B 250.5cm tol70.5cm  (4583 to 2953 cal BP)

At the start o f PED-B, Type 10 percentages drop dramatically and do not recover until the 

second half o f the zone, when they peak at 216.5, 198.5, and 180.5cm (3890, 3520 and 

3157 cal BP). The latter two peaks also occur in the Meliola niessleana distribution 

whereas Gelasinospora c f  is mainly present earlier in the zone and peaks at 204.5cm (3646 

cal BP). Gelasinospora spec and Assulina  are only present in low numbers.

PED-C 170.5 to 81.5cm (2953 to 1139 cal BP)

Type 10 and Meliola niessleana spores are absent around the hiatus in the first half o f this 

zone, while both types o f Gelasinospora occur sporadically. In the second half o f the zone 

Type 10 becomes very frequent between 136.5 and 120.5cm (2042 and 1765 cal BP) just 

before Gelasinospora c f reaches the highest values o f the core at 112.5cm (1626 cal BP). 

Percentage values o f Type 10, Meliola niessleana, Gelasinospora spec and Gelasinospora 

c f  reach another peak at slightly different depths at the end o f the zone. Assulina  is hardly 

present through PED-C.

PED-D 81.5 to 40.5cm (1139 to 670 cal BP)

This zone is characterised by high values o f  Meliola niessleana, Type 10 and

Gelasinospora spec and Gelasinospora cf, all except the first o f which drop somewhat at

the end o f the zone. No Assulina  tests were found in PED-D.

PED-E 40.5 to 6.5cm (670 to -22 cal BP)

The zone starts with peak values in Type 10, which soon drop by more than ha lf 

Gelasinospora c f and Meliola niessleana are present in small numbers in the first half o f 

the zone.

PED-F 6.5 to 0.5cm (-22 to -53 cal BP)

Assulina is the only NPP taxon that was found in this zone.
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4.3.3 Local bog taxa results

At present both Pedrido and Chan do Lamoso are surrounded by acid heath and share 

many taxa with that environment. The difficulty o f assigning pollen taxa either to the local 

bog setting or to the regional landscape is thus exacerbated in the upland environment of 

the Xistral Mountains compared to Ballyduff (Section 3.3.3). In a pragmatic approach the 

boundaries between local and regional pollen types were drawn arbitrarily here and are 

maybe not always as meaningful as could be wished. For instance the Ericaceae are 

assigned to the local bog taxa in spite o f their recorded occurrence around the margins of 

the bog and further afield, whereas Poaceae, which occur abundantly on the bog surface as 

well as in the wider environment, are assigned to the regional group (Section 4.4). It may 

be more sensible to stretch the boundary between local and regional taxa to encompass 

some o f the general upland vegetation among the local taxa. This might lead to distinction 

between upland and valley vegetation rather than a sharp line between bog and heath. In 

this model, Poaceae remain potentially associated with the vegetation o f the lowland, 

valleys and the foothills o f the mountains, whereas Ericaceae form part o f the upland 

environment. However this scheme has not been applied rigorously and a majority o f the 

herbs and all tree taxa are classed as regional. Figure 4.11 gives the percentage abundance 

o f pollen and spores from local bog taxa organised into CONISS derived macrofossil 

zones. For all other pollen types consult the pollen diagrams in Figures 4.12, 4.13 and 

4.14.

PED-A 281.5 to 250.5cm (5215 to 4583 cal BP)

All dwarf shrub pollen types are well represented through most o f this zone. Calluna, 

Ericaceae, Empetrum  and Potentilla pollen values are high until 256.5cm (4706 cal BP) 

where they drop, as does Sphagnum, the only other local taxon that occurs in high 

numbers. Sphagnum  spores start out with high percentages which peak at 260.5cm (4788 

cal BP).

PED-B 250.5cm tol70.5cm  (4583 to 2953 cal BP)

This zone is characterised by moderate but fluctuating percentage values o f Sphagnum  and 

Ericaceae. Calluna pollen peaks at 212.5 and 180.5cm (3809 and 3157 cal BP) while 

Cyperaceae, Empetrum  and Potentilla pollen occur in the middle o f the zone, mostly 

between 220.5 and 184.5cm (3972 and 3239 cal BP).
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PED-C 170.5 to 81,5cm (2953 to 1! 39 cal BP)

Calluna, Cyperaceae and Ericaceae pollen occur only in moderate percentages until after 

the hiatus, where they pick up from about 140.5cm (2115 cal BP) onwards. Calluna and 

Ericaceae reach their highest percentage values between 136.5 and 120.5cm (2045 and 

1765 cal BP) while Cyperaceae pollen are more evenly distributed in this half o f the zone. 

There are very few Sphagnum  spores in this otherwise taxa rich zone, which also contains 

Potentilla, Filipendula, Empetrum  and Drosera pollen.

PED-D 81.5 to 40.5cm (1139 to 670 cal BP)

The first half o f this zone is characterised by peaks in Calluna, Ericaceae and Potentilla 

pollen percentages around 72.5cm (1036 cal BP). The pollen percentages o f these taxa 

drop in the second half o f  the zone. Cyperaceae make up the difference as they rise to near 

record percentage values from 56.5cm (853 cal BP).

PFD-E 40.5 to 6.5cm (670 to -22 cal BP)

High values o f Cyperaceae pollen at the beginning o f this zone are joined by a peak in 

Sphagnum spores at 32.5cm (578 cal BP). The pollen distributions change in the second 

half o f the zone from 20.5cm (441 cal BP) starting with an increase in Calluna and 

Potentilla pollen. Ericaceae show a strong presence throughout.

PED-F 6.5 to 0.5cm (-22 to -53 cal BP)

Only Cyperaceae and Potentilla pollen are present in high numbers in this short zone.

4.4 Pedrido Pollen Stratigraphy

Pcllen and spore counts o f at least 300 grains were recorded for 71 sub-samples at 4cm 

resolution throughout the Pedrido core. CONISS was used with pollen data from pollen 

sum taxa attaining at least 5% in any sample to construct a dendrogram (Figure 4.12). On 

the basis o f this dendrogram the pollen stratigraphy was divided into 5 Pollen Assemblage 

Zones (PAZ), one o f which, PED-4, was split into two further sub-zones. Pollen types that 

were recorded only once throughout the core are defined as rare and are not included in the
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pollen stratigraphy and analysis. These taxa and their occurrence depths are given in 

Appendix 4b.

Pollen percentage data are presented in Figure 4.12 for tree and shrub taxa and Figure 4.13 

for herb taxa. Figure 4.14 shows pollen concentration curves for selected taxa; this figure 

is based on concentration data for all pollen included in the pollen sum.
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PED-1; 280.5 to 238.5cm (5198 to 4339 cal BP)

This zone is dominated by tree pollen values between 80 and 90% which are mainly made 

up o f Corylus 40 to 60%, Quercus (deciduous) 15 to 25%, Betula 10 to 20% and Alnus 5 to 

10%. The zone also contains small percentages o f Pinus and Quercus (evergreen) as well 

as some Ulmus, Carpinus and Fraxinus pollen. Towards the top o f  PED-1, small numbers 

o f Hedera and Castanea  pollen appear also. Among the herbs, Poaceae is the most 

frequent taxon, with a maximum occurrence o f over 10% o f the pollen sum, while 

Ranunculus, Convallaria  and Senecio type also occur sporadically. In this zone the arable 

indicator taxa are only represented by single grain occurrences o f Hordeum  and Triticum 

and some Poaceae grains belonging to the Cerealia size class. Within the AP there is a 

shift initiated by a rise in Betula from 264.5cm (4870 cal BP) accompanied by Quercus 

(deciduous) and a drop in Corylus at 256.5cm (4706 cal BP). Poaceae percentage rises 

alongside Betula and drops only towards the end o f the zone at 244.5cm (4461 cal BP). 

PED-1 ends with a peak in Quercus (evergreen), a fall in Corylus, Pinus and a recovery of 

Poaceae.

PED-2: 238.5 to 162.5cm (4339 to 2790 cal BP)

In the first half o f this zone AP values drop from 85 to about 70% o f the pollen sum. This 

drop is mainly due to a reduction in Corylus pollen from 208.5cm (3727 cal BP), which 

takes place concurrently with a rise in fern spores and is followed by an increase in Pinus 

and Poaceae pollen percentage. Pinus pollen peak at 204.5cm (3646 cal BP). A second 

and much larger drop, in AP values takes place at 192.5cm (3402 cal BP). More tree taxa 

register this later drop particularly Betula, Quercus (deciduous) and Corylus. This drop is 

accompanied by another peak in Poaceae as well as in many other herb taxa such as 

Plantago, Rubiaceae, Crepis, Caryophyllaceae, Apiaceae and Cerealia type but not in fern 

spores. It takes until 180.5cm (3157 cal BP) for AP percentages to recover. The last part 

of section PED-2 is characterised by high Corylus and Quercus (deciduous) percentages. 

The zone ends with a fall in the percentage values o f these two taxa, as well as in Pinus, 

and with a sharp rise in Poaceae pollen.

PED-3: 162.5 to 94.5cm (2790 to 1311 cal BP)

The initial peak in Poaceae pollen is not replicated by other herbs to the same extent as the 

last peak although some o f their percentage values seem slightly elevated i.e. Crepis type. 

The Pedrido chronology indicates a hiatus between 154.5 and 153.5cm where the assigned 

dates change from 2627 to 2327 cal BP, suggesting that there may be some material
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missing in the core. After the hiatus, Corylus values drop again this time by 20% and 

reach a low o f 26% at 148.5cm (2255 cal BP). Corylus pollen is not the only type that 

drops here, Pinus, Ulmus and Castanea do the same. As the combined AP fall by 43%, 

herb pollen rise sharply, particularly Poaceae, Crepis and Cerealia, and somewhat later 

Senecio, and later still the group o f ferns, principally Pteridium aquilinium. Even though 

AP values recover many herb pollen types play a larger role in the rest o f the zone then 

they did earlier on. At the top o f the zone cultivars such as Juglans, Cerealia, Triticum and 

Secale become more important. This zone marks a shift in pollen concentration, not only 

do the AP values fall in two steps, one early on and the other in the last third o f the zone, 

but total concentration also drop to a minimum at around 120cm.

PED- 4a: 94.5 to 28.5cm (1311 to 532 cal BP)

PED-4a starts out with a reduction in all tree pollen percentages. The fall in percentage 

values is particularly noticeable in the case o f  both Quercus types, Corylus and Pinus. The 

drop in AP percentages, to their lowest value o f 26% at 80.5cm (1127 cal BP), is balanced 

by a large and rapid increase in Poaceae pollen and also in other herbs such as Convallaria, 

Senecio, Rumex and Apiaceae. Among the arable indicator taxa Secale makes a first 

appearance in numbers greater than just single grain occurrences, yet only a few grains of 

Plantago or Artemisia were identified in the core at this level. Even where the AP pollen 

percentages recover some o f the ground they lost earlier, Poaceae pollen levels stay high. 

A peak in Fraxinus pollen stands out at 40.5cm (670 cal BP). The top o f PED-4a features 

a peak in Plantago and an increase in Castanea pollen. This zone presents generally 

fluctuating but increased concentrations compared to the last zone.

PED-4b: 28.5 to 6.5cm (523 to -23 cal BP)

After a short-lived recovery o f AP this zone sees a radical drop in most tree taxa including 

Alnus, Betula, Corylus, Ulmus, Hedera and to a lesser extent the two types o f Quercus. 

Castanea is slightly elevated as is Pinus even before it emerges as the dominant pollen 

taxon at the end o f the zone. The demise in AP percentages is reflected by a sharp increase 

in herb pollen particularly Poaceae but also Plantago, Crepis, Rosaceae, Cerealia and 

Pteridium aquilinium. The high herb pollen percentages are reflected in an increase of 

both non arboreal taxa and total concentration at the top o f the zone.
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PED-5 6.5 to 0.5cm (-23 to -53 cal BP)

This short zone consists only o f two samples, which both emphasize the dominance of 

Pinus pollen over nearly all herb pollen and particularly Poaceae. Remnants o f the rest o f 

the AP taxa continue to be found in low numbers in this zone. The concentration data 

show a drop in nearly all pollen taxa except for Pimis, thus indicating that the herb pollen 

loading has decreased in the top samples.
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4.5 Chan do Lamoso Chronology

The Chan do Lamoso chronology is based upon 7 AMS dates from sample depths 

between 26.5 and 325.5cm, the last o f which falls outside the time frame o f this study 

(Table 4.4). Since WMD relies on the match between wiggles in the radiocarbon 

calibration curve and wiggles in the age depth curve o f a core, this approach is only really 

suitable for cores where enough radiocarbon dates exist to potentially reproduce wiggles o f 

the radiocarbon curve. With only 7 AMS '"'C dates a different dating model, Compound 

Poisson-Gamma chronologies (CPGchron) was used for the Chan do Lamoso core (Haslett 

and Parnell, submitted 2007). Like BPeat, CPGchron also uses an iterative Markov Chain 

Monte Carlo (MCMC) procedure within a Bayesian framework to estimate piece-wise 

linear accumulation. Apart from its use in building chronologies for cores with a low 

resolution o f AMS ' “̂C dates, CPGchron may have a further advantage over BPeat in that 

the programme allows for increasing uncertainty between dated levels in its calculation o f 

a model’s Confidence Intervals (Cl).

Table 4.4 Un-calibrated '"̂ C AMS dates used to construct the chronology o f Chan do 
Lamoso. Since the investigation covers only c. the last 4500 years the bottom date at 325.5 
cm was not used in the chronology_________________________________________________
depth
(cm)

Lab code Age BP Sample composition

26.5 GrA-32002 535±30 Charred ericaceous leaves, some wood
58.5 GrA-32003 1435±35 Charred ericaceous leaves, flowers and some 

wood
90.5 GrA-32005 2180±35 Charred ericaceous leaves, flowers and some 

wood
125.5 GrA-28768 2885±40 Charred ericaceous wood, bark, leaves, 

bud-scales
200.5 GrA-31020 4310±35 Charred ericaceous leaves, wood
225.5 GrA-28769 4640±45 Charred ericaceous wood, bark, leaves, 

bud-scales
325.5 GrA-31021 5985±40 Charred ericaceous leaves, wood

A chronology similar to a straight line accumulation model was constructed using the 

CPGchron program (Figure 4.15). The accumulation rate o f  this model is o f the order of 

24 years cm '' and varies little throughout. Like in Ballyduff and Pedrido, Chan do Lamoso 

ages in the text refer to the year o f  the midpoint between the CIs. According to the 

CPGchron model the age gap between the lower and the higher o f the 95% Cl for Chan do 

Lamoso (orange in Figure 4.15) can reach over 500 years in some sections. The model
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also shows the essentially parallel course of the two Spanish chronologies which gives an 

indication of the similarity between the accumulation rates of these two sites (Figure 4.16).

Chan do Lamoso CPGchron model

Unrestricted Calibrated Dates 
• mode
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Figure 4.15 CPGchron model of the Chan do Lamoso chronology with '"'C AMS dates and 
their la  error determinations as well as 99% (red), 95% (orange) and 50% (yellow) 
confidence intervals. The top of the chronology is based on interpolated ages between the 
last '"'C date at 25.5cm and the surface.
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Figure 4.16 Confidence intervals and mode ages of the chronologies o f Chan do Lamoso 
(Cl 50%, green), Pedrido (Cl 95%, red) and Ballyduff (Cl 95%, blue, corrected) (sect 
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differences in mean accumulation rates between the cores.
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4.6 Chan do Lamoso Sediment Stratigraphy 

4.5.1 Substrate morphology and sediment stratigraphy

a) 6

south
distance (m)
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distance (m) B p eat ■  substratum

e a s t
Approximate location of core

Figure 4.17 Peat depth and basin morphology o f Chan do Lamoso determined through 
exploratory coring at 7m intervals along a north-south a) and an east-west b) running 
transect. The approximate coring location and depth is indicated in blue.

The sediment depth o f the saddle bog o f  Chan do Lamoso was investigated through a 

series o f test augurings at 7m intervals along a north-south and an east-west running 

transect (Figure 4.17). The peat depths were quite uniform and usually just under 4m deep.
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4.7 Climate Indicator Results

In order to explore the climatic history o f  Chan do Lamoso NPPs, local bog pollen and 

humification were investigated. The former two proxy analyses form part o f  this study and 

their results are presented in this section and Figure 4.18. The data are described through 

five CONISS derived PAZ, SAD-1 to SAD-4.

4.7.1 NPP results
Only three NPPs occur in the Chan do Lamoso profile, two o f which. Type 10 and Meliola 

niessleana are associated with Calluna and are thus indicative o f rather dry conditions. 

The testate Assulina  indicates a more humid environment (van Geel, 1978).

SAD-1 225.5 tol63.5cm  (5400 to 3964 cal BP)

The zone starts with the highest values o f Meliola niessleana o f the core which are joined 

by high Type 10 percentages and odd single grain occurrences o f Assulina  tests. Meliola 

niessleana percentages drop at 195.5 cm (4740 cal BP) around the same time as Assulina  is 

registered for the last time in the Chan do Lamoso core. Apart from one fluctuation, Type 

10 values stay high until 175.5cm (4254 cal BP) near the end o f the zone but recover in the 

final samples.

SAD-2a 163.5 to 153.5cm (3964 to 3721 cal BP)

A drop in Type 10 is accompanied by rising percentage values o f Meliola niessleana. 

SAD-2b 153.5 to 103.5cm (3721 to 2518 cal BP)

Percentages o f both Type 10 and Meliola niessleana spores build up, crash at 135.5cm 

(3287 cal BP) and recover to a peak at 125.5cm (3022 cal BP), then drop again and stay 

low for the rest o f  the zone.

SAD-3 103.5 to 63.5cm (2518 to 1472 cal BP)

Type 10 spore percentages rise, crash at 80.5cm (1936 cal BP) and eventually come to a 

significant peak near the end o f the zone at 70.5cm (1665 cal BP). The few Meliola 

niessleana spores identified here appear in the lower half o f this zone.

SAD-4 63.5 to 25.5cm (1472 to 535 cal BP)

The top zone is characterised by low percentages o f Type 10 spores throughout.
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4.7.2 Local bog taxa results

SAD-l 225.5 tol63.5cm (5400 to 3964 cal BP)

Calluna pollen makes up between 5 and 15% of the pollen plus local bog taxa sum and its 

percentages fluctuate and fall before rising toward the top of the zone. Ericaceae pollen 

are somewhat more abundant in the beginning and at the end of this zone than in the 

middle, while Cyperaceae pollen distribution is similar to Ericaceae except that it starts out 

with a peak at 220.5cm (5287 cal BP). Most Sphagnum spores of the Chan do Lamoso 

core occur in this zone between 200.5 and 175.5cm (4864 and 4253 cal BP). A few grains 

of Car ex appear through the zone.

SAD-2a 163.5 to 153.5cm (3964 to 3721 cal BP)

This short zone starts with a peak in Cyperaceae which gives way to increases in Calluna 

and Ericaceae pollen and Sphagnum spores.

SAD-2b 153.5 to 103.5cm (3721 to 2518 cal BP)

Calluna percentages continue to rise until 130.5cm (3165 cal BP) when they drop by two 

thirds. During the rest of the zone Calluna percentages recover somewhat. This late rise is 

also apparent in the Ericaceous pollen which maintain a low but steady presence before the 

rise. Sphagnum and Carex become more frequent later in this zone while Cyperaceae 

pollen percentages keep fluctuating.

SAD-3 103.5 to 63.5cm (2518 to 1472 cal BP)

Somewhat more Calluna pollen is present early in this zone whereas the opposite is the 

case with Ericaceous pollen which rises at 70.5cm (1666 cal BP). Cyperaceae and Carex, 

although present throughout, are particularly strong in the middle of the zone between 90.5 

and 75.5cm (2219 and 1666 cal BP). A few Sphagnum spores group at either end of the 

zone.

SAD-4 63.5 to 25.5cm (1472 to 535 cal BP)

A steady rise to peak values of 25% in Calluna is not quite matched in Ericaceous pollen, 

which has an even distribution of about 5% throughout. A marked absence of Cyperaceae 

and Carex pollen, except at either end of the zone, is similar to Sphagnum, whose spores 

are reduced to occasional occurrences.
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4.8 Chan do Lamoso Pollen Stratigraphy

Pollen and spore counts o f at least 300 grains were recorded for 41 sub-samples at 5cm 

resolution between 25.5 and 225.5cm in the Chan do Lamoso core. The pollen counts 

from samples between 0.5 and 25.5cm are not included in the analysis because a large 

portion o f this pollen was degraded rendering secure identification difficult. CONISS was 

used with pollen data from pollen sum taxa attaining at least 5% in any sample to construct 

a dendrogram (Figure 4.19). On the bases o f this dendrogram the pollen stratigraphy was 

divided into five Pollen Assemblage Zones (PAZ) one o f which SAD-2 was split into two 

further sub-zones. Pollen types that were recorded only once throughout the core are 

defined as rare and are not included in the pollen stratigraphy and analysis; these taxa and 

their occurrence depths are given in Appendix 4c. Pollen percentage data are presented in 

Figure 4.19 for tree and shrub taxa and Figure 4.20 for herb taxa. Figure 4.21 shows 

pollen concentration curves for selected taxa.

SAD-1 225.5 tol63.5cm  (5400 to 3964 cal BP)

Tree pollen values fluctuate between c. 75 and 90% in this zone with the dominant taxa 

consisting o f Corylus, Quercus (deciduous), Betula and Alnus. Pinus, Quercus (evergreen) 

and Hedera make up most o f the rest o f the tree pollen sum. Early in the zone the trees 

contract, a factor which is particularly noticeable with Quercus (deciduous) and Corylus 

but also with Alnus, Quercus (evergreen) and Hedera at 215.5cm (5190 cal BP).

After this episode, tree percentages rise again starting with Corylus and Betula, but taking 

in the other taxa also, until AP percentage is larger than at the outset o f the record. A 

second dip in tree pollen which affects mostly the two Quercus taxa and Corylus, with 

Betula values falling later, occurs at 170.5cm and is dated to c. 4130 cal BP. The most 

frequent herb pollen types are the Poaceae and their subgroup the Cerealia. Apart from the 

undifferentiated group, Hordeum, Triticum  and Secale pollen are most common. The rest 

of the herb taxa are quite scarce but more frequent in the early parts o f the zone. Fern 

spores appear regularly throughout even though Pteridium  starts rising only after 180.5cm 

(c. 4370 cal BP). Total concentration is high throughout the first half o f the zone but falls 

towards the end.

