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A bstract

This thesis contains the results o f  an investigation into the palaeoecology o f  a m idlands raised bog, 
Clara Bog, Co. Offaly. It was undertaken to investigate the developm ent o f  the bog and som e o f  its 
features. The thesis is w ritten in three parts, the first introduces the project and the m ethods used. 
The second part concerns the developm ent o f  the bog itself; the th ird  part reviews Irish Holocene 
archaeology and vegetation history, to provide a context to the investigation o f  the regional 
vegetation developm ent that follows.

The first part o f  the thesis concentrated on two aspects o f  the developm ent o f  Clara Bog: the 
genesis and history o f  the soak features on the bog, particularly the birchw ood and Lough Roe, and 
the developm ent o f  the bog itself. The second part o f  the thesis investigated the developm ent o f  the 
regional vegetation through investigation o f  two sites: the bog itself, and a small lake basin on the 
esker ridge to the north o f  the bog.

D evelopm ent o f Clara Bog com m enced early in the Holocene as fen vegetation infilled the basin, c. 
10000 BP and continues today. The stratigraphy o f  the bog revealed that there was an early 
om brotrophic phase c. 8000-8500 BP that was then succeeded by fen vegetation. This is a very 
unusual event in raised bog stratigraphy and has not been previously reported from Ireland, 
although a sim ilar succession is known from  the Som erset levels. It was concluded that this event 
was probably linked to developm ents in local hydrology. Subsequent developm ent o f  the fen was 
succeeded at c. 6000 BP by om brotrophic vegetation that continued up to the present.

Clara Bog has two features that are parjicularly rare: lakes and a birchw ood. The genesis o f  the two 
lakes was studied by sedim ent analysis, and while one was found to be o f  recent origin, the other 
was found to have started developm ent at c. 6000 BP. It has now becom e infilled by the fringing 
vegetation.

TTie birchw ood was investigated using palynology and lead-210 dating. This revealed the feature 
developed relatively recently c. 100 years ago and is probably related to drainage linked to the 
cutting o f  tu rf and the construction o f  a road on the bog. Two sim ilar stands o f  birch on other raised 
bogs (Addergoole Bog, Co. Galway; W ooddown Bog, Co. W estm eath) were also studied for 
com parison and a model o f  birchw ood development on raised bogs was proposed.

The second half o f the thesis was concerned with the regional vegetation. Holocene vegetation 
change was studied by pollen analysis. Results o f this study included detection o f  the early arrival 
o f  Pinus at the site, sim ultaneous with Corylus. Later developm ents included a series o f Ulmus 
declines including one at 5000 BP. Apart from during a m ajor decline in Ulmus pollen frequencies 
at 3800 BP there was no indication o f  agricultural expansion, none being detected until the Bronze 
■Age. This is unusual for a site in Ireland, and it is possible to imply that the declines detected in the 
Ulmus population prior to the detection o f agriculture may have been due to disease.

Subsequently there was continuous evidence o f farming in the region until the Iron Age at c. 2000 
BP. A fter this lull agriculture resumes and a final decline in arboreal pollen frequencies and an 
expansion o f  agriculture was detected at c. 500 BP.

A site to the north o f  the bog was investigated to see whether inform ation on the vegetation on land 
adjacent to the bog could be found. It was found that there was Ulmus and Corydus growing on the 
esker during the m id-H olocene and that these were subsequently jo ined  by Quercus. The upper 
sediments in the sequence held evidence o f disturbance at the site, w ith Plantago  becoming quite 
frequent at c. 5500 BP. However, it was not possible to conclude w hether this was o f anthropogenic 
origin. The site appeared to be strongly liked to the local hydrology and changed from  lake to wood 
to fen during its existence w hich began before 6400 BP.

The surface sediments were investigated in greater detail by pollen analysis o f  a monolith extracted 
from  the bog. Results from  this investigation agreed well with historical inform ation. Pinus was 
reintroduced during the historic period c. AD 1650.
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Chapter 1 

Introduction

1.1 Peatlands

This chapter aim s to provide a basic introduction to the m ain types o f  sites 

encountered during the study and to put them  in a context w hich w ill explain the 

im portance o f  the project.

Several types o f  peat accum ulations occur in Ireland, the m ost im portant o f  w hich 

are the acid peat bogs. Irish peatlands are im portant com ponents o f  the landscape. 

They originally covered over 1.3x10'’ ha, equivalent to 17% o f  the landscape 

(H am m ond, 1979). These can be divided into four basic types 

9 Atlantic blanket bogs;

• m ountain blanket bogs;

• fens;

• raised bogs.

M ost o f  these peatlands have suffered considerable dam age due to drainage and 

being exploited for fuel and afforestation. The proportion dam aged was estim ated in 

a 1974 surv'ey as 36%  o f  the total, and 62%  o f  all raised bogs (H am m ond, 1979). In 

a further surv'ey o f  raised bogs by Cross (1990) it was found that there were no 

com pletely intact raised bogs, and none o f  the extrem ely large raised bogs remain. 

A larm ingly, 62%  o f  the sites intact in 1974 had been destroyed by 1987. This has 

m ade the need to conserve peatlands m ore urgent than had been realised, as noted 

by W atts (1990, p. 199): “This conserv ation o f  peatland is o f  scientific, cultural and 

aesthetic interest.”

Fens are im portant but com prise a small proportion o f  the total, less than 8% 

(Ham m ond 1979). Fen peats are com posed o f  the rem ains o f  m inerotrophic 

vegetation and accum ulate at sites that are perm anently below  the w ater table, and 

according to Ham m ond (1984) are found below  150 m. O w ing to drainage few 

exam ples o f  fens rem ain in Ireland. H am m ond (1979) suggested that all fens had 

been modified.

In acid peatlands (bogs) the basic condition that allows peat to accum ulate is if  

production o f  plant material exceeds the rate o f  its decom position. The bog is raised



above the groundwater table and therefore all water available to the plants arrives as 

rainfall, which is generally very low in nutrients and bases. Plants growing on the 

surface o f the bog are also insulated from the mineral groundwater by peat which 

has very low hydraulic conductivity. This results in an environment that has a very 

low buffering capacity and where nutrients are very scarce. Ombrophilous mires are 

described as having sulphate as the predominant anion and hydrogen as the 

predominant cation (Moore and Bellamy, 1974) Such conditions have encouraged 

the growth o f specialist plants such as the Drosera spp. which trap insects in order 

to obtain nutrients. Plant taxa growing on the peat must also be tolerant o f 

waterlogging as the water table is often close to the surface o f  the peat for long 

periods. On many acid bogs Sphagnum  contributes to the acidity by exchanging 

hydrogen ions for bases, thus increasing the acidity and further reducing microbial 

activity. An exception to these general conditions are minerotrophic flushes, which 

are principally found on blanket bogs.

Blanket bog generally formed on mineral soil which became waterlogged due either 

to podsolisation or other processes. It is restricted to a rainfall regime o f >200 days 

and >1250 mm per annum and a high precipitation/evaporation ratio. Moore (1993) 

considered that human influence was probably important in many areas o f Ireland 

and Britain, possibly tipping the balance in favour o f blanket bog formation and 

creating conditions for the establishment o f minerotrophic peat forming 

communities, e.g., Jimciis sp. followed by Sphagnum  and other blanket peat forming 

taxa. However the mechanisms underlying the formation o f blanket peat and its 

inception have so far defied a straightforward explanation (e.g., O ’Connell, 1990). 

Blanket bog can be put into two categories, mountain and Atlantic lowland. Atlantic 

lowland is common only on the western coasts o f Scotland and Ireland where there 

is very high rainfall. Mountam blanket bog can be found at an altitude >152 m (after 

Hammond, 1984) where there is annual rainfall >1250 mm.



1.2 Raised Bogs

Raised bogs can be divided into three classes (Hammond, 1984), one o f which is the 

True Midland type. These exist where there is a current excess o f  rainfall over 

evapotranspiration in the order o f 700 m m -1250 mm per year (Hammond, op. cit.). 

Raised bogs consist o f  a catotelm, a core o f humified macroscopic and microscopic 

plant remains which are waterlogged and anaerobic, where the structure o f  the 

plants has collapsed. This is bound by the acrotelm, a skin o f  living vegetation over 

a layer o f peat in which the structure o f the plants is still discernible and through 

which water can move quite freely, resulting in vertical motion o f  the water table. 

These layers have accumulated above the level o f the local groundwater table. 

Development o f  raised bogs follows the pattern described for a hydrosere, which is 

a succession starting with open water and eventually ending with a peatland 

(Tansley, 1939). W alker (1970), in an investigation o f  Tansley’s {op. cit.) 

hypothesis, reviewed a number o f sites which he thought developed under primarily 

autogenic influences. This study established the frequencies with which particular 

communities succeeded each other. A great variety was found in the sequence of 

community succession, although the general trend was towards communities which 

are less tolerant o f  flooding, with reversals in this pattern being very infrequent 

(Walker, op. cit.). Walker {op. cit.) suggested that any major change, e.g. o f  the 

nature o f a reversal, should be attributed to a catastrophic environmental disruption, 

as the plants o f hydroseres possess wide climatic tolerances. In conclusion Walker 

{op. cit.) suggested that ombrotrophic bog and not woodland is the climax 

community o f hydrosere in Britain and Ireland.

Development o f Irish midlands raised bogs began at approximately 10 000 BP (the 

beginning o f the Holocene) in poorly drained depressions in the landscape, often the 

sites o f large shallow lakes (Mitchell and Ryan, 1997). These lakes were gradually 

infilled by sediment, deposits generally starting with open water organic lake muds 

(gyttja) and followed by the remains o f fringing vegetation from the lake shore (e.g., 

Mitchell and Ryan, 1997; Smith and Goddard, 1991), becoming fens in the process. 

The fens were dominated by Phragmites australis and Cladiiim marisciis, the 

remains o f which are quite common in fen peat deposits (Godwin, 1956). Other taxa 

often found in fen peat include woody species such as Alniis and Betula which are



the remains o f carr woodlands (e.g., see the woodland types W2, W5 as described in 

Rodwell, 1991a).

Fens in turn accumulated sediment up to the level o f  the water table and therefore 

were no longer fed by ground water. Ombrotrophic com m unities were preceded by 

transitional bryophyte communities including Drepanocladus aduncus, Dicramim  

bonjeanii and Aulocomium palustre  (Barry and Synnott, 1984). Often these mosses 

were associated with Betula spp., Menyanthes trifoliata and Phragmites australis. 

As sediment continued to accumulate, it became increasingly deficient in nutrients 

and Sphagnum  spp. became established amongst the fen species. The last remnant of 

open water was often overgrown by floating rafts o f  vegetation, e.g.. Sphagnum  

cuspidatum  rafts (Tallis, 1973). The succession o f Sphagnum  spp. mopped up the 

remaining basic ions and acidified the sediment, making it unsuitable for many 

other plant species. This transitional stage was followed' by ombrotrophic 

communities, with mosses such as Sphagnum fuscum  being an early coloniser 

(Barry and Synnott, 1984). Sphagnum  raised the water table as it accumulated due 

to the fact that it retains water in its cellular structure, thus continuing to retard 

decomposition. As material accumulated, with the greatest accumulation in the 

centre o f the peatland, these Sphagnum  dominated communities developed into the 

large domed structures known as raised bogs.

Because the development o f a raised bog follows a pattern, there is a general 

stratigraphy based on peat composition and humification associated with this 

pattern. These physical characteristics are controlled both by the climate, as peat 

accumulation depends on rainfall, and by the plants growing at a particular serai 

stage. A general succession is given in Table 1.1 (after M itchell and Ryan, 1997) 

with an example in Fig. 1.1 (from Mitchell and Ryan, op. cit.). The term 

“Older/Younger Sphagnum  peat” is used to denote a widely recognised change in 

peat humification (Semander, 1908) which occurred at -26 5 0  BP in northwest 

Europe (van Geel et a i ,  1996; but see also Table 1.2). Beneath a contact horizon or 

“Grenzhorizont” the peat is more humified, above it, less so. It is considered by 

some that this indicates a change from a drier to a wetter climate in the latter part of 

the Holocene. However, more than one such horizon has been found in a single site
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Figure 1.1 Succession from a lake (a) to a raised bog (d). Fen vegetation expands onto 
the lake surface (b). Dead plant material is deposited and builds up in the lake, until the 
fen vegetation is succeeded at the groundwater by ombrotrophic vegetation (c-d). The 
raised bog develops as the peat continues to accumulate.
(Diagram from Mitchell and Ryan, 1997).
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making it hard to accept one ubiquitous feature indicating cUmate change at that 

date (Moore and Bellamy, 1974). This is considered in more detail in Chapter 12.

Table 1.1 General stratigraphy o f a raised bog (After M itchell and Ryan, 1997)

Landscape feature Major peat components Degree o f  Humification

Raised Bog (post-Grenzhorizont) Sphagnum\CypeTncene Low

Raised Bog (pre-Grenzhorizont) Sphagnum\Cypsmcene High

Fen PoaceaeVCyperaceae High

Lake Gyttja\Marl\Clay High\Low\Low

While the lower layers are usually found in the deepest part o f  raised bogs, this is 

not necessarily true over their entire area as they often expand to an area greater 

than their original basin and the upper layers only may be found to overlay mineral 

soil at some points.

Although the regional climate is very important for the growth o f  raised bogs, local 

conditions, particularly regarding the groundwater table, can be o f  equal importance. 

Therefore similar changes seen in the stratigraphy o f different peatlands cannot be 

assumed to be synchronous. Table 1.2 illustrates this point.

Table 1.2 Radiocarbon dates o f the major sediment 
examples o f raised bogs in Ireland and Britain

boundaries from several

Site Event (RCYBP)'

Fen peat initiation Ombrotrophic

initiation

peat Grenzhorizont

Meenadoan' >7800 BP 7800 BP <3000 BP

Bog o f Allen' - 7500 BP -
Ballyscullion^ >9000 BP 7000 BP c. 4200 BP

Sluggan Bog”* >9400 BP 6760 BP 2130 BP

Mongan Bog^ - 5420 BP -

' Radiocarbon years before present (yr BP), present meaning 1950 A.D. 

■ Pilcher and Larmour (1982)

 ̂Mitchell and Ryan (1997)

■^Smith and Goddard (1991)

^Parkes (Unpublished)
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These data indicate that the various stages o f peat formation were asynchronous in 

Irish raised bog development. As we can see in Table 1.2 there is a difference o f 

almost 2400 radiocarbon years between the first and the last transition from fen peat 

to ombrotrophic peat. Although most raised bogs developed along the lines o f 

Tansley’s (1939) hydrosere model (Walker, 1970), local hydrological conditions 

were almost certainly the dominant influence in raised bog development, resulting 

in a spread in the dates for peat development, as indicated by the sample o f dates 

presented above in Table 1.2.

1.3 Topography of raised bogs

Raised bogs have their own particular pattern o f growth with several identifiable 

structures. As the bog expands it has a convex cupola, a few metres above the 

surrounding land which is dominated by ombrotrophic communities (Gore, 1983). 

The bog slopes most sharply as it approaches the interface between the bog and the 

surrounding mineral soil; this sloping part o f the bog dome is known as the rand 

(Moore and Bellamy, 1974). Outside the rand there is a marginal zone with poor fen 

vegetation where there is ground-water flow which is known by its Swedish name 

‘the lagg’ (Moore and Bellamy, op. cit.).

On the main surface o f the bog there is a tendency for the surface to be patterned 

into hummocks and hollows. These are thought to be persistent features on the 

surface o f the bog. Walker and Walker (1961) investigated several sites in Ireland, 

including Clara Bog, while Tallis and Livett (1994) in a short review o f current 

thinking said that local retardation o f peat growth can give rise to pools and 

hollows, while hummocks occur where peat grows fastest. Lawns, uniform expanses 

o f mire vegetation (Gore, 1983) in a hollow or flat area often dominated by a 

Sphagnum  species are another feature, as are soaks which are strips o f fen 

vegetation associated with the seepage o f moving water crossing bogs or separating 

bog areas from each other (Osvald, 1949; Gore, 1983).

1.4 Preservation of organic material

One o f the criteria assessed in sediment classification is humification, or degree o f 

decomposition (Troels-Smith, 1955). Fen peat sediments are anaerobic and 

accumulate material due to high productivity, a high water table, and almost



permanent waterlogging. However, biological activity still carries on in the 

uppermost centimetres o f  fen sediments, so that plant remains are seldom well 

preserved. Sphagnum  peat also depends on permanent waterlogging o f sediments. It 

does this by retaining water in the hyaline cells in the leaves o f both living and dead 

Sphagna, and by pulling water up through capillary action. The subsequent 

waterlogging results in the development o f  an anaerobic envirormient. Sphagna also 

exchange hydrogen ions for cations, which results in the acidification o f their 

environment. When these conditions are optimised in a raised bog good preservation 

o f  plant remains takes place. As the plant material becomes preserved the peat bog 

increases in size. The rate o f accumulation varies greatly, between 0.4 mm per year 

and 0.9 mm per year or occasionally more (Mitchell et al., 1992; Zurek, 1984; 

Walker, 1970).

Variations in-^both the water level at the surface o f  a bog and the peat accumulation 

rate affect the time it takes for plant remains to get into the permanently anaerobic 

zone, resulting in the great variety o f sediment preservation observed in raised bogs. 

Degree o f humification and preservation o f fossils is strongly dependent on the 

wetness o f the bog surface. Accumulation is most rapid in the central portion o f the 

bog, as it is there that the water table is the most consistently high. Towards the 

edges the water table fluctuates more, resulting in the sediments being exposed to 

oxidising conditions for longer periods. Conditions influencing accumulation rates 

have been considered in models o f peat growth. Clymo (1978) emphasises the 

importance o f the surface layers in determining the peat accumulation rates, 

particularly by the growth o f plants at the surface and the rate at which the deposited 

material decays before it enters the anaerobic zone. The process is described more 

thoroughly in Moore et al. (1991) and Clymo (1983).

1.5 Hydrology

Peat is composed o f 88%-97% water (Ivanov, 1981). In order to grow there must be 

an excess o f  rainfall over evapotranspiration o f some 750 m m -1250 mm 

(Hammond, 1984) as an ombrotrophic raised bog gets all o f its water and nutrients 

from precipitation. Typically the water in a raised bog has a low pH (pH 3.0-4.2) 

and low nutrient concentrations (Moore and Bellamy, 1974).
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In order for Sphagnum  to accumulate, the preceding sediment must be at or above 

the level o f the groundwater table. As Sphagnum accumulates it pulls the water table 

upwards by capillary action and mechanical water storage. In order for most 

Sphagnum species to survive on a raised bog there must be a high water table, and 

this will only be present if  there is an intact acrotelm over most o f  the surface 

(Kelly, 1993).

As a hydrological phenomenon, a raised bog has two separate units: the acrotelm 

(the upper living layer) and the catotelm (the lower, humified peat layer). These two 

layers are further defined in Table 1.3 (after Ingram, 1983).

Table 1.3 Differential properties o f the acrotelm and the catotelm (after Ingram, 

1983)

Property - Acrotelm Catotelm

Water table Present A bsent

Water content (versus tim e) Variable Constant

Permeability Variable, high at surface R elatively low

Aeration Periodically aerated A naerobic

M icrobial activity High L ow -N il

Macro flora Matrix o f  living plant material D ead except for a few  roots

Streefkerk and Casparie (1989) suggested an equation for the v/ater balance in a 

raised bog including a vertical seepage component (Fig 1.2).

P - E - R - L - D =  AS

P, precipitation; E, evaporation; R, surface runoff or supply; L, lateral seepage; Z), 

downwards vertical seepage; A5, change in storage capacity.

Streefkerk and Casparie {op. cit.) state that according to water balance studies on 

bogs over several years the average annual change in storage capacity in a 

hydrological year is 0. The surplus precipitation {R+L-^D) is discharged each year. 

As long as there is an excess o f precipitation over evaporation (P -£ ’>0)the peat 

remains saturated and does not decay. The hydrology o f raised bogs is described in 

detail by Ingram (1983) and Streefkerk and Casparie (1989).

1.6 Vegetation

Vegetation and vegetation succession on raised bogs is well documented (e.g., 

Mitchell and Ryan, 1997; Rodwell, 1991b; Bellamy, 1986; Eber, 1982; White and
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Doyle, 1982; Moore and Bellamy, 1974; Tansley, 1939). The hydroserai succession 

from open water is known (e.g.. Walker, 1970) as is the variety o f routes the 

succession may travel to end as a raised bog.

The fact that there is such variation in raised bog development makes individual 

studies o f vegetation history worthwhile, as it is not possible to predict the sequence 

taken to present day vegetation. Site specific knowledge can be valuable when 

aspects such as conservation are being considered. Exam ination o f the different 

components o f  the peat can also indicate conditions on the bog at the time when 

peat was bemg laid down, particularly the wetness o f the bog surface at that point, a 

fact that has been used to study climate change (e.g., Barber et a i ,  1994). 

Occasionally species which were once common on raised bogs become rare. Two 

examples o f this are Scheuzeria palustris (Moore, 1955) and the formerly common 

hummock forming moss. Sphagnum imbricatum  (e.g.. Green, 1968; Stoneman et a i ,  

1993).

The topographical patterning mentioned above is reflected by patterning o f  the 

vegetation. The primary factor that influences which species grows at a particular 

point on an ombrotrophic raised bog is the depth o f  the water table. Fig 1.3 shows a 

summary o f the relationship between vegetation and water table depth on bog 

remnants (from Hammond et a i ,  1990). Nutrient status tends to be similar over the 

central area o f the bog, except around soak areas where poor fen vegetation may 

grow. At the lagg there is usually a community o f poor fen vegetation abutting the 

raised bog (e.g., Kelly, 1993) as this is the contact zone between the mineral 

groundwater and the raised bog dome.

Clara Bog supports a wide range of vegetation communities (Kelly, 1993). These 

include areas where the bog vegetation is in good condition, i.e., lawns of 

Sphagnum magellanicum, to those areas severely damaged by drainage, i.e., areas 

dominated by Narthecium ossifragum  or Calluna vulgaris. In addition there are 

areas o f minerotrophic/mesotrophic vegetation on the bog. These are associated with 

the internal drainage system o f the bog. The largest features are Lough Roe, which 

has an area o f minerotrophic vegetation associated with it, and Shanley’s Lough 

which

10



Figure 1.2 M odel for bog hydrology from Streefkerk and C asparie (1989).
P , precipitation; E, evaporation; R, runoff; L, lateral seepage; D,  dow nw ards vertical 

seepage; AS, change in storage capacity.
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Sphagnum  cuspidatum  
Rhynchospora alba 

D rosera anglica
Sphagnum  papillosum

Eriophorum angustifolium  
Eriophomm vaginatum

Sphagnum  magellanicum  
Scirpus cespiiosus

Narthecium ossifragw n  
CalLuna vulgaris 

Cladonia impexa  
Erica tetralLx

Drosera rotundi/oUa

Surface water-tables <.................................................. > Deep water-tables

Figure 1.3 A summary of the relationship between species growing on a bog, and water 
table depth. (From Hammond et al., 1990).
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has a stand o f Betula pubescens associated with it. These two areas o f vegetation 

amongst the mainly ombrotrophic vegetation communities have contributed to the 

reasons for designation o f the bog as a National Nature Reserve. The vegetation o f 

these features represents a succession o f plants which live close to the level o f the 

water table.

1.7 Clara Bog

As the number o f large intact bog systems decreases so does diversity o f structures 

and ecosystems. Features such as bog pools and soaks have disappeared as the 

surfaces have dried out and been damaged. Cross (1990) outlined a series o f site 

quality categories, A being the best. In the midlands only 2620 ha o f category A 

raised bog were identified. Clara Bog, a raised bog with an intact soak (internal 

drainage) system, was one o f  the largest o f  these sites (660 ha) and 465 ha becam-e a 

National Nature Reserve (NNR) with statutory protection in 1987.

Consequently in 1989 Clara Bog NNR became the object o f  a multidisciplinary 

study o f hydrology and plant ecology, by an EU funded, jo in t Irish-Dutch project, to 

assess how the bog might be managed and restored (Kelly, 1993). This project was 

designed to assess the condition o f the bog, focusing particularly on hydrology, in 

light o f continuing peat extraction, surface and peripheral drainage 

However, some o f the significant features on the bog, mainly the water bodies, are 

currently decreasing m area. It was decided to (a) investigate the origins o f these 

features and (b) to look at the development o f the bog as a whole in order to provide 

an overall view o f how the bog developed over time. It was hoped that this would 

indicate which features were the most important for conservation and provide a 

background for a management plan to work against.

1.8 Aims of this study

1. To provide an analysis o f the sediment and vegetation development o f the entire 

raised bog, from its origin to the present day. This is in order to highlight any 

special features which might enhance its overall value for conservation. It could 

also be used to examine any processes which may have been important in the 

development o f the bog, but which are no longer apparent.
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2. To examine the development o f the soak features which are located on the bog 

surface and to look at the processes which have resulted in rapid changes in their 

extent during the past century.

3. To examine the development o f Betula pubescens woodland on the central bog 

surface.

4. An analysis o f  the vegetation history o f the landscape adjacent to Clara Bog. This 

can be used to present the history o f the bog in a landscape context.

5. To synthesise the data and give an overall picture o f the bog’s development, and 

to suggest possible ways in which conservation could be enhanced.

1.9 Structure of the thesis

The are three sections in the thesis. The first is an introduction while the latter two 

contain the results. The first section introduces the background to the project and the 

sites studied (Chapter 1 and Chapter 2). Materials and methods used to obtain 

(Chapter 3) and analyse (Chapter 4 and Chapter 5) the data were discussed next. 

Section two deals with the development o f Clara Bog itself (Chapter 6) and the 

features which are found on its surface (Chapter 7 and Chapter 8). Chapter 9 

provides a brief overview o f the section.

In Section 3 the development o f the regional vegetation is investigated. In order to 

provide a context for the results which follow, Chapter 10 and Chapter 11 are 

reviews o f Holocene vegetation and archaeology respectively. They are followed by 

the investigation o f Holocene (Chapter 12) and recent (c. 1000 years; Chapter 13) 

vegetation development o f the region around Clara Bog. Chapter 14 looks at the 

regional vegetation from a site to the north o f the bog. Chapter 15 discusses the 

results o f Section 3 while Chapter 16 provides overall conclusions which are based 

on the entire study.
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Chapter 2 

Description of tlie study areas

2.1 Introduction

This chapter provides basic information about the four sites which were studied (See 

Fig 2.1).

2.1.1 Geology

All four sites lie in what is known as the Central Lowlands, a roughly rectangular 

area o f 21000 km" (8000 square miles), stretching from Galway to Dublin 

(Whittow, 1974; Aalen, 1997). Clara Bog, Lough Cuith (Co. Offaly) and 

Wooddown Bog (Co. Westmeath) are located in the centre o f  this area, while 

Addergoole Bog (Co. Galway) is located in the extreme west o f  the area. The 

Central Lowlands lie at an altitude between 30 m and 120 m above sea-level (Orme, 

1970) and are predominantly composed o f Carboniferous limestone. The hmestone 

is divided into lower, middle (or Calp), and upper limestone. However, geological 

mapping has shown that the middle limestone is often more arenaceous or 

argillaceous than calcareous (Whittow, 1974). Consequently, the geological maps 

tend to overestimate the amount o f limestone bedrock in the central lowland area 

(Whittow, 1974). There are a few bedrock features which rise above the relatively 

flat limestone. These include Croghan hill (232 m), a volcanic cone about 20 km 

east o f Clara.

2.1.2 Geomorphology

Ireland has experienced several glaciations during the Pleistocene, most recently the 

Midlandian which lasted from 75 000-13 000 years ago (M itchell and Ryan, 1997). 

The landforms in the central lowlands have been moulded to a large extent by the 

actions o f ice sheets and water. Ice and water have both eroded and deposited large 

amounts o f material. As a result, most o f the central lowlands are covered in glacial 

drift, although some areas o f bedrock are exposed to the north, e.g., karst around 

Lough Derravaragh, Co. Westmeath (Drew, 1997). During the Midlandian 

glaciation all the sites were covered by ice sheets (Warren, 1985).
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The glacial deposits are generally thicker east o f the Shannon, while in the west the 

karst topography o f the limestone is frequently exposed (W hittow, 1974). The 

eastern shore o f  Lough Corrib, where Addergoole bog is located, tends to have 

thicker glacial deposits than adjacent land to the east (W hittow, op. cit.). These 

deposits include drumlins at the northern end o f  the Lough. The main 

geomorphologic features in the areas o f the sites are eskers, which stretch across the 

midlands (Warren, 1987). These features rise above the landscape for 20 m-30 m 

and follow a sinuous route between the peat bogs and other features o f  the 

surrounding landscape. Eskers are thought to have formed as a result o f  water 

movement in sub-glacial tunnels, and at tunnel mouths (Delaney, 1997). Raised peat 

bogs are a second major feature o f the central lowlands. These features developed in 

clay lined depressions throughout the central lowland area during the post-glacial 

(Mitchell and Ryan, 1997).

2.L3 Climate

Ireland has a temperate climate, strongly influenced by proxim ity to the Atlantic 

ocean. The gulf stream flows around the Irish coast and, with the prevailing westerly 

winds, is the major factor in giving Ireland its mild oceanic climate. Despite a 

northwest-southeast gradient for rainfall, which is dependent on altitude and 

distance from continental Europe, the central lowlands exhibit a relatively uniform 

climate. Air temperature ranges from a mean o f 5°C in January to 15°C in July with 

an annual mean o f  10°C and a mean daily range o f 7°C (all values from the period 

1951-1980; Rohan, 1986). The central lowlands have a mean annual precipitation 

from 1200 mm in the west, to 800 mm in the east along with a high number o f rain 

days throughout the year (Rohan, 1986). Coupled with an average annual Penman 

evapotranspiration figure o f 400-450 mm, this creates a surplus in the water balance 

in the central lowlands. This surplus is usually confined to the w inter months, with a 

deficit in midsummer. However, this can vary markedly from year to year (Keane, 

1986). This excess o f  precipitation, along with high relative humidity, has allowed 

the growth o f raised bogs.



2.2 Sites

2.2.1 Clara Bog

Clara bog, a large raised bog, lies 2 km south o f the town o f Clara in north Co. 

Offaly (53° 19' N, T  37' W; Ordnance survey grid ref.: N  25 30) at an altitude 

between 56 m O.D. and 62.5 m O.D. The bog is bisected by a road running south to 

Rahan. Clara Bog lies in a shallow depression and is underlain by clay, sand, till and 

limestone bedrock (Smyth, 1997). The bog covers 665 ha, two thirds o f which are 

owned by the Office o f Public Works and receives statutory protection as a National 

Nature Reserve. The remaining one third is privately owned.

The bog was mentioned in a European Parliament resolution in 1983 which called 

for the protection o f  Irish bogs.

Clara Bog is bounded to the north by an esker which runs east to west. To the south 

the bog was bounded by the Silver River, but peat cutting and land reclamation have 

removed the margin o f  the bog over a distance o f c. 2 km north from the river.

There is marked peat subsidence adjacent to both sides o f  the road constructed in the 

early 19* or late 18‘̂’ century (Daly and Johnston, 1994). Shrinkage o f the peat has 

disrupted the hydrology around the road and has caused visible damage to the bog 

surface and the original bog vegetation near the road. It was estimated that the peat 

adjacent to the road has shrunk by 5 m over the last 200 years from an original 11 m 

depth.

The eastern half o f Clara Bog has recently sustained considerable damage to its 

surface, owing

to the installation o f  130 km o f shallow drains by Bord na Mona in 1983-1984 

(Foss and O ’Connell, 1996). Plans for commercial peat harvesting were stopped by 

the government in 1983, and the Clara Bog was purchased by the National Parks 

and Wildlife Service in 1986. the bog was declared a national Nature Reserve in 

1987. The drains were blocked at intervals, at first by volunteers during 1987. These 

dams were ineffective, and when hydrological research on Clara Bog was completed 

in 1993, the project concluded that 50% o f the bog was drying out (Kelly, 1993). 

Further dams were constructed in 1993-1994 to encourage the regeneration o f 

Sphagnum  as part o f  the management plan devised for the bog (Foss and O ’Connell,
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op. cit.). Peat cutting still continues on the southern edge o f  the bog and includes 

one commercial operation below Shanley’s Lough.

The western side o f the bog has been less severely damaged by disturbance, and no 

recent attempt has been made to drain its surface. Peat depth is up to 10.5 m 

(Bloetjes and Van Der Meer, 1992).

2.2.2 Lough Cuith

To the north o f  Clara Bog lies the Clara esker, one o f the boundaries o f the bog. The 

esker complex also contains features such as kettle holes (Smyth, 1997). One of 

these kettle holes is clay lined, and contains a peat deposit (to c. 1 m depth) at one 

end. This depression is marked on O.S. maps as Lough Cuith (N 53°20’, W 1° 36’; 

61 m O.D. ; N 260 315) and is situated 1 km to the south-east o f  Clara town; and 2.1 

km north-east o f  the main core site on Clara Bog. Although the depression has been 

drained, it occasionally fills with water in prolonged periods o f particularly heavy 

rain (e.g., 1994). The surface o f the peat is flat, and the deposit lies in between two 

steep ridges on the esker. The southern slope is wooded with an old trackway on the 

ridge, the other is covered with pasture. The basin is bisected lengthways by a ditch 

which was dug between 1840 and 1880.

2.2.3 Addergoole Bog

Addergoole Bog (N 53° 20’, W 9° 2 ’; M 310 335), is located in Co. Galway, on the 

eastern shores o f  Lough Corrib, between the Clare and Cregg rivers, 7 km NE of 

Galway city. It is the westernmost semi-intact raised bog in Ireland and has a soak 

system draining towards its northern margin. It has an area o f  c. 310 ha including 

cutaway to the south and east. The original extent o f the bog was greater to the east, 

but the bog was cut in two by a road running N -S. It is underlain by Carboniferous 

limestone.

The western half o f the bog is largely intact and contains some large pool systems. 

There is a soak at the north-western comer o f the bog which drains towards the 

Cregg river. The soak includes a small Betiila pubescens stand. At the northern edge 

o f bog vegetation grades into fen vegetation dominated by species such as Jimciis 

subnodulosiis, Molinia caenilea  and Cladium mariscus (Conaghan and Bleasdale, 

1994). There is cutaway at the edge o f the bog.
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The vegetation o f  the bog itself is dominated by Erica tetralix, Calluna vulgaris, 

Eriophoriim vaginatum, Narthecium ossifragum  and others (Conaghan and 

Bleasdale, 1994). The Sphagna include Sphagnum capillifolium, S. papillosum, S. 

magellanicum  and S. tenellum  (Conaghan and Bleasdale, 1994). The soak is 

composed o f several large pools and lakes, and a birchwood. The lakes have been 

invaded by floating Sphagnum cuspidatum, S. recurvum var. mucronatum  and 

Menyanthes trifoliata. There is also a Juncus effusus, M yrica gale  and Sphagnum  

area where the soak drains towards the river. The birchwood is dominated by Betula 

pubescens w ith Sphagnum palustre, and a very luxuriant growth o f lichens 

(Conaghan and Bleasdale, op. cit.).

There are several maps o f the area around the bog dating from the time o f the bog 

commissioners survey and they show the area around the bog as well settled in the 

nineteenth century, and also the former much greater areal extent o f the bog.

The bog is currently a proposed Special Area o f Conservation and has been 

designated an Area o f Scientific Interest.

2.2.4 Wooddovvn Bog

Wooddown Bog (N 53° 32’, W 7° 16’; N 480 542) is located in Co. W estmeath c. 5 

km east-north-east o f Mullingar town. It is a raised bog o f  140 ha, and is covered by 

a network o f shallow drains. There is an area o f commercial forestry on the eastern 

edge. The bog has a small soak area on its northern margin which drains towards a 

field drainage system. The agricultural land to the northeast is slightly elevated.

The vegetation o f  the bog is dominated by degraded Sphagnum  spp.. Calluna 

vulgaris and Narthecium. The area around the soak is dominated at its margins by a 

raised ridge o f Calluna and Molinia, while the central area o f the soak is dominated 

by Betula pubescens with some Salix.

The bog is currently a National Heritage Area and an Area o f  Scientific Interest, and 

is afforded some protection from further damage and disturbance.
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Chapter 3 

Data analysis

3.1 Introduction

This chapter explains the various techniques used to analyse the data that are 

presented in this thesis. Differences specific to each data set are described in the 

appropriate chapters.

3.2 Radiocarbon dating

3.2.1 Introduction

Radiocarbon dating is the method most commonly used by palynologists to 

establish ages for sediment sequences. Owing to the large number o f radiocarbon 

dates and profiles in this research it was decided to devote a section to radiocarbon 

dating in order to avoid repetition. This section aims to introduce radiocarbon dating 

theory and to detail some o f the methods used to interpret and present the results. 

The results themselves are presented in the chapters detailing individual sites.

3.2.2 Theory

Carbon 14 (radiocarbon) is an unstable isotope which undergoes low energy P 

decay, and is continually formed in the upper atmosphere by the impact o f cosmic 

rays on nitrogen atoms (Lowe and Walker, 1997). ‘"‘C is oxidised to form '■’CO., 

and, along with the far more prevalent ‘‘CO,, enters the terrestrial carbon cycle 

(Lowe and Walker, 1997). Radiocarbon becomes incorporated within plant and 

animal tissues at a constant ratio to '"C, and this ratio is maintained until the tissue 

dies (Lowe and Walker, 1997). After death, the incorporation o f ‘"'C into the plant or 

animal tissue ceases, because the organism is no longer metabolising carbon 

containing compounds. The equilibrium with atmospheric carbon is no longer 

maintained, and the ratio o f ' ’C: ‘'*C increases as '“*0 decays. If  the tissue itself (e.g., 

pollen or wood) does not decay then the carbon content o f  the tissue is locked in 

place. '■’C continues to decay, and because there is no exchange o f carbon between 

the tissue and the environment, the amount o f radiocarbon decreases at the rate
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predicted by the half-Hfe value. The half-life o f radiocarbon as used in radiocarbon 

dating is 5570±30 years (Pilcher, 1991a). Using this basic knowledge it is 

theoretically possible to calculate the year in which fossil or sub-fossil tissue died. 

However, some organisms live in environments which are not in equilibrium with 

atmospheric carbon dioxide, e.g., aquatic plants in limestone regions can metabolise 

old carbon, and these organisms are unsuitable for radiocarbon dating.

Radiocarbon dating can be used to obtain ages for materials containing carbon, with 

ages up to 65000 BP depending on the technique used. For ages greater than this, 

the radiocarbon activity o f samples is often too low to m.easure (Pilcher, 1991a). 

Radiocarbon dating has been applied with success in Quaternary science and 

archaeology. M easurement o f radiocarbon is carried out in laboratories using the 

techniques o f gas proportional counting, liquid scintillation and accelerator mass 

spectrometry (AMS; Lowe and Walker, 1997). Gas proportional counting hivolves 

preparing a gas, e.g., carbon dioxide, from the sample and electrically counting the 

number o f decays in a sealed chamber. Liquid scintillation counting involves 

conversion o f the sample to a liquid, e.g., benzene, mixing it with a liquid scintillant 

(a scintillant emits light when decays occur) and measuring the light emitted. AMS 

dating involves the acceleration o f carbon atoms through a charged field, and 

calculating the ration o f '"C to ''^C, rather than measuring decays o f  ''̂ C which the 

first two methods rely on. This approach o f counting the carbon atoms allows dates 

to be obtained from very small samples relatively quickly.

O f the three techniques AMS measurement o f radiocarbon can be applied to very 

small amounts o f material and theoretically extends the age range up to -65,000 

radiocarbon years (Lowe and Walker, 1997; Pilcher, 1991a). However, the 

associated error due to contamination and instability and bias means that AMS labs 

are not routinely capable o f producing dates o f high reproducible accuracy greater 

than 1% (Pilcher, 1991).
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3.2.3 Problems

Although the radiocarbon dating technique has allowed dating o f various events 

during the Holocene, several problems with the technique have become apparent 

(Lowe and Walker, 1997, pp. 243-247). One o f the most serious problems relates to 

fluxes in the production of '''C in the upper atmosphere leading to short term (i.e., 

20-40 year) or long term variations (hundreds o f years) resulting in changing ratios 

o f incorporated in living tissues. There are also changes in the total amounts

of carbon in the atmosphere and the oceans due to changes in climate. This has 

prevented the establishment of a direct mathematical relationship between the 

amount of radiocarbon remaining in an object and its actual age, e.g., the period 

from 400-800 BC was on a radiocarbon plateau which means that this entire time- 

span has the same radiocarbon age 2500 BP (Pearson et a i ,  1986). Other plateaux 

occurred at 10000 BP and 9500 BP (Lotter, 1991) both o f c. 400 calendar years in 

length. However, these are part o f a floating calibration scale based on varve counts 

and so it is not possible to give them actual calendar ages.

Problems like this have been partially overcome by the construction of an empirical 

calibration scale using dendrochronology (i.e., Pearson et a l ,  1986), precision 

radiocarbon dating, and wiggle matching to calculate the calendar age of 

radiocarbon dates (Pilcher, 1991b).

A second problem is contamination (Pilcher, 1991a). Contamination can be caused 

by differential adsorption of isotopes by plants, old carbon in the environment, and 

sediment contamination (particularly of bulk samples) by roots in peat and inwash 

into lakes. Differential adsorption can be corrected for by measuring the ratios of the 

isotopes and correcting the age where necessary. Contamination by the 

incorporation of old carbon in some circumstances, particularly in limestone areas 

and marine situations is impossible to remedy. In these cases carbonates are 

dissolved from limestone, and this carbon is used by organisms living in the water, 

resulting in dates which are too old. Incorporation of coal or lignite particles into 

lake sediments causes similar problems. Contamination o f sediment can also occur, 

particularly by downward growth of roots and rootlets which bring young carbon 

into older sediments, thereby resulting in dates which are too young. Inwash of 

peats or other sediments into lakes results in dates being too old; this is very 

common in recent lake sediments.
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A third problem relates to the measurement o f radiocarbon ages by laboratories. 

Laboratory inter-comparison exercises have shown very significant errors in the 

results reported by many laboratories. There have been three laboratory 

intercomparison exercises since 1982 (Scott et al., 1990). These were organised to 

study sources o f  error in the radiocarbon technique with a view to improving the 

reliability o f the technique. In the results o f the third inter-comparison exercise 23 

out o f 38 labs failed to meet three basic criteria for reporting '‘‘C dates. The criteria 

were to have an adequate internal error multiplier; a lack o f  significant systematic 

bias; and adequate estimate o f external precision. In these cases underestimation o f 

errors was a big problem (Aitchison et al., 1990). A more detailed discussion o f  this 

report can be found in Scott et al. (1990).

3.2.4 Reporting o f radiocarbon dates

Recommendations for the reporting o f radiocarbon dates and calibrated dates are 

contained in M ook (1986). Radiocarbon dates are reported with one standard 

deviation, representing 68% probability that the date lies w ithin this range.

3.2.5 Interpretation of radiocarbon dates

The standard deviation quoted with a radiocarbon date is supposed to reflect the 

spread o f  dates obtained through a repeated series o f  measurements. In order to be 

95% certain that the age o f the sample lies within the range o f the date an error o f 

tv/o standard deviations is required. Of course, this implies that there is a 1/20 

chance that the true date lies outside the two standard deviations.

This may be an underestimate o f the true error and the International Study Group 

(1982) recommended multiplying the quoted standard deviation by a factor from 

one to two in order to reflect the true error more accurately. It has been argued that 

this is too simplistic an approach for dealing with an error which is probably non- 

random, and which may change from day to day (Pearson and Stuiver, 1986). The 

ideal situation would be to use a multiplier supplied by the laboratory for each date 

(Pilcher, 1991a), but this is not generally available.

Once a date is available with an appropriate error, it is possible to calibrate it to 

calendar years. This can be done using a calibration program such as CALIB 3.0 

(Stuiver and Reimer, 1993). The resulting calibration indicates the probable
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calendar age ranges o f the radiocarbon dated sample, assuming an accurate 

radiocarbon date was obtained. It is possible to get more than one calendar year 

intercept using the calibration curve for a particular radiocarbon date, as the 

production o f  ''*C in the atmosphere fluctuated with time and the calibration curve 

has lots o f  short-term variability. In other words, the calibration curve, rather than 

being a straight line relationship between calendar and radiocarbon years, wiggles. 

Similarly, several years (e.g., 400 calendar years) may have the same radiocarbon 

age; this period is known as a plateau (e.g., Lotter, 1991).

If a radiocarbon age produces multiple intercepts with the calibration curve then it is 

usually necessary to consider a large range o f  possible calendar dates, which may 

make interpretation difficult. However, by measuring a series o f  closely spaced 

samples to get high precision dates it is possible to match these dates to the 

calibration curve with a high degree o f  confidence (Pilcher, 1991b). If  radiocarbon 

dates in a sequence are close together it may not be possible to tell which is actually 

older or younger when calibrated, as the ranges o f  calibrated dates may overlap. 

Depending on the aims o f the study it is also possible to compare dates to see 

whether two objects, or two samples from the same object, have the same age (i.e., 

archaeological artefacts or horizons in a stratigraphy). If  they do, it is possible to 

combine the radiocarbon ages to give an average or pooled age, and also a pooled 

variance (Ward and Wilson, 1978).

Once radiocarbon dates have been examined and accepted it is possible to construct 

a radiocarbon chronology (e.g., for a pollen diagram).

3.2.6 Chronology

It is common to obtain ages for undated samples in a stratigraphy by extrapolation 

between radiocarbon dates. This also allows sediment deposition time and pollen 

accumulation rate to be calculated (Maher, 1992; Bennett, 1994). However, the 

resulting chronology is usually presented without errors giving a misleading 

impression regarding the precision o f the quoted dates. There are several models for 

calculating ages in a stratigraphy, and although the linear method is the commonest 

it is not always the most accurate. In light o f these points it is desirable that output 

from the most appropriate age/depth model be used, and that the correct errors be
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used in conjunction with any dates quoted. Bennett (1994) outUned procedures by 

which this can be achieved.

In summary the construction o f age-depth curves involves:

1. random propagation o f 100 values for each date;

2. modelling each o f  the o f the resulting 100 sets o f dates to provide all samples in 

the core with 100 estimates o f age;

3. pooling the age estimate data so that errors can be calculated for all the samples 

in the core.

This is carried out for each o f three basic models, linear interpolation, spline 

interpolation and polynomial line-fitting (Bennett,. 1994; M aher 1992). The most 

suitable curve must then be selected. Selecting the best model should result in a 

decrease in the confidence interval (C.I.) around each point. A polynomial will 

usually provide the best modei as it involves >2 dates for calculating each sample 

age.

The estimated sample age obtained is the theoretical mean o f a random sample from 

a normal population o f unknown variance. The C.I. for this sample mean is 

calculated using the standard deviation (c>) o f the population (which is approximated 

by the sample standard deviation if  n, the number o f estimations o f radiocarbon age, 

is large enough) and the appropriate t value (from the /‘-distribution table).

If we use as an example, n= number o f age estimates, cr=  standard deviation, t= t- 

value, then the 95% C.I. is calculated thus = f d i n .

If a value, e.g.. 30 (25, 35) was obtained as an answer, this states that for n samples 

drawn from the population at random, the mean value o f  the samples (in this case 

30) will lie between 25 and 35 (the 95°'o confidence interv'als) 95% of the time. 

,A.nother way o f saying this is that we are 95% confident that the mean age -  not the 

actual age -  at this level lies between 25 and 35.

Ages are then available with a confidence interval for all the samples in the 

sequence. This allows ages for events to be quoted with a confidence interval for the 

mean age o f the samples, reflecting the nature o f the data from which dates were 

calculated. It also allows calculation o f a pollen deposition rate with errors (Bennett, 

1994).
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3.2.7 Reporting of dates in this thesis

In this thesis dates are reported in four ways:

• In the text, BP signifies radiocarbon years BP unless otherwise specified;

• cal. BC/AD/BP means the date has been calibrated and refers to calendar years;

• BC or AD alone mean the date is uncalibrated, and refers to calendar years. In the 

archaeology review (Chapter I I )  an approximate radiocarbon age derived from 

the original calibration curve printout (Pearson et al., 1986) is included for each 

o f these BC/AD dates are presented with which is for reference only.

e The dates used to calculate individual pollen sample ages were generated using 

the mathematical model (see Section 3.2.5) and were subsequently rounded to the 

nearest 5 years, these dates are cited as e.g., c. 1000 BP.

All radiocarbon dates obtained for this thesis are shown in Appendix 2, along with 

details o f calibration and lab number.

3.3 Lead-210 dating

3.3.1 Introduction

Radiocarbon dating is o f little use for sediments o f  very recent (i.e., c. the last 100 

years) genesis. This is mainly because o f the amount o f  old carbon released into the 

atmosphere by burning o f  fossil fuels over the last 100 years which has caused 

dilution o f radiocarbon, making recent sediments appear older than they are. 

Subsequently, exploding o f nuclear weapons in the last 25 years has injected huge 

amounts o f radiocarbon into the atmosphere, further altering the ratio o f  radiocarbon 

and carbon in the atmosphere, making modem samples unsuitable for dating. Lead 

210 analyses can be used to date recent sediments. It is often used to study 

deposition and sedimentation rates, and to provide a timescale for recent vegetation 

change. The length o f time reliably covered by a lead 210 timescale is limited to c. 

150 years (Lowe and Walker, 1997). This limitation is related to the length o f time 

available for counting, and background interference.
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3.3.2 Theory

Lead 210 is part o f the uranium 238 radioactive decay series. Uranium 238 in crustal 

rock decays to radium 226 and then as the gas radon 222, it enters the atmosphere. It 

is a short-lived nuclide and after 3.8 days it decays to the solid, lead 210. This solid 

falls out o f the atmosphere and is deposited on the earth’s surface and m ay be 

incorporated in sediment (e.g., lake mud). This deposited lead 210 is known as 

unsupported lead 210 because it is not in equilibrium in the sediment. Lead 210, 

with a half-Hfe o f  22.6 years then decays to lead 206, a stable isotope.

Sediment also contains a supported lead 210 fraction, which is in equilibrium with 

decay products o f uranium 238 (lead 214 and bismuth 214) in the sediment. This 

lead is known as supported lead 210. When lead 210 in the sedim ent is measured, 

the result tells us the total amount o f lead 210 (supported+unsupported).

In order to find the unsupported component, two other short lived nuclides are 

measured. These are lead 214 and bismuth 214. These are in equilibrium with the 

supported lead 210, and by adding the activities o f these two nuclides the activity of 

the supported lead 210 can be obtained, which value can then be subtracted from the 

total lead 210 activity to give the unsupported lead 210 activity. This procedure is 

carried out at each depth. Alternatively, lead 210 activity can be measured in 

sediments which are known to be much older than 200 years. The measured activity 

could then be used as a measurement o f supported lead 210 in the peat.

Activities o f other anthropogenic nuclides such as caesium 137 and americium 241 

are also measured, as they give useful dating horizons. Their deposition is due to 

nuclear fallout, and their deposition patterns include well dated activity peaks.

3.3.3 M easurem ent o f  nuclide activity

In order to calculate a lead 210 dating profile for a sediment column, nuclide 

activities must be measured. Samples are first dried and homogenised, and then 

placed into a container. The equipment must be calibrated for the container type 

holding the sample. Samples are placed into the measuring cham ber surrounded by 

aged lead, and the chamber is sealed. Counting is carried on until a predetermined 

criterion is reached (e.g., number o f days, counts, etc.). Activity o f nuclides is 

detected by a high purity germanium detector, which is cooled to minimise 

interference using liquid nitrogen, and which has been pre-calibrated using
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standards. Decays in the correct energy range are detected, the signal is am plified 

and processed, giving a m axim um  signal to noise ratio. The signal is converted from 

analog to digital and stored in a “channel” which covers a certain  energy range.

3.3.4 Spectral analysis

T he resulting stored spectrum  shows the num ber o f  counts in each “channel” , a 

channel representing a particular energy. This spectrum  is then  analysed using the 

com m ercial com puter program  MICROSAJVIPO (C anberra) for the presence o f 

particu lar nuclides. A ctivities are calculated from the area under each peak.

3.3.5 Calculation of ages

Each radioactive elem ent decays, and the length o f  tim e over w hich an elem ent is 

redilced to h a lf  its initial concentration is know n as its half-life. Tw o m ain m ethods 

are used to establish dates from lead 210 activity. These are the Constant Initial 

C oncentration (CIC) and Constant Rate o f  Supply (CRS) m ethods. These m ethods 

both rely on two assum ptions, firstly that the flux o f  lead 210 is constant when 

averaged over periods o f  1-2  years, and secondly that lead 210 is usually im m obile 

in peat over the range o f  natural conditions encountered (M itchell et al., 1992).

CIC (G oldberg, 1963) is based on the presum ption that the activity  o f  unsupported 

lead 210 at each level was initially the same (a constant influx o f  unsupported lead 

210) and that sedim ent accum ulation was constant. Therefore, as the sedim ent 

accum ulates, the decrease in activity o f  unsupported lead 210 dow n the sedim ent 

colum n can be used to calculate the sedim entation rate and, thus, the age o f  the 

profile at various depths. The result should be a linear decline in activity when 

plotting activity versus depth if  these assum ptions are tnie for a particular core.

The CRS m odel (A ppleby and Oldtield. 1978) assum es that unsupported lead 210 is 

delivered at a constant rate to the sediment, but that increased sedim entation 

(delivery o f  sedim ent) does not lead to an increased supply o f  unsupported lead 210. 

This m odel is m ore com plicated than the CIC, as it m akes allow ances for different 

sedim entation rates (e.g., an increase in sedim entation rate causes a decrease in the 

activity o f  unsupported lead 210).

Activities o f  isotopes such as caesium  137 and am ericium  241 are then plotted and 

the peaks are then assigned dates relating to historical events (e.g., Cs 137 from
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Chernobyl). These dates can be checked against those calculated from lead 210 

activity in order to verify the lead 210 dating. Provided that the dates are acceptable 

they can then be used as a chronology for the sediment profile.

3.3.6 Problems with lead 210 dating

There are problems with lead 210 dating o f  peat. These include anomalies in 

concentration profiles, differential burdens in adjacent hummocks and hollows, and 

lack o f  correspondence with independently derived dates which Belyea and Warner 

(1994) attribute to mobility o f lead 210. They studied peatlands in Canada and 

found that lead 210 was preferentially removed fi-om depressions after deposition, 

and that there was a possibility that lead 210 was mobile in the acrotelm for some 

time after deposition causing dates from this level to be slightly too young. Other 

problems are caused by the inwash o f  material into lakes; however, these are not 

relevant in the case o f a raised bog.

Moreover, in the case o f other nuclides used to constrain the lead 210 dates, 

Oldfield et al. (1995) and Mitchell et al. (1992) state that caesium 137 is not 

particularly useful as a marker, as it may be soluble, and is actively taken up by 

plants. Mitchell et al. (1992) report that in three bogs studied, caesium had 

penetrated to sediment laid down long before the release o f caesium into the 

environment. No similar effect was found by Oldfield et al. (1995) for americium 

241, although Mitchell et al. (1992) reported a slight downward mobility for 

americium in ombrotrophic peat. Oldfield et al. (1995) declared that a combination 

o f dates from pollen, americium, and lead 210 provides the best chronologies 

available from modem peat. Moreover, according to M itchell et al. (1992) 

unsupported lead 210 did not appear to have any significant mobility in the bogs 

studied, and that it may be regarded as a reliable dating technique for Irish 

ombrotrophic bogs.

3.3.7 Reporting o f  lead 210 dates

Dates can be reported without any calibration as they are already in calendar years. 

Errors can be included which reflect the counting errors. Interpretation o f the dates 

should be done with reference to the independent dates and other nuclides as 

recommended by Oldfield et al. (1995).



3.4 Analysis of pollen data

3.4,1 Calculation of pollen percentage, concentration and influx data

In order to examine the changes for different taxa in the pollen sequence under 

investigation it is necessary to compare each level on an identical basis. This is 

normally done by converting counts into percentages. This means that differences in 

the total number o f  grains counted is not important, as long as a reasonably high 

number is counted at each level (e.g., Birks and Birks (1980) recommend 600-1000 

grains be counted).

The percentage contribution o f each taxon to the pollen rain is calculated for every 

level and every taxon.

Let x= number o f  grains counted from taxon x;

Let A= number o f  arboreal pollen grains counted;

Let B= number o f  upland herb pollen grains counted;

Let F= number o f  Filicales spores counted;

Let 0=  ̂number o f  pollen grains counted from plants growing on the site;

Let X= number o f  crumpled, deteriorated, broken and buried pollen grains counted. 