SAD-2a 163.5 to 153.5cm (3964 to 3721 cal BP)

A marked fall in Corylus is accompanied by rising percentages o f arboreal and Poaceae 

pollen. Among the AP, Betula, both types o f  Quercus, Ulmus and Pinus pollen increase
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first while Alnus keeps rising through the short zone. In this zone the trend towards 

decreasing pollen concentration, which started halfway through SAD-1, continues.

SAD-2b 153.5 to 103.5cm (3721 to 2518 cal BP)

This zone has generally high AP values but it also registers a rise in Plantago, 

Ornithogalum  and arable pollen taxa particularly Secale. The first appearance o f some tree 

taxa such as Fraxinus, Castanea  and Fagus falls within the second half o f the zone. In the 

beginning most AP percentages drop except for Alnus and Corylus, which rise. Corylus 

attains peak values at 145.5 and 120.5cm (c. 3530 and 2900 cal BP). The second Corylus 

peak coincides with a drop in Quercus (deciduous) and Ulmus along with rising Alnus, 

Betula and Pinus pollen percentages. The zone ends with gently rising Poaceae and 

Plantago, Quercus (both) and Ulmus percentages alongside a big drop in Corylus pollen. 

SAD-2b starts and ends on minimum total concentration with higher scores in the middle.

SAD-3 103.5 to 63.5cm (2518 to 1472 cal BP)

At the start o f the zone both Quercus pollen types are the only AP taxa that increase their 

percentage o f the pollen sum. The Pinus pollen curve declines by about half o f its 

percentage value and does not recover in this profile. Corylus shows a similar gradual 

reduction and loses 5% o f the pollen sum throughout the zone. The agriculture-indicating 

pollen group increases early, particularly Secale, but percentages fall again at 75.5cm (c. 

1800 cal BP). A drop o f  14% in Quercus (deciduous) between 80.5 and 75.5cm (c. 1940 

and 1800 cal BP) is partly responsible for the first fall o f the composite AP curve to below 

65% of the pollen sum. This fall is compensated for by a short-lived peak in Poaceae 

pollen and, slightly later, by an increase in Pteridium  spores. The end o f  the zone sees the 

beginning o f a steep rise in Poaceae pollen and a reduction in all AP taxa and Pteridium  

spores. Once pollen concentration recovers from the low values in the beginning o f the 

zone it remains relatively stable until the end o f SAD-4.

SAD-4 63.5 to 25.5cm (1472 to 535 cal BP)

In SAD-4 the decline in all AP taxa which started in the last zone continues. Evergreen 

Quercus makes an exception to this trend though, and keeps rising. The composite AP 

curve reaches a low point o f 38% of the pollen sum at 40.5cm (c. 893 cal BP). Poaceae 

and most other herbs, particularly the arable indicator taxa, attain record percentages. 

Some ‘rare’ tree pollen types occur during the minimum in the composite AP curve, for 

instance, Castanea, Salix, Ilex, Juglans and Fagus. Towards the end o f the zone the tree
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Figure 4.19 Chan do Lamoso tree and shrub pollen percentage diagram with composite tree, herb and pteridophyte curves. CONISS dendrogram and 
CONISS derived PAZ SAD-1 to SAD-4. Pollen curves are displayed with depth bars for frequent taxa, times 10 exaggeration, stippled, for 
infrequently encountered taxa and dots at the level of occurrence of rarer types.
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4.9 The Hydrological Records of Pedrido and Chan do Lamoso

In this section the proxy indices from both Spanish sites are pulled together and tentatively 

woven into a compound hydrological record for the Xistral Mountains. Due to the 

incorporation o f two separate sites o f different altitudes, size, edaphic conditions, wind and 

moisture regimes, the implications o f this record are more complex than they were in 

Ballyduff. Comparisons o f the two sites are based on the match between the two 

chronologies and this may constrain their reliability and precision. Conversely the 

inclusion o f two sites in the hydrological record might make it easier to distinguish 

between climatically driven and autochthonous events. The Xistral hydrological record is 

assembled from four proxy data sources from Pedrido, a macrofossil score from an NMS 

ordination, humification standard residuals, local taxa and NPPs, and also from three 

proxies from Chan do Lamoso, local taxa, NPPs and humification (McNamee, 

Unpublished data). Raw humification data and residuals from Chan do Lamoso are shown 

against depth in Figure 4.22 while a selection o f the hydrological proxy scores are 

presented in Figure 4.23.
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Figure 4.22 Chan do Lamoso raw humification data expressed as percentage light 
transmission (blue) and detrended standard residuals after correction for a faster decay rate 
in top o f  the core (red). High values indicate poorly humified material.
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The hydrological record will be discussed through the CONISS derived macrofossil zones 

from Pedrido since there is no macrofossil record associated with the Chan do Lamoso site. 

Only a selection of the discussed proxy records are displayed in Figure 4.23. This is 

because the embedded hydrological information of other proxy records did not lend itself 

to easy synthesis into a single score. There are various reasons for this, for instance, the 

scarcity of wet indicator taxa in the NPP records. Distributions of taxa within a proxy 

record, i.e. the Sphagnum and Cyperaceae distributions in the Chan do Lamoso local bog 

record are nearly complementary throughout the profile, and thus the indicator value of a 

score based on them is questionable. However, all proxy data including records left out of 

Figure 4.23 are discussed below. Proxy records are also shown in Figures 4.10, 4.11, 4.18 

and 4.22.

PED-A 281.5 to 250.5cm (5215 to 4583 cal BP)

Fairly wet conditions early in the zone are indicated by the humification residuals which 

show a wet peak around 5000 cal BP at both sites. An additional sign of extra moisture in 

the environment comes from the high percentages of Sphagnum spores in Pedrido. 

Conversely a rather dry signal is sent by the NPPs and local bog taxa from both sites 

through high percentage values o f Calluna, Type 10 and Meliola niessleana spores, 

particularly early in the zone (van Geel, 1978). In both records humification increases 

after c. 5000 cal BP but the record from Pedrido again shows wetter conditions at the end 

of the zone. In summary, both wet and dry indicating proxies have a strong input into this 

earliest zone. A shift towards indicators representing dry conditions after c.5000 years is 

marked and there is a tendency towards somewhat wetter conditions at the end of the zone.

PED-B 250.5cm tol70.5cm (4583 to 2953 cal BP)

Both humification profiles show a trend towards increasing humidity culminating in a peak 

c. 4000 cal BP. This trend is also evident from the macrofossil scores which show the 

peak in wet indicating taxa, later around 3870 cal BP. An echo of wetter conditions may 

also be reflected by larger numbers o f Cyperaceae and somewhat smaller percentages of 

Calluna pollen, as well as fewer Type 10 and Meliola niessleana spores than in the rest of 

the zone in the Chan do Lamoso profile. On the other hand, the local pollen and NPP 

records of Pedrido show little indication of moist conditions. Later on, humification 

profiles, as well as the Pedrido macrofossil and NPP records, show a marked shift towards 

dry indicating values. In Chan do Lamoso, the dry shift is reflected in the local taxa and 

NPPs and lasts longer than in Pedrido where the humification and macrofossil scores show

160



a dry peak at c. 3350 cal BP, which changes into a rapid wet shift with maximum values at 

c. 3000 cal BP. The zone ends with a rapid wet shift in Chan do Lamoso and a dry shift in 

Pedrido. Overall this zone has a rather dry signature but the dry conditions are interrupted 

by pronounced wet peaks, which do not seem to be synchronous among the proxy records.

PED-C 170.5 to 81.5cm (2953 to 1139 cal BP)

The general shape o f the humification and the macrofossil scores give an impression o f 

similarity between the records. Yet the timing o f events between the sites as well as 

between proxy record types seems to be offset. Reading the records at face value without 

accounting for chronological uncertainty the Chan do Lamoso humification is first to 

indicate a dramatic shift to wet conditions starting from the beginning o f the zone. 

Humification in Pedrido follows next with a shift at c. 2800 cal BP with the macrofossils 

trailing behind by about 100 years. The NPP and local taxa from Pedrido are ambiguous 

about this shift with neither wet nor dry indicating taxa particularly prevalent, while there 

is somewhat more support for the shift in their Chan do Lamoso counterparts. During the 

time that the Pedrido chronology indicates as a hiatus, the Chan do Lamoso profile shows a 

continuation o f wet conditions in the humification as well as in the local taxa and in the 

NPP records. All proxies in both sites show an increase in dry conditions at the end o f the 

wet period, which starts around c. 2390 cal BP in Chan do Lamoso and 2300 cal BP in the 

Pedrido profile. After this dry episode all o f the proxy records start to fluctuate again but 

generally indicate wetter than usual conditions until they experience a shift indicating a 

drying. The shift to dry indicating values at the end o f  the zone is marked in the two 

humification records and in the macrofossil scores but not in the local bog and NPP 

records.

PED-D 81.5 to 40.5cm (1139 to 670 cal BP)

Although nearly all proxies show dry indicating values through the beginning o f this 

period the Pedrido humification, macrofossil and local bog records point to increasing 

wetness in the second half o f the zone, while the Chan do Lamoso data are slower to 

change from dry to wet indicating conditions.

PED-E 40.5 to 6.5cm (670 to -22 cal BP)

This zone starts with a big wet peak marked by all proxy records but which is particularly 

strong in the two humification profiles, the macrofossils and the Pedrido local bog taxa. 

All o f these records also point to a short drying o f the bog surface around c. 500 cal BP
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(AD 1450) before reverting back to data indicating wetter conditions, which continue to 

dominate the zone till near the end.

PED-F 6.5 to 0.5cm (-22 to -53 cal BP)

This zone is only covered by the Pedrido proxies which show a dramatic increase in the 

wet indicating taxa o f the macrofossil, NPPs and the local bog proxies. Humification 

shows fresh material since the zone is still in the acrotelm part o f the peat profile.
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4.10 Climate of the NW Iberian Peninsula

In this section the Chan do Lamoso and Pedrido hydrological records are examined in the 

light of local environmental data such as the macroscopic charcoal concentration within the 

two peat profiles (Corcoran, 2007), the LOI results for Pedrido (Section 4.2.2) and the 

hiatus in that core where nearly 300 years of accumulated material seems to be missing 

around 154cm (between c. 2342 to 2627 cal BP). Furthermore the records will be 

considered in the light of regional and some extra regional environmental and climate 

indicator data. In this context regional is defined as an area in the north and north-west of 

the Iberian Peninsula lying within or close to the Eurosiberian biogeographical region but 

excluding the Pyrenees and their foothills (Figure 4.24). The discussion of the 

environmental records follows the CONISS derived macrofossil zones of Pedrido.

At first sight it seems that there are sufficient climatic and other environmental data to 

establish a coherent climate record for NW Spain but this impression could be misleading. 

While there are many palaeoenvironmental records for this area, few of them come with a 

precise chronology, have a high resolution or examine more than one proxy. Furthermore 

many of the NW Iberian environmental records do not have proxies suitable to estimate 

palaeo-hydrology or even palaeo-temperature in one step, instead, these parameters are 

often estimated indirectly from a proxy record that may have been shaped by other 

influences as well as by the parameter to be investigated. An example where the
1 Q

interpretation of a proxy record could be ambiguous is the 5 O record from Kaite Cave,

which Dominguez-Villar et al. (2007) interpret as produced by variations in the amount of

rainfall either within or outside of the rainy season or else as reflecting changes in major

storm track routes. Three publications which base their climate reconstructions on pollen

data have been left out o f this discussion. In one of these, pollen influx data from a core

from the Ria de Vigo is used directly as a climate proxy (Desprat et a l ,  2003), another
18compares percentage arboreal pollen from a compilation of regional records to the 5 O 

signal of the GRIP core and finds some correlations between those sources (Munoz 

Sobrino et a l ,  2005) and, in the third, pollen-climate response surfaces have been 

calculated for three sites in southern Galicia (Allen et a l ,  1996). The pollen-derived 

climate records are ignored here because the time period discussed is characterised by ever 

expanding anthropogenic influence on the vegetation o f NW Iberia and I feel that it may
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not be a simple task to exclude the signal of this progressive modification of the landscape 

from impinging on pollen derived climate reconstructions during this period.

The environmental records used here for comparative reasons include well dated periods of 

major flooding in Spain (Macklin et al,  2006), dated evidence of riverine flooding in 

Spain (Thorndycraft and Benito, 2006), the ratio o f C/N and the in a peat profile 

which act as proxies for peat humification (Martinez Cortizas et al,  2007), a NPP and 

pollen record (Mighall et al,  2006), an environmental multiproxy study compiled from 14 

sites around Galicia concentrating on the period between 3 and 5.5 k years BP (Fabregas 

Valcarce et al,  2003), a temperature record derived from the heating properties of Hg 

extracted from a peat profile (Martinez Cortizas et al ,  1999), a diatom record from a small 

inland lake (Leira, 2005), two grain size and foraminifera records from a deposit near a 

coastal inlet (Martins, 2005, 2006), a Sea Surface Temperature (SST) reconstruction from 

biomarkers from a core taken near a coastal inlet (Diz et al,  2002) an environmental 

record using foraminifera and diatoms as proxies (Lebreiro et al,  2006) as well as the 

British stacked water table record and the mid-European lake levels familiar from the 

Ballyduff climate reconstruction (Magny, 2004; Charman et al ,  2006). More details of 

these comparative records and site locations are given in Figures 4.24 and 4.25 and Table 

4.5.
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Table 4.5 Details o f proxy climate data described in Section 4.9, discussed in Section
4.10 and displayec in Figures 4.24 and 4.25

Site name Site type Proxy data Data source

Period 
covered 
(k yrs 
BP)

ref
F ig .
4 .2 5

Pedrido raised bog humification this project
5 .2 -
present

1

Pedrido raised bog NPP this project
5 .2 -
present

Pedrido raised bog bog taxa this project 5 .2 -
present

Pedrido raised bog macrofossils
(Stefanini et 
a/., 2006)

5 .2 -
present

2

Pedrido raised bog loss on ignition this project 5 .2 -
present

Pedrido raised bog
macroscopic
charcoal

(Corcoran,
2007)

5.3 - 
present

Chan do 
Lamoso saddle bog humification

(McNamee,
Unpublished
data)

5.3 - 
present 3

Chan do 
Lamoso

saddle bog NPP this project 5.3 - 
present

Chan do 
Lamoso saddle bog bog taxa this project 5.3 - 

present
Chan do 
Lamoso

saddle bog macroscopic
charcoal

(Corcoran,
2007)

5.3 - 
present

KSGX 40 
Rias Baixas

marine
sediment

foraminifera
assemblage

(Martins et 
al., 2006)

3 -  present 16

Kaite Cave cave 8 '*0  variablility
(Dominguez- 
Villar et al., 
2007)

4 -  present 6

NW Spain miscellaneous
Br flux and 
others

(Fabregas 
Valcarce et 
al., 2003)

5 .5 - 3 18

Rias Baixas
marine
sediment multiproxy

(Gonzalez- 
Alvarez et al., 
2005)

3 -  present 9

Muros Ria
marine
sediment multiproxy (Lebreiro et

fl/.,2006) 2 -  present 15

Lagoa Grande lake diatoms (Leira, 2005) 9 .8 -
present

14

Lake Sanabria lake geochemical
elements

(Luque and 
Julia, 2002)

2.6 to 
presnt 12

Spain rivers fluvial
deposition

(Thorndycraft 
and Benito,

1 0 .5 -
present 4
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Spain rivers fluvial
deposition

(Macklin et 
al,  2006)

11 -  
present 19

Mid Europe lakes lake levels (Magny,
2004)

1 2 -
present 10

Penido Velio raised bog thermolabile Hg 
concentration

(Martinez 
Cortizas et 
al ,  1999)

4 .6 -
present 13

Pena de Cadela saddle bog C/N«&6‘^N
(Martinez 
Cortizas et 
a/., 2007)

5 .5 -
present 5

KSGX 40 
Rias Baixas

marine
sediment

geochemical
elements

(Martins et 
al,  2005)

5 .2 -
present

ref
in

text
only

Ria de Vigo marine
sediment

benthic
foraminifera

(Diz et a i ,  
2002)

3 -
present 17

Pena de Cadela saddle bog
NPPs (Mighall et 

al ,  2006)

5 .6 -
Dresent 7

Borralleiras blanket bog 5 .8 -
present 8

Northern
Britain

12 raised 
bogs testates (Charman et 

a/., 2006)
4 .5 -
present 11
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4.10.1 PED-A 281.5 to 250.5cm

(5215 to 4583 cal BP)
As described in Section 4.9, the hydrological record from Pedrido and Chan do Lamoso 

opens with most proxies indicating a wet phase. This turns drier through the middle of the 

zone before the humification in Pedrido reverts back to wetter indicating values at the end. 

The initial wet phase also appears in the Spanish flood record derived from fluvial deposits 

(Thomdycraft and Benito, 2006) but has few echoes in other records. There is rather more 

alignment between the Pedrido and Chan do Lamoso proxies and other climate records 

through the drier middle o f the zone with a Br derived humidity proxy as well as high C/N 

ratios, low 6'^N values and low mid-European lake levels after c. 4800 cal BP, all 

suggesting a drier climate (Fabregas Valcarce et ai,  2003; Magny, 2004; Martinez 

Cortizas et al,  2007). The Br derived humidity proxy also shows a wet peak at a similar 

time to the one from the Pedrido humification score at the end o f the zone (Fabregas 

Valcarce et al,  2003).

4.10.2 PED-B 250.5cm to170.5cm

(4583 to 2953 cal BP)
The increasing humidity at the start o f this zone is mirrored to some extent in the Br and 

the fluvial records (Fabregas Valcarce et al,  2003; Thomdycraft and Benito, 2006) but it is 

with the wet peak at c. 4000 cal BP indicated by the Pedrido and Chan do Lamoso 

humification profiles that accord between the proxy records becomes far more visible. 

That wet peak shows up not only in the fluvial records but also in the C/N ratio, the 5'^N 

concentration, as low values from the Kaite Cave speleothem, the Borralleiras NPP 

and pollen discriminant score, the stacked British water tables and the thermolabile 

mercury profile from Penido Velio (Martinez Cortizas et al,  1999; Mighall, 2006; 

Charman, 2006; Dominguez-Villar, 2007; Martinez Cortizas et al,  2007). The subsequent 

trend towards dry indicating scores from both profiles is accompanied by a small peak in 

macroscopic charcoal from Pedrido which is not replicated in the Chan do Lamoso core 

(Corcoran, 2007). A maximum in dry indicating values in Pedrido is reached around 3400 

cal BP. This dry phase is not particularly prominent in the other records but may be 

reflected in the higher 5**0 values from Kaite Cave (Dominguez-Villar et al,  2007). It 

may also be worth noting the low temperature index shown in the Galician multiproxy
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record at this time (Fabregas Valcarce et a l ,  2003). Leira (2005) interprets changes in the 

diatom record of the Lagoa Grande profile as possibly representing longer duration of 

winter cold, while the thermolabile mercury record from Peno Velio indicates that the 

entire period between 3000 and 4000 BP was colder than normal for the late Holocene 

(Martinez Cortizas et a i ,  1999). The geochemical record from the KSGX 40 core taken 

from a muddy deposit near the Ria de Vigo shows a marked cold and dry period also 

between 3800 and 3000 years. Viewed alongside this evidence for a cold period it is 

maybe less surprising that neither the Pedrido nor the Chan do Lamoso profiles contain 

much macro charcoal around this dry peak.

Between 3200 and 3050 cal BP the Pedrido proxies indicate a rapid wet shift which is not 

replicated in Chan do Lamoso. Charcoal levels at both sites increase as the wet shift 

intensifies while the LOI values from Pedrido, which have been falling steadily over the 

previous 500 years, rise somewhat at 3100 cal BP, possibly indicating a temporary abating 

of erosion in the area. A wet shift at this time may also be reflected as low 6 '*0 values 

from the Kaite Cave speleothem (Dominguez-Villar et a l ,  2007), by the increase in Br flux 

(Fabregas Valcarce et a i ,  2003), by the high C/N ratio and low values (Martinez 

Cortizas et al., 2007) and in a rise of the mid-European lake levels (Magny, 2004). The 

pollen and NPP discriminant scores from Pena de Cadela and Borralleiras indicate a long 

lasting wet period, which spans not only the Pedrido wet peak but also the subsequent wet 

period in Chan do Lamoso and the beginning o f the far more widespread wet period 

around the Subboreal/Subatlantic transition.

4.10.3 PED-C 170.5 to 81.5cm

(2953 to 1139 cal BP)
The beginning of this zone features a dramatic and sustained shift to wet conditions in both 

sites. The wet period also coincides with the time of the hiatus and minimum LOI values 

in Pedrido. The shift, which is accompanied by large fluctuations in macro charcoal in 

Chan do Lamoso but not in Pedrido, falls into the period often described as the 

Subboreal/Subatlantic transition (van Geel et al., 1996). In most of the NW Iberian 

climate records a marked wet shift appears around this time. The early and the late part of 

the shift are indicated by two major flooding episodes, one at 2750 and the other at 2560 

cal BP (Macklin et al., 2006) as well as by the C/N ratio and the 5 ’^N concentration 

(Martinez Cortizas et a i ,  2007) and by the pollen and NPP scores from Pena de Cadela and
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Borralleiras (Mighall et a l ,  2006). The humidity component of the mercury climate proxy 

shows increased moisture around 2750 cal BP (Martinez Cortizas et a l ,  1999). A small 

reduction in 5 '*0  values also falls within that period (Dominguez-Villar et a l ,  2007) 

whereas the fluvial records indicate higher probabilities of floods between 2800 and 2300 

cal BP and increases in slackwater flood deposits around 2750 cal BP (Thorndycraft and 

Benito, 2006). In Britain the stacked water tables show high values between 2800 and 

2400 cal BP while the mid-European lake levels are very high between 2750 and 2350 cal 

BP (Magny, 2004; Charman et a l ,  2006). Around the same time SST reconstructions at a 

site off the Ria de Vigo show warm conditions (Diz et a l ,  2002). The low LOI values 

from Pedrido find an echo in the elevated Sr/Rb ratios from Pena de Cadela, which 

Martinez Cortizas et al (2005) interpret as showing erosion in the region.

By 2300 cal BP all of the Pedrido and Chan do Lamoso proxies indicate increasing dryness 

and this is also in accordance with most other proxy records from the area with the
I o

exception of the Kaite Cave speleothem, which shows low 5 O values, and the NPP and 

pollen data from Pena de Cadela and Borralleiras, which indicate the dry spell later and 

thus lag behind most other proxy indicators (Mighall et a l ,  2006; Dominguez-Villar et al ,  

2007). Humification, as well as the local bog taxa and NPPs from Chan do Lamoso and 

the macrofossils from Pedrido, indicate a first wet shift from c. 2000 to 1950 cal BP 

whereas a second wet shift from 1800 to 1700 cal BP is indicated more clearly by the 

Pedrido proxies. The Chan do Lamoso macro charcoal record shows increased levels 

during these two wet phases whereas there is little macroscopic charcoal in Pedrido. The 

first of the two wet shifts is quite clearly demarcated by many of the comparative climate 

records, for instance, by the river flooding probability score (Thorndycraft and Benito, 

2006), by the C/N ratio and the 6'^N concentration (Martinez Cortizas et a l ,  2007) and by 

the stacked British water tables (Charman et a l ,  2006). A major flooding event was dated 

to 1930 cal BP (Macklin et a l ,  2006) and a cold spell is indicated by the Hg temperature 

record from Penido Velio between c. 2200 and 1900 cal BP (Martinez Cortizas et al ,  

1999). The second wet shift is less well defined in the other proxy records except in the 

stacked British water tables (Charman et a l ,  2006).

The next swing towards a wetter environment starts around 1400 cal BP in Pedrido but in 

Chan do Lamoso conditions seem to have turned wetter already around 1600 cal BP 

according to humification, NPP and local bog taxa profiles. The wet period is preceded by 

a macro charcoal peak in Pedrido at around 1450 cal BP. Starting at about 1350 cal BP the
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macrofossil curve indicates a drier environment which lasts for 150 years and finds its 

echoes in the Pedrido NPP and local bog taxa records. Many of the NW Iberian 

environmental proxies indicate cold conditions for this period, for instance, SST 

reconstructions of the Ria de Vigo (Diz et al,  2002), the thermolabile Hg record (Martinez 

Cortizas et al,  1999) and the benthic foraminifera of core EUGC-3B (Lebreiro et al,  

2006). Curiously, the local hydrological proxies are silent through this period and only the 

ones from further afield, like the low 6*^0 from the speleothem, might indicate wet 

conditions (Dominguez-Villar et al,  2007). The high stacked British water tables 

(Charman et al,  2006) and high mid-European lake levels (Magny, 2004) also point to wet 

conditions rather than just a cold period. The probability plots for fluvial depositions start 

rising at this time. The plots continue to indicate high flood probabilities up to the present 

time, a fact which Thorndycraft and Benito (2006) attribute to human impact on the 

landscape as much as to enhanced preservation of the evidence. Nevertheless the authors 

identify the period between 660 and 550 cal BP as one of fewer flooding episodes than at 

other times in the past 1500 years.

The zone ends in a rapid shift to dry indicating proxy values which are preceded by the 

largest charcoal peak in Pedrido (Corcoran, 2007). The Penido Velio temperature index 

records a shift to warm conditions in this period, which Martinez Cortizas et al  (1999) 

interpret as the Medieval Warm Period while the Kaite Cave speleothem 6*^0 values are 

high, pointing to a dry environment (Dominguez-Villar et al,  2007). The mid-European 

lake levels record low values (Magny, 2004) but the stacked British water tables do not 

show either warm or dry conditions (Charman et al,  2006).

4.10.4 PED-D 81.5 to 40.5cm

(1139 to 670 cal BP)
The Pedrido and Chan do Lamoso profiles describe a change from a dry environment to 

increasing humidity through this zone. The timing o f this change is different between the 

two sites and proxy records. However most proxies indicate an overwhelmingly dry period 

in the first half of the zone, a situation which ties in with the high charcoal levels found in 

both sites, making this the only period with a synchronous charcoal peak in the two 

profiles (Corcoran, 2007). Among the regional climate records the early dry signal is 

mirrored in the 5*^0 values from Kaite Cave which stay high until c. 900 cal BP
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(Dominguez-Villar et al., 2007), the pollen and NPP discriminant scores from Pena de 

Cadela and Borralleiras indicate rather dry conditions until c. 800 cal BP (Mighall et al., 

2006), while the Penido Velio Hg index shows dry until 900 cal BP but exceptionally 

warm only until 1050 cal BP (Martinez Cortizas et a l,  1999). Mid-European lake levels 

stay low until 750 cal BP (Magny, 2004) but the stacked British water tables do not show a 

pronounced dry signal in this period at all (Charman et a l,  2006). Thus most of the 

comparative records do not show the initiation of a strong wet or cold signal until 

sometime after 800 cal BP, a circumstance which agrees quite well with the proxy records 

from Pedrido and Chan do Lamoso.

4.10.5 PED-E 40.5 to 6.5cm

(670 to -22 cal BP)
This zone is characterised by a marked increase in wet indicating values that are 

interrupted by a short-lived drying o f the surfaces in both bog profiles at c. 500 cal BP. 

Many of the NW Iberian climate records report a strong cooling around the Little Ice Age 

but shifts to wet indicators are also common. They appear, for instance, in the pollen and 

NPP discriminant score of Borralleiras and Pena de Cadela as well as in the Hg index of 

Penido Velio, where they last until c. 500 cal BP (Martinez Cortizas et a l,  1999; Mighall 

et al, 2006). After a relatively calm period between 650 and 550 cal BP the probability of 

flooding increases again during the next few centuries (Thorndycraft and Benito, 2006) 

and major flooding events from Spain are recorded at 660 and 570 cal BP (Macklin et al, 

2006). On the other hand, the 5**0 from Kaite Cave show high values during this period 

(Dominguez-Villar et a l,  2007) and the C/N ratio as well as the 6'^N concentration both 

indicate a dry phase (Martinez Cortizas et al,  2007). There is rather more evidence for a 

cold environment during the Little Ice Age. For instance, on two occasions the SSTs drop 

sharply at c. 550 and 200 cal BP (Diz et al,  2002) and a cold signal is also indicated by the 

Hg index between c. 600 and 200 cal BP (Martinez Cortizas et a l,  1999). Martins et al 

(2005, 2006) attribute the increased levels of illite and chlorite and the benthic 

foraminiferal assemblage in their sedimentary core from the Rias Baixas to a cooling 

between c. 400 and 250 cal BP; while Lebreiro et al (2006) assume that their foraminifera 

derived 5 '^0  index indicates colder bottom waters, in a signal which is particularly clear 

between 700 and 100 cal BP at their second more southerly site, the Tagus Prodelta. Core 

CGPLOO-1 taken from the Rfas Baixas gives evidence for an intense cold upwelling at
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AD 1420 (530 cal BP) (Gonzalez-Alvarez et a l,  2005) while Luque and Julia (2002) 

interpret the low level of biotic remains in lake Sanabria as a sign o f low lake productivity 

and attribute it to a cold climate.

4.10.6 PED-F 6.5 to 0.5cm

(-22 to -53 cal BP)
The Pedrido proxies show a dramatic increase in the wet indicating taxa in recent decades. 

The wet indicating humification residuals could be due to the less decayed peat in the top 

of the core. However the macrofossil record shows more Sphagnum imbricatiim leaves at 

this point then at any other point in the core and the same applies to Assulina, the remains 

of a wet indicating testate amoebae in the NPPs record (van Geel, 1978). One reason for 

the scarcity of this shift in other environmental records is that few of the examined records 

reach the present time or have the resolution necessary to find this shift. However 

Thorndycraft and Benito (2006) report an increase in the Spanish riverine flood probability 

in recent times and Mighall et al. (2006) find wet indicating pollen and NPP types in their 

Borralleiras but not in their Pena de Cadela core.

Section 4.10 set out to compare the results from this study to the climatic and 

environmental information available for the region. When considering the climate proxy 

curves from Pedrido and Chan do Lamoso it should be borne in mind that they were 

constructed from normalised data and that their original amplitude was generally much 

smaller than it was in Ballyduff. In other words the Galician peat matrix held less moisture 

than its Irish counterpart and consisted of more homogenously broken down plant material. 

Nevertheless both wet and dry shifts in the Spanish proxy records were deemed to have 

been of climatic origin rather than due to other factors. There was no evidence of peat 

cutting at either site even though the saddle bog of Chan do Lamoso did show signs of 

recent erosion. Bog bursts were excluded as possible causes o f dry shift signals because 

the small size of the bogs together with the dense consistency of the peat makes them very 

unlikely at these sites.

The evaluation of proxy records from Chan do Lamoso and Pedrido in the light of north 

and NW Iberian environmental records shows good agreement through much of the last 

5000 years. But the exercise leaves many questions unanswered, some revolving around 

different climate forcing mechanisms and their signature in proxy records along a
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warm/cold and dry/wet gradient. Others are to do with the link between temperature and 

humidity in an area where summer water deficits are pronounced and where most 

precipitation falls in autumn and least in the summer months (Figure 2.1). To explore the 

relationship between the nature and timing o f climatic events between sites further, many 

o f the NW Iberian proxy records would need improved chronological control and sample 

resolution. Although several o f the more recent publications are based on an impressive 

array o f environmental proxy information some other studies might benefit from a multi

stranded approach, which might potentially render them more robust.

4.11 Ordination ofXistral Vegetation Data

Nonmetric Multidimensional Scaling (NMS) ordinations o f the pollen data were calculated 

for Pedrido and Chan do Lamoso using the PC-ORD package (McClune and Mefford, 

1999). All taxa with more than a sporadic occurrence were included in the ordination; i.e. 

ones that occurred in more than approximately 10% o f the samples. The pollen counts 

from the top samples o f Pedrido are dominated by pine. The pine pollen originates mostly 

from introduced trees, many o f which are growing on the slopes around the bog. Because 

o f this the top four pollen samples from Pedrido were excluded from the ordination in 

order to avoid substantial outliers. The sample at 120.5cm was also excluded since it did 

not contain much pollen and the pollen that was there was degraded and not easily 

identifiable. It left a distance matrix o f 32 taxa and 66 sample units for Pedrido, 28 taxa 

and 41 sample units for Chan do Lamoso and 30 taxa and 107 sample units for the 

combined Xistral ordination. Five successive runs o f NMS produced similar and stable 

two dimensional solutions with typical stress levels o f 9.3 for Pedrido, o f  10.2 for Chan do 

Lamoso and 9.6 for Xistral. These levels compare to 15.3, 18.0 and 16.5 respectively in 

randomised data calculated in a Monte Carlo test with 250 runs o f  real and randomised 

data. A Sorenson (Bray-Curtis) city block distance measure was used for all calculations. 

For ease o f comparison all ordinations have been rotated so as to overlay the ‘% tree’ 

environmental variable onto the left side o f Axis 1. Ordinations are presented in five plots, 

Figures 4.26 to 4.30. Figure 4.26 and 4.28 display pollen types within sample groupings 

relative to the two axes for Pedrido and Chan do Lamoso. The samples are colour coded 

by their pollen assemblage zones (PAZ). Figures 4.27 and 4.29 show environmental 

variables from a second matrix superimposed on the Pedrido and Chan do Lamoso scatter-
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plots while Figure 4.30 presents a scatter-plot o f  all Xistral data with samples from both 

sites colour coded by their respective PAZ.

4.11.1 Pedrido NMS

In the Pedrido ordination the oldest samples from PAZ PED-1 group tightly at the left end 

o f Axis 1 (Figure 4.26). From a species perspective these samples seem to be associated 

with forest tree pollen such as hornbeam, elm, deciduous oak and alder as well as with 

more shrubby, transitional and forest edge trees such as ivy, hazel and birch. Evergreen 

oak is also linked with this group as is Polypodium  and the meadow buttercup. The left 

hand side o f Figure 4.26 shows the tree dominated end o f the spectrum and the tight 

grouping o f PED-1 samples as opposed to samples from PED-2, which are spread both 

horizontally and vertically but which are still very much linked with the group o f tree 

dominated taxa. It is only with PED-3, the zone that spans an era from late prehistory 

through to the Roman Empire, the Visigoth Kingdom and lasts into early medieval times, 

that the move away from tree-dominated ordination space is evident. Not surprisingly for 

such a long and varied time span, the samples from PED-3 are scattered widely. They 

occupy the centre o f  Axis 1 but on Axis 2 they are distributed mainly in the bottom half 

In this respect they are opposite to the samples from PED-4a which group not only further 

to the right but also predominantly above Axis 1. Juxtaposing the distributions o f these 

two zones may give an indication o f the underlying order responsible for the vertical 

spread o f samples in ordination space. The PED-3 group seems to be associated more with 

weedy pollen types such as mugwort, Convallaria, Caryophyllaceae, Rubiaceae, 

Chenopodiaceae, ragweed, Crepis and plantain whereas the PED-4a samples may be 

related to cultivated and introduced taxa such as wheat, millet, cereals, sweet chestnut and 

grass. There are exceptions to this scheme, in so far as barley and rye fall below the wild 

to cultivated divide and dock and ash appear above the line among the cultivars. The few 

samples belonging to the most recent zone included in this ordination, PED-4b, are spread 

widely, two above and two below the horizontal line. This spread makes it difficult to 

associate these samples with a vegetation type. Still there is one pollen taxon, Ilex, which 

seems associated with this last group. Its placing may be reflecting a relatively recent 

colonisation o f the Xistral uplands by this shrub.
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As mentioned above all ordinations were rotated, here by 8°, so as to overlay the vector 

representing the % Arboreal Pollen (AP) from the second matrix with Axis 1. Figure 4.27 

shows the Pedrido ordination with a bi-plot o f environmental proxy variables. Since the 

bog pollen has been excluded from the ordination and the percentage o f fern spores are 

relatively small the % o f NAP is nearly an inversion o f the % AP and by definition both of 

these are strongly correlated with Axis 1. The angle between sample age and % tree pollen 

is very small demonstrating that deforestation in Pedrido happened progressively over time 

during the last 5200 years. In a recurrence o f the Ballyduff scenario the proxy climate 

variables and the pollen data do not correlate in Pedrido Bog either. Table 4.6 gives 

correlation coefficients between the ordination axes and the environmental proxy data.

Table 4.6 Pearson’s r and K endall’s tau, coefficients o f correlations between the Pedrido 
NMS ordination axes and vegetation and climate proxy data from the secondary matrix. 
Statistically significant coefficients at the 5% level are presented in bold type.____________

Pearson and Kendall Pearson and Kendall

correlation o f secondary correlation o f  secondary

matrix and Axis 1 matrix and Axis 2

R tau r tau

Humification residuals 0.050 0.054 0.011 0.044

Loss on Ignition residuals -0.131 -0.221 0.193 0.124

Macrofossil NMS scores 0.157 0.192 0.236 0.083

Macro Charcoal residuals 0.258 0.055 0.317 0.220

% tree and shrub pollen - 0.987 - 0.897 -0.040 -0.033

% herb pollen 0.992 0.907 0.021 0.006

Sample age - 0.870 - 0.674 -0.147 -0.112

Correlation coefficients in Table 4.6 are printed in bold where they are statistically 

significant at the 95% level. Correlation coefficients larger than 0.242 and smaller than 

-0.242 have a 5% probability o f  being due to chance whereas that percentage falls to 1% 

when the coefficients are larger than 0.315 or smaller than -0.315. Cut o ff points were 

calculated with 64 degrees o f  freedom (df).

In the Pedrido dataset there are no climate proxy variables that have a statistically 

significant correlation with the pollen data. But macroscopic charcoal (Corcoran, 2007) 

correlates weakly with both axes indicating that there were more fires in the vicinity o f the
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bog in recent times when the landscape was more open (correlation with Axis 1) and that 

the fires happened more often during agricultural cultivation phases, (correlation v/ith Axis 

2).

4.11.2 Chan do Lamoso NMS

Unlike Pedrido, the oldest zone SAD-1 is not the only one associated strongly with forest 

or even arboreal pollen. SAD-2 seems to group very similarly along Axis 1. However, the 

vertical distribution o f the two zones distinguishes them sharply (Figure 4.28). SAD-2b 

looks to be associated slightly more with taxa such as pine, unidentified fern spores, 

deciduous oak and alder, while the older SAD-1 group has stronger links to hazel, elm, 

Polypodium  and birch. The ecology o f birch and hazel in particular could be interpreted as 

transient within a woodland succession. But their link with the oldest PAZ may not 

constitute strong enough evidence to suggest a deforestation phase prior to the opening o f 

the record. From the ordination, SAD-2a looks like a forest regression episode. The two 

samples in this zone are associated with less tree pollen than either the samples before or 

after (Axis 1) and with disturbed ground taxa such as mugwort, bracken and 

Chenopodiaceae. Indeed within ordination space the samples from sub-zone SAD-2a are 

most closely related to the samples from SAD-3, a period which is between 1200 and 2300 

years younger, than the PAZ immediately above or below SAD-2a. Pollen distributions in 

SAD-3 are most strongly correlated with Axis 2 even though there is considerable spread 

in either direction within the zone. The samples from the top zone, SAD-4, group to the 

right o f the ordination showing their clear association with Axis 1 and hence a more open 

landscape. They also group with the Senecio pollen type.

The Chan do Lamoso ordination plot was flipped vertically and rotated by -6° in order to 

overlay the % trees on Axis 1 (Figure 4.29). With a similar general layout o f the bi-plot as 

Ballyduff and Pedrido, there are nevertheless considerable differences in the correlations 

between the axes and the environmental variables o f Chan do Lamoso. To begin with, the 

angle between the age and the % AP variable is much larger than at the other sites leading 

to a significant and reasonably strong correlation between Axis 2 and age (Table 4.7). This 

correlation may well help in explaining some o f the underlying gradient o f Axis 2. 

Younger samples might be expected to group higher along Axis 2 because o f this age 

correlation. Otherwise the implications o f the grading along this axis remain rather 

elusive, even though the zones SAD-1 to SAD-3 are all closely defined along Axis 2. This
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could in part be due to the size o f this dataset, which contains only 41 samples. Like in the 

other sites, the environmental proxy data o f Chan do Lamoso do not correlate with the 

variance in the pollen dataset suggesting that neither the bog surface water availability nor 

the fire regime around the site had a systematic impact on the local vegetation over the past 

five millennia. This higher altitude site probably has a larger pollen source area than 

Pedrido and so is recruiting pollen from above the tree line as well as from lower altitudes, 

which might explain its less distinctive pattern in the NMS ordination. Statistical 

significance was calculated on a dataset with 39 d f where cut off points for the 5% level 

were ±0.308 and at the 1% level ±0.398.

Table 4.7 Pearson’s r and Kendall’s tau, coefficients o f correlations between the Chan do 
Lamoso NMS ordination axes and vegetation and climate proxy data from the secondary 
matrix. Statistically significant coefficients at the 5% level are presented in bold type.

Pearson and Kendall Pearson and Kendall

correlation o f secondary correlation o f secondary

matrix and Axis 1 matrix and Axis 2

r tau r tau

Humification residuals -0.225 -0.085 0.261 0.227

Macro Charcoal residuals 0.126 0.193 0.208 0.188

% tree and shrub pollen - 0.985 - 0.854 0.039 -0.102

% herb pollen 0.983 0.841 -0.14 0.017

Sample age - 0.698 - 0.437 - 0.409 -0.295
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4.11.3 Combined Xistral NMS

In order to explore rather than to help explain differences between the two Spanish pollen 

datasets an ordination containing data from both sites was calculated (Figure 4.30). The 

ordination was rotated through 84° so that the % AP came to lie over Axis 1 o f the scatter- 

plot. The symbols o f sample points in Figure 4.30 are colour coded in such a way as to 

help visually locate points from comparable ages across the two sites. This arrangement is 

only suitable to give a loose impression o f the similarities o f the pollen samples between 

the two sites but it shows that the CONISS-derived PAZ are broadly comparable in both 

profiles. Samples from similar aged PAZ appear together regardless o f their site o f origin. 

PED-1 samples form an exception as they cluster tightly on the extreme left o f Axis 1 

representing more influence o f tree pollen and greater similarity between pollen samples in 

Pedrido than in Chan do Lamoso at the start o f the records. The cloud o f points in the 

ordination is crescent shaped taking in either end o f Axis 1 and only the positive side of 

Axis 2. Like in Chan do Lamoso the underlying trend o f Axis 2 remains elusive. The 

environmental variables display the now familiar pattern with a small angle between the 

age and tree variable and hardly any correlation between either humification or 

macroscopic charcoal and the pollen dataset. In general the older clusters group together 

more tightly, indicating more homogeneity between samples at a time when human impact 

was lower.
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4.12 Rates of Change Xistral

The same methodology as in Ballyduff was used to calculate the Rates Of Change (ROC) 

of the two Spanish pollen datasets. The pollen data from the two sites were interpolated in 

such a way as to use as many existing pollen samples in the interpolated datasets as 

possible. Interpolated samples were created at equal time slices of 81.6 years for Pedrido 

and of 101 years for Chan do Lamoso reflecting the accumulation rates in the lower part of 

the profiles. The shape of the dissimilarity curves calculated as cord distances were similar 

regardless of whether full dataset or reduced versions were used (see Section 3.9). The 

dissimilarity or ROC curves shown were calculated from full datasets but without rare 

types, bog taxa or NPPs (rare types are shown in Appendix 4b and 4c). They reach scores 

of between 1 and 7 in Pedrido and of between 1 and 3 in Chan do Lamoso (Figures 4.31 

and 4.32).
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Figure 4.31 Pedrido curves of ROC, arboreal pollen percentage and palynological diversity 
defined as the number of taxa per sample excluding NPPs. All data are displayed as 2 
point moving averages and shown with PAZ boundaries.

Figure 4.31 shows the extent of variance in the Pedrido ROC, percentage AP and pollen 

diversity alongside each other. From the fluctuations of the three curves it appears that the 

periods of reduced arboreal pollen in the earlier part of the Pedrido profile often coincide 

with high ROC and increased palynological richness. Indeed marked peaks of at least two 

of these parameters occur at c. 4300, 3720, 3400 and 2800 cal BP and tie in with a 

hypothesis of forest contraction episodes leading to bigger dissimilarities among pollen

187



samples o f equal time intervals and higher palynological diversity. During the part of the 

profile which covers the historic period the relationship between the three parameters 

seems to change. Deforestation episodes occur at c. 2200, 1200 and from 400 cal BP but 

they do not coincide with higher palynological diversity and dissimilarity. Instead the 

2200 and the 1200 cal BP low % AP episodes overlap with low diversity and mean 

dissimilarity values. There are several ways o f interpreting these data. For instance, as a 

threshold function; if the percentage AP falls below a certain level deforestations in the 

Xistral Mountains no longer lead to high palynological diversity and dissimilarity values. 

Another interpretation might focus on grazing pressure: high grazing pressure might keep 

diversity and dissimilarity scores low also. Since medieval times deforestation has 

increased in tandem with higher pollen diversity and low dissimilarity between samples, 

possibly reflecting the introduction o f ‘exotic’ taxa. The recent afforestation on the other 

hand is reflected by a rise in dissimilarity scores and a drop in diversity.