However, it is usually practical to modify the pollen sum by removing taxa which 

are growing only in the actual sedimentary basin. These are often over-represented, 

not generally found in the landscape being examined (i.e., aquatic taxa; bog taxa) 

and can mask changes in the vegetation dynamics o f the com munities o f interest. 

The end result is usually a pollen sum composed o f :

Pollen sum= A+B+F

— V 1 0 0% of taxon .t in pollen sum ^  + g  + f  ^  i  w

Aquatics or bog pollen, damaged and unidentified grains all remain outside the 

pollen sum and are instead calculated as a percentage o f  the pollen sum + sum o f the 

taxa outside the pollen sum;



Total pollen sum= A^B+F+Q+X

  ____________ X____________
% o f taxonX in total pollen sum A + B + F + Q + X ^\O Q

Pollen concentration (number o f grains per cubic centimetre) o f  each taxon can be 

calculated using the total number o f marker grains added to the known volume o f 

sediment; the number o f marker grains counted; the number o f each taxon counted.

concentration o f  taxon x in sample= _________ xxCnumber o f  marker grains added~)________,

(Number o f  marker grams counted)x(sample volume)

Pollen influx data for a taxon (number o f grains per cm" per year) can be calculated 

using pollen concentration (grains per cubic centimetre) and accumulation rate (cm 

sediment per year).

Rate o f influx o f taxon jc in Concentration o f taxon x  . 

sample=

Sediment accumulation rate

3.4.2 Zonation

In order to aid the interpretation o f pollen data, diagrams are usually zoned. 

Zonation divides the stratigraphy into biostratigraphic units, according to fossil 

content. Lowe and Walker (1997) describe an assemblage biozone as ‘a group o f 

strata characterised by a distinctive, natural, fossil assem blage’. In the case o f a 

pollen diagram the fossils in question are pollen and spores. The first step is the 

zonation o f the data into units which are as internally homogeneous as possible 

(Moore et al., 1991), and without regard to any other sites. These zones are known 

as local pollen assemblage zones. If the pollen data are found to have parallels on a 

regional basis then regional pollen assemblage zones can be indicated (Moore et al., 

1991).

CONISS (Grimm, 1987) is a program which groups stratigraphically constrained 

data by the incremental sum of squares method. Only pollen data, included in the 

pollen sum, which exceeded a value of 5% (Birks, 1986) were used. This gives rise



to a hierarchical series o f  clusters. These can be used to describe the pollen data as 

series o f similar units or zones. However, the program gives no indication as to how 

many o f these zones are statistically significant.

The number o f  zones which were statistically significant was determined using the 

broken stick model o f  MacArthur (1957) as outlined by Bennett (1996). This 

method compares the variance o f the stratigraphically constrained data set with that 

o f  a random data set o f  the same size. In a stratigraphically constrained data set the 

total variance includes a random component and a component due to the 

stratigraphic ordering o f  the data. By using a totally random data set variance due to 

the stratigraphy can be separated from random variance. Comparison o f the 

proportion o f variance included at each division o f the random and stratigraphically 

constrained data sets allows the point at which agglomeration (clustering) o f the 

levels (o f pollen data) becomes significant to be seen.

This allows a number o f  zones to be defined which are based on the variance due to 

the stratigraphic data rather than inherent variance in the data. Zone boundaries are 

marked on a pollen diagram as passing between levels, rather than through a level. 

Zones which are produced using this method are known as local pollen assemblage 

zones as they are calculated using percentage pollen data which is has a large local 

component, as well as a significant regional component, o f  pollen. Previously a 

regional zonation scheme was devised, based on features o f pollen percentage 

diagrams, which could be correlated over a large area (e.g., Mitchell, 1956).

3.4.3 Rarefaction analysis of pollen diversity

Measuring the palynological diversity o f pollen samples can provide useful 

information on changes occurring in the catchment area o f a site. Ricklefs (1987) 

argued that regional-historical processes (as opposed to local-scale processes such 

as competition) play a larger part in influencing species richness than had been 

acknowledged by ecologists. Because pollen diagrams cover long periods and can 

record change on a regional scale, they are useful for observing changes in diversity 

at a regional level over time. Birks and Line (1992) state that important factors in 

determining pollen richness are the floristic richness in the catchment o f the site and 

the frequency o f  boundaries in the catchment area. This gives the palynologist 

another means o f  interpreting change in a pollen sequence.
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In order to com pare the taxonomic richness (diversity) o f  samples in a pollen 

sequence it is necessary to use an index which is independent o f the pollen 

production and dispersal properties o f different species and the constraints o f using 

pollen percentage values. Birks and Line (1992) suggest using a distribution-free 

measure o f diversity based on the NO value o f Hill (1973) which uses the total 

number o f  taxa in a sample, regardless o f  abundance, as a measure o f  diversity. 

Rarefaction analysis (Birks and Line, 1992) is a way o f  estim ating the expected 

number o f  groups, in this case pollen types, (/) in a sample, where a sample o f size n 

from a population o f  N  individuals in T  groups is counted. This gives us a value for 

estimated taxonomic richness (£(rj). For comparison between pollen samples to be 

made the pollen counts («) must be the same size, because in pollen samples the 

number o f taxa found may depend on the number o f  pollen grains counted. In the 

sequence being analysed the value o f n Is the pollen sum for the sample with the 

smallest number o f  pollen grains counted. Several assum ptions underlie the use o f 

rarefaction analysis with pollen data (Birks and Line, 1992) and should be adhered 

to in order for the analysis to be meaningful. Briefly these are:

1. the pollen count {N) at each level is a statistically adequate and representative 

sample o f the pollen assemblage in that sediment sample;

2. samples being compared are similar in their overall pollen flora (e.g., similar 

taxa);

3. pollen spectra being compared are from similar depositional environments, have 

been consistently sampled and analysed and identified to a similar taxonomic 

level;

4. all individual pollen grains in sample counts appear independently o f grains o f 

their own or other taxa;

5. rarefaction is only applicable for interpolation to sample counts smaller than the 

largest count;

6. the variance o f E{T,) is appropriate only for the samples being standardised by 

rarefaction and for answering the question how many types would be expected in 

a subsample o f n grains from a count o f grains.

Rarefaction analysis was carried out on count data for taxa that were included in a 

specified pollen sum. These data were analysed using PSIM POLL v. 3.0 (Bennett, 

1998). Output was given in the form o f E{T„) ±95% confidence interval.
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3.4.4 TWINSPAN and DCA

These two techniques are designed for the analysis o f large multivariate datasets and 

can easily be run on PC or Mac. The program used to run these calculations was 

PC-ORD (M cCune and Mefford, 1995)

Two-W ay Indicator Species Analysis or TW INSPAN (Hill, 1979) performs 

ordination and cluster analysis on a data set along one axis. It then subdivides the 

data into smaller discrete groups. It uses indicator species to assign scores to each 

group.

Rather than using actual species, ‘pseudospecies’ are used because TW INSPAN 

calculations are based on the presence or absence o f  a species and do not take into 

account the relative abundance o f the species. These pseudospecies are defined 

before calculations are carried out by dividing taxa up into parts (e.g., 0% -10%  is 

pseudospecies 1, 10% -20%  is pseudospecies 2, etc., for each taxon). Each taxon (or 

pseudospecies) then gets an indicator score (between +I and -1 )  depending on how 

concentrated it is on one side o f the first division o f the samples. Each sample then 

gets an indicator score based on the indicator values o f the taxa it contains. Sub

divisions are not usually carried out if there are fewer than four samples in the 

division (Kent and Coker, 1992).

Correspondence analysis (CA) is a procedure used to ordinate data composed o f 

count or presence data, such as occur in palynology. It is susceptible to dominance 

by outliers which should be removed from the data set.

Detrended Correspondence Analysis or DCA (Hill and Gauch, 1980) is a similar 

procedure which corrects the so called arch effect. This ‘arch effect’ causes samples 

to lie along an arch between two axes and is caused by interactions between the tw'o 

interdependent axes. However, a problem with this procedure is that it may also 

remove some patterning which is natural along with the artefact o f  the plot (Kovach, 

1995).

Complementary analysis (Kent and Ballard, 1988) involves the plotting o f 

TWINSPAN groupings over the DCA ordination. This allows for an interpretation 

to be based on the results o f the two analyses and provides a simple but powerful 

analytical tool for large multivariate datasets.



Chapter 4 

A review of the theory of palynology

4.1 Introduction

This chapter aim s to introduce the theory behind the po llen -vege ta tion  relationship. 

A lthough this relationship has been m ostly explained through m athem atical m odels 

during the last 30 years, this chapter will also focus on the ideas behind the m odels. 

D evelopm ents in theory have included explaining the relationship  betw een vegetation 

proportions, source area and pollen deposition (e.g., D avis, 1963; Jacobson and 

Bradshaw , 1981; Prentice, 1985; Sugita, 1994) using m odels based on the relationship 

betw een m odem  vegetation and m odem  pollen deposition (i.e., i?-values).

The developm ents have also explained the roles o f  pollen  productiv ity  and dispersal in 

pollen influx (Prentice, 1985); established the relationship betw een pollen proportions 

and vegetation cover (e.g., Prentice and W ebb, 1986); explained the relationship 

betw een depositional basin area and pollen source area (Jacobson and Bradshaw , 1981; 

Prentice, 1985; Prentice, 1988; Sugita, 1993); exam m ed the im portance o f  background 

pollen  w ith  respect to interpretation o f  fossil pollen spectra (A ndersen, 1970; W ebb et 

a i ,  1981; Sugita, 1994); and tested the validity o f  various aspects o f  this theory 

(Janssen, 1967; Bradshaw  and W ebb 1985; Schwartz, 1989; Jackson and W ong, 1994; 

Calcote, 1995; Jackson and K earsley, 1998).

4.2 Theory  

4.2.1 Introduction

The prim ary aim o f  H olocene palynology is to reconstm ct the vegetation o f  the past ten 

thousand years at various spatial scales. Past vegetation is an im portant indicator o f  past 

environm ental conditions. H ow ever, as we are exam ining this vegetation indirectly, 

aspects o f  pollen taphonom y can influence the pollen assem blages, and consequently, 

influence our reconstm ctions o f  past vegetation. Fundam ental relationships which m ust
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be defined and understood in order to interpret pollen data can be summarised in two 

sections:

1. the relationship between pollen proportions and vegetation proportions;

2. basin size and pollen source area.

An understanding o f these two relationships allows us to develop an objective view of 

what can and cannot be inferred from fossil pollen data.

4.2.2 The relationship between pollen proportions and vegetation proportions

In 1916 Lennart von Post presented the technique o f  pollen analysis to the scientific 

community. A relationship was shown to exist between pollen deposition and 

vegetation. It was thought that the changes in pollen proportions between levels 

reflected the direction and magnitude o f change in the vegetation that produced the 

pollen.

The basic relationship between pollen and vegetation may be represented as:

% o f taxon .V in the pollen sum cc % o f taxon .r in the vegetation.

This relationship was supported by evidence ft’om surface pollen samples, which 

showed correlations between modem surface samples and m odem  vegetation; and 

changes in pollen composition along ecological gradients (von Post, 1924). 

Interpretation o f pollen diagrams at this stage was intuitive; there were no models 

available to support the theory. Nevertheless, this relationship supported a relatively 

simple and straightforward interpretation.

A problem recognised at the outset was vegetation not being in a 1:1 ratio with pollen 

proportions (von Post, 1916). Some species were observed to be often under- or over

represented in modem pollen samples when compared to their ft-equency in the 

vegetation. A rough correction value was proposed by Iversen (1947). Davis (1963) 

proposed a method which could be used to relate m odem  vegetation to the modem 

pollen rain at a site, the i?-value:

% =^xvegetation

or
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where is the pollen proportion o f species /  at site k\ R is the correction factor; v, is 

the average abundance o f  species i within the area surveyed around the site k.

The R-value is calculated from modem vegetation, but it was noted that the pollen % o f 

a taxon which is not present locally in the vegetation does not equal zero. This is due to 

background pollen (Janssen, 1967).

Janssen (1966) investigated the i?-value method at four sites in the USA and found 

differences between sites, but suggested that rough correction factors could be drawn up 

with more data. Janssen (1966) also showed that background pollen input could have a 

very important impact on the pollen rain as one o f his sites which did not have any 

conifers growing nearby contained significant amounts o f conifer pollen.

Andersen (1970) demonstrated that at a small site most o f  the pollen comes from within 

a 30 m radius and that there is a constant background component o f  well dispersed 

pollen types in the pollen rain. Andersen (1970) related absolute pollen flux to 

vegetation abundance and calculated the background component as the v intercept o f a 

straight line correlation.

In the case o f percentage values, Webb et al. (1981) decomposed the pollen signal into 

a local and background component by assuming a linear relationship between pollen 

proportion and abundance o f the taxon in the vegetation:

%=a*vegetation+background

or

where a, is an index o f pollen representation and is an index o f background pollen 

input originating outside the sampling radius. However, this linear relationship is not 

appropriate for pollen. The Fagerlind effect (Prentice and Webb, 1986) is due to 

differences in relative abundance, and the ^-values o f other taxa. It causes pollen 

percentage values for one species in a pollen sum to be dependent on the other species, 

with high pollen producers being over-represented and low producers being under

represented. This is another factor which the i?-value method is accounting for.

Parsons and Prentice (1981) substitute two values for the R-value. The variable tt; 

relates to the taxon at a particular size and type o f site, and is site dependent factors, 

are the tree proportion o f  taxon / in the surrounding vegetation:



Pi=^,»Vu*fk

/

The R value is equivalent to , an estimation o f showing that the R value is

dependent on site factors as well as the taxon itself.

As basin size increases the background component increases. Prentice and Parsons 

(1983) corrected for this by their extended R-value (ERV) model (Model 1) 

% =(a*vegetation«site factor)+background. 

or

where z is the background pollen proportion and

/*=(!-Z /̂)'Z
./ J

Parsons and Prentice (1981) also derived a second model which gave similar results 

when compared to Model 1.

These models are both reduced to the linear model o f Webb et al. (1981) if/^  ~1, and 

can be applicable if  there is good diversity in the tree flora with no one species 

dominating. However, this presumption discounts the Fagerlind effect. On comparison 

using real data the correlation between the ERV model adjusted data and the pollen 

percentage data was the best for the ERV model.

Prentice and Webb (1986) conclude that the use o f pollen percentages is a reasonable 

first approximation to reconstructing vegetation history and that tree and pollen 

percentages are shown to be more closely related by the ERV model than is obvious 

from simple scatter models.

4.2.3 Basin size and pollen source area

To carry out a pollen study at a particular spatial resolution, it is desirable to know the 

pollen source area o f a potential site. For a fme-scale study at a forest stand level it is 

desirable to use a site with a predominantly local input, while a study o f regional 

vegetation requires a site with a predominantly regional input. Based on studies o f sites 

with different areas (i.e., Bradshaw, 1981), Jacobson and Bradshaw (1981) constructed
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a deductive model relating site radius to source area. This was developed with respect 

to the models o f Tauber (1965, 1977) and Janssen (1966) which described the 

components of the pollen rain.

The deposition o f pollen from a source with distance as the x  axis can be illustrated as a 

leptokurtic curve. This property means that pollen from vegetation at various distances 

is represented in sediments which lie at considerable distance from the pollen source. It 

also means that for any one type of pollen the further the pollen accumulating site lies 

from the source the fewer grains of that type will be deposited. Conversely, the closer a 

site is to a source, the more grains of that type will be deposited.

In order to calculate the source area for a particular sampling point other factors should 

be considered. These include rates of pollen deposition and basin radius.

Prentice (1985) derives an equation for the proportion o f pollen derived from within 

. distance x  o f the centre of a circular basin o f radius r  from a homogeneous forest: 

FCx)=F(x)/F

/^(-v)=(q*[Q(r)-Q(x)]/Q(0))/(q.Q(r)/Q(0))

F(.v)=l-[Q(x)/Q(r)]

where F(.t) is the amount of pollen airborne at distance .t from the source; F is the total 

pollen flux at the centre of the basin; q is the productivity per unit basal area; Q ( ) is 

the total amount o f pollen airborne at distance ( )  from source.

In the same way the proportion of pollen coming from the distance between x and the 

basin edge is described by 

r(.v+r)=  1 - [Q(-f+'')/Q(^)] ■

The relationship between the quantity of pollen at source and the quantity remaining in 

the air at any distance is a function of the distance travelled. This function is denoted by 

Q. The function Q(.r) is related to Q(0). The relationship is a negative exponential one, 

the quantity of pollen declining as distance (.r) increases.

Sutton (1947, 1953) gives equations to describe the deposition of small particles 

released at or above ground level. Sutton’s equations for particles released at ground 

level (in a forest, pollen is released from and deposited at source level -  the canopy is 

the source and sink for pollen grains) describe the behaviour o f pollen very well and
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total deposition o f  pollen over certain distances can be calculated. The most important 

parameters in the formula are wind speed (n) and depositional velocity (v„ , dependent 

on mass and shape: can be measured or estimated from Stoke’s Law). This allows us to 

replace the Q fiinction in the equations with a formula leading to the relationship:

F{x)= 1 -exp[Z?(r^-xO] 

b~15vju.

This approximates to the deposition o f  pollen by Cg for closed canopy sites and Q  for 

sites beyond the canopy.

In the above equation if y were 1 instead o f  1/8 then the amount o f  pollen reaching a 

site from a short distance (i.e., a few metres) would totally dominate the assemblage.

If  the homogeneous forest has more than one species then the equation: 

f ’(x)-l-[Q (x)/Q (r)]

applies to each species. Different species may have different Q functions as heavier 

pollen types are deposited more rapidly than lighter ones. The lighter types will have 

larger source areas.

The pollen proportion /?, o f species i at the centre o f the basin is

p, =  F / Z  F, = [q,*QX^)/Q(0)] / [ X  q,*Q.('-VQAO)]
/ /

The proportion o f all types o f pollen originating within distance x is a weighted average 

o f the function F,(x):

f (x)=Y^  ;?,[i-Q(,r)/Q(r)] = i-[Z  q ,*Q ,W /Q ,(0)]/)]  ̂ q/*Q/^VQXO)]
i / i

Points worth noting are (I) if  r=0 then the proportions are equal to the relative source 

strengths; (2) if species have different dispersal effectiveness the proportion o f one 

grain will increase with distance. This will cause changes in the average source area 

F  (.r), due to changes in the pollen assemblage with distance.

This model tells us some important things about the deposition o f  pollen in a basin.

41



1. The quantity o f a pollen type deposited is dependent on productivity, basal area, and 

distance from source; the further it travels from the source the less will arrive at the

2. The distance a pollen grain travels is limited by its depositional velocity. Usually, 

the heavier a grain, the shorter the distance it will travel.

3. The amount o f pollen o f any particular type reaching the centre o f  a basin is 

dependent on the basin radius. As the radius increases, the quantity o f  heavier pollen 

grains reaching the centre o f the basin declines. Also, the proportion o f pollen 

reaching the site from further away increases.

Sugita (1993) suggested that the model proposed by Prentice (1985) is most suited to 

sedimentary basins where the pollen remains at the point o f  deposition, such as a bog. 

Pollen which is deposited in lakes is subject to further processes in the water body 

before it finally becomes incorporated in the sediment.

Sugita (1993) applied the same parameters to the site, which was idealised as a circular 

gap o f radius r in the canopy, where wind and gravity were the main agents o f pollen 

transport, with the wind blowing evenly from all directions.

In this model the pollen source ^  is at a distance z from the lake centre, co is pollen 

deposition on the lake surface, i= species i\ P=pollen productivity; X(z) is mean 

abundance at radius z; g{z) is proportion o f  pollen deposited at z relative to the total 

released at source.

The total pollen deposition Cv̂ ke) from a circular source onto the lake surface will be

Pollen deposited on the lake surface coming from the source area between z and r 

(sources for all values between z and r) is the integral o f the previous equation:

basin.

v ,,.;-.(z .'-)=27:z *0),.,,,,(z ,/-)

This is equivalent to
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which describes deposition at the centre o f  a basin in the model o f  Prentice (1985, 

1988).

The proportion o f  pollen coming from within the area between z and r is pollen 

deposited originating from the area between z and r divided by the total pollen 

deposited originating from outside r (the area between co and r):

In homogeneous vegetation this equation can be used to calculate basin area for any 

particular F,.

As in Prentice’s (1985) model, Sutton’s (1953) equation for a ground source is used. 

This allows us to substitute a numerical value for g-,(z) allowing us to calculate 

percentage source areas for different individual pollen types (heavy or light). We can 

calculate the source radius required, for a selected percentage o f  a named species to 

originate from within that radius (for a basin o f  radius r) using the equation;

- c e n , e r = { f ' - \ r i {  1 -F,, J / 6 , ) " ’'.

This model gives some different results to that o f  Prentice (1985, 1988). Average pollen 

loading over the entire lake surface is greater than the pollen deposition at the centre. 

This is due to the decline in pollen in the air with distance from the edge o f the basin. In 

lakes the pollen is often well homogenised throughout the basin by circulation and 

reflotation. This means that heavier pollen types, which, if  transported only by air to the 

centre o f the basin, would be poorly represented in the deposit at the centre o f the basin, 

may be better represented in a lake centre due to combined transportation in the water 

and through the air. Also, pollen which comes from fringing vegetation is very well 

represented: once it reaches the water it is spread throughout the lake regardless o f its 

dispersal characteristics. This leads to a decline in the source radius (z) necessary to 

contribute a chosen proportion o f the total pollen deposition (F,) for a lake as compared 

to a bog. Sugita (1993) suggests a value between 10%-30%. This means that a lake 

basin should have a different spatial resolution to that o f a similarly sized bog.

In summary, these investigations inform us that small sites are more likely to 

accumulate pollen from close by, and large sites collect a greater proportion o f pollen
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from farther away (Prentice, 1985). In summary, the bigger the site the bigger the 

source area. It is also possible to calculate a source area for each taxon, and it has been 

found that source areas for different taxa can vary by two orders o f  magnitude 

(Prentice, 1985).

Moreover, lake and bog sediments have different properties as pollen accumulators. On 

a bog pollen does not usually move once it is trapped by the vegetation, it acts like a 

point sample at distance x from the vegetation. However a lake mixes all o f  its input 

and, to a degree, smoothes out variation due to distance from the shore. Pollen from 

around the edge is well represented in lakes giving rise to greater local input (Sugita, 

1993). Therefore, an adjacent lake and bog o f the same size should theoretically 

produce diagrams with a differing regional pollen component. (All o f  this is based on 

the assumption that site size does not change too considerably).

These models allow us to understand the relationship behind pollen source area and 

basin size. However these models are based on ideal situations. In reality other factors 

such as prevailing wind direction and speed, and basin shape would also have an effect 

on pollen source area. Forests are rarely homogeneous and further models are necessary 

to describe the pattern o f pollen deposition in such cases (Prentice, 1985).

To summarise, some important conclusions pertaining to vegetation reconstruction are:

1. Pollen proportions and vegetation cover are related (e.g., Prentice and Webb, 1986);

2. Small sites have smaller pollen source areas than large sites (e.g., Bradshaw and 

Webb, 1985; Prentice, 1988);

3. Lakes and bogs are not directly comparable in terms o f source area (Sugita, 1993);

4. In order to reconstruct vegetation with reasonable accuracy it is preferable to have 

analogous vegetation available (very important with respect to background pollen).

44



4.3 Verification

All o f the above theory has been developed by looking at m odem  samples. Two studies 

in particular pointed out possible pitfalls in attempting to reconstruct past vegetation 

accurately:

1. Schwartz (1989) carried out a study on the accuracy o f  modem correction values 

applied to pollen data, and compared the results with old inventory data, 

contemporary with the pollen. His conclusion was that representation o f pollen in 

sediments, owing to changes in forest stmcture, may have been affected by past 

events, and that using modem correction values may not be valid.

2. However, Jackson and Wong (1994) confirmed that small sites can show sub

regional patterns in vegetation, although they are often dominated by extralocal 

pollen. Vegetation patch size needs to be similar to site size or else there will be no 

detectable difference between sites, and areas covered in a mosaic o f patchy 

vegetation will appear to have homogeneous vegetation (Sugita, 1994).

3. Sugita’s (1994) model also predicted that beyond a certain distance from the site the 

correlation between vegetation and pollen does not increase significantly. This 

model was verified by Calcote (1995) in the case o f  small hollows.

4.4 Conclusions

In order to understand a pollen diagram it is necessary at least to know basin size, and 

sediment type, and preferably to have visited the site. A further stumbling block to 

reconstruction o f forests is the poor preservation o f pollen from some taxa (Havinga, 

1967), and the very poor pollen production o f other taxa. These silent taxa can be very 

important components o f forest (e.g., Larix) but their role is not fully known. All this 

knowledge must then be applied with reference to plant ecology.

Overall, there is a sound mathematical basis to the basic assumptions o f palynology. 

However, this is countered by the fact that a verifiable detailed reconstmction o f past 

vegetation from pollen data is not yet possible. Nevertheless, the relationship between 

pollen and vegetation exists, allowing the study o f changes in the prehistoric vegetation, 

qualitatively and quantitatively.
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Apart from demonstrating the link between vegetation and pollen deposition, and 

highlighting the shortcomings o f the technique, the conclusions from this review were 

used to interpret the palynology data generated in this thesis with a special emphasis on 

the fact that site characteristics can change, and the model used when interpreting the 

data may need to be changed to reflect changes which occurred as the site developed.
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Chapter 5 

Materials and methods

5.1 Introduction

This chapter outhnes the basic materials and methods used in the research carried 

out in this thesis. Any variations on the basic methods are described in the relevant 

chapters.

5.2 Fieldwork

Fieldwork primarily involved the removal o f sediment from sites and their transport 

to the laboratory for further examination. Procedure for coring involved removing 

the surface sediment as a monolith and the subsequent removal o f consecutive cores 

until the desired depth was reached. For pollen analysis overlapping cores were 

taken in order to ensure recovery o f the complete stratigraphic sequence.

1. A suitable core site was chosen with reference to available information 

concerning peat depth and past disturbance o f the site. The location o f the core 

site was noted as accurately as possible on a map.

2. A surface monolith was removed and stored as described below or discarded, as 

was required. [Note: Removal o f a surface monolith from the core site removes 

living roots which can make coring difficult and can facilitate the use o f piston 

corers by reaching the water table.]

3. Sediment cores were extracted using a suitable corer or selection o f corers (See 

Section 5.2.1 for details o f corers).

4. Cores were extruded from the corer onto polythene (clingfilm) and measured.

5. Cores and monoliths were wrapped in the clingfilm and the clingfilm was then 

covered in aluminium foil. The aluminium foil wrapping was secured with 

masking tape. Cores and monoliths were labelled with length, date, location, 

depth and orientation (top and bottom).

6. Cores were then transported back to the laboratory and stored in a refrigerated 

storeroom at 2°C until required.
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5.2.1 Corers

Four different corers were used to obtain the required material:

1. W ardenaar m onohth corer (Wardenaar, 1987). This corer can remove monoliths 

o f  200 cm" surface area and up to 100 cm depth. It is used for rem oving large 

samples from peat surfaces. Its design results in minimal damage to the sediment, 

cuts through roots, and leaves a hole o f 1 m depth, deep enough for the 

subsequent operation o f a Livingstone corer.

2. Livingstone piston corer (Wright et a i ,  1965). This corer has an internal diameter 

o f  5 cm and length o f  100 cm. Cores are circular in horizontal cross-section. This 

corer is used to obtain sediment from lake mud or peat, and works best when 

submerged in water o f  depth greater than 1 m.

3. Russian corer (Jowsey, 1966). A corer with a chamber o f 4 cm internal diameter 

and 50 cm length, the Russian has a semicircular cross-section. The Russian 

corer is useful for coring very stiff sediments (e.g., very friable peat) or for 

penetrating lenses o f sand or gravel.

4. Dachnowski piston corer (Rowley and Dahl, 1956) o f  2.5 cm internal diameter 

and 20 cm length. It obtains cores with a circular cross-section, and it can be used 

to sample very stiff sediments (e.g., clay).

One monolith was obtained by digging prior to the purchase o f  a monolith corer.. 

Surface samples were also collected. This involved removing living mosses, usually 

Sphagnum spp., and storing them in resealable plastic bags at 2°C until they were 

required.

5.3 Sediment analysis

Cores were routinely described usmg their physical properties and composition. The 

Troels-Smith (1955) sediment description scheme was used. This scheme provides 

an objective method o f sediment description for use in the field or the laboratory. 

The method is briefly described below:

1. Cores were unwrapped and bisected using a clean knife. The cut faces o f the 

sediment were cleaned in order to make any boundaries and colour changes easier to 

see. Features were often obscured as the sediment was smeared as it was cut.

2. The main units o f the core were noted and described colloquially. Each unit was 

then described according to the Troels-Smith (1955) scheme for physical properties.
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3. Each unit in the core was then described according to the Troels-Smith (1955) 

scheme for describing sediment composition.

4. The core was then closed up and re-wrapped, or if  desired, pollen sampling was 

carried out on the core.

5. Cores were returned to cold storage if  they were to be retained.

5.4 Subsam pling o f  cores for pollen and charcoal analysis.

A basic interval o f 16 cm between samples was found to be most useful, as finer 

sampling could then be easily carried out at 8, 4, 2 and 1 cm intervals. A volume o f

0 .5 .cm^ or 1.0 c m \ depending on the density o f  the material, was then removed at 

each sampling interval with a brass syringe (syringe volume=0.5 cm^).

Sub-samples were stored in labelled glass or plastic vials with distilled water. 

Sediment sub-samples did not adhere to the plastic \dals so easily and consequently 

sub-samples were much easier to wash out o f the plastic tubes. A small volume (one 

or two drops from a Pasteur pipette) o f absolute alcohol was added to each sample 

to prevent decay by bacteria or fungi. Samples were stored in a refrigerator until 

they were required for preparation.

5.5 Preparation o f  sediment sub-samples for pollen and charcoal analysis

The method was adapted from Faegri and Iversen (1989).

5.5.1 Addition of marker grains.

1. Sediment sub-samples were placed in plastic 10 cm^ centrifuge tubes.

2. A known volume o f the marker suspension was added to the sub-sample.

3. If calcium carbonate was present in the samples, 10% HCl was added gradually 

until the calcium carbonate had all reacted with the HCl to give carbon-dioxide, 

water and calcium-chloride. The centrifuge tubes were balanced with distilled water. 

A drop o f absolute alcohol was added to reduce the surface tension and the 

centrifuge tubes were placed in the centrifuge.

4. The sub-samples were centrifuged for 5 min at 2500 r.p.m.

5. The supernatant was decanted and discarded.
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5.5.2 Potassium hydroxide treatment

6. A small volume o f 10% KOH was added to the centrifuge tube in order to 

resuspend the sediment sub-sample, break up. lumps and remove humic acids. A 

further 10 ml KOH was added and the sub-samples were stirred using glass rods.

7. The tubes were placed into a water bath at a temperature o f  95-100°C for 10 min.

8. The centrifuge tubes were placed into the centrifuge for 5 min at 2500 r.p.m.

9. The supernatant was decanted and discarded.

10. The sub-sample was washed through a fine sieve (120 )im) into one or two 50 

cm^ centrifuge tubes using distilled water.

11. The material remaining on the sieves was washed into labelled petri-dishes for 

macroscopic charcoal analysis and put aside in order to let the water evaporate at 

room temperature.

12. The 50 ml centrifuge tubes containing the sub-sample were centrifuged at 2500 

r.p.m. for 5 min.

13. Each sub-sample was washed into a labelled 10 ml centrifuge tube.

14. The sub-samples were centrifuged at 2500 r.p.m. for 5 min.

5.5.3 Acetolysis

The following procedure (based on that o f Erdtman, 1960) was carried out in a fume 

cupboard to remove cellulose from the sub-samples. Appropriate safety clothing 

was worn (visor, heavy-duty rubber -gloves; rubber apron; white laboratory coat).

15. The sub-samples were dehydrated by suspension in glacial acetic acid.

16. The sub-samples were centrifuged at 2500 r.p.m. for 5 min.

17. The supernatant was decanted down the drain in the fume cupboard.

18. Acetolysis mixture acetic anhydride-concentrated sulphuric acid (9:1, v/v) was 

added to each sample (approximately 10 ml). The sub-samples were then stirred 

with glass rods in order to suspend the sub-samples in the liquid and increase the 

area available for reaction.

19. Sub-samples were placed into a water bath at 100°C for 5 min while stirring 

regularly with glass rods.

20. Sub-samples were centrifuged for 5 min at 2500 r.p.m.

21. Supernatant was decanted into a dedicated acetolysis waste bottle in the fume 

cupboard.
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22. Sub-samples were resuspended in glacial acetic acid.

23. Sub-samples were centrifuged at 2500 r.p.m. for 5 min.

24. Supernatant was decanted in the fiime cupboard.

25. Sub-samples were resuspended in tertiary butyl alcohol (TBA), a volatile 

organic solvent, using glass rods. Latex gloves were worn during this stage.

26. Sub-samples were centrifuged at 2500 r.p.m. for 5 min.

27. Supernatant was decanted.

28. Sub-samples were transferred to labelled glass vials using TBA and clean 

Pasteur pipettes.

29. Drops o f  silicone oil (2000 cs viscosity) were added to the sub-sample and TBA 

using a dropper. Sufficient were added to suspend all o f  the pollen. The silicone-oil 

and TBA were mixed thoroughly with the sub-sample using a clean wooden cocktail 

stick.

30. The sub-samples were placed in an oven at 60°C until the TBA had evaporated 

(usually overnight).

31. Sub-samples were removed from the oven, loosely covered to prevent 

contamination, and left to cool. Once the sub-sample had cooled the vial was 

stoppered until required for counting.

5.6 M ounting and counting o f  pollen samples

Before mounting, the pollen samples were stirred until thoroughly mixed with the 

silicone oil. More silicone oil was added if necessary (i.e., if  the sample was too 

concentrated for counting). A drop o f the pollen sample was then placed onto a 

clean microscope slide. The drop was then spread to cover the area o f a coverslip. A 

coverslip was then placed on top o f the sample and left to settle for 10 min. Clear 

nail varnish was used to fix the coverslip at each comer.

Samples were counted using a Leitz binocular microscope with a calibrated moving 

stage. Full traverses o f the slide were counted to avoid any bias due to sorting o f 

pollen grains by size during the slide making process. Routine counting was carried 

out at x400 magnification. A magnification o f xlOOO (using anisole, a volatile 

liquid with a suitable refractive index) was used when necessary for detailed 

examination o f pollen grain morphology.



Counts were normally up to a sum o f 500 arboreal and upland herb pollen grains for 

each sample. Pollen identification was assisted by the use o f  pollen identification 

keys and photographs (e.g., Moore et a i ,  1991; Reille, 1992). Identifications were 

verified using the pollen reference collection o f  the Botany Department, Trinity 

College, Dublin.

5.7 Charcoal analysis

The sediments analysed for pollen were routinely exam ined for microscopic and 

macroscopic sub-fossil charcoal.

5.7.1 Microscopic charcoal analysis

Analysis o f samples for microscopic charcoal was carried out on the same slides as 

were used for pollen analysis. The point count m ethod o f  Clark (1982) was used. 

This allows the calculation o f the surface area o f charcoal present in a volume o f 

sediment, presented as cm^/cm^.

Each sample (see above for sample preparation) was examined under x400 

magnification using an eye-piece graticule. When the tips o f  major measurement 

lines on the graticule (22 points in total) were seen to lie over a piece o f charcoal in 

a field o f view a charcoal ‘h it’ was recorded. The num ber o f  Lycopodium  marker 

spores seen in each field o f view was also counted. A minimum o f 200 fields o f 

view was examined on each slide. The process usually took under 30 min for each 

sample.

These data were then entered into the following formula (after Clark, 1982) to give 

the area o f charcoal (cm') per volume of sediment (cm^);

[(Charcoal hits)(Slide 'dXQdi){Lycopodium concentration)(Volume o f Lycopodium  

added to sample)]/[(number o f points on graticule)(total num ber o f fields o f  view on 

the coverslip)(Number o f  Lycopodium  counted)(Sample volume)].

The resuhing data could then be plotted versus depth or age, alongside pollen or 

physical data.



5.7.2 M acroscopic charcoal analysis

The sediment used for pollen analysis was also examined for macroscopic charcoal. 

Sievings collected after the KOH treatment in the pollen preparation (Step 11) were 

used. The method used was described by O ’Sullivan (1991 after Edwards) and is 

based on a random quadrat method. A percentage o f  the area o f the petri-dish base is 

enclosed in randomly placed squares.

1. Each o f  these squares was examined for macroscopic charcoal using a low-power 

(i.e., x20) binocular microscope with incident light.

2. Number o f  pieces counted in the area o f  the petri-dish enclosed in the squares 

was recorded.

3. The total number o f  pieces o f charcoal per unit volume o f sediment could then be 

calculated by using a conversion factor to get the number o f pieces expected in 

th& entire dish, and multiplying this value if  necessary to get the number per unit 

volume.

Pieces greater than 5 mm in length were recorded separately, and the plant from 

which the charcoal originated was also noted if  it could be identified.

Results were plotted against depth as number o f  pieces/cm^ sediment.

5.8 Preparation o f  material for Radiocarbon dating

Material for radiocarbon dating was removed from several cores and surface 

monoliths. Material was chosen with reference to specific events in pollen diagrams 

or at boundaries between sediment types. Material was also selected in order to 

obtain a more evenly spaced series o f radiocarbon dates.

5.8.1 Sample preparation for bulk dating

1. M atenal from appropriate depths was removed from the cores and monoliths with 

a sharp knife which had been thoroughly cleaned by washing with distilled water 

prior to each sampling. An attempt was made to minimise vertical spread in each 

sample by taking the smallest mass o f material, using both sides o f  the core if 

necessary.

2. The surface o f each sample was scraped with a clean knife or spatula to remove 

any contamination.



3. Samples were placed on aluminium foil and weighed. The foil was labelled, and 

the samples were placed in an oven at 60°C and dried. The samples were then sealed 

in aluminium foil and placed in labelled resealable plastic bags before despatching 

to a radiocarbon dating laboratory (Beta Analytic, Miami, FL, USA).

5.8.2 Sample preparation for AMS dating

1. Material was removed from cores by sieving or during Troels-Sm ith analysis o f 

the sediments.

2. Material was dried and stored as in Section 5.8.1 before being sent to a 

radiocarbon dating laboratory (Beta Analytic, Miami FL, USA).

5.9 Lead-210 dating

Lead-210 dating o f  peat was carried out in the Physics Department o f  University 

College, Dublin, on a monolith from Clara Bog (see Chapter 8 for details). The 

theory is described in detail in Chapter 3.

5.9.1 Sample preparation

1. After sediment description and subsampling the remaining material was sliced 

horizontally at approximately 1 cm intervals with a sharp knife, along the vertical 

axis o f  the monolith. The resulting slices were cleaned to remove possible 

contamination. Surface area and depth o f each were measured (e.g., height, width 

and breadth) as was the length o f the core remaining.

2. The material was weighed, put into brown paper bags and air dried.

3. After air drying the peat was dried in an oven at 70°C. On removal from the oven 

the material was placed in airtight vessels with silica gel until they equilibrated at 

room temperature.

4. The dried material was then weighed and ground to a powder using a coffee 

grinder.

5. The dried, ground, peat was stored in airtight, labelled vessels until it was 

required for measurement o f lead 210 analysis.

6. Samples o f known weight were placed in labelled glass containers o f  a standard 

type for which the detector had been calibrated.
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7. A high purity, n-type germanium (LB-GMX) gamma detector, supplied by 

EG&G ORTEC was used to measure activity. Pairs o f  samples were placed into 

the (160 years) old lead-shielded detector chamber which contained a liquid- 

nitrogen cooled, germanium detector.

8. Two consecutive 1 cm thick samples were used. The surface area o f the monolith 

was too small to use only 1 cm depth o f peat, which would have resulted in too 

low a mass o f peat at each depth. The emission spectra were recorded 

electronically for such a length o f time as was necessary to obtain useful data.

The resulting spectra were analysed using the gam ma-spectra analysis suite 

MICROSAMPO. The results were reported in specific activity (Bq/g) for the 

different elements measured. These results were subsequently used to calculate the 

sediment age (see Chapter 3).



Chapter 6 

The development of Clara Bog

6.1 Introduction

Clara Bog has changed greatly during the Holocene, resulting in the domed 

structure which currently exists. An overview o f these changes was presented in 

Bloetjes and van der M eer (1992). They presented a stratigraphy o f the entire area o f 

the bog in North-South and East-W est transects. This established peat depths, 

greatest (9.0 m -10.5 m) in the central areas o f the two domes o f Clara Bog East and 

Clara Bog West, where the peat is underlain by a narrow layer o f  marl (0.0 m-0.4 m) 

and a thicker layer o f  lacustrine clay (0 m-7 m). They also mapped the depths at 

which the peat changed from fen to ombrotrophic, and the boundary between poorly 

and weakly humified Sphagnum  peat. These stratigraphies showed a relatively 

uniform development over the area o f the deepest peats, presented in Table 6.1

Table 6.1. General stratigraphy o f Clara Bog from Daly and Johnston (1994)'

Lithology Thickness (m)

Poorly hum ified peat 0.0-6.5

Strongly hum ified peat 0.0-3.5

Fen peat 1.0-3.5

Shell marl Q.0-0.4

Lake clay 0.0-7

Till 0.0-18

Limestone bedrock -

‘Data from Bloetjes and van der Meer (1992) and Smyth (1994).

More recent changes, which have had profound effects on the bog, are dealt with in 
detail in Chapter 7.

6.1.1 A im s

The aim o f this chapter is to investigate in detail how the vegetation o f  the bog has 

changed as the peat accumulated during the Holocene, and to investigate any 

unusual features o f this development. It was hoped that this would give a good 

background against which to examine the special features for which the bog is 

conserved.



6.2 M aterials and methods

(See Chapter 3 and Chapter 4 for details)

Sampling was identical to that described in Chapter 12 for fieldwork, sediment, 

pollen and charcoal analyses, and radiocarbon dating. Details can be found in 

Chapter 12.

6.2.1 Fieldwork

Two cores and a monolith were taken from the western side o f  Clara Bog (see 

Figure 6.1). The site was located at N 53°19.36’, W 7°37.96’, on the line D 7-D 8 o f 

the grid used by the Irish-Dutch Geohydrology and, Ecology study (see Bloetjes and 

Van Der Meer, 1992 for map o f entire grid). A monolith was extracted from 0 to 42 

cm depth using a spade. Core A went from 35 cm to 983 cm. Core B went from 50 

cm to 969 cm. Cores A and B were extracted with a Livingstone piston corer, except 

for the base o f core A which was extracted using a Dachnowski corer. A surface 

sample o f  living Sphagnum  was also taken. This overlapping pair o f  cores is 

hereafter referred to as Core P.

One core, hereafter called Core X was taken from Clara Bog East. It went from 0 cm 

to 909 cm and was extracted with a Livingstone corer.

6.2.2 Radiocarbon dating

Radiocarbon samples used for dating are described in detail in Chapter 12.

6.2.3 Sediment description

The cores were bisected with a sharp knife and described using the Troels-Smith 

(1955) sediment description system. The two cores were described in detail and 

tbrmed the basis for a general overview o f the bog’s development. In addition, 

several other cores were analysed for other sections o f the project. This information 

was also used to elaborate the development o f the bog (See also Chapter 7).
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Figure 6.1 Locations o f cores P and X on Clara Bog.
P, core P on Clara Bog West; X, core X on Clara Bog East. Map based on OS Map, 
1912 (Anon.)
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6.2.4 Charcoal analysis

Charcoal analysis was carried out using the methods detailed in Chapter 3.

6.2.5 Pollen analysis

In this chapter only the local pollen types are considered, as the aim o f the chapter is 

to reconstruct the vegetation succession from lake to raised bog. See Chapter 3 for 

details o f  the methods and Chapter 12 for details o f  the sampling and counting o f 

the pollen.

Calculation o f pollen sums (seventeen taxa) and presentation o f results followed the 

methods outlined in Chapter 4. The pollen sum includes all the taxa, except for 

Betula as it was also important on the surrounding mineral soil, that are thought to 

have grown on the site. Betula is excluded as its histor>' during the Holocene is 

primarily associated with vegetation change on the mineral soils. Other spore types 

excluded from the sum are Pediastrum  and Sphagnum. A lthough Myrica gale is 

present on Clara Bog it is not represented in the pollen diagram. The pollen o f 

Corylus avellana and Myrica gale are difficult to differentiate, and the pollen o f 

both species were counted as Corylus avellana type'. However, Myrica gale  is 

concentrated in areas with an improved nutrient supply, such as soaks, and is 

therefore unlikely to have been growing around the core site. It is therefore likely 

that Corylus avellana type pollen found in the core was mostly the pollen o f 

Corylus avellana rather than Myrica gale.

6.2.6 Zonation

Zonation o f the pollen diagram was carried out using CONISS (Grimm, 1987). For 

analysis the subset o f the pollen data which was included in the pollen sum had a 

value equal to or greater than 5%. See Chapter 4 for a detailed explanation o f the 

method. Pollen\spore types used for the zonation were: Cyperaceae, Ranunculaceae, 

Ericaceae, Calluna, Menyanthes, Potentilla, Sparganium, Thelypteris, Typha 

latifolia and Filicales, a total o f ten types. Other pollen types which were likely to 

have been both local and regional, such as the Poaceae, are included in the diagram.

' A lthough  som e analysts differentiate the two using light m icroscopy ,  it was found  in this case that 
the num ber o f  grains which could  not be classif ied m ade the technique  u nw orkab le ,  as w as stated by 
E dwards (1981).
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6.2.7 Data analysis

Data analysis was carried out using the TILIA package (Grimm , 1991); construction 

o f  a chronology using PSIMPOLL v. 3.0 (Bennett, 1998, see Chapter 12). Data were 

plotted using TILIA GRAPH (Grimm, 1991) and M icrosoft EXCEL.

DC A (Hill, 1979a; Hill and Gauch, 1980) and TW INSPAN (Hill, 1979b) analyses 

o f  the data were also carried out using the PC-ORD program  (M cCune and Mefford, 

1995).

6.3 Results

6.3.1 Radiocarbon dating

P.esults o f  the radiocarbon dating are presented below.

Table 6.2 Radiocarbon dates from Core P (also the main pollen profile, See Chapter

12), Clara Bog West and Core X, Clara Bog East

Site Core Depth (cm) 
(Upper-Lower)

C-14 date 
(BP“)

Error*' Calibrated date'̂
l a  Range o f  calibrated date
(AD/BC)

Laboratory
number

Clara Bog Core P 283-292 2030 80 cal B C 3 1 , 18, 9 B eta-65094
ca lB C  114-cal AD 72

627-634.5 6330 80 cal BC 5266 Beta-65095
cal BC 5327-5222

787.5-796 8290 80 cal BC 7307 Beta-65096
cal BC 7473-7102

948-954 10020 90 ca lB C  9372, 9352 ,9264 , Beta-68737
9 2 2 5 ,9 1 7 7
cal BC 9823-9057

Clara Bog Core X 246-257 2260 70 cal BC 368 Beta-65097
cal BC 393-198

618-623 6070 110 cal BC 4946 Beta-63927
cal BC 5198-4837

820-825 9340 90 ca lB C  8394, 8369, 8356 Beta-63928
cal BC 8439-8217

859-864 9890 80 cal BC 9053 Beta-63929
cal BC 9248-9042

Radiocarbon years before present (yr BP), present meaning 1950 A.D.

Errors represent 1 standard deviation (68% probability).

Radiocarbon dates were calibrated using the CALIB Radiocarbon Calibration 

Program, version 3 (Stuiver and Reimer, 1993). Ranges were obtained using 

Ixreported standard deviation o f  the radiocarbon date.

The establishment o f the chronology for Core P which was used for the pollen 

diagram is detailed in Chapter 12.



6.3.2 Sediment description

In this section the main sediment types and their boundaries are used to aid 

description o f the development o f Clara Bog.

Core P

Table 6.3 describes the main sediment units o f  Core P.

Table 6.3 Summary o f Troels-Smith sediment description for the Core P, Clara 

Bog, Co. Offaly

Depth (cm) Sediment type Troels-Smith description

0 Fresh Sphagnum peat Nig 2 Strf 0 Elas 2 Sicc 3 Lim 0 Hum 1 

Tb 2 Sphag, Sh 1,T1 l,T h +

286 Humified Sphagnum peat Nig 3 Strf 0 Elas 0 Sicc 3 Lim 0 Hum 3

Tb 1 Sphag, S h 2 , T1 l ,T h  +

626 Fen peat Nig 4 Strf 0 Elas 2 Sicc 3 Hum 2 

Sh 2, Th 2

790 Sphagnum  peat Nig 3 Strf 0 Elas 1 Sicc 3 Lim 0 Hum 2 

Tb 1 Sphag, Sh 2, Th 1

828 Phragmites fen peat Nig 3 Strf 0 Elas 2 Sicc 3 Hum 1 

Sh 2, Th 2

956 Lacustrine sediments Nig 1 Strf 0 Elas 1 Sicc 3 Lim 4 

Lc 2, Ag 1. Dg 1, Ld Ga +

979 Base o f core

See Appendi.x 1 for explanation o f Troels-Sm ith abbreviations.

1. Core base 979 cm-956 cm. Early Holocene lacustrine deposits.

(>10070 BP-c. 10055 BP )

This section starts with gritty clay at the base o f the core. From 979 cm (>10070 

BP) to 974 cm (>10070 BP) there is clay (D gl, As2, G al) with a mollusc shell at 

978 cm (>10070 BP). From 974 cm (>10070 BP) to 959 cm (c. 10070 BP) there is a 

band o f marl (D gl, As+, A g l, Ga+, Ld+, Lc2) containing shell fragments. Above 

the marl, clay (D gl, A sl, A g l, G al) was deposited until 956 cm (c. 10055 BP) 

when it grades into fen peat (S h i, Th3, Dg+).

2. 956 cm-828 cm. Fen peat.

(c. 10055 BP-c. 8800 BP)

This section was composed o f very w'cll humified fen peat (Sh2, Th2) with remains 

o f Phragmites.
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3. 828 cm-790 cm. Sphagnum  peat.

(c. 8800 BP-c. 8270 BP)

Well humified Sphagnum  peat with many rootlets (Sh2, T bl Sphag, Thl).

4. 790 cm-626 cm. Fen peat.

(c. 8270 BP-c. 6250 BP)

Fen peat with Betula wood at 620 cm (c. 6150 BP). Sphagnum  was increasing from 

about 650 cm (c. 6620 BP).

5. 626 cm-286 cm. Humified Sphagnum  peat.

(c. 6250 BP-c. 2025 BP)

Sphagnum  peat, occasional bands o f Eriophorum. Two bands o f  charcoal were 

visible in the sediment between 550 cm (c. 5200 BP) and 600 cm (c. 5810 BP). 

There were occasional scattered fragments o f Calluna. There were also bands o f 

peat composed predominantly o f Eriophorum.

6. 286 cm-0 cm. Poorly humified Sphagnum  peat.

(c. 2025 BP- -43  BP)

Relatively unhumified Sphagnum  peat with bands o f  Eriophorum. The acrotelm, 

which contained living plants and retained an uncompressed structure, was visible 

from 0 cm-22 cm.

Core X

Table 6.4 describes the main sediment units o f Core X.

1. 909 cm -856 cm. Early Holocene lacustrine deposits.

(>9890 BP-c. 9890 BP)

This section starts with a 30 cm band o f marl (Dg+, A sl, Ga+, Ld2, L cl)at the base 

o f the core and grades into clay (D gl, Ag3) before grading gradually into fen peat at 

876 cm.
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Table 6.4 Summary o f Troels-Smith sediment description from Core X, Clara Bog 

East

Depth (cm) Sediment type Troels-Smith description

0-246 Poorly humified Sphagnum Nig 2 Strf 0 Elas 1 Sicc 3 Lim 2

peat Hum 1

Tb 4 Sphag, T1 +, Th +

246-284 Eriophorum  peat Nig 2 Strf 0 Elas 3 Sicc 3 Lim 2 

Hum 3

Tb 1 Sphag, Ld l ,T h  l ,D h  1

284-487 Humified Sphagnum  peat Nig 2 Strf 0 Elas 1 Sicc 3 Lim 0 

Hum 2

Tb 2 Sphag, Sh 1, Th 1, Dg +

487-630 Sedge and Sphagnum peat Nig 2 Strf 0 Elas 1 Sicc 3 Lim 1 

Hum 1

Tb + Sphag, Sh 2, Th 2

630-809 Phragmites fen peat with some Nig 4 S trf 0 Elas 3 Sicc 3 Lim 0

wood Hum 1

Th 2, Sh 2, Dh +, D1 +

809-825 Peat with Sphagnum Nig 4 S trf 0 Elas 2 Sicc 2 Lim 0 

Hum 1

Tb 1 Sphag, Th 1, Sh2

825-856 Phragmites fen peat with some Nig 4 Strf 0 Elas 1 Sicc 3 Lim 0

wood Hum 1

T h 2 , Sh 1, D1 1

856-876 Clay Nig 3 Strf 0 Elas 0 Sicc 3 Lim 1 

Hum - 

Dg 1, Ag 3

876-909 Marl Nig 2 Strf 3 Elas 1 Sicc 3 Lim 4 

Hum -

Dg + As l ,G a  * L d2, Lc 1

909 Base of core

2. 856 cm -825 cm. Phragmites fen peat.

(c. 9890 BP-c. 9340 BP)

This sediment was composed o f well humified fen peat (Sh2, Dh2)

3. 825 cm -809 cm. Well humified Sphagnum  peat.

(c. 9340 BP)

At this point a band o f humified Sphagnum  peat (Tbl Sphag, T h l, Sh2) was found, 

continuing for c. 16 cm.
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4. 809 cm -630 cm. Phragmites peat.

(<c. 9340 BP-c. 6070 BP)

Phragmites peat (Th2, Sh2, Dh+, )succeeded the Sphagnum  peat layer and was 

continuous up to 630 cm.

5. 630 c m ^ 8 7  cm. Sedge and Sphagnum  peat.

(c. 6070 BP)

This boundary marked a transition from fen peat to Eriophorum  and Sphagnum  peat 

(Tb+ Sphag, Sh2, Th2).

6. 487 cm -246 cm. Well humified Sphagnum  peat.

(<c. 6070 B P-c. 2260 BP)

This band (Tb2 Sphag, L d l, T hl, Dg+) was similar to the previously described unit, 

but Sphagnum  was a more frequent component.

7. 246 cm -0 cm. Poorly humified Sphagnum  peat.

(c. 2260 BP-c. 0 BP)

Poorly humified Sphagnum  peat (Tb4 Sphag, T1+, Th+) with the acrotelm visible 

from 5 cm -0 cm.

6.3.3 Zonation o f  the pollen diagram from Core P

Zonation was carried out on the pollen anaysis results using both CONISS and 

optimal splitting. Both o f these gave six zones as the significant number which 

compares well with the figure suggested by the broken stick method (Bennett, 1996) 

results o f which are illustrated in Fig. 6.2. Zonation details are given m Table 6.5. 

Table 6.6 compares sediment boundaries with pollen zone boundaries.
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Table 6.5 Zonation data for Clara Bog regional pollen diagram

Zone Depth (cm) Age (C -14yr BP)“ Number of 

samples in zone

CL Lower Upper Zone starts Zone ends

1 958 936 c. 10070 c. 9985 2

2 936 824 c. 9985 c. 8740 9

3 824 760 c. 8740 c. 7905 4

4 760 680 c. 7905 c. 7015 5

5 680 648 c. 7015 c. 6590 2

6 648 0 c, 6590 -43 59

C-14 yr BP, radiocarbon years before present (present= 1950 AD)

Table 6.6 Comparison o f pollen zones and sediment boundary changes from Core P

Depth (cm) Sediment type Pollen Zone CL-

0 Fresh Sphagnum peat 6

286 Humified Sphagnum peat

626 Fen peat

648 5

680 4

760 •>

790 Sphagnum  peat

828 (824)' Phragmites fen peat 2

936 1

956 Lacustrine sediments -

979 Base of core -

' Actual zone boundary depth, 

pollen data not available.
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6.3.4 Charcoal analysis fom Core P

Results o f the charcoal analysis are presented in Fig 6.3. There were not very many 

large charcoal peaks in the diagram, and m ost o f  the microscopic peaks are 

associated with macroscopic peaks.