The Chan do Lamoso profile paints a different picture to Pedrido (Figure 4.32). For one, 

the initial % AP is below 80% at the start o f the record and forest contraction episodes are 

less clear-cut than they are in Pedrido. They can be made out at c. 5200, 4300, 3750, from 

3400 to 3100, 2000 and 1200 cal BP but only the episodes at c. 3400 and at 2000 cal BP 

coincide with higher palynological diversity and only the latter is reflected in high 

dissimilarity scores.
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Figure 4.32 Chan do Lamoso curves o f ROC, arboreal pollen percentage and palynological 
diversity defined as the number o f taxa per sample excluding NPPs. All data are displayed 
as 2 point moving averages and divided by PAZ.
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Like in Pedrido the deforestation episode at c. 1200 cal BP coincides with low 

palynological diversity and below average dissimilarity. Taking the two sites together it 

seems as if  almost all o f the episodes o f forest regression were recorded in both sites with 

the exception o f the ones occurring between c. 3100 and 2800 cal BP. However the 

sharply demarcated troughs in the tree pollen curve o f Pedrido, where AP percentage often 

drops by up to 20%, are more diffuse in Chan do Lamoso with drops in AP percentage 

generally only reaching half this amount. Not surprisingly, the better defined changes in 

%AP in Pedrido also carry higher dissimilarity scores at that site. This is also at least to 

some extent the case with the palynological richness, which has a similar amplitude overall 

between the two sites but which remains generally low in Chan do Lamoso until about 

2400 years ago and only reaches peak values at c. 2200 and 600 cal BP. The flatter ROC 

curve suggests that this site is less sensitive to detecting the changes recorded in Pedrido, 

although the overall trend in AP pollen fluctuation is similar. This is to be expected from a 

high altitude site at the top o f a mountain range (Spear, 1989; Sanchez Goni and Hannon, 

1999; Bunting et a i ,  2008)

4.13 Pollen Source Area Xistral

A  brief consideration o f the Relative Pollen Source Area (RPSA) around Ballyduff is given 

in Section 3.10. In Ballyduff a crude estimate o f RPSA in the Irish Midlands had to suffice 

since it was not possible to quantify this parameter given the lack o f available data. In the 

Xistral Mountains the situation may be even more complex.
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Plate 4.1 Looking north-westwards from near Chan do Lamoso towards the coastline on 
the horizon.

Here the prevailing late spring and summer winds are frequently caused by high pressure 

above the Azores which gives them a low moisture content and a northerly direction 

(Section 2.2.3) (Martinez Cortizas et ai, 2000). Thus much of the pollen rain falling on 

the Xistral uplands is likely to have originated between the coast and its point of 

deposition. Both strong winds and diminished rainfall might potentially contribute to more 

pollen arriving from further afield, the first by providing efficient dispersal and transport 

and the second by keeping the pollen airborne for longer. The pollen source area may vary 

between the two Xistral sites because of their different topography. Chan do Lamoso lies 

at c. 1000m a. s. 1. exposed on a hill top with a clear line of vision northward to the c. 

25km distant coast line (Plate 2.4 and 4.1) while Pedrido lies at c. 800m a. s. 1. in the lee of 

higher ground to the west and north which gives the site more wind shelter (Plate 4.2). 

The pollen of many plants that do not occur at this altitude on such shallow acid soils today 

are found in significant numbers in both Xistral profiles. One of the implications of all of 

the above factors might be that the background pollen input is greater in the Xistral 

Mountains than it is in Ballyduff. This is particularly likely in Chan do Lamoso where the 

higher altitude as well as the more ‘diffuse’ signature of the pollen record (Section 4.12)



makes a predominantly local signal implausible (see also Section 4.14.3). Bunting et al. 

(2008) model the pollen loading o f upland sites and suggest that by increasing the 

asymmetry o f the modelled wind rose they can represent factors affecting the pollen 

loading o f  upland sites such as thermal pollen uplift, wind channelling and high wind 

speeds. They find that ‘with increasing asymmetry o f wind rose, the proportion o f 

downslope taxa at upslope locations increases m arkedly.’ In upland, as in other sites, the 

pollen loading is species- specific and Bunting et al. (2008) use empirically generated 

fallspeeds and relative pollen productivity estimates for Calluna to simulate moorland taxa 

above the tree line. They find that in the most skewed wind rose simulation the overall 

representation o f Calluna drops by 15% as compared to uniform wind rose simulation. 

Like in empirical studies o f upland sites. Bunting et al. (2008) also find that pollen from 

lowland forest and slope vegetation makes up a large portion o f the pollen loading o f sites 

above the tree line (Spear, 1989; Tinner et al., 1996).

Plate 4.2 Looking westwards towards Pedrido Bog with higher ground and Pinus pinaster 
and Pinus contorta plantations in the background.
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4.14 Vegetation History of the Xistral Mountains

In this section the pollen stratigraphies of both Xistral sites are interpreted with regards to 

each other, the hydrological and environmental records, background information on 

archaeology and history and other pollen studies from the NW Iberian Peninsula.

With the exception of macroscopic charcoal in Pedrido, no apparent long-term correlations 

between the pollen datasets and either the hydrological or the environmental indicators 

were found through NMS ordination but considerable overlap between the pollen records 

of the two sites was identified in Sections 4.11 and 4.12. Here the shorter term 

relationships between the records will be explored in more depth using the Pedrido PAZ 

and loose references to archaeological age divisions. There are many published pollen 

studies from the NW Iberian region (Menendez Amor and Florschiitz, 1961; Ramil Rego et 

al,  1991; Ramil- Rego and Aira Rodriguez, 1993a, 1994; Allen et al,  1996; Munoz 

Sobrino et al,  1997; Ramil-Rego et al,  1998; Santos et ai,  2000; Munoz Sobrino et al,  

2001; Munoz Sobrino et al ,  2004; Santos, 2004; Mighall et al,  2006). One of them comes 

even from Chan do Lamoso (Ramil- Rego and Aira Rodriguez, 1994; Ramil-Rego et al,  

1998) but this study, as well as many of the others, lack even moderate chronological 

resolution, which makes it difficult to discuss their trends in any but the broadest context. 

Because of this lack of dating control many of the records that should be drawn into this 

discussion of the regional vegetation history are left at the fringes of it.

Consult Figures 4.11 and 4.18 for local bog taxa distribution. Figures 4.12, 4.13, 4.19 and 

4.20 for percentage tree and herb pollen, Figures 4.14 and 4.21 for regional pollen 

concentration, Figures 4.31 and 4.32 for ROC and palynological diversity and Figures 4.33 

and 4.34 for composite percentage diagrams with hydrological and environmental proxies.
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4.14.1 Mid-and late Neolithic

(c. 3350 to 2390 BC)

PED-1: 280.5 to 238.5cm (5198 to 4339 cal BP) but starting from SAD-1 c. 
5400 cal BP
This zone is characterised by high but variable tree pollen percentages in both profiles. 

The first oscillation occurs in the Chan do Lamoso profile after 220.5cm (c. 5290 cal BP) 

and starts with a drop in deciduous oak and hazel pollen. A peak in macroscopic charcoal 

(Corcoran, 2007) occurs during a wet phase according to humification but not according to 

the local taxa and the NPPs. The rising grass and undifferentiated cereal pollen percentage 

and concentration values at the time o f the charcoal peak suggest an anthropogenic origin 

to this disturbance. At this point it may be prudent to question the provenance o f the 

undifferentiated cereal pollen. This taxon has been separated from Poaceae pollen on the 

basis o f its size class and other measurements as laid out by Beug (2004) (Section 2.6.3). 

However, further differentiation was not feasible either because the degraded nature o f a 

grain did not allow for such differentiation or because the ultra-structure o f the grain did 

not clearly fall into any o f the categories o f the key. This means that the Cerealia group 

may contain uncultivated grass pollen o f cereal size class. It is generally accepted that 

Neolithic culture was introduced into north and NW  Iberia around c. 5500 BP (c. 6300 cal 

BP) (Diaz-Andreu and Keay, 1997; Pena-Chocarro et a l ,  2005) and discontinuous cereal 

type pollen is found in Galician deposits from about this time onwards (Ramil- Rego and 

Aira Rodriguez, 1993a; Ramil-Rego et al., 1998; M unoz Sobrino et a l ,  2001, 2005). The 

cereal component in the Chan do Lamoso profile amounts to 2.2% o f the pollen sum at c. 

5290 cal BP, possibly a high percentage for this time and place. This suggests that the 

cereal pollen curve might contain some grass pollen o f the cereal size class.

Speculation on the origin o f the Chan do Lamoso charcoal peak has to take its duration as 

well as its probable source area into account. Charcoal analysis was undertaken at high 

resolution, suggesting that elevated charcoal levels lasted for about 200 years (Corcoran, 

2007). M unoz Sobrino et al. (2005) cite evidence for a fluctuating timber line in these 

uplands during the late Holocene but they believe that no trees were growing on the 

flattened, windswept hilltops at this time. If their assumption o f  treeless hilltops is correct 

then the macroscopic charcoal on Chan do Lamoso must derive from in situ charred plant 

material or from lower slopes, upland basins or even lowland valleys. Macroscopic 

charcoal is thought to originate close to the site o f its deposition with the possible
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exception of charcoal produced by large forest fires (Peters and Higuera, 2007). Were it 

not for the relatively small source area of macroscopic charcoal the peak could 

comfortably be interpreted as caused by forest clearance in preparation for agriculture. 

Boado and Valcarce (1989) suggest that the setting of megalithic monuments, so prevalent 

in Galicia around this time, was closely linked to light and free draining soils easily cleared 

of vegetation and that a slash and burn practice may have been used to clear tracts of land 

which could have been abandoned once they were exhausted. Dense clusters of megalithic 

monuments locally known as ‘mamoas’ occur mostly on elevated ground at around 600m 

altitude in Galicia but are not restricted to these levels (Criado Boado and Fabregas 

Valcarce, 1989; Fabregas Valcarce et a i, 2003). An alternative explanation of the 

charcoal peak might be the clearing o f scrub or forest to facilitate grazing and exploitation 

of red deer. Bradley et al. (1994) show the close association of rock carving distribution 

and routes that are used today by free ranging animals such as wild horses during summer 

droughts. The rock art is typically located in small valleys and basins in a wide area 

covering the lower uplands around the coast of Galicia. A majority of these inland 

carvings are found at the boundary between land suitable for cultivation all year round and 

the more marginal uplands. The carvings mostly depict red deer and date to the late 

Neolithic and Bronze Age (Bradley et a i,  1994).

Whatever the origin of the charcoal peak, its timing is closely associated with this forest 

clearance and coincides with the beginning of the Pedrido record where there is no 

contemporary evidence either for forest clearance, agricultural activities or elevated 

charcoal levels. Yet Mighall et al. (2006) also report a period of forest decline at this time, 

and Martinez Cortizas et al. (2005) point to high charcoal and high Sr/Rb ratios from the 

same core and use the latter as a proxy for erosion in the nearby peat bog of Pena da 

Cadela between 5250 and 4930 cal BP. Furthermore, Munoz Sobrino et al. (2005) compile 

a number of records to demonstrate ‘cycles of instability in NW Iberia’, one of which falls 

into the period 5283 and 4472 cal BP. It thus seems as if the forest regression recorded in 

the Chan do Lamoso profile might be part of a more widespread phenomenon.

A fall in hazel pollen percentage registers in Pedrido at 256.5cm (4705 cal BP) and is 

accompanied by a wet shift as indicated by a drop in Type 10 and Calluna and by the 

humification residuals of Pedrido but not of Chan do Lamoso. The record shows no 

anthropogenic indicators for this period, suggesting that the cause of this small drop in 

hazel pollen lies elsewhere. The wet shift is one candidate for the hazel pollen drop but the
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shift seems to be a local phenomenon since it did not register in Chan do Lamoso. It is 

conceivable that the wet shift could have influenced the ecology o f  hazel scrub growing on 

or near the bog but it is maybe less likely that it would have done so if  the scrub was 

growing further away. Whilst the dissimilarity scores show somewhat rising chord 

distances (Figure 4.31), the Pedrido ordination scatter-plot emphasises the similarity o f all 

pollen samples in this zone (Figure 4.27) giving a further indication o f only minor 

implications o f the drop in hazel pollen. The zone ends with hazel regeneration in Pedrido 

which leads to maximum AP values. In Chan do Lamoso a similarly large percentage 

increase in hazel looks as if  it might at least partly be due to the reduction in other tree 

pollen at this time particularly deciduous oak and birch (Figure 4.19).

4.14.2 Chalcolithic, Bronze Age and beginning of the Iron Age

(c. 2390 to 840 BC)

PED-2: 238.5 to 162.5cm (4339 to 2790 cal BP)
PED-2 covers a turbulent period in the pollen profiles and the hydrological record. Both 

profiles start out with a drop in hazel pollen and a concurrent rise in deciduous oak. This 

leads to an overall reduction o f about 10% of AP in Pedrido as compared to the last zone. 

In Chan do Lamoso the reduction in AP is somewhat smaller probably reflecting the higher 

altitude o f this site and hence the greater distance between the trees and the coring location. 

Here birch and alder recover some o f their lost ground alongside oak. O f the non- arboreal 

taxa, grass and cereals gain most ground. Among the group o f cereals, the finds o f rye 

type pollen, Secale, in Chan do Lamoso stand out. It is unusual to find rye pollen or seed 

in pre- Iron Age sediments in Europe and even more so at the western fringe o f the 

continent (Behre, 1992; Kiister, 2000). Single finds o f  rye do occur among large numbers 

o f other grains, mainly wheat and barley, from the Neolithic onwards but they usually 

make up only a very small percentage and are thought to represent weed contamination o f 

the crop. In Chan do Lamoso finds o f one or two rye type pollen grains are common in 

samples from 200.5cm (c. 4850 cal BP) onwards and a continuous curve appears from 

100.5cm (c. 2450 cal BP). In Pedrido early occurrences o f rye type pollen are far less 

frequent and it takes until 104.5cm (1486 cal BP or c. AD 464) until the rye curve becomes 

continuous. The timing o f  the appearance o f rye in Pedrido agrees well with the large 

body o f palynological and palaeobotanical data on initial rye cultivation in Europe while 

the Chan do Lamoso data do not fit with that body o f data (Behre, 1992; Kiister, 2000). It 

would thus seem that there is a need for an alternative explanation to local pollen
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deposition for the rye pollen at that site. The most likely explanation may centre around 

the misidentification o f Lygeum spartum  as rye. According to Beug (2004) Lygeum 

spartum  is an important steppe grass which grows close to the M editerranean in North 

Africa. Its pollen resembles Secale and some single grain finds o f this grass pollen have 

been recorded as far north as the Alps.

The Chan do Lamoso CONISS zonation sets the section between 163.5 and 153.5cm (c. 

3960 and 3720 cal BP) apart as a separate PAZ, SAD-2a. The basis o f this division is 

probably due to the fall o f hazel pollen values at the same time as marked rises in pine, 

oak, alder and grass pollen (Figure 4.19). With the possible exception o f pine, the 

increases in the AP taxa and grass are more conspicuous in the percentage diagram then in 

the concentration diagram (Figures 4.19, 4.20 and 4.21). It is interesting to note that 

neither the dissimilarity nor the species diversity curves change much during this short 

period but the hydrological records from both sites indicate a rapid wet shift followed by a 

swing to dry conditions (Figures 4.33 and 4.34). The Pedrido diagram does not indicate a 

drop in hazel at this time but such a fall is noted during another wet shift in Pedrido at 

256.5cm (4705 cal BP) (Section 4.14.1). Hazel pollen values increase during some dry 

periods in Ballyduff and there they are interpreted as a colonisation o f the bog margins by 

the shrub (Section 3.12.4). Adding up the implications o f the records it would seem that 

hazel pollen values and not the distribution o f the other taxa are responsible for the SAD- 

2a zone division and that fluctuations in hazel pollen can sometimes be linked to the 

hydrological status o f a bog. However, that relationship is not constant, as there are 

fluctuations in hazel pollen that do not show up in the hydrological records and vice versa. 

None o f the NMS plots show a correlation between the hydrological proxies and pollen 

samples where hazel is important either (Figures 4.26 to 4.29 and 3.17 and 3.18). If the top 

o f Chan do Lamoso was bare during SAD-2a the hazel pollen might have come from scrub 

growing in the steep sided gullies and small valleys carved out by mountain streams. The 

same hydrological conditions recorded as wet and dry shifts in the two bogs would have 

governed stream flow. These conditions could have led to diminished hazel growth or 

flowering in scrub growing beside streams without necessarily affecting tree pollen 

production from lower lying forests. It is possible that the hazel pollen curve contains bog 

myrtle pollen, Myrica, which has similar pollen morphology. However, an attempt at 

separating the two taxa was made and although some mixing o f bog myrtle pollen within 

the hazel curves is still possible it is likely that the pollen fluctuations with hydrological
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change are due to hazel rather than Myrica pollen because otherwise similar fluctuations 

might be recorded in the Myrica  curves.

Two episodes o f lower AP stand out in the Pedrido record from 208.5 and at 192.5cm 

(3727 and 3402 cal BP). Somewhat smaller reductions in AP in Chan do Lamoso at 155.5 

and 140.5cm (c. 3770 and 3410 cal BP) echo these episodes. Neither episode is 

accompanied by extremes in the hydrological record but, leading up to the first episode, 

both sites show somewhat elevated levels o f macroscopic charcoal and both record about 

5% less AP pollen then they did during PED-1. The Chan do Lamoso dissimilarity scores 

remain low. Taken together, the records point towards increasing changes in the 

landscape. The macroscopic charcoal levels considered as single incidents may be 

attributed either to natural causes or anthropogenic activity. Elevated charcoal could have 

been deposited through large scale forest fires, fires lit to clear land for agriculture, small 

local fires lit by shepherds or lightning. However, elevated charcoal levels at both sites 

covering several hundred years can probably be ascribed to generally increasing human 

activity, particularly if  they occur in the absence o f dry indicating proxy scores, as they do 

here. The situation changes somewhat with the second AP reduction. Here the drop in tree 

pollen is larger with AP percentages falling by 40% in Pedrido and by 10% in Chan do 

Lamoso and dissimilarities between samples are again bigger in Pedrido. Both sites record 

an increase in cereal pollen and show generally more pollen taxa. For instance, the only 

occurrence o f Vitis pollen, the grape genus, dates to this period in Pedrido. At this stage 

macroscopic charcoal levels have fallen to near background levels. The archaeological 

record indicates an increase in settlement mainly on lands at lower altitude but also a new 

trend to settle in the uplands. The introduction o f new technologies such as the smelting o f 

gold and copper falls also within this period (Dfaz-Andreu and Keay, 1997; Fabregas 

Valcarce et a l ,  2003). Deforestation episodes at various sites in Galicia are becoming 

more common through the metal ages but it is often not possible to compare their exact 

timings because most records lack sufficient dating resolution (M unoz Sobrino et a l ,  2001; 

Munoz Sobrino et al., 2005).

At around 3250 cal BP the indicators for anthropogenic activity start to wane. AP 

percentages revert back to over 85% and cereal pollen finds become intermittent in Pedrido 

but not in Chan do Lamoso. Nonetheless, from here to the end o f  the zone the 

environmental proxies show the biggest concerted changes in the two profiles yet. A shift 

to wetter conditions indicated at slightly different times in the two profiles goes together
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with yet another gradual reduction in AP, elevated charcoal levels and the first o f several 

peaks in inorganic material, pointing to erosion from c. 3137 cal BP (Figures 4.33 and 

4.34). No great changes are reflected in the Pedrido pollen record yet. Here deciduous 

oak, pine, elm, hornbeam, hazel and grass pollen are well represented, hardly any cereal or 

plantain pollen occurs and birch, alder and evergreen oak percentage values decline 

somewhat. Dissimilarity scores are low and pollen concentration still high. The tree and 

grass pollen percentages in Chan do Lamoso are similar to Pedrido but wheat and barley 

are present in some numbers among the cereals in the pollen rain o f that site. The 

hydrological proxies o f Pedrido mark a rapid dry shift just before the zone boundary at the 

same time as the LOI curve indicates another peak in inorganic material and hence erosion. 

In Chan do Lamoso a wet shift is indicated earlier through the humification residuals from 

c. 3000 cal BP. ft goes together with high macroscopic charcoal levels and a drop o f some 

tree pollen percentages, particularly deciduous and evergreen oak, birch and elm. Hazel 

and pine increase their share at this time and alder keeps its pollen percentage. The 

different behaviour o f the two pollen groups could be indicating a different geographic 

distribution o f these taxa. ft is easy to imagine a scenario with at least some o f the alder 

and possibly hazel growing in the steep sided valleys and along river banks and pine higher 

up on the mountain slopes while lower altitude forests are cleared. The nearby Pena da 

Cadela profile registers lower AP percentages than before and somewhat elevated charcoal 

levels but shows low Sr/Rb ratios and hence little erosion at this time (Martinez Cortizas et 

a l ,  2005). As metallurgy gained importance, NW Iberia’s tin resources meant that the 

region became an important point along the trade routes both within the peninsula and 

along the Atlantic fringe (Fernandez Castro, 1995). This might be reflected in the 

increasing landscape modification and degradation indicated in both proxy records during 

the late Bronze Age and the transition to the Iron Age. With the zone boundary to PED-3, 

it seems as if the records have passed some threshold value after which AP percentages do 

not recover previous highs after successive deforestation episodes. The segregation o f the 

samples either side o f the PED-2/3 boundary is also clearly shown in the Pedrido 

ordination diagram (Figure 4.27) possibly underlining this threshold function in the 

landscape.
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4.14.3 Iron Age, Roman Gallaecia and most of the Germanic Period

(c. 840 BC to AD 640)

PED-3: 162.5 to 94.5cm (2790 to 1311 cal BP)
In Pedrido, this zone starts with a dramatic fall in AP percentages. The compound AP 

reduction amounts to 35% with deciduous and evergreen oak, hazel, elm, pine and a bit 

later, alder pollen being most affected. The main gains at this point are in the grasses and 

to a lesser extent the other herbs but not agricultural indicator taxa. Leading up to the 

hiatus between c. 2627 and 2342 cal BP (680 to 390 BC), humification records a wet shift 

while the LOI values remain low showing continuing influx o f inorganic material. The 

wet shift is also present in Chan do Lamoso, as well as intermittent high charcoal values, 

which only abate at the time the hiatus is thought to finish in Pedrido. Through the hiatus 

period most tree pollen types keep falling in Chan do Lamoso, except for deciduous oak. 

Among the herbs, the anthropogenic indicators gain most ground particularly the cereals, 

plantain and grass. In the dissimilarity and diversity curves o f Chan do Lamoso (Figure 

4.32) a long-term trend towards increasing pollen diversity and decreasing AP percentages 

starts.

Archaeologically the period falls into the Cultura Castrexa or Hillfort Culture o f the NW 

Iberian Iron Age. The hillforts still feature prominently in the Galician landscape where 

over 5000 remains o f them have been found so far (Guitian Rivera, 2001). In their detailed 

overview o f the Castrexa culture, Parcero Oubina and Cobas Fernandez (2004) cite a 

wealth o f palaeoenvironmental and palaeobotanical evidence for the intensification of 

agriculture in Galicia during the Iron Age. It seems that crops o f millet, barley, wheat and 

beans were produced with probably twice yearly cereal crop cycles and long periods o f 

fallow to ensure fertility and avoid erosion. Even so, erosion may have been a problem 

and its presence at this time is inferred from the Sr/Rb ratios from Pena da Cadela and 

from LOI percentages from Pedrido (Martinez Cortizas et a l ,  2005) (Figures 4.9 and 4.33).

As for the cause o f the hiatus, either flooding episodes removing the top sediments or the 

in situ burning o f the living plant and sediment cover o f Pedrido followed by drying out of 

the bog surface during summer months and wind erosion until its plant cover becomes re

established, is proposed. BPeat section I and II have an average accumulation rate o f c. 19 

years cm‘‘. If  the same accumulation rate is assumed for the hiatus period (Section 4.1.1, 

Figure 4.1) then about 15cm o f sediment must be considered missing.
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Soon after the hiatus a further drop in AP occurs in Pedrido. It manifests itself primarily 

through a fall in hazel pollen, from 45% of the pollen sum to a mere 10%, but also through 

a decrease in pine and alder pollen. The taxa affected by this drop are again raising 

speculation on the different geographical origin of at least some of these pollen fractions 

compared to the rest of the tree pollen producers (Section 4.14.2). The drop is dated to 

2115 cal BP and thus falls into the late Iron Age or to before the Roman Indigenous period 

when the start of the Roman occupation of NW Iberia, or Gallaecia as they called it, 

overlapped with the end of the Castrexa culture (Parcero Oubina and Cobas Fernandez, 

2004). A reduction in hazel, pine, alder and some birch pollen is also evident from Chan 

do Lamoso but here the process leading to the reduction has been ongoing for several 

centuries.

With the start of Roman occupation, the landscape of NW Iberia undergoes further 

changes. Tin and especially gold mining take on a new dimension. According to Davies 

the remains of 231 roman mines have been found in NW Spain (Edmondson, 1989). 

Edmondson also cites Pliny who apparently estimates the yearly gold yield alone from 

alluvial terraces from Asturias, Gallaecia and Lusitania at 20,0001b in his time. Open pit 

mines are built in the inland mountains and salt mines along the coast (Martinez Cortizas et 

al., 2002; Parcero Oubina and Cobas Fernandez, 2004). The first urban settlements in 

Galicia are founded and a dense network of roads built connecting them with each other 

and the rest of the peninsula. Tributes that have to be paid by the indigenous population to 

the Romans mean that agricultural output has to be increased (Janssen, 1994; Parcero 

Oubina and Cobas Fernandez, 2004). The Sr/Rb ratio is low for this period indicating that 

the dust may not have a local origin and thus pointing to larger scale regional landscape 

changes (Martinez Cortizas et a l ,  2005). The transition between the Iron Age and the 

Roman period in the Xistral Mountains is marked by dry indicating hydrological curves 

and a decrease in the amount of erosion indicated by the Pedrido LOI curve. It also 

coincides with a sharp increase in arable herb pollen at both sites even if much of this 

increase in the Chan do Lamoso profile is ambiguous as it is due to rye type pollen (sect 

4.14.1). A rise in the Chan do Lamoso dissimilarity scores coincides with increasing 

numbers of pollen taxa in Pedrido.

Several tree pollen taxa become either established or their pollen grains appear more 

frequently at this time. This is the case with lime, beech, sweet chestnut and ash. The 

pollen of most of these taxa appears sporadically in NW Iberian pollen diagrams since the
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early Holocene (Allen et a l,  1996; Munoz Sobrino et al., 1997; Ramil-Rego et a l,  1998; 

Santos et a l,  2000; Munoz Sobrino et a l,  2001), yet some of these pollen types seem to 

become more common during the Roman period. One such type is beech which seems to 

appear progressively later in diagrams of sites situated further west (Ramil-Rego et a l,  

1998). This distribution is probably due to its slow natural expansion and possibly helped 

by increasing woodland disturbance in the late Holocene (Allen et a l,  1996; Garcia Anton 

et a l,  2006). Sweet chestnut is another case in point; Santos et al (2004) cite a host of 

papers that testify to the appearance of this pollen taxon from as early as 7000 BP but it 

appears that the tree was cultivated by the Romans and that this has led to its pollen 

becoming frequent around this time (Janssen, 1994). The most straightforward explanation 

for the increase of these ‘exotic’ tree pollen taxa in the Xistral sites is an increased density 

of these trees in the landscape during Roman times and hence their increased contribution 

to background pollen. Another explanation is the drop in AP concentration particularly 

noticeable in Pedrido at this point (Figures 4.14 and 4.35).
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Figure 4.35 Average pollen loading per pollen group for the Pedrido and the Chan do 
Lamoso cores per PAZ.

Generally, low concentrations of pollen from high pollen producing taxa with good 

dispersion properties, such as Pinus, are interpreted as showing a great distance between 

the pollen source and the coring site. Conversely, low concentrations of taxa with low 

pollen productivity and poor dispersal properties are usually interpreted as showing close 

proximity between the pollen source and the coring site, for instance, cereals. Taking this 

premise further the AP sum can be viewed as a pollen taxon with high pollen production
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and good dispersion properties. A percentage diagram showing the average pollen group 

values o f PAZ SAD-2b and PED-5 side by side may present two similar curves yet the 

average pollen loading during these periods was markedly different (Figure 4.35). 

According to Sugita (1994), the pollen loading o f each taxon at a point depends on the 

Distance Weighed Plant Abundance (DWPA) o f that taxon within a certain radius, 

multiplied by the pollen productivity, and on a background component. Assuming that the 

pollen productivity stays the same then the background component o f this hypothetical AP 

taxon becomes relatively more important at times with low DWPA. Figure 4.16 gives an 

impression o f accumulation rates o f  the three profiles. It shows that peat accumulation in 

both Xistral sites was similar and did not vary much until very recently and then only in 

the Pedrido profile. This means that concentration figures measure pollen loading rather 

than changing peat accumulation. Thus rare tree taxa which may have contributed little to 

the pollen loading when the background pollen was less important may be better 

represented in the pollen record at times when there are fewer trees in the landscape. 

Consequently the falling AP concentrations at the two sites may be another reason for the 

increase o f ‘exotic’ pollen taxa in the Xistral samples o f this era.

No agricultural indicator pollen is found in a sample dated to 1695 cal BP from Pedrido 

and in another one dated to c. 1800 cal BP from Chan do Lamoso (c. AD 255 and 150). 

The sample resolution as well as the dating uncertainty make it difficult to assess whether 

this signal is due to chance only and, if  not, whether it is contemporary at the two sites. 

Either date seems too early to link it with the tree pollen rise that Ramil-Rego, cited by 

Munoz Sobrino et al. (2005) associate with the disturbances around the end o f the Roman 

occupation and the Germanic invasions at the beginning o f the fifth century AD. Janssen 

(1994) also identified a forest regeneration phase at Lagoa Travessa in Galicia which 

seems to date to the later phases o f  the Roman occupation.

Both Xistral profiles show a recovery in arable pollen indicators before the end o f the zone. 

In Pedrido the arable agricultural signal, mainly due to undifferentiated cereal pollen, is 

particularly strong and accompanied by two occurrences o f walnut pollen grains. Apart 

from a single sample with a peak in deciduous oak, the AP percentages fall at both sites 

towards the pollen zone boundary. Another indication o f forest disturbance is a rising 

macroscopic charcoal signal in Pedrido in the last few centuries before the end o f the zone. 

Historically PED-3 lasts till 1311 cal BP (AD 640) through most o f the Germanic period 

which covers the Suevi Kingdom AD 409 to 585 and Visigoth Kingdom AD 589 to 693.
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4.14.4 The end of the Visigoth Kingdom and the Medieval period

(c. AD 680 to 1420)

PED- 4a 94.5 to 28.5cm (1311 to 532 cal BP)
This zone starts with a large drop in AP in both profiles which occurs at the same time as a 

rise in cereal pollen types. Rye and plantain attain continuous curves in Pedrido for the 

first time while single grains of millet, Sorghum, start to appear somewhat later in that 

record. It is in the beginning and at the end of this zone that a single grain of olive pollen 

is identified. Taken together with the walnut pollen at the end of the last zone the 

occurrence of this taxon might show a widening o f the cultivation base in this era. In Chan 

do Lamoso the initial fall in AP percentages is both slower and more dramatic than in 

Pedrido. At that site, the cereal pollen fraction does not contain millet but shows rising 

percentages of rye, barley and wheat pollen. Martinez Cortizas et al. (2005) register what 

they term ‘the most dramatic (forest) retreat in the vegetation history o f northwest Spain’ 

in the 7*'' century, which goes along with a sharp peak in charcoal and a small Sr/Rb signal 

indicating that erosion was probably a regional rather than local phenomenon at this time 

(Mighall et a i,  2006). They also maintain that no historical information that could be 

linked easily with the pollen history is available for that century. However it seems that 

Mondonedo, a town c. 13km east of Pedrido, was occupied by the Moors for over a 

century until it was recaptured in AD 858 (Wikipedia contributors, 2007). Through 

scrutiny of the pollen signal and particularly the millet curve it may be possible to add 

another clue to help in the interpretation of the land-use history during this phase. Wild 

progenitors of millet are common in African steppe environments and from the first 

millennium BC there is evidence that the cuhivation of millet became widespread south of 

the Sahara as well as in India (De Wet, 2000). There are many varieties of millet, for 

instance, guinea Sorghum, which probably evolved in Ethiopia and is adapted to areas with 

high rainfall, while durra Sorghum, which is associated with the expansion of Islam across 

North Africa, is the most drought tolerant strain (De Wet, 2000). From the early 8'*' until 

the 13”’ century most of the Iberian landmass except for the northwest was under Arab 

rule. Galicia and in particular the cult of St James of Santiago became the religious focus 

in the Christian Kingdom of Asturias from the 9'*’ century. Kamen (1973) highlights many 

examples of the influence and permeation of Arab high culture on its less sophisticated 

Christian counterpart. The sporadic appearance of Sorghum type pollen grains in Pedrido 

from 1173 cal BP (c. AD 780), half a century before Mondonedo was recaptured by
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Ordono I o f Asturias (W ikipedia contributors, 2007), may be linked to several factors. The 

most likely explanation o f the appearance o f Sorghum  pollen in the Xistral records is 

probably that the grain was cultivated in Galicia since the Iron Age as it has been found in 

early hillforts o f the Castrexa culture (Parcero Oubina and Cobas Fernandez, 2004). But 

the occurrence o f Sorghum  in Pedrido could also imply that Arab influence on the 

Christian Kingdom of Asturias went beyond cultural artefacts and into land-use practices 

and lasted for centuries after the area was recaptured. Furthermore it may not be by chance 

alone that possibly drought adapted Sorghum  is cultivated during the Medieval Warm 

Period (MWP) when all proxies in both profiles show prevailing dry conditions (Figure 

4.23). For the first time the macroscopic charcoal results correlate between the sites in the 

MWP, perhaps showing a prevalence o f forest or scrub fires and giving yet another 

indication o f the extent o f drought conditions in Xistral (Corcoran, 2007).

In the context o f the MWP and drought adaptation it is interesting to note that the AP 

minima shown in Chan do Lamoso between c. 1140 and 890 cal BP (c. AD 810 and 1060) 

mark minimum values for all arboreal taxa except for evergreen oak. However this is not 

quite the case in Pedrido. In Pedrido AP percentages go through a minimum at 1127 cal 

BP (c. AD 820) which includes evergreen oak. This AP minimum coincides with a huge 

macroscopic charcoal peak and is transient in so far as most o f the AP percentages recover 

over the next century which brings them back up from c. 26% to c. 50% o f the pollen sum. 

Microscopic charcoal analysis from Pena da Cadela shows peak values from c. AD 600 

which drop suddenly at c. AD 800 (Martinez Cortizas et a l ,  2005), indicating that large 

scale forest and scrub fires might furnish a possible explanation for at least part o f the drop 

in AP. Another explanation for low AP values centres around population expansion in this 

and the following centuries. Martinez Cortizas et al. (2005) cite work by Pallares and 

Guitian which shows increases in population and land under cultivation and links them to a 

process driven by the expansion o f monasteries starting in the latter half o f  the 8'*’ century 

and continuing into the 14'*' century. In his comprehensive overview o f the causes leading 

to the demise o f the Galician forest, Guitian Rivera (2001) points towards Christian zeal as 

one o f the drivers o f forest destruction at the end of the first millennium AD. According to 

this author the craze for finding secluded sanctuaries lead to an invasion o f  hitherto remote 

forest corners by hermits. However, medieval population expansion soon became a more 

important driver o f forest destruction than eremitism. Pegerto Saavedra (1985) in his book 

on the economy, politics and society in the district o f Mondonedo, states that this district 

became the most populated diocese in Galicia due to active recruitment o f farmers by
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bishops and abbots. According to Saavedra, the ecclesiastical lords granted farmers 

lifetime leases of arable land and freed them from paying the royal head tax. Instead 

settlers acquired citizenship in towns and the right to use the commons while the town 

councils paid fees called foros to the ecclesiastical lords. Towns founded in Mondonedo 

before AD 1330 apparently enjoyed favoured status. The town of Mondonedo itself lies 

only 13km east of Pedrido Bog in the foothills of the Xistral Mountains. Compared to the 

less than 5000 modern inhabitants, this town has a vast cathedral, the building of which 

was apparently started in AD 1230 (Wikipedia contributors, 2007), giving a further clue to 

medieval population density in the Xistral area. Martinez Cortizas et al. (2005) cite works 

of Portela Silva and Rodriguez Galdo detailing signs of soil nutrient depletion and poor 

harvests during the 14*̂  century. But while the Sr/Rb ratios from Pena da Cadela show 

two large scale but local erosion events at c. AD 1050 and at c. AD 1350 (Martinez 

Cortizas et a l ,  2005) LOI values remain high in Pedrido and the proxies show the rest of 

the zone as mostly dry with fluctuating AP percentages in Pedrido but not in Chan do 

Lamoso.

4.14.5 Post medieval and modern Spain

(c AD 1430 to 1970)

PED-4b 28.5 to 6.5cm (523 to -23 cal BP) Pedrido proxies only
The zone starts with a radical change from dry indicating proxies in PED-4a to wet

indicating ones in PED-4b, a shift that is interpreted as a Little Ice Age (LIA) signal

(Section 4.10.5). This rapid wet shift coincides with a decrease in LOI indicating that sand

and dust may have been be washed or blown onto the bog surface at this point. So far all

major incidents of low LOI have been interpreted as erosion signals and have occurred

during wet periods (see Sections 4.14.2 and 4.14.3). As pointed out in Section 4.1.5 the

top of the Pedrido chronology may not represent the accumulation rate of the last half

millennium correctly because the straight line connection between the top date of the
9  1 0BPeat model and the oldest Pb date leaves what looks like an artificial change of slope 

in this part o f the chronology (Figures 4.6 and 4.16). Using the current Pedrido 

chronology, accumulation rate changes mean that the final fall in AP to a mere 11% at c. 

42 cal BP (c. AD 1908) looks far more gradual than it is likely to be. The only two tree 

pollen types that do not register a massive percentage drop are sweet chestnut and pine. 

All of the arable indicator pollen types drop through the zone except for millet which 

registers a gain in the end. The fall in arable and arboreal pollen is more than compensated
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for by increases in grass and pasture herbs possibly denoting an increase in the pastoral use 

o f the landscape.

In the following paragraph local historical background information is summarised from 

Saavedra’s book on M ondonedo (1985). Saavedra maintains that the medieval population 

expansion in the Mondonedo district continued and lead to the cultivation o f steep and 

marginal soils in an effort to step up food production. But this measure does not seem to 

have been sufficient and accounts o f  population growth are followed by ones o f harvest 

failures, epidemics, increased grain production and finally the lowest production years 

between AD 1660 and 1669. From the end o f the 17'*’ century the province seems to have 

been able to pull itself up and cope with the growing population, mainly by adapting their 

crop rotation systems to yield a double annual harvest every three years. Taking advantage 

o f the Atlantic climate, root vegetables were planted in summer on harvested grain fields. 

The fields were then harvested in February and replanted in May with maize and left 

fallow after that harvest. Saavedra is able to show, through comparing the butchering 

weights o f cattle that had been allowed to graze unsupervised in the marginal uplands and 

cattle that were raised on fenced fields and grain stubble, that leaving cattle to feed in the 

uplands was not economically profitable. In general Galicia seems to have fared much 

better than the rest o f Spain through this period and the province had a higher population 

density in AD 1752 than any other part o f  Spain.

There is a discrepancy between the landuse described by the historical sources and the 

evidence o f this landuse detected in Pedrido. This discrepancy leads to questions on the 

sensitivity o f the Pedrido pollen record with regard to cultivated taxa and back to the 

Pedrido pollen source area. The analysis o f the data so far does not seem to shed much 

light on this problem. It was, for instance, noted in the section on the Pedrido NMS 

ordination (Section 4.11.1) that there seems to be a rather large qualitative difference 

between PED-3 samples and ones from PED-4a. When it comes to samples from PED-4b, 

however, their small number and wide spread along both axes complicates the 

interpretation o f the data and makes it difficult to interpret trends. With regards to 

dissimilarity, this zone scores low but this is probably mainly a function o f the slow 

accumulation rate and hence multiple interpolated pollen data points between actual pollen 

samples. The pollen diversity curve is rather more interesting since it peaks just prior to 

the zone boundary. Even with an adjusted chronology the zone boundary would remain in 

the same place since the CONISS programme groups pollen samples rather than dates.
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Moreover the start date o f the PAZ boundary at 28.5cm might shift forward to somewhere 

around 400 cal BP rather than 532 cal BP (AD 1550 rather than 1430). This would mean 

that the increase in pollen diversity which is dated to c. 600 cal BP (AD 1350) would move 

forward to something like c. 510 cal BP (c. AD 1460). If the chronology was adjusted, the 

beginning o f changes in crop rotation that lead to an increased agricultural output dated to 

the early 18'̂ ’ century by Saavedra would fall on to the depth curve at c. 22cm rather than at 

c. 18cm. Such a change would strongly influence the shape and timing o f  the fall in AP 

but might not make much o f  a difference to the arable indicator and the herb pollen curves.

On its own, the Pedrido dataset may not be suited to answer questions such as whether an 

increase in pollen o f cultivated taxa should be expected in the pollen record from this time 

or whether additional grazing pressure would have left a signature in the herb pollen 

record. Identifying the signal o f distinct pollen sources may be a complex task. For 

instance. Hall and others who have worked on Irish landscape change over the last few 

millennia, are able to trace the pollen signal o f many types o f agricultural activity over a 

large part o f  the Irish landscape (Hall, 1990b, 2000; Cole and Mitchell, 2003; Hall, 2003; 

Hall and Mauquoy, 2005). However, a palynological investigation o f a peat core only 

metres distant from cultivation ridges on Slieve Gullion did not yield the expected pollen 

signal, either o f the cultivated crop or o f its accompanying weed species. Pollen records 

from sites close to medieval monastic settlements did not show significant differences in 

their cultivation signals compared with the pollen signals from a core from a comparable 

secular site (Hall, 1990a, 2005). Davies and Tipping (2004) investigated three small basins 

within a few kilometres o f each other in a valley o f the Scottish highlands and 

demonstrated that small scale fragmented agriculture can be traced by careful site selection 

in close proximity to the farmed area but that such indicators might be absent in sediment 

from even a short distance away from the field sites.

Grazing cattle and horses on the Xistral uplands are common today (Plates 2.6 and 4.4). In 

Pedrido it might be possible to gain additional insights into the grazing history o f the bog 

itself by analysing the core for coprophilous NPPs. In the context o f grazing it could be 

worth noting the trends in pollen concentration changes. Figure 4.35 shows that the 

average AP concentration around Pedrido increases slightly between PED-4a and PED-4b 

but the average herb pollen concentration doubles in the same period. Throughout the 

Pedrido record instances o f grass pollen peaks occur at the same time as troughs in the 

heather and ericaceous pollen curves, for instance at 3400, 2750, 2115 and 1127 cal BP
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(Figure 4.11). These combinations of high grass pollen and little arboreal and dwarf shrub 

pollen could be due to systematic anthropogenic or fire clearance even of small woody 

plants. From modern studies of heath grazed by free roaming cattle it would seem that 

grass and dwarf shrubs can establish a mosaic landscape once trees are stopped from 

encroaching (Bokdam and Gleichman, 2000) During the PED-4b grass pollen peak there 

is no great reduction in dwarf shrub pollen.

However, a rising population with its attendant needs for increased cultivation and grazing 

land were not the only pressures put on the forests. With the 16*'’ century, both coastal 

fisheries and Mediterranean and Atlantic navigation had expanded rapidly and towns along 

the north coast of Galicia, especially Santa Marta, Foz and Viveiro became important ship 

building centres, further decimating the remaining woodlands (Guitian Rivera, 2001) (Plate 

2.4).

The top of the pollen zone presents spectra from an essentially modern landscape. 

According to Guitian Rivera (2001) afforestation with Pinus pinaster started in the early 

19”’ century. This date seems to agree reasonably well with the Pedrido record although 

the resolution of the record at this point may be too coarse to pinpoint the plantation 

initiation.

4.14.6 A recent sn a p sh o t in Xistral vegetation history

(AD 1973 to 2003)

PED-5 6.5 to 0.5cm (-23 to -53 cal BP)
This short zone is very different to the rest of the profile due to its pollen signal as well as 

its hydrology. An enormous peak in pine pollen is probably mainly due to the pollen input 

of planted pine on the slopes surrounding the bog (Plate 4.3). It is curious that this pine 

pollen peak appears simultaneously with the largest wet shift recorded in the entire core. 

The interpretation of the hydrological signal of this section is mainly based upon the 

macrofossil record, which shows a sudden proliferation of Sphagnum cuspidatum leaves 

though a sharp drop in dwarf shrub and a rise in sedge pollen go along with it (Stefanini et 

a l, 2006). Although tempting, it might be difficult to find a mechanism linking the 

vegetation signal and climate signal and thus both are taken at face value and interpreted 

independently. A single grain of eucalyptus pollen in the top sample is thought to come
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from a small eucalyptus plantation above the northern slope o f the bog and testifies to the 

poor pollen dispersal abilities o f these semi-mature trees.