6.3.5 Pollen analysis from Core P"

Results are presented in Fig. 6.4

Zone CL-1 : 958 cm -936 cm. Typha -Sparganium -C ypex2Lce.2ie peak zone.

(~c. 10070 B P-c. 9985 BP)

After the end o f  the Nahanagan Stadial the current site o f  Clara Bog was a shallow 

depression in the landscape. The basin is lined w ith lacustrine clay (D gl, As2, G al) 

which was laid down between the end o f  the last glaciation and the begirming o f  the 

Holocene. The deepest part o f the basin was at the centre o f  thg site and has marl 

deposited on top o f the clay below 50m OD (Bloetjes and van der Meer, 1992). This 

deposit was probably laid down quite rapidly in a shallow lake. The thickness o f this 

deposit (15 cm in the pollen core) and its position in the centre o f  the basin, along 

with the initiation dates for the fen peat (c. 9986 BP) suggest the lake was short 

lived and shallow. The marl contains the shells o f snails.

Although gyttja often underlies the fen peat layer in many raised bog deposits (e.g., 

Mitchell and Ryan, 1997; Smith and Goddard, 1991; O ’Connell, 1980) they do not 

occur at Clara Bog. These gyttjas accumulated while the sites contained open water. 

It would appear that the basin at Clara Bog was too shallow, and was so rapidly 

filled in that the required open water conditions never occurred.

The pollen zone starts with a peak in Typha latifolia pollen, with a value o f 77%

(958 cm/c. 10070 BP). T. latifolia frequency declines to 26% and there is a rise in 

Cyperaceae from 20% at 958 cm to 46% at 944 cm and Sparganiiim  (0%-17%). 

There is also some Potamogeton  (1%) at 958 cm. The pollen analyses o f  this 

sediment indicate that the vegetation around the site was initially dominated by 

Typha and Sparganium, w ith Cyperaceae soon becoming important. Poaceae

■ Percentage ranges g iven  in b rackets  are the highest and low est va lues  for a pollen  o r  spore in the 
zone  being discussed.
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probably played an important part in this stage, but the contribution o f the Poaceae 

to the local pollen record is impossible to separate from their contribution to the 

regional record. In zone CL-1 there is one large microscopic charcoal peak, - 

presum ably associated with the vegetation surrounding the lake, as there was no 

vegetation growing on the core site at that time.

Zone CL-2 : 936 cm -824 cm. Cyperaceae-Filicales-Ericaceae peak zone.

(c. 9986 B P ^ .  8740 BP)

In this zone Cyperaceae (92%-16%), Ericaceae (16%-0%) and Filicales (41%-21%) 

represent the most important local pollen types in the fossil pollen record. There 

were some Thelypteris palustris spores (19%-0%), Menyanthes trifoliata (16%-0%) 

and Calluna vulgaris pollen (6%-0%) and Sphagnum  spores (29%-0%).

Fen began to encroach upon the site very soon after the beginning o f the Holocene 

(c. 9985 BP), and this appears to have been reasonably simultaneous across the bog 

(two radiocarbon dates are available from the bog; 10020±90 BP on Clara Bog West 

and 9890±80 BP on Clara Bog East). The main species present at this time were 

probably members o f  the Cyperaceae and the Poaceae, such as Phragmites australis, 

remains o f the latter being present in the peat. Another indicator o f fen conditions is 

Thelypteris palustris, which grows in marshy environments (Webb et al., 1996). 

Zone CL-2 also has a large charcoal microscopic peak, but as there is no 

corresponding macroscopic charcoal peak it must be interpreted as either a fire 

elsewhere on the site or else in the regional vegetation.

Although the sediment appears relatively uniform in the zone there is a change in 

the pollen rain at the top o f  the zone, just after the charcoal peak, as Sphagnum  

spores and Calluna vulgaris pollen become frequent (880 cm\c. 9520 BP). This 

indicates a change from fen vegetation and mesotrophic conditions to more 

ombrotrophic conditions at the site. It would be usual to interpret this as the 

beginning o f  the transition from a fen to a raised bog environment. However, 

Menyanthes and Thelypteris, as well as Cyperaceae are still frequent in this part o f 

zone CL-2 indicating that a nutrient-rich substrate was still available on the site. At 

the top o f the zone Sphagnum, Calluna and Ericaceae frequencies decline and 

Cyperaceae increase again. This suggests that by the end o f the zone, fen vegetation 

was established, in the area o f  the core site at least.
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Zone CL-3 : 824 cm-760.5 cm. Sphagnum-Calluna peak zone.

(c. 8740 BP-c. 7905 BP)

This zone sees a major rise in Sphagnum spores (93%-3%) and Calluna pollen 

(61%-27%)from negligible values at the end o f the previous zone. The Sphagnum 

peak (93%) is accompanied by a peak in Tilletia (24%). Lower levels o f Filicales 

(33%-15%) and Cyperaceae (27%-0%) are also present. Hydrocotyle vulgaris (2%) 

and Sparganium (3%) also appear in this zone.

In the first sample of zone CL-3 (816 cm) there are large microscopic and 

macroscopic charcoal peaks occurring simultaneously. This suggested that there was 

a fire at the site o f the core, and compared to other miacroscopic charcoal peaks it 

left a substantial amount o f charcoal. There was further evidence of burning in this 

zone but the charcoal peaks, both macroscopic and microscopic are much smaller. 

Sediment analysis reveals that Sphagnum peat began to be deposited at the site in 

this zone, which is in good agreement with the pollen record. This may have been a 

continuation of the process that was occurring in zone CL-2. This indicates that the 

ground water table was below the level of peat accumulation, and that conditions 

were suitable for the expansion of ombrotrophic communities, which were already 

present. The occurrence o f this large fire on the surface of the bog is an indication of 

dry conditions on the bog. This large fire event occurred in the first sample of the 

zone, immediately preceding the rise in Sphagnum spores. Whether there is a direct 

link between the two events is not apparent from the pollen diagram, although a 

previous fire event at 872 cm in zone CL-2 coincided with a peak in Sphagnum 

spores.

The presence of ombrotrophic peat-forming communifies allowed a rapid expansion 

when conditions became more opportune for Sphagnum at Clara Bog, i.e., the 

growth of the fen peats up to the level of the ground water table. Calluna is also 

found at this point and it is possible that the growth of a true ombrotrophic bog had 

commenced with the associated altering o f the pH typical o f Sphagnum 

communities.

This layer of Sphagnum peat was also found in other cores from both sides of the 

bog (cf Chapter 7) but as those cores were not analysed for charcoal, it is unknown 

whether charcoal occurred in the band. Evidence indicates that this event was 

widespread and probably occurred at about the same time throughout the site, 

allowing for local differences in topography. This pollen zone ended quite suddenly
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at about 769 cm\c. 7900 BP, although the sediment was more typical o f  fen peat by 

790 cm\c. 8270 BP. Therefore there may have been a more gradual end to this 

ombrotrophic phase than the pollen evidence had indicated..The gradual increase o f 

Filicales pollen in the zone from 15% to 33% may indicate a gradual drying o f  the 

sirface, or a return o f  nutrient-enriched water to allow this population o f  local ferns 

to expand. Overall, the establishment o f ombrotrophic vegetation followed by the 

gradual deterioration o f conditions suitable for their survival appears to be the basis 

cf this unusual zone.

Zone CL-4 : 760.5 cm -680 cm. C yperaceae-Filicales-r/ze/vp/em  peak zone.

(;. 7905 B P ^ .  7015 BP)

Although zone CL-3 is dominated by the pollen\spores o f ombrotrophic vegetation 

fin peat had started to accumulate again at about 790 cm\c. 8270 BP and continued 

«t) be deposited until c. 6220 BP\626 cm (pollen zone CL-6). The fen peat is 

relatively homogenous, with Phragmites rhizomes being the most obvious 

nacrofossil. The Cyperaceae curve rises at the start o f this pollen zone (CL-4) from 

(% to 37% before reaching a peak o f 78% at 736 cm\c. 7640 BP. Values for the 

filicales range from 56% to 8% , whilst those for Thelypteris range from 21% to 

(%. Sphagnum  is present in the zone (10%-2%) while Calluna pollen is virtually 

ibsent (2% -l% ). Other pollen\spore types occurring in the zone include Menyanthes 

md Bottychium. All o f this indicates a return to fen conditions with the vegetation 

ii contact with groundwater.

'’he pollen record is quite similar to that o f the first period o f fen peat, and although 

Iphagtmm  is unlikely to have been a major component o f the vegetation during the 

ione, and was not detected in the sediment, it was almost certainly locally present, 

h  this zone the record is dominated by Cyperaceae with a local Filicales population, 

'’here must be an element o f local Poaceae pollen in the record, as Phragmites 

custralis rhizomes are also present in the sediment. However, as previously stated, 

bcal Poaceae cannot be separated from the regional Poaceae pollen input.

"helypteris palustris is again present throughout this zone, and undifferentiated 

lilicales spores are also present in significant numbers. These were probably 

ceposited by fems growing in situ  as these spores are not usually transported over 

Urge distances. Zone CL-4 has charcoal peaks which are relatively consistent in 

leight indicating both local distant fires, but these have no obvious effect on the 

’egetation. Vegetation during this zone was dominated by fen communities but
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there were also ombrotrophic communities present, possibly as relatively small 

isolated islands not unlike those seen in modem fens (e.g., Pollardstown Fen, Co. 

Kildare, Ireland).

Zone CL-5: 680 cm -648 cm. Filicales peak zone.

(c. 7015 B P ^ .  6590 BP)

This zone sees a rapid rise in Filicales values from 8% at the end o f the previous 

zone to 85% (672 cm\c. 6920 BP) and 95% (656 cm\c. 6710 BP). Sphagnum  has 

values o f  17% rising to 30%, while Thelypteris occurs with values o f 11% and 0% 

in this zone. There are small amounts o f Calluna (1%>) present in the zone. 

Sphagnum  occurs at the same time as a peak o f  Tilletia (8%; 162 cm\c. 6920 BP). 

The sediment unit o f fen peat is the same as in the previous zone, and is broadly 

indicative o f  the conditions occurring in this zone. Charcoal peaks are small and do 

not appear to indicate a major effect o f fire on the vegetation.

In this zone, the top o f the fen peat, macrofossils o f Betula  spp. occur. (Betula 

pollen was excluded from the pollen sum for this chapter -  but included in the 

pollen diagram, as its pollen is predominantly to originate from regional or extra

local sources. However, there is a slight peak in Betula pollen at this point which 

can be interpreted as an expansion locally at about this time). This evidence 

indicated the expansion o f wet woodland on the fen surface. Vegetation associated 

with this woodland was dominated by Filicales, Cyperaceae and Thelypteris, all 

growing in contact with the groundwater table. This woodland might have been 

similar to that around Shanley’s Lough, an area o f open w ater with associated flush 

or soak vegetation (See Chapter 7). Hill (1992) found evidence o f  a previous phase 

o f Betula growing at the Shanley’s Lough site at a depth o f  580 cm. Betula wood 

was found in Phragmites peat, with high Betula percentages (1 0 % ^0 % ), Pinus, 

Corylus avellana type, some Poaceae and Filicales. It is possible that these data 

represent the transition phase on both sides o f the bog.

The continued presence o f large amounts of Sphagnum  during this zone indicates 

that ombrotrophic species had survived on the site but conditions were still not yet 

suitable for their re-expansion.

Zone CL-6: 648 cm -0 cm. Calluna-Sphagnum-Cypevaceae peak zone.

(c. 6590 B P - -43  BP)

Above 648 cm\c. 6590 BP Sphagnum  peat deposition reoccurs. This zone (CL-6) is 

very long, well over half the record, and apart from some variation at the start does
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not indicate major variation in the vegetation. At the start o f  the final zone (CL-6) 

from 640 cm\c. 6475 BP to 560 cm\c. 5265 BP there is a progressive reduction in 

the peak heights o f microscopic and macroscopic charcoal. This coincides with the 

part o f the zone that sees the first main increases in the pollen\spores o f the major 

ombrotrophic taxa such as Cyperaceae, Calluna vulgaris. Sphagnum  spp. with the 

temporary presence o f  relatively high frequencies o f Ericaceae, Ranunculaceae, 

Filicales and some Thelypteris. This could be interpreted as the transition from fen 

to true raised bog, and by 592 cm\c. 5675 BP this phase appears to be complete. 

This agrees quite well with the sediment analysis which gave 626 cm as the start o f 

the Sphagnum  peat accumulation. Appearance o f ombrotrophic peat indicators in the 

fen peat sediment may be indicative o f a transitional period between fen peat and 

Sphagnum  peat, as the ombrotrophic species were expanding.

The growth o f ombrotrophic peat continues uninterrupted at Clara Bog from 648 

cm'\c. 6590 BP to the present day. Apart from the top o f the sequence, from 64 cm to 

0 cm, it is essentially a consistent process with little change in the sediment types 

deposited. Without several detailed stratigraphies it is not possible to isolate local 

changes from those which occur over the entire site. The pollen record from this 

point on is dominated by Sphagnum  spores. The main differences in the pollen zone 

are in the other plant species which locally co-dominate the record with Sphagnum. 

This tends to alternate between either Calluna vulgaris or Cyperaceae, or a mixture. 

This reflects the ongoing changes on the bog surface as hummocks, hollows and 

Sphagnum  lawns develop and degenerate. The decline o f one or another species 

does not reflect the conditions over the entire bog; rather it reflects vegetation 

changes in the area immediately adjacent to the core site.

The only consistent change evident in the stratigraphy and development o f the bog 

is a change from more humified to less humified peat at about c. 2000 BP, occurring 

in this core at 286 cm\c. 2020 BP. This sediment change has been mapped for the 

entire site (Bloetjes and van der Meer, 1992), and also occurs in other cores 

extracted during this project (c f  Chapter 7). It is also visible in the cut faces at the 

margins o f the bog. This change is not reflected in the local pollen record although it 

may be indicated by the charcoal record. Between 432 cm and 64 cm there is 

evidence o f  only one local fire and this does not occur until 272 cm\c. 1985 BP. 

Like the fire at 816 cm this appears to be a major local event. After this there are a 

few small microscopic charcoal peaks, almost certainly from distant fires. This is
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more or less coincident with the change from well humified to poorly humified 

Sphagnum  peat, although it appears to occur slightly after it. Perhaps the sustained 

increased wetness caused a large amount o f the vegetation to die o ff in the central 

areas o f the bog and this fire was the result o f its subsequent burning 

A quantifiable difference in the pollen record above this point (272 cm) was a 

general increase in the absolute amount o f local pollen in the sediment. This 

probably reflects an increase in the proportion o f pollen incorporated in the 

sediment due to an increase in surface wetness, rather than a change in the 

vegetation.

One final local event in the charcoal record occurred at 64 cm followed by a 

microscopic charcoal peak at 16 cm. This coincides with some changes in the pollen 

frequencies, notably a peak in Ericaceae pollen (10%-24%) frequencies to their 

highest values since zone CL-3, a peak in Calluna values (78%) and a decline in 

frequency o f the Cyperaceae (11%). Although the latter two occurrences are not 

unusual in the pollen record, the peak in Ericaceae is.

The final change in the sediment was the boundary between the humified 

compressed catotelm and the fresh uncompressed Sphagnum  o f the catotelm layer, 

which was visible at 22 cm.

6.3.6 DCA and TWINSPAN of pollen analysis results from Core P

As several zones occurring in the pollen data set are quite similar, it was decided to 

use DCA and TW INSPAN to examine the relationships between the samples in 

each zone and to see what the major differences were. Two samples were removed 

from the dataset as they produced outliers; both were from Zone CL-1. Eight 

pollen/spore types were chosen as they were had attained a frequency o f  at least 5% 

once in the pollen dataset, and were almost certainly growing locally to the core site. 

The pollen types chosen were Ranunculaceae, Cyperaceae, Calluna, Ericaceae, 

Menyanthes, Sphagnum, Thelypteris, Filicales. Seventy-nine samples were analysed. 

Cut levels for the TWINSPAN analysis were 0, 10, 20, 30, 40, 50, 60, 70 and 80.

Fig. 6.5 shows the first two TWINSPAN groupings on a DCA plot. Zones CL-2 and 

CL-4 come out in the same area o f the DCA plot as fen vegetation, while zones CL- 

3 and CL-6 show a considerable degree o f overlap. However, one o f  the samples 

fom zone CL-3 (816 cm), the precursor to the first ombrotrophic phase, is quite far 

from the other three samples in the zone owing to its high Ericaceae content.
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Likewise the last sample in zone CL-3 (769 cm) comes out close to CL-5, which has 

a large Filicales peak.

Fig. 6.6 and Fig 6.7 show the second- and third-level divisions respectively by 

TWINSPAN, superimposed on a DCA plot. The first division broke the dataset into 

bog and fen samples. Bog samples were sub-divided into two groups, one of which 

had more Cyperaceae and one of which had more Calluna. The second is also 

divided into the fen samples with a different amount of Filicales.
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Figure 6.5 DCA plot o f the pollen samples from Clara Bog by percentage local 
taxa. Samples are grouped by zone. Samples from Zone 1 were removed as out
liers. Species names are from the species ordination of the dataset using DCA.
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Figure 6.6 DCA plot o f the pollen samples from Clara Bog by percentage local taxa. Red 
triangles (0) first TWNSPAN group; yellow triangles (1) are the second TWINSPAN 
group. Species names are from the species ordination of the dataset using DCA.
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Figure 6.7 DCA plot of the pollen samples from Clara Bog by percentage local 
taxa. Symbols are TWINSPAN groupings 1 to 4 respectively. Species names 
are from the species ordination of the dataset using DCA.
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Figure 6.8 DCA plot o f the pollen samples from Clara Bog by percentage local 
taxa. Third TWINSPAN grouping. Symbols are TWINSPAN groupings 1 to 8 
respectively. Species names are as in Fig 6.7 DCA.

78



Table 6.7 M ajor TW IN SPA N  divisions, their indicators and a basic interpretation o f 

the division

Division Indicators Group («)' Interpretation

(Positive/Negative)

Calluna 3(-) 0 (6 1 ) Ombrotrophic bog

Sphagnum  4(-)

Filicales 2(+) 1(18) Minerotrophic fen

Calluna 7(-) 00 (23) Calluna\Sphagnum  bog

Cyperaceae 4(+) 01 (38) CypeTnceae\Sphagnum

bog

Filicales 4(+) 11(6) Filicales on fen

Calluna 6(-) 010 (1 7 ) Ca//wna\Cyperaceae\

Sphagnum

Cyperaceae 6(+) O il (21) Fen

Ranunculaceae 1(+)

Filicales 2(+)

Ericaceae 2(-) 100(1) Ericaceae on fen

‘ n, num ber o f  samples.

In general the TW IN SPA N  output is in very close agreem ent w ith  the zonation 

generated by CO NISS when view ed on the D C A  plot. H ow ever, the central two 

sam ples from the first om brotrophic episode (784 cm, 800 cm; Z one CL-3) were 

grouped w ith all o f  the other om brotrophic sam ples in TW IN SPA N  group 0 (640 

cm -0  cm; Zone CL-6). W ithin the subdivisions o f  this grouping they are 

particularly associated w ith the Cyperaceae 4 rather than the C alluna 7, perhaps 

indicating w etter conditions on the newly form ing bog surface. N evertheless, it is an 

indication that true om brotrophic bog was developing at this tim e and it was then 

replaced by fen vegetation not dissim ilar to that w hich had preceded it.

In zone CL-6, sam ples representing raised bog vegetation, there is one sam ple 

which is grouped w ith predom inantly fen vegetation. This is at 384 cm  where there 

is an exceptionally high Cyperaceae peak. O verall there is a clear distinction 

betw een the two types o f  vegetation fen and bog, w ith each com m unity  being 

replaced by the other.
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6.4 Discussion

6.4.1 Differences in the sediment records of Core P and Core X

The main differences between the two cores occur early in the Holocene and relate 

to depth o f the core base and depth and age o f the first Sphagnum  peat layer. While 

these may at first seem irreconcilable it is probable that the distance between the 

two cores, their respective original locations and elevations on the peat dome before 

the bog was seriously damaged in the eighteenth century, and the likelihood that 

successions probably occurred at different times in the basin should all provide 

ample reasons to explain the observed differences. It should be noted that the main 

sediment units are very similar and that apart from the first Sphagnum  layer there is 

not much disagreement in depth and dates. Consequently, in the following 

discussions these differences are not concentrated upon except when deemed 

important to arguments advanced.

6.4.2 The first Sphagnum phase

Clara Bog shows, in many respects, a typical successional pattern. The most notable 

difference between the development o f Clara Bog and other raised bogs, is the lower 

sequence, in which the succession goes from fen peat, to Sphagnum  peat, to fen 

peat, and finally to Sphagnum  peat again. The first transition to ombrotrophic peat 

appears to occur over the entire site in the early Holocene, at c. 8700 BP-c. 7900 BP 

(c. 800 radiocarbon years) in Core P, and at c. 9340 BP at Core X. This transifion 

occurred earlier than in other raised bogs (See Table 1.2). A lthough there is pollen 

evidence for the growth o f Sphagnum  and Calluna on the bog in Zone CL-2 before 

the expansion in Zone CL-3, no evidence o f macroscopic remains was found. 

Although there is no evidence o f trees such as Betula expanding onto the surface o f 

the fen, unlike the second succession from fen to Sphagnum  peat, the TW fNSPAN 

analysis indicates that one o f the samples in the zone is closer to fen peat than the 

subsequent two ombrotrophic samples. This indicated that there was a transition 

which occurred over time, rather than a sudden expansion due to a rapid change in 

minerotrophic water table depth from the surface. If  the dates are reliable then it 

would appear that there was a considerable difference in ages between the onset o f 

the Sphagnum  peat on each side o f  the bog. This is quite possible if  there was a local 

hydrological effect, as the areas close to the edge o f  the basin would have been
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infilled more quickly, with the centre becoming ombrotrophic more slowly as it was 

generally deeper.

As the conditions for the establishment o f ombrotrophic peat involve accumulation 

above the groundwater table, it is safe to assume that this condition occurred over 

the whole bog by c. 8700 BP. Normally this event is brought about by the infilling 

o f a basin by fen peat to the upper level o f the groundwater table. It is probable that 

this condition was met. The subsequent reversion to fen vegetation was unusual and 

must have been caused by an unusual event. Although W alker (1970) indicates that 

this direction (a reversal) o f  succession has been found to occur in some 

stratigaphy(ies), he did not include it in the model he presented.

Two possible explanations for this first accumulation o f  Sphagnum  peat and later 

reversion to fen peat are presented below.

1. Regional climate change: a lower initial water table allow ing'a normal succession 

to occur from lake to fen to bog, and then increased precipitation allowing the re

expansion o f  minerotrophic communities on a raised regional groundwater table.

2. Change in the regional groundwater table due to the expansion o f ombrotrophic 

peat which caused drainage to be impeded in the surrounding areas, thus raising 

the regional groundwater level again allowing re-expansion o f minerotrophic 

vegetation.

These hypotheses are examined below:

1. If the sediment in the Clara Bog basin was being deposited by plant communities 

as described in the model o f W alker (1970) then the initial change from fen peat to 

ombrotrophic peat can be interpreted as Sphagnum\Calluna expanded in a 

patchwork fashion, eventually covering the area, as the expected outcome. The only 

unusual aspect o f this succession is at this stage is that it was earlier than at other 

sites.

After this occurred a regional increase in rainfall may have caused the regional 

groundwater table to rise, thereby allowing minerotrophic vegetation to reinvade the 

site.

It is very difficult to verify such a hypothesis owing to the absence o f accurate 

palaeoclimatic data. However, the simulated climate data that do exist suggest a 

w etter climate in the early Holocene (Huntley and Prentice, 1993) with slightly 

warmer summers. This is contradicted by the climate inferred from pollen data 

which suggested an overall drier climate, although there are problems involved in



the latter approach owing to a lack o f analogues (Huntley and Prentice, 1993). Lamb 

(1977) suggested there had been warm and dry conditions in the early Holocene, 

followed at 8000 BP by a warmer and wetter climate, which could explain the 

expansion o f minerotrophic species at 8000 BP. Finally, using lake-level data, albeit 

with very limited data for Ireland, Harrison et al. (1996) found that it was generally 

wetter than today during the early Holocene (9500 BP) while it was about the same 

at c. 7500 BP, in agreement with Huntley and Prentice (1993).

In addition, the main climatic incident which was detected at this time in the 

Holocene (and which appears to have affected at least Africa, Asia and Europe) is at 

c. 7400 BP (c. 8200 cal BP) when a cooling event occurred in northwest Europe 

(Klitgaard-Kristensen e? a/., 1998; Street-Perrott, 1993; Chappellaz er a/., 1993). So, 

although there are several different possible scenarios for the climate in the first half 

of the Holocene, it does not appear that there is any climate event that could be 

directly connected to the initiation o f this phase o f  raised bog, and only slight 

evidence for an event that brought it to an end.

Added to the absence o f  such early ombrotrophic events in the published 

stratigraphies o f other raised bogs, this would seem to indicate that this reversal in 

the succession was a local event, dependent on local hydrological or geological 

circumstances, rather than a regional one dependent on regional or extra-regional 

factors, such as rainfall.

2. Similarly to the first hypothesis it is possible that the regional ground water table 

was lower when drainage o f the landscape was unim peded by large raised bog 

complexes. This would have allowed the normal succession from fen to 

ombrotrophic community to occur at this early date, provided the hydrological 

circumstances were suitable. However, once the bogs began to expand, drainage of 

the landscape would have been impeded, thereby raising the regional groundwater 

table. In Clara Bog, once the expansion o f the bog had raised the level o f  the 

groundwater table by blocking drainage, the effect could have been to cause a 

reversal in the succession with the replacement o f  ombrotrophic communities by fen 

communities, e.g., the expansion o f Clara Bog itself to the south may have impeded 

local drainage, having the effect o f  raising the local groundwater table. Other sites in 

the region (e.g., Mitchell, 1956; O ’Connell, 1980) show no indications o f having 

developed in a similar way.

The most likely single explanation for these events is the second one, although a
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combination o f both hypotheses cannot be ruled out. The local and regional effects 

o f large raised bog complexes on the drainage o f the landscape is not obvious today. 

This is due in large part to the widespread arterial and field drainage projects which 

were undertaken from the middle o f the nineteenth century until the AD 1950s. This 

has affected local features in the landscape around Clara Bog, including Lough 

Cuith on the esker to the north o f the bog. This feature was a lake in AD 1840 but 

by AD 1870 the level o f  this lake had dropped sufficiently for drains to be inserted 

in the basin o f the lake. The widening, deepening and general ‘im provem ent’ o f 

river beds has also allowed much better drainage o f the landscape. Previously, the 

absence o f arterial drainage meant that the land was far more prone to waterlogging 

and flooding.

The reversion in the bog succession was due to the renewed availability o f  ground 

water to the fen plant communities previously confined to the margins o f  the bog. 

These fen communities then expanded into the ombrotrophic communities and 

outcompeted them, causing the reversion to fen vegetation and renewed deposition 

o f fen peat. This succession illustrated the importance o f  hydrology in the 

succession to a raised bog. It should be stated that this particular succession, if  it 

was due to the mechanism laid out in the second hypothesis, was due to a 

combination o f the landscape and the vegetation, and may have resulted from 

circumstances that are infrequently found, explaining why it was not noted in 

W alker’s (1970) model. It does nevertheless prove that under natural conditions it is 

possible for the succession from fen to ombrotrophic bog to be reversed.

6.4.3 The second fen to Sphagnum  peat transition

The second fen to Sphagnum  peat transition seems to have occurred much as 

expected with Betiila spp., probably B. pubescens, invading the surface o f the fen as 

it grew towards the upper level o f the groundwater table. The process occurred at c. 

6330 BP and took c. 425 radiocarbon years at core P. At Core X the fen peat to 

Sphagnum  peat transition occurred at c. 6070 BP. If  we take the errors for these 

dates into account it is possible that they indicate the event happening at more or 

less the same time in the area o f the bog.

The regional pollen diagram from Core P (see Chapter 12) shows an increase in 

Betula pollen at this level, probably local rather than regional in origin. An 

interesting feature o f this part o f the succession is the association o f Filicales with
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the Betula peak and the change from fen to bog. This is very reminiscent o f 

conditions prevaihng at the birchwood on Clara Bog East at the present day (see 

Chapter 8 for details). If this vegetation is analogous it would suggest that the 

conditions were weakly minerotrophic, possibly with rapid growth oiSphagnum .

The succession then continued with Sphagnum  spp. dominating the ground layer 

and Calluna vulgaris growing on the drier areas and hummocks. This step in the 

succession was permanent and the ombrotrophic peat continued to develop until the 

present day.

6.4.4 The change from humified to unhumifled peat at c. 2020 BP

A change in the stratigraphy was marked by a boundary between humified and 

poorly humified Sphagnum  peat at c. 2020 BP/286 cm. This boundary appears to 

have been a site wide event, as it is also found in Core X (c. 2260 BP/252 cm) from 

Clara Bog East. The general mechanism by which such a boundary occurs on a 

raised bog is through increased wetness on the surface o f the bog. It should be asked 

whether this change was a local or regional event, and if  it is regional what drove 

the change?

The boundary is easily detectable because plant remains in the upper Sphagnum  peat 

layer are less humified, and therefore a lighter colour, than remains in the 

underlying sediment. The difference in humification occurred because increased 

wetness slowed the decay rate o f plant remains in the upper section, which were 

incorporated in the anaerobic zone more rapidly than if  the bog surface were drier. 

At this boundary in Clara Bog however, there is neither a marked change in the 

composition o f the peat, nor in the fossil pollen incorporated in the sediment - only 

a lower degree o f humification.

Such boundaries are common in raised bogs, having been found all across northern 

Europe (Moore and Bellamy, 1974). Often several sequential boundaries , known as 

‘recurrence surfaces’ are found at a single site. Some work has been done to look for 

consistency in the dates at which recurrence surfaces occur, but they were often 

found to be time-transgressive, both between sites and within a single site, 

indicating that they were a feature o f local drainage (Lowe and Walker, 1997).

Some dates did reoccur in several bogs and it was suggested that these were 

indicative o f regional climate change, occurring when the bog experienced renewed 

growth, due to local hydrological or climatic change from drier to wetter (Moore
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and Bellamy, 1974). The ‘Grenzhorizont’ o f W eber (see Lowe and Walker, 1997) is 

one such boundary which is widely reported, and is often interpreted as lying at the 

interface between the Bronze Age and Iron Age. It is still argued that the change 

was due to a regional deterioration in climate in this instance.

Although the dates for the sediment change are spread over 2000 radiocarbon years 

in Ireland (see Table 1.2), it has been argued by van Geel et al. (1996) that a cluster 

o f  events indicating a deterioration in climate and dated c. 2500 BP could be 

simultaneous. The difference in measured dates was accounted for by the rapid 

fluctuations in atmospheric '“'C concentrations at that time. There is much evidence 

from around Europe for such a climatic event having occurred. In the Netherlands 

this period made some low lying land uninhabitable (van Geel et al., op. cit.). At 

Clara Bog the two dates for this horizon are probably too late to be part o f the same 

phenomenon, and the large difference between the two indicates that the boundary 

may not be simultaneous.

6.4.5 Role of fire

Fire appears to have played a relatively small role in the development o f Clara Bog. 

Fig. 6.9 illustrates the charcoal curves along with the changes in the 

Ca//w«a/Cyperaceae ratio, stratigraphy and rates o f change. There is no apparent 

correlation between the charcoal (both microscopic and macroscopic) and the ratio 

o f Calluna vulgaris to Cyperaceae pollen frequencies. It does not appear that fire 

played a major part in succession, e.g., Cyperaceae succeeding Calluna after a fire. 

Although fire played a part in the history o f the bog, and there appears to have been 

several large fires in the earlier part o f the Holocene, it could not be implied that 

these events had much impact on the overall direction o f succession o f the bog 

vegetation. However, the charcoal data used are not o f great frequency and would 

only pick out the most obvious features, i.e., frequency o f  about once in two 

hundred years. A more detailed study would be required to investigate the role of 

fire on Clara Bog.
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6.5. Modern impacts

Modem impacts on the bog, and its development are discussed in Chapter 7.

6.6 Conclusions

From the above evidence it can be said that the most im portant factors in the 

establishment and growth o f  Clara Bog were the situation, the availability o f  plant 

species and hydrology. O f these, the local hydrology seems to have been the most 

variable. The changes in hydrology have had different effects, depending on 

whether they were localised at the core site (affecting the im mediate vegetation) or 

the bog (i.e., accumulation o f  peat above the ground water table), or regional (e.g., 

groundwater hydrology; rainfall).

Examples o f  all these changes have occurred during the developm ent o f the bog, 

and all have influenced the development o f the bog“to one degree or another. These 

changes seem to have been natural, and not to have occurred instantly, but over 

time, while the continued accumulation o f the sediment was due to the response o f 

the various plant communities growing on the site or at its edges.

Interestingly, although wood o f Betula pubescens is com m only found at the 

interface between fen peat and Sphagnum  peat, this only occurs in the later 

transition at Clara Bog. In W alker (1970) there are two pathways leading to the 

establishment o f ombrotrophic bog. One is by aquatic Sphagna, the other is by the 

establishment o f fen carr. It may be that both these successional pathways were 

followed at Clara Bog.
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Chapter 7

The history and development of the lakes on Clara Bog

7.1 Introduction

7.1.1 Soaks

Soaks are the natural internal drainage systems o f raised bogs (Osvald, 1949; 

Moore, 1955) and were associated with almost all raised bogs with an area greater 

than one square mile (2.59 km '; Moore, 1955). Soaks were described as draining by 

seepage along their upper reaches, with stream beds sometimes forming lower down 

(Moore, 1955). Since the drainage and harvesting o f peat from all large raised bogs 

in Ireland has taken place,* only three raised bogs with large open water soak 

systems are known to remain (Kelly, 1993). These are at Clara Bog, Co. Offaly, 

Addergoole Bog, Co. Galway and Shanville, Co. Roscommon (Cross, 1990). The 

vegetation associated with these drainage features is either indicative o f poor 

fen\weakly minerotrophic conditions or o f slightly nutrient enhanced ombrotrophic 

conditions (Kelly, 1993).

Because soaks are rare, the raised bogs on which they exist are important sites for 

conservation. Clara Bog was designated a statutory National Nature Reserve (NNR) 

after the bog surface was damaged in November 1983 by the insertion o f a network 

o f drains in the first stage o f  preparation for industrial removal o f  peat (Foss and 

O ’Connell, 1996). It had been intended to use Clara Bog as a fuel source for an 

electricity generating station at Ferbane, Co. Offaly which is currently due for 

closure. It was also in 1983 that the case o f  Clara Bog was raised in a European 

Parliament resolution which called on the Irish goverrunent to preserve its peatlands. 

Kelly (1993) identified three large and three minor soaks on the bog surface (See 

Fig. 7.1). The large soaks were Lough Roe on Clara Bog East; Shanley’s Lough on 

Clara Bog West and the long North-South Soak on Clara Bog West. The smaller 

soaks were one to the south o f  Lough Roe (hereafter Lough Beag) and two small 

areas o f  Betula and Molinia caendea  on Clara Bog West. The sm aller soaks were 

detected during the vegetation survey and mapping o f the bog (Kelly, 1993).
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F ig u re  7.1 Locations o f  soaks on Clara Bog. 1, Lough Roe; 2. Lough Beag; 3, Shanley’s Lough; 4, 

Very small Betula/M olinia  soak; 5, Small Betula/M olinia  soak; 6, N orth/South soak. P, core P on 

Clara Bog West; X, core X on Clara Bog East. Map based on OS M ap. 1912 (Anon.)
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Although Lough Roe was once a large open water feature, as implied by its name 

(Lough RoeVRed Lake) it has been completely overgrown, to form a ‘Schwingmoor’ 

(Tallis, 1973) with no open water remaining.

7.1.2 Aims

This chapter deals with the three largest discrete features on the bog surface which 

are Lough Roe on Clara Bog East, Lough Beag on Clara Bog East, and Shanley’s 

Lough on Clara Bog West. Open water remains at only one site, Shanley’s Lough. 

The aim o f the study was to investigate the origins o f  the soaks, and in the cases o f 

the two soaks which were already overgrown to investigate why this happened. It 

was decided to investigate Lough Beag as a comparison to Lough Roe, that is, to see 

whether the basin developed in a similar manner. In so doing it was hoped to relate 

this information to possible impacts o f future management decisions on the soaks.

7.1.3 Sources o f  information

In addition to the proposed stratigraphic study o f  the soaks on Clara Bog several 

useful documentary sources o f information were available. Maps include those 

produced by the Ordnance Survey from 1840 to the present day and those associated 

with studies, e.g., Kelly (1993). In addition to scientific studies there are also 

accounts o f the Irish countryside available from the 19‘*' century, e.g., Lewis (1970). 

Vegetation has been extensively studied, and is well documented by Kelly (1993). 

Core and sediment descriptions from other studies are also available, i.e., Bloetjes 

and van der Meer (1992). In addition there were other reports from the joint Irish- 

Dutch project. Some o f these are discussed in this chapter.

7.1.4 M apped history o f  Clara Bog

The recent past has seen the greatest changes in the surface o f  Clara Bog and the 

associated features, so a brief review o f some important maps is included at this 

point. The earliest map that depicts the area o f  Clara Bog in detail is the Down 

Survey o f 1685. On the map o f the Barony o f  Kilcoursy the area containing Clara 

Bog is denoted as Errie and was not mapped in detail. There is an area called 

Claragh Bog but it refers to a different area o f land than the current Clara Bog. The 

primary purpose o f this mapping exercise was to identify lands that were to be
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confiscated by the state, and in this case it did not include the land around Clara 

Bog. The town o f Clara is represented on the River Brosna as a water mill.

The next useful set o f maps were produced by Taylor and Skirmer (1783) but they 

do not include Clara Bog. It would appear that the road running across the bog was 

not in existence at that time. Although the Bog Commissioners Reports (1801-1816) 

are generally an invaluable resource for information on the previous extent o f 

peatlands they do not include Clara Bog; the bog appears to have fallen inexplicably 

between two areas that were studied.

The next useful maps are those produced by the Ordnance Survey (Anon., 1840, 

1884, 1910). These were available at 6 inches to the mile and record the features o f 

Clara Bog in great detail.

7.1.5 Site descriptions

7.1.5.1 Lough Roe

Lough Roe covers an area o f  about 0.8 ha on the eastern half o f  Clara Bog. Its long 

axis runs along an East-W est direction, and has been overgrown by a floating mat 

o f  vegetation or Scragh, the aforementioned ‘Schwingm oor’ (Tallis, 1973). Towards 

the centre o f the feature the vegetation is similar to poor fen, with a very small area 

o f Nuphar liitea and Sparganium erectum  where the last remnant o f open water was 

located. Towards the edge o f Lough Roe, vegetation became more ombrotrophic 

(Kelly, 1993) and was bounded by a margin o f scrubby Benda puhescens, with 

Molinia caemlea. Sphagnum capillifolium  and Empetrum nigrum. In the late 1970s 

there was still a small area o f open water, c. 100 m" (Schouten, in prepn.), and a 

smaller area. c. 2 m% o f open water in early AD 1992 but this has subsequently been 

overgrown. There is still a water body o f about 1 m depth beneath the vegetation 

mat.

Lough Roe is an older feature than Shanley's Lough. It was seen on the first edition 

o f the Ordnance Survey o f Ireland maps (Anon., 1840), the survey having been 

carried out in 1838. In order to get more information on the palaeoecology o f the 

Lough, it was decided to take a series o f cores in the area o f  Lough Roe.
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7.1.5.2 Lough Beag

Lough Beag is an area o f sHghtly minerotrophic vegetation on the eastern side of 

Clara Bog (Kelly, 1993) lying to the south o f  Lough Roe. Its vegetation includes 

Sphagnum recurvum, Aulacomium palustre, Empetrum nigrum, Menyanthes 

trifoliata and Vaccinium oxycoccus. Kelly {op. cit.) suggested that the presence o f 

indicator species m ay indicate a similar water chemistry to Lough Roe. The area 

measures 29 m on at the widest part o f its short axis, and 95 m on its long axis. 

Similarly to Lough Roe, it appears on the first edition o f the Ordnance Survey o f 

Ireland maps (Anon., 1840) but the area o f open w ater was largely overgrown by 

AD 1910 (Anon., 1910). Although there is no open w ater on the site it is still quite 

wet in the centre o f  the area, and there appears to be a lens o f water under the 

surface vegetation. There is no information as to when Lough Beag became 

completely overgrown.

Because o f the apparent similarity between Lough Beag and Lough Roe it was 

decided to investigate the sediment underlying the Lough Beag basin in order to see 

whether it was similar in origin to the sediment underlying Lough Roe.

7.L5.3 Shanley’s Lough

Shanley's Lough is a body o f open water on the western side o f Clara Bog. It has an 

area o f approximately 0.28 ha and is more or less circular. It is located at the 

northern edge o f the soak system which also comprises a tall stand o f Betula 

pubescens and an area o f Molinia caerulea and Myrica gale. The whole soak system 

lies in an area o f bog which is at a lower height than the surrounding area. The site 

was cored by Bloetjes and van der Meer (1992) who found that the water body was 

underlain by well humified Sphagnum  peat at a depth o f  1.60 m. Shanley’s Lough 

was first noted in the second edition o f the 6” Ordnance Survey map (Anon., 1910), 

having been absent from the first edition (1840) and the revised first edition (1884). 

It is presumed to have originated at some time between AD 1884 and AD 1910.
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7.1.6 Vegetation hydrology and hydrochemistry of the sites

7.1.6.1 Vegetation

Soak systems are areas o f minerotrophic vegetation associated with internal 

drainage systems on raised bogs. Lough Roe, Lough Beag and Shanley's Lough are 

associated with such vegetation communities and these have been studied and 

discussed in detail by Kelly (1993). Kelly {op.cit.) described the vegetation at 

Shanley’s Lough as a linear feature with an open water pool at its head, surrounded 

by Carex rostrata, Juncus effusus and Eriophorum angustifolium. Closer to the bog 

edge is a stand o f  Betula pube^icens (discussed in greater detail in Chapter 8), and 

closer to the edge again is vegetation dominated by M olinia caerulea  and Myrica 

gale.

At Lough Roe the vegetation is zoned from the wet core o f  the site with remnant 

open water conditions to drier and more ombrotrophic conditions at the edges 

(Kelly, op.cit.). The vegetation in the central area is indicative o f poor fen 

conditions with Carex rostrata. Lychnis flos-cucidi, Hydrocotyle vulgaris, 

Potentilla palustris, Menyanthes trifoliata and Succisa pratensis  among the species 

found.

At Lough Beag there is no open water but there is vegetation indicative o f soak 

conditions with species including Sphagnum recurvum, M enyanthes trifoliata, 

Aulacomium palustre, Vaccinium oxycoccus and Enipetrum nigrum  (Kelly, op.cit.). 

In total seventeen different vegetation complexes (combinations o f communities 

described by Kelly, op.cit.) were described as being associated with the soaks. 

These were subsequently grouped as two ecotopes (areas homogeneous in respect to 

vegetation structure and a number o f abiotic factors, Kelly, op. cit.). Rich Soak and 

Poor Soak. Lough Roe and Lough Beag were described as Rich Soak differing in 

vegetation to Shanley’s Lough which was described as Poor Soak.

7.1.6.2 Hydrology and Hydrochemistry

The hydrology and hydrochemistry o f Clara Bog was studied by the Irish-Dutch 

project (e.g., Flynn, 1993; Kelly, 1993). Kelly {op. cit.) found that samples, 

particularly from the centre o f Lough Roe, were atypical o f ombrotrophic 

conditions. Water analysis indicated that there was a source o f  mineral-enriched
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water at the site (Kelly, op.cit.). However, investigations o f  the hydrology o f Clara 

Bog and the surrounding area did not detect a hydraulic head which would have 

been necessary to supply groundwater at Lough Roe (Flynn, 1993). Kelly {op. cit.) 

concluded that the soak system was now influenced by convective currents 

supplying ions from old ground water in the peat, and that this source would 

eventually be exhausted. It was suggested that potential source o f a hydraulic head 

supplying a spring o f  groundwater at Lough Roe m ight have been Lough Cuith (see 

Fig. 7.1) on the esker ridge to the north o f the bog (Flynn, 1993). However in light 

o f  the changes in the regional groundwater table between approximately 1850 and 

1990 this feature may no longer function in the same way today as it had in the past, 

explaining the failure o f modem attempts to find the source o f  the groundwater at 

Lough Roe.

No hydrochemical work was done on Lough Beag.

Water samples from Shanley’s Lough indicate that they are mainly derived from 

atmospheric input, as is most ombrotrophic water, but also having being adjusted by 

ion-exchange from Sphagnum. For Shanley’s Lough and the similar North-South 

soak on Clara Bog West it was concluded that they were focused flow features; they 

are associated with areas o f the bog that experience a persistently large flow o f 

water, consequently supplying vegetation with more ions, oxygen and removal o f 

toxic elements (Kelly, 1993) than is usual for a raised bog.

In summary Kelly (1993) identified two soak types;

1. the Lough Roe type colonised by mesotrophic fen plant species with 

hydrochemical analyses indicating an input o f  ions from groundwater;

2. the Shanley’s Lough type colonised by plant species indicating some mineral 

enrichment, derived from focused flow rather than from groundwater inputs.

Lough Beag was similar in vegetation and implied hydrology to Lough Roe, while 

the other soaks were more like Shanley’s Lough.
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7.2 Methods

7.2.1 Coring

Coring at Lough Roe and Lough Beag was carried out along the long and short axes 

o f the Loughs (See Fig. 7.2 and Fig. 7.3 respectively). Two cores (the control cores) 

from a considerable distance outside the visible area o f  the soaks, and therefore 

unaffected by them were also obtained and described, in order to ascertain the 

normal sedimentary record o f the bog. One o f  these came from the eastern side o f 

the bog (hereafter referred to as Core X), while the other (hereafter referred to as 

Core P, described in detail Chapter 6) came from the western side o f the bog and 

was the main source o f  the material for pollen analysis.

At Lough Beag only one full core was taken from the centre o f the area. This was to 

get a general idea o f the stratigraphy o f the basin. Subsequent cores were only 

continued until the sediments underlying any lake muds were encountered. The 

cores were examined in the field, and the main sediment types and boundaries were 

recorded. Only the full core from the centre o f the Lough Beag was analysed and 

described using the Troels-Sm ith sediment description system. Cores were taken 

using a Livingstone piston corer (See Chapter 3).
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7.2.2 Sediment analysis

Cores from Lough Roe, and Cores X and P were analysed and described using the 

Troels-Sm ith sediment description system (Troels-Smith, 1955; See Chapter 3 for 

details). At Lough Beag cores were summarily described in the field.

Radiocarbon dating

Radiocarbon dating (See Chapter 4 for details) was used to date the interfaces 

between the main sediment types. These dating points are listed in Table 7.1

Table 7.1 Locations o f radiocarbon samples and features dated

Core D epth (cm) Feature dated
P 283-292 H um ified\U nhum ified transition

627-634.5 FenVBog transition
785.5-796 Top o f  Sphagnum  band in fen peat
948-954 Base o f fen peat

Core X 246-257 H um ified\U nhum ified transition
618-623 FemBog transition
820-825 Base o f  Sphagnum  band in fen peat
859-864 Base o f  fen peat

Core B 211-219 Om brotrophic peat
416-423 Om brotrophic peat
592-600 Fen\Bog transition
821-829 Base o f Sphagnum  band in fen peat

Core 3 234-234.5 Lough deposit (AM S)
418.5-419 Lough deposit (AM S)
567-567.5 Transition to Lough (AM S)
636-643 Fen peat
946-951 Base o f Fen peat
959 Organic debris in clay (AM S)
981 Organic debris in clay (AM S)

AMS, Accelerator Mass Spectroscopy

7.3 Results

7.3.1 Control Cores X (Clara Bog East) and P (Clara Bog West)

7.3.1.1 Sediment analysis

Summaries o f the sediment analyses are presented in Table 7.2 and illustrated in 

Fig. 7.4 (see also Chapter 6).
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Table 7.2 Summary o f Troels-Smith sediment description from Core X, Clara Bog 

East

Depth (cm) Sedim ent type Troels-Sm ith description

0-246 Poorly hum ified Sphagnum Nig 2 S trf  0 Elas 1 Sicc 3 Lim  2

peat H um  1

Tb 4 Sphag, T1 +, Th +

246-284 Eriophorum  peat N ig 2 S trf 0 Elas 3 Sicc 3 Lim  2 

H um  3

Tb 1 Sphag, Ld l ,T h  1, Dh 1

284-487 Humified Sphagnum  peat N ig 2 S trf 0 Elas 1 Sicc 3 Lim 0 

H um  2

Tb 2 Sphag, Sh l ,T h  l ,D g  +

487-630 Sedge and Sphagnum  peat N ig 2 S trf 0 Elas 1 Sicc 3 Lim 1 

H um  1

Tb » Sphag, Sh 2, Th 2

630-809 Phragmites fen peat with some N ig 4 S trf 0 Elas 3 Sicc 3 Lim 0

wood H um  1

T h 2 , S h 2 , Dh D1 +

809-825 Peat with Sphagnum N ig 4 S trf 0 Elas 2 Sicc 2 Lim 0 

Hum  1

Tb 1 Sphag, Th 1, S h 2

825-856 Phragmites fen peat with some Nig 4 S trf 0 Elas 1 Sicc 3 Lim 0

wood Hum  1

Th 2, Sh 1, D1 1

856-876 Clay Nig 3 S trf 0 Elas 0 Sicc 3 Lim 1 

Hum  - 

Dg 1, Ag 3

876-909 Marl N ig 2 S trf 3 Elas 1 Sicc 3 Lim 4 

Hum -

Dg As 1, Ga Ld 2. Lc I

909 Base o f  core
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T able  7.3 Summary o f  Troels-Sm ith sediment description for Core P, C lara Bog W est

Depth (cm) Sedim ent type Troels-Sm ith description

0 Fresh Sphagnum  peat Nig 2 S trf 0 Elas 2 Sicc 3 Lim  0 Hum 1 

T b 2 S p h a g , Sh 1,T1 l ,T h +

286 H um ified Sphagnum  peat N ig 3 S trf 0 Elas 0 Sicc 3 L im  0 Hum  3 

Tb 1 Sphag, S h 2 , T1 l ,T h  +

626 Fen peat N ig 4 S trf 0 Elas 2 Sicc 3 H um  2 

Sh 2, Th 2

790 Sphagnum  peat N ig 3 S trf 0 Elas 1 Sicc 3 Lim  0 Hum 2 

Tb 1 Sphag, Sh 2, Th 1

828 Phragmites  fen peat N ig 3 S trf 0 Elas 2 Sicc 3 Hum  1 

Sh 2, Th'2

956 Lacustrine sediments Nig 1 S trf 0 Elas 1 Sicc 3 Lim  4 

Lc 2, Ag I, Dg 1, Ld +, Ga +

979 Base o f  core

T ab le  7.4 Radiocarbon dates from Cores P (also the m am  pollen profile, See C hapter 12), C lara Bog

W est and X, Clara Bog East and Core B (also from Lough Roe), C lara Bog East

Site Core Depth (cm) 
(U pper-Low er)

C-14 date 
(BP^)

Error*’ Calibrated date‘s
l a  Range o f  calibrated date
(AD/BC)

Laboratory
number

Clara Bog Core P 283-292 2030 80 c a lB C 3 1 , 18 ,9 Beta-65094
cal BC 114-cal AD 72

627-634.5 6330 80 cal BC 5266 Beta-65095
cal BC 5327-5222

787.5-796 8290 80 cal BC 7307 Beta-65096
cal BC 7473-7102

948-954 10020 90 cal BC 9 3 7 2 ,9 3 5 2 ,9 2 6 4 , Beta-68737
9225, 9177
cal BC 9823-9057

Clara Bog Core X 246-257 2260 70 cal BC 368 Beta-65097
cal BC 393-198

618-623 6070 110 cal BC 4946 Beta-63927
c a lB C 5 1 9 8 - t8 3 7

820-825 9340 90 cal BC 8394, 8369, 8356 B eta-63928
cal BC 8439-8217

859-864 9890 80 cal BC 9053 Beta-63929
cal BC 9248-9042

“ Radiocarbon years before present (yr BP), present m eaning 1950 A.D.

Errors represent 1 standard deviation (68% probability).

Radiocarbon dates were calibrated using the CALIB Radiocarbon C alibration Program, version 3 
(Stuiver and Reimer. 1993). Ranges were obtained using Ixreported  standard deviation o f  the 
radiocarbon date.
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7.3.1.2 Radiocarbon dating

Results o f the radiocarbon dating are presented in Table 7.4

7.3.1.3 Discussion

Both control cores showed a similar record o f sediment accumulation on both sides 

o f  the bog. The peat in both cores was underlain by clays and marl. The dates from 

beneath the fen peat were possibly indicative o f old water, suggesting a possible 

source o f groundwater for the soak. The basal lacustrine sediments were overlain by 

fen peats. Peat initiation was dated in Core X at 9890±80 BP. Fen peat continued to 

accumulate until between 6070±110 BP (Core X) and 6330±80 BP (Core P). The 

fen peat was found to contain a layer o f Sphagnum  peat which was dated in Core X 

as commencing deposition at 9340±90 BP, and in the Core P o f having been 

succeeded by fen peat at 829O±80 BP. This layer was found on both sides o f the 

bog. Sphagnum  peat accumulation occurred from c. 6000 BP until the present day. 

There is a boundary between well humified Sphagnum  peat and relatively 

unhumified Sphagnum  peat, which was been dated at between 2030±80 BP and 

2260±70 BP. In substance the sequence was lacustrine sediments followed by fen 

peat followed by a temporary phase o f Sphagnum  peat, then fen peat again, and 

finally Sphagnum  peat (See Chapter 6 for a detailed reconstruction o f the 

development o f Clara Bog).

7.3.2 Lough Roe  

7.3.2.1 Sediment analysis

Full Troels Smith results for the core taken from the centre o f the basin are provided 

in Table 7.5. The sediment in Lough Roe is illustrated in Fig. 7.2
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Table 7.5 Summary o f  Troels-Smith sediment description from the centre o f Lough 

Roe (Core 3)

Depth (cm) Sediment type Troels-Smith description

0-200 Runny sediment/water

200-567 Dark brown lake mud Nig 4 Strf 0 Elas 0 Sicc 2 Lim 0 

Hum 4

Tb + Sphag, Dg +, Ld 4

567-631 Dark brown mud with roots Nig 3 Strf 0 Elas 0 Sicc 2 Lim 0 

Hum 2

Tb + Sphag, Th 3, Ld 1, Dg +

631-939 Phragmites peat Nig 4 Strf 0 Elas 2 Sicc 3 Lim 0 

Hum 2

Th 2, Ld 2, Anth +, D1 +

939-958 Coarse peat Nig 3 Strf 0 Elas 2 Sicc 3 Lim 4 

Hum 1

Th 1, Dg 3, Sh +

958-978 Coarse peat Nig 3 Strf 4 Elas 2 Sicc 3 Lim 4 

Hum 1

Th l , D g 2 ,  Sh l , As  +

978-983 Layers o f coarse organic 

material

Nig 3 Strf 4 Elas 3 Sicc 4 Lim 4 

Hum 1

Dg3,  Ld l , G s ^

983-1000 Clay to base of core Nig 1 Strf 0 Elas 0 Sicc 3 Lim - 

Hum 0 

As 4
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7.3.2.2 Radiocarbon dating

Results o f the radiocarbon dating are presented in Table 7.6 and illustrated in Fig.

7.2

Table 7.6 Radiocarbon dates from Cores B and 3 (both from Lough Roe), Clara

Bog East

Site Core Depth (cm) 
(Upper-Lower)

C -14 date 
(BP")

Error*’ Calibrated date'"
la  Range o f  calibrated date
(AD/BC)

Laboratory
number

Clara Bog Core B 211-219 1160 60 cal AD 888 Beta-65100
cal AD 789-973

416-423 3230 70 cal B C 1511 Beta-65098
cal BC 1590-1419

592-600 6140 80 cal BC 5059 Beta-65101
cal BC 5 2 1 4 ^ 9 4 2

821-829 8760 80 cal BC 7885, 7805, 7730 Beta-65099
cal BC 7934-7622

Clara Bog Core 3 234-234.5 1960 80 cal AD 66 Beta-65089
cal B C 3 6 -ca l AD 130

4 1 8 .5 - ; i9 3070 50 1375, 1348,1317 Beta-65090
cal BC 1401-1261

567-567.5 4460 60 cal BC 3094 Beta-65091
cal BC 3310-2930

636-643 6770 70 calB C  5611 Beta-68731
cal BC 5680-5582

946-951 11220 120 ca lB C  11178 Beta-68732
cal BC 11313-11052

959 10830 60 cal BC 10808 Beta-65092
cal BC 10885-10727

981 10710 60 cal BC 10691 Beta-65093
ca lB C  10772-10606

“ Radiocarbon years before present (yr BP), present meaning 1950 A.D.

Errors represent 1 standard deviation (68% probability).

Radiocarbon dates were calibrated using the CALIB Radiocarbon Calibration 

Program, version 3 (Stuiver and Reimer, 1993). Ranges were obtained using 

Ixreported standard deviation o f the radiocarbon date.

7.3.2.3 Discussion

The cores taken from the Lough Roe basin revealed a far more complex picture than 

seen in the control cores, P and X. (See Fig. 7.4). In addition to the sediments found 

in the control cores, two further sediment types were found. These were a 

transitional peat (500-567 cm, TS description; Ld 4, Tb +, Th +, Dh +) and a very 

fine plant detrital mud (TS description; Ld 4, Tb +, Dg +). The transitional peat
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occurred between the fen peat and the mud. The mud was composed o f very highly 

decomposed Sphagnum  fragments, with few other identifiable plant remains. The 

transitional peat was basically the same as the mud, except that it contained rootlets. 

All the sediment types were described and the sediment boundaries were plotted, 

revealing a basin which appeared to expand horizontally as the bog grew. 

Radiocarbon dating indicated continuous vertical and horizontal growth o f  Lough 

Roe.

Using the map o f sediment accumulation, four distinct phases can be detected at the 

site. In order to explain these, it is assumed that there probably was a spring in 

existence at the site (See Section 7.2 above).

1. Fen peat growth (c. 10 000—c. 6000 BP). As elsewhere on the bog, fen peat 

accumulated at the site o f Lough Roe. The main difference noticed between the 

sediment types described from the central Lough Rt)e core (See Table 7.5) and the 

control cores (X and P, See Tables 7.2 and 7.3) at this stage is the absence o f a 

Sphagnum  layer in the Lough Roe Core (Core 3). This would appear to indicate that 

there were different conditions occurring at the site o f  Lough Roe and the 

surrounding bog for at least part o f the early Holocene. If  there was a groundwater- 

fed spring at Lough Roe at this time (possibly indicated by the slightly old date 

beneath the fen peat), it could have supported minerotrophic vegetation while the 

surrounding area was becoming covered by ombrotrophic vegetation.

2. Transitional peat development (c. 6000 BP). At this stage the ombrotrophic peat 

would have begun to develop on the area surrounding the spring. The fen peat 

continued to accumulate for a period. As the ombrotrophic peat growth continued, 

water drainage away from the spring may have been impeded, leading to an increase 

in water depth. This increase in water depth may have been associated with the 

deposition o f the mud, thus altering the composition from fen peat to mud. It is at 

this point that the radiocarbon dating indicates that a hiatus in deposition lasting 

approximately 1500 years. Assuming this is not a problem with the radiocarbon 

dating it is an unusual feature o f the sediment. Why this happened was not apparent; 

however, there may have been an outflow from the Lough for many years as the 

dome o f the bog would have been a lot lower than at present. This outflow could 

have taken the form o f a small stream flowing to the northeast away from Lough 

Roe.
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This is an interesting speculation as it can be seen that Lough Roe and Lough Beag 

are aligned with a possible discharge site on the northern margin of Clara Bog 

where the lagg zone was, indicating that there may have been some link between the 

features.

3. Detrital mud (Troels-Smith Ld 4) deposition and areal increase (c. 4400 BP to 

approx. 150 BP). Presumably at some stage the drainage away from the site was 

impeded and Lough Roe began to increase in depth. Once the lake was sufficiently 

deep, the predominantly fen plant communities may have been replaced by open 

water communities fringed by fen and ombrotrophic species. The predominant 

identifiable plant remains are whole, or fragments of, hyaline cells o f Sphagnum 

spp. This suggests that Sphagnum spp. growing around the edge of the Lough were 

being eroded by the water body. While these remains were lying in the relatively 

nutrient rich and shallow waters they were decomposed to produce the mud, which 

accumulated in the basin.

If the lake surface was below the level of the acrotelm it would have been quite 

hydrologically isolated, as the catotelm is relatively impermeable. There may have 

been some flow of water from the bog surface into the lake, thereby diluting the 

spring waters with the more acid waters of the bog. This phase comes to an end very 

suddenly.

4. Infilling by poor fen vegetation (c. AD 1800-present). About 200 years ago (c. 

AD 1800) an engineered road was built across the central dome of the bog (Daly 

and Johnston, 1994). This is supported by the absence of any documented evidence 

for a road in the area in Taylor and Skinner’s (1783) Maps of the Roads of Ireland, 

and the presence of the road on the Ordnance Survey Map of AD 1840.

A drainage system was constructed to carry water away from the road surface, in 

order to prevent the road being drowned and covered by fresh peat. This drainage 

system ultimately caused the lowering of the water level in the centre o f the bog. As 

a consequence the road level sank below the peat dome and the drainage system had 

to be enlarged to cope with the increased flow of water towards the road. This is 

clearly visible in the Ordnance Survey map series for the area, as drains are clearly
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stratigraphy and radiocarbon dates of Core P, Clara Bog.

Surface

Humified/Unhumified Sphagnum peat Boundary 

~  286 cm; 2030±80 BP

Sphagnum peat/Fen peat Boundary

—  626 cmv6330±80 B P

Base of Sphagnum  band in Fen peat

—  790 cm: 8290±80 BP

-Base of Fen peat.

Stratigraphy and radiocarbon dates from Core X, Clara bog.
Surface

S 500 -

1000

N \ 1

Humified/Unhumified Sphagnum peat boundary

249cm:2260±70BP

Sphagnum peat/Fen peat boundary

618 cm: 6070±110 BP

Base of Sphagnum  band in Fen peat.

820 cm; 9340±90 BP 

_Base of Fen peat.

859 cm; 9890±80 BP

Figure 7.4 Summary o f the stratigraphies and radiocarbon dates from cores P and 

X.
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marked on the bog surface and the water body in Lough Roe can be seen to contract 

over time.

The road drains were linked to water bodies in the central area o f  the bog, including 

one drain at the end o f  Lough Roe closest to the road. This drain also passed 

through a smaller water body between the road and Lough Roe. These drains can be 

seen in the maps Ordnance Survey Map o f AD 1840. In AD 1884, when the area 

was surveyed for the revised first edition o f the Ordnance Survey maps, the smallest 

area o f  open water had disappeared while the mouth o f  the drain at Lough Roe had 

been infilled.

This is the first indication that Lough Roe was being affected by the drains. In the 

second edition o f the map the open water area o f  Lough Roe has fiirther decreased 

in area. And in every subsequent map and photograph this areal decrease continues. 

In AD 1983, a network o f  shallow drains was installed by Bord na Mona, on the 

eastern side o f the bog. This had a significant effect on the water table, causing 

some drying out o f the bog surface.

In recent years Lough Roe has been overgrown by a mat o f  floating vegetation. This 

process was probably accelerated by the drainage on the eastern side o f the bog. It 

would appear that the basin will probably be filled in, as the ombrotrophic 

communities encroach upon the site.

Many river catchments have been drained, flood-plains reclaimed, and bogs cut 

away since this time. It is therefore very difficult to reconstruct the possible 

conditions which allowed Lough Roe to exist.

It is unlikely that Lough Roe will exist as an open water body again in the 

foreseeable future. The area will however probably continue to support some sort o f 

enriched vegetation community if the successional development at this site is 

similar to the other infilled water bodies identified on Clara Bog.

Overall the radiocarbon dates for Lough Roe are not particularly unusual apart fi-om 

the interface between mud and fen peat. Most o f  the other horizons dated are 

comparable to equivalent depths\horizons from other cores.

As to the source o f the mineral-rich water which must have supplied the site in the 

past, it is likely that this will remain a matter for speculation. The preliminary 

conclusions o f  the Irish-Dutch hydrologists which it was suggested needed further 

research (Schouten, in preparation) are that:
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1. There is no contact with the regional groundwater, and the ions can only 

originate from the peat or the lacustrine clays

2. There is no vertical water movement in the soak caused by hydrostatic pressure 

although vertical movement may occur due to convective processes, thereby 

bringing minerals into the soak

3. Diffusion may play a role.

These conclusions are all based on current hydrological conditions at the bog, and 

are limited by the fact that they cannot take into account what happened in the past. 

As we saw in the previous chapter, changes in local and regional hydrology can 

have large effects on bog vegetation. Conditions have changed a lot on the bog 

surface and in the area around the bog as a result o f all o f the drainage works carried 

out. Only the theory o f convective cycling (Flynn, 1993) seems to suggest a 

plausible means by which mineral-enriched w ater-from  the fen may have been 

drawn up into Lough Roe under current conditions. Although D aly’s (1987) 

suggestion that there was a hydraulic head o f pressure causing regional groundwater 

to upwell at the site was not supported by data gathered in the Dutch-Irish 

hydrology project, it is still possible that such conditions occurred in the past.

7.3.3 Lough Beag

Lough Beag is the area o f a former body o f open water which was marked in the 

earliest Ordnance Survey map (Anon., 1840). It is now completely infilled. The 

outline o f the original basin is still obvious on the ground, as the area o f the former 

lake is noticeably below the level o f the current bog surface, and is fringed by 

Calluna vulgaris bushes.

7.3.3.1 Sediment analysis

A summary sediment description for the core taken from the centre o f the Lough 

Beag is presented in Table 7.7. The entire basin is illustrated in Fig. 7.3
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Table 7.7 Summary o f sediment description for the centre o f  Lough Beag

Depth (cm) Sediment type

0. WaterWery rumiy sediment-corer empty

135 Mud

321 Mud with birch twigs and leaves, some fibres

343 Mud

360 Fibrous

365 Mud with birch fragments

477 Eriophorum  peat

500 Sphagnum  peat

574 Fen peat

710 Phragmites peat

820 Sticky clay

833 Organic horizon

845 Sticky clay

898 Base o f  core

7.3.3.2 Discussion

The sediment profile o f Lough Beag is very similar to that o f  Lough Roe. Because 

o f  its smaller area the shape o f the basin is visible in more detail. The basin is quite 

steep sided and appears to have expanded gradually during its existence. There are 

two main differences from L. Roe, apart from size. Firstly, lake mud was not found 

to be in contact with fen peat in any o f the cores. However, it is possible that such 

an area could have been missed. Secondly, there is a change from lake mud to 

Sphagnum  and finally to mud again in core E. This may be due to a change in the 

ground water table.

In the centre o f the basin the sequence is Clay-Fen '^o.^l-Sphagmim  peatMake mud 

(Fig. 7.3). The lake mud was identical to that found in Lough Roe. In the centre o f 

the basin this mud was generally devoid o f visible macrofossils. At the edges o f  the 

basin the mud contained bands o f macrofossils from Betula  spp. Presumably these 

trees were growing at the side o f the lake, as the macrofossils were largely confined 

to the sides o f the basin. Above the lake mud, there is a mat o f surface vegetation 

which contains the rhizomes o f  many living plants. Outside the obvious area o f  the 

lake basin, the sediment sequence is typical o f the rest o f  the bog, with Sphagnum  

spp. in the top metre.
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An unusual feature o f the sediment from Lough Beag was the presence o f  small 

pieces o f grit found throughout the lake muds at this site. No origin has been 

ascertained for these, but they were not found in other areas o f  the bog.

Apart from these points, the development o f this lake and its disappearance are very 

similar to Lough Roe. It is probable that they both have the same origin, and that 

Lough Roe will eventually resemble Lough Beag. The presence o f  poor fen 

vegetation at the Lough Beag gives an indication that ground water influenced the 

development o f  this site (Kelly, 1993).

7.3.4 Shanley’s Lough

The origin o f the soak system was not obvious from any previous studies. Bloetjes 

and van der M eer (1992) compiled a comprehensive stratigraphy o f Clara Bog. One 

o f  their coring points was the centre o f Shanley's Lough. Beneath L60 m o f water 

they found the humified remains o f Sphagnum  species along with fine fibres, which 

they identify as roots o f  Phragmites. Ordnance Survey o f Ireland 6" maps show that 

no open water or woodland was recorded in either the first edition (1840) or the first 

revised edition (1884). In the second edition o f the map (1910), Shanley's Lough is 

clearly marked, although there is no woodland associated with it on the map. With 

the lead-210 dates for the birchwood', and the sediment lining the base o f the water 

body, this would tend to support the theory that Shanley's Lough is a feature o f 

recent origin.

' Results indicate that the stand o i  Betula pubescen s  is aged about 60 years (See Chapter 8 for 
details).



7.3.4.1 Discussion

This soak system is most hkely to have originated as a result o f the installation o f 

drainage ditches onto the bog surface which were the cause o f  a change in the* 

topography o f  Clara Bog. The area around Shanley's Lough probably became a 

depression due to a very high rate o f drainage. This drainage would have been 

associated prim arily with the road, and also turf cutting on the southern margin o f 

the bog. This deflated area would have acted as a natural focus for drainage in the 

surrounding areas o f bog. The increased flow o f w ater is high enough to 

permanently submerge the Shanley's Lough basin and to flow from that point, 

tlirough the acrotelm, to the southern edge. With tliis increased flow o f water, and 

the corresponding availability o f  ions, the substrate could then support 

minerotrophic vegetation communities.

At the earliest stage, when drainage had increased but before the surface became 

lowered, the water table o f the bog may have been below the surface for a prolonged 

period. At this stage the area would not have been the focus for a flow o f water from 

the surrounding bog. This would have resulted in a drier bog surface, perhaps 

allowing the establishment o f some plants such as Betula pubescens to establish 

themselves in the area. This could also explain why the Sphagnum  remains in the 

basin o f  the Lough are quite well humified. All o f these factors may have 

contributed to the establishment o f the vegetation present around Shanley’s Lough 

today.

There is evidence that the soak may be a temporary feature in its present form. 

Shanley's Lough itself is being encroached on by Sphagnum cuspidatum, 

Eriophonim  angustifolium  and Carex rostrata (Kelly, 1993). The Betula pubescens 

stand is o f  a uniform age with many moribund trees and little regeneration. There 

are also stumps o f dead Betula pubescens in the areas around the birchwood. The 

floor o f the stand has a depth o f c. 30 cm o f fresh Sphagnum  spp., which appears to 

be accumulating at an average rate o f 5 mm per year (See Chapter 8). This is faster 

than the usual ~1 mm per year average rate often quoted (e.g., M itchell et a i ,  1992) 

as the accumulation rate for a raised bog.
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7.4 Conclusions

1. From these investigations it appears that there are at least two types o f  soak 

systems on Clara Bog. They have different origins and would appear to have 

been maintained by different processes. This agrees with the conclusion o f  Kelly 

(1993).

2. Shanley's Lough and its associated soak vegetation developed as a result o f the 

drainage o f the bog and are maintained by the flow o f surface water through the 

acrotelm (Kelly, 1993). This flow through the soak area occurs because o f the 

lowered bog surface in this part o f the bog. The increased flow o f water provides 

an increased flow o f nutrients which pass tlirough the soak and support the more 

minerotrophic plant communities (Kelly, 1993). Shanley’s Lough was not found 

to be an old feature.

3“ Lough Roe and Lough Beag probably existed because o f a regional spring which 

delivered nutrient-rich ground water to the site. This concentration o f nutrients 

may have been responsible for maintaining the open water by preventing the 

encroachment o f the surrounding ombrotrophic plant communities. It is a much 

older feature than Shanley's Lough and may have existed during the fen stage o f 

the site. The circumstances which allowed the existence o f the two Loughs seem 

to have been removed. Namely the upwelling o f groundwater and the high water 

table at the bog surface.

4. For conservation purposes it is probable that Lough Roe is a relict o f the former 

conditions on the bog. It is unlikely that even a complete restoration o f the 

surface drainage and water table o f the bog would allow its reappearance as a 

permanent feature. Lough Beag is now completely infilled and is most unlikely 

to return to its former condition.

5. Shanley's Lough is more likely to be a conservable feature on the western side o f 

the bog. It is likely to exist until the accumulation o f  sediment in the area raises 

the water table sufficiently to reduce water-flow through the area. This would 

allow ombrotrophic communities to dominate the area again. The open water will 

probably be infilled in any case.

6. As it exists, the drainage which allows the survival o f the Shanley's Lough 

vegetation is undoubtedly deleterious to the continued survival o f  the acrotelm in



the surrounding areas o f the bog. Kelly (1993) has noted that there is very little 

good quality acrotelm left on the bog.

7. If, as has been proposed, the drainage to the south o f  the bog is impeded, and the 

road in the centre o f the bog is flooded, it may cause the disappearance o f the 

Shanley's Lough soak system. What effect it may have on the eastern side o f the 

bog is unknown, as the main factor affecting the acrotelm there is the network o f 

surface drains, now dammed. It may be that the conservation work which has 

been carried out on the eastern side o f the bog will allow some recovery o f the 

acrotelm there. This is unlikely to accomplish a recovery o f  Lough Roe, although 

this was not its purpose.
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Chapter 8

The development of Betula piibescens woodlands on 

Central Irish lowland raised bogs

8.1 Introduction

8.1.1 Betula pubescens woodland on peat

Rodwell (1991) described Betula pubescens-Molinia caerulea woodland (W4) in 

the NVC as a Betula pubescens dominated community typically associated with 

moist, moderately acid soils, not necessarily highly oligotrophic, on peat soils in a 

variety o f mire types. There are several varied examples described in the literature 

(e.g.. Sinker, 1962; Proctor, 1974; Cross, 1987; Fitter and Squires, 1991). Rodwell 

described three sub-communities: Dryopteris dilatata-Rubus fruticosus, Juncus 

effusus and Sphagnum  spp. These communities can occur as stages on a succession 

to Betula-Quercus woodland or a number o f other vegetation types, often occurring 

on areas o f cutaway or burnt peat. Betula woodland can also develop at the edge o f 

peatlands or as islands o f acid communities within fens (Rodwell, 1991). On 

ombrotrophic mires they are often associated with soaks. Soaks are part o f the 

natural internal drainage systems o f raised bogs and provide an increased flow o f 

nutrients to the peat adjacent to the path o f water movement. Occasionally they may 

be associated with upwelling groundwater. This offers an explanation as to how 

some species characteristic o f more nutrient- and base-rich substrates can grow and 

survive on raised bogs.

In Ireland several peatlands support areas o f 5e/'«/a-dominated woodland. These 

woodlands are usually small in area, less than 5 hectares, and those on raised bogs 

with reasonably intact hydrology are sometimes associated with soak or flush areas 

(Cross, 1987). Two areas have been described in detail by Cross (1987), one o f 

which is a midlands raised bog. All Saints Bog in Co. Offaly. The other at 

Bellacorick in Co. Mayo is a blanket bog.

All Saints Bog has a flush in the centre o f the bog which is associated with a 

subterranean ridge (Fojt, 1988). The wood itself is quite large, ca. 20 ha., and has a 

canopy height o f 6-8 m. for the most part. There is a diverse age range in the Betula
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population (Cross, 1987). Salix spp. and Pinus sylvestris are also present in the 

wood. The w oodland grades into multi-stemmed Betula towards the edge, and 

finally, flushed areas o f Sphagnum  spp. The size and diversity o f this wood make it 

o f  interest, but it is atypical in that it is very large and has been associated with a 

subterranean feature. The development o f this particular woodland is not yet 

understood. Heery (1993) carried out pollen analysis on material from this site and 

found the Betula pollen curve to be continuous to at least 50 cm below the bog 

surface. The Pinus curve, however, only started at a depth o f  about 18 cm. In order 

to discover the origins o f this woodland some further work would need to be 

undertaken.

Other relatively intact raised bogs which have also got 5e/w/a-dominated woods 

growing at some distance from the edge o f the bog include Clara Bog in Co. Offaly, 

Addergoole Bog in Co. Galway and W ooddown Bog in Co. Westmeath. None of* 

these sites is o f an area greater than 5 ha. Cross (1987) reported that a dipteran 

which was an indicator o f ancient woodland on the continent, had been found in 

rotting birch wood on Clara Bog, suggesting that woodland had been present on the 

bog or in the close vicinity for a very long period. Hill (1992) had carried out pollen 

analysis on a monolith from the Clara Bog wood and had found the Betula record to 

have been relatively recent. Its development seemed to be quite different to the All 

Saints Bog wood.

8.1.2 Aims

It was decided to expand on this work in order to discover what was the timescale 

for development o f  the wood on Clara Bog. Two similar sites were included in the 

study to investigate what the origin o f the features was, and whether there was a 

common pattern o f  vegetation succession in the different sites.
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8.1.3 M ethodology for the investigation of birchwood development on raised 

bogs

In order to investigate the origins o f birchwoods on Irish raised bogs a methodology 

was devised which would give comparative results for two areas o f the same bog, 

and allow comparison between the various sites examined. The method is outlined 

below.

1. Identify a site with both a closed canopy stand o f  Betula puhescens and an 

adjacent area o f  physically intact acrotelm.

2. Remove a monolith from the central area o f the woodland.

3. Remove a monolith from the open surface o f the intact raised bog, preferably 

over 100 m from the birchwood.

4. Analyse both cores for fossil pollen.

5. Compare the results from both areas o f  the bog in order to* see whether the pollen 

rain from inside the birchwood was the same as that outside, and if  not at what 

point they diverge.

6. Pool the resuhs from all the sites investigated to see w hether a consistent picture 

emerges.

In this method it is hoped that the open bog surface monolith will act as a control 

type, and that the differences that emerge between the “control” and the birchwood 

data will allow a greater understanding o f the succession processes.

8.1.4 The Betula puhescens stand on Clara Bog.

The Betula  stand on Clara Bog is associated with a soak in a depression on the 

western side o f the bog. The wood is adjacent to a drainage feature along which 

water flows to the southern edge o f  the bog. There are other areas where Betula 

occurs on the West o f the bog, notably a drain between the soak and the road, which 

is located in the centre o f Clara Bog. However, these areas are smaller than the stand 

adjacent to the soak, and are probably a result o f human disturbance o f the bog 

surface and margins.

The stand itself has an area o f 60 mxlOO m (0.6 ha). The Betula is mainly single 

stemmed at this site. The vegetation o f this site has been described in detail by Hill 

(1992) and Kelly (1993). Kelly (1993) describes the main stand as being 

differentiated from the surrounding Betula puhescens and Molinia caerulea

116



communities by the presence o f Dryopteris dilatata. The trees in this community 

reach heights o f 10-15 m. There are fewer bog species and more woodland 

indicators.‘This is further sub-divided into two communitie.y. The first community is 

a Juncus bulbosus sub-variant at the Southern edge o f the open water area o f 

Shanley's Lough (see Chapter 7). Here, Betula pubescens cover is 100% but has a 

canopy height o f only 5-6 m. The main species o f  Sphagnum  is S. recurvum  with 

some S. palustre  and S. squarrosum. The second com munity is the typical sub

variant, with B. pubescens at 79% cover. Bryophyte cover is high at 76% and herb 

cover has at 41%. The main Sphagnum  species are S. palustre  and S. recurvum. This 

is the richer o f the two variants. The community is a closed canopy woodland 

containing species uncommon on raised bogs.

8.1.5 The Betula pubescens stand on Addergoole Bog

The Betula pubescens stand on Addergoole bog is situated at the western end o f the 

pool system. It is adjacent to the drainage arm o f the soak. It has been described in 

detail by Conaghan and Bleasdale (1994). It has an area o f  approx. 110 mx70 m 

(0.77 ha). The woodland is dominated by Betula pubescens, which is mainly multi

stemmed. The canopy height is lower than on Clara Bog at <7 m. The ground layer 

is dominated by Sphagnum palustre, with some Eriophorum vaginatum, Dryopteris 

dilatata, Juncus effusus and Myrica gale. Rumex acetosa and Osmunda regalis are 

also common in the woodland.

8.1.6The Betula pubescens stand on Wooddown Bog

The B. pubescens stand on Wooddown bog is associated with a drainage feature 

running out to the Northern edge o f the bog. The feature is unlike the other two 

examples, as the Betula is associated with a long but reasonably narrow corridor o f 

scrub trees and shrubs stretching c. 100 m towards the centre o f  the bog. The Betula 

lies in the centre o f  the feature for most o f its length. It is associated with Sphagnum  

recurvum, Dryopteris dilatata, Salix sp., Myrica, M olinia  and some Callima in the 

less shaded areas o f  the wood. The trees were single stem m ed and about 5 m tall. 

This woodland was about 0.1 ha in area and slightly discontinuous. However it was 

associated with an easily identifiable drainage feature and was thought to be 

comparable to the other two sites.
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8.2 Materials and methods

(See Chapter 3 for details)

8.2.1 Coring

All three sites were cored in an identical manner. Two monoliths were removed 

from each site. A monolith was taken from the centre of the closed canopy area of 

each B. pubescens stand, and a second monolith was taken from an area o f raised 

bog 200 m distant from the wood in order to compare and contrast the recent 

vegetation histories of an area under the closed canopy with an area which was open 

bog surface at the time.

8.2.2 Sediment description

The cores were bisected with a sharp knife and the sediments were described using 

the Troels-Smith (1955) sediment description scheme. (See Chapter 3 for details)

8.2.3 Lead-210 dating

(See Chapter 3 and Chapter 4 for details)

Sediment sub-samples from the Clara Bog birchwood were prepared for lead-210 

dating.

8.2.4 Pollen and charcoal analysis

(See Chapter 3 for details)

Cores were subsampled volumetrically, with a maximum distance of 4 cm and a 

minimum distance of 1 cm between consecutive subsamples, with a volume of 0.5 

cm^ or 1 cm \ The sub-samples were treated according to the methods of Faegri and 

Iversen (1989). Samples were mounted on glass slides with silicon oil as mounting 

medium. Counting was carried out at a magnification of x400 as standard on evenly 

spaced traverses. Magnification of xlOOO was used to aid in the identification of 

some grains. A minimum pollen sum of 500 grains was counted when possible. 

Microscopic charcoal was estimated for each sample using the point count 

estimation method of Clark (1982). The amount o f macroscopic charcoal was 

quantified by the method of O ’Sullivan (1991 after Edwards).
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8.2.5 Data analysis and plotting

(See Chapter 4 for details)

Pollen data analysis and plotting was carried out using the TILIA (Grimm, 1991) 

and PSIM POLL (Bennett, 1998) packages. All taxa except spores o f Sphagnum, 

pollen Pedicularis and unknowns were included in the pollen sum for each core. 

This was done because the distinction as to whether the pollen o f  particular taxa 

were local or regional in origin was not clear.

Zonation was carried out using CONISS (Grimm, 1987); rarefaction analysis (see 

Chapter 4) using the program PSIMPOLL (Bennett, 1998). Data were plotted using 

TILIA GRAPH (Grimm, 1991) and Microsoft EXCEL.

Further analysis was carried out on the pollen data using TW INSPAN (Hill, 1979) 

and DCA (Hill, 1979; Hill and GaQch, 1980). For TW INSPAN and DCA analyses 

all pollen samples from the six cores studied were used. Any species that attained a 

value o f >5% in any sample was included in the dataset for analysis. When these 

species were selected the percentage values for each sample were recalculated. The 

dataset ultimately contained 24 species in 95 samples.

8.3 Results

8.3.1 Sedim ent analysis

Troels Smith sediment analyses were carried out on all the monoliths. Results are 

presented in the following tables.
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Table 8.1 Summary o f Troels-Smith sediment description for Clara Birchwood

Depth (cm) Sedim ent type Troels-Sm ith description

0 Fresh Sphagnum  peat with Nig 0 S trf 0 Elas 3 Sicc 3 Lim 0

Betula  m acrofossils Hum 0

Tb 4 Sphag, D1 +, Dg +

13 Slightly hum ified Sphagnum Nig 1 S trf 0 Elas 2 Sicc 3 Lim  0

peat w ith fern annuli and other H um  1

plant remains Tb 4 Sphag, DI+, Dg +, Ld+, Dh+

30 W ell hum ified Sphagnum  peat Nig 3 S trf 0 Elas 2 Sicc 3 Lim 0

with som e Calluna fragments Hum 2

Tb 2 Sphag, Sh 2, Dg +

36 Light brown Sphagnum  peat Nig 2 S trf 0 Elas 2 Sicc 3 Lim  0 

Hum 3

Tb 1 Sphag, Sh 3, D1 +, Dg +

42 Dark brown Sphagnum  peat Nig 3 S trf 0 Elas 2 Sicc 3 Lim 2

with rootlets Hum 2

Tb 1 Sphag, Sh 2, T1 +, Dg 1

58 Light brown decomposed Nig 2 S trf 0 Elas 1 Sicc 3 Lim  1

Sphagnum  and rootlets Hum  2

Tb 1 Sphag, Sh 2, T1 +, Dg 1

62 Dark brown, well preserved Nig 3 S trf 0 Elas 2 Sicc 3 Lim -

Sphagnum Hum 3

Tb 4 Sphag, Sh Dg *

83 Base o f  core
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Table 8.2

Birchwood

Summary o f  Troels-Smith sediment description for Addergoole

Depth (cm) Sedim ent type Troels-Sm ith description *

0 Fresh Sphagnum  peat Nig 1 S trf 1 Elas 3 Sicc 3 Lim  0 

Hum  0

Tb 4 Sphag T1 + D1 +

15 Slightly humified Sphagnum Nig 2 S trf 0 Elas 3 Sicc 3 Lim  0

peat with Betula roots Hum  I

Tb 1 Sphag, Sh 2, T i l  Dh +

27 H um ified Sphagnum  peat Nig 3 S trf 0 Elas 2 Sicc 3 Lim 0 

Hum  2

Tb + Sphag, Sh 4, D1 +

52 Sphagnum  plus woody remains Nig 3 S trf 0 Elas 2 Sicc 3 Lim 0

w ith M enyanthes seeds Hum  2

- Tb 1 Sphag, Sh 3 Th + D1 +

76 Light coloured very hum ified Nig 2 S trf 0 Elas 1 Sicc 3 Lim 0

very fibrous peat Hum  2

Tb 1 Sphag, Sh 2, Th 1, D1 +

82 W ell humified peat Nig 2 S trf 0 Elas 1 Sicc 3 Lim  0 

Hum 2

Tb 1 Sphag, S h 2 , Th 1, D1

88 Base o f  core
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Xable 8.3 Summary o f Troels-Smith sediment description for Wooddown

g irch w ood  

Depth (cm) Sediment type (Phys. Prop not done) Troels-Smith 

description

25

70

Fresh Sphagnum peat

Root layer

Relativeljfc^ unhurtiified

Sphagnum peat

Humified Sphagnum and 

Cyperaceae peat with Betula 

roots

Base o f  core

Nig 2 Strf 0 Elas 4 Sicc 3 Lim 0 

Hum 0

Tb 4 Sphag, D1 + (Birch leaves)

N ig 4 Strf 0 Elas 2 Sicc 3 Lim 1

Hum 3

T14

Nig 3 Strf 0 Elas 1 Sicc 3 Lim 1 

Hum 3 

Tb 4 Sphag

Nig 3 Strf 0 Elas 2 Sicc 3 Lim 0 

Hum 2

T b 2 , D h  l , T h  1

The three monoliths from outside the area o f the birchwoods were all predominantly 

composed of Sphagnum  peat. The Troels-Smith description o f the Clara Bog surface 

monolith is detailed in Table 13.1.

8.3.2 Lead-210 dating

An age-depth curve for the Clara Birchwood monolith was calculated using the 

methods outlined in Chapter 4. An accumulation rate o f 0.57 cm y ’ was calculated 

It is possible to check the accuracy of lead-210 dating using the positions of peaks 

for nuclides generated by atomic weapons testing and the fires at the Chernobyl 

atomic reactor and subsequently deposited from the atmosphere. These nuclides 

have a degree o f mobility in peat and this has been studied and reported in several 

papers, e.g., Oldfield et al. (1995); Belyea and Warner (1994); Mitchell et al. 

(1992). Oldfield et al. (1995) give a date of 1954 for the onset o f  weapons testing 

and 1963 for the maximum of americium-241 fallout. Oldfield et al. (op. cit.) found 

a mean age o f 1964 for the Am-241 peak, with 60% of the lead-210 dates lying 

within +4 year band. In the case o f Clara Bog, the date for the maximum for the 

Am-241 curve was 1969 on the lead-210 age-depth curve. This is quite late, and lies 

just outside the ±4 year band mentioned by Oldfield et al. {op. cit.) but it may be
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explained by the combination o f adjacent samples for dating, a necessity owing to 

the small amount o f  material available.

Table 8.4 Calendar dates for the upper 30 cm o f the Clara Bog birchwood monolith 

calculated from "'“Pb activity

Depth (cm)' Year (AD)^

1 1992

3 1988

5 1985

7 1981

9 1978

11.4 1974

14.1 1969

16.7 1964

19 1960

21.3 1956

23.5 1952

25.7 1948

27.9 1945

' Depth calculated as the midpoint between the upper and lower surfaces o f  each 

individual sample.

■ Age= -(Depthy'0.57)+1993.5

Belyea and Warner (1994) found problems caused by nuclide mobility in the 

estimation o f dates in Sphagnum  peat using only lead-210 dating, and recommended 

that other dating methods be used for comparison, and that the appropriateness of 

the method be considered. Oldfield et al. (1995) suggested that a strong divergence 

between the Am-241 and the Pb-210 dates would be an indicator o f problems with 

the technique at a site, and further suggested that constraining dates o f Am-241 and 

a horizon below the Pb-210 profile be used. However, Mitchell et al. (1992) 

concluded that, unlike some other nuclides, e.g., caesium, and even Pb-210 in some 

more northern latitudes, there does not appear to be a problem o f lead-210 mobility 

in Irish ombrotrophic bogs and that it may be regarded as a reliable dating 

technique.

This conclusion, the location o f the americium-241 peak, and the very good fit for 

the age-depth curve (/-=0.95) indicates that the chronology for the birchwood is



relatively accurate, although accuracy would have been im proved by the use of 

narrower sample bands and more material.

Mitchell et al. (1992) also published a lead-210 chronology from the surface o f 

Clara Bog. This core was taken from a typical area o f  bog surface avoiding 

hummocks, hollows and areas o f possible erosion. The results are reproduced in 

Table 8.5.

These results give a much slower accumulation rate than seen in the birchwood 

core, 10.6 years/cm or 0.094 cm/year. If we compare this to the rate for the 

birchwood, 0.57 cm/year it is apparent that two different processes must be 

occurring on the bog. These data will be used as a rough approxim ation for the age 

o f the peat from the open bog monolith at Clara when describing the results.
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Table 8.5 Depth and sample age o f peat from the surface o f Clara Bog , using lead- 

210 dating (from M itchell et ai,  1992)

Section (cm) Age (year AD)±error

0- 1 1984±

1- 2 1973±1

2- 3 1961±1

3-4 1950±1

4- 5 1938±1

5-6 1927±1

6- 7 1916±1

7- 8 1904±1

8-9 1893±2

9-10 1881±2

10-11 1870±2

11-12 1859±2

12-13 1847±2

13-14 1836+2

8.3.3 Zonation

All o f  the diagram s were zoned using both the optim al splitting  and CONISS

m ethods, in order to check the consistency o f  the results.

Table 8.6 Compari son o f  num bers o f zones resulting  from different zonation

m ethods used on the data from each site

Site Number o f zones

Optimal splitting CONISS'

Clara Birchvvood 2 2

Clara Bog 2 2

.■\ddergoole Birchwood 3 3

.Addergoole Bog 2 2

Wooddown Birchwood 4 5

W ooddown Bog 3 3

' Calculated using Edwards and Cafalli-Sforza’s chord distance; square-root 
transformation. Number o f significant zones checked using the Broken stick method 
(after Bennett, 1996). Figure 8.1 shows the results o f  the broken stick methods for 
each pollen data set.
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Figure 8.1 Variance accounted for by the /Jth zone as a proportion o f  the total variance 
compared w ith values from a broken stick model for (a) Clara birchwood; (b) Clara Bog 
open bog; (c) Addergoole birchwood; (d) Addergoole open bog; (e) Wooddown birch
wood; (f) Wooddown open bog.
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The number o f  zones indicated by CONISS was used for zoning the diagrams, as 

they were not significantly different from the numbers o f  zones indicated by the 

optimal splitting technique.

Table 8.7 Details o f  pollen diagram zonation for each site

Site Number o f  zones Zone label Top o f  zone (cm) Bottom o f  zone (cm)

Clara open 2 CO-2 0 42

CO-1 42 68

Clara birchwood 2 CB-2 0 17.5

CB-1 17.5 82

Addergoole open 2 AO-2 0 18

AO-1 18 36

Addergoole birchwood 3 AB-3 0 19

AB-2 19 32

AB-1 32 74

Wooddown open 3 WO-3 0 18

WO-2 18 22

WO-1 22 32

W ooddown birchwood 5 WB-5 0 1

WB-4 1 7

WB-3 7 25

WB-2 25 34

WB-1 34 48

8.3.4 Charcoal analysis

Microscopic and macroscopic charcoal was analysed at each site. Results are plotted 

in Figure 8.8. These are discussed in detail in conjunction with the pollen analysis 

results.

8.3.5 Pollen analysis

Resuhs o f the pollen analyses are plotted in Figures 8.2-8.7. These results are 

described below. Rarefaction results were discussed with the pollen results.



8.3.5.1 Clara Bog

Clara Birchwood

The percentage pollen data were divided into two zones using CONISS (See Fig. 

8.2). These are labelled CB-1 and CB-2. On this diagram it can be seen that there 

are significant zones after the second instance but these are not used as the 

proportion o f  variance immediately prior to these is not significant.

Zone CB-1 (83 cm-17.5 cm; Uknown-1963)

In this zone the pollen rain is dominated by Coryliis avellana  t. (77%-10%), 

Poaceae (5%-26%), Calluna vulgaris (6%-47%), and Cyperaceae pollen (0%-25%). 

In the sediment analyses (Table 8.1) there was consistent Sphagnum  peat 

development between the base o f the core (83 cm) and 36 cm.

The zone started with Corylus avellana t. (33%) and Poaceae pollen (7%) 

dominating. These types probably represent the regional pollen rain, while Calluna 

vulgaris represents the majority o f local pollen. This suggests a landscape 

dominated by hazel and grasses with Plantago (0%-12%) also constituting an 

important part o f the regional flora. At 52 cm Corylus avellana t. pollen dips from 

44%-14%, and Calluna pollen also declines in importance (35%-16%). Poaceae 

(7%-21%) and Cyperaceae pollen (7%-20%) both increased at this point. This 

reflects a decline in the importance o f hazel in the landscape and also o f other tree 

pollen, which is reflected by the decline in other arboreal pollen types, e.g., Quercus 

(7% -l% ). Between 45 cm and 27 cm (AD 1946) Cyperaceae pollen frequency 

increases (6%-25%) as Calluna decreases (35%-12%), representing changes on the 

bog surface. This indicated at least a possible local wetting o f  the bog surface at that 

time allowing the Cyperaceae to expand.

There were some large charcoal peaks in the lower half o f  the zone (62 cm, 48 cm, 

37 cm/~AD 1929) the last o f  which is coincident with the change from Sphagnum  

peat to humified peat with Calluna from 36 cm to 30 cm. These peaks may have 

resulted from fires being set by farmers digging peat during the summer, and could 

indicate dry vegetation on the bog surface. Little charcoal is found in the top half o f 

the zone (37 cm -19 cm), perhaps because the bog surface became wetter. At the top
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F igu re  8 .2  Pollen percentage diagram for Clara birchwood. Solid circles (• )  
indicate presence. Exaggeration xIO.
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o f the zone (24 cm -19 cm/AD 1951-AD 1960) Coryliis avellana  t. pollen increases 

to 77% while Calluna vulgaris pollen increases from 13%-32% between 26 cm (AD 

1948)and 22 cm  (AD 1955) before dropping to 6% in the last sample o f  the zone (19 

cm/AD 1960). Between 36 cm and 13 cm there is evidence for the establishment o f 

ferns on the site, along with other plants - this indicated increased plant diversity in 

the site area.

Zone CB-2 (17.5 cm-0 cm; AD 1963-AD 1993)

This zone is quite different to the preceding zone, and is dom inated by Betula pollen 

(36%-60%) apart from the top sample (8%). Above 13 cm Betula macro fossils are 

very much in evidence along with a good growth o f fresh Sphagnum  peat. At this 

point Betula was growing on the site.

■* Other important types are Poaceae (13%-40%), Sinapis type (5%-18% between 16 

cm and 13 cm/AD 1965-AD 1971), Filicales (l% -40% , 22 cm-8 cm/AD 1955-AD 

1979), Dryopteris dilatata (0%-18%, 16 cm-2 cm/AD 1965-AD 1990)and Calluna 

(5%) at the very surface. These pollen types are derived from local sources, with 

very little pollen from plants which are from outside this area. Cyperaceae had 

declined and does not occur frequently in this zone (less than 1% for most o f the 

zone increasing to 4% in the top sample). There are no macroscopic charcoal peaks 

in this zone, and the microscopic charcoal may have been produced by fires outside 

the birchwood.

Clara open bog surface

The percentage pollen data were divided into two zones using CONISS (See Fig. 

8.3). These are labelled CO-1 and CO-2. These data are described in detail in 

Chapter 12 in terms o f human activity.

Zone CO-1 (68 cm-42 cm)

In zone CO-1 the pollen rain is dominated by arboreal taxa with Cyperaceae 

(5%-18%) and Calluna pollen (5%-15%) being the most important local taxa. 

Corylus avellana t. pollen (30%-41%) dominated the pollen rain and this indicated 

that hazel was an important component o f the regional vegetation, with other trees 

particularly Quercus (5% -ll% ) and Alnus (3%-12%) still being numerous.
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Figure 8.3 Pollen percentage diagram for Clara bog open surface. Solid circles (•) 
indicate presence. Exaggeration xlO.
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Apart from Corylus avellana t. pollen the arboreal pollen types all decline at the top 

o f the zone. There are large numbers o f Sphagnum  spores and relatively little 

evidence o f fires in this zone.

Zone CO-2 (42 cm-0 cm)

In this zone there is a decline in Corylus avellana t. pollen (27%-2%) while Poaceae 

(10%-46% by 8 cm) and Plantago ( 5%-13% by 28 cm) increase. This suggests that 

the landscape was cleared o f trees and was dominated by agriculture in the region 

around Clara Bog. Towards the top o f the zone (after 16 cm) Plantago pollen 

declines (10%-2%) in importance as Pinus increases (1%-10%). This represents the 

start o f modem farming (12 cm) and the establishment o f  improved, grass- 

dominated farmland. Also in this zone there is a large increase in the amount o f 

Calluna pollen from 30% to 50% at 24 cm, while Cyperaceae levels are consistent “ 

5%-10%. Sphagnum  is also important and there is one large peak towards the top o f 

zone at 20 cm. This increase in Calluna and Sphagnum  is associated with three 

consecutive peaks in charcoal (24 cm, 20 cm, 16 cm/~AD 1815). This may be 

interpreted as a drier period on the surface o f the bog in the vicinity o f the core site, 

which favoured Calluna and which provided plenty o f material for fires. This is 

approximately the same time as the road had been built - late 1700s early 1800s 

(See Chapter 7). There continued to be charcoal after that point but not o f the 

magnitude previously seen, suggesting a lowered frequency or intensity o f fires on 

the bog surface.

Betula pollen frequencies are very low at the surface o f this monolith despite the 

relative proximity o f  the birchwood to the core site (c. 600 m). This is in agreement 

with the theory o f pollen deposition where pollen deposition from a source becomes 

diminished rapidly the further you travel from the source, and the regional 

component becomes more important. Janssen (1973) summarises the process by 

saying that extralocal pollen is only found a few hundred metres from the source, 

and then only sometimes (See also Chapter 4). A slight increase in Betula pollen 

frequencies at the top o f  the core can be detected. This indicates that the feature is 

very small and that if  such features were common in the past they would be very 

difficult to detect using palynology unless the pollen core was very close to the 

canopy.



Sum m ary of conditions at Clara Bog

These two diagrams present two different pictures o f vegetation development on 

Clara Bog. At the open bog surface site the pollen rain is dominated by the regional 

input and the upper zone, CO-2, suggests the continued developm ent o f  the bog 

with the expected mix o f  Cyperaceae, Calluna and Sphagnum. At the birchwood site 

there is a great deal o f similarity with the open site up to the point where the (mainly 

regional) arboreal taxa decline and Plantago  and Poaceae are dominating the 

landscape. However, at this point a different mechanism is established, and Corylus 

avellana t. pollen, representing Myrica, followed by Betula, indicated the 

development o f  the closed canopy birchwood. According to the lead-210 data, all of 

these changes happened very rapidly, from the growth o f  the Myrica which 

commenced c. AD 1946, up to the present day, leading to the-accumulation o f  some 

30 cm o f Sphagnum  peat in about 50 years (rate o f 0.57 cm o f peat per year).

Clara birchwood appears to have a distinct pollen flora associated with it, as 

Poaceae, Filicales, Dryopteris dilatata, Centaurea and Sinapis type are all present at 

high values. Calluna vulgaris and Sphagnum  do not seem to produce many 

pollen/spores in this environment which is characterised by heavy shade, whilst the 

Cyperaceae appear to be absent. Fire also seems to be absent from this environment 

unlike the open bog surface.

On the open bog monolith, data rarefaction shows that there was little change in the 

species richness over the length o f the core. However, there is a slight decline in 

species richness diversity at the top o f the birchwood core, presumably due to 

declining penetration o f the birchwood canopy by the regional pollen rain. This is 

most clearly illustrated by looking at the curve for Pinus sylvestris frequencies. 

Under the birchwood canopy the relative frequency o f Pinus is extremely low 

towards the upper part o f the sequence, while in the open the Pinus frequencies 

continue to increase. This is because the birch and Myrica  pollen swamps the 

regional component o f the pollen rain, illustrating that under the closed canopy most 

o f the pollen is local. This effect can be seen in curves for other regional pollen 

types including Ouercus, Fraxinus, Plantago and Cereal t. pollen.

Assuming that the Pinus pollen was being deposited for the same length o f  time at 

both locations on Clara Bog, and observing that under the birch canopy this curve
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exends for 41 cm, while on the other it only extends for 28 cm, this indicates that 

under the birchwood the sediment was accumulating considerably faster.

8.3.5.2 Addergoole Bog

Addergoole birchwood

The percentage pollen data were divided into three zones using CONISS (See Fig. 

8.4). These are labelled AB-1, AB-2 and AB-3.

Zone AB-1 (74 cm-32 cm)

In zone AB-1 the pollen rain is initially (74 cm-36 cm) dominated by Calluna 

(20%-48%), Cotylus avellana t. (4%-33%), Cyperaceae (12%-16%) and Poaceae 

(7%-13%). The arboreal taxa are present at very low frequencies, usually less than 

1%. The sediment in the Addergoole core (Table 8.2) starts o ff with Sphagnum  peat 

at 88 cm, changing to fibrous peat at 82 cm, probably due to the presence of 

Eriophorum  on the site. Between 52 cm and 76 cm there is evidence o f increased 

wetness as Menyanthes seeds were discovered in the sediment. The change to 

humified Sphagnum  peat between 27 cm and 52 cm indicated that this wetness was 

probably due to a temporary pool on the site.

With the exception o f hazel, it is probable that the landscape was already clear o f 

trees by the start o f the zone. Hazel scrub and grassland probably dominated the 

regional component o f the pollen rain, and the relative importance o f Plantago 

pollen (5%-8%)
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Figure 8.4 Pollen percentage diagram for Addergoole birchwood. Solid circles (•) 
indicate presence. Exaggeration xlO.



in the pollen rain at this stage supports this. At the top o f the zone there is a change 

in the amounts o f the taxa present as Corylus avellana t. pollen increases from 4% 

to 56% (50 cm-42 cm). Calluna declines slightly and the Cyperaceae (16%-1%; 46 

cm-42 cm) almost disappear. Two pollen types become more important, the Poaceae 

(10%-16%) and Rumex (1% -I3% ). The importance o f  Rumex is unusual, and its 

high values suggest a local presence at the end o f the zone. Charcoal also became 

more frequent, with a large peak in macroscopic charcoal at the top o f the zone (34 

cm). The increase in microscopic charcoal frequency coincides with the expansion 

o f Corylus avellana t. type (Afyr/c<3)pollen in the pollen rain.

Zone AB-2 (32 cm -19 cm)

At the start o f this zone there was a decline in the frequencies o f  Poaceae (30%-3%) 

and Rumex (20%-1%; 30 cm-24 cm) indicating a further change in the vegetation. 

Filicales* (which is outside the pollen sum to avoid massive distortion o f the other 

pollen curves; l% -50% ) and Corylus avellana t. (29%-59%) remain important. The 

Corylus avellana t. pollen is possibly representing Myrica growing locally to the 

core site, whilst Dryopteris dilatata (3%-35%; 30 cm-22 cm) was identified very 

frequently in this zone. This is probably a local population. This zone is dominated 

by local taxa indicating an unusual vegetation assemblage dominating the bog 

surface. Sphagnum  spores are infrequent in this zone, having been in decline since 

the previous zone. Betula pollen frequencies (3%-37%; 26 cm-20 cm) begin to 

increase towards the top o f this zone. From 15 cm to 27 cm there were Betula roots 

as well as the Sphagnum  peat, while there was further fresh Sphagnum  peat above 

this point. Charcoal is present in every sample, and there is a very large peak of 

macroscopic charcoal at 28 cm. This may explain the presence o f  multi-stemmed 

Betula in the wood, as they were just becoming established.

Zone AB-3 (19 cm-0 cm)

Betula dominates the pollen rain in this zone (10%-84%), and with the exception of 

Poaceae (2%-31%) all o f the previously frequent pollen types are now less so. 

Dryopteris dilatata (~2% up to 18% at 0 cm) remains present, and Osmunda regalis 

appears in the pollen rain (-2% , up to 14% at the 0 cm), both o f  these represented a 

local population. Zone AB-3 represented the establishment o f  a closed canopy 

birchwood with its own ground layer, which was dominated by Filicales rather than 

herbs. Charcoal is hardly present in this zone.



Addergoole bog surface (Core AO)

The percentage pollen data were divided into two zones using CONISS (See Fig. 

8.5). These are labelled AO-1 and AO-2.

Zone AO-1 (36 cm-18 cm)

In this zone there is very little notable change in the pollen curves. Plantago  

(ll% -8 % ) and Pteridium  (3%-2%) curves gradually decline while Poaceae 

(15%-21%) and Corylus avellana t. (l% -5% ) curves gradually increase. Bog surface 

vegetation is dominated by Calluna vulgaris (43%-56%) and there is some 

Cyperaceae (2% -l% ) and Sphagnum  as well. There is a large peak o f  macroscopic 

charcoal at 20 cm, the uppermost sample in the zone.

Zone AO-2 (18 cm-0 cm)

There is a slight but steady rise in the percentages o f  the tree pollen (Sum Trees and 

Shrubs increased from 11% to 22%) while Poaceae percentages remain quite steady 

(22%-26%). Cyperaceae (6%-3%) and Sphagnum  pollen percentages decline 

towards the top o f  the zone while Calluna vulgaris percentages remain quite steady 

(36%-51%). M acroscopic charcoal is present in the lowest two samples in the zone 

giving an indication o f continuing fires on the bog surface.

Summary of conditions at Addergoole

The results from Addergoole bog which are described above present two 

considerably different pictures. Notably there is relatively little overlap in terms o f 

similarity o f  the vegetation represented by the pollen rain. Only at the base o f the 

birchwood diagram is there any marked similarity in the pollen rain with the open 

surface diagram where Calluna, Poaceae and Cyperaceae are quite frequent. 

However after this point there is a large degree o f  difference. There is some 

similarity in the presence o f macroscopic charcoal in both o f  the cores, possibly 

indicating a period when fires were common on the bog, although without dating it 

is not possible to establish
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Figure 8.5 Pollen percentage diagram for Addergoole open bog surface. Solid 
circles (•) indicate presence. Exaggeration xlO.
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whether fires are simultaneous. A notable early difference between the two diagrams 

is the expansion o f  Corylus avellana t. pollen in the birchwood diagram. This 

confirms that the source o f  the Corylus avellana t. pollen in the birchwood diagram 

is predominantly local and must be from Myrica, as hazel is not known to grow on 

peat. The open bog surface retains a pollen flora consistent with that expected on a 

raised bog while the other diagram is dominated by local inputs, and charts the 

development o f  the birchwood. This could be described as going from Calluna and 

Cyperaceae dominated bog surface to Myrica, Rumex and fern dominated to closed 

canopy Betula woodland with an understorey o f Dryopteris dilatata and Osmunda 

regalis.

8.3.5.3 Wooddovvn birchwood (Core WB)

CONISS divided the pollen data into five zones, which are labelled W B-I to WB-5 

(See Fig. 8.6). Although it is unusual to have a zone containing only one sample, 

zone WB-5 was retained as it was significantly different to the preceding sample. 

Zone WB-1 (48 cm-34 cm)

Poaceae (45%-62%), Cyperaceae (20%-15%) and Rum ex (12%-2%), with some 

Plantago (3%-6%) and Corylus avellana t. pollen (3%-4%) dominated the base o f 

the pollen diagram (48 cm-40 cm). Other arboreal taxa were present at very low 

values and the presence o f Pinus (less than 2%) suggested that the base o f the 

diagram post-dated the Pinus reintroduction. Interpretation o f this sample would 

indicate local vegetation dominated by Cyperaceae, with Rumex (2% -l% ) and 

Poaceae growing on or nearby the site. The sediment record from Wooddown 

birchwood started with a large section (25 cm-70 cm) containing Sphagnum  and 

Cyperaceae remains, with the roots o f the present-day Betula penetrating down 

through them.

The regional pollen rain may not have been well represented, but Plantago and 

Poaceae are likely to have dominated the vegetation. Towards the top o f  the zone 

Rumex declined (12%-1%) and Calluna frequencies increase slightly. Melampyrum, 

Potentilla and Umbelliferae expand at this point (40 cm). Both macroscopic and 

microscopic charcoal are present in the zone.
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Figure 8.6 Pollen percentage diagram for Wooddown birchwood. Solid circles (•) 
indicate presence. Exaggeration xlO.



Zone WB-2 (34 cm-25 cm)

In this zone trees and shrubs increased substantially in frequency (Sum trees and 

shrubs increased from 15% to 38%), due to a sharp expansion o f Salix  (5%-26%) 

and Corylus avellana t. (7%-12%). Some o f the increase in Cotylus avellana t. 

pollen may be ascribed to the presence o f Myrica. Poaceae (29%-57%) remained an 

important part o f the vegetation, probably both locally and regionally, while 

Potentilla  frequencies increase markedly (12%-17%), almost certainly due to a local 

population. Galium  and Succisa have small peaks during the zone (2% each at 30 

cm) probably also due to local occurrences. Melampyrum  continues to be important 

(10% at 32 cm). This zone represents the increased importance o f  herbs on the bog 

surface along with Salix. This is interpreted as the beginning o f  woodland 

development on the bog, with Poaceae and Plantago continuing to dominate in the 

surrounding landscape. Again, considerable “ amounts o f  both macroscopic and 

microscopic charcoal occur during the zone.

Zone WB-3 (25 cm-7 cm)

At this stage Betula pollen frequencies increase rapidly (l%o-3%; 26 cm-24 cm) as 

birch becomes estabhshed on the bog surface. Salix frequencies declined (26%-4%; 

28 cm-24 cm), while most o f the other taxa are relatively unchanged in the first half 

o f  the zone. Some new taxa appear at this point, notably Filipendula  (5% at 18 cm) 

and Filicales (5% at 14 cm), both growing locally. A peak in Sphagnum  also appears 

in the first half o f the zone. In the second half o f the zone Betula declines to 5% (12 

cm) while Poaceae increase (61% at 16 cm). Calluna also increases slightly in this 

zone (6% at 14 cm), along with Pinus (~2%), a component o f  the regional 

vegetation. Potentilla frequencies declined by the end o f the zone (1%) as 

Dryopteris dilatata increased (3%). Urtica also maintained a constant presence in 

the pollen rain during the zone (~1%). Several other herbs also appear during the 

zone including Caltha, Digitalis type, Euphorbia and Dryopteris fdix-m as. The 

sediment in this zone started with relatively unhumified Sphagnum  peat (7 cm-25 

cm), followed by a Betula root layer, and finally by a Sphagnum  peat layer with 

some Betula leaves. Charcoal continues to be frequent in this zone, although there 

are no macroscopic charcoal peaks o f the height seen in the previous zones.