Plate 4.3 Looking southward onto Pedrido with the semi-mature eucalyptus plantation 
behind the camera.
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Plate 4.4 Slope bordering NW side o f Pedrido with cattle and feral horses grazing.
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Summary, Similarities and Differences

5.1 Chronologies

The main part o f the Ballyduff chronology, from the base up to 36.5cm (285 cal BP), is 

constructed from 39 wiggle matched AMS '‘’C dates. The chronology is complimented by
-y I A

SCP dates from the top 30cm o f the profile. Pb concentrations did not return meaningful 

dates for this core and the depth o f the 1963 activity peak could not be identified clearly 

with the available five '"'C activity measurements in this range. Integrating the different 

elements o f the chronology worked well for most o f the profile but the section between 

c.lOO and 36cm covering most o f the last millennium had to be revised. This is due to 

several AMS '‘’C age determinations which returned dates that proved to be too old when 

considered in the context o f  pollen markers for that era.

The Pedrido chronology is based on 30 AMS '"'C dates which have been wiggle matched 

and cover the bulk o f  the core but not the bottom or the top. The chronology for the top 

15.5cm o f the core uses ^''^Pb concentrations and one SCP date. The start o f the SCP curve 

suggested a date that appeared much too young for its depth. Like in Ballyduff the 1963 

bomb peak could not be located satisfactorily from the four '"'C activity measurements in 

this range o f the curve. The Pedrido chronology shows a hiatus at c. 154.5cm and between 

c. 2627 to 2327 cal BP. The chronology covers only 250cm o f the core leaving the bottom 

30cm poorly secured in time. The link between the wiggle match dated part of the
9  I A

chronology and the Pb dated section is not satisfactory. This seems to be due to the 

abrupt ending o f the BPeat model rather than to problems with the underlying dates.

Using a range o f dating techniques on the top section o f  the two cores meant that the recent 

chronology o f both could be secured. However, the Ballyduff chronology needs to be 

revised to take the depth o f  pollen markers into consideration. It may be prudent to treat 

’"̂ C dates from the last millennium with some caution since this is not the only study where 

such determinations have returned dates that were too old (Section 3.13). Possibly the best 

way to supplement the pollen marker dates would be to try to locate one or several tephra 

layers in the top metre o f the core. Revision o f the Pedrido chronology on the other hand 

is probably just cosmetic; here the dates look to be realistic but the dating model needs
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adjustment to find a more plausible way to combine the and the '̂*̂ Pb parts of the 

chronology.

The precision of the Chan do Lamoso chronology is limited by utilising only 6 dates. 

Despite this limitation, the chronology works reasonably well with all 6 AMS '"'C dates 

forming a near straight line model calculated by the CPGchron program. The chronology 

was not detailed enough to test for the possibility of a hiatus during the record.

5.2 Climate

The multiproxy inferred precipitation record from Ballyduff can be divided into three 

sections. The earliest o f these covers the period between 4750 and 3600 cal BP. It is 

characterised by small but nevertheless often synchronised fluctuations which form wet 

shifts at 4450, 4270, 4020 and 3820 cal BP. The middle section runs between 3600 and c. 

2050 cal BP. It is in this section that Sphagnum imbricatum remains dominate the 

macrofossil data and this may be why this strand of the proxy record remains complacent. 

The other proxies seem to follow broadly similar trends as each other but without short 

term replication of fluctuations. There is only one inferred multiproxy wet shift in this 

section at 2500 cal BP. The last 2000 years are marked by broad scale synchronous 

inferred palaeo-precipitation changes. Wet shifts occur at 2050 cal BP, between 1680 and 

1020 cal BP (AD 270 and 930) and between 800 and 250 cal BP (AD 1150 and 1700) the 

dry part between these two wet shifts is likely to correspond to the Medieval Warm Period 

while the latter wet shift is contemporary to the Little Ice Age. The likelihood of dry shifts 

indicating bog bursts and peat cutting, rather than representing climatic change, was 

assessed and found to be small for most periods.

The Xistral multiproxy records behave quite differently to Ballyduff. Here the earlier part 

is less noisy and shows small wet shifts at 5150, 4450, 4020 cal BP. A larger shift occurs 

at c. 3150 cal BP and another one is recorded either side of the hiatus in Pedrido and 

throughout the hiatus period in Chan do Lamoso from 2750 to 2300 cal BP. The proxies 

are more contradictory during the last two millennia but wet shifts recorded in at least two 

proxy records can still be recognised at c. 2000, 1780 and between 1500 and 1200 cal BP 

(50 BC, AD 170 and between AD 450 and 750). After this a dry period corresponding in 

its timing to the MWP is marked in the climate proxy records as well as in large 

macroscopic charcoal scores from both Spanish sites. A change to wetter conditions 

between c. 720 and 350 cal BP (AD 1230 and 1600) is interrupted by a short dry spell at
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520 cal BP (AD 1430). The last 50 years or so also show a wet shift which is mainly 

inferred from abundant Sphagnum cuspidatum remains in the top 8cm of the Pedrido core 

(Oksanen et a l,  forthcoming).

One of the principal aims o f ACCROTELM was the identification o f abrupt climate 

changes. If abrupt and synchronous climate changes were identified in the two records 

with high precision chronologies i.e. Ballyduff and Pedrido, these findings could be used to 

support arguments in favour o f straightforward climate forcing and teleconnection models. 

To examine the two multiproxy records for abrupt simultaneous shifts, the residuals o f the 

proxy signals were plotted without any smoothing (Figure 5.1). Plotting relative proxy 

data masks the differences in scale between the records of the two regions. In general the 

range between dry and wet indicating signals was much greater in the Irish than in the 

Spanish dataset.

In Figure 5.1 noisy record is evident. It is made up of humification and macrofossil data 

from both sites and the Ballyduff testate amoebae water table reconstructions. On cursory 

inspection there seems to be more general agreement between the Irish proxy signals than 

between their Spanish counterparts. Further examination reveals three instances of abrupt 

wet shifts, all of them marked in the humification profile from Ballyduff and the 

humification and macrofossil profiles from Pedrido, but not or not to the same extent in the 

other proxy records.

wet PED MAC

PED HUM

BAL HUM

BAL TST

BAL MACdry

-100 400 900 1400 1900 2400 2900 3400 3900 4400
age cal BP

wet shifts occurring in the humification profiles of Ballyduff and Pedrido

Figure 5.1 Non-smoothed macrofossil, humification and testate amoebae derived proxy 
data from Ballyduff and Pedrido plotted against time.
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However the two more recent shifts do not appear to be simultaneous. Checking the 

timings o f the middle shift reveals that the humification data for the point when the 

direction o f the Ballyduff curve changes is made up from two samples together producing 

a date lying between 1714 and 1783 cal BP (95% Cl), whereas the date o f the humification 

signal in Pedrido falls between 1790 and 1824 cal BP (95% Cl). Hence the timing o f 

these two events has more than a 95% probability o f being different according to the dating 

models used. The chronologies o f both sites may need adjusting around the time o f the 

third shift at c. 500 cal BP (AD 1450). Before this adjustment is made it is not possible to 

say if the shifts are synchronous.

The signal o f the wet shift at c.3075 cal BP could have a common cause in both sites or 

else the synchronicity may just be due to chance, since given long enough, noisy signals 

are likely to produce some simultaneous fluctuations. Even if  the signal has a common 

cause the overall lack o f agreement between the two records means that no forcing 

mechanism was strong enough to influence the net precipitation signal o f both o f these 

Atlantic Fringe sites. There could be several reasons for the lack o f simultaneous 

fluctuations. Palaeo-precipitation changes may have been local rather than inter-regional 

or the bog systems could have responded differently to climate changes and these 

responses may have affected the proxy records.

The oceanic climate o f both Ireland and NW Spain is mild in winter, without lasting snow 

cover or severe frosts, and cool in summer (Figure 5.2) Differences between mean modern 

temperature and precipitation are displayed in Figure 5.2 (Martinez Cortizas et a l ,  2000; 

Met Eireann, 2007). The seasonal temperature difference between the two regions is about 

4 °C, except in spring when the mean Xistral temperature is 7 °C higher than in central 

Ireland. Temperature and precipitation tend to be lower in Ireland than in the coastal 

mountains o f Galicia, except during the summer months when precipitation is higher in 

Ireland. The combination o f relatively high spring and summer temperatures and reduced 

rainfall during these seasons in Galicia means that the Xistral bogs build up a larger water 

deficit than Ballyduff.

During fieldwork in early October 2003 the water table depth was so deep in the two 

Spanish sites that it could not be located by the coring party. Low water tables seem to be 

common in that area around this time o f the year and Mighall et al. (2006) report the water
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table depth of the nearby bog of Pena da Cadela as 185cm in October 1998. The dryness of 

the peat at the Xistral sites contrasted sharply with the peat from Ballyduff where the water 

table was close to the bog surface even in summer (Plate 2.3).
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Figure 5.2 mean seasonal temperature and precipitation in Birr, central Ireland and the 
Xistral Mountains. From Martinez Cortizas et al. (2000) and Met Eireann (Met Eireann, 
2007)

The magnitude of summer water deficits at different locations may influence climate 

proxies (Mauquoy and Barber, 2002; Charman, 2007). Charman (2007) finds that testate 

amoebae derived water table reconstructions for the last 200 years correlate with the 

preceding 10 year summer water deficits as measured instrumentally. He also shows that 

the summer water deficits are mainly a function o f summer precipitation but that a more 

oceanic bog in northern England was less affected by temperature changes during dry 

periods than a more continental bog in Estonia (Charman, 2007).

Summer water deficits can influence the proxy signals directly. For instance, macrofossil 

analysis can be affected by increased and possibly selective breakdown o f plant remains. 

Humification is a measure of the long term by-products o f plant decay. Since plant decay 

slows down greatly in anoxic environments, there is a danger that regular large summer 

water deficits dilute previous moisture signals and lead to a long term average response
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between current dry summers and previous wet ones, rather than measuring shorter term 

changes. In this sense Ballyduff is a more sensitive site than the Xistral bogs. However, 

there is another aspect to the difference between the proxy climate response between these 

sites. Proxies need some water deficit to register a response. More water on top o f a fully 

charged bog will run o ff without leaving a signal. The combination o f relatively high 

precipitation and low temperature in spring and summer in Ballyduff means that there is 

usually only a small summer water deficit. This small summer water deficit and the mild 

winters may have contributed to the strong establishment o f Sphagnum imbricatum  which 

dominated the macrofossil record for over a millennium, leaving one strand o f the proxy 

record slack. Because o f the high water table in Ballyduff, the proxy records have the 

ability to record drier than usual periods to a greater extent and in more detail than wet 

periods. Wet periods are also recorded with sensitivity but proxies may not differentiate 

between damp and wet conditions and this could be one reason why there is not more 

agreement between the Ballyduff and other Irish climate records (Figure 5.3). It may also 

be why some Scottish hydrological records do not seem to agree particularly well with 

each other (Langdon and Barber, 2005). Thus the lack o f agreement between the Irish and 

Spanish hydrological records could be due to the absence o f a strong inter-regional signal 

as well as to the different response mechanisms o f the two sites. However, Mauquoy and 

Barber (2002) particularly attribute climatic sensitivity to bogs with small summer water 

deficits. In this area there may be a need to further examine summer water deficits and 

their influence on proxy climate indicator signals in order to gain a better empirical 

understanding o f the factors affecting proxy data.

Notwithstanding the lack o f abrupt climate change signals from the two sites, the timing of 

inferred precipitation changes may still show some similarity between the two regions. A 

crude way o f estimating regional precipitation changes is to search the literature and 

compile proxy records in the hope o f  gaining an impression o f the timings, pervasiveness 

and frequency o f  past climate changes. In section 3.5 and 4.10 the proxy records of 

Ballyduff and the Xistral sites are discussed in the context o f other regional proxy data and 

the Figures 3.12 and 4.25 are compiled from data found through a literature search. These 

figures are reproduced here together to give an impression o f the broader timing o f  inferred 

climate changes between Ireland and NW  Spain (Figure 5.3).
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In contrast to the single inferred abrupt climate change signal the broadly compiled Figure 

5.3 gives an impression o f more coherent climatic changes between the two regions. It is 

prudent to be cautious with the interpretation o f  this figure because it assigns equal value 

to low resolution, single records with little dating control and high resolution multiproxy 

records with precision dating. Moreover the time span examined by different proxy 

records varies and is often smaller than the period covered in this study; thus a lack o f wet 

indicating records for a period could be due to the lack o f suitable literature only. 

Nevertheless it may be worthwhile to raise a few points about this collection o f Atlantic 

Fringe records:

• Two o f the wet shifts between 4900 and 3900 cal BP occur in Ballyduff as well as 

in the Xistral M ountains whereas the middle wet shift at c. 4380 cal BP is not 

pronounced in NW  Spain but is reflected in other Irish proxy records as well as in 

Ballyduff.

• The period between 3800 and 1900 cal BP shows most variation in the proxy 

records both between and within regions. A large change to wetter conditions in 

Ballyduff starting at 3800 cal BP is not reflected in many Irish proxy records or in 

the Xistral sites but several other NW Iberian proxy records point to either cold or 

wet conditions at this point and for the next c. 700 years. A shift to wet/cold 

conditions at c. 3075 cal BP seems pervasive in NW Iberia and Ireland except in 

Ballyduff where it is only recorded by the single inferred abrupt climate change 

humification signal. Between c. 2900 and 2200 cal BP the records o f Ireland and 

NW Iberia show an increase in inferred wet episodes but the timing o f this increase 

seems to be different in the two regions. The Ballyduff proxies show a clearly 

delimited wet shift from c. 2080 cal BP a hundred years before their Galician 

counterparts.

• In Ballyduff the last millennia are characterised by two wet periods dating from c. 

1680 to 1020 cal BP (AD 270 to 930) and from 800 and 250 cal BP (AD 1150 and 

1700) which are separated by a well defined dry phase, the MWP. In the Xistral 

Mountains these phases are roughly simultaneous but appear much shorter than in 

Ballyduff. However, the cold/wet periods compiled from the NW  Iberian regional 

data indicate a spread in the timing o f  these periods similar to the Ballyduff 

multiproxy record.
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In conclusion, there is little agreement between the detail o f the Ballyduff and Xistral 

inferred multiproxy records. However the broader scale and more fuzzy compilation o f 

those datasets and inferred regional climate data produced a record o f broadly similar 

trends over much o f the examined time period. Broad agreement between the timing of 

climate events forms the bases o f research ideas like the one behind ACCROTELM. This 

project has succeeded in generating well dated, high resolution hydrological records but 

was not able to identify close links between proxy records from different sites. However, 

ACCROTELM does not stand alone with this conclusion. Other high resolution, 

multiproxy records also worked reasonably well on site by site bases but generated data, 

that have failed to integrate between sites. One o f these RAPID ASCRIBE, has 

investigated rapid palaeoclimate changes along a N-S Atlantic transect through speleothem 

data. The researchers contributing to that project concluded that assumed climate-proxy 

responses o f speleothems were far more complex than previously supposed and that 

multiple factors other than palaeo-temperature might influence speleothem geochemistry 

(Fairchild et al., 2006). This may be why the two 5 '* 0  records in Figure 5.3 (yellow) are 

out o f phase with each other, apart from a short period between c. 800 and 600 cal BP (AD 

1150 and 1350). Another large EU funded climate project, CHILL-10000, examined past 

climate changes in ecologically sensitive arctic and alpine lakes and produced detailed site 

and proxy records but also failed to correlate between sites (Korhola et al., 1999; Dalton et 

al., 2005) while MOLAR, a mountain lake research programme that was to calibrate 

muhiproxy data, generated from sediments deposited during the last 200 years, with 

instrumental readings did not achieve its goals. The project coordinators conclude their 

paper with an appeal towards caution in the interpretation o f longer records through 

climate proxy data (Battarbee et al., 2002). The HOLSM EER project investigated shallow 

marine deposits at high resolution between Iberia and Iceland to quantify the natural range 

o f climate change. This research did find links between atmospheric and ocean processes 

but even here some patterns and core sections vary in their response and timing (Eiriksson 

et al., 2006; Lebreiro et al., 2006; Scourse et al., 2006). Thus it would seem that the 

climate system and its local manifestations, including the climate-proxy responses, may 

generally be more complex than anticipated a decade ago.

5.3 Trends in the Pollen Records

NMS ordinations o f the datasets from the three sites form similar patterns which can be 

summed up in a few points:
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• The major gradient, Axis 1, within the ordinations from all sites seems to be 

primarily related to the amount o f Arboreal Pollen (AP) in the sample units and 

secondarily to the age o f  the pollen samples.

• The gradient underlying Axis 2 is more difficult to define and an attempt was only 

made for the Pedrido site, where it is thought to relate to cultivation and land 

management.

• Pedrido is also the only site where the pollen dataset displays a correlation with an 

environmental variable. Macroscopic charcoal is correlated weakly with both axes 

suggesting that landscape openness and management coincide with increased fire 

incidence.

• None o f the inferred climate proxy records shows a significant correlation with the 

pollen data gradients in any o f the datasets suggesting that palaeo-precipitation had 

no systematic influence on the pollen record.

Rates o f change, the dissimilarities between samples o f equal time intervals, were 

calculated from interpolated pollen datasets for all sites. At all sites the main variation in 

the rates o f change coincide with reductions in AP.

In Ballyduff major increases in the rates o f change occur just after the Neolithic-Bronze 

Age transition around 4450 cal BP, during a late Bronze Age farming episode between c. 

2900 to 2700 cal BP and during the Medieval period between c. 1000 to 700 cal BP (AD 

950 and 1250), as well as at c. 200 cal BP (AD 1750). In Pedrido the relationship between 

reductions in AP and increased rates o f change is strongest o f all sites until c. 2200 cal BP. 

After this point the largest rates o f change often coincide with maximum increases o f AP. 

It is speculated that these trends might reflect increasing grazing pressure during times of 

reduced AP in Pedrido, after c. 2200 cal BP. The rates o f change in Chan do Lamoso are 

on a smaller scale than at the other two sites possibly reflecting the lesser sensitivity to AP 

fluctuations at this site and maybe also a larger Relevant Source Area o f  Pollen (RSAP).

Because o f their different topography, the pollen source area is thought to vary 

considerably between the three sites. Pollen records from Irish sites that are close to each 

other often show considerable differences (Dodson and Bradshaw, 1987; Weir, 1995; 

Brown et al., 2005). These differences and Scandinavian studies (Brostrom et a l ,  2005; 

Nielsen and Sugita, 2005) estimating the RSAP were used to speculate on the pollen 

source area o f Ballyduff. M ost pollen extracted from that core was thought to have come
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from hundreds of metres around the site. The higher aUitude o f the Xistral sites, on the 

other hand, and the prevaiUng northerly winds might indicate that the background pollen 

input is greater in these sites than in central Ireland, especially in the more exposed site of 

Chan do Lamoso, which lies above the tree line.

The locations and monument type of archaeological sites from a 10km radius around 

Ballyduff were transcribed from the maps and files of the Records of Monuments and 

Places (RMP). This information was then reproduced in a map to help in the interpretation 

of the vegetation record. This step was only performed for Ballyduff as similar 

information from Galicia was not accessible. Few records o f specific monuments were 

found for the Xistral Mountains, which may be due to the upland location of the Xistral 

sites. The only sites found within a 10km radius of either Chan do Lamoso or Pedrido are 

either Mesolithic or Neolithic and date to before the start of this study.

5.4 Human and Vegetation History

The base of all three records shows pollen spectra dominated by AP and in particular by 

hazel and deciduous oak. In Ballyduff as well as in Pedrido, the hazel to oak ratio is c. 

0.60 to 0.15 while the higher altitude site of Chan do Lamoso has the same proportion but 

a lower frequency of these taxa and a ratio of c. 0.40 to 0.10. Alder is important in both 

regions while pine, elm and ash pollen is more frequent in Ireland and birch in Galicia. 

Hornbeam and evergreen oak were only identified from the Spanish sites and yew was 

found in Ballyduff only. Grass is a very minor player in Ballyduff but more important in 

the Xistral bogs, particularly at the higher altitude site of Chan do Lamoso. The ordination 

of the pollen data shows a degree of homogeneity in these early samples, particularly in 

Pedrido but also in Ballyduff.

Chan do Lamoso is different. In this profile human activity is presumed on the basis of a 

forest regression recorded at about 5300 cal BP and an increase in grass and cereal type 

pollen as well as a macroscopic charcoal peak. Archaeological as well as palynological 

evidence for a Neolithic presence in NW Iberia before this time are widespread (Dfaz- 

Andreu and Keay, 1997; Ramil-Rego et a l ,  1998; Munoz Sobrino et a l ,  2001; Munoz 

Sobrino et al ,  2005; Pena-Chocarro et a l ,  2005). Galician Neolithic and Bronze Age 

people were responsible for building chambered tombs, locally called ‘mamoas’, which 

are most often found clustered on low lying hill tops between 300 and 600m altitude
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(Criado Boado and Fabregas Valcarce, 1989; Fabregas Valcarce et a i,  2003). In Ireland, 

some of the megalithic monuments, for instance those in from the Boyne valley or those at 

Carrowmore are on a far larger scale than their Galician counterparts. However, both 

belong to a similar megalithic culture, which includes regions along the Atlantic Fringe as 

far apart as the Orkney Islands and SW Iberia. The spread o f megalithic culture implies 

navigation. Evidence for contact between many of the Neolithic groups can be established 

by tracing the provenance of the stone in stone axe finds (Cunliffe, 2001). Neolithic 

contact may not be the first link between Iberia and Ireland, however. McEvoy et al. 

(2004) construct genetic ordination based maps of a large sample of mtDNA haplotype 

groups found in Europe and Ireland. In this ordination the Irish male haplotype group 

cluster among haplotypes of other Atlantic Fringe regions and quite far from central 

European haplotypes. In particular, the Irish mtDNA markers seem to position Irish male 

lineages between their British and Galician counterparts. Other genetic tracers suggest 

Irish female lineages have a much stronger continental signature, which is, by genetic 

dating, proposed to stem from Neolithic times and may be due to immigration of women 

(McEvoy et ai,  2004). From an archaeological as well as a genetic perspective it would 

thus seem that at least part of the Irish and Galician populations shared aspects of an 

Atlantic identity which may date back to before the Neolithic.

Until the Bronze Age further changes in the pollen spectra do not seem to be linked to 

anthropogenic activity. On the contrary, instances of hazel pollen drops at both Xistral 

sites are thought to be linked to increases in wet indicating proxies and have been 

interpreted as climatically driven. Hazel seems to be more important in these relatively 

lower lying sites along the north coast o f Galicia (Ramil-Rego et a i,  1998; Mighall et al, 

2006) than at higher altitude sites further inland, where birch is the second most abundant 

pollen taxon besides deciduous oak (Allen et a l,  1996; Munoz Sobrino et a l,  1997). 