This zone represents a diversification o f the herb flora associated with the 

birchwood, with an eventual decline in birch, possibly due to a gap in the canopy, as
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at the site there is a broken birch tree which must have left a considerable gap. Such 

an occurrence would explain the increase in Calluna, which is intolerant o f  shade, 

and also o f the dominance o f Poaceae pollen, and increased Pinus representation 

from the regional pollen rain.

Zone WB-4 (7 cm-1 cm)

Betula  pollen once again increases in frequency (63% at 4 cm), with a concurrent 

decrease in Poaceae percentages (19%). Melampyrum  is more or less absent in this 

zone as are many o f  the other herbs. Only Dryopteris dilatata  (2%-4%) and Calluna 

(2%-5%) are consistent in the zone, as birch declined (31%) towards the top to be 

replaced by the Poaceae (42%). There were a couple o f  peaks in charcoal during the 

zone, but they were minor compared to the peaks in earlier zones. This zone saw a 

decline in herb diversity and a fluctuation in the major taxa - particularly birch and 

Poaceae. It is not certain how this reflects the dynamics o f  the woodland, but there 

seems to be some interaction between the amount o f birch and grass pollen that was 

deposited. Nevertheless, the data are still representative o f  a birchwood with a 

considerable population o f grasses and a relatively poor herb community.

Zone WB-5 (1 cm-0 cm)

This zone contained only the surface sample and had a very high representation o f 

Poaceae pollen (63%). Although birch is present at the site as a tree canopy, it is not 

well represented in the pollen record (1%), while Calluna (15%) and Sphagnum  

increase in this sample. No charcoal was found. This change from a Betula to a 

Poaceae dominated pollen rain may be due to annual variation in flowering, as it is 

not representative o f the vegetation growing on the site.

W ooddown open bog surface

This pollen record is divided into three zones (See Fig. 8.7) using CONISS.

Zone WO-1 (32 cm-22 cm)

In this zone there are signs that not all the trees had been cleared from the landscape, 

as Corylus avellana t. (1%>-16%), Alnus (0%-7%), Betula (0%>-6%) and Quercus 

(0% -l% ) are all present. However these taxa have declined by the end o f the zone. 

Plantago (9%-23%) was very important in the pollen rain along with the Poaceae 

(25%-31%), and there is also some Urtica (1%) and Rum ex (2%) present.
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Figure 8.7 Pollen percentage diagram for Wooddown open bog surface. Solid 
circles (•) indicate presence. Exaggeration xlO.
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These taxa can be interpreted as indicating the presence o f  agriculture in the region, 

while the presence o f  trees and the virtual absence o f  Pinus (0% -l% ) indicated that 

the base o f this core may be slightly older than the base o f  the birchwood core. High 

frequencies o f Calluna (10%-16%), Cyperaceae pollen (10%>-14%) and Sphagnum  

spores tell us that the bog surface was probably quite open with both pools 

(indicated by Pediastrum  at the base o f the core) and humm ocks (indicated by 

Calluna). Large amounts o f  charcoal are found in the zone. This zone may be 

interpreted as an open bog surface in landscape dominated by grassland, but with 

some areas o f woodland, which disappear by the end o f  the zone.

Zone WO-2 (22 cm -18 cm)

This zone contains only one sample in which the main change is the sharp rise o f 

Cyperaceae (14%-60%) frequencies at the expense o f  Poaceae (31%-15%>) and 

Plantago (23%-6%). This probably indicates a local population o f Cyperaceae on 

the core site as little else seems to be affected, although Pteridium  does decline 

(2%-0%). Charcoal is also found in the zone.

Zone WO-3 (18 cm-0 cm)

Considerable changes occur during this zone. O f the regional pollen types, Fagus 

(0%-3%) and Pinus (2%-16%) both increase during this zone while Plantago 

(17%-1%) declines somewhat. The Poaceae are very consistent in this zone 

(30%-41%), as are Rumex (0%-3%) and Urtica (0%-6%). O f the main bogland taxa 

Calluna increases (10%-36%) while Cyperaceae declines (60%-1%; 20 cm-0 cm). 

Sphagnum  spores are most frequent at this point, preceded by a peak in 

Gelasinospora. Betula also increased during this zone (l%o-6%), and this could be 

ascribed to the population growing on the bog. Overall the regional landscape 

appears to be dominated by grassland with little herb flora, while the bog appears to 

be dominated by Calluna, indicating a dry surface. The first samples in the zone had 

high values for both macroscopic and microscopic charcoal. Also, the herb flora did 

not appear to be similar to that described from the birchw ood diagram, having few 

Filicales.
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Summary of conditions at Wooddown Bog

At Wooddown Bog two different vegetation types develop. On the one hand the 

open bog surface continues to develop as it had been doing, although there are 

indications o f  at least local dryness at the surface. There is a recognisable input from 

the regional pollen rain, but overall there are no dramatic vegetation changes during 

the time when the peat accumulated. On the site o f  the birchwood there was a far 

more complex development. This included the establishment o f Salix on the site 

along with a relatively unusual herb flora, which contrasted with the developments 

on the open bog surface. The final unusual feature worth noting is the decline in 

Betula  percentages and the increase in Poaceae. This is possibly a function o f  the 

site. Both sites have very high levels o f charcoal in the peat, declining towards the 

surface. This probably was due to burning o f  the heather on the bog. Rarefaction 

results showed a very consistent value for estimated species diversity for the open 

bog surface, and a similar value for the birchwood with a slight decline in the 

birchwood samples, presumably due to the decreased presence o f  the regional 

pollen.

8.3.6 DCA and TW INSPAN

In order to assess the similarities in the datasets presented above numerically, all six 

datasets were combined. Not all taxa were retained in this combined dataset, which 

included only taxa that had at least one occurrence o f at no less than 5% o f the 

pollen sum in at least one pollen diagram. After the taxa that did not meet the cut

off value were removed, percentages were recalculated for each individual dataset 

before all six were combined. This combined dataset was then analysed using the 

DCA option on PC-ORD (McCune and Mefford, 1995).

In order to understand what the variation was indicating two further analyses were 

carried out. The first o f these involved plotting mean (±2SE) DCA scores for each 

individual zone on axes 1 and 2 (Fig 8.9). The second analysis was TW INSPAN 

which was carried out on the same dataset with nine pseudospecies 

(0,10,20,30,40,50,60,70,80). Results are summarised in Table 8.8.
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Table 8.8 Major TWINSPAN divisions, their indicators and a basic interpretation o f 

the division

D iv ision Indicators

(P ositive/N egative)

Group («)' Interpretation

1 Be tula 4  (+) 1 (2 2 ) B irchw ood

2 C orylus avellana  t. 4  (-) 0 0 (1 8 ) H azel in landscape OR  

M yrica  g a le  on site

3 Betula  7 (+) 

Pteridium  1 (+)

1 1 (9 ) Birchw ood

Poaceae 2 (-) 

F ilipendula  1 (-)

1 0 (1 3 ) Birchw ood

4 Q uercus 1 (+) 

P teridium  1 (+) 

U rtica  1 (+)

001 (13) H azel in landscape, 

ombrotrophic bog on 

site

■Dryopteris 2 (-) 0 00  (5) M yrica  g a le  on site

5 M elam pyrum  1 (+) 

Poaceae 4 ( + )

O i l (19) Grass com m on in 

landscape, or on site

Calluna  2 (-) 0 1 0 ( 3 6 ) Calluna  on 

ombrotrophic bog

‘ number o f samples.

In Figure 8.9 there is an overlap between the samples from the woodland zones 

(WB-4, WB-3, AB-3, CB-2) which are clustered relatively closely on the lower 

right-hand side o f the DCA plot. On the left hand side o f the plot there is a cluster o f 

open bog zones (WO-3, WO-2, WO-1, AO-2, AO-1, CO-2, CO-1). Associated with 

these are the lowest zones from the birchwood cores (WB-1, CB-1, AB-1).

However, there are three zones in between the two main clusters, both from 

birchwood cores (WB-5, WB-2, AB-2).

147



300

250 -

200 -

100

T

50 -

KIIH
150 200 250 3000 50 100

♦ AB

■ AO

WB

WO

X CB

• CO

Axis 1

Figure 8.9 Mean and range o f  DCA vaues for each zone o f  the combined data sets from 
each o f the birchwood and correspoding open bog sites.
Arrows indicate direction o f  succession from bottom o f core to top. Each point is a dif
ferent zone. For ease o f  distinction: red arrows pointing right, blue arrows pointing left. 
First letter o f key: A, Addergoole; C, Clara; W, W ooddown. Second letter o f key: B, 
birchwood; O, open bog surface.

148



Although it is possible to deduce the reasons for these groupings from the pollen 

diagrams, TWINSPAN gave results which are perhaps more objective.

TWINSPAN groupings plotted against DCA axes 1 and 2 (Fig. 8.10) illustrated the 

main groups in the dataset, and the indicator species allow further interpretation 

(See Table 8.8). Essentially, the first division sorts out birchwood (1) from non- 

birchwood samples (0). Subsequent groupings give a frirther insight into the reasons 

for the various differences/similarities between samples.

From left to right on the DCA plot with the TWINSPAN divisions overlain (Fig 

8.10), the groupings/zones are in the order open bog-transition-birchwood. 

Grouping 010 is indicative of Calluna on the bog, while 001 is similar but there is a 

significant amount o f Corylus in the landscape. Following these two groups are 

groupings 000 and Oil .  These two groupings are in between bog and birchwood and 

may indicate a transitional community. Grouping 000 indicates Myrica gale 

growing on the site (Zone AB-2), probably due to the increased availability of 

minerals, while grouping 011 is dominated by Poaceae pollen.

Groupings 100, 101, 110, 111 all represent birchwood, and are more or less 

synonymous with zones WB-4, WB-3, AB-3 and CB-2. Overall this provides an 

idea of the formation o f the birchwood, from open bog through to woodland.
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8.4 Discussion

8.4.1 Rates o f peat deposition

If  we wish to know why the birchwoods growwhere they are, an aspect worth 

discussing in this respect is the rate o f peat deposition inside and outside the 

birchwoods. The lead-210 dating shows there is a difference between what is 

occurring in the two cores. Namely, Sphagnum  peat from the birchwood appears to 

have accumulated at six times the rate o f peat outside in the typical bog surface 

(0.57 cm /year versus 0.94 cm/year). It probably happened because the increased 

flow o f water (See Chapter 7) and supply o f nutrients (from both the water and the 

Betula leaf litter) promoted the growth oiSphagnum .

Looking at the current condition o f the sites, the likelihood is high that all three are 

influenced by lateral movement o f water away from a focal point on the bog. Of- 

these sites only the hydrology o f Clara Bog has been extensively studied and this 

was the conclusion that was reached for Clara Bog (Kelly, 1993). At Addergoole 

Bog the physical features are similar with a drainage arm extending from the pool 

area down to the northern margins o f the cutaway bog. O f the three features, that at 

W ooddown is the smallest and most difficult to interpret, having no large area of 

open water, although it too is associated with a drainage feature, and it is located 

close to the margin o f the bog.

What appears to be happening is that the rate o f growth o f the Sphagnum  was 

greatly accelerated and will remain so until either the water ceases to flow for any 

reason, or the bog surface returns to the same level, reducing the increased water 

flow and hence the supply o f nutrients. Eventually the improved nutrient conditions 

would be replaced by conditions more typical o f an ombrotrophic bog.

However, until this ultimately happens, the enhanced nutrient status o f  the drainage 

feature, along with a possible initial dryness o f  the bog surface along the lines o f the 

drainage feature (supported by the presence o f  charcoal peaks before the expansion 

o f Betula in all birchwood cores) permits the establishment and continued growth o f 

Betula and other associated species. It is proposed that this is the reason why the 

birchwoods are established where they are.



8.4.2 Succession from ombrotrophic raised bog vegetation to Betiila pubescens 

woodland

All three o f the sites investigated possessed some common features. All o f  the areas 

would appear to have been typical bog surface, producing a pollen rain dominated 

by Sphagnum, Cyperaceae and Calluna. This is strongly supported by the 

DCA/TW INSPAN plots which group all the samples from the open plots and those 

from the birchwood plots coming before the birchwood succession together. 

Physically there was a resemblance between all three sites. In particular the 

Molinia!Calluna!scmh Betula border around the features was typical, separating the 

typical bog surface from the soak areas (See Chapter 7). W ithin this border were to 

be found the vegetation communities o f the birchwood and other related vegetation. 

Kelly (1993) describes the vegetation on Clara Bog in great detail.

Change from typical Calluna!Sphagnum!CYpexdLCQdiC -dominated bog surface 

vegetation, to the vegetation typical o f the birchwood was not instantaneous. In a 

series o f papers on the succession o f heather moorland to birch woodland. Miles 

(1981) and Hester et al. (1991a; 1991b; 1991c) found that shading by young Betula 

led to the rapid decline o f previously dominant Calluna, and that species already 

present on the site, and tolerant o f shade, have an advantage in subsequent 

competition. Miles (1981) found that when birch (both Betula pendula  and B. 

pubescens) invaded Ca//zo2a-dominated moorlands in Scotland that the Calluna died 

out under the shade o f the birch. After this, vegetatively reproducing species, 

namely Deschampsia flexuosa, Vaccinium vitis-idaea and V. myrtillus became 

dominant alongside a layer o f mosses. In spite o f inhibiting effects these taxa are 

eventually succeeded as Betula changes the soil it is growing on. Eventually the 

birch dies off and Calluna or Pteridium aquilinum  expands.

Although the situation is not identical, being ombrotrophic bog rather than 

moorland, the development o f the birchwoods follows a similar pattern. Rapidly 

declining frequencies o f Cyperaceae and/or Calluna were usually the first stages of 

the succession. These changes were probably caused through increased shading by 

young Myrica or Betula, if present, and also competition from Molinia caerulea. 

Another factor in the establishment o f the new vegetation communities at the sites 

was probably the availability o f propagules or plants in the area. Species such as 

Myrica and also Molinia, which were present in low frequencies in the vicinity.

152



were able to take advantage o f the conditions and expand, whilst the seedlings o f 

other species such as Betiila took a bit longer to establish themselves on the bog, 

and found themselves competing against Calluna, Myrica  and Sphagnum  in an 

environment with a water table prone to large fluctuations. Atkinson (1992) noted 

that seedlings o f Betula  are not good competitors and need bare soils to succeed, 

few surviving under a closed Calluna canopy. W hile they do not grow well in shade 

they will compete effectively in the open. Again the DCA/TW INSPAN plot is 

useful in aiding interpretation o f the vegetation dynamics. This shows two 

intermediate groups, one dominated by Myrica gale  (Addergoole Bog and less 

obviously Clara Bog), the other dominated by Poaceae (W ooddown Bog).

A second feature o f  interest is the part played by herbs in the birchwood vegetation 

communities. All three sites have different herbs at relatively high frequencies, 

indicating local populations, this in contrast to developments* outside the birchwoods 

where, apart from the agricultural indicators, the frequencies o f  individual herb taxa 

were never important. Clara Bog has the pollen o f  a Sinapis type, possibly 

Cardamine pratensis, Wooddown has a high frequency o f  Melampyrum, while 

Addergoole has a high frequency o f Rumex. All three o f  these taxa were probably 

plentiful in the seed rain at the sites and so their expansion as conditions change, 

while unusual, was not surprising.

As the herb layer o f  the birchwoods developed, Pteridophytes were present at all the 

sites, with Dry’opteris dilatata having been the most com mon identifiable fern spore 

(Addergoole birchwood had a large number o f  unidentified Filicales). Sinker (1962) 

described some Alnus/Betula  carr in Shropshire (England) and reported that Molinia 

was dominant under more open canopy, while Dry’opteris dilatata  was more usual 

under dense canopy, with associated Osmunda regalis. Dry’opteris dilatata is an 

important spore at the three sites described above, and at the site with the most 

dense canopy, Addergoole, there is some Osmunda regalis. The other two sites are 

far more open and have Molinia present alongside the Sphagnum, herbs and 

Pteridophytes.

Betula pollen frequencies increased rapidly at all sites as Betida expanded. 

However, as can be seen from the rarefaction data, pollen diversity was at its lowest 

during this stage o f  the succession, Betula elim inating competitors by root 

competition and shading. Only at Addergoole was the initial expansion slow to start
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after the Betula pollen has appeared. A fire or series o f  fires at that site may explain 

the presence o f  multi-stemmed Betula. Fires may have killed the original shoot, and 

it was noted by Atkinson (1992) that fires provide ideal conditions for germination 

and establishment, and that another common response to burning is resprouting 

from basal buds. As charcoal was plentiful just at the time when Betula  was 

expanding, this seems a reasonable explanation for the dominance o f  multi-stemmed 

Betula in the wood. Nevertheless, Betula frequencies rapidly climb at Addergoole 

reaching values as high as elsewhere.

The pollen rain from Wooddown birchwood contained both Salix and a large 

amount o f  grass and herb pollen. The higher light levels m ay have allowed the 

Sphagnum  to recommence sporing until the Betula canopy began to shade it out 

again. There are new shoots growing from the old trunk. The appearance o f Salix in 

the early part o f the diagram may be due to the proximity o f  the site to the margin o f 

the bog. There is Salix at the margin o f the bog and also in the woodland. The main 

differences between this wood and the other two were that it was smaller, confined 

to a strip a few metres wide, relatively close to agricultural land and the bog margin, 

and the acrotelm itself had been extensively damaged by surface drainage about five 

years old. Otherwise it is similar to the other two in the composition o f its 

vegetation. The DCA/TW INSPAN plot shows the samples from the three 

birchwoods as being quite similar.

Interpreting both the pollen diagrams and the DCA/TW INSPAN plot there appears 

to be a similar process operating at all three sites. Essentially this has three steps. 

First the bog surface is similar to elsewhere, and it is then altered somehow by the 

establishment o f a soak in the area o f the surface later associated with the 

birchwood, also possibly by burning. Second, transitional communities o f species 

on the bog or in the seedbank become established due to enhanced nutrient 

availability. Third, a birchwood establishes as Betula pubescens expands on the site 

promoting the growth o f shade tolerant species. This idea is elaborated on in Section 

8.4.3.
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8.4.3 Proposed model for establishment of a birchwood

As all three birchwoods displayed common features both before and after the 

expansion o f birch on the bog, a model with an approxim ated timescale (based on 

documentary evidence (See Chapter 7) and the lead 210 dates) is proposed below.

1. Initiation (0 years) Disturbance and drainage caused either (a) a collapse in the 

peat dome and/or (b) a large flow o f water away from the centre o f the bog, 

resulting in a depression feature due to deflation.

2. Development

a) Recovery (0 years-?‘ years) Sphagnum  accumulates rapidly, raising the level o f 

the soak surface and eventually reducing water flow.

b) Expansion (<50 years-70 years) Unusual components o f  the seed rain/bank 

expand, e.g., Sinapis type, alongside vegetation already present, e.g., Myrica.

c) Enrichment (0 years-?) The depression becomes the focus for flow o f water, and 

thereby becomes a site with a large throughput o f nutrients.

3. Woodland (70 years-100 years) Betula becomes established and forms a closed 

canopy wood with a herb layer o f varying diversity.

4. Decay (~100 years-? years) Betula canopy opens up as trees die.

5. Reversion (? years) Betula trees die as Molinia, Vaccinium  and herbs become 

important in the vegetation eventually being replaced by ombrotrophic 

communities.

This model is summarised in Figure 8.11. In comparison to the model o f Miles 

(1981) there are both similarities and differences. The biggest difference between 

the models is the dominance o f Sphagnum  on the raised bogs and its rapid growth 

under the birchwood canopy. Whereas in the moorland situation the leaf litter 

provided the possibility o f improving the soils and so allowing the spread o f more 

nutrient demanding species such as Deschampsia flexuosa  (Hester, 1988) this is not 

so on the bog, where decomposition is very slow and litter is rapidly incorporated 

into the growing peat (eventually being incorporated into the catotelm). Sphagnum  

prevents the establishment o f  a dense ground layer, unlike the moorland situation 

where competition between the plants o f the field layer was very important in the 

succession.

' The question mark? indicates that one lim it o f  the tim escale is unknown.
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1. Open bog surface

Drainage event

2. Expansion o f herbs alongside other species 
such as Myrica in the presence o f  increased nu

trient availability.

3. Expansion o f Betula and other tree species. 
Development o f Calluna bordering the soak 
area through which water is channeled.

4. Benda reach maturity as Sphagnum  grows 
rapidly and deposition o f peat accelerates.

5. Betula stand dies o ff  Open bog vegeta
tion becomes dominant as nutrients become 
scarce when drainage rates decrease.

Figure 8.11 A proposed model for development and succession in birchwoods based 
on the data from three raised bogs.
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As a result, when the Betula dies the nutrient status o f  the Sphagnum  peat is 

probably similar to elsewhere on the bog. However, the overall development o f 

birchwood on moorland is similar to birchwoods on bogs, with the exception that 

Calluna and not Pteridium  will expand after the birch trees die.

8.4.4 The current state of the birchwoods

Addergoole birchwood is in the best condition o f the three woods. It has a closed 

canopy, a very deep carpet o f Sphagnum  mosses, a herb layer composed almost 

entirely o f Pteridophytes and it does not appear to be degenerating. The virtual 

absence o f regional pollen from all but the surface sample gave an indication o f its 

condition.

The trees in Wooddown birchwood also appeared to be in good condition, although 

there was a broken Betula tree adjacent to the core site which was still flowering. 

However, the structure o f this wood is quite different to the other two woods, and 

Poaceae appear to constitute the most important feature in the herb layer.

Clara birchwood is almost certainly degenerating (Hill, 1992), and has contracted. 

Its canopy contains several openings, with moribund trees around the fringes, and 

rotting stumps o f trees which have died. There is no regeneration and there is a 

considerable amount o f Calluna and Poaceae, and a small amount o f  Cyperaceae. 

Nevertheless, the wood still contains a large number o f  good sized birch. It has got a 

relatively diverse herb layer, including Rubus friiticosus agg., and much Molinia. Its 

description sounds similar to the Betula pubescens wood, located on a largely cut

away valley bog in York, England, described by Fitter and Squires (1991). This 

wood had very unhealthy Betula pubescens, with the ground layer dominated by 

Sphagnum, including Sphagnum palustre.

Although the wood at Clara seems to be declining there is no way o f knowing what 

the next stage will be. Birchwoods are relatively ephemeral features, and while they 

presented an interesting subject for studying vegetation succession, this study 

indicates that they have not existed for long and are probably not o f  a sustainable 

character. It would appear that these particular examples are a short-term response 

to anthropogenic disturbance, and once this has been rectified they naturally 

disappear. Conservation and management implications are considered further in 

Chapter 9.
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8.4.5 Conclusion

It would seem that the development o f these communities is a function o f the 

amount o f  nutrients flowing through the site. All o f the birchwood vegetation 

described here is located on drainage features which are ultim ately connected to the 

bog margin. The drainage feature on Wooddown differs, as it is not associated with 

the dome o f  the bog, although it is in a depression. All o f the features are probably a 

result o f  human disruption o f bog hydrology.

It is possible that the woods might cyclically regenerate on the same sites until the 

water flow is reduced or alters direction. However, as the features are all quite 

recent, and Betula will not regenerate under its own shade (Atkinson, 1992) it can 

be predicted that this will not happen. The areas currently wooded will probably 

revert to resemble surrounding ombrotrophic vegetation.

Com parisons-betw een the three birchwoods discussed above and other Betula 

pubescens woodlands threw up similarities and differences. The main difference 

with other birchwoods was the length o f time environmental conditions remain 

suitable for the growth o f birch and associated species. A t All Saints Bog, Co. 

Offaly (Cross, 1987; Heery, 1993) there is a ridge o f  m ineral material under the 

birchwood which appears to influence the vegetation growing above it. This allows 

the birchwood to exist for a prolonged period o f time. Only in very few instances 

does the existence o f the birchwood seem to depend on the flow o f water and 

perhaps an initial period o f damage by burning or drying out. So, although the three 

woods studied are not particularly unique in their composition nor particularly long 

lived, they are good examples o f the vegetation’s response to an episode of 

disturbance, and examples such as those studied are likely to remain a rare feature of 

Irish raised bogs.
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Chapter 9

An overview of the development of Clara Bog

9.1 Introduction

In the preceding three chapters (Chapters 6-8) various features o f Clara Bog were 

investigated. The aim o f this chapter is to summarise those results and investigate 

the conclusions o f  those studies as a whole. The implications o f the results for future 

management o f the bog will also be considered.

9.2 Summary of results 

9.2.1 The development of Clara Bog

Results from this part o f the study were based on the evidence gathered from 

sediment analysis, pollen analysis and radiocarbon dating. It was found that the bog 

developed along the lines predicted by the hydrosere model o f Tansley (1939). 

However, one unusual finding was that the bog had undergone an early change from 

fen vegetation to ombrotrophic vegetation quite early in the succession. Walker 

(1971) in his investigation o f published successions o f  the hydrosere type made two 

interesting statements in his conclusions. Firstly he stated that:

“Once the nutrient level o f the water falls to a level which gives Sphagnum  spp. 

competitive advantage over other plants from the floating-leafed macrophyte stage 

onwards, the system is severely constrained and bog development directly ensues. 

Indeed, in a hydrosere where autogenic processes dominate, the probable course 

from any existing stage is more strongly directed towards bog than previously 

published generalisations imply.”

This statement, based on studies o f up to seventy-one published sites, means that 

once the Sphagnum  species become established on a site it is very likely that an 

ombrotrophic bog will eventually develop.

The second statement which is made by Walker (1971) that:

“The study o f  autogenic hydroseres is therefore inherently unpromising as a source 

o f  information about climatic fluctuations. By the same token, however, any major 

disturbance o f a hydrosere (e.g. a transition from bog to swamp carr) is best 

attributed to some, almost catastrophic, environmental change (e.g. a rise in silty
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water) which may well be a result of climatic changes (e.g. increase in 

precipitation:evaporation ratio) taking effect in the catchment of the basin.”

By this Walker {op. cit.) means that the plants growing in a hydrosere are well 

buffered from climatic change and will not react strongly to small changes in the 

climate which might affect changes in terrestrial vegetation, and that hydrosere 

succession will not be useful for looking at climate change. Therefore any change in 

a hydrosere which is as unusual as a reversion from ombrotrophic to fen vegetation 

is better attributed to some other environmental change affecting the catchment of 

the feature being studied.

In the light o f these two conclusions it would be expected that the succession at 

Clara Bog would precede along the normal path from a lake to a Sphagnum peat 

bog, which it begins to do, reaching the ombrotrophic stage very quickly. However, 

the reversal which was then observed was unexpected. Following the conclusion of 

Walker (1971) a factor in the environment o f the basin changed catastrophically, 

perhaps due to climatic change resulting in the re-expansion of fen vegetation. As to 

what this change may have been, a higher groundwater table seems a likely 

candidate, possibly due to expansion of the area of peatland itself blocking local 

arterial drainage. Therefore a climatic mechanism, for which no evidence exists, 

need not be implied.

Subsequent development is quite conventional and follows the pattern o f other Irish 

Raised bogs (e.g. Ballyscullion (Mitchell and Ryan, 1997).

The consistency of the various sediment types which are seen across the deepest part 

of the bog (Bloetjes and van der Meer, 1992) showed that the bog developed as one 

unit, although there must undoubtedly have been some local differences during 

development.

Recent changes to the bog were primarily anthropogenic in origin; cutting of peat 

for fuel, installation of surface drains and the construction o f the road in the centre 

of the bog being the three most profound changes. The other change which must 

have influenced the bog was the lowering of the regional groundwater table by the 

improvements in arterial drainage in the landscape over the past 150 years.

Other influences on the development of the bog, such as climate, fire and the 

availability o f species were not obvious in the fossil record, and these may be 

considered as secondary in importance when considering future management.
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9.2.2 The history and development of the lakes on Clara Bog

The existence o f two water bodies (one o f which is now completely overgrown) on 

Clara Bog was a major factor in the decision to acquire Clara Bog as a National 

Nature Reserve for the state in 1984. As it was deemed the most important feature, 

conservation issues were the main reason for the initial study o f  Lough Roe. It was 

with this in mind that the study was designed, and Lough Roe was found to be an 

old feature which had its origins at the time when the ombrotrophic vegetation was 

developing. It was particularly unusual in that it seemed to be supplied by 

groundwater although no extant source o f groundwater could be detected during the 

hydrological study (Kelly, 1993).

It was further recognised that other areas on the bog were the remains o f features 

similar to Lough Roe (Kelly, 1993) and this was supported by dociimentary 

evidence (Anon., 1840). An investigation o f the feature to the south o f Lough Roe, 

Lough Beag, showed that its development was almost identical to that o f Lough 

Roe. That it was infilled more rapidly than Lough Roe (it was much smaller) gives 

an insight into the probable condition o f Lough Roe within the next decades. If this 

comes to pass Lough Roe will become a relict feature with no open water, 

dominated by ombrotrophic vegetation and with some fen species to indicate its 

former nutrient-enriched status.

The other lake on Clara Bog, Shanley’s Lough, was found to be o f substantially 

different character having its origins at the end o f  the nineteenth century and did not 

contain groundwater (Kelly, 1993). It was supplied by a focused flow o f water from 

the surrounding bog which was subsequently discharged at a point to its south on 

the bog margin.

The diverse origins o f  the water bodies on the bog surface shows that any 

management strategy which would aim to maintain the highest level o f diversity 

would have to consider two possibly antagonistic approaches.

161



9.2.3 The development of Betula pubescens woodlands on raised bogs

In this study the birchwood feature associated with Shanley’s Lough was the 

primary focus. It was found that the wood was not very old, only about sixty years, 

and was the end result o f a succession which began with normal bog surface and 

ended up with closed canopy birchwood. In order to examine whether this was usual 

two other birchwoods, one in Co. Galway and the other in Co. Westmeath were 

included in the study. A general succession was observed between the three woods, 

all of which supported vegetation differing from the adjacent bog surface. This 

basically went from bog surface with Cyperaceae, to Myrica scrub to Betula- 

dominated woodland. It was also observed that these features were all linked to 

drainage channels, generated as a result of anthropogenic disturbance.
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Chapter 10

A review of Irish Holocene vegetation

10.1 Introduction

The term “the Holocene” as used in this thesis refers to the internationally accepted 

formal chronostratigraphic term for the time interval o f  the last 10 000 radiocarbon 

years BP (Lowe and Walker, 1997; pp. 16-17). The Holocene (a warm stage) was 

preceded by the Younger Dryas or Late-Glacial Stadial (c. 11 000-10 000 BP) 

which ended when the Arctic polar front o f the Atlantic ocean moved north, away 

from the coastline o f Europe (Ruddiman and MacIntyre, 1981).

The current Irish flora originated during the Younger Dryas, as this very cold period 

must have led to the local extinction o f many species that made up the Irish flora of 

the time (Watts, 1984). When the climate subsequently improved and the warm 

stage began, plants had to spread from their refugia to colonise the newly available 

areas o f Europe, including Ireland (Bennett et al., 1991). The rates and direction of 

spread o f these plants is examined by Birks (1989) and by Huntley and Birks 

(1983). However, the maps contained in these works do not deal with Ireland in any 

great detail.

The development o f the vegetation o f Ireland has been a dynamic process 

influenced by forces such as

• climate,

• available flora,

• island isolation,

• soil development.

• human impact



• animal impact.

The interactions between these forces were also important.

Section one of this chapter aims to present general outlines of Irish vegetation 

development during the Holocene, using radiocarbon dates as the basis for 

comparing sites. Radiocarbon-dated Holocene sites are concentrated along the 

Northeast and west coasts. There are a few sites in the Midlands and along the east 

coast. This imbalance in distribution is one reason for the provision o f the Clara Bog 

data. Section one will also draw attention to some o f the factors influencing 

development of the flora. This will allow vegetation change at Clara to be placed 

firmly in an Irish context. Section two looks at the available data for Holocene 

vegetation development in the Midlands, and compares them to other Irish data.

10.2 A review of Holocene vegetation development in Ireland

This outline of the Holocene is presented in three sections:

1. Early Holocene vegetation change (c. 10000 BP-c. 7000 BP) deals with the 

spread and expansion of taxa throughout Ireland, and the development of the first 

woodlands;

2. Mid Holocene vegetation change (c. 7000 BP-c. 3000 BP) deals with the 

changes associated with the expansion of Almis, the Ulmiis decline, the changes 

associated with agriculture, the decline of Piniis and the expansion of blanket 

bogs;

3. Late-Holocene vegetation change (c. 3000 BP-Present) deals with the final 

clearance of forests from the landscape and the development of present-day 

vegetation.

10.2.1 Early Hoiocene vegetation change (c. 10000 B P -c. 7000 BP)

10.2.1.1 The establishment of early Holocene vegetation

The first plants which responded to climatic warming in Ireland were the Poaceae, 

Rumex, Empetnim and Filipendula (Watts, 1985). These were followed in most 

Irish pollen diagrams by a peak in Junipenis pollen as Juniperus scrub developed. 

An exception to this is found at Connemara National Park, in the west of Ireland
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(O’Connell et al., 1987) where Empetrum heath began to develop on base-poor 

soils. Populus and Junipems were also present in Connemara at this time, but made 

up a smaller constituent part of the vegetation than Empetrum.

After Junipems was established, tree forms of Salix and Betula (and often Populus) 

expanded. Junipems was outcompeted and became a minor component o f the 

vegetation in most places. Succession from open grassland in the early Holocene (c. 

10000 BP) to a closed Betula woodland took varying lengths o f time at different 

sites. In many areas this succession was complete by 9500 BP. It is worth noting 

that the dates 10000 BP and 9500 BP are both radiocarbon plateaux and group 

together periods spanning c. 400 calendar years each (Lotter, 1991). This implies 

that events happening at these radiocarbon dates may not be synchronous.

However, in Meenadoan Nature Reserve, Co. Derry, open grassland dominated the 

vegetation until Juniperus expanded at 9300 BP (Pilcher and Larmour, 1982). 

Betula and Salix only expanded at 9100 BP. Pilcher and Larmour (1982) postulated 

that this delay was related to the high altitude of the site. This is similar to the 

situation at Ballybetagh, Co. Dublin where Junipems expanded at 9350 BP 

followed by Betula at 9200 BP (Watts, 1977; Watts, 1985). At Sluggan Bog, Co. 

Antrim, Junipems expanded slightly late, at 9700 BP, and had a maximum at 9500 

BP. This may have been due to the rate of spread of Junipems rather than any 

particular environmental conditions. Betula expanded at 9500 BP and dominated the 

vegetation until 9200 BP (Smith and Goddard, 1991). Similarly, Junipems 

expanded at about 9700 BP, followed by Betula at 9100 BP in Glenveagh, Co. 

Donegal (Telford, 1977). This is in contrast to the vegetation along the coast of 

western Donegal (Fossitt, 1994), where Junipems expanded at 10000 BP and was 

eventually succeeded by Betula, with some Salix, Empetmm  and Populus, between 

9600 BP and 9300 BP.

The vegetation succession is similar for the whole country in the early Holocene. 

Junipems expanded earlier along the western coast than inland or to the east. 

However, regardless of this, Betula had reached all areas by 9100 BP. Even if a 

slight delay is allowed for in the spreading of Junipems from the southwest to the 

northeast, it would appear that the high-altitude sites may have been unsuitable for 

early expansion of Junipems.
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10.2.1.2 The development of the woodlands

The estabUshment of Betula woodland signalled the development o f closed canopy 

woodland in Ireland. Betula was succeeded by Corylus avellana which expanded - 

countrywide in the early Holocene. Corylus avellana pollen dominated the pollen 

rain over much of Ireland during the early Holocene, particularly the Midlands 

(O’Connell, 1980) and the northeast (Smith and Goddard, 1991). The earhest dates 

for the expansion of Corylus in Ireland range from 9800 BP in the southwest 

(Bamosky, 1988) to 9500 BP in the southeast (Craig, 1978). Along the west coast 

the dates range from 9500 BP for Betula/Corylus scrub (Lough Sheeauns; 

O ’Connell et a l, 1987) to 9000 BP in Donegal (Fossitt, 1994) and the Burren 

(Watts, 1984). At lowland sites elsewhere Corylus was expanding by 9200 BP to 

9000 BP. The reasons for the early expansion o f Corylus and its abundance were 

examined by Huntley (1-093). After examination of several possible mechanisms, 

Huntley {op. cit.) suggested that climatic conditions o f cold winters and summer 

droughts, possibly added to a suitable fire regime, allowed the expansion of Corylus 

but not of other deciduous trees. Huntley (1993) explains the rapidity of expansion 

to the plateaux in the radiocarbon record between 10000 BP and 9500 BP.

At only three sites could the recorded dates for Corylus expansion be considered 

late: these are 8700 BP at the high altitude site at Meenadoan Nature Reserve 

(Pilcher and Larmour, 1982), Telford (1977) gives a date o f 8300 BP at Glenveagh, 

and Coxon (1986) a date of 8300 BP at the site o f a fossil pingo (just below 154 m 

altitude) in Cork. The last-named date for the expansion o f Corylus avellana may be 

late owing to the persistence of Betula on the site, but even allowing for this 

Corylus arrival is dated to 8700 BP. Along the east coast and Midlands there are no 

reliable dates for Corylus expansion. The reasons for the late expansion at 

Meenadoan and possibly Glenveagh, are likely to be linked to altitude and climate, 

but the reasons pertaining to the Cork site are not clear, unless it is simply a 

question of competition and a small pollen source area.

At the time that Corylus was expanding, the larger canopy-forming trees were also 

expanding. In the west and southwest Pinus expanded as early as 9800 BP 

(Bamosky, 1988) with a date of c. 9000 BP (e.g., O ’Connell et al., 1988; Watts, 

1984), being more usual. In the north, dates for Pinus range from 9000 BP to 7900 

BP (Fossitt, 1994; Smith and Goddard, 1991; Telford, 1977) excepting Meenadoan
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(7500 BP). In the Midlands Pinus expanded at about the same time as Ulmus 

(O’Connell, 1980; Mitchell, 1956) but no date is available. There appears to be 

some time delay between expansion in the south and in the north, which could be 

explained by the rate o f spread of Pinus from a southerly origin.

Ulmus and Quercus also expanded earliest in the southwest between 9800 BP and 

9500 BP (Dodson, 1990; Bamosky, 1988). Ulmus and Quercus were probably 

present in Killamey before 9300 BP (O’Sullivan, 1991). In the southeast Quercus 

expanded before Ulmus at c. 9100 BP. By 8500 BP both species had expanded in 

the vicinity of the Burren, Quercus perhaps expanding slightly earlier. In the west 

and north, dates o f between 9000 BP to 8600 BP were reported for Ulmus, and 

between 8700 BP and 8100 BP for Quercus (Fossitt, 1994; Smith and Goddard, 

1991; O ’Connell et al., 1987). In the high-altitude site at Meenadoan the dates are 

later again, 8300 BP for Ulmus and 7500 BP for Quercus.

During all this time there is little evidence that anthropogenic influence was a 

significant factor in the development of the vegetation. There is nothing to link the 

early human population of Ireland, which appears to have been few in number and 

living at a low density, to disturbance of the vegetation development. There is only 

one exception, at a site in Co. Dublin where there is evidence o f fire (Preece et a l, 

1986). The archaeological evidence is discussed in detail in Chapter 11.

By 7500 BP all the major canopy-forming trees had spread throughout Ireland and 

their populations had expanded. The various species were of differing importance in 

time and space. In the southwest, Quercus, Ulmus and Pinus dominated the forests 

until Pinus expanded in some locations later in the Holocene, as blanket bog began 

to grow. In the southeast, Quercus dominated the woodlands which were growing 

on base poor soils with low rainfall. In the Midlands, Ulmus and Corylus dominated 

the base rich and fertile soils (O’Connell, 1980), while in less fertile areas Quercus 

was important. Pinus dominated in areas with extensive peatlands. In the east, 

Quercus, Ulmus, Pinus and Corylus were all present before 8000 BP (Bradshaw and 

McGee, 1988). Ulmus was quite important in the Wicklow Mountains in spite of the 

acidic nature of the soils (Bradshaw and McGee, 1988; Mitchell, 1951).

In the west and northwest, Pinus, Corylus and Quercus were all well represented, 

with Pinus and Quercus dominating the areas which were base poor and with higher 

rainfall. Small amounts of Ulmus were present. Pinus also did well in the Burren
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despite, or because of, the highly basic soils. Betula  also remained important, 

particularly at some western and southwestern sites.

Two features are particularly noteworthy in the vegetation development from the 

early Irish Holocene. Firstly, the direction o f  tree spreading, which appears to be 

predom inantly from the southwest. This appears to be a genuine feature, although 

there is some possibility that the poor temporal resolution owing to low 

sedimentation rates in early Holocene diagrams, the existence o f a radiocarbon 

plateau in the early Holocene (Lotter, 1991), and the possibility o f  dating errors, are 

responsible. Secondly, there are three areas for which there is a high density o f 

radiocarbon-dated pollen diagrams available. These are Kerry (O ’SulHvan, 1991; 

Mitchell, 1988; Dodson, 1990; Bamosky, 1988) Connem ara (O ’Connell et a i,  

1987) and Donegal (Fossitt, 1994). Diagrams are similar within each area, but there 

- is still a large amount o f  variability between the diagrams (i.e., dates o f  expansion of 

a species). This emphasises the inherent difficulty o f generalising events in the 

vegetation history, even within a small area.

10.2.2 Mid Holocene vegetation change (c. 7000 B P-c. 3000 BP)

10.2.2.1 The spread of Alniis gliitinosa, blanket peat, and the decline of Piiiiis 

sylvestris

The arrival o f  Alnus in Ireland has not been dated, nor has the mechanism o f arrival 

been established, but it seems that it must have either survived the Cold Stage in 

Ireland or Britain, or arrived during the Late-Glacial or early Holocene (Bennett and 

Birks, 1990; Chambers and Elliott, 1989). Climatic change has often been cited as 

the reason for Alnus expansion, as the climate may have become wetter c. 8000 BP 

(i.e., M itchell and Ryan, 1997, p. 87; Lamb, 1977). Both Bennett and Birks (1990) 

and Chambers and Elliott (1989) reject climatic change as the explanation fox Alnus 

expansion. It is likely that the erratic spread and expansion o f  Alnus during the 

Holocene was controlled by the availability o f  habitats and the ability o f Alnus to 

reproduce and colonise these habitats (Bennett and Birks, 1990). Growth o f the 

expanding Alnus populations was mostly step-like rather than a simple exponential 

increase in population, indicating dependence on sporadic availability o f a number 

o f resources, i.e., seed, habitat, environment (Bennett and Birks, 1990). Disturbance
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by M esolithic people could also have played an important role in the expansion o f 

Alnus (Chambers and Elliott, 1989).

Alnus main expansion occurred in Ireland during the mid-Holocene, principally 

between 6500 BP and 5500 BP (Bennett and Birks, 1990; Birks, 1989). This was 

late in comparison with Britain, where Alnus expanded between 8000 BP and 6000 

BP (Bennett and Birks, 1990; Chambers and Elliott, 1989).

The expansion o f  Alnus in Ireland does not appear to occur in any particular 

geographical order. It is first recorded in Killamey at >9300 BP (O ’Sullivan, 1991) 

and subsequent dates for expansion range from c. 7425 BP in Mayo (Bradshaw and 

Browne, 1987) to c. 5500 BP in Dingle (Bamosky, 1988).

A great expansion o f blanket bog occurred in the mid-Holocene, particularly c. 4000 

BP. Blanket bog development was often asynchronous, even within small areas 

(O ’Connell, 1990; Edwards, 1985) indicating that local factors were important. - 

Blanket bog expansion can be detected as marking the end o f  the Pinus sylvestris 

curve in many upland sites, and by the expansion o f bog or heathland taxa in the 

pollen record. Blanket bog expansion also contributed to the decline o f  other local 

species besides Pinus, such as Alnus in Dingle, Co. Kerry (Bamosky, 1988). 

Blanket peat development in many areas had commenced long before 4000 BP, i.e., 

c. 8200 BP in the Wicklow Mountains (Mitchell and Conboy, 1993); c. 5800 BP in 

Co. Mayo (Dwyer and Mitchell, 1997) but these pre-date the main expansion o f the 

blanket bogs. The cause o f blanket bog expansion appears to be climate, human 

agency or a mixture o f  both. Replacement o f minerotrophic vegetation by blanket 

bog is often explained by the gradual deterioration o f soils and the formation of 

impermeable iron pans. This growth o f peat marked a big change in the landscape 

covering much o f  upland and western Ireland, as forest was replaced (e.g., at 

Carrownaglogh, Co. Mayo, the main cause o f  blanket bog growth was climatically 

promoted iron-pan development (O ’Connell, 1986)). Climate is thought to have 

been a very important factor, as many sites record increasing wetness at this time 

(e.g., Dwyer and Mitchell, 1997).

It was observed that Pinus declined as Alnus increased, a phenomenon often 

explained by interspecific competition between Pinus and Alnus. However, 

Bradshaw and Browne (1987) found that there was a more direct correlation 

between Pinus decline and expansion o f blanket bog in Mayo, and that fire played a
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role in perpetuating some Pinus populations by reducing competition, particularly in 

western lowland areas. In Donegal (Fossitt, 1994) Pinus declines as the blanket 

peats are expanding, but it manages to survive until as late as c. 2400 BP. At 

Ballinloghig Lake in Dingle, Co. Kerry, both Alnus and Pinus are finally displaced 

from the landscape by the expanding blanket bog at c. 4100 BP (Bam osky, 1988). 

In Sluggan Bog (Smith and Goddard, 1991) the expansion o f  Alnus coincides with 

the change from fen to raised bog, and fire had a role to play in the destruction o f 

some Pinus populations which were growing on the bog. M olloy and O ’Connell 

(1991) suggest a combination o f  rising water tables and the arrival o f  Alnus as the 

reason for the disappearance o f Pinus from, the area around L. Sheeauns. Dodson 

(1990) states that neither fire nor Alnus played a role in the decline o f  Pinus at 

Lough Camclaun, Co. Kerry, and while blanket-bog expanded, clearance was the 

major factor.

Bradshaw and Browne (1987) concluded that in Ireland Pinus was replaced by 

Alnus in lowland valley sites whereas Pinus habitats in the uplands were lost as 

blanket bog expanded. Although peatlands occasionally supported populations o f 

Pinus, they were generally too wet to permit the long term survival o f  populations 

(e.g., M cNally and Doyle, 1984).

Pinus survived in some marginal habitats to a much later date than the time o f either 

the Alnus or blanket bog expansions. In the Burren it is thought to have survived 

possibly until c. 1200 BP (Watts, 1984) and a Pinus stump dated to c. 1600 BP was 

found on Clonsast Bog. Several other sites had Pinus populations until the second 

millennium BP (Little et a i,  1996). The evidence would suggest a combination o f 

human disturbance and deterioration o f habitat was responsible for the final decline 

in Pinus.

The main decline in Pinus and the expansion o f Alnus populations occurred at 

approximately the same time at many sites throughout Ireland. The landscape was 

becoming wetter, which made it more suitable for Alnus and blanket bog, and less 

suitable for Pinus.

10.2.2.2 The Ulmus decline and Neolithic farming

The decline in percentage values for Ulmus pollen is a relatively synchronous event 

in NW Europe (5100 BP, Whittington et al. 1995), Britain and Ireland (mean date
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for start o f  elm decline between 5300 BP-5100 BP, Smith and Pilcher, 1973), and 

Ireland (mean date o f 5132 BP, Edwards et a i ,  1985). It is recorded even where 

there are very low percentage values o f Ulmus in the pollen rain, e.g., less than 3% 

at Lough Sheeauns, Co. Galway (Molloy and O ’Connell, 1991). At Arts Lough in 

Co. Wicklow, a site located in an upland area with predom inantly acid soils, and not 

where Ulmus might be expected to grow, there was evidence o f  soil inwash at the 

time o f  the Ulmus decline. This was interpreted as being owing to the death o f  local 

Ulmus trees resulting in soil instability (Bradshaw and M cGee, 1988). This is 

similar to another site at Moneystown in Co. Wicklow (M itchell, 1951) which also 

had a high percentage o f Ulmus. At these sites the decline in Ulmus is followed by 

an increase in Fraxinus, and the development o f  woodlands dominated by Quercus 

and Alnus.

In Dingle, Co. Kerry, where there are very low Ulmus percentages, there is no real 

Ulmus decline (Bamosky, 1988), and Taxus and Fraxinus do not expand 

considerably. However, there are increases in agriculture and heathland indicator 

taxa.

O ’Connell (1980) presented a very clear series o f three Ulmus declines at Scragh 

Bog, Co. Westmeath. Owing to the high percentage representation o f  Ulmus in the 

mid-Holocene pollen rain o f central Ireland, the Ulmus decline is often very 

pronounced. The first two declines at Scragh Bog are followed by a recovery.

The Ulmus decline at c. 5100 BP is often accompanied by an increase in indicators 

o f disturbance which are associated with forest clearance, e.g., Pteridium, or 

agriculture, e.g., Plantago lanceolata pollen (Behre, 1981). In many diagrams there 

is also an increase in pollen types from the understorey, e.g., Taxus, or from 

secondar>' woodland, e.g., Fraximis.

No single cause for the Ulmus decline is universally accepted. However, disease is 

thought to be a likely causative agent (Birks, 1986; Watts, 1961). The discovery o f 

the vector for Ceratocystis ulmi (Dutch elm-disease), the beetle Scolytus scolytus, in 

pre-Ulmus decline sediments has made this theory more plausible (Girling and 

Greig, 1985). Disease combined with human disturbance in some instances would 

explain the widespread decline in Ulmus more satisfactorily than other causes 

(Birks, 1986; Girling and Greig, 1985). The primary reasoning behind this theory is 

the synchroneity, severity, specificity and universality o f  the decline, in the absence
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o f any detectable environmental change or significant human population (Birks, 

1986; Watts, 1985). At Diss Mere in southeast England, pollen evidence from an 

annually laminated sediment showed the presence o f  humans cultivating cereals for 

c. 120 years preceding the Ulmus decline. The subsequent decline was very rapid 

and it was concluded that an interaction o f a pathogenic attack plus human impact 

was the cause o f  the mid-Holocene Ulmus decline at Diss Mere (Peglar and Birks, 

1993). At another British site, North York Moors, Simmons and Irmes (1996) found 

that the ^XQ-Ulmus decline (c. 5400 BP) cereal growing activities lasting c. 50 years 

at a Neolithic site did not commence for c. 130 years after the site had been first 

used by humans. This is a further indication that human impact alone v/as probably 

not responsible for the Ulmus decline.

There are no studies in Ireland o f the Ulmus decline at a comparable resolution to 

that at Diss Mere (Peglar and Birks, 1993) although there is evidence o f pre-elm 

decline agriculture in Ireland (e.g.. Lynch, 1981; M olloy and O ’Connell, 1987), so it 

is difficult to be certain what its cause was. However, owing to its general similarity 

to decline elsewhere, the Ulmus decline in Ireland was most likely to have been 

caused by disease (e.g., Molloy and O ’Connell, 1987).

10.2.2.3 Multiple Ulmus declines

There are several Irish pollen sites with more than one Ulmus decline, e.g., at Lough 

Catherine, Co. Tyrone (dated to c. 4300 BP; Hirons and Edwards, 1986) and at 

Scragh Bog, Co. Westmeath (O’Connell, 1980). This phenomenon has also been 

noted in Scotland (Whittington et al., 1991), Wales (Smith and Cloutman, 1988) 

and Denmark (Andersen and Rasmussen, 1993). The occurrence o f multiple Ulmus 

declines at several sites is generally interpreted as indicating the expansion and 

contraction o f farming; but, just as a variety o f  reasons, both local and regional, can 

be put forward to explain the Ulmus decline at c. 5100 BP, so several explanations 

are also possible for all Ulmus declines. Watts (1985) suggested this cycle may be 

related to a slow Ulmus population recovery from pressures o f  disease, biological 

factors and human impact followed directly by Ulmus decline. W hittington et al. 

(1991) also consider that there may have been Ulmus declines prior to c. 5100 BP 

which are as yet undetected. This could be possible due to the closed nature o f  the 

forest in the early Holocene, and the dominance o f the pollen rain by other trees in
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areas where Ulmus may have not have been so numerous. Smith and Cloutman 

(1991) found several Ulmus declines in the catchment area o f a Welsh site, with 

different local sites not always producing identical results. This leads to the 

possibility that some of the Ulmus declines may be ephemeral phenomena which 

require close and even spacing of samples to detect, or that the Ulmus declines are 

very localised.

10.2.2.4 Neolithic and early Bronze Age agriculture

The expansion o f disturbance indicators (Behre, 1981) associated with agriculture is 

a common feature of Irish pollen diagrams at the time of the first Ulmus decline and 

implicates human activities in that decline.

There are four palynologically based models presented as explanations for forest 

clearance and farming in the early Neolithic (Edwards, 1993). The first o f these was 

the landnam model of Iversen (1941). This model proposed that prehistoric farmers 

created pasture in the forest for free-ranging cattle, possibly after having burned the 

ground layer and maintained clearings. The first stage in the process was a decline 

in Ulmus and Hedera pollen which was due to climate (although Iversen, 

subsequently accepted the disease model).

This initial phase was followed by declines in other tree taxa due to human activity. 

In stage two, after burning of the field layer and of felled trees, grass pollen 

followed by agricultural indicators appear. This represented the main period of 

farming activity which lasted 50-100 years (Iversen, 1956; Smith, 1981). During 

stage three, presumably when the land was exhausted, the forest regenerated. The 

farmers would then have created new pasture or moved elsewhere. Subsequent 

evidence from Fallahogy Mire (Smith and Willis, 1962) has dated one episode of 

clearance as lasting 340 radiocarbon years, considerably longer than that proposed 

by Iversen (op. cit.).

Additionally, Edwards (1985) gives several other examples of landnam type 

episodes lasting hundreds of years, warning that other hypotheses could be 

developed to explain this data.

The second model was proposed by Troels-Smith (1954) and is known as the leaf 

foddering model. In this case the first farming occurred before Iversen’s proposed 

landnam (Iversen, 1941). Domesticated herbivores would have been kept in
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enclosures and been given fodder obtained by pollarding. In the case o f  Ulmus, 

pollarding would have depressed pollen production. Landnam would occur and the 

sequence could be repeated following regeneration o f  the forest. The biggest 

drawback o f  this model is the apparent synchroneity o f  the Ulmus decline requiring 

what may have been an effort greater than prehistoric farmers could manage, if  

indeed human agency was responsible. Also, where evidence o f leaf- and twig- 

foddering has been found there is no particular dependence on Ulmus.

The third model is known as the expansion-regression model which was formalised 

by Berglund (Edwards, 1993). This accepts that the pollen curve fluctuations 

represent what was happening to the vegetation. W hen the arboreal taxa curves 

decline, and herb and cereal pollen percentages increase, this is interpreted as 

landnam. When the arboreal taxa increase, this is seen as forest regeneration. It is 

accepted in this model that other events may take place during regression o f 

agriculture but are masked by arboreal pollen from the surrounding forest. This 

differs from Iversen’s model in that there is far less interpretation o f the events in 

this model.

The fourth model was proposed by Goransson (Edwards, 1993) and is called the 

forest-utilisation model. This proposes that the forest itself was farmed before the 

Ulmus decline. Rather than seeing the pre Ulmus decline forests as essentially 

untouched, this model proposes that they were coppiced to provide food and 

materials for humans, fodder for animals and space for crops. This activity, it is 

proposed, would have produced a pollen rain like that o f  unfarmed forest, and would 

have effectively filtered out the pollen o f herbs and cereals. A decline in Ulmus, due 

to climate, disease and browsing caused the farmers to rely on other tree species for 

a time causing the pollen output of the other forest trees to decline. This was the 

start o f the “destruction phase” . Pollen was no longer effectively filtered and so we 

find more agricultural indicators from this time. An eventual regeneration o f Ulmus 

and other forest trees allowed the previous situation to resume with use made o f the 

regrown coppiced woods. These woods may have been the site o f clearance and 

regeneration episodes eventually resulting in a thinner coppice and more Gramineae. 

The agricultural phase at the time o f the Ulmus decline is the first to be widely 

recorded in Ireland, and is relatively short-lived in many instances. The appearance 

o f agricultural indicators is associated with the expansion o f Neolithic culture in
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Ireland (See Chapter 11). As the forest recovers after the Ulmus decline, there are 

often peaks in the representation of Taxus pollen, and Fraxinus pollen also appears, 

along with the agricultural indicators. The appearances o f both Taxus and Fraxinus, 

and the increase in Corylus pollen percentages, are due to the reduction o f canopy 

cover caused by the Ulmus decline.