Huntley (1993) cites Smith’s hypothesis of Mesolithic assistance in spreading hazel early 

in the Holocene and its root’s resistance to fire for maintaining high abundances of the 

scrub in areas where fires are frequent.

The next forest disturbance occurs in Ballyduff at c. 4200 cal BP. Shifting AP values as 

well as increases in grass, plantain and other herb pollen point to agricultural activity, 

particularly as some single pollen grains of barley and wheat also occur. This forest 

disturbance looks small and an ordination of the pollen data indicates just a subtle 

difference in samples before and after it. For a long time. Bronze Age settlement history in
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Ireland was somewhat similar to the Ballyduff forest disturbance - barely visible. However 

increased levels o f archaeological excavation, in more recent times indicate extensive 

Bronze Age settlement, some of it around the fringes o f bogs in central Ireland (Doody, 

1995; Gowen et al,  2005; Grogan and Condit, 2005). Copper production had already 

started in Ross Island Co. Kerry at c. 2400 BC (4350 cal BP) and large hoards of 

elaborately worked gold artefacts testify to the status of the emerging society (Cooney and 

Grogan, 1999; O'Brien and Brindley, 2004). Metal impurities from artefacts can be traced 

to the centres o f metal production, often far away from their find spots. Copper, gold and 

tin producing areas became important during the Bronze Age, for instance, the Erzgebirge 

in central Europe, but also many regions along the Atlantic Fringe where metal was found; 

including SW Iberia, Galicia, Brittany, Cornwall and SW Ireland (Diaz-Andreu and Keay, 

1997; Cunliffe, 2001; O'Brien and Brindley, 2004).

In the Pedrido and Chan do Lamoso sites two reductions in AP% are recorded at c. 3730 

and at c. 3400 cal BP. In leading up to the first of these reductions both sites register 

elevated macroscopic charcoal levels in samples from a period lasting several hundred 

years. The anthropogenic mark on the Xistral landscape fades 150 years after the later 

forest regression just as the environmental scores begin to rise again. From c. 3200 cal BP 

the climate proxies o f both Xistral sites show rising water tables together with low LOI and 

macroscopic charcoal peaks. The charcoal peaks are particularly pronounced in Chan do 

Lamoso but it is in Pedrido where AP% fall gradually again. This section of the Xistral 

record illustrates some of the possible links between anthropogenic activity; here shown in 

the form of deforestation episodes and repeated burning and climate change; i.e. the 

sudden shift to increased wetness indicated by all proxies and environmental degradation; 

represented here by the low LOI scores. Low LOI values in Pedrido appear with peaks in 

hydrology scores. This erosion may be linked to high rainfall episodes rather than just to a 

general rise in precipitation. Gonzalez-Hidalgo et al,  (2007) estimated daily erosion rates 

in the western Mediterranean and found that rainfall erosion was most important and that 

50% of the yearly erosion was caused by the three heaviest rainfall events of the year.

References to climatic deteriorations are frequently cited to explain shifts in settlement 

patterns (Tinner et al,  2003; Magny, 2004; Arbogast et al,  2006) but they are sometimes 

vague, particularly in the older literature before the range of climate proxies and dating 

possibilities was explored to the same extent as it is now. However, studies where marked 

changes in the archaeological record can be linked with direct evidence for climate change
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are still sparse. This may be due to methodological difficulties, such as a lack of suitable 

sediments to examine from sites that seem to have been abandoned in prehistory, or it 

could be that human ability to adapt to altered circumstances overcame the challenges of 

climate changes (Zolitschka et al,  2003), for instance, by building trackways over wet 

bogs (Caseldine and Gearey, 2005; Go wen et ai,  2005) or by growing possibly drought 

adapted millet, as may have happened around the Xistral uplands during the MWP. 

Nonetheless there is a growing body of environmental research linking the timing of land 

abandonment to climatic deterioration. One such site is on Dartmoor where Bronze Age 

landscapes seem to have been abandoned between 1395 and 1155 BC (3345 and 3105 cal 

BP) at the same time that proxy inferred water tables rose (Amesbury et al ,  2008). Some 

500 years later rising water tables in the Netherlands also led to the abandonment of land in 

coastal areas, which became brackish due to an abrupt shift in climate (van Geel et al,  

1996).

In Ballyduff a major change in the pollen taxa occurs at the same time as climatic 

deterioration is documented in the Netherlands and elsewhere. The Ballyduff vegetation 

change shows rising bracken spores, grass, plantain and arable indicator pollen taxa, 

indicating intense agricultural use o f the landscape close to the bog without much sign of 

climatic changes in the proxy records. This is in contrast with the Xistral sites where 

Pedrido experiences a hiatus accompanied by high charcoal scores and wet signals from 

Chan do Lamoso. An intensification of human alteration of the landscape is evident from 

the pollen profiles of both regions at this time but it is more intense in Xistral, where forest 

regeneration seems to diminish after each successive deforestation episode.

It is during this period, at the interface of the Bronze and Iron Ages, that evidence for links 

to a common Celtic language family along the Atlantic Fringe appear. In SW Iberia the 

geographically important town of Tartessos, modem Huelva, provided a link between the 

sea faring peoples of the Mediterranean and the inhabitants of the Atlantic coasts. Galician 

tin was attractive to Phoenicians eager to avoid the more hazardous overland trip to bring 

the precious cargo back to Greece from other sources (Diaz-Andreu and Keay, 1997; 

Cunliffe, 2001; Gonzalez-Ruibal, 2004). Almargo-Gorbea (2004) believes that the earliest 

Greek inscription in Spain, Niethos, found on a stone in Huelva, spells out the name of a 

local Celtic god. He then traces the etymology of Niethos to the pre-Christian Irish god of 

Neit. Almargo-Gorbea makes a case for the inscription, which dates to c. 575 BC (c. 2525 

cal BP), being the first writing discovered in the Atlantic Celtic idiom. Cunliffe (2001)
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believes that a group o f related Celtic languages such as Celtiberian, Breton, Cornish, 

Welsh, Manx, Irish and Scottish Gaelic were spoken along the Atlantic Fringe from at least 

the middle o f the first millennium BC and that they may have formed a lingua franca 

between the people o f the Atlantic coasts.

Hillforts appear in the Irish as well as in the Galician Iron Age, however, there is a great 

difference in the number o f sites that have been discovered in the two regions. In Galicia 

the remains o f c. 5000 hillforts are known while tens rather than thousands o f these 

monuments have been found in Ireland (Cotter, 1995; Guitian Rivera, 2001; Grogan and 

Condit, 2005). The sheer density o f monuments implies a large human population and a 

large impact on the Galician landscape through this time. Such an impact might be 

reflected in another expansion o f grass and arable indicator pollen taxa at the expense of 

AP at c. 2100 cal BP in both Xistral profiles.

After a long struggle, the Romans took over political control o f  Galicia around 1970 cal BP 

(20 BC). The research o f Zolitschka et al. (2003) adds another dimension to this context. 

These authors draw on a large body o f palaeoenvironmental research into ‘human and 

climatic im pact’ on the German landscape between the Bronze Age and the Migration 

period and come to the conclusion that Iron Age agricultural advance has parallels in the 

industrial revolution, which also happened through a climatically unfavourable period, the 

LIA but which like the European Iron Age brought huge technical innovation. While they 

acknowledge that the Roman Warm Period may have facilitated further intensification in 

land management and settlement patterns they also draw the readers attention to northern 

Germany, which was not occupied by the Romans and which did not experience this 

intensification in spite o f  the climatic amelioration. This pattern o f agricultural 

intensification in Roman occupied areas, but not to the same extent in other regions, fits in 

well with the pollen evidence from Spain and Ireland o f this time. The Xistral pollen 

record shows much greater anthropogenic influence on the vegetation than the Irish one.

The early centuries AD can be seen as a somewhat enigmatic period in Europe. Many 

historical sources trace the disintegration o f the Roman Empire but are often less 

informative on other processes (Kamen, 1973; Cunliffe, 2001). This period coincides 

approximately with the Late Iron Age Lull in Ireland and the end o f the Roman occupation 

and the Germanic invasions o f NW Iberia. Large scale population shifts through central 

Europe are thought to have been caused by climatic deterioration (Zolitschka et al., 2003).
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The hydrological indices o f the Irish as well as o f the Xistral profiles show climate 

downturns but in Galicia an increase in AP as well as in bracken spores and a near total 

drop in arable taxa is shown before the proxies indicate a wet shift at 1700 cal BP (AD 

250). In Ireland, maximum AP values occur between c.1900 and 1450 cal BP (AD 50 and 

500) while the inferred wet shift starts only at c. 1850 cal BP (AD 100) and lasts beyond 

the phase o f high AP values. Thus the pollen signature o f one region, which might have 

been affected by considerable strife in the wake o f the breakdown o f colonial power, has a 

similar vegetation response as another that presumably did not have to contend with much 

political change. Under these circumstances it is not clear what significance if  any should 

be attributed to the reduction o f anthropogenic indicators in the pollen records.

In the aftermath o f the Germanic invasions the Xistral area experienced the most intensive 

o f all the deforestation episodes, which was not matched in extent until the 18''' century. 

This episode may be connected to Arab invasion o f the area around Mondonedo in the 8'*’ 

century (Wikipedia contributors, 2007) but otherwise there is little information on it 

(Martinez Cortizas et al., 2005). In the early medieval period, each o f the two regions 

developed its own adaptation o f Christianity (Kamen, 1973; O Croinm, 1995; Guitian 

Rivera, 2001). Irish monasteries were founded at home and as far abroad as southern Italy, 

while Galicia became a spiritual centre some centuries later.

The Atlantic coastal waters linking the two regions were well travelled not only by Irish 

monks but also by traders and later by Vikings who raided and settled in Ireland and sailed 

around Iberia. From the lO'** century pilgrim routes connected every larger town in the 

southern half o f Ireland with Santiago (Cunliffe, 2001). Around the Xistral Mountains AP 

values stay low and make up only about half o f the pollen percentage during the medieval 

period, possibly indicating increased grazing pressure in the upland areas. In the Irish 

pollen record on the other hand agricultural intensification is hinted at through increased 

species richness but AP percentage remains high until c. AD 1100. The hydrological 

proxies o f the Xistral uplands in the MWP show low, scores which are interpreted as 

drought signals, especially since they coincide with increases in macroscopic charcoal. 

Nevertheless arable agriculture indicators are numerous, showing mainly rye and millet 

cultivation. AP and bracken spore percentage increases in Ireland are interpreted as a post- 

Black Death abandonment o f land under cultivation (Kelly, 2001) but a similar signal is 

not obvious from the Xistral cores.
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Large scale and rapid deforestation in the 16*'' century is connected with economic 

exploitation and military aims o f the new settlers in Ireland, while ship building and 

general population pressure are thought to be responsible for the same trend in Galicia 

(McCracken, 1971; Saavedra, 1985; Guitian Rivera, 2001). Both regions experienced a 

rapid population expansion; in Galicia this happened around the 15"’ century and in Ireland 

in the 18*'’ century (Saavedra, 1985; Graham and Proudfoot, 1993; Guitian Rivera, 2001). 

Because o f the oceanic climate it was possible to step up food production by several 

factors in both cases. In Galicia, new models o f crop rotation meant that the available land 

could be cultivated more effectively and used for winter as well as for summer crops. This 

may not have been possible in a more continental setting (Saavedra, 1985). Whereas 

people in Ireland were able to grow potatoes on sometimes marginal land and the absence 

o f severe frosts meant that potatoes could be left in the ground until they were needed, thus 

eliminating spoiling due to storage problems (Purdon, 2000). The same oceanic climate 

characteristics have facilitated extensive 20"’ century afforestation with largely exotic tree 

species in both regions (Aalen et a l ,  1997; Guitian Rivera, 2001).

It would thus seem that that the populations o f Ireland and Galicia share some o f their 

genetic origin as well as strong cultural connections. These cultural connections manifest 

themselves in parallel developments o f architecture, metal exploitation, goods trade and 

manufacture, as well as through language from the Neolithic through to the Iron Age. At 

that point the local histories diverge as Ireland has only marginal contact with the Roman 

Empire through Britain while Galicia is invaded first by the Romans and later by Germanic 

and Arab forces. Medieval and modern history converge again to some extent and 

parallels include medieval Christian monastic life, population dynamics and Catholicism. 

Simultaneous abrupt climate changes may not be visible in the proxy or vegetation records 

but oceanic influence led to similar vegetation patterns at the start o f the records in both 

places. The Atlantic influence is not always obvious in the vegetation changes above the 

more dramatic changes o f  anthropogenic origin but it underpinned settlement history in 

these regions throughout the examined time span.
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Conclusions

The previous chapter summarises and compares the resuhs o f the vegetation and climate 

reconstructions for the three sites, Ballyduff in central Ireland and Pedrido and Chan do 

Lamoso in Galicia NW  Spain. The earlier parts o f the chapter also evaluate the 

construction o f the chronologies and later explore vegetation change around the sites and 

anthropogenic forcing factors that may have contributed to them.

In this chapter a synopsis o f the results is highlighted and the emphasis is shifted towards 

an evaluation o f the aims, the research approach and key-fmdings.

This thesis set out to explore vegetation response to climate- and in particular to past 

precipitation change. Patterns o f palaeo-precipitation were investigated in order to explore 

evidence o f temporal and spatial linkages and their influence on vegetation dynamics in the 

study regions. The two study regions were chosen because o f their position on the Atlantic 

Fringe which facilitates the detection o f Atlantic Ocean influence on their climates. 

Central Ireland and NW  Spain are located between 40 and 55° N, at latitudes where the 

warm surface waters o f the North Atlantic Current and shifts in storm tracks which are in 

part generated by the North Atlantic Oscillation impact on climates (Section 1.1).

The strategy o f the research relied on high resolution analyses o f ombrotrophic peat cores 

in a multi-stranded proxy approach encompassing both precipitation and vegetation indices 

o f the same well dated sediment samples. The approach was successful in that it generated 

vegetation data through pollen analysis and high resolution climate data with sufficient 

integrity to be combined into robust palaeo-hydrological indices for each study region. 

These indices show wet and dry phases, some o f which cover similar periods in both 

regions. Wet phases in central Ireland, for instance, could be inferred with reasonable 

confidence at c. 4400, 4250, 4000, 2500, 2050 between 1700 and 1000 and between 800 

and 100 cal BP and in Galicia at c. 4400, 4000, 3150, between 2750 and 2300, 1950, 1800, 

between 1500 and 1200, between 700 and 450 and at 0 cal BP.

However, inferred changes in past vegetation o f both study regions could not be linked to 

the fluctuations in hydrology and thus this research failed to produce evidence for climate 

forcing o f the vegetation during the study period. Instead most vegetation change seemed
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to be o f anthropogenic origin. The failure to detect climate influence on the vegetation 

may be due to anthropogenic forcing during the mid- to late Holocene since strong 

pressure on the vegetation may have obscured more subtle climate influences. However, 

this failure also underlines the relative stability o f  climate-vegetation interactions at these 

sites during the research period. In order to detect the influence o f  precipitation on palaeo- 

vegetation structure in the late Holocene, future research design should include more 

marginal study sites where precipitation may be a limiting factor for local plant distribution 

and agriculture. This may not be possible using peatland sites as proxy archives since 

vegetation growing around peat forming basins is not usually limited by the available 

moisture.

Apart from revealing climate influence on vegetation change this research also aimed at 

the detection o f  simultaneous rapid shifts between the palaeo-precipitation patterns o f both 

study regions. Such simultaneous shifts were not detected, perhaps in part because the 

proxy indices record subtly different signals in Ireland and NW Spain where summer water 

deficits are generally on a much larger scale. However, a search o f  the literature also failed 

to pin-point contemporary shifts within proxy records o f either Ireland or NW Spain 

indicating that the forces governing precipitation change may be too complex and locally 

variable to be registered clearly by the applied methods. These results are interesting since 

the research reported in this thesis substantially reduced chronological uncertainty for both 

regions. Hence the discrepancies between the signals o f the hydrological records are likely 

to be more than a mere artefact o f dating error. This holds even though the literature 

search showed that the regional palaeo-records often operate within an envelope of 

variation around regionally comprehensive climate curves.

Evidence for anthropogenic forcing o f the vegetation comes from the presence o f 

synanthropic taxa, ordination and rates o f change analysis o f the pollen data which reveal 

similar trends in all cores, namely that major gradients in the datasets relate to the amount 

o f tree pollen in samples. In Ballyduff the pollen record shows three phases o f tree pollen 

reduction, two in the Bronze Age and one recent. High dating and sample resolution made 

it possible to propose woodland regeneration rates as well as a five event model of 

clearance and land use for one o f the Bronze Age phases. A medieval tree and shrub 

regeneration period was interpreted as a drop in land under cultivation following the Black 

Death pandemic o f  AD 1348. Pine pollen reappeared particularly early in the 17”’ century.
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In contrast the Xistral profiles document more widespread pressure on woodland from 

early on in the records. The general trend o f decreasing tree pollen percentage is 

punctuated by further reductions at c. 5300, 3400, 2750, 2100, 1150 and from 450 cal BP. 

Rates o f change analysis indicated that before c. 2200 cal BP pollen spectra were more 

diverse during times o f reduced tree cover while after this date repeated deforestation 

produced similar conditions and high difference scores arose when trees were allowed to 

regenerate. This was tentatively interpreted as representing grazing pressure.

In Galicia deforestation occurred mainly during phases o f increased cultural activity such 

as in the late Neolithic, in the Bronze Age and during the Iron Age and the Roman 

occupation. The deforestation at 1150 cal BP is associated with high macroscopic charcoal 

and drier conditions and coincides with a period o f political change between Visigoth and 

Arab rule. Millet and rye were mainly cultivated from the medieval period onwards while 

barley and wheat were more important earlier in the record. Deforestation in the 16‘̂  

century coincided with local shipbuilding industry and population pressure. Both the 

Galician and Irish pollen diagrams show pine afforestation in recent centuries.

While some o f the main aims o f this research proved elusive the large body o f data made it 

nevertheless possible to add considerable detail to the vegetation and climate histories of 

both study regions. The success o f  this research underlines the importance o f a multi

stranded approach, good record resolution and high chronological control in 

palaeoenvironmental studies.
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Appendices
1a Ballyduff Modern Vegetation

Sphagnum subnitens 
Sphagnum papillosum 
Sphagnum imbricatum 
Sphagnum cuspidatum 
Hypnum jutlandicum  
Calluna vulgaris 
Erica tetralis 
Andromeda polifolia 
Vaccinium oxycoccos 
Narthecium ossifragum 
Menyanthes trifoliata 
Dactylorhiza maculata 
Drosera rotundifolia 
Drosera anglica 
Eriophorum vaginatum 
Eriophorum angustifolium 
Trichophorum cespitosum 
Rhynchospora alba 
Carex pallescens

Confined to hummocks:
Leucobryum glaucum 
Sphagnum capillifolium 
Sphagnum fuscum  
Sphagnum magellanicum 
Calluna vulgaris 
Erica tetralix 
Andromeda polifolia 
Cladonia spp.

Trees growing on bog and vegetation near them:
Pinus sylvestris
Betula pubescens
Hypnum jutlandicum
Aulacomnium palustre
Campylopus introflexus
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Appendix

1b Pedrido Modern Vegetation

Bog surface:
Calluna vulgaris 
Eriophorum vaginatum 
Erica makaiana 
Molinia caerulea 
Gentiana pneumonanthe 
Potentilla erecta 
Carex echinata 
Carex sp 
Sphagnum sp 
Narthecium ossifragum 
Parnassia palustris 
Potamogeton sp.
Succisa pratensis 
Drosera rotundifolia

On approach track:
Poaceae 
Erica arhorea 
Euphorbia sp.
Salix (repens?)
Erica makaiana 
Erica cinerea 
Potentilla erecta 
Hypericum sp.
Drosera

On rand and surrounding slopes 
Ilex aquifolium 
Castanea sativa 
Eucalyptus
Pinus pinaster on surrounding slopes and 
Pinus radiata on higher slopes
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Appendix

1c Chan do Lamoso Modern Vegetation

Eriophorum angustifolium 
Eriophorum vaginatum 
Calluna
Erica mackaiana
Molinia
Carex
Racomitrium 
Leucobryum 
Sphagnum sp.
Cladonia
Rhynchospora
Festuca
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Appendix 

2 NPPs

Plate A1 NPP taxa with indicator value recorded for ACCROTELM sites and reproduced 
from the project website (ACCROTELM members and Daniell, 2003). Not all of the 
above NPP types were encountered in this project.