Although most palynological evidence shows the first recorded farming in Ireland 

coincident with the Ulmus decline, agriculture arrived before 5000 BP (Williams, 

1989; Molloy and O ’Connell, 1987; Edwards, 1985; Edwards and Hirons, 1984; 

Lynch, 1981). There is no real evidence for Mesolithic people engaged in farming, 

and it appears that Neolithic people may have been living in Ireland at the time of 

the earliest records for agriculture at Ballynagilly, Co. Tyrone (c. 5800 BP; Pilcher 

and Smith, 1979). It is worth mentioning that the dates associated with this site are 

suspect, as the artefacts associated with them are considered to be younger than the 

radiocarbon dates (c. 5200 BP, Cooney and Grogan, 1994).

Several pollen diagrams contain evidence for agriculture before the Ulmus decline. 

These sites include Lough Sheeauns, Co. Galway (Molloy and O ’Connell, 1987), 

Weir’s Lough, Co. Tyrone (Hirons and Edwards, 1986), Scragh Bog, Co. 

Westmeath (O’Cormell, 1980), and Ballynagilly, Co. Tyrone (Pilcher and Smith, 

1979). However, this evidence does not indicate that such agriculture was 

widespread. As mentioned above it may be the case that agriculture was something 

which was added on in areas where woodland or clearings were already being 

managed by human populations (Simmons and Irmes, 1996; Zvelebil, 1994). 

Agriculture expanded in the Neolithic after a lull at many sites following the Ulmus 

decline indicated by expansion of secondary woodland. Evidence for renewed 

clearance can be seen at this time, and it would appear to have occurred on a larger 

scale compared to the landnam period at the Ulmus decline (Iversen, 1941). In the 

early-mid Neolithic, field systems were constructed and one o f these which dates 

from before 4500 BP and covers over 1000 ha, has been preserved underneath 

blanket bog at Ceide, Co. Mayo (Molloy and O’Connell, 1995). The land around 

this field system was in constant use until 4500 BP when Neolithic farming was 

suddenly abandoned at the site. It was during the Neolithic that large constructions 

such as Knowth, Co. Meath were built, indicating that the population must have

175



been well organised by this time, and was not depending on constant hunting and 

farming by the entire population for survival (Edwards, 1985).

The early Bronze Age (c. 4000 BP) was a period o f renewed and continued 

clearance o f the landscape for agricultural use over much o f Ireland. It was during 

this time that the expansion of blanket bogs and the decline of Pinus sylvestris 

occurred in many areas, particularly uplands (Edwards, 1985),giving rise to the idea 

o f a change in the climate at that time possibly due to volcanic activity. However, 

Dwyer and Mitchell (1997) discount the idea of volcanic activity leading to a 

decline in Pinus sylvestris, which had declined some time earlier. However there is 

some evidence o f increased wetness coinciding with the deposition of tephra.

It is also felt that soil deterioration due to factors such as deforestation and declining 

soil fertility due to farming, may have played a role in the expansion o f blanket bogs 

and the declinet)f Pinus sylvestris, particularly in the uplands. Edwards (1985) notes 

that factors such as topography and altitude, may also have contributed and these 

should not be excluded.

10.2.2.5 The importance of Taxiis and the expansion of Fraxinus

Taxus was probably widespread as an understorey tree prior to the Ulmiis decline 

and became very important in some areas afterwards, e.g., Reenadinna Woods, 

Killamey (Mitchell, 1990). The original extent of Taxus woodland in Ireland is not 

well known. This is partially because it was poorly represented in the pollen rain 

before the Ulmus decline, since it existed primarily as an understorey tree, and also 

partially because Taxus pollen was not recognised by palynologists until relatively 

recently. The presence of Taxus in the pollen rain after the Ulmus decline gives 

support to the Goransson model, as although Taxus was probably present before the 

Ulmus decline it was not seen in the pollen rain, a situation similar to that envisaged 

for agricultural indicators.

The first clue as to its original distribution comes after the Ulmus decline when 

Taxus pollen is first detected. In some areas it was probably restricted to limestone 

outcrops, as was the case at Reenadinna (Mitchell, 1990). It was present in the 

Burren (Watts, 1984), Galway (O’Connell et al., 1987), Mayo (O’Connell et a l, 

1987), Donegal (Fossitt, 1994), the Midlands (Mitchell, 1951), the southwest (i.e., 

Killamey) and may have been present elsewhere in spite of the lack o f evidence.
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After the decHne of other trees during the Holocene Taxus became important in 

some areas, and Watts (1984) speculated that the presence of Taxus might be an 

indication of the Barren’s potential vegetation if grazing pressure were relaxed. 

Also, the appearance of Taxus as a coloniser on small lake islands in Connemara 

(Hannon and Bradshaw, 1989) gives further insight into its potential for expansion. 

Fraxinus was opportunistically expanding into areas which had previously been 

occupied by Ulmus, although its percentages did not rise particularly quickly after 

the Ulmus decline. It was suggested by Mitchell (1965) that periods o f high 

Fraxinus and Ulmus percentages reflect low pressure on the land and vice versa, 

rather than the more commonly held view o f Fraxinus as an opportunistic species 

which represented the presence of secondary forest.

Overall, the mid-Holocene saw vegetation change which was greatly influenced by 

environmental change. Pinus, which had been important in many areas was 

outcompeted by Alnus, and declined in the uplands and the west as a wetter climate 

and soil deterioration assisted the spread of blanket bog. The Ulmus decline started a 

period o f dynamic change from 5500 BP to 4500 BP and allowed the expansion of 

other taxa, such as Taxus and Fraxinus. Even in places where Ulmus recovered after 

its initial decline, it had reached very low levels by 3000 BP. The Ulmus decline 

also allowed the detection of Neolithic agriculture in the landscape and gave rise to 

the possibility that the early farmers were partially responsible for the Ulmus 

decline, along with a possible outbreak of disease. Agriculture expanded in a more 

continuous manner after the Ulmus decline, and the contribution o f agriculture to 

vegetation change, deforestation and the expansion o f heath and peatland vegetation 

was seen. The effects of changing climate, particularly changing precipitation is also 

thought to have influenced the vegetation. This resulted in a very different Irish 

landscape at 3000 BP from that at 7000 BP.

10.2.3 Late-Holocene vegetation change (c. 3000 BP-Present)

This phase of the Holocene was predominantly influenced by human activity.

10.2.3.1 The Bronze Age and the Iron Age lull

The early Bronze Age (c. 4000 BP/2500 cal. BC; O ’Kelly, 1989) was a period of 

renewed agricultural activity in many areas, no doubt aided by the use o f metal
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tools. There was widespread clearance o f woodland, and Edwards (1985) considers 

the treeless aspect o f  much o f the country to date from this time.

The late Bronze Age (c. 3000 BP/1200 cal. BC; O ’Kelly, 1989) was also a period 

which witnessed lots o f agricultural activity (Mitchell and Ryan, 1997). Mitchell 

and Ryan (1997) thought that the expansion o f  agriculture at this time was due to 

the introduction o f  the ard, a simple plough which replaced hand tools. However, it 

may also have caused more rapid deterioration o f  the soils.

The late Bronze Age is also noted for the deposition o f finely crafted Bronze 

implements in ritual hoards (See Chapter 11). This practice stopped suddenly c. 800 

BC (coinciding with a proposed climatic deterioration at c. 2650 BP (van Geel et 

a i ,  1996)) and recommenced at c. 300 BC when the Iron Age was beginning in 

Ireland (c. 2200 BP). It was thought that the weather became wetter at the start o f 

the Iron Age, but evidence from raised bogs is inconclusive on this point (Edwards, 

1985).

There was a decrease in agricultural indicator pollen in some areas during the early 

Iron Age (Stout and Stout, 1997; Mitchell and Ryan, 1997; Edwards, 1985) and 

there is evidence o f  a temporary recovery o f arboreal taxa in many pollen diagrams 

especially on the west coast, e.g., at Derryinver Hill, Co. Galway (Molloy and 

O ’Connell, 1993); Union Wood Lake, Co. Sligo (Dodson and Bradshaw, 1987). At 

the same time, other sites show continued clearance o f trees and/or continuous 

agriculture, e.g., Scragh Bog (O’Connell, 1980). W hether a decrease in agricultural 

indicators actually indicates a decline in agriculture, or changed practices, cannot be 

deduced from the pollen record alone. However, it can be seen from Edwards (1985) 

that there was considerable variability in the intensity o f  agriculture throughout the 

country during the late Bronze Age/ early Iron Age. It is suggested that there was a 

deterioration in the climate during the early Iron Age, which may have been wetter 

than the early Bronze Age. It is proposed that this wetness allowed the further 

expansion o f  wetlands, and exhaustion o f soils in the Bronze Age could account for 

the apparent decrease o f agricultural indicators in the pollen record (Edwards, 

1985).
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10.2.3.2 Christian period

After the Iron Age “ lull” , there was a renewed decline o f arboreal taxa as agriculture 

re-expanded. This marked the beginning o f the Christian period, or perhaps slightly 

before. The Christian period saw the introduction o f  new technologies (i.e., the 

mouldboard plough) and new crops, e.g., Linum, Cannabis, Secale. Some o f these 

new developments were from Britain, which was part o f  the Roman Empire at the 

time. Later developments were introduced by monastic settlements which survived 

largely on lands granted to them by local chieftains. It is only in the remoter parts o f 

Ireland, e.g., Kerry (Little et a i ,  1996; Mitchell, 1990; M itchell, 1988), that many 

trees survived until the final clearances c. AD 1600 (c. 350 BP). At this point 

political upheaval led to the granting o f large areas o f  woodland to various 

adventurers who then proceeded to clear and sell the timber. This led to the removal 

o f most scrub woodland from the landscape and it was at this stage that the Cotylus 

pollen percentage curve declined in many pollen diagrams, along with the 

percentage curves for whatever other trees remained, e.g., Clonsast Bog (Mitchell, 

1956). By AD 1700 (c. 250 BP) the Irish countryside was all but bare o f  trees.

10.2.3.3 Climate: the M ediaeval Optim um  and Little Ice Age

The Iron Age “lull” in agriculture is believed to have occurred at about the same 

time as a proposed deterioration in climate. Since then there have been further 

limited climatic changes. These included a warmer and drier period between AD 

300 and AD 1300 (c. 1650 B P ^ . 650 BP), the latter part o f which (AD 900-AD 

1300) is known as the mediaeval climatic optimum. This climatic optimum allowed 

the growth o f Thticum  and other cereal crops in southeastern Ireland (Mitchell and 

Ryan, 1997).

This was followed by the Little Ice Age which brought poor summers, and winters 

cold enough to freeze the Thames in London. Other effects included the advance o f 

glaciers in many areas and the southwards drift o f ice from the arctic (Lamb, 1977). 

These changes are difficult to detect in Ireland, either due to the lack o f 

investigation or loss o f suitable sites. It may be that owing to the prevailing Oceanic 

climate and lack o f  extreme environments (i.e., high mountains) there are few 

records o f the Little Ice Age. The growth o f cereals became more difficult in Ireland 

during the Little Ice Age, although the effect o f climate is hard to pinpoint owing to
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the arrival o f the Black Death and the devastating Bruce war at that time (Mitchell 

and Ryan, 1997). However, in most pollen diagrams the probability is that any 

vegetation response to climate change would have been masked by human impacts.

10.2.3.4 Plantation

At c. 250 BP there was an increase in arboreal pollen in many areas as the plantation 

o f large areas o f woodland on estates occurred (Mitchell and Ryan, 1997). Pinus 

was reintroduced at this stage, while Fagus and other exotics were introduced for 

the first time. Ulmus was also commonly planted. Planting occurred partly to 

enhance the bare landscape surrounding the homes o f the landlords and also in 

recognition of the scarcity of native wood resources (Mitchell and Ryan, 1997). Of 

the taxa related to agriculture, Gramineae pollen dominated the pollen rain in most 

areas, and the pollen o f Plantago spp. and Rumex spp. were common.

10.2.3.5 Recent records

The study o f recent Holocene pollen sequences, particularly since the intensification 

of farmmg in early Christian times, is difficult owing to the scale of human impact 

on the environment in the recent past. A problem with pollen analysis of lake 

sediments has been the inwash of peat and other materials. This has made 

interpretation o f recent records at many locations impossible. This inwash has been 

partly natural (Bradshaw and McGee, 1988) and partially due to human impact (see 

O ’Connell et al., 1987). Similarly, peatlands have been subjected to erosion where 

they are on slopes, and were also cut away for fuel. There are few large urban areas 

with intact peatlands nearby. This means that even when the surface looks intact 

there may be hiatuses in the record. In other cases, no surface sediments are 

available, and so the pollen record is incomplete (e.g., Mitchell, 1956). This has led 

to poorer detail and availability of recent vegetation histories from Ireland than 

might have otherwise been expected.
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10.3 A review o f Holocene vegetation development in Central Ireland

This section is a review of pollen studies carried out in the Irish midland region. It 

attempts to give a more detailed overview of vegetation history in the area around 

Clara Bog, and to highlight the past character of the vegetation o f the area.

In order to compare pollen diagrams, it is useful, often necessary, to have a shared 

and independent chronology. Chronologies used with recent pollen diagrams are 

usually based on radiocarbon dating (e.g.. Smith and Goddard, 1991). Before the 

development o f radiocarbon dating, attempts were made to construct regional pollen 

assemblage zones based on events (e.g., extinction Pinus) which were detected in 

pollen diagrams from various sites throughout the country. With the availability of 

radiocarbon dating it has become evident that many such events in palaeoecology 

are time-transgressive, i.e., the events occur at different times at different sites {cf., 

Smith and Pilcher, 1973).

Time-transgressive events make synchronous pollen zone boundaries which are 

based on events, unusable. One exception to this is the classic Ulmus decline, which 

has been found be relatively contemporaneous throughout Ireland (Edwards et al., 

1985).

Only two undated pollen diagrams that covered the entire Holocene from sites near 

Clara Bog have been published. These are from Clonsast, Co. Offaly (Mitchell, 

1956) and Scragh Bog, Co. Westmeath (O’Connell, 1980). Other diagrams spanning 

part o f the Holocene in the Midlands have also been published and these include: 

Corlea Bog, Co. Westmeath (Caseldine and Hatton, 1996) Clonfinane Bog, Co. 

Tipperary (O’Connell and Doyle, 1990); Oldtown Kilcashel, Co. Roscommon 

(Mitchell, 1956); Agher, Co. Meath (Mitchell, 1956); Ballynakill Townland 

(Ballynakill Td.), Co. Offaly (Mitchell, 1956); see Fig. 10.1.

A few diagrams from Midlands sites were published prior to 1956 (lessen, 1949; 

Mitchell, 1951) but these are difficult to compare to modem work, because few taxa 

are included in the published diagrams (e.g., Mitchell (1951) includes nine arboreal 

pollen types and nine non-arboreal pollen types) and Corylus pollen was not 

included in the pollen sum.

Mitchell (1956) revised the zonation of the Irish Holocene which had been proposed 

by Jessen (1949), included diagrams with more pollen types (e.g., Fraxinus), and 

commented on the influence of humans. The zonation used to describe all of the
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above pollen diagrams from the Midlands by Mitchell, was the zonation used for all 

Irish pollen diagrams published at that time, until radiocarbon dating highlighted the 

deficiencies o f  such a scheme. The diagram from Scragh Bog (O ’Connell, 1980) is 

zoned using local pollen assemblage zones (SB-1 to SB-6, based on local 

vegetation), but the locations o f M itchell’s zone boundaries (M itchell, 1956; based 

on regional vegetation changes) are also indicated to facilitate comparison with 

previously published works (O ’Connell, 1980).

Human influence on the development o f Holocene vegetation, and resultant changes 

in the pollen rain, e.g., increased herb percentages, had not been recognised in the 

earlier works by lessen (1949) and Mitchell (1951). M itchell (1956) also worked at 

some sites where archaeological artefacts had been found, e.g., a bronze spearhead 

at found Ballynakill Td., Co. Westmeath, where the vegetation record showed 

agricultural activity at the level in the peat from which the spearhead was recovered. 

The age o f  the spearhead was estimated at 1200-1400 BC by an archaeologist. 

However, none o f  the pollen profiles listed above were purposely radiocarbon-dated 

to establish a chronology for vegetation change, although two radiocarbon dates 

were available from the site at Clonsast (one from a Pinus stump, one from a piece 

o f  Pinus wood) and M itchell (1956) attempted to place them  stratigraphically on the 

pollen sequence (repeated by McAulay and Watts, 1961).

Increased use o f radiocarbon dating has made it unnecessary (and more difficult) to 

establish useful regional zonations, such as those used in the early years o f Irish 

palynology. However, in order to make use o f the available data to interpret the 

pollen diagram from Clara Bog, the following summary o f  the Holocene vegetation 

o f  the Irish M idlands was based on M itchell’s 1956 revision o f  Jessen’s (1949) 

zonation (see Table 10.1).
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Table 10. 1 M itchell’s (1956) zonation scheme o f the Irish Holocene

Mitchell (1956) 

Zone number

Event in vegetation history 

defining the zones o f  Mitchell 

(1956)

Approximate start date o f  Zone 

(radiocarbon years BP)

X Pollen grains o f planted C. 300 BP

trees appear

IX Final decline in Ulmus and c. 1500 BP

Fraxinus

V lllb Quercus maximum at start c. 3500 BP

o f  sub-zone

V illa Ulmus decline at start o f c. 5000 BP

sub-zone

VII Alnus increases c. 6000 BP

VI Pinus peaks c. 8000 BP

V Corylus expands c. 9500 B P ^ .  8500 BP

IV Shrubs replace herbs in c. 10000 B P ^ .  9500 BP

early post-glacial

10.3.1 Early Holocene

(Zone IV -Zone V/c. 10000 B P ^ . 9000 BP)

Only the pollen diagrams from Clonsast, Co. Offaly (Mitchell, 1956) and Scragh 

Bog, Co. W estmeath (O ’Connell, 1980) cover the start o f  the Holocene.

At both these sites the record starts with Betula and Salix already present. Juniperus, 

which dominated the pollen rain, and Gramineae are present at Scragh Bog, and 

probably would have been present at Clonsast if  their pollen had been identified. 

C on’lus expands early in zone IV at both sites while at Clonsast Bog Finns 

percentages begin to increase, probably also at c. 9000 BP. This is fairly typical for 

the early Holocene in Ireland, which saw the expansion o f  Juniperus, Betula, Salix, 

and various herbs, as the climate improved. These taxa were soon replaced by larger 

trees such as Corylus, a species which was particularly important in the Irish 

Midlands (O ’Connell, 1980). The main forest trees, Pinus and Ulmus, followed by 

Quercus, also expanded early in the Holocene. Pinus was more important at 

Clonsast than at Scragh Bog, where Corylus dominated the pollen rain by the end o f 

zone V (c. 9000 BP).
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Pre Ulmus decline vegetation 

(Zone VI-VII/ c. 9000 B P ^ . 5000 BP)

Mitchell’s 1956 paper also includes several sites which provide a partial record of 

the Holocene vegetation. Agher, Co. Meath, Ballynakill Td., Co. Westmeath and 

Oldtown Kilcashel, Co. Roscommon will be referred to, in addition to Clonsast and 

Scragh Bog for this period.

Zones VI-VII mark the development of forest in the early-mid Holocene. Ulmus 

expands earlier than Quercus at both sites where zone VI is presented in full, and 

achieves relatively high values. This indicates that Ulmus was reasonably frequent 

in the area.

Pinus is important at all of the sites, except at Scragh Bog which was a lake at the 

time, while the other sites were fens or raised bogs. O’Connell (1980) remarks that 

the soils around Scragh Bog are gleys but that “the usual wet aspect o f that soil type 

is not much in evidence”. If this situation pertained during the early/mid-Holocene, 

this might explain the low value for Pinus which would not have been able to 

compete with other species, e.g., Ulmus, on the drier soil.

Pinus achieved its highest percentage values in zones VI and VII (probably before 

7000 BP)before declining as Alnus percentages increased (c. 6000 BP). At Scragh 

Bog, Corylus and Ulmus dominated the pollen rain, while at the other sites all 

surrounded by peatland, it was Corylus and Pinus dominating the pollen rain. Alnus 

was present at all sites, with values from 10% to 20% in the pollen record by the end 

o f zone VII (c. 5500 BP). Quercus was present in the pollen record at all the sites, 

generally with values less than those for Ulmus. Overall, Corylus dominated the 

pollen rain everywhere, and the percentage values for Ulmus were also extremely 

high. Huntley and Birks (1983) show that the percentage pollen values of Corylus 

(>50% in the Midlands by 8000 BP) and Ulmus (10%-25% in the Midlands by 

8000 BP) reached very high levels in Ireland during the Holocene when compared 

to the rest of Europe (Huntley and Birks, 1983).

At Scragh Bog, Fraxinus appeared in zone VII, as there was a slight decline in 

Ulmus and an increase in Corylus and Pteridophytes, indicating possible disturbance 

o f the canopy. Although O ’Connell (1980) said that it was “undoubtedly of 

significance”, there is no evidence of human influence (agriculture). Fraxinus also 

makes a brief appearance in zone VII at Redbog, Co. Louth (Mitchell, 1956), where
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it appeared just before the Ulmus decHne, possibly indicating Neohthic agriculture. 

O ’Connell (1980) argues that Ulm us-Q uercus-Alnus should be recognised as a 

regional assemblage for the Midlands as the base-rich soils promote growth o f  these 

species over the growth o f Alnus-Q uercus-Pinus, which prefer base-poor soils. It is 

as well to state that there are high percentages o f  Pinus during the early Holocene at 

all but one o f the sites (Scragh Bog) under review here.

10.3.2 Post Ulmus decline vegetation

(Zone VIII/c. 5000 B P-c. 1500 BP)

Zone VIII as defined by Mitchell (1956) covers the period from the Ulmus decline 

up until the final fall in Ulmus values. Mitchell (1956) subdivided it into: sub-zone 

V illa  which starts where the first Ulmus decline occurs, and sub-zone V lllb  starting 

at the point where Quercus has its maximum value. As the period covers several 

thousand years, these two sub-zones will be used to aid description.

10.3.2.1 Ulmus decline to Quercus maximum  

(Sub-zone Vllla/c. 5000 B P-c. 3500 BP)

At Agher, Clonsast Bog and Scragh Bog, the zone opens with the Ulmus decline, 

which coincides with the appearance o f Plantago lanceolata, an anthropogenic 

indicator (Behre, 1981; the pollen diagram from Scragh Bog has, in addition, an 

increase in Rumex acetosa type). Fraxinus also appeared in the pollen rain at the 

above sites. Ballynakill has evidence o f agriculture at the end o f  the zone rather than 

at its beginning. A radiocarbon date from Clonsast Bog o f  4150±50 BP was 

obtained for the minimum o f the Ulmus decline (Mitchell, 1956). Ulmus recovered 

after the first decline, before again declining towards the end o f  the sub-zone, except 

at Ballynakill and Oldtown Kilcashel, where there is only one gradual decline.

The pollen diagram from Oldtown Kilcashel does not present zone VIII as two sub

zones, because the pollen sum is dominated by Corylus, obscuring the trends o f 

other pollen types. This large amount o f Corylus pollen was probably due to the 

presence o f Myrica gale growing on the bog. The sediment contained a bronze age 

axe (Bronze Age c. 3600 BP-2400 BP; Edwards, 1985) which was originally 

described by O ’Riordain (1938).

Pinus stages a short-lived recovery at some sites, e.g., Glashabaun, Co. Offaly 

(McNally and Doyle, 1984a) where a pine wood grew from c. 5000 BP to c. 3500
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BP, and at other sites between c. 3750 BP and c. 3500 BP. It is believed that the 

wood died out as water levels rose in the bog due to climatic change (M cNally and 

Doyle, 1984b). Alnus was present at all sites at relatively High values. Quercus 

reaches its highest values at the end o f  the zone. Corylus pollen continues to 

dominate the pollen rain.

10.3.2.2 Quercus maximum to final decline in Fraxinus and Ulmus

(Sub-zone V lllb/c. 3500 BP-c. 1500 BP)

Alnus, Quercus and Corylus remain relatively frequent during this sub-zone while 

Ulmus continues to decline, reaching a minimum at the end o f  the zone. Betula 

pollen percentages increase sporadically in this sub-zone, probably due to changes 

in the vegetation on or near the sites. Fraxinus and Plantago lanceolata are frequent 

throughout the zone indicating continued disturbance. Finns wood dated at the top 

o f'the zone gave dates o f 1610±80 BP and 1485±150 BP (combined to give 1591 

BP; Mitchell, 1956; redated by MacAulay and Watts (1961) as 1620±130 BP).

The record from Ballynakill Td. shows the Ulmus curve fluctuating during the sub

zone. Quercus maintained a similar pattern to that o f Ulmus until the second half o f 

the sub-zone, when it declined. Agricultural impact was indicated by Mitchell 

(1956) at points where Ulmus values declined, values for Corylus increased, and 

grains o f  Plantago lanceolata were noted. Mitchell (1956) interpreted this as being 

similar to Iversen’s (1941) landnam theory.

In summary, zone VIII marked the arrival o f agriculture in the Midlands. Usually 

this arrival was coincident with the first decline in Ulmus percentage values (e.g., 

Scragh Bog; Clonsast Bog; Agher; Ballynakill Td.). Oldtown Kilcashel had no 

indication o f  agricultural impact. The pollen samples were analysed before Fraxinus 

and Plantago lanceolata were included in the pollen count. After the first Ulmus 

decline, Ulmus percentages usually recovered and declined again, before decreasing 

to a minimum at the end. Pinus disappeared from most o f  the records by the end o f 

the zone and was not mentioned as having been used in bog trackway construction 

which started in the Neolithic and continued until recently (Raftery, 1996). Quercus, 

Alnus and Fraxinus pollen percentages increased during zone VIII and, along with 

Corylus, probably made up the bulk o f the woodlands. The extent to which 

anthropogenic indicators occurred in zone VIII is difficult to gauge as only Fraxinus 

(an indicator o f canopy disturbance and secondary woodland growth) and Plantago
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lanceolata are recorded by Mitchell (1956). The record from Scragh Bog shows 

anthropogenic indicators increasing slowly during zone VIII and, assuming a similar 

trend throughout the region, agriculture appears to have expanded gradually after 

the Ulmus decline in the Midlands.

10.3.2,3 Post Iron Age

(Zones IX and X/1500 BP-Present)

During zone IX the tree pollen curves declined as agriculture expanded at most 

sites. This, in part, was due to incomplete sediment profiles. At Scragh Bog 

percentages o f Quercus increased, as did the percentages o f anthropogenic 

indicators such as Gramineae, Artemisia (possibly indicating the introduction o f  a 

new type o f plough; Mitchell and Ryan, 1997) and cereal pollen. O ’Connell (1980) 

interprets this as the destruction o f the last extensive woodland tracts and the 

expansion o f farming. There is no clear signal o f a disruption o f agriculture and 

regeneration o f woodland during the Iron Age, which consequently is not defined at 

Scragh Bog or Clonsast Bog.

Only one example o f zone X is shown, the profile from Clonsast Bog (Mitchell, 

1956). At Clonsast C the presence o f Pinus extended well into zone IX, which 

Mitchell (1956) suggested was evidence for a continuous presence o f Pinus 

svlvestris until the twelfth or thirteenth centuries AD. In zone X, Corylus, Ouercus 

and Alnus all declined, and Pinus, Fagus and Ulmus all increased. This zone marked 

the plantation o f estates during the eighteenth century.
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10.4 Conclusions

Midlands vegetation development follows a similar pattern to the rest of Ireland. 

The main differences observed were the marked importance of Ulmus and Corylus 

at all sites, and that there was no expansion of blanket bog on mineral soils. Pinus 

was most likely to have been outcompeted by Alnus in the Midlands, and survived 

in marginal habitats, possibly including dry bog surfaces.

However, it is difficult to relate accurately the Midlands pollen data to those from 

the rest of Ireland for two basic reasons. Firstly, most of the work cited from the 

Midlands sites was carried out in the early days o f palynology, and lacks the 

sampling resolution and detailed pollen counts needed to make more than basic 

interpretations. These bog sites provide regional pollen data. Scragh Bog, the most 

detailed pollen record published from the Midlands, was probably dominated by the 

local vegetation growing on mineral soil. The data from Scragh Bog are difficult to 

relate to more southerly Midlands vegetation records which were all raised bogs. 

Secondly, although the main developments are similar countrywide it can be 

demonstrated that there is sufficient variability in the record, even over short 

distances (e.g., Donegal; Fossitt, 1994), to diminish confidence in the relating of 

similar features in the data to a common cause, or from excluding such a cause, 

without good independent dating. Therefore, a study of regional vegetation which 

includes suitable resolution and independent dating may be justified in the interests 

of linking developments in the Midlands to those elsewhere, and in so doing, 

enhancing the interpretation of vegetation development between various areas of the 

country.
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Chapter 11 

A review of Irish Holocene Archaeology

11.1 Human settlement in Ireland

11.1.1 Introduction

Prehistoric archaeology covers the time before the introduction o f  written records (c. 

AD 500 in Ireland). It is divided into five parts:

the Palaeolithic or old stone age; the Mesolithic or middle stone age; the Neolithic 

or new stone age; the Bronze Age; and the Iron Age. Archaeology o f the historic 

period starts in the Christian era, when writing was introduced to Ireland. This 

chapter discusses the main changes that occurred throughout these periods in 

Ireland. A particular emphasis is put on examining the periods o f  significant change, 

e.g., between the Neolithic and Bronze Ages, as these transitions often signify 

profound change in the relationship between humans and the landscape.

Table 11.1 List o f  start date o f different periods in Irish prehistory with approximate 

radiocarbon ages (BP) and calibrated dates (BC/AD)

Period Sub-division Date (BP) Date (cal BC/cal AD)
Palaeolithic period N one
M esolithic period Early 9000

Late 7600
Neolithic period 5200 4000 cal BC
Bronze Age Early 3800 2300 cal BC

Late 2900 1200 cal BC
Iron Age 2400 500 cal BC
Christian period 1500 500 cal AD

11.1.2 Palaeolithic

Palaeolithic artefacts are known from many locations in Britain, including some 

from the Late-Glacial interstadial (Wickham-Jones and W oodman, 1998). In Ireland 

there are no identified human remains from the Pleistocene (W oodm an et a i ,  1997) 

and no Palaeolithic artefacts have been found as part o f an in situ assemblage. Two 

individual Palaeolithic artefacts are known to have been found within the last 30 

years. One was a Palaeolithic hand-axe (from the m id/upper Palaeolithic) which was 

found in the fabric o f  Diin Aonghus on the .Aran Islands. As it was not found in
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pleistocene sediments it could not be confirmed as being of Irish origin (Murphy, 

1977). The other artefact was a flint flake which was found in a gravel deposit near 

Drogheda, and had only recently been uncovered by quarrying. It had been rolled 

and was thought to have been deposited by ice which carried it from the Irish Sea 

basin. This find was taken as indicating the presence of Palaeolithic people in the 

Irish Sea basin (Mitchell and Sieveking, 1971). However, these artefacts are 

insufficient as proof of Palaeohthic occupation of Ireland before the Holocene.

There are several large mammals recorded from Irish cave deposits at this time, 

indicating that human colonisation should have been physically possible. Woodman 

(1990) described the absence of humans during the Palaeolithic as anomalous and 

thought that there should have been humans, and possibly also Neanderthals. One 

aspect worth considering is that most of the former coastline of Ireland was 

destroyed by the rising sea level. If coastal environments were important to 

Palaeolithic people this could explain the absence of any significant in situ finds 

from the Palaeolithic in Ireland.

11.1.3 Mesolithic

The Mesolithic in Ireland is divided into the early and late Mesolithic. These are 

equivalents of the Sandelian and Lamian (Mitchell, 1971) respectively.

The early Mesolithic in Ireland is kno^yn from several sites, most famously the sites 

at Lough Boora, Co. Offaly (Ryan, 1980, 1984) and Mount Sandel, Co. Derry 

(Woodman, 1985). The information regarding these people indicates that they were 

hunter-gatherers. They manufactured small flakes known as microliths from flint or 

other rocks (e.g., chert) if flint was not available, and used these to make composite 

tools, a technology typifying the early Mesolithic in Ireland. They may have had a 

total population numbering less than 10000 in Ireland (Cooney and Grogan, 1994). 

The origins of Ireland’s Mesolithic people are unknown.

At Mount Sandel the remains of a once larger site, now disturbed by farming, were 

investigated, and it was discovered that the area contained an early Mesolithic base 

camp dating between 9000 BP and 8400 BP (radiocarbon date from hazelnuts; 

Zvelebil, 1994). The camp contained flint which was obtained locally, and some 

pieces of chert which may indicate contact with groups living to the south. Animal 

bones, fish bones, salmon, eel and bird remains, along with seeds and hazelnuts,
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were found on the site. There were also indications that storage was undertaken at 

the site. Sites o f huts and hearths were also found. It was felt that the site was that of 

a relatively permanent camp, the only one o f  its kind known from the Irish 

M esolithic (O ’Kelly, 1989).

At Lough Boora (8980 BP-8350 BP; Ryan, 1984) similar remains were found on a 

former storm beach. Tools made from chert, a local stone, were found. Also found 

were the bones o f animals and fish including wild pig, hare, birds and possibly a 

dog. There were also the remains o f eel and salmon (Ryan, 1984; O ’Kelly, 1989). 

The nature o f  this camp was more specialised and probably temporary (no evidence 

o f  huts was found). This would seem to indicate that the early M esolithic people 

maintained dedicated base camps, perhaps in particularly suitable locations with 

temporary camps being set up during the year for specific tasks (O ’Kelly, 1989). A 

further site o f  an early age was also founci on the River Blackwater in Co. Cork 

(W oodman, 1992). The discovery o f these sites indicates that the entire country was 

probably populated by c. 8000 BP at the latest (Woodman, 1992).

Dating o f the sites has not shown any site to be older than 9000 BP. As there were 

humans living north o f the ice sheet by 9000 BP (W oodman, 1992), it is not clear 

why they would have avoided Ireland. The evidence from Mount Sandel, where 

there was already a degree o f indigenous style in the flint working at 9000 BP 

suggests that these people were not new arrivals (Cooney and Grogan, 1994). 

Regarding the early Mesolithic lifestyle, there is evidence o f  the use o f plant 

resources, including seeds, and for the gathering and processing o f plant material. 

Clearing and burning areas o f the landscape may also have been used in order to 

increase productivity (Zvelebil, 1994). There are also dated remains o f  animal bones 

from the period. There are wild pig bones and shellfish middens dating from the 

Mesolithic, and at a site on the Cooley peninsula a human femur was discovered in a 

shell midden (Woodman et a l ,  1997). Analysis o f the bone indicated that the 

individual probably had a partially marine diet. However, there are no Holocene 

records o f  red deer before 4000 BP which has proved puzzling, as no likely reason 

for absence has been found (Woodman et al., 1997).

A gap o f  about 800 radiocarbon years exists in the record between the early and late 

Mesolithic, material from Newferry, Co. Antrim providing the earliest date 

(W oodman, 1977). How the changes giving rise to the late M esolithic came about is
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not yet known. It may be that there was an influx o f people with new technology. 

The late Mesolithic is typified by pieces o f worked flint larger than those made in 

the early Mesolithic. These objects are typified by the Barm flake and its precursors. 

After the development o f the Bann flake, late M esolithic flint working appears to 

have developed along insular lines in Ireland. This indicates that there may have 

been little contact with other Mesolithic cultures during the late Mesolithic. Many o f 

the artefacts found were suitable for woodworking and these included some polished 

stone axes. Unlike early Mesolithic assemblages there is little evidence o f hunting 

equipment, e.g., flint arrow heads (O ’Kelly, 1989), possibly because they made the 

required items from organic materials that have not been preserved.

Many o f the known late Mesolithic sites seem specialised or transitory. There is no 

late Mesolithic base camp at Mount Sandel, indicating a lack o f  continuity between 

the early and late Mesolithic cultures at'this site. However, late Mesolithic sites are 

well dispersed throughout the country and it does not appear that sources o f flint 

were o f  great importance when camps were being sited. At Ferriters Cove, Co. 

Kerry, inhabited between 5600 BP and 5200 BP, evidence o f  successful exploitation 

o f marine resources was found along with implements fashioned from the locally 

available rocks (W oodman, 1992), Woodman (1992) suggests that this 

demonstrated a confidence “in the exploitation o f their environm ent” . It is possible 

that these communities may have been highly mobile compared to their earlier 

Mesolithic counterparts, and perhaps did not have perennial base camps. However, 

it is also possible that their base camps existed but have been destroyed, remain 

unidentified, or were covered by wetlands.

In support o f  the idea o f a relatively sedentary pattern for late M esolithic settlement, 

Cooney and Grogan (1994) point out that the environment at this time may have 

been more productive than during the earlier M esolithic, as the forest had 

developed, and resources became abundant. Groups could live by exploiting smaller 

areas, and there was clustering o f specialised settlement sites to allow efficient 

resource use. This could explain a tendency for groups to become more settled, as 

was the case in western Europe. However the record for the Irish Mesolithic is still 

patchy (Cooney and Grogan, 1994).

Mesolithic impact on the vegetation was not detected in the pollen records from 

Ireland, apart from a couple o f  cases just prior to the start o f  the Neolithic. However,
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many archaeological finds show that the Mesolithic people used plants. This would 

seem to indicate that their impact vis-a-vis vegetation was quite benign, and that 

their need or ability to influence the environment was markedly less developed than 

during the later Holocene (See Chapter 9).

11.1.4 M esolithic/Neolithic transition

The Mesolithic/Neolithic transition probably marks the introduction o f agriculture 

to Ireland. There is some confusion over when the Neolithic started, partly because 

the word “Neolithic” is both a cultural/historic term and a scientific term 

(Groenman-van Waateringe, 1983). Another problem is the lack o f association 

between pollen evidence for early agriculture, and archaeological artefacts fi'om the 

material Neolithic culture (Woodman, 1986). This transitional period lasted longer 

in Ireland than in Britain; fiirthermore, in Ireland, late Mesolithic and early 

Neolithic communities coexisted for some time, whereas in Britain there was no 

apparent overlap (Williams, 1989). It is known that there were late Mesolithic 

people living at L. Derravaragh, Co. Westmeath (Mitchell, 1972a), Sutton, Co. 

Dublin and Dalkey, Co. Dublin (Mitchell, 1972b) and it was thought that these 

groups may have had contact with Neolithic people, as the bones o f domesticated 

animals were found at both Sutton and Dalkey. However, radiocarbon dating has 

shown that the domesticated animals belonged to a discrete period o f occupation in 

the Neolithic/Bronze Age at Dalkey, while there are problems with the identification 

of the cow bone from Sutton (Woodman et a i ,  1997). A site of similar age (c. 6300 

BP) at Ferriters Cove, Co. Kerry contained materials dated to the late Mesolithic. A 

cow bone which was found in a deposit near to the Mesolithic material was thought 

to be intrusive (Woodman et ai ,  1997).

It is thought that the Mesolithic and Neolithic cultures originally belonged to 

physically and culturally separate groups of people in Ireland (O’Kelly, 1989) as, 

given the apparent insularity of the Irish late Mesolithic culture, it would be 

surprising that the Mesolithic people would have imported new animals and plants 

to Ireland (Cooney and Grogan, 1994).

However, there is evidence of continuity between the Mesolithic and the Neolithic. 

Around Waterford there appears to have been continuity in location and resources 

between the two groups, as well as continuity in microenvironments (i.e., settlement
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sites) and lithic technology (Green and Zvelebil, 1990). There is little sign of 

invasion into Ireland at this time. This allows the possibility o f adaptation o f new 

technology by Mesolithic people, and the adoption of successful Mesolithic 

strategies by Neolithic people (Peterson, 1990).

The arrival o f these Neolithic people by boat in any great numbers, along with pigs, 

cattle and red deer, is questionable (Williams, 1989). One reason for the spread of 

the Neolithic culture to Ireland may be found in the collapse o f the 

Linearbandkeramik culture in Europe, prompting a wave o f migration. On the other 

hand, farming may have been introduced and adopted by the late Mesolithic people. 

Hunter-gatherers were more important in Northern Europe than central Europe, 

where there was immigration and colonisation (Williams, 1989). As hunter- 

gatherers depend on aquatic resources and are highly mobile there seems little 

incentive to adopt agriculture.

Use o f plant resources (e.g., nuts, fruits, roots, hazelnuts, waterchestnuts) by 

Mesolithic people in Europe is well documented, and plants must have been 

important, possibly making up 30% ^0%  of their diet (Zvelebil, 1994), possibly 

more in Ireland where game was scarce (Woodman et a i,  1997). Moreover, it is 

known that hunting is not v tv j  efficient in wetlands and woods and the absence of 

any large game such as deer (Woodman et a i,  1997) in the Irish Mesolithic may 

have made hunting more marginal than elsewhere. There is also the possibility that 

wild grasses, or possibly cereals, may have been cultivated in pre elm-decline 

clearances (Zvelebil, 1994). Tools which could have been used for forest clearance 

and plant harvesting are known from this time. Overall, it is likely that this type of 

plant use involved the promotion of plant resources, in the guise of undomesticated 

crops, rather than by domesticating plants.

Cooney and Grogan (1994) suggest that an early date for the introduction of farming 

would indicate that Mesolithic people adopted the practice, while a late date, near 

the Ulmiis decline, would indicate immigration. Williams (1989) considers that 

agricultural practices involving both animals and cereal growing were introduced 

before the Ulmus decline. Evidence for pre-Neolithic cereal growing therefore 

suggests that indigenous societies were playing a role in the introduction of the new 

agricultural practices.
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W illiams (1989) suggests that the Mesolithic people may have obtained cereals, first 

by trade from established agricultural communities abroad, and then cultivated them 

indigenously. Recent observations show the distinction between hunter-gatherers 

and small scale agricultural communities to be blurred. Already the 

Neolithic/M esolithic division is hard to sustain as a useftil concept in some 

countries, as advanced technology such as ground stone tools have been found in the 

palaeolithic o f  Australia, New Guinea and Japan (W illiams, 1989). This type o f 

continuity suggests that agriculture may have been introduced in a gradual, additive 

fashion (e.g., the increasing use o f new resources, skills) rather than sudden 

revolutionary changes in practice. However, Zvelebil (1994) notes that all this 

evidence could be coincidental.

If  there was continuity and little or no immigration, as suggested by the evidence 

from Ireland, then there remains the question as to how late Mesolithic communities 

became agricuhural. Cooney and Grogan (1994) and W illiams (1989) maintain that 

the balance o f evidence favours a small-scale input from new people. Thomas 

(1988) suggests that the rapid spread o f the Neolithic culture is much better 

explained by the spread o f ideas than people. The Neolithic, as Thomas (1988) sees 

it, spread throughout Europe in 200 years, at around 5200 BP (c. 5400 BP-5200 

BP), too rapidly to be explained by population movement, resulting in a broadly 

similar culture with different regional economies. Material items were important in 

social terms and as much a part o f the Neolithic “package” as crops and livestock.

11.1.5 T h e  Neol i thic

The Neolithic (starting at c. 5200 BP in Ireland) was associated with new 

agricultural, technical and cultural phenomena. The oldest site known in Ireland is at 

Ballynagilly, Co. Tyrone, in Northern Ireland. However, the earliest date from the 

site (5700 BP) is associated with a style o f pottery that is dated to c. 5000 BP 

elsewhere in Europe, and hence, is viewed with suspicion by some archaeologists 

(Cooney and Grogan, 1994; Thomas, 1988).

Neolithic people mined flint (Harbison, 1976) and had new ways o f working with 

stone. They appear to have lost the ability to make blades o f  as high a quality as 

during the Mesolithic, but the items manufactured by the new technique o f pressure 

flaking were far more complex (O ’Kelly, 1989). They also started making polished
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stone axes from rocks other than flint, which, although they were not as hard, were 

less brittle. These rocks included porcellanite which was mined in Northern Ireland. 

These new axes have been demonstrated as being capable o f cutting down trees 

(O’Kelly, 1989). Many new implements for butchering also date from this period, 

indicating the importance of livestock. Pottery was another feature of the Neolithic 

which was unknown in the Mesolithic. Several styles o f pottery evolved during the 

Neolithic.

Neolithic people had to import domesticated animals and cereals for which clearings 

were needed. The remains of ox, pigs, sheep and dogs or wolves were found at the 

settlement by Lough Gur. There were also remains o f brown bear and red deer, 

indicating hunting. This happened at approximately the same time as the Ulmus 

decline, leading to some dicussion as to the cause of the Ulmus decline (e.g., Peglar 

and Birks, 1993).

There are many theories as to the method o f clearing and the type o f fields which 

resuhed (i.e., Edwards, 1993). O’Kelly (1989) suggested that the fields may have 

been surrounded by berry bearing trees which would have formed an effective 

fence. Cooney and Grogan (1994) note that the nature o f Neolithic agriculture 

suggests that the organisation into fields of land around settlements should be the 

exception rather than the rule. Neolithic fields have been found in various locations 

including Behy in Co. Mayo (Molloy and O ’Connell, 1996). These large fields, 

probably used for animal husbandry, predate 4500 BP. The traces of settlements 

from this time indicates that they were not very durable, the houses were made 

mostly of wood, and many of the houses found are located beneath tombs and other 

structures. At a Neolithic village in Co. Cork, Emmer wheat dafing to 4900 BP was 

found (Woodman, 1992) indicating cultivation being carried out at that time. 

Interestingly, the discovery of this village occurred in area which is almost devoid 

of megalithic tombs.

In Northern Ireland at Ballygalley, Co. Antrim, saddle querns from the Neolithic 

have been found (Connolly, 1994) further indicating that cereal cultivation was 

taking place during the Neolithic.

Megalithic tombs were constructed during the entire Neolithic and included court 

tombs, portal tombs, passage tombs and wedge tombs. Megalithic people interred 

the remains of their ancestors in these tombs indicating belief in an afterlife
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(M itchell and Ryan, 1997). These are as much a part o f  the Neolithic landscape as 

agriculture and pottery. There are approximately 1200 m egalithic tombs remaining 

in Ireland, built over 1500 years, each containing a few burials (O ’Kelly, 1989). If 

these tombs had their origin during a phase when the Neolithic had been 

consolidated then the date for the Neolithic could be pushed back perhaps to 5500 

BP (W oodman, 1992). The tombs do not appear to have a straight forward sequence 

and were often re-used (W oodman, 1992). There are early and late examples o f all 

types o f tomb. Passage graves may have been built around landscape features 

already in use. Single burials also took place in the Neolithic period, but they are 

relatively rare.

Some types o f tomb are concentrated on areas o f poorer soil. The existence o f so 

many megaliths in one area could indicate population stress or pressure, and does 

not necessarily reflect chronology or affluence. In other areas there are pre-bog field 

walls possibly reflecting similar phenomena (W oodman, 1992). The lack o f 

megalithic tombs in the south o f  Ireland, and particularly on the poorer soils o f the 

southwest is unusual, and may mean that there was enough good land to obviate the 

need for such structures, or it may mean that there were not m any people living in 

the poorer regions o f  the southwest. Why should there be such variation in the 

construction and usage o f  tombs? Woodman (1992) suggests that the lack o f any 

centralized authority might lead us to expect piecemeal change in Ireland during the 

Neolithic, along with regional variation.

Bog trackways have been found which date from the Neolithic (i.e., Corlea 8, c. 

4800 BP; Raftery, 1996). These trackways were constructed to enable people to 

travel across peatlands, presumably to neighbouring settlements. Although very few 

trackways from this time are known more may be discovered as industrial peat 

removal reaches depths o f greater age in the large peatlands o f  Ireland. These 

trackways contain timber which was cut down with stone axes. Evidence from the 

known trackways o f this time show a very great degree o f  continuity in 

woodworking techniques between the early and late Neolithic.

The late Neolithic/Beaker period (c. 4000 BP) was another tim e o f change. The 

Beaker period is named after Beaker ware, thin-walled pottery vessels made of clay 

and tempered to counteract excessive shrinkage during firing (O ’Kelly, 1989). 

M etallurgy also spread through Europe during this time (O ’Kelly, 1989). It is not
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certain whether these changes were due to immigration or cultural contacts. As only 

the beaker was new, O ’Kelly (1989) thinks that immigration was unlikely, while 

Mitchell and Ryan (1997) think that immigration is the best explanation. The 

Beaker culture was not definitely associated with early metalworking in Ireland, 

although a Bronze axe was found at the Newgrange Beaker settlement (O ’Kelly, 

1989). Remains at Lough Gur from this time are mainly o f  cattle, with some sheep 

(or goat) and pig. Horse bones have also been found in a late Neolithic/Beaker 

context (O ’Kelly, 1989; M itchell and Ryan, 1997) at Newgrange. Archery was 

widely practised by these people, and many objects related to archery have been 

found (e.g., wrist bracers; M itchell and Ryan, 1997). Their constructions included 

earthen and stone embankments, and a continuation o f  megalith tradition.

11.1.6 Bronze Age

The Bronze Age is difficult to date as it is primarily defined by metal artefacts. 

Bronze Age people were involved in trade with distant areas o f  Europe. This began 

as trade with Iberia, Britain and Brittany and then with central Europe (O ’Kelly, 

1989). Some Late Neolithic beaker pottery was found alongside a metal w orker’s 

stone tools at Newgrange. O ’Kelly (1989) regards this as evidence indicative o f  a 

long drawn out transition from the Neohthic to the Bronze Age. Copper was the first 

metal known to prehistoric people, although whether it was mined by immigrant or 

native prospectors in Ireland is not known. The discovery by O ’Brien (1994) o f  very 

early Bronze Age mines in southwest Ireland (c. 3900 BP-3800 BP at Ross Island, 

Co. Kerry) indicates that mining was important in Ireland. The tin required for 

manufacturing bronze probably came from Cornwall. The smiths may have been 

itinerant people, and they used moulds o f stone and clay to cast the required items 

(O ’Kelly, 1989). Evidence o f  very early use o f metal objects has come from the bog 

trackway Corlea 6 dated to 2259±9 BC' (Raftery, 1996).This is consistent with the 

mine workings in Ross Island, Co. Kerry. Worked wood from this time is distinct 

from that o f the Neolithic, reflecting the different materials available. Most o f  the 

Irish trackways dated are from the Bronze Age. One thing which may be deduced 

from the use o f metal (Bronze) axes in the Bronze Age is that they were not merely 

social and ritual items, but were available for practical use by the everyday

' Dendrochronological date; also radiocarbon dates o f  3860±25 BP, 3855±25 BP.
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population (O ’Sullivan, 1996). Early Bronze Age trackways were often massive, 

while later examples are usually made o f  coppiced wood or brushwood.

Gold has also been found, and Irish gold has been identified from some o f the 

objects. The sources for the remainder o f  the gold are unknown, but as well as 

Ireland, may have been Iberia, or Northern and Central Europe (O ’Kelly, 1989). 

Little is known about early Bronze Age settlement when com pared with our 

knowledge o f Neolithic and late Bronze Age settlement (W oodman, 1992). 

However, the discovery o f saddle querns at house and burial sites indicates that 

arable agriculture was probably as important in the early Bronze Age as it was 

during the Neolithic. Moreover, W oodman (1992) points out that the undoubted 

shift in settlement should not be interpreted as a switch from tillage to pastoralism, 

as sites may simply have remained unrecognised or been misdated.

Burials in the early Bronze Age were in cists, pits, mounds and barrows. The people 

buried in these graves were often buried singly and were accompanied by gifts and 

food, indicating a different belief in an afterlife than that o f the Neolithic people 

(Mitchell and Ryan, 1997). These gift items often included pottery urns known as 

“food vessels” . Megaliths were often re-used as burial places. Cremation was 

sometimes carried out before burial. Finds o f later Bronze Age (after c. 2800 BP) 

bunals are relatively scarce. This indicates that the dead may have been buried 

without gifts which makes them harder to date (O ’Kelly, 1989).

One of the most common archaeological landscape features which began use at this 

time, was the “fulacht fian”, a cooking pit in which the water was boiled by heating 

stones in a fire, and then throwing the stones into the water (e.g., pit at Ballyvoumey 

dated to 3 1 15±35 BP (O’Kelly, 1989)). This was a tradition which continued up to 

historical times.

There was also an expansion o f peatland at this time, suggesting a wetter climate. 

The spread o f  peat may have obscured the remains o f Bronze Age settlement Irom 

this time. Many o f the upland field systems dating from this time were abandoned at 

around 2900 BP. M any other field systems post-date this time (M itchell and Ryan, 

1997). Woodman (1992) asks whether the creation o f new field systems points to an 

intensification o f land use due to environmental disaster.

In the later Bronze Age (c. 2900 BP/1200 BC) there is a change to a plain pottery 

style which is undiagnostic o f the time. Few artefacts were discovered in
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n i o n u m e n t s .  There was an increase in farming, which can be detected in the pollen 

r e c o r d  at about 2900 BP/1200 BC. This time i s  known as the Bishopsland Phase, 

after a townland in which a hoard of bronze objects (many o f which are tools) from 

the time, was found. The increase in farming is to be expected as population 

increased. Cooney and Grogan (1994) suggest that the population increased from 

200,000 in the Neolithic to 500,000 by the Iron Age. Many settlements are known 

from the late Bronze Age.

The Dowris Period followed at c. 2500 BP/700 BC, in which agriculture was 

i n t e n s i f i e d .  Mitchell and Ryan (1997) considers this to be the date for the 

introduction of the ard-plough. Climate may have deteriorated fiirther during this 

time, or groundwater drainage was being greatly altered, as there is evidence for the 

abandonment of lakeside settlements due to flooding. However, it is also possible 

that the abandoned settlement sites were no lounger useful (O’Kelly, 1989). 

Crannogs were being constructed in the late Bronze Age (c. 2800 BP-2400 BP/1000 

BC-500 BC) but without the defensive element associated with the subsequent Iron 

Age. Similarly, “ring forts” and “hill forts” were not necessarily defensive. It is 

widely believed that the period between the Dowris phase and the Iron Age (c. 

2400BP-1750 BP/500 BC-300 AD) is a Dark Age of social disturbance and a 

decline in agricultural output. Although there is little diagnostic material from the 

late Bronze Age, there are some dates from hill and ring forts (Harbison, 1976).



11.1.7 Late Bronze Age to Early Iron Age transition

This period lasts from c. 2500 BP/600 BC to c. 2240 BP/300 BC. Cooney and 

Grogan (1994) ask whether this period was one o f  collapse, continuity or change in 

Ireland. The late Bronze Age and the La Tene culture o f  the early Iron Age are 

characterised in Ireland by the manufacture and deposition o f fme bronze and gold 

objects, with little evidence o f iron. The question is, why is there a gap between the 

two? Some iron is known after the seventh century BC, and bronze does not appear 

to have been made after the sixth century BC. The lack o f  evidence for any material 

culture until the third century BC may be related to the poor preservation o f iron. 

The end o f the Bronze Age in Ireland may have been brought about by a collapse in 

the links with Europe, as late Bronze Age metal work was abruptly stopped by 

barbarian invasions in the Carpathians, a major source o f  copper. Production o f 

artefacts ceased Europe-wide after the seventh century. Hoards were no longer 

deposited until the third century, when deposition recommenced at the same types 

o f places. The concept o f a collapse is based upon the absence o f  fme metalwork 

which was probably the basis o f social status. However the resumption o f  deposition 

in the third century BC makes a cultural collapse seem unlikely. Collapse due to 

climate change is also unlikely as the climate had probably been changing over 

much o f the late Bronze Age.

In fact, there is evidence o f continuity from palynology and archaeology during this 

transitional period. Some low order archaeological sites show continuity, while 

Eamain Macha, a high order site also shows continuity o f  occupation. There is no 

evidence o f a great upheaval or cultural/socioeconomic collapse. So, according to 

Cooney and Grogan (1994) the cessation o f deposition, the main evidence for 

collapse, may be due to a disruption o f ties with Europe, and the collapse is 

therefore apparent rather than real. Artefacts have been found from this time which 

were repaired several times, whereas before they may have been replaced frequently 

and the old implements ritually deposited in water. Items o f  a domestic nature which 

were fashioned from iron during this period may be so ordinary that they are only 

recognised when found in association with more spectacular objects (Cooney and 

Grogan, 1994).
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11.1.8 Iron Age

Iron was known in Europe from about 3100 B P /1500 BC. The first civilisation to 

make widespread use of it was the Halstatt civilisation. This was an aristocratic 

civilisation known primarily from their burial sites in central Europe. There are very 

few objects from Ireland associated with this period. The La Tene people were 

known for their material offerings in pools and their distinctive designs (e.g., the 

Turoe Stone, Co. Galway). In Ireland this period is also represented by a small 

number o f  imported artefacts, but it was very important in influencing Irish art o f 

the time (O ’Kelly, 1989). Iron Age burial practices were carried out in Ireland from 

the last centuries BC.