1: Gelasinospora sp. (ascospore; Type 1).
2: Gelasinospora cf. reticulispora (ascospore; Type 2).
3: Spore Type 10. These spores often are more irregularly curved and broken.
4: Spore Type 12. Often the hyaline, thin-walled cell is missing.
5: Meliola niessleana (ascospore; Type 14).
6: Neurospora sp. (ascospores; Type 55C). Note the longitudinal 
grooves which are only visible in one o f the spores.
7: Mougeotia (zygospore).
8: Spirogyra (zygospore or aplanospore).
9: Zygnema-Xyfpe (zygospore or aplanospore).
10: Amphitrema flavum  (testate amoeba).
11: Assulina sp. (testate amoeba).
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Appendix

3 Townland Index with Site Types

Sheet 1 Townland 1 Easting. J Northing Type o f site

OF029 |Cloghan Demesne 1 197261 21196 Bawn

OF029 |Ballynasrah 1 19940| 21144 Castle Site

OF029 |Gortarevan 1 198521 21349 Childrens Burial

OF029 |Kilmochonna 1 19843| 21177 Church and Grave yard

OF029 |Gortarevan 1 198711 21326 Enclosure Site

OF029 |Caplevane 1 19895| 21370 Enclosure Site

OF029 |Ballynasrah 1 200241 21200 Enclosure Site

OF029 |Newto\vn 1 19896| 21060 Holy Well

OF029 |Cloghan Demesne ( 19726| 21196 Sheelana Gig

OF029 |Cloghan Demesne 1 19726| 21196 Tower house

OF030 |Cloonacullina 1 20578I 21203 Enclosure Site

OF030 |Eglish 1 208581 20935 Holy Well Site

OF030 |Clondallow 1 204011 20921 Mound

OF030 |Coolaghansglaster 1 20302I 20961 Ring barrow

OF035 |Clonoghil 1 20734] 20486 Archaeological Complex

OF035 |Coolnagrowner ( 207721 20312 Castle Site

OF035 |Ballindarra 1 204951 20362 Castle site

OF035 |Ballindown 1 20689j 20786 Castle Site

OF035 |Clondallow 1 204351 20856 Earthwork

OF035 |Clonoghil I 20734] 20486 Earthwork

OF035 ICrinkill i 20475] 20259 Enclosure

OF035 jBallindarra 1 20516] 20315 Enclosure Site

OF035 |Coolnagrowner I 209321 20275 Enclosure Site

OF035 |Boherboy ] 20510] 20287 Enclosure Site

OF035 |Lisheen 1 20756] 20566 Enclosure Site

OF035 |Bogderries 1 20877] 20828 Enclosure Site

OF035 jBallinree j 20940] 20381 Enclosure Site

OF035 |Clonoghil j 20734] 20486 Glasswork

OF035 |Clonoghil Upper ] 2071l ] 20508 House

OF035 |Clonoghil ]  20734] 20486 Ringfort

OF035 |Clonoghil Upper 1 207131 20387 Ringfort Rath

OF035 |Ballindown I 207371 20836 Ringfort, Rath and Cashel

OF035 |Clonoghil I 207341 20486 Tower house site

jOF035 |Townparks 1 20550j 20502 Town

OF035 {Ballindown 1 20689] 20786 Village Site

OF038 |Ballygaddy ] 20813] 19893 Cairn

OF038 |Clonbeg I 20861] 19915 Castle Site

OF038 |Clonbeg I 20861] 19915 Earthwork

!o F038 |Kilnalacka j 20516] 19977 Earthwork site

|OF038 |Kilcolman 1 208301 19966 Ecclesiastical remains

|OF038 |Ballyegan I 20643] 19935 Enclosure Site

|OF038 |Sharavogue 1 20670] 19699 Enclosure Site

|OF038 |Clonbeg 1 209061 19902 Enclosure Site

|OF038 |Rath More 1 208211 19876 Enclosure Site

|OF038 [Ballygaddy 1 208001 19935 Enclosure Site

|OF038 |cionbelly 1 206381 20043 Fulacht Fiadh

|OF038 |Balincor Demesne 1 203961 19685 House

|OF038 |Ballincox 1 204141 19706 Ringfort Rath Cashel

|OF038 |Ballygaddy 1 207071 19858 Ringfort Rath Cashel

|OF038 |Crinkill 1 207431 20203 Ringfort Rath Cashel

|OF038 |Rath Beg I 20619] 19854 Ringfort Rath Cashel

|OF038 |Ballygaddy I 20772] 19925 Ringfort Rath Cashel
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Sheet 1 Townland 1 E asting  | Northing |  Type o f  site

IOF038 |Ballyegan 1 20643] 19935]souterrain

OF038 |Rathiiiore 1 207421 19781 ]Souterrain

|OF038 |Rathmore ]  207421 19781 ]Tower house

;OF042 |Curralanty 1 204761 19550 jFortified House

OF042 |Curralanty 1 204791 19502]Maoted Site

TNOOl 1 Redwood 1 19295| 21089]Archaeological Complex

TNOOl |Ballymacegan 1 19178| 20795 ]Barrow Ring

TNOOI [Redwood 1 19269| 20821 jcastel

TNOOl |Derry 1 19689| 20812 ]Church and Grave yard

JNOOl |Redwood 1 192911 21010]Earthwork

iTNOOl 1 Redwood 1 19386] 20788 ]Enclosure

It n o o i |Redwood 1 192711 20858 ]Enclosure

iTNOOl [Ballyea 1 19539| 20868 |Enclosure

;tn o o i 1 Redwood 1 19366| 20823 ]Enclosure Site

iTNOOl 1 Redwood 1 19358| 20784]Enclosure Site

TNOOl 1 Redwood 1 19459| 20919]Enclosure Site

TNOOl |Redwood 1 19346| 20954|Enclosure Site

iTNOOl |Coolross 1 19628| 20971 jRingfort

TNOOl jCoolross 1 196411 20913 ]Ringfort Rath Cashel

iTNOOl [Redwood 1 19295| 2l089]Sheelana gig

TNOOl [Redwood 1 19295| 21089]Togher

jTNOOl [Redwood 1 19295| 21089]Tower house

iTN002 [Ballynacegan 1 19055| 20834 ]Castle Site

TN 002 [Annagh 1 200031 20863 ]Enclosure Rectangular

TN002 [Annagh 1 20144] 20823|Enclosure Site

TN002 1 Derry I 19715] 20793 jRingfort Rath Cashel

TN002 [Coolross j 19706] 20876|Ringfort Rath Cashel

TN004 |Abbeville j 19512] 20408 jArchaeological Complex

;PN004 [Lorrha j 19196] 204561 Bailey

TN004 jAbbeville 1 19512] 20408]Bawn

'rN004 [Lasheen ] 19682] 20643 ]Bullann stone

TN004 |Portland Kittle j 18902] 20706 ICastle

TN004 [Slevoir j 18735] 20156 ]Castle Site

TN004 |Kilcareen I 19419] 20272 ]Castle Site

TN004 [Curraghglass j 19447] 20468 jchurch

TN004 |Portland j 18830] 20438 ]Church and Grave yard

TN004 |Lorrha j 19315] 20468 |Dwelling

TN004 [Annagh j 19056] 20410]Enclosure

TN004 [Lisballyaard j 19655] 20636 ]Enclosure

TN004 [Redwood j 19369] 20756 ]Enclosure

TN004 [Grange j 19212] 20663 ]Enclosure

TN004 [Lorrha I 19273] 20461 ]Enclosure

TN004 |Lorrha j 19212] 20420 ]Enclosure

TN004 [Lissgadda j 19448] 20388 ]Enclosure

TN004 jPortland Island j 18871] 20746 ]Enclosure

TN004 jcullagh j 19648] 20578 jEnclosure

TN004 [Abbeville j 19577] 20355 jEnclosure

TN004 [Lorrha j 19276] 20366 ]Enclosure

TN004 [Ashpark j 19681] 20266 jEnclosure

TN004 [Lissernane j 19648] 20429 jEnclosure

TN004 iKilfadda j 1 91 7 7 ] 20188]Enclosure Site

TN004 [Ashpark j 19676] 20266 jEnclosure Site

TN004 |Kildask j 19497] 20185 jEnclosure Site

TN004 [Derrybreen 1 19617] 20185]Enclosure Site

TN004 [Derrybreen I 19626] 20171 jEnclosure Site

TN004 [Grange 1 19212] 20663 jEnclosure Site

TN004 [Abbeville j 19475] 20425 jEnclosure Site

TN004 [Lissernane ] 19628] 20437 jEnclosure Site
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Sheet, 1 T ow nland 1 E asting  1 . N o r fh in g ....... 1...............  T ype o f  site

T N 004 |L issem ane ] 1 9 7 0 ll 20412]E nclosure Site

TN 004 |Lasheen I I9682 | 20643 ]Holy tree

TN 004 |Lasheen 1 I9682] 20643 ]Holy Well

TN 004 |A bbeville 1 19512| 20408 ]House

TN 004 |Lorrha 1 19196| 20456 ]Motte

TN 004 |A bbeville 1 195I2 | 20408 JOratory

TN 004 |Ashpark 1 19646| 20336 jRing Barrow

T N 004 iLoirha 1 19128( 20398 (Ringfort

TN 004 jcullagh 1 19675| 20506  jRingfort Rath Cashel

T N 004 |A bbeville 1 19535| 20330]R ingfort Rath Cashel

T N 004 |A bbeville 1 19512| 20408 jSettlement

TN 004 |Curraghglass 1 19447| 20468 jSettlement deserted

T N 004 |Ballyguirk 1 19122| 20223 jXower house

TN 004 |A bbeville 1 19512| 20408 |T ow er house

TN 004 |Lorrha 1 19196| 20456 ]Xown and all in it

TN 004 1 N ewtow n 1 19574| 20691 ]W atermill Horizontal

TN 004 |A bbeville 1 19512| 20408 ]Watermill Horizontal

T N 004 |Lehinch 1 18759| 20410]W indm ill

T N 005 | R o ss 1 19875] 20556 jChurch and Graveyard

T N 005 | R o ss 1 19820| 20550 jEnclosure

TN 005 |Faddenmore 1 19960| 20239 jEnclosure

TN 005 |Clonraskin 1 19978| 20408 jEnclosure

TN 005 |Rath 1 19810| 20499  jEnclosure

TN 005 |paddenm ore 1 19907| 20182 jEnclosure

TN 005 |Faddenmore 1 19960| 20239 |E nclosure

TN 005 jwalshpark 1 19978] 20408] Landscape Feature

TN 005 | R o ss j 19863] 2 0 5 3 1 jLandscape Feature

TN 005 |C lonfinane ] 19921] 20287]M ass Rock

TN 005 |Lelagh 1 19867] 20623 jRingfort

TN 005 |Lisballyard i 19786] 20479 jRingfort

TN 005 |D ougkill I  20178] 20126]Settlem ent

TN 005 |Faddenmore ] 20046] 20223 jlr e e  Ring

TN 005 |C lonfinane j 19997] 20247 jjree  Ring

TN 005 |Faddentnore j 20054] 20145 jl ree Ring

T N 005_ 1 Derry j 19724] 20720 jcastle

T N 005_ |Graigue j 19983] 20701 jcastle

T N 005_ |R oss ] 19875] 20556 jchurch and Graveyard

T N 005_ |Ourteen I 19881] 20745 jO w elling Site

|TN 005_ Ixinlough j 20297] 20270 jO w elling Site

|TN 005_ [Graigue j 19996] 20718]E cclestiastical remains

|TN 005_ |R oss j 19820] 20550 jEnclosure

T N 005_ |Rath j 19810] 20499 jEnclosure

T N 005_ |Annagh j 20244] 20709 jEnclosure

T N 005_ |K illeen ] 20385] 20467  [Enclosure

T N 005_ |K illenaule ] 20323] 20612 jEnclosure

T N 005_ |Lisballyard ] 19781] 20561 [Enclosure

T N 005_ |Clonraskin ] 19978] 20408 [Enclosure

T N 005_ |Lissem ane 1 19703] 20412 |E n closure

T N 005_ |Faddenmore ] 19907] 20182 [Enclosure

T N 005_ |Faddenmore 1 19960] 20239 jEnclosure

|TN 005_ iLisballyard j 19781] 20561 (Enclosure

jTN005_ |Faddenmore j 19960] 20239 jEnclosure

ITN005 |Graigue j 20019] 2 0 7 2 0 [h o ly  Well

|TN 005_ |R o ss j 19863] 2 0 5 3 1 jLandscape Feature

T N 005_ jwalshpark j 19978] 2 0 4 0 8 jLandscape Feature

T N 005_ |Clonf’inane j 19921] 20287 jMass Rock

|t N 005_ |K illeen j 20420] 20450 jMotte and Bailey

|T N 005_ |Lisballyard 1 19776] 20517]R ectangular Enclosure
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Sheet Townland Easting Northing Type o f site

T N 005_ Lisballyard 19786 20479 R ingfort

:TN005_ Lelagh 19867 20623 R ingfort

|T N 005_ C aherhoereigh 20305 20131 R ingfort

[TN005_ Ross 19788 20583 R ingfort R ath C ashel

|T N 005_ D ougkill 20178 20126 Settlem ent

]t N 005_ Sharragh 19910 20294 T ogher

jTN005 C lonfinane 19997 20247 Tree R ing

jTN005_ Faddenm ore 20054 20145 T ree R ing

:TN005_ Faddenm ore 20046 20223 T ree R ing

;t n o o 5_ Gurteen 19971 20714 W aterm ill

T N 005_ S ardu ff 20151 20631 W aterm ill

T N 0 0 5 _ B allykinash 20184 20139 W indm ill

T N 0 0 7 Kylebeg 19532 19807 B ullann and ch ild ren 's  burial, enclosure and 
ecclesiastical rem ains

ITN007 Ballyhaugh 19361 19948 C ashel

|TN 007 U skane 19451 19630 C astle

'T N 007 K ilfadda 19204 20080 C astle and Bawn

|t N007 Uskane 19451 19630 C hurch and g rave yard

;t n o o 7 Feigh W est 19383 19861 C hurch , grave yard, ecclesiastical enclosure

T N 0 0 7 |C!oghleigh 19594 19772 Earthwork site

TN 007 K ilcom m on 19143 20045 Ecclesiastical enclosure

|TN 007 |M unlusk 19612 19902 Enclosure

T N 0 0 7 |L isdu ff 19543 20011 Enclosure

’TN 007 |B allyhaugh 19351 19949 Enclosure

1TN007 [.isduff 19554 20045 |E nelosure

;TN007 l.ism alinc 19652 19524 |E nclosure

'TN 007 Ballylina W est 19646 19573 |E nclosure

■TN007 C loonaw illin 19246 19839 |E nclosurc

ITN007 |B allyhaugh 19356 19969]E nclosure

:TN007 |B allycorniuck 19438 19942 |E nclosure

,TN007 Ijsm aline 19657 19554 |E nclosure  Site

T N 007 ^oran 18885 19863 |E nclosure  site

T N 007 |M unlusk 19661 19893 |E nelosure  site

TN 007 Roran 18820 19861 |E nclosure  site

‘t N007 1 -isheen 19445 19866 |E nclosure  site

T N 0 0 7 |L isdu ff 19510 19993 |E nclosure  site

TN 007 |C appanam uck 19506 19976 |E nelosu re  site

TN 007 |c io n e sk a 19689 20059  |E nelosure  site

TN 007 |M unnia 19690 19877 [Enclosure site

TN 007 |Lisheen 19286 19867 [Enclosure site

TN 007 |B allycorm uck 19438 19918 [Enclosure Site

TN 007 |B allyhaugh 19383 20083 [Fulacht Fiadh

TN 007 jportm ay 19264 199611 -u lach t Fiadh

TN 007 |Fortm ay 19264 19961 [Fulacht Fiadh

TN 007 |U skane 19550 19565 [Fulacht Fiadh

TN 007 |U skane 19542 19572 [Fulacht Fiadh

TN 007 |U skane 19556 19547 [Fulacht Fiadh

TN 007 |lCylebeg 19516 19813 [Holy W ell

TN 007 |Lisheen 19316 19858 [M oated site

TN 007 jL isduff 19584 2 0 0 6 0 [M oated site

TN 007 |C loneska 19681 20051 [M ound site

TN 007 |L ackabrack 19617 200311 viound site

TN 007 |B allyhaugh 19368 19989 [Ring fort, rath and cashel

TN 007 llJssb ryan 19695 l97 5 8 [R in g fo rt (rath  cashel)

TN 007 |Fortm oy 19293 19959[R ingfort (rath  cashel)

TN 007 jFortm oy 19322 19927 [R ingfort (rath  cashel)

TN 007 |B allycorm uck 19497 1 9 9 l2 |R in g fo r t (rath  cashel)

TN 007 |L ism aline 19551 19516 [R ingfort (rath  cashel)
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Sheet 1 Townland 1 Easting | jSorihiog i  Type of site
TN007 |Lismaline I I969 l] I9503|R ingfort Rath Cashel

TN007 |Rahinane 1 19646] 19711 ]Souterrain

TN007 iBallyhaugh 1 19402| 20019]Tower House

TN007 |Fortmoy 1 19219| 19984] Watermill

TN008 |Rahinane 1 19745| 19664]Castle Site

TN008 |Ballingarry 1 19873| 19690]Enclosure Site

TN008 |Ballingarry 1 I9854| 19694]Enclosure Site

TN008 |Ballingarry 1 19859| 19699]Enclosure Site

TN008 |Ballingarry 1 1 9 8 ll | 19745]Moated Site

TN008 |Ballingarry 1 19833| 19741 |M oated Site

TN008 |Garrane 1 19902| 19759|Ringfort Rath Cashel

TN008 ISallingarry 1 19849| 19634]Ringfort Rath Cashel

TN008_ |Ballagher 1 201I5 | 20024 jBarrow

TN008_ |Doughkjll 1 20129| 20033 jBarrow

TN008_ |Faddan More 1 200421 20008 jBarrow

TN008_ |Lismacroy 1 19784] 19864|Dwelllng Site

TN008_ |Gurteen j 19856] 19840jEnclosure

TN008_ |Gurteen ] 19867] 19796]Enclosure

TN008_ |Lismacroy j 19761] 19817]Enclosure

TN008_ |Lismacroy ] 19761] 19817]Enclosure

TN008_ |Munnia I  19710] 19820]Enclosure

TN008^ |Curteen j 19878] 19897]Enelosurc

TN008_ |Gurteen j 19872] 19784]Enclosure

TN008_ [Arragh More I  19782] 20046 ]Enclosure

TN008^ |M unnia j 19723] l9860]Enclosure

TN008_ |Loughkeen j 20104] l9929|Enclosure

TN008_ |Clonaskin I 20037] 19972]Enclosure

TN008_ |cionaskin 1 20004] 19936]Enclosure |

TN008_ |Ballaghar j 20078] 20061 jEnclosure

TN008_ |Arragh Beg j 19885] 19972]Enclosure

TN008_ |Castlctown j 20276] 20038 jllall House

TN008_ |Loughkeen I 20133] 19925jlloly Well

TN008_ |Lismacroy ] 19815] 19834|M ound

TN008_ |Lismacroy 1 19817] 19825|M ound

TN008_ jDoughkill j 20141] 20064 jRingfort

TN008_ |Lismacroy ] 19735] 19776]Ringfort Rath Cashel

TN008_ iGurleen j 1 9 8 2 4 1 19875 jRingfort Rath Cashel

TN008_ |Cloncorig j 198911 20065] Well

TNOll {Ballinahinch j 199701 19360]Crannog

TNOll {Ballynahlnch j 19954] 19427 jEnclosure

TNOll |Creeragh j 1 9 8 3 0 | 19463 jEnclosure Site

TNOll |Ballingarry j 199011 19460 jEnclosure Site

TNOll |Creeragh ] 19854] l9454 |M oated  Site

TNOll |Creeragh j 1 9 8 1 4 ] 19416 jRingfort Rath

TNOll jKilcunnahin Beg j 20107] 19429 jRingfort Rath

TNOll jwhitehall j 2 0 1 4 4 ] 19458 jRingfort Rath
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Appendix

4a Ballyduff rare pollen taxa
depth (cm)jChrono. CarpinusjPlatanus Anthemis Conium type Callitriche Phyteuma type|Avena type Zea mays Stellaria holostea Euphorbia type

4.5 1 -47
1 i  1

22.5 31 ! 1
34.5 130 1
40.5 370 1
55.5 818 1
57.5 824 1
61.5 835 1
65.5 846 1
92.5 940 1

336.5 3267 1
344.5 3336 1

depth
(cm) Chrono Filipendula Malvaceae Rhianthus

type
Rumex

hydrolapathum
Sparganium

type Valeriana Vicia Menyanthes
trifoliata

Thelypteris
palustris

10.5 -38 1
12.5 -35 1 1
28.5 83 1 1

i
1

34.5 130 T  ! 1
286.5 2836 1
470.5 4422 1

474.5 4456 1



Appendix

4b Pedrido rare pollen taxa

depth
(cm) Chrono Acer Eucalyptus Tilia Asphodelus

Datura
stramonium

0.5 -53
28.5 532
96.5 1346
100.5 1416
128.5 1905
136.5 2045
200.5 3564
204.5 3646
216.5 3890
240.5 4379

Myriophyllum Papaver
Euphorbia Lonicera Lotus altemiflorum rhoeas Vitis

1
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Appendix

4c Chan do Lamoso rare pollen taxa

depth (cm) Asphodelus Centaurea jacea type Charyophyllaceae Helianthemum nummularium type Rubiaceae Scrophulariaceae
25.5 1
30.5 1
70.5 1
100.5 1
110.5 1 1



Appendix

5 Troels-Smith Sediment Description Scheme
Abundance ratings: 0 = absent, + = trace, 1 = minor presence (< 10%), 2 = medium 

presence (< 25%), 3 = major presence (25 -  50%), 4 = sole presence (75 -  100%) 

(Troels-Smith, 1955; Birks and Birks, 1980)

Physical properties of sediments

Name Abbreviation Description
Nigor nig degree o f  darkness

Stratification strf visual or structural stratification o f sediment

Elasticitas elas the ability to retain shape after deformation

Siccitas sicc water content

Limes lim contacts with adjoing sediments

Humositas hum degree o f  decomposition

Calcareousness calc degree o f  calcareousness (use HCl to determine)

Sediment components

Class Sym
bol Element Description

Turfa

Tb T. bryophytica mosses

T1 T. lignosa
stumps, roots, ligneous plants, stems 

branches
Th T. herbacea rootlets, rhizomes, stems, leaves

Detritus

D1 D. lignosus ligneous plants >2mm

Dh D. herbosus herbaceous plants >2mm

Dg D. granosus plant fragments < 2mm > c. 0.1mm

Limus

Ld L. detritus plant animal fragments < c. 0.1mm

Lso L. siliceous 
organogenes

diatoms, spongi needles,other skeleton 
fragments < c. 0.1mm

Lc L. calcareus marl not hardened < c. 0.1mm

L f L. ferrugineus iron oxide particles < c. 0.1mm

Substantia Sh S. humosa disintegrated organic material

Argilla
As Clay mineral particles <0.002mm

Ag Silt mineral particles 0.002 to 0.06 mm

Grana
Ga Fine Sand mineral particles 0.06 to 0.6mm
Gs Coarse Sand mineral particles 0.6 to 2mm
Gg Gravel mineral particles >2mm
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Appendix

6 SCP Analysis Protocol

Adapted from Rose (1990, 1994) (ACCROTELM members and Daniell, 2003)

1. Air dry (50°C) 100 - 400 mg peat.

2. Weigh air-dried sample {wdry)-

3. Digest samples in 25 ml conc. HN03 at 180°C in the Gerhardt Digester for about 1 hr. to 

remove organic content.

4. Transfer samples and acid to tubes and centrifuge (3000 rpm, 3 min)

5. Decant supernatant then add distilled water to pellet. Stir thoroughly and centrifuge as 

above.

6. Decant supernatant and wash residue into pre-weighed (Wv/a/) vials.

7. Centrifuge vials.

8. Using a disposable pipette carefully remove supernatant from vials and weigh each vial 

plus residue (Wres)-

9. Remove a drop of residue with the disposal pipette and place on a microscope slide. Add 

a drop of distilled water to spread if necessary.

10. Evaporate excess moisture on the slide on a hot plate.

11. Add a drop of melted glycerol jelly to the slide and cover with a cover slip. 12. Count 

the SCPs visible on the slide (light microscope, x400)

13. Weigh vial and remaining residue {WsHcd " this permits calculation of SCPs per gram of 

dried sediment -

SCPsf gram =
SCPCoufit '
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