In Ireland, iron began to replace bronze by c. 2400 BP/500 BC. The spread was 

patchy and overlaps with the continued use o f Bronze. This was probably due in 

part to the fact that iron is harder to smelt than bronze and the techniques took time 

to learn (O ’Kelly, 1989).

The Iron Age is noted for the simultaneous arrival o f  iron, Celtic people, and 

presumably a Celtic language. However, rather than a large-scale migration 

accounting for the new language, it could possibly have been through social 

contacts o f  elite groups (Cooney and Grogan, 1994). O ’Kelly (1989) thought that 

the Iron Age was not marked by any great influx o f people or objects. Cooney and 

Grogan (1994) suggest that the differences between the burial practices in the 

northern and southern halves o f the country may be the result o f indigenous late 

Bronze Age trends rather than than Iron Age invasion. These lines o f evidence 

suggest continuity.

The Iron Age use o f hill forts tended to be ceremonial as opposed to the mainly 

domestic role o f  the late Bronze Age. There is evidence for several discrete 

territorial entities in the Irish Iron Age (Cooney and Grogan, 1994).

It is thought that there was a collapse in arable agricultural production in the Iron 

Age (i.e.. Red Bog, Co. Louth, c. 2240 BP-1750 BP/300 B C -A D  300; Mitchell and 

Ryan, 1997; See also Chapter 10 ). Mitchell and Ryan (1997) attributes the decline 

in agriculture to the exhaustion o f the soil, as land was no longer left fallow under 

woodland. As evidence for this, there are the large numbers o f  cattle bones found at 

sites but very few tools for tillage. However, there is increasing evidence for cereal 

cultivation from plant remains and the introduction o f  rotary querns, which are
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found with Iron Age settlements (Cooney and Grogan, 1994). Edwards (1985) 

presents evidence for continuous agriculture throughout the Iron Age. It is possible 

that an over-emphasis on cattle in the very early literature may reflect the priorities 

o f  the elite in society rather than informing us about the basic agricultural practices 

(Cooney and Grogan, 1994).

Iron Age bog trackways are very rare in Ireland. Corlea 1 is a finely worked 

trackway o f  a type suitable for wheeled vehicles. It was constructed by people using 

iron axes and is elaborate. It was not particularly succesful as its great weight caused 

it to sink into the bog, possibly as little as 10 years after construction (c.l40  

BC/2100 BP). O ’Sullivan (1996) suggests that it may have been built to impress 

rather than as a practical feature.

Development in the late Bronze Age/Iron Age differed from earlier developments 

because it led to a new, more defined, sense o f  boundary and territory. This led to 

expressions o f  communal effort and power (Cooney and Grogan, 1994). There is 

evidence o f  considerable wealth in the later Iron Age, as items from the Roman 

Empire have been found in Ireland, presumably obtained by trade, as was the skull 

o f  a Barbary Ape (Navan Fort; Mitchell and Ryan, 1997).

11.1.9 Christian Era

At the end o f the Iron Age, contact with the Roman Empire put the miniature social 

system o f Ireland into touch with a world empire and resulted in the introduction o f 

Christianity into Ireland (Cooney and Grogan, 1994). At about 1750 BP/AD 300 

there was a general increase in, or revival of, agricultural activity in some places, 

owing to the introduction o f a new type o f plough (M itchell and Ryan, 1997). 

Mitchell and Ryan (1997) also believes this to be the point at which secondary 

woodland began to be cleared.

Ring forts were constructed at this time many were built after 1700 BP/AD 400 

(Harbison, 1976). These were probably used for protecting cattle and goods for 

short periods o f  time, and were foci o f settlements. The monasteries became very 

important from the sixth century AD (c.l520 BP-c. 1420 BP) and the introduction 

o f the mouldboard plough made cultivation more efficient and is often marked by 

the appearance o f the pollen o f Artemisia. Cattle, sheep and pigs were all kept. 

Monasteries were involved in growing vegetables. Mitchell and Ryan (1997)
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thought that all the good land was parcelled out with commonage on marginal land. 

W oodland was still widespread, and value was assigned to different trees and 

penalties were set out for interfering with trees (Mitchell and Ryan, 1997). Bog 

trackways begin to reappear in this period after a hiatus in the dated material of 

c.700 calendar years , spanning most o f the Iron Age, and continued to be 

constructed at least until the late Mediaeval (Raftery, 1996).

The Vikings arrived in Ireland during the ninth century and established towns on the 

coast. They were heavily involved in trade and perhaps some were engaged in 

farming. However, the evidence for a pronounced impact on the landscape is 

lacking (M itchell and Ryan, 1997).

11.1.10 Recent History

By the time the Normans invaded Ireland in AD 1169, Ireland was moving towards 

a feudal system, and the Cistercians, a European monastic order dependent on 

farming, had already arrived (Mitchell and Ryan, 1997). The Normans immediately 

occupied the best farmland and raised good cereal crops in the southeast o f  Ireland 

until the late fourteenth century. At this point the climate became cooler, there was 

an invasion from Scotland, and this was follow^ed by the Black Death (M itchell and 

Ryan, 1997).

Political turmoil in the following centuries led to the confiscation o f  land from the 

native Irish by the English governments and the arrival o f  new farmers and 

landlords. By the eighteenth century the woodlands o f Ireland had been almost 

completely removed (McCracken, 1971) and the potato had become the principal 

subsistence crop o f the rural population. Fuel was scarce and peat was widely 

exploited for fuel. In the eighteenth century the estates o f  the gentry were planted 

with timber, but most o f the landscape remained treeless and was densely populated. 

Subsequent depopulation and political change has left the landscape dominated by 

agriculture with the planting o f conifers on marginal land.

204



11.1.11 Conclusion

At this stage a point raised by Woodman (1992) seems worth recalling —  that the 

association o f settlements with certain monument types, or artefacts associated with 

narrow chronological horizons is not always valid. Settlem ent in Ireland as a whole 

was early and extensive, and overreliance on monum ent types (or type sites) gives 

an alternating Golden age/Dark age view o f prehistory. It is worth noting that some 

o f the dating in archaeology is not ideal, and that there are differences o f 

interpretation o f  archaeological evidence between authors. The obliteration o f 

evidence o f  previous occupation by subsequent inhabitants is a serious consideration 

at all but the earliest sites.

Even areas with no recognised monument types visible may have been occupied. 

The recent studies o f  bog trackways (e.g., Raftery, 1996) have illustrated this point 

very well. Plentiful evidence exists o f trackways constructed by people, presumably 

to connect neighbouring settlements. Yet there is no record o f  extensive settlement, 

nor o f  accompanying field monuments, in the areas examined.

The known history o f  human occupation o f Ireland is almost as long as the 

Holocene. From the evidence available, it appears that there has been impact on the 

environment at some scale for all o f this time. Problems o f  piecing together the 

prehistoric archaeology o f  Ireland are similar to those encountered in studying 

vegetation, in so far as the argument o f continuity versus sudden change is common 

to both. Changes in vegetation have resulted in changes in human society and vice 

versa throughout the Holocene, making the examination o f  either the vegetation 

history or archaeology in isolation, very difficult in Ireland.

11.2 Evidence of human settlement in the region around Clara Bog  

11.2.1 Introduction

This section deals briefly with the physical evidence o f  human existence in the 

midlands and around Clara.

Anthropogenic influences have had a major impact on vegetation development in 

Ireland since the elm-decline (e.g., Edwards, 1985). However, the impact o f  the 

early prehistoric humans on the Irish midlands is relatively unknown, partly due to 

the lack o f  detailed knowledge o f Holocene vegetation change in the midlands.



Although the archaeological record for the midlands is poor in most respects, the 

recent studies o f bog trackways (i.e., Raftery, 1996) have provided firm evidence o f 

human existence around many raised bogs during much o f the last 5000 years. The 

study o f  Clara Bog provides an opportunity to examine changes in the midlands 

landscape, and to study human impact during the Holocene. It also provides an 

opportunity to examine in detail the development o f  vegetation in the midlands as 

has been done in other places, e.g., Donegal (Fossitt, 1994).

11.2.2 M esolithic sites

Several M esolithic settlement sites from the midlands are known, at Lough Boora, 

Co. Offaly (Ryan, 1978); Loughs Kinale, Iron and Derravaragh, Co. Westmeath 

(Mitchell, 1972a). This indicates that Mesolithic people were living in the midlands 

between 9000 BP to 5000 BP. There is evidence for exploitation o f plant and animal 

resources by these hunter-gatherer people, remains o f  both having been found at the 

known sites. No sites are known in the vicinity o f  Clara. Lough Boora is the closest 

known site (c.20 km distant) to Clara Bog and was the site o f  a summer hunting 

camp on the lakeshore. The site produced animal bones, hazelnuts and implements 

o f chert. All the above Mesolithic sites were associated with waterways indicating 

the importance o f  this environment during the Mesolithic.

11.2.3 Neolithic sites

There is very little evidence o f Neolithic people settling in the midlands. Only two 

megalithic tombs, both unclassified, are reported in the Archaeological Inventory 

for County Offaly (O ’Brien and Sweetman, 1997). No sites are indicated in O ’Kelly 

(1989). The most compelling evidence for Neolithic activity in the midlands 

remains that inferred from pollen diagrams. However, there is the possibility that 

more sites may be dated to the Neolithic in the future through discovery o f new 

settlements.

Because some types o f monument were used over extended periods, they can only 

be dated by excavation. A ring barrow at Gorteen, north o f  Clara is a good example 

o f this type o f monument, which may date to any time from the late Neolithic to the 

early Iron Age. Two other ring barrows exist near Clara (O ’Brien and Sweetman,
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1997). There may also be some toghers in the midlands (wooden bog roads) from 

the Neolithic but these have not been dated as yet.

11.2.4 Bronze Age sites

Bronze Age sites in the midlands are often associated with water and wetlands.
»

Many trackways were constructed in the late Bronze Age to allow passage over the 

bogs found throughout Ireland. Some evidence of woodland management can be 

gleaned from the remains of the tracks, which contain large numbers of timbers 

(Raftery, 1996). Discoveries of items of metalwork, either singly or in ritually 

deposited “hoards” has given insight into Bronze Age technology. Several sites of 

Early Bronze Age cist graves are indicated in the areas o f Westmeath and Offaly 

around Clara by Aalen et al. (1997) although there were no hoards discovered in the 

area. A Bronze Age burial site at Lehinch, 2.5 km east o f Clara town contained six 

skeletons, with possible early Bronze Age burials further east. Settlement sites from 

the late Bronze Age are known in north Co. Offaly, one of which, the site at 

Ballinderry Lough (Ballynahinch), is c.8 km from Clara (Hencken, 1942). This site 

was abandoned after the lake level rose. Other possible Bronze Age monuments 

include a few standing stones and fulachta fian, and a single example of rock art at 

Clonfmlough esker to the west of Clara. Although there is only one settlement site, 

this evidence indicates that Bronze Age people were hving in the vicinity of Clara 

Bog and must have had a profound influence on the landscape.

11.2.5 Iron Age

Iron age artefacts have been found in bogs in Co. Offaly, and include a sword from 

Ballinderry and a gold tore from near Clonmacnoise. Although no Iron Age 

settlements have been found near Clara, a rectilinear enclosure at Knockbane in the 

south of the county may be an fron Age fortified farmstead (O’Brien and Sweetman, 

1997).

Over 200 ring forts are known from Co. Offaly, with more in Co. Westmeath, 

several of which are in the vicinity of Clara. One of these is located about 1 km 

from the centre of Clara town. These were mainly protected homesteads and mostly 

date from the early Christian period. However, some may be older (Iron Age) or
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younger (up to M ediaeval times), although it is not possible to assign a date without 

excavation.

11.2.6 Christian to recent times

M any sites dating from historic times have been recorded in the Archaeological 

Inventory for Offaly (c.300 o f c.900 features recorded). These include ecclesiastical 

sites (c.lOO), holy wells (c.50), and various late mediaeval fortifications (c.l20). 

Only one masonry castle is known from Co. Offaly, at Clonmacnoise, adjacent to 

the monastery which functioned from the sixth century to late mediaeval times 

(Maiming, 1997). Also located at this site was a wooden bridge which crossed the 

River Shannon (Boland and O ’Sullivan, 1997). Co. Offaly was well populated at 

this time and this is evident from the extent o f the remains around Clara itself

11.2.6 Undatable sites

Other sites, which are less temporally constrained than ring barrows, are known 

from Co. Offaly. These include linear earthworks, earthworks o f uncertain origin, 

mounds and hut sites. Hilltop enclosures and hillforts are rare, but present. One 

hilltop enclosure is located 4 km northwest o f Clara and probably functioned as a 

well protected habitiation site (O ’Brien and Sweetman, 1997). Other enclosures 

have also been detected but are undated and o f uncertain use.

Sites adjacent to Clara Bog include three rath type (earthen) ringforts o f unknown 

age and one rath site, all nearby; two circular enclosures o f  unknown date; two 

burial grounds, one possibly for still-born children; two Holy Wells; and a castle 

site.

11.2.7 Conclusion

Evidence from archaeology is difficult to interpret w ithout good dates, but it would 

appear that there was not much settlement in the area before the Bronze Age, little 

evidence for Iron Age settlement, and considerable activity from the Christian 

period to the present day. This is backed up by recently available evidence from bog 

trackways (Raftery, 1996). In the areas surveyed, dated trackway remains are rare in 

the Neolithic, plentiful in the Bronze Age, almost non-existent during the early Iron 

Age and rare in the Christian period. If the frequency o f  trackways is related to
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population numbers this would indicate relatively low numbers of people in the 

Iv[eolithic, the Iron Age and the Christian period. However, the removal of the 

surface layers o f many large bogs may have destroyed much evidence from Iron 

Age and the Christian period, and the preponderence of Bronze Age trackways may 

simply relate to the depth of peat exposed at the present. There has been no 

examination o f the area around Clara for trackways.

Further excavations would be beneficial to our understanding o f the prehistory of 

the area. Moreover, publication of an Archaeological Inventory o f Co. Westmeath 

would be useful. The absence o f field monuments in Co. Offaly, such as standing 

stones, complicates interpretation, but does not indicate an absence o f settlement. If 

any interpretation can be made firom the available evidence, it is that there has been 

continuous human presence in the area around Clara at least since the Bronze Age.

209



Chapter 12

Regional vegetation change during the Holocene. A 

radiocarbon dated pollen diagram from Clara Bog, Co.

Offaly

12.1 Introduction

In this chapter the relationship o f Holocene vegetation in the area around Clara Bog 

with the local environmental conditions, human impacts, regional and extra-regional 

vegetation changes, are examined and interpreted.

To date, no radiocarbon dated pollen diagrams covering the full Holocene from the 

midlands have been published. This has resulted in a gap in our knowledge o f the 

chronology for vegetation development in the midlands. For example, attempts to 

map the spread o f trees in Ireland during the Holocene (i.e., Birks, 1989) have poor 

spatial and temporal resolution, partly because o f the scale o f the mapping, but also 

because o f  a lack o f  suitable data. Birks (1989) used only four sites from the Irish 

midlands, all on the periphery o f the midlands, when constructing his isochrone 

maps for Ireland and Britain. O f these four sites, Clonsast Bog (Mitchell, 1956), 

Littleton Bog (M itchell, 1965; Watts, unpubl.), Treanscrabbagh (Watts, unpubl.) 

and Red Bog (Watts, 1985), only Littleton Bog has radiocarbon data for the early 

Holocene. Many palynological investigations carried out in the midlands date to the 

1930s-1950s (Jessen, 1949; Mitchell, 1951, 1956) before the widespread use o f 

radiocarbon dating. O f these, the diagram from M itchell (1956) gives a complete 

Holocene record for Clonsast Bog, Co. Offaly and two dates from associated 

material. However, this early palynological work provided only a partial record o f 

Holocene vegetation due to the small numbers o f taxa recorded (See review in 

Chapter 10).

12.2 Materials and methods (see Chapter 5 for details) 

12.2.1 Coring

Two cores and a monolith were taken from the western side o f Clara Bog (see 

Figure 12.1). The site was located at N 53° 19.36’, W 7°37.96’, on the line D7-D8 

o f the grid used by the Irish-Dutch Geohydrology and Ecology study (see Bloetjes
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and Van Der Meer, 1992 for map o f entire grid). A monolith was extracted from 0 

to 42 cm depth using a spade. Core A went from 35 cm to 983 cm. Core B went 

from 50 cm to 969 cm. Cores A and B were extracted with a Livingstone piston 

corer, except for the base o f core A which was extracted using a Dachnowski corer. 

A surface sample o f living Sphagnum  was also taken.

12.2.2 Sediment description

The cores were bisected with a sharp knife and the sediments were described using 

the Troels-Smith (1955) sediment description scheme.

12.2.3 Radiocarbon dating

Radiocarbon dates were obtained for eleven bulk samples from the sediment 

sequence that was analysed for pollen. Dating points were selected features o f 

interest (see Table 12.1) in the sediment and pollen stratigraphies. These samples 

were separate from the dates obtained for L. Roe and elsewhere on the bog. Samples 

were oven-dried prior to submission to Beta Analytic (Miami, FL, USA) for dating. 

Counting was done using the liquid scintillation method.

Table 12.1 Table o f horizons chosen for radiocarbon dating from the main core, 

Clara Bog, Co. Offaly

Depth (cm) Horizon dated

41 Final decline o f Corylus avellana type percentages.

144 End o f  Iron Age decline o f agricultural indicators.

224 Beginning o f  Iron Age decline o f  agricultural indicators.

287.5 Lithological boundary between upper fresh, and lower humified. Sphagnum.

440 Appearance o f  agricultural indicators.

496.5 Ulmus percentages decline.

552 Ulmus percentages decline

630,5 Lithological boundary between upper om brotrophic, and lower fen peats.

792 Expansion o f  Ulmus and Ouercus percentages.

856 Expansion o f  Pinus sylvestris and Corylus avellana  t. percentages.

951 Base o f  fen peat.
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12.2.4 Pollen and charcoal analysis

(See Chapter 3 for details)

12.2.5 Data analysis and plotting

Taxa specific to raised bog and fen environments, aquatics and unidentified grains, 

were excluded from the pollen sum. These include taxa such as Sphagnum, Calluna, 

etc. However, some bog taxa could grow equally well elsewhere, while other bog 

taxa produce pollen similar to dry-land relatives. Taxa such as Molinia, a grass; 

Myrica gale  a shrub, which produces pollen o f  similar appearance to that o f Corylus 

avellana t.; and Betula, a taxon which can grow in several environments including 

bog were all included in the pollen sum, as they could not be separated into local 

and non-local components.

Calculation o f  polten percentages and concentrations was carried out using the 

TILIA package (Grimm, 1991); zonation was carried out using CONISS (Grimm, 

1987) and PSIMPOLL v. 3.0 (Bennett, 1998); construction o f a chronology, 

rarefaction analysis (Birks and Line, 1992; see Chapter 3) using PSIMPOLL v. 3.0 

(Bennett, op. cit.). Data were plotted using TILIA GRAPH (Grimm, 1991), 

PSIMPOLL (Bennett, op.cit.) and Microsoft EXCEL.

12.3 Results  

12.3.1 Sedim ent description

A summary o f sediment descnption results is presented in Table 12.2 and Figure 

12 . 2 .
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Humified/Unhumified Sphagnum peat Boundary 

286 cm; 2030±80 BP

Sphagnum peat/Fen peat Boundary 

—  626 cm; 6330±80 BP 

Top of Sphagnum band in Fen peat 

790 cm; 8290±80 BP

 Base of Fen peat.

Figure 12,2 Summary diagram of the Troels-Smith sediment description for core 
P including radiocarbon dates.
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Table 12.2 Summary o f  Troels-Smith sediment description for the main core, Clara 

Bog, Co. Offaly

Upper depth 

sediment unit (cm)

Sediment type Troels-Smith description

0 Fresh Sphagnum peat Nig 2 Strf 0 Elas 2 Sicc 3 Lim 0 Hum 1 

T b 2S p h ag , Sh 1,TI 1, Th+

286 Humified Sphagnum peat N ig 3 Strf 0 Elas 0 Sicc 3 Lim 0 Hum 3 

Tb 1 Sphag, Sh 2, T l l ,T h  +

626 Fen peat Nig 4 Strf 0 Elas 2 Sicc 3 Hum 2 

Sh 2, Th 2

790 Sphagnum  peat Nig 3 Strf 0 Elas 1 Sicc 3 Lim 0 Hum 2 

Tb 1 Sphag, Sh 2, Th 1

828 Phragmites fen peat Nig 3 Strf 0 Elas 2 Sicc 3 Hum 1 

Sh 2, Th 2

956 Lacustrine sediments N ig 1 Strf 0 Elas 1 Sicc 3 Lim 4 

Lc 2, Ag 1, Dg 1, Ld +, Ga +

979 Base o f  core

These results indicate the developmental history o f the basin during the Holocene. 

From the base o f the core up to 956 cm lacustrine sediments were found. The 

younger sediments become progressively marl-like, and were probably deposited in 

a shallow lake basin (See Chapter 6). Lacustrine sediments are succeeded by the 

remains o f fen vegetation which grew in the shallow lake. The vegetation quickly 

infilled the lake, and fen peat accumulated. From 828 cm to 790 cm there was a 

band o f Sphagnum  peat which was widespread throughout the bog. This indicates 

that the water-table was now Just at or under the surface o f the basin. However, 

Phragmites soon reinvaded the surface o f the peat, indicating a rise in the level o f 

the groundwater table over the level o f the Sphagnum.

Re-establisliment o f Sphagnum  peat over the fen-peat at 626 cm marks the start o f 

the continuous growth o f  the raised bog.
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12.3.2 Radiocarbon dating

Table 12.3. Radiocarbon dates from main pollen profile, Clara Bog, Co. Offaly

Site Core Depth (cm)
(Upper-
Lower)

C-14 date Error*’ 
(BP“)

Calibrated date‘s
l a  Range o f  calibrated date
(AD/BC)

Laboratory
number

Clara Bog Monolith‘* 39-43 510 60 cal AD1426  
cal AD 1402-1444

Beta-78891

Clara Bog Main core 
(Core P)

141-147 1530 80 cal AD 548 
cal AD 431 -629

Beta-68733

221-227 1880 90 cal AD 130 
cal AD 59-244

Beta-68734

283-292 2030 80 cal BC 31, 18, 9 
cal BC 114-cal AD 72

Beta-65094

437-443 3790 70 cal B C 2197  
cal BC 2393-2041

Beta-68735

493-500 4980 80 cal BC 3772 
cal BC 3930-3669

Beta-78892

549-555 5210 80 cal BC 3990  
cal BC 4214-3957

Beta-78893

627-634.5 6330 80 cal BC 5266  
cal BC 5327-5222

Beta-65095

787.5-796 8290 80 cal BC 7307 
cal BC 7473-7102

Beta-65096

853-859 9200 70 cal BC 8322, 8318, 8188 
cal BC 8339-8088

Beta-68736

948-954 10020 90 cal BC 9372, 9352, 9264,
9225 ,9177
cal BC 9823-9057

Beta-68737

Radiocarbon years before present (yr BP), present meaning 1950 A.D.

Errors represent 1 standard deviation (68% probability).

Radiocarbon dates were calibrated using the CALIB Radiocarbon 

Calibration Program, version 3 (Stuiver and Reimer, 1993). Ranges were obtained 

using Ixreported standard deviation o f the radiocarbon date.

This monolith was extracted 5 m from the site o f  the main core (see Chapter 

12). It is not the monolith at the top o f the main core. The horizon dated is for the 

Corylus avellana type decline in the pollen stratigraphy. The Corylus avellana type 

decline is a feature common to both the main core and the monolith. The horizon 

dated is at a depth o f  53-59 cm in the main pollen core and 39-43 cm in the 

monolith.

Results from five age-depth models (linear interpolation; cubic spline; least squares 

line fitting; singular value decomposition; Bemshtein polynomial) were graphed 

along with the 95% confidence intervals for the sample means. Graphs for
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deposition time were also plotted with a 95% confidence interval for the sample 

mean.

The overlapping cores which were used in pollen analysis were taken in 1992. 

Surface sample age was taken to be -43±1 yr BP (0 yr BP is 1950 AD) in order to 

make the m odelling more realistic. Calendar years were used to approximate surface 

age in years BP, as there is no reliable way o f calculating a radiocarbon age for 

modem samples.

Graphs o f age versus depth and deposition time versus depth are shown in Fig 12.3. 

Output was com pared in order to find the model which was most suitable. 

Comparison was made by selecting four horizons that acted as independent 

chronozones in the pollen diagram. These data are shown in Table 12.4 and 

represent;

1. the reappearance o f  Pinus sylvestris pollen at around AD 1733/200 yr BP (Van 

der Molen, 1986);

2. the Ulmus decline with a mean date o f 5132 yr BP for the dates measuring the 

start o f  the elm decline (Edwards, 1985). The Ulmus decline is taken as the first 

sustained decline in Ulmus, usually coinciding with evidence o f the canopy 

opening, i.e.. an expansion in Pteridium, Taxus and Fraxinus, and a decrease in 

Ulmus pollen concentration. Hirons and Edwards (1986) place the Ulmus decline 

at the point where elm pollen frequencies first undergo a sustained decline. At 

Clara Bog the first true Ulmus decline occurs at 544 cm;

3. the final change fi-om fen to ombrotrophic peat growth at Clara Bog at about 

6116 BP. This date represents the pooled mean (Ward and Wilson, 1978) o f dates 

from two cores (excluding the pollen core);

the start o f the Holocene at 10 000 yr BP (Lowe and Walker, 1997; pp. 16-17).
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Table 12.4 Comparison o f ages (years BP)generated for specific events in the Clara 

Bog pollen diagram by the five different models used

Model Event

Pine reintroduction 

(32 cm)

Elm decline 

(544 cm)

Ombrotrophic peat 

development (624 cm)

Start o f  Holocene 

(958 cm)

Independent

date

260 5130 6115 10000

Linear

interpolation

275±15 5175±210 6235±245 10080±400

Cubic spline C
O o 5175± 30 6220± 35 10070± 35

Least squares 

line fitting

150±25 5330± 25 6200± 25 10080±50

Singular value 

decomposition

365±10 5225± 15 6315± 20 10140±40

Bemshtein

polynomial

280±10 5280± 10 6245± 15 10089±40

The linear interpolation model gave mean ages close to those expected but the age 

estimates had very large confidence intervals. Changes in deposition time (DT) 

which are step-like in this model are unlikely to be a true representation o f the 

sedimentary history.

Cubic spline modelling gave dates close to those expected and had a high degree o f 

precision. It includes all the available radiocarbon dates, and the slope adjusts in 

order to incorporate all the dates into the curve. This is not necessarily a realistic 

approach, as the resulting chronology is dependent on the radiocarbon dates being 

accurate, a presumption that is inadvisable as there is no way o f  knowing which 

dates are true (Maher, 1992). The graph o f DT was smoother than that for the linear 

interpolation model, while still demonstrating similar variation.

General linear line-fitting by least-squares gave dates that are close to those 

expected, apart from the elm decline which is about 200 years too old. This 

polynomial had its best fit with nine terms (chi-squared =5.37; goodness o f fit 

=0.155). A goodness o f fit value o f one and a chi-squared value o f  zero indicates a 

perfect fit. The DT curve is quite regular but is negative at the surface, with the base 

having a large error.
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Single value decomposition (SVD, six terms in the equation), a method o f  least- 

squares line-fitting, is quite precise but overall the ages are slightly older than 

expected, possibly due to the large number o f dates and low number o f  terms. When 

least squares techniques are being calculated it is desirable to have a line that fits the 

data very well with the least number o f terms. Goodness o f  fit is quite low (0.029) 

and chi-squared is 14.23. It appears from the graph that the curve is forced through 

the oldest part o f the mean age range in order to include as many dates as possible. 

Removal o f  two dates would probably improve this. The DT curve has been 

smoothed a lot, and does not reflect the series o f  sedimentation rate changes 

suggested by the radiocarbon dates.

Bemshtein polynomial modelling is very precise with ages close to those expected. 

However, four radiocarbon dates fall outside the line. A very uniform age-depth and 

DT curves result, which do not reflect the evidence“o f the radiocarbon dates.

With reference to the independent dates the output from the cubic spline model 

provided the best age estimates for the sequence and it was used to date the 

individual samples in the Clara Bog main pollen diagram. The changes in the DT 

curve reflect the positions o f the radiocarbon data, and the curve is similar to that o f 

the linear model. The bottom two samples have the same date, the lower o f  the two 

samples being beyond the last radiocarbon date, resulting in a negative DT. It is 

probable that the cubic spline DT curve is too variable, mainly due to the cluster o f 

dates between 150-300 cm. These occur at a period o f  time when there was a 

radiocarbon plateau resulting in dates being very similar for several hundred years. 

A similar effect is seen in the cubic spline model at 5000 BP owing to two dates 

being very close to each other. This has also resulted in a plateau.

None o f the models provided a DT graph which had changes in slope at the points 

where sediment types changed. Such changes would have reflected changes in the 

sedimentation process, e.g., the change from fen peat to Sphagnum  peat. This is 

because most o f the radiocarbon dates were for pollen rather than sediment 

horizons. The data in the cubic spline output were chosen for use in the 

interpretation o f the pollen diagram from Clara Bog.
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12.3.3 Zonation

Zonation o f the Clara Bog pollen data was carried out on the data that were included 

in the pollen sum. A dendrogram was produced by running CONISS (Grimm, 1987) 

on the pollen percentage data from Clara Bog (see Fig. 12.4). The number o f zones 

that were statistically significant was determined using the broken stick model o f 

MacArthur (1957) as outlined by Bennett (1996). This method indicated that five 

significant zones exist for the Clara Bog data (see Table 12.5 and Fig. 12.5). These 

are labelled CB-1 to CB-5, and are local pollen assemblage zones (PAZs) as 

opposed to the regional zones o f Mitchell (1965; 1956). Subzones (statistically 

insignificant units that might be worth drawing attention to (Bennett, 1996)) based 

on CONISS output are included to aid description.

Table 12.5 Zonation data f(5r Clara Bog regional pollen diagram

Zone Subzone Depth (cm) Age (C-14 yr BP)“ Number o f

samples in

zone

CB Lower Upper Zone starts Zone ends

1 958 852 10070 9140 9

T 852 648 9140 6590 13

a 852 760.5 9140 7910 6

b 760.5 648 7910 6590 7

648 444 6590 3890 26

4 444 56 3890 510 29

a 444 344 3890 2350 11

b 344 232 2350 1900 7

c 232 152 1900 1590 5

d 152 56 1590 510 6

5 56 0 510 -43 4

C-14 yr BP, radiocarbon years before present (present=1950 AD)
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Figure 12.4 Pollen percentage and concentration diagrams from core P, Clara Bog, 

Co. Offaly. Exaggeration x 10. Crosses (+) on the percentage diagram indicate a rare 

type. Concentration values are divided by 1000 on the X axes o f  the concentration 

diagram.
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12.3.4 Charcoal data

Most o f  the microscopic charcoal peaks on the pollen diagram are associated with 

peaks o f  macroscopic charcoal. These were interpreted as local fires (which generate 

both categories o f  charcoal) as there was no other m echanism  (e.g., water transport) 

for deposition o f  macroscopic charcoal such a distance onto the bog.

The most interesting evidence to find at Clara Bog regarding the regional vegetation 

would be microscopic charcoal unaccompanied by macroscopic charcoal at times o f 

vegetation change. These could indicate that fire played a role in the changes 

observed.

There were very few peaks o f microscopic charcoal in the pollen samples analysed. 

Zone 1 contains only two (944 cm, 872 cm), neither o f  which appears to influence 

the vegetation. The first peak (944 cm) was probably not on site (unless in the 

vegetation flinging the shoreline), as the site was a lake at the time, whilst the 

second was found at 872 cm in fen peat. In zone 2 there is a section from 720 cm to 

688 cm which contains small amounts o f microscopic charcoal. There are a few 

more small peaks in zones 3 to 5. Neither the macroscopic nor microscopic curves 

were significantly correlated with any o f the pollen curves. The only pattern seems 

to be that there were more recorded fires in the early Holocene than the late 

Holocene. This was similar to the findings o f O ’Sullivan (1991) in Killamey, and 

may reflect changes in the vegetation on the site (from fen to Sphagnum  bog) or 

changes in the region (e.g., anthropogenic influence) or climate (O ’Sullivan (op. 

cit.) suggested greater seasonality).

Overall, it is difficult to see any link between the charcoal record and regional 

vegetation change at Clara Bog. It is possible that if  the charcoal record had been 

studied in greater detail (e.g., at a higher resolution) that a link might emerge, 

particularly between the local vegetation changes and fire.

12.3.5 Pollen data

(See Figure 12.4 for pollen diagram)

Zone CB-1: 958-852 cm. Jimiperus - Poaceae - Betula peak zone.

(-10070 BP-c. 9140 BP)

This zone covers the early Holocene as tree species expanded to dominate the region 

around Clara Bog. The zone begins with a Jiiniperus-dommditQd landscape at 958
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cm (c. 10070 BP) with a value o f 76%. This is accom panied by low values o f  Betula 

(6%), Salix (4%), Empetrum nigrum  (1%) and Poaceae (7%). There are other herbs 

present at this level, Riimex (4%), Artemisia and Litorella. In the next level (944 

cm/c. 10014 BP) the pollen rain is dominated by Poaceae (65%). This is associated 

with Betula  (13%>), Juniperus (7%), Salix (5%) and Empetrum  nigrum  (0.4%>). There 

are several herbs represented at this level including Artemisia, Litorella, Rumex and 

Thalictrum. The next level (928 cm/c. 9960 BP) sees a recovery in the levels o f 

both Juniperus (22%>) and Salix (28%>). The value for Betula  remains stable at 11%, 

while the Poaceae drop to 36%. The herbs are present in low percentages, with 

Filipendula (2%) and Thalictrum  (1%) having the highest values. The presence o f 

Thalictrum and other herbs gives an indication o f the open nature o f the landscape. 

At 912 cm (c. 9850 BP) Poaceae, Betula (17%) and Salix  (3.2%) increase, replacing 

Juniperus, and by 872 cm (c. 9415 BP) they dominate, with values o f 54% for 

Betula and 15% for Salix. This value is the highest attained by Betula in the 

Holocene pollen record from Clara Bog. A Betula scrub forest was probably 

common over much o f the landscape, with Salix spp. in wetter areas. The Poaceae 

then recover from a value o f  27% (872 cm) to 52%> by the end o f this zone. This 

may reflect local conditions (grasses growing on the fen), rather than the regional 

situation. The contribution from herbs other than the Poaceae is very small. The 

only Pteridophyte spore present in any quantity, probably growing locally, is 

D nopteris filix-m as, with a maximum of 2.2%> at 912 cm. This zone sees the

appearance o f Pinus sylvestris which attains a value o f  6%  by the end o f the zone

and Cory'lus avellana t. pollen with a value o f 1%.

Zone CB-2; 852-648 cm. Cory’lus avellana t. - Pinus peak zone 

(c. 9140 BP-c. 6590 BP)

This zone sees the expansion o f the larger forest trees in the landscape around Clara 

Bog. Zone CB-2 is described as two subzones as the CONISS output shows two 

dis:inct clusters. In the first sub-zone Cory’lus avellana  t. dominates, while in the 

secDnd Pinus dominates.

Sub-zone CB-2a : 852-760.5 cm. Corylus avellana t. - Pinus - Poaceae peak zone 

(c. 9140 BP-c. 7910 BP)
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This sub-zone starts with a value o f 37% for Corylus avellana t. pollen rising to 

59% at 816 cm (c. 8625 BP). This high value is typical o f  pollen diagrams from the 

Irish midlands (e.g., O ’Connell, 1980). Pinus is also well represented with a value 

o f  38*’/ 0  at 784 cm (c. 8190 BP). This value probably represents a sizeable local or 

regional population. Pinus continues to increase throughout the sub-zone. The 

Poaceae start the sub-zone with a relatively high value o f  27% and a second high o f 

29% at 800 cm (8400 BP). Betula, which was declining at the end o f  zone CB-1, 

starts sub-zone CB-2a with a value o f 89% and then declines to a value o f  l-2%> for 

the remainder o f the sub-zone. Salix behaves similarly dropping from 5% to below 

1 % over the course o f  this sub-zone. Ulmus and Quercus start to appear consistently 

during this sub-zone, although Ulmus expands 600 years before Quercus, with one 

value for Ulmus o f 8% (800 cm/8400 BP) in the sub-zone. Ulmus maintains a value 

o f  5% until the end o f the sub-zone. Quercus only rises above 1% representation 

(2%) in this sub-zone at 784 cm (c. 8190 BP). The percentage o f Poaceae drops 

continuously in this sub-zone, most markedly at the arrival o f  Ulmus. This may 

indicate a loss o f open space due to expansion o f woodland. Apart from the 

Poaceae, there are very few herb types present in this sub-zone. Pteridium  and 

Polypodium  both appear in this sub-zone, with a value o f  3% (at 800 cm/8400 BP) 

for Pteridium. Hedera makes its first appearance in the diagram at 784 cm (8190 

BP).

Sub-zone CB-2b: 760.5-648 cm. Pinus - Corylus avellana t. peak sub-zone 

(c. 7910 BP-c. 6590 BP)

The first half o f  this sub-zone is dominated by the Pinus curve, which rises from 

43% to 55% (704 cm/7295 BP). The maximum value attained by Pinus at this site 

(55%) is comparable to early Holocene maximum values from other midlands sites 

such as Agher A, Co. Meath, and Ballynakill, Co. W estmeath (Mitchell, 1951). 

Unfortunately, no dates are available from these sites, but the peaks seem roughly 

contemporary, probably before 7000 BP (See Chapter 10). It was probably locally 

extensive, and a frequent component o f the regional flora. After this level, Pinus 

declines gradually to 25% (656 cm/c. 6710 BP). The Corylus avellana t. curve 

remains between the values o f 18% (688 cm/c. 7115 BP) and 39% (720 cm/c. 7470
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BP), probably continuing to dominate much o f the landscape away from the poorly 

drained areas.

The Poaceae have a single peak value o f 13% (688 cm/c. 7115 BP), before dropping 

back to 2% (672 cm/c. 6920 BP). Ulmus (4% -9% ) and Quercus (2% -8% ), 

increasing during this period, remain at relatively low values. The percentage o f 

herbs remains low, dominated by the Poaceae throughout the sub-zone.

Betula and the Poaceae appear to make a slight recovery as Pinus declines rapidly 

towards the end o f  the sub-zone from a value o f  25% at 656 cm (c. 6710 BP) to 9% 

at 640 cm (c. 6475 BP). It is possible that the decline o f Pinus is local, caused by the 

expansion o f bogs into its local habitats. Pinus sylvestris was growing on mineral 

soil adjacent to the bog in the early Holocene. One stump was seen in situ at the 

edge o f  an area o f cutaway, rooted in mineral soil to the south o f  Shanley’s Lough, 

while other trunks can be seen on slightly raised ground at the southeastern side o f 

the bog (See Fig. 12.6). The pine stumps illustrated are all in the same place just 

outside the area o f  what would have been the edge o f  the main basin. The pine 

stumps shown are o f unknown age, but were covered by peat and presumably were 

part o f an old pine population (probably greater than 1000 years, as Scots Pine is 

thought to have died out by c. 1000 AD; Watts, 1984). The pine stump south of 

Shanley’s Lough was covered by a greater depth o f peat and was presumably older 

(in the range o f thousands o f  years).

Rumex and Sinapis type are the only other two herb taxa to have a value above 1%. 

Hedera is frequently present in the samples, with Ilex appearing for the first time at 

704 cm (c. 7295 BP) m d A ln u s  pollen appearing at 656 cm (c. 6710 BP). Alnus 

probably began to expand into the range o f Pinus (see Bennett and Birks, 1990; 

Bradshaw and Browne, 1987). The decline in the Pinus sylvestris pollen percentage 

after this zone probably indicates that the curve subsequently represents distant 

populations which are known to have survived, for example those in upland areas, 

although the possibility o f reduced local Pinus sylvestris populations can not be 

discounted.

Zone CB-3; 648-444 cm. Corylus avellana t. - Quercus - Ulmus - Alnus peak zone 

(c. 6590 B P -c . 3890 BP)

This zone covers 2700 radiocarbon years o f  relatively stable vegetation in the pollen 

catchment o f Clara Bog. At the beginning o f this zone Corylus avellana t. pollen
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rises to a value o f 54% and subsequently dominates the pollen rain, ranging from 

62% (552 cm/c. 5210 BP) to 37% (464 cm/c. 4365 BP). Coryliis avellana t. was 

probably the dominant understorey tree during the zone.

Ulmus, which was most likely to have been dom inant on the well drained mineral 

soils around Clara Bog, starts the zone at a value above 10%, rising to 16% (608 

cm/c. 5945 BP), then declining gradually to 8%> (568 cm/c. 5345 BP). At this point 

herb pollen does not increase. This cycle o f decline and recovery is repeated again 

in the zone with two further peaks, 17% (560 cm/c. 5265 BP) declining to 7% (552 

cm/c. 5210 BP), rising to 15% (548 cm/c. 5190 BP), and declining to 8%> (544 cm/c. 

5175 BP). During the decline at 552 cm/c. 5210 BP herbs do not appear to be 

greatly affected, but in the decline at 544 cm/c. 5175 BP there is a slight rise in 

Poaceae, Fraxinus and Rumex pollen. This quite possibly indicates human impact in 

the region.

Table 12.6 Ulmus declines detected at Clara Bog

Decline Number Depth (cm) Year (RCYBP)"

1 568 5345

2 552 5210

3 544 5175

4 496 4975

5 440 3790

“ Radiocarbon years before present (yr BP), present meaning AD 1950.

After 540 cm Ulmus m^aintained a value between 15-20%  until 496 cm. (c. 4975 BP) 

when it crashes from 18% to 9%. This cycle, while it is not as pronounced as that 

observed at Scragh Bog (O ’Connell, 1980), is nevertheless similar. Two reasons are
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Figure 12.6 Stumps o f Pinus sylvestris on a slight elevation contiguous to and overlook
ing Clara Bog. A: Stumps protruding through cut-over peat, Clara Bog lies in the back
ground to the north. B: Interface between the underlying mineral material and the peat on 
the same mound, with P. sylvestris roots directly in contact with the mineral soil.
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probable for the repeated fall in pollen production -  loss o f  habitat and/or disease. 

Recovery in Ulmus pollen production could be explained by re-expansion o f  Ulmus 

in areas where it had perhaps lost its habitat, or recovery o f  populations from 

disease.

The final decline in Ulmus during the zone (496 cm/c. 4975 BP) may have been due 

to clearance as there appears to be no secondary woodland development. This 

decline is more prolonged and deeper than previous ones. Taxus also occurs 

throughout this zone alongside Fraxinus before and during and after the Ulmus 

decline at c. 4975 BP/496 cm. The low amounts o f  Taxus and Fraxinus pollen 

present, their lack o f coincidence with the Ulmus decline and the lack o f  any 

increase in herb taxa, indicates their expansion is either a distant regional event or a 

limited local event.

Quercus starts the zone by increasing to 11%, and then drops to 7% in the next 

sample. Quercus was probably most frequent on the large areas o f  poorly drained 

land around Clara Bog, although it would have competed with Ulmus on the better 

soils as well. Quercus percentages lie around 8% at the start o f the zone, rising to 

13% in the latter half o f the zone. Quercus undergoes a slight decline at 496 cm (c. 

4975 BP), dropping to a value o f 8% from 13% (504 cm/c. 5050 BP). This 

coincides with a decline in Ulmus. Both Quercus and Ulmus recover after this, 

Quercus having a peak value o f 20% (464 cm/c. 4365 BP) and Ulmus increasing to 

18%. Ulmus then declines steadily to 10% (448 cm/c. 3980 BP).

Pimis is constantly below 10% in this zone, while Alnus increases from 2% (624 

cm/'c. 6220 BP) to 14% (544 cmV5175 BP). This expansion o f Alnus is most likely 

to have occurred along watercourses, but seems to interact with Ulmus rather than 

Pinus. This may be due to the local expansion o f  wetlands around Clara Bog, 

making some habitats previously dominated by Ulmus favourable for the growth o f 

Alnus. Pinus has a final peak (13%) at 480 cm (c. 4715 BP) before declining to 

3.8% ly the end o f the zone. This final peak may have been a local event as it does 

not coincide with the decline o f any o f the species presumed to have dominated the 

canopy. There is a peak in tree pollen concentrations at this time with Pinus peaking 

just p io r to the other species. Pinus does not recover prior to zone CB-5. Alnus 

maintains a value between 11% and 19% for the rest o f  the zone, most o f the values 

being iround 15%.
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Fraxinus pollen is consistently detected in this zone at 0.2% from 592 cm (c. 5675 

BP) onwards. Fraxinus percentage rises to 2% at 448 cm (c. 3980 BP). Taxus is also 

detected from 528 cm (c. 5145 BP) onwards in this zone, with a value o f 1% at 496 

cm (c. 4975 BP). Betula  increases to 10% at the start o f the zone and then declines 

to below 5%.

There are few occurrences o f herb pollen in this zone, the dominant herb being 

Poaceae with a value o f  about 1%.

Zone CB-4: 444—56 cm. Corylus avellana i.-Quercus-Alnus peak zone 

(c. 3890 BP-c. 510 BP)

This zone covers the period when large-scale human impact on the vegetation 

became detectable. It covers the Bronze Age in the vicinity o f Clara Bog, up until 

the clearance o f the last remnants o f forest in the M iddle Ages. Because o f  the 

length o f time covered by zone CB-4, and the number o f  events occurring during 

this zone, the zone was subdivided into four sub-zones with reference to the 

CONISS output, labelled CB-4a to CB-4d.

Sub-zone CB-4a: 444-344 cm. Corylus avellana t.-Quercus-Alnus-Ulmus 

(c. 3890 BP-c. 2350 BP)

Alnus, Betula and Corylus avellana t. pollen percentage values are reasonably stable 

in this sub-zone, with Corylus avellana t. pollen continuing to make up the largest 

portion o f the pollen rain, with values ranging from 36% -60% , but mainly around 

45%.

At Clara Bog, Quercus achieved its highest percentage value (23%) at the start of 

sub-zone CB-4a. This is due to the decrease in Ulmus concentrations, rather than an 

expansion o f Quercus, which maintains a value from 10% to 20% for most o f the 

sub-zone, the values generally decreasing between the start o f the sub-zone to its 

end.

Ulmus starts the sub-zone with a value o f 2%. This is the end o f  the decline which 

had started in the previous sub-zone, coinciding with an increase in the Poaceae 

percentage and the appearance o f Plantago spp. Ulmus recovers to a value o f  13% 

in the next level. Ulmus declines sharply at 416 cm, from 11% to 3.9% and then 

recovers slightly.

Alnus is stable, with values mostly in the range 9-13% , with one peak o f  19% at 

368 cn . Pinus has all but disappeared from the diagram in this sub-zone with values
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only reaching 1.1%. The stability o f Quercus and Alnus curves at this stage may be 

due to their growth on wetter soils which were not favoured for agriculture.

Taxus and Fraxinus both increase rapidly at the beginning o f  the sub-zone, Taxus 

clim bing to 7%, Fraxinus to a peak o f 9% at this point (432 cm/3610 BP), taking 

advantage o f a large canopy disturbance owing to the decline in Ulmus values. 

Ulmus- recovers partially at the end o f the sub-zone, but without affecting the 

am ount o f Taxus present. It is possible that the canopy density o f  Ulmus was much 

lower during this recovery, possibly owing to grazing or coppicing. Overall, Ulmus 

and Fraxinus percentages decline in this sub-zone. Simultaneously there is an 

increase in the level o f agricultural indicators. It would appear that the land most 

valued for the expansion o f human agricultural practices was that on which these 

two species were growing. Fraxinus was probably targeted because it had invaded 

land previously occupied by Ulmus.

This is evidence o f disturbance o f the canopy at this time. Pollen o f Taxus, usually 

an understorey tree, is present at relatively high values for the first time, indicating a 

regional or large-scale local disturbance o f the canopy. This allowed increased 

dispersal o f Taxus pollen. Fraxinus pollen then declines to 1% (368 cm/c. 2585 BP), 

and does not recover significantly. Taxus has values from 2% to 4% for the last part 

o f the sub-zone. Sambucus, a nitrophilous species, makes its first appearance in this 

diagram at 392 cm (c. 2895 BP), probably taking advantage o f the clearances.

The herb flora in this sub-zone becomes more prominent with the appearance of 

Plantago spp. (P. lanceolata plus Plantago undiff.), including Plantago lanceolata 

type. The Plantago spp. rise to a value o f 4% at the beginning o f the sub-zone, 

declining to 1%, and then recovering to 3% by sub-zone end. Values for the Poaceae 

rise to 6% at the beginning o f the sub-zone, increasing to 12% and declining to 2% 

at the end o f the sub-zone. This represents the first incidence o f human impact 

detected in the pollen record from Clara Bog. Other herb species associated with 

human impact due to farming are found at this point, the liguliflorate Compositae 

rising to 1%. Urtica and Rosaceae are also frequently present in this sub-zone. 

Sub-zone CB-4b: 328-232 cm. Corylus avellana t.-Alnus peak sub-zone 

(c. 2350 BP-c. 1900 BP)

This sub-zone is also dominated by the Corylus avellana t. component. This has a 

range between 45% and 60%. Several o f the other tree species are well represented



in this sub-zone. Alnus and Quercus are the only tree species to have a value greater 

than 10%, Alnus dropping to 5% and Quercus to 3% at the end o f  the level.

Ulmus rises from 1% at the beginning o f the sub-zone, to 10% in the middle, before 

declining to 0.3% at the end o f the sub-zone. Fraxinus rises from 2 to 8% in this 

sub-zone, before declining to 4%. Both o f  these tree-scan colonise in an 

opportunistic manner, allowing their populations to recover or expand quite quickly. 

Quercus gradually declines from 13 to 3% at the end o f  the sub-zone. Taxus is 

almost entirely absent from this sub-zone, only appearing at 272 cm (c. 1985 BP) 

and reaching a value o f  1.3% in the final sample (240 cm/c. 1915 BP). This 

indicates fresh clearance in the region. Betula has an increased presence in this sub

zone, rising to 8% in the last sample o f the sub-zone.

Poaceae are reasonably consistent throughout the sub-zone, with one low value, 4%, 

at 272 cm (c. 1985 BP). The Plantago spp. decline from 6% (320 cm/c. 2179 BP) to 

1% (256 cm/c. 1945 BP), recovering to 4% in the final sample. It is in this sub-zone 

that Cereal-type Poaceae pollen is first encountered, indicating the practice o f arable 

agriculture. These grains are most frequent in the first sample o f  the sub-zone (320 

cm/c. 2180 BP). Other herbs are infrequent, with Rumex and Urtica being the only 

ones to rise above 1%. There is also a peak (8%) o f Pteridium  at 320 cm (c. 2180 

BP). At the end o f this sub-zone there was a landscape with a lot o f scrub, cleared 

areas and secondary woodland. The increased amount o f  Betula pollen may be an 

indicator o f secondary woodland or it may be related to conditions on the bog 

surface.

Sub-zone CB-4c: 232-152 cm. Corydus avellana X.-Fraxinus-Ulmus peak sub-zone 

(c. 1900 BP-c. 1590 BP)

This sub-zone is also dominated by Corylus avellana t. pollen, with one value o f 

75% (160 cm/c. 1640 BP), and the rest between 42% and 53%. The sub-zone is 

remarkable for the recovery o f many tree species, particularly Fraxinus, Taxus and 

Ulmus. For most o f the samples, the sum o f the tree and shrub component o f the 

pollen rain was above 95%.

Fraxinus pollen percentages continued to increase in sub-zone CB-4c, climbing 

from 4% in sub-zone CB-4b to 16% in the first half o f this sub-zone. These high 

values are maintained until the last sample (160 cm/c. 1640 BP), when Fraxinus 

drops to 3%. Ulmus makes a recovery in this sub-zone from 0.3%> at the end o f sub-
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zone CB-4b to 15% in this sub-zone. Ulmus and Fraxinus both decline at the end of 

the sub-zone, indicating renewed clearance, with an increase in Corylus avellana t. 

pollen percentages from 45% to 75%.

Quercus experiences little overall change in this sub-zone, apart from an increased 

value (12%) for the first sample. Alnus also remains quite stable with pollen 

percentage values ranging from 5% to 8%. Taxus recovers, and peaks at 192 cm 

with a value o f 5%>, and then declines gradually to 2.2% at the top o f  the sub-zone. 

Betula also makes a slight comeback in this sub-zone with a peak o f  8% at 176 cm 

(c. 1725 BP).

Poaceae and other agricultural indicators decline suddenly and almost disappear 

entirely during this period. This indicates an almost total cessation o f the farming 

methods previously employed and probably corresponds to the Iron Age.

Sub-zone CB-4d ; 152-56 cm. Corylus avellana t-Q uercus-Alnus  

(c. 1590 B P ^ .  510 BP)

This sub-zone stretches from the end o f the Iron Age to M ediaeval times. It is a 

period o f little change. In this sub-zone, Corylus avellana t. pollen continues to 

dominate pollen rain, but with lower percentages (ranging from 33% to 52%) than 

in previous sub-zones. Quercus has high values (8-15% ) in this sub-zone, as has 

Alnus (10-21% ). Fraxinus is the only other tree with a high pollen percentage value, 

a peak o f  8% (112 cm/c. 1230 BP), perhaps due to its ability to expand quickly.

Taxus and Ulmus have almost disappeared from the record at this point. Taxus 

makes a final appearance in this sub-zone, with a value o f  (2%) in the first sample 

(144 cnVc. 1530 BP). Ulmus has very low values (0.2—4.0%) and does not recover 

after this point. Betula also has low values in this sub-zone.

The herb flora fluctuates between 9% and 36% of the pollen sum. It is composed 

mainly o f Poaceae and Plantago spp. Rumex and Urtica also contribute a reasonable 

amount to the herb sum. Pteridium  maintains values between 1% and 10% in this 

level.

Zone CB-5; 56-0 cm. Poaceae-P/a/ztogo peak zone 

(c. 510 B P - -40 BP)

This zone starts with the clearance o f the remaining forest from the landscape. There 

is a decrease in Corylus avellana t. pollen o f 38% from the last sample in zone CB-4 

(42‘'i) to 4%). Concentration data show the same sudden decline. Corylus avellana t.
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scrub must have been ahnost totally removed at this stage, as its decline is the most 

sudden in the history o f the vegetation recorded at Clara Bog. Corylus avellana t. 

pollen is not a major feature o f the diagram in zone CB-5, having no value above 

5%.

Poaceae and Plantago spp. become dominant, indicating the expansion o f 

agriculture in the landscape. There is a significant increase in the concentration o f 

Poaceae pollen at this time which may be due to the growth o f  Molinia  on the site. 

However, the absence o f  Molinia remains, and the consistent trend in percentages 

makes it unlikely that the effect is entirely due to local pollen production. Herb 

pollen accounts for the majority o f the pollen sum, ranging from 68% to 79%. 

Poaceae rise from 28% (48 cm/c. 395 BP) to 67%> (0 cm/-43 BP). The pollen 

percentage o f Plantago spp. peaks at the start o f the zone with a value o f 28%, 

declining steadily to 5% at the surface. There is also a relatively large amount o f 

Rumex, Filipenclula, Urtica and Pteridium  in this zone. O ther herbs also appear 

quite frequently in this zone, in comparison to their low frequencies in other zones. 

Pinus appears in this zone at 32 cm/c. 290 BP having been reintroduced, after its 

disappearance in sub-zone CB-4a. This is -100  years earlier than we would expect 

from van der Molen (1986). This marks the advent o f the planting o f woodlands on 

the great estates (Mitchell and Ryan, 1997), and the advent o f  modem commercial 

forestry in the landscape around Clara Bog. Fagus is present in the top three 

samples (0 cm, 16 cm, 32 cm) o f this zone. Picea is also found in the 16 cm (c. 20 

BP) sample (0.2%). The other trees are represented by low values in this zone, never 

rising above 5%.

12.3.6 Rarefaction analysis

The results o f the rarefaction analysis are presented in Fig. 12.7. Sums were 

standardised to //=240 for calculation o f E(T„).

Zone 1 starts with a high (18.9) value for palynological richness, declining to the 

lowest value in the sequence (5.5) at the start o f Zone 2. This indicates a decline in 

the expected number o f pollen types deposited in the sediment between the start o f 

the Holocene and the expansion o f the first forest trees. This decline in E(T„) is 

probably due in part to local extinction and in part due to a change in the nature o f
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the pollen transport and depositional processes as the landscape changed from an 

open one to a predominantly forested one.

The value for E (T J then climbs to 10.8 and remains at a value between 9.6 and 14.4 

until the end o f  zone 3. This is brought about by the expansion o f new species in the 

area around Clara Bog, e.g., oak, elm and alder.

The value for palynological richness rises at the start o f  zone four (sub-zones 4a and 

4b). The zone contains values between 14.9 and 20.5. This represents the period o f 

human disturbance preceding the Iron age. The Iron age (from 160-208 cm s; sub

zone 4c) is marked by a sustained drop in values for E(T„) to between 13 and 15. 

Values rise again in zone 4d, before rising to a maximum o f 23.2 at 32 cm (in zone 

5). This value occurs at the time when the final forest was removed and agriculture 

was expanding rapidly. Values remain high (c. 20) until the present day.
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Figure 12.7 Results o f  rarefaction analysis carried out on the C lara Bog percentage 
pollen frequencies. Num bers above the data plot indicate pollen zoness CB-5 to CB- 
1. Values are displayed ±95%  confidence limits.
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12.4 Discussion

12.4.1 Spreading of species into the midlands in the post-glacial period

The spread o f tree species within Ireland and Britain has been dealt with under 

several guises since the advent o f radiocarbon dating. These have included studies 

o f  individual species, such as Pinus sylvestris (Bennett, 1984; Bradshaw and 

Browne, 1987) and Alnus glutinosa (Bennett and Birks, 1990). Other studies 

involved the construction o f  isochrone and isopoll maps. These maps require good 

quality radiocarbon dates spread throughout the studied area if  they are to give an 

accurate picture o f the vegetation at a particular time. As there was no diagram 

published with radiocarbon dates from the Irish M idlands it was not possible to be 

sure o f the age estimates made for tree spreading in the area. Birks (1989) published 

the most recent maps o f  vegetation spread within Britain and Ireland. Dates 

contained therein will be used for comparison with the dates from the Clara Bog 

study.

12.4.2 History o f  Pinus sylvestris  at Clara Bog

Piniis has played a significant role m the Holocene vegetation o f Ireland appearing 

in most pollen diagrams at some stage o f the vegetation succession (i.e., Bamosky, 

1988; O ’Connell, 1980; Smith and Goddard, 1991). Pinus expanded early in many 

areas, and was an important forest tree where it was not in competition with 

deciduous species, other than the possible exception o f  Betula (Bennett, 1984). It 

was gradually marginalised in the landscape, and was probably m_ade extinct due to 

the activities o f humans. Pinus spread throughout the British Isles in the early 

Holocene, before being displaced by other species such as Quercus and Ulmus on 

the more fertile lowlands. It fared little better in wetlands as Almis populations 

expanded. This seems to have left Pinus sylvestris isolated on the margins o f raised 

bogs and in areas prone to paludification (e.g., blanket bogs). As these areas o f  bog 

expanded, Pinus, if  it could not live on the bog surface, was finally made extinct in 

Irelanc, possibly as recently as the Middle Ages. The whole development is 

summarised by Bradshaw and Browne (1987).

Benne:t et ai. (1991) suggest that Pinus and Betula may have survived on the fringe 

o f the forested areas in Europe, and the early pattern o f  expansion during the
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Holocene has led to suggestions o f more than one origin for the post-glacial Pinus 

population (Bennett, 1984; Bradshaw and Browne, 1987; Birks, 1989; Bennett, 

1995). Pinus arrived very early in the area arund Clara Bog (c. 9200 BP), at the 

same time as Corylus avellana t.. This is similar to events recorded at Gortlecka, 

Co. Clare (Watts, 1984) and Connemara (O ’Cormell et al., 1988) where Pinus and 

Corylus avellana t. also arrive simultaneously very early in the Holocene (before 

9000 BP).

Pinus pollen in the pollen record can be hard to interpret as it produced in 

abundance and is well dispersed from its source. It can be represented in sediments 

far from the nearest Pinus population, and this has complicated the interpretation o f 

whether Pinus is present or not in the region if  its pollen is found at a site. It is 

usually considered to be over-represented in pollen diagrams when it does occur 

(e.g., Bradshaw, 1981). In order to aid interpretation a minimum value o f  20% was 

suggested by Bennett (1984) as indicating the local presence o f  a significant 

population o f Pinus. It was felt that small local populations o f  Pinus would be 

undistinguishable from regional or background Pinus pollen.

However, this value was subsequently revised downwards to 5% (Bermett, 1995) 

when low values (<5%) o f Pinus pollen were found alongside macrofossil evidence 

for Pinus (e.g., Fossitt, 1994). If a value o f 5% is accepted as an indicator o f local 

presence as suggested by Bennett (1995), then the rise in Pinus values indicates 

Pinus trees by 9000 BP along the west coast, from Kerry (Bamosky, 1988; Dodson, 

1990) to Donegal (Fossitt, 1994) and on the southeast coast by about the same time. 

The northeast o f the country appears not to have had a significant expansion o f 

Pinus until later on (i.e., about 8000 BP at Sluggan Bog, Co. Antrim  (Smith and 

Goddard, 1991); 7300 BP at Ballynagilly, Co. Tyrone (Pilcher and Smith, 1979)). 

The record for the east coast is very poor, with no available radiocarbon dates. 

Bradshaw and Browne (1987) also suggest that there is a difference in pollen 

representation at lake and bog sites caused by the swamping effect o f  local 

vegetation, thus partially explaining the difference in representation at lake and bog 

sites even when they are close together, as some bog sites show very high 

percentages of Pinus while adjacent lakes show considerably lower percentages. 

However, they do not provide any detailed comparisons, which are necessary to 

make such a statement (See Chapter 4), so it is not possible to say whether this is



true, o r whether the role o f Pimis is generally overem phasised in Irish vegetation 

histor>'.

Representation o f Pinus sylvestris at Clara Bog was high, with a peak value o f 55% 

(c. 7300 BP). This is similar to the pattern seen in other midlands raised bogs, e.g., 

Clonsast Bog (Mitchell, 1956) but quite different to the pattern seen at Scragh Bog 

(O ’Connell, 1980). There is evidence on the ground o f Pinus growing right up to the 

edge o f  the bog until ombrotrophic peat began to expand. The reason for high values 

o f Pinus at some bog sites in particular, during considerable parts o f  the Holocene, 

could therefore be attributable to the growth o f  local populations on patches of 

waterlogged till or mineral soil during the minerotrophic phase o f bog growth. 

These populations would eventually be killed by the expansion o f ombrotrophic 

peat. At this stage there should be a dramatic decline in percentage values. The 

remaining Pinus pollen would be mostly regional, i.e., from other Pinus populations 

still growing adjacent to bogs, or surviving in other marginal habitats.

At lake sites there would not necessarily have been a sufficiently marginal habitat 

for the growth o f Pinus to have been viable. In this case, in the absence o f  a local 

population only the Pinus pollen in the regional pollen rain would be detected. This 

situation could o f course change as the drainage situation o f the lake and its 

surroundings changed.

The high percentages o f Pinus pollen at Clara Bog were due to a sizeable local 

population, growing on mineral soil around the basin which contained the 

developing fen. As the fen turned to bog at c. 6250 BP it began to grow out of its 

basin and onto adjacent mineral soil. This loss o f suitable growth conditions would 

account for the decline in Pinus at about this time. Several stumps o f Pinus can be 

seen with the roots touching mineral soil, overgrown with peat. Some o f these 

trunks are o f  >1 m in diameter. There is no evidence to date for the growth o f Pinus 

on the surface o f Clara Bog, unlike other bogs such as Clonsast Bog (Mitchell, 

1956) or Glashabaun Bog (McNally and Doyle, 1984). It is possible that the Pinus 

pollen after the major decline in Pinus detected at Clara Bog is the regional 

component, which could have been substantial for some time, as not all known 

raised bogs became ombrotrophic at the same time.
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12.4.3 The Ulniiis decline and the introduction of agriculture at Clara Bog

The behaviour o f  the Ulmus pollen percentage curve at Clara Bog during the Ulmiis 

declines is not as cyclical as that seen at Scragh Bog (O ’Connell, 1980). Percentages 

o f Ulmus never decline to the very low values seen at other sites until c. 3790 BP. 

There are three small and short-lived declines in Ulmus percentage values (at c. 

5346 BP, c. 5210 BP and c. 5175 BP) preceding the first major decline, which is 

dated to c. 4970 BP. These first three are accompanied by very small increases in 

Quercus pollen, and the appearance o f Fraxinus, possibly indicating very small- 

scale disturbance, but not enough to suggest w idespread disturbance o f the canopy 

in the catchment area.

At c. 4970 BP there is a more pronounced decline in percentages which appears 

similar to the decline at Clonsast Bog (Mitchell, 1956), but unlike the sharp declines 

seen at Scragh Bog (O ’Connell, 1980). However, the Ulmus decline is 

unaccompanied by any indications o f agriculture, although there is a small amount 

o f Taxus pollen suggesting some disturbance o f  the canopy. Quercus pollen 

percentages and concentrations decline at this point, w hile Corylus avellana t. 

percentages increase. In the absence o f any agricultural indicators, or any lasting 

diminution o f the Ulmus proportions in the pollen rain, it would seem more likely 

that these declines were due to disease rather than human influence. However, taken 

as a whole, these four short and slight declines are also coincident with an increased 

frequency o f Poaceae and Hedera pollen along with a slight rise in the number o f 

species expected, as calculated by the rarefaction technique.

The period between c. 5350 BP and c. 4970 BP contains evidence for disturbance o f 

the woodland, with the Ulmus decline at c. 4970 BP (Num ber 4) being the Ulmus 

decline which is detected throughout northwest Europe, occurring alongside the first 

coherent signs o f Neolithic agriculture. The Ulmus curve recovers well after each 

decline at Clara Bog, probably due to its ability to grow very successfully in the 

midlands. This undiminished ability to grow would suggest that these, and similar 

future declines, were not due to any significant climate change. Whether the 

location o f the forest disturbance which generated these signals was distant from 

Clara Bog, or local but on a very small scale, is impossible to tell. Overall, it would 

appear that this feature o f the vegetation record at Clara Bog is unique in Ireland as 

it witnesses an Ulmus decline but no signal for Neolithic agriculture.
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The lack o f evidence o f Neolithic settlement in the region is also noteworthy, but 

not taken as proof o f  absence. Nevertheless, there is no clear evidence for the 

presence o f Neolithic people in the region around Clara Bog, and it is equally 

possible that these signals were generated by M esolithic people or some natural 

phenomenon, e.g., storm damage. This pattern o f  minor disturbance continues until 

the appearance o f  agriculture at c. 3800 BP.

Ulmus recovered rapidly with no further declines until the period c. 4370 BP, when 

indicators o f agriculture and canopy disturbance occurred at the minimum value of 

Ulmus (2%, 3790 BP; decline Number 5). This was the first period o f disturbance, 

accompanied by anthropogenic indicators, detectable in the pollen rain at Clara Bog. 

Also, there may have been smaller disturbances before this which were not detected, 

so it is not possible to say exactly when the first farmers actually arrived in the 

region. As the decline is so gradual (16% in 600 radiocarbon years) and much 

deeper than previous declines, it is unlikely that this Ulmus decline was due solely 

to a disease, as may have been the case at c. 5000 BP.

This evidence points to a sustained impact on the landscape by late Neolithic or 

early Bronze Age farmers which was consistently small (there was never a huge 

increase in the percentage o f herbs), but perhaps significant enough to allow 

Fraximis to take over areas previously occupied by Ulmus. It is only at the 

minimum o f the decline that agricultural indicators appear, and Fraxinus and Taxus 

become important.

Perhaps the removal o f Ulmus from the chosen areas o f the landscape involved 

consistent effort and consistent agricultural practices over many years in order for 

Ulmus to lose this dominance. This may have involved burning, for which this study 

provides no evidence, grazing, or cropping practices. Ulmus subsequently recovers 

quite rapidly while agricultural indicators decline to very low values.

The behaviour o f Ulmus at this site suggests two things. Firstly, that the original 

Ulmus decline at Clara Bog, which is partial (there is no evidence for agriculture, 

and the forest recovers quickly) suggests that the trees were affected by disease, and 

that th;s disease was not as devastating as is indicated at other sites (i.e., Scragh 

Bog). However, it is also possible that the same effect could be brought about by 

limitec human intervention (e.g., using Ulmus for fodder). Nevertheless, there is no 

eviden:e o f sustained agricultural practices until c. 3790 BP.
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Secondly, the impact o f the first farmers in the region takes some considerable time 

to become obvious, from 2000 to 1000 radiocarbon years later than at other sites. 

This would seem to imply that clearing the forest was a very difficult process, or 

that there were very few people, and that the area around Clara Bog was not choice 

land. It may be that the presence o f large numbers o f dying Ulmus trees elsewhere in 

the country was a powerful inducement to concentrate efforts in other places. The 

evidence for the earliest human agricultural activity (between c. 5350 BP and c. 

3790 BP) is so slight that it is only appropriate to analyse it in the light o f 

Berglund’s Expansion-Regression model (Edwards, 1993). However, the major 

clearance period at c. 3790 BP provides evidence for a more detailed interpretation.

12.4.4 Bronze Age agricultural expansion

Although there is little evidence at Clara Bog for agriculture or settlement during 

the Neolithic, the slight disturbance detected suggests some human activity in the 

region as suggested above. However, the Bronze Age (c. 4000 B P-c. 2400 BP) saw 

considerable human activity in the region. This is supported both by archaeology, 

with the discovery o f several Bronze Age sites around Clara Bog, and palynology. 

Agriculture in the early Bonze Age (c. 3790 BP) was not very extensive judging by 

the rapid recovery o f Ulmus (c. 180 years) suggesting that clearance may have 

involved pollarding or coppicing in some areas. In addition, the increased frequency 

o f Taxus pollen suggests a thinning o f the canopy rather than complete clearance. 

However, it is possible that the Taxus was growing on peat near the bog, but as the 

changes in frequency o f Taxus pollen relate to indications o f human activity, this is 

considered an unlikely possibility. As soil in the farmed areas became exhausted 

there was a gradual expansion o f Fraxinus as the farmers moved on. Quercus seems 

relatively unaffected during farming. In the middle Bronze Age (c. 3300 BP) there is 

a further expansion o f agriculture as all the canopy trees decline, while Taxus and 

Corylus avellana type remain at relatively high frequencies. Poaceae and pasture 

herbs expand suggesting that grazing may have been important. The landscape at 

this time could have been a mixture o f cleared areas, coppice and farmland, or 

coppice with some standards and farmland. Rarefaction analysis showed a large 

increase in the number o f species expected in this zone, up from 11 to 19. This
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indicates an increase in the number o f environments in the region, probably due to 

edge effects as woodland is altered.

In the late Bronze Age/early Iron Age (c. 2290-2100 BP) there is increased 

frequency o f agricultural indicators, the detection o f cereal pollen for the first time, 

and the subsequent sudden recovery o f the forest. This is the equivalent o f  the 

D owris period, dated slightly earlier at Red Bog, Co. Louth (Mitchell and Ryan, 

1997) and which probably saw the introduction o f the ard plough (Mitchell and 

Ryan, 1997). It was a period o f considerable wealth which was followed by a 

w idespread decrease in the frequency o f agricultural indicators.

12.4.5 Iron Age forest recovery and Christian Period agricultural expansion

At Clara Bog there is evidence for a lull in agriculture during the mid/late Iron Age, 

c. 1900 BP-c. 1590 BP (c. cal. AD 110-420), which allowed recovery o f the forest, 

particularly Ulmiis, Fraximis and Taxus. This period o f increased arboreal pollen 

frequency occurs quite late if  it is an example o f the Iron Age lull in agriculture, 

which is described from other diagrams (e.g.. Red Bog, Co. Louth). Edwards (1985) 

suggested that a lull, when present, was due to soil exhaustion and increasing 

wetness. Moreover, as archaeologists have argued for a basic continuity in society 

throughout the late Bronze Age/Early Iron Age period (Cooney and Grogan, 1994) 

it seems futile to argue that the lull is due to cultural disruption, although society 

was becoming more territorial at this time (Cooney and Grogan, 1994). Around 

Clara Bog, where there had been almost 1800 years o f agricultural activity the 

likelihood o f soil exhaustion must be considered. However, the presence o f  cereal 

pollen in the pollen rain leaves open the possibility that agriculture was merely 

reduced in scale or carried out in a different fashion than during the Bronze Age. 

This time also coincides with the change in sediment from highly humified to 

relatively unhumified peat at Clara Bog lending support to the idea o f deterioration 

o f conditions due to increased wetness. This period coincides approximately with 

the dates o f a similar event recorded in the sediments at Red Bog, Co. Louth 

(Mitchell and Ryan, 1997). It is possible that a combination o f  events led to the 

abandonment o f the land around Clara Bog, perhaps some social reorganisation 

combined with the gradual exhaustion o f the soil led communities to reconsolidate
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on better soils. The archaeological evidence for this period at Clara Bog points 

towards a lack o f activity if  compared to that from the Bronze Age.

At about AD 420 (c. 1580 BP) there is a re-expansion o f  agricultural indicators. 

This equates with the period which Mitchell and Ryan (1997) suggest saw the 

introduction o f the mouldboard plough, signified by the expansion o f Artemisia. 

This would have allowed the farming o f soils abandoned in the early Iron Age, and 

the pollen diagram from Clara Bog suggests such a scenario could be true. Many 

ringforts date from the Early Christian Period and are protected homesteads, several 

are found in the region around Clara Bog. From about this time until the late Middle 

Ages there is continued expansion o f agriculture. Pollen from herbs such as 

Plantago spp., Rumex, Urtica and the spores o f  Pteridium  all became more frequent 

indicating an increasingly open landscape. Quercus and Alniis were still quite 

common, as was Corylus avellana type, indicating the existence o f  some forested 

areas, probably on more marginal land and as coppice and hedgerows.

12.4.6 Deforestation and reforestation (Covered in detail in C liapter 13)

After c. 400 BP there is a sharp decline in arboreal pollen frequencies as the 

remaining trees were cleared from the landscape. Alnus was probably greatly 

affected by drainage schemes in the 19“’ century. This is followed by the planting of 

exotics such as Finns, Fagiis and Picea around the estates o f the gentry and the 

intensification o f agriculture. The surface pollen spectra broadly reflects the 

vegetation o f the region with grass and herbs as the main pollen producers, and 

Pinus as the only significant source o f arboreal pollen.

12.5 Conclusions

Vegetation changes in the region around Clara Bog as reflected by the pollen 

evidence contain several features that were unexpected.

1. The early arrival o f Pinus in this region o f the midlands was unexpected on the 

basis o f earlier studies such as Birks (1989). In the context o f  the whole island it 

is very early, c. 9200 BP, as it was just established around the coast at this time 

and similar to the situation in Clare (Watts, 1985) it expanded at the same time as 

Corylus avellana t. This indicates that Pinus must have undergone a very rapid
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expansion over the island and become a very major com ponent o f the vegetation 

even in the fertile midlands.

2. Ulmus also appears to have an unusual history. It is frequent in the first half of 

the Holocene, and an important part o f the regional vegetation. However, there 

was not a pronounced Ulmus decline as detected throughout Ireland and 

northwest Europe. Considering this it can be concluded that humans were not 

responsible for the first four Ulmus declines at the site.

This is very significant as it implies that the agent for the Ulmus decline was not 

solely human or solely a putative disease, but rather a combination o f both. 

Reflecting on this, the human population o f northwest Europe may have behaved 

in a highly opportunistic manner at c. 5100 BP, or possibly even as promoters o f 

the disease. W ithout this coincident adoption o f  agriculture and the presence o f 

disease it may have taken a longer period for humans to make such a large 

impact on Ireland.

3. At Clara Bog anthropogenic influence on the vegetation appears to start during 

the early Bronze Age, although there are no obvious reasons why the region 

around Clara Bog was not the site o f earlier agriculture. Given the long period 

and sustained nature o f the decline at c. 3790 BP, quite typical o f the Irish 

Bronze Age, it would seem that Ulmus was removed by human activity, quite 

probably with the use o f tools. In other areas o f Ireland Ulmus had long since 

been removed by Neolithic activity/disease, and in most places once Ulmus had 

declined at c. 5100 BP it did not recover.

This may indicate that the human population was no longer dependent on 

occurrences such as outbreaks o f disease in tree populations. This first impact o f 

agriculture is also interesting as the lack o f pollen evidence for Neolithic 

agriculture is mirrored by a lack o f archaeological evidence.

In conclusion, although most developments in the vegetation could have been

anticipated, there are also features that are unique to the record from Clara Bog.
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Chapter 13 

The recent vegetation history of Clara Bog

13.1 Introduction

Historic Irish vegetation changes have been infrequently examined using paljoiology.

This is in contrast to the great number of works that study prehistoric change, detailed

in Chapter 11. Interest in vegetation ‘ change as a palaeoecological subject often

appears to end with the arrival of Christianity in Ireland, and the commencement of

historical recording. This is partly due to a lack of undisturbed recent sediments, and
*■ 1̂

as a result written records were treated as a more reliable source of information for the 

historical period. However, when compared to historical sources available in Britain,
A

vegetation change in Ireland is substantially under-recorded and often subjective, and 

existing records have produced biased views of vegetation change as commented by 

Hall (1990a).

Palynology is an under-utilised tool for the study of recent local changes, and in 

conjunction with historical records can provide more accurate information on 

vegetation change and agricultural development than could be achieved using either 

method independently (Hall, 1990b). Several recent palynological investigations of 

the historic period have been carried out on sites in Ireland (e.g.. Little et al,  1996; 

Hall et al,  1993; Mitchell, 1990; Hannon and Bradshaw, 1989; Mitchell, 1988). This 

chapter aims to interpret the recent vegetation changes from Clara Bog in the light of 

both historical and palynological evidence.

13.2 Recent Irish vegetation history

This section outlines major events in the vegetation history of Ireland since the 

Norman conquest (AD 1169). Some specific examples from the Clara Bog region are 

also included.

AD 1169-AD 1541

After the Normans arrived and occupied large areas of farmland, predominantly in the 

south-eastern half of the country (Mitchell and Ryan, 1997), the manorial system of 

land management was used on lands under their control. This involved clearance of 

forest in many areas, both for farms and communications. Fuller (1990) cites place-



name evudence for some of the species that probably grew around Tullamore (22 km 

southeast of Clara Bog) in pre-Norman times, including oak, hazel and yew. Although 

Offaly lay inside the area favoured by the Norman farmers, western Offaly does not 

seem to have been extensively settled, having few settlement remains compared to 

other areas (Stout and Stout, 1997). In fact, the original area known as Offaly was 

solely the eastern portion of the county. At Carbury Bog, Co. Kildare, which lies 45 

km to the east of Clara Bog, the period from the invasion until AD 1450 was not one 

of great change, and arboreal pollen values indicate that forest dominated the area 

around the bog (van Geel and Middeldorp, 1988).

The Norman invasion brought about a change from the Irish system of mixed arable 

and livestock fanning, to cereal and legume farming. The Normans established 

communications and fortifications, and the farming practices they introduced 

included;

• the planting of winter-wheat or rye and spring-oats,

• a fallow summer period,

• some sheep fanning for the wool markets of Europe (Fuller, 1990).

Chenopodium album and Polygonum sp. were grown, and were an important food 

source for the poor (Mitchell and Ryan, 1997). Large areas o f land were farmed by 

religious orders, which sited their settlements along major transport routes, such as 

Abbeyleix, Co. Laois (100 km south-southeast of Clara Bog). However, Behre (1981) 

noted that there was no sharp separation between arable and pastoral agriculture in 

mediaeval farming. This makes detailed interpretation of mediaeval farming more 

difficult using pollen analysis alone.

Fourteenth century Ireland witnessed several disasters, which included a gradual 

cooling o f the climate (The Little Ice Age; Lamb, 1977), the Black Death, war and 

famine (Mitchell and Ryan, 1997). As a result, the military power of the Normans, the 

strength of organised religious settlements, and the manorial system of farming, all 

waned. The Normans, and the English crown, lost control of Offaly during the Bruce 

invasion in the early fourteenth century, and, by the middle o f the century, the Irish of 

Offaly, and much of Leinster, were in a state of constant war with the Normans 

(Fuller, 1990). The result was a return to a pastoral economy, as vulnerable static 

crops were unpopular with the Irish, and secondary woodland expanded onto the 

abandoned or reduced manorial farms. The fifteenth century is known as the “Gaelic
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Revival” period, when the Anglo-Irish settlers adopted the ways o f  the native Irish, 

and the power o f  the English crown was minimal. At Carbury between AD 1450 and 

AD 1530 there was deforestation, interpreted as due to its location adjacent to the 

Pale, the area controlled by the English crown (van Geel and M iddeldorp, 1988).

AD 1541-AD 1700

A re-assertion o f  English power in Ireland occurred during the reign o f  the Tudors, 

and this resulted in an increased number o f confiscations, as Irish landowners were 

dispossessed for one reason or another. Offaly was still wooded during the mid

sixteenth century and cattle were still the most important assets o f  the Irish, with oats, 

barley and wheat also being tended (Fuller, 1990). The plantations by Mary Tudor of 

Laois/Offaly were initially unsuccessful owing to unrest, and occurred to the east of 

Clara Bog, which was not at that time a part o f  the county o f  Offaly.

However, the wars which occurred at the time o f the plantations led to the clearance 

o f  many woodlands, although subsequent historical accounts from the 1650s were 

contradictory when estimating the amount o f woodland that remained (Fuller, 1990). 

According to Aalen (1978) Laois and Offaly were well wooded in AD 1600. van Geel 

and Middeldorp (1988), note a rise in Coryius and Quercus percentages between 

C.1530 AD and c.1630 A D ‘ in Carbury, with a slight decrease in Poaceae percentages. 

They attributed this to a small degree o f forest regeneration, which was followed by 

massive deforestation, as tree pollen frequencies fell below 10%. This occurred during 

the period dated as AD 1630-AD 1695, accompanied by an increase in Poaceae and 

Plantagc, and the appearance o f Pimis and Fagus pollen (van Geel and Middeldorp, 

1988).

After the Cromwellian wars o f the 1650s Laois and Offaly were substantially planted 

with sett:ers loyal to the English government, and the native Irish landowners were 

transplanted to Connaught. Commercial exploitation o f Irish woodlands had started 

by ~AD 1600, after the plantations o f Munster and Ulster, and they continued during 

the next, relatively peaceful, 50 years. The exploitation was comprehensive after the 

Cromwe.lian wars, and most o f the remaining stocks o f native woods were quickly 

exhaustei (McCracken, 1971). Hall (1990a) in a study from Co. Down, dates a

' The date: in V anG eel and M iddeldorp (1984) were calculated using a com bination  o f  pollen density 
dating and radiocarbon dating. V anG eel and Middeldorp (op. cit.) found this m ethod worked w ell in 
the study cited.
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decline in arboreal pollen to c. AD 1600, about the tim e o f the Ulster plantation. 

However, one exception was Pinus, which reappeared at this stage, probably in the 

mid-seventeenth century. Scrub clearance at this time was implied by the decrease in 

Corylus percentages, while Poaceae increased to over 40%  o f the pollen sum (Hall, 

1990a). As a result o f  the scarcity o f woodlands in Ireland legislation was passed 

during 1698 in an attempt to preserve remaining wood stocks (Mitchell and Ryan, 

1997).

Several pollen diagrams from the Irish midlands showed a sharp decline in the 

percentage o f arboreal pollen at about this time. However, relating this decline to 

actual historical events is limited by the poor resolution o f sampling, and the 

unsuitability o f recent sediments for radiocarbon dating (e.g., Mitchell, 1956; see 

Clara Bog pollen diagram. Chapter 11). According to M cCracken (1971) Corylus was 

very common in the Irish countryside, often found in association with Quercus. van 

der Molen (1988) dates a decline in the Corylus pollen frequency, and a concurrent 

rise in Pinus pollen frequency to the 1730s at W oodfield bog, just north o f  Clara 

town. McCracken (1971) gave a date o f about AD 1700, ju st after the Williamite wars 

(after the Battle o f the Boyne) for this widespread decline o f  Corylus pollen 

percentages. However, what this decline in Corylus pollen percentages means in 

reality may be difficult to discover, as McVicker and Hall (1997) and Hall (1990a) 

found relatively high percentages (10%-40%) o f  Corylus avellana t. pollen in the 

pollen rain where there was none in the landscape.

Most o f the land was owned by a few families, and, according to the Down survey, 

Clara Bog (in the townland o f Errie) was owned by the Earl o f Cavan, a Protestant, 

and was not confiscated. The number o f tenants on the estates grew steadily from this 

time onwards, and they became increasingly dependent on the potato, which had been 

introduced by the 1670s (Mitchell and Ryan, 1997). The Jacobite war, terminated by 

the Battle o f the Boyne, was a minor interruption for the improving economy o f 

Ireland, and by 1700 the native Irish owned only 15% o f the land, and political 

control rested with the English and Protestant Irish landlords (Mitchell and Ryan, 

1997).
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AD 1700-Present

Economic development proceeded quickly during the eighteenth century. Road 

improvement and the building o f canals were undertaken as Dublin became an 

important port. The Grand Canal reached Tullamore, to the southeast o f  Clara town in 

1798. Agriculture was also improved and intensified during the eighteenth century, as 

settlers brought new tools, and new breeds o f  plants and animals (Fuller, 1990). Many 

landlords became interested in improving their estates, and societies (such as the 

Royal Dublin Society) propagated new information and technology, and encouraged 

its use (Mitchell and Ryan, 1997).

A statistical survey o f the King’s County (Offaly) was carried out by Coote (1801). 

This paragraph details some o f the information from the report. Clara town in the 

eighteenth century was home to eleven distilleries (all closed by the time o f the 

survey) and successful linen manufacturing businesses. However, Coote reported that 

the linen businesses suffered setbacks during the 1798 rising. Clara town was reported 

as very populous, with the population increasing. The Irish language was declining as 

manufacturing increased. There was a demand for hides, tallow and butter. Few 

instances o f drainage schemes were reported from the surrounding area, an exception 

being at Woodfield to the north o f Clara town. The principal food o f the people was 

potatoes and oatmeal. The omission o f oatmeal from the diet in many o f the poorest 

parts o f freland was an exacerbating factor during the famine. Other crops mentioned 

in the report are cabbage, rape and turnips. There were two flour mills, one recently 

built, which consumed all o f the produce from the surrounding area. Plantations were 

scarce, but apparently timber could be reasonably had on account o f the “nearness o f 

Lord Digby’s woods”.

In Co. Armagh during the mid-eighteenth century, the lowlands were enclosed and 

improved by the addition of manure, and the introduction o f seed planting by drill 

cultivation (which reduced the weed problem), while the uplands remained in ridge 

cultivation until at least the mid-nineteenth century (Hall, 1990b). However, the 

potato farming which dominated in the uplands o f  Armagh declined after the potato 

famine o f  AD 1845-AD 1850 (Hall, 1990b).

During the period AD 1700-AD 1850 at Carbury Bog, van Geel and Middeldorp 

(1988) noted the appearance o f Artemisia, which they attributed to ploughing before 

planting, and the maximum values o f Plantago, which they related to high population
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density before the famine, van der Molen (1988) noted an increase in Artemisia and 

Compositae (Tubuhflorae) frequencies at Woodfield Bog, concurrent with an increase 

in Pinus frequencies, and suggested that this was connected to ploughing in 

preparation for tree planting.

As the landscapes of Ireland and Britain had been largely open prior to this, land was 

enclosed using hedges and walls, and pollen of Prunus spinosa and Crataegus in 

sediments dated to the mid-eighteenth century, indicated the planting of hedges (Hall, 

1990a). The flax industry expanded, as at Clara town, and the demesnes around the 

houses o f the landlords, which eventually covered 6% of Ireland (Reves-Smyth, 

1997), were often planted with trees. Between 1740 and 1808 there was much tree 

planting in demesnes. Exotic species such as beech, sycamore, lime and horse 

chestnut were planted alongside native species such as oak and ash (Fuller, 1990). 

These served both commercial and aesthetic purposes.

However, in spite of all the plantations, and in contrast to the situation reported from 

Clara town, the population at large had no access to firewood, which was in very short 

supply. This led to a very desolate appearance in much o f the countryside, where 

anything that could be burned was used as fuel, e.g., fen peat, bog peat, and dung 

(Mitchell and Ryan, 1997). In 1786 there is mention of farmland and bog, but not of 

wood in the area around Tullamore (Fuller, 1990). The barony of Ballycowan, to the 

south of the Barony of Kilcoursey, in which Clara town is located, was reported to be 

almost treeless in the survey of 1801 (Fuller, 1990). Lewis (1837) reported that the 

county contained a large area of bog, which was used for fuel, pastures for 

sheepwalks, and moors for young cattle. Charleville demesne, outside Tullamore, was 

noted for its fine woods.

‘A Topographical Dictionary of Ireland’ (Lewis, 1837) provides detailed information 

on the barony of Kilcoursey, in which Clara town is located. Clara was described as 

having formerly an extensive grain market and trade, which largely vanished with the 

completion of the canal in 1798 at Tullamore. However, the linen industry still 

existed, while a brewery, a tanyard, and four com and flourmills supplied the English 

market. The inhabitants of the town of Clara had access to plenty of fuel, timber and 

water. There were fairs for cattle, horses, sheep and pigs several times a year. This 

implies mixed agriculture around Clara.
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The population o f  Ireland expanded from four million in the 1750s to eight million by 

1845. Many o f these poor people were heavily dependent on the potato, ultimately on 

one particular variety, which resulted in the famine o f  1845-1850. In spite o f its 

w idespread cultivation, potato pollen is not often found in the pollen rain (Hall, 

1990b).

After the famine many estates were made bankrupt owing to the loss o f tenants, as the 

population fell from eight million in 1845, to four m illion in 1930 (Mitchell and 

Ryan, 1997). Clara town was fortunate at this time to have been home to 

manufacturing industries, including a jute manufacturer (Stewart, 1965).

Planting o f trees was more or less balanced by cutting in the period 1840-1880. 

Political changes then made the big estates unviable, and, before they were forced to 

sell their land during the 1880s, many landlords stripped their estates o f assets such as 

timber, thus_̂  decreasing the number o f trees in the Irish countryside yet again 

(Mitchell and Ryan, 1997). Between 1880 and 1920 Pinus was felled as the estates 

were split up and timber was used during the First W orld War (McCracken, 1971). 

New plantations were relatively uncommon until the 1950s when the state became 

very involved, and the 1980s when private planting became popular (Reeves-Smyth, 

1997).

In the twentieth century the use o f artificial fertilisers increased. Peat cutting was 

carried out on a massive scale. Large-scale arterial drainage was carried out, 

particularly after the Second World War, although the middle o f  the nineteenth 

century saw the first organised land drainage schemes carried out by the government. 

The Brosna section o f the Shannon drainage scheme was completed in 1947, and the 

whole area was reported to be drier by the 1980s. W ater table height had fallen by 1.5 

m in the period 1980-1990 due to the combined effects o f  drainage, and the use o f 

water for industrial and domestic purposes (Fuller, 1990).

This activity has left the present landscape, which, in the midlands, is dominated by 

the grassland on which livestock are reared.



13.3 Materials and methods

13.3.1 Coring

A single monolith, 70 cm in length, was extracted from the western side o f Clara Bog 

using the Wardenaar monolith corer. The core site was adjacent to the site o f the main 

core described in Chapter 12.

13.3.2 Sediment description

The monolith was bisected and described using the Troels-Smith method (1955), as 

described in Chapter 5.

13.3.3 Radiocarbon dating

One bulk peat sample was submitted to Beta Analytic for radiocarbon dating. The 

sample was dried and wrapped before posting. Sampling was carried out around the 

point on the pollen curve which covers the final, major, decline in Corylus values 

(39-43 cm).

13.3.4 Zonation

Zonation of the diagram was carried out using the subset of the pollen data that was 

included in the pollen sum and greater than 5%. See Chapter 3 for a detailed 

explanation of the method.

13.3.5 Rarefaction

Rarefaction analysis (Birks and Line, 1992) was carried out on the data following the 

method outlined in Chapter 4, with a standard pollen sum of «=450.

13.3.6 Charcoal analysis

Charcoal analysis was carried out using the methods detailed in Chapter 5.

13.3.7 Polltn analysis

Samples were counted at intervals of 4 cm, from 0-68 cm. Preparation and counting 

of samples followed the method detailed in Chapter 5. Calculation o f pollen sums and 

presentation of results followed the methods outlined in Chapter 3. The pollen sum
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includes all the identifiable arboreal, herb pollen and Filicales spores, except 

Sphagnum, Calluna, Ericaceae, Cyperaceae and some aquatics. These taxa were 

excluded as they are thought to relate exclusively to vegetation that grew on the site.

13.4 Results

13.4.1 Sediment description

A summary o f  sediment description results is presented in Table 13.1 and Fig. 13.1

Table 13.1 Summary o f Troels-Smith sediment description for the main core, Clara 

Bog, Co. Offaly

Upper boundary o f  Sediment type 

sediment unit (cm)

Troels-Smith description

0 Fresh Sphagnum  peat N ig 2 Strf 0 Elas 4 Sicc 3 Lim 0 

Hum 0 

Tb 4 Sphag

9.5 Well humified Sphagnum  peat Nig 4 Strf 0 Elas 2 Sicc 3 Lim 1 

Hum 3

Tb 3 Sphag, Sh 1, Th +

24 Humit'ied Sphagnum  peat N ig 3 Strf 0 Elas 1 Sicc 3 Lim 1 

Hum 3

Tb 2 Sphag, Sh 2, Th ^

30.5 Coarse Sphagnum  peat with Nig 3 Strf 0 Elas 2 Sicc 3 Lim 0

rootlets and Eriophonim Hum 2

Tb 4 Sphag, Sh +

44 Well humified Eriophonim N ig 3 Strf 0 Elas 1 Sicc 3 Lim 2 

Hum 3

Tb + Sphag, Sh 2, Th 1, Dh 1, Dg+

46.5 Sphagnum  and rootlets Nig 4 Strf 0 Elas I Sicc 2 Lim 0 

Hum 2

Tb 2 Sphag, Sh 2, Th +, D1 +

54 Sphagnum peat N ig 4 Strf 0 Elas 2 Sicc 2 Lim - 

Hum 2

T b 3  Sphag, Sh 1,T1 +, Th +

70 Base o f  core

The m ail feature o f this table is the transition at 9.5 cm from the acrotelm, the upper, 

porous peat which allows water to flow relatively freely, to the non-porous catotelm.
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13.4.2 Radiocarbon dating

One radiocarbon date was obtained from the monoUth. The results are detailed in the 

table below.

Table 13.2 Radiocarbon date from open bog monolith, Clara Bog, Co. Offaly

Site Core Depth (cm) 
(Upper-Lower)

C-14 date Error ’̂ 
(BP“)

Calibrated date""
l a  Range o f  calibrated date
(AD/BC)

Laboratory
number

Clara Bog Monolith 39-43 510 60 cal AD 1426 
cal AD 1402-1444

Beta-78891

Radiocarbon years before present (yx BP), present meaning 1950 A.D.

*’ Errors represent 1 standard deviation (68% probability).

Radiocarbon dates were calibrated using the CALIB Radiocarbon Calibration 

Program, version 3 (Stuiver and Reimer, 1993).

Ranges were obtained using Ixreported standard deviation o f  the radiocarbon 

date.The radiocarbon date was used, along with the linear modelling fiinction in 

TILIA, to calculate ages for the pollen samples. Extrapolation below the depth o f the 

radiocarbon sample was used. An age o f -43±1 was used for the date o f  the surface 

sample, which was retrieved in 1993 (See Chapter 12). Calibration o f  radiocarbon 

ages for recent peat samples is difficult, owing to the release o f  large amounts o f 

fossil carbon to the atmosphere since the eighteenth century. When calibration is 

attempted, the resulting calendar ages may be too old when compared to the 

approximate dates o f relatively well known historical events (Table 13.3). Other 

radiocarbon dates intersect with the calibration curve at more than one point, givmg 

rise to several calendar ages, and this can lead to age reversals in a chronology (see 

Pearson et al., 1986). However, along with dates o f  various historical events, the BP 

dates calculated for the samples are reported, in order to maintain consistency with 

other results.
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Figure 13.1 Summary sediment description diagram for the Clara Bog monolith.



Table 13.3 A table o f historical events and comparative sediment age-scales, based on 

radiocarbon dating and lead 210 dating

D epth (cm) Age Event in pollen diagram  Estim ated calendar Historical events'^
(C -1 4 y r age'’

______________BP]̂ _̂___________________________________________________________
0 -43 M odem  landscape 1993 Date o f sampling
4 11 1947 Drainage o f R. Brosna
8 65 Decline o f  Pinus and Fagus 1902 Breakup o f big estates
12 119 Pinus maximum, decline in 

Plantago  , increase o f  Poaceae
1856 A fter potato famine

16 173 Decrease in Artemisia, cereals 1811 Napoleonic wars
20 227 Rosaceae increased 1765 Trees being planted/ Age 

o f enlightenment
24 281 M arked increase in tree pollen 1720 Start o f economic 

improvement
28 335 Pinus reintroduced, arboreal 

taxa minimum
1674 Afterm ath o f 

Cromwellian wars Laois/ 
Offaly planted

32 389 Tree pollen almost 
disappeared, agricultural 
indicators increasing

1629 English civil war

36 443 C oiylus avellana t. pollen 
crashed, Poaceae and Plantago 
increased

1583 Plantation o f Leix/Offaly 
continued

40 497 All tree pollen, except Corylus, 
Betiila and Alnus, at a 
m inimum

1538 Gaelic revival/ Reign of 
Henry Tudor (1541)/ First 
plantation (1550-1551 
AD)

44 551 Betiila peak, cereal type pollen 
becomes consistently present

1492 Area o f Clara Bog 
controlled by Irish

48 604 Slight recovery in total 
arboreal pollen. Artemisia 
reappears

1447 Decline in church/ 
abandonm ent o f 
settlements

52 658 Low amounts o f agriculUiral 
indicators, slight decline in 
arboreal pollen frequencies

1401 Black Death (1392)

56 712 Agricultural indicators at low 
frequencies

1356 Black Death (1348)

60 766 Cereal and Artemisia pollen 
decline

1310 Climate cooling/ Harvest 
failures

64 820 Trees dominate, there was little 
evidence for agriculture

1265 Farming changed 
cereal/legume from arable 
and livestock

68 874 Trees dominate, there is little 
evidence for agriculture

1219 N orm an power 
consolidated

C-14 yr BP. radiocarbon years before present (present=AD 1950)

These dates were based on lead-210 data from a different core on Clara Bog (M itchell et al., 1992). 
The rate o f  peat accum ulation was calculated as having a mean o f  11.4 yr/cm. In this case it works out 
as 45.5 years between samples. The chronology extends past the limit for lead-210 dating (c. AD 1811) 
in order to provide an age estimate for each sample.

‘ These historical events in this column relate to the calendar ages calculated from the lead-210 dating 
o f  M itchell et al. (1992). They are intended to give an idea o f  events occurring at the calendar date.
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Unfortunately it proved impossible to generate a series o f  calibrated radiocarbon dates 

that were meaningful when used in conjunction with the palynological data. This is 

partly due to the shape o f the calibration curve in historic times, and also partly due to 

the lack o f accuracy associated with radiocarbon dating (see Chapter 4 for details). An 

approximation o f ages was provided by the lead-210 dating from Clara Bog (Mitchell 

et a i ,  1992). This gave an estimate o f 11-12 (average 11.4) calendar years per cm of 

peat. It was decided to use the lead-210 dating along with events in the pollen record 

and corresponding historical events to construct a chronology for the profile.

13.4.3 Zonation

Using the CONISS program (Grimm, 1987) and the broken stick method (Fig 13.2; 

Bennett, 1996) samples were grouped together in two local pollen assemblage zones 

(PAZs).

0.7
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0.4

0.3

0.2
a.

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

Number of zones

Figure 13.2 Variance accounted for by the n''̂  zone as a proportion o f the total 

vanance compared with values from a broken stick model for the Clara Bog data. 

Solid line is the broken stick model; broken line is actual Clara Bog data.

The upper zone, CM-2, was further subdivided in order to aid description. The 

boundary between zones CM-1 and CM-2 (38 cm) was radiocarbon dated.
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Xable 13.4 Zonation data for Clara Bog regional pollen diagram

Zone Subzone Depth

(cm)

Age (C-14yrBP)" Number o f  

samples in 

zone

Main feature o f zone

CM Lower Upper Zone starts Zone ends

1 68 38 874 470 8 Arboreal pollen frequency 

high

2 38 0 470 0 10 High frequency of 

agricultural indicators

a 38 14 470 146 6 Plantago maximum

b 14 0
'yj!

146 0 4 Poaceae maximum

a C-14 yr BP, radiocarbon years before present (presefit=AD 1950)

13.4 .4 'Charcoal analysis

Charcoal in zone CM-1 consisted o f small amounts o f microscopic charcoal, only 

associated with macroscopic charcoal at one point (48 cm). The charcoal peak at 48 

cm is probably due solely to local burning, and the other levels in this zone contain 

charcoal derived from a distance. It is not known whether the source was woodland, 

or an area of the bog.

In Zone CM-2 there is a very large increase in the amount o f macroscopic charcoal 

contained in the sediment. Some pieces o f charcoal were large enough to be identified 

as Calluna. Above this there is a very large amount o f microscopic charcoal, possibly 

also due to fires on the bog surface or on the adjacent land. The surface sample 

contains both macroscopic and microscopic charcoal, indicating recent fires on the 

bog in the area of the monolith.

13.4.5 Pollen analysis

(See Figure 13.3 for pollen diagram)

Zone CM-1; 68-38 cm. Corylus avellana type-Alnus-Ouercus peak zone.

(~c. 874 B P ^ . 470 BP)

This zone is dominated by the pollen o f Corylus avellana type which fluctuates 

between 38% and 49%. Quercus (14%o), Alnus (15%), Fraxinus (7%) and Ulmus (5%) 

are also present at the start o f the zone before declining to values o f ~l%i
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Figure 13.3 Pollen percentage diagram of the surface sediments from Clara Bog, 
Co. Offaly. Exaggeration of scale is xlO.
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towards the end o f the zone. They dechne in the order Ulmus, Fraxinus, Quercus and 

Alniis, w ith a small peak o f Betida (44 cm) as the other species decline. The Betula 

peak level is noticeable in the concentration diagram. Betula  takes longer to tail off 

than other species, values for which decline very rapidly between 48 cm and 44 cm. 

This decline in tree percentages is reflected in the concentration data, which show a 

decline in tree and shrub concentrations along with a rise in herb concentrations. 

Frequencies for agricultural indicators increase at the end o f  the zone, particularly 

Poaceae and Cereal type pollen. Plantago, Pteridium, Rum ex  and Urtica all increase 

at the end o f the zone.

Zone CM-2: 38-0  cm. ?oaceae~Plantaga-Pinus peak zone.

(470 BP—43 BP)

This zone starts as the frequency o f Corylus avellana type pollen decreases, and has" 

been divided into two sub-zones to facilitate description.

Sub-zone CM 2a; 38-14 cm. Poaceae-P/a«/ago peak zone.

(470 BP-146 BP)

In this sub-zone Corylus avellana type pollen decreased from 46% to 3%, while 

agncultural indicators dominated the pollen rain. The concentration data show a 

decline in the concentration o f Corylus avellana type pollen independent o f the other 

types. Poaceae and the Plantago species increased, to 49% and 26% respectively, and 

Cereal pollen and Secale type. Artemisia, Pteridium, Rumex, Aster type and Urtica 

were present at frequencies less than 5%. Towards the middle o f  the sub-zone, the 

pollen o f Pimis sylvestris reappeared followed by some exotic species (24 cm). There 

is also an increase in the frequency o f Rosaceae pollen in the middle o f  the zone (28 

cm). Arable agriculture seems to be well represented with Cereal pollen, Artemisia 

and Aster type showing a continuous presence in the landscape. Pteridium  is also 

quite important in this first half o f the sub-zone.
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Zone CM 2b: 14 cm -0  cm. Poaceae-P/«w5 peak zone.

(1 4 6 -4 3  BP)

In this sub-zone the tree species remain present with some fluctuations. Pinus had a 

maximum in the first sample o f  the subzone (12 cm), but declined after that point. 

Both Pinus and Betula increase slightly in the surface sample (0 cm). Plantago 

percentages decline from 20% to 5%, while Poaceae continued to increase to 65%, 

before its frequency settled back to about 53%. O f all the weed species, only Urtica 

increased noticeably in frequency, from 0% to 4%. Pteridium  almost disappears from 

the record at this point.

13.4.6 Rarefaction

The results o f the rarefaction analysis are presented in Fig. 13.4. Zone CM-1 starts 

with a relatively high value for E(T„) compared to the main Clara Bog core (See 

Chapter 12), before increasing sharply at 50 cm.

E(Tn)

t  25

0 10 20 30 40 50 60 70

Depth (cm)

Figure 13.4 A graph o f E(T„), the number o f species expected, generated by 

rarefaction analysis versus depth for the pollen frequency record from Clara Bog.

At the beginning o f subzone CM-2a, there is a levelling o ff o f  the curve for the 

remainder o f the subzone. Zone CM-2b showed a slight decline in E(T„) before rising 

again in the uppermost two samples.



13.5 Discussion

Although a timescale was constructed using the lead-210 dates o f Mitchell et al. 

(1992), it should not be uncritically accepted. While the dates appear to fit reasonably 

well with the general historical record, there is considerable room for error, as there 

are only c. two pollen samples per century.

This pollen record probably starts some time after the twelfth century. Declining 

values o f Artemisia and Cereal type pollen could indicate deteriorating farming 

conditions, either due to environmental reasons, or to the fact that Norman settlement 

was not very extensive in the area o f Clara Bog. However, the evidence for declining 

cereal cultivation around Clara Bog coincided approximately with the onset o f the 

Little Ice Age which reached a maximum at about AD 1600 (M itchell and Ryan, 

1997) and the period when Norman power was devastated by invasion, disease and 

failing crops (Mitchell and Ryan, 1997). Any o f these calanaities could have caused 

the abandonment o f cereal cultivation. The subsequent lull in agricultural indicator 

frequencies could indicate a reversion to the Irish pattern o f mixed-arable and pastoral 

farming.

According to the timescale constructed using lead-210 (see Table 13.3), the next 

period of cereal growth begins in the mid-fifteenth century. Urtica, Rumex, Plantago, 

Poaceae, Artemisia and Cereal type pollen fi'equencies all increase by the mid

sixteenth century, while tree species decrease. It is possible that the esker to the north 

o f the bog allowed easy access to the area and the exploitation o f the surrounding 

woodlands over a timescale o f c. 200 years. The rarefaction analysis indicates an 

increase in the number o f pollen types expected at this point to a mean level which 

remains relatively constant. Presumably this is related to clearance and/or a 

resurgence in farming activity.

The felling o f the woodlands seems to follow a distinct pattern. The larger trees, 

Quercus, Ulmiis, Fraxinus and Alnus, were removed first. Presumably these had a 

commercial value, or were removed incidentally to clearing the landscape. 

Interestingly, there is an absolute increase in Betula pollen concentration as the large 

trees are declining. This is possibly due to the expansion o f the Betula where large 

areas of forest had been removed or opened up. The implication o f this is that the trees 

were removed for their timber value, not to clear the land for farming. I f  this was the 

case, and large-scale wood cutting occurred before the plantations were instituted, the
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beneficiaries could have been the native Irish, or Anglo-Irish landowners. Such 

exploitation is not strictly in agreement with the historical scenario, but this is not 

necessarily unusual (e.g., Hall, 1990a).

The second phase, which ends the zone, is marked by the rem oval o f  the smaller trees, 

i.e., Betula and Corylus. This most probably occurred in the context o f  the plantations 

(AD 1550-AD 1650). The concurrent expansion o f agricultural indicators suggests 

renewed agricultural activity supported by a peak in rarefaction values at this point.

As a postscript to scrub clearance, McVicker and Hall (1997) re-emphasised the 

conclusion o f Goddard (1971), that it is difficult to verify the presence o f Corylus in 

the landscape for a value less than 20% o f its pollen type. This appears to be a 

problem which may be encountered in relatively open landscapes, e.g., the uplands of 

Co. Antrim. However, in the case o f this monolith, the first time the value for Corylus 

avellana type pollen drops below 20% is in zone CM-2. Therefore, Corylus could 

have been present during almost all o f the Holocene.

In subzone CM-2a, starting c. AD 1560, there was a rapid expansion o f herbs o f all 

types, particularly o f Plantago, Poaceae and Pteridium. Riimex and Urtica in 

particular are identified with grazing, while Plantago is also associated with arable 

agriculture (Hall, 1989). Perhaps arable agriculture dominated in this period of 

farming.

The evidence suggests that grassland replaced woodlands between 1600 and 1720. 

Haymaking may have become more widespread at this time, as suggested by Hall 

(1990a). It is at this point also that we see the increase in both macroscopic and 

microscopic charcoal frequencies. It may have been practice to bum off old growth 

each year from the land surface for better grazing the subsequent year. Whatever the 

reason, increased burning o f  the bog surface was a result o f  the new land management 

practices.

By the date o f c. AD 1720, about the middle o f subzone CM -2a, pollen from tree 

plantations started to be deposited. Pinus, Fraxinus, Fagiis and Ulmus all increased at 

that point. Pinus pollen had been detected in the pollen rain by the mid-seventeenth 

century (AD 1674), as in the findings o f Hall (1990a). A lthough this date is relatively 

early, Pinus may have been reintroduced by some o f the earliest planters, van der 

Molen (1986) gave a later, but perhaps more definite date, when he cited documentary 

evidence for the planting o f Pinus at Woodfield House, north o f  Clara Bog at ~AD
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1730. How'ever, van der M olen’s (1986) diagram gives a depth o f  36 cm for the 

reintroduction o f Pinus pollen, at Woodfield Bog, a regional site, which would have 

sourced its pollen primarily from the region. Therefore he may be putting a date for 

local Pinus onto a regional curve which had started some 100 years earlier. The 

diagram from O ’Connell and Doyle (1990) gave a date slightly earlier than Clara Bog, 

o f ~390 BP (~AD 1629) but which agrees quite well with the date from Clara Bog. 

These data would seem to indicate that the date from Clara Bog, c. AD 1674/335 BP, 

is a reasonable date for the re-introduction o f Pinus sylvestris to the midlands, and 

along with the date from Hall (op. cit.) gives an indication o f  when it was 

reintroduced into the country as contemporary historical data are not easy to find.

An increase in Rosaceae pollen could have been associated with the enclosure o f land 

by planting o f Prunus and Crataegus between AD 1650 and AD 1800. Hall (1989) 

identifies planting o f  woody Rosaceae hedges with Georgian times (18“' century), and 

states that these often contained herbs o f the Umbelliferae, and were colonised by 

trees. However the pollen o f neither Pninus or Crataegus (both are entomophilous) 

was identified.

Only towards the top o f the subzone CM-2a (18 cm/c. 1789) do the agricultural 

indicators start to tail off, as Cereal type. Aster type, and Artemisia  declined in 

frequency. Hall (1990a) made the point that, even with advances in agriculture and 

technology there was little change in the frequency o f cereal-type pollen, which in 

turn makes it hard to identify changes in production. Cereal pollen has very poor 

dispersal characteristics (e.g.. Hall, 1988).

Declinmg Cereal type pollen frequencies may be explained, as Coote (1801) reported 

that Clara town used to contain eleven distilleries in the eighteenth century, but at the 

time o f his survey there were none. Presumably this might have reduced some o f the 

demand for cereals. During all o f  the sub-zone, rarefaction values do not change 

significantly although the general trend is to increase, suggesting that the landscape 

was relatively stable as regards the conditions necessary for the dispersal o f pollen 

towards Clara Bog - certainly it is unlikely that any major clearance or reforestation 

was occurring.

The start o f subzone CM-2b, was dated to c. 1840. This was close to the date o f the 

great potato famine, from 1845 to 1849. It is safe to say that this would have had an 

impact on the region around Clara Bog, although there is no potato {Solanum
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tuberosum) pollen in the record. This was not unexpected, as potato pollen is not 

usually found, even under a canopy of flowering potato plants (Hall, 1988).

The most striking changes at the start of subzone CM-2b c. 146 BP/AD 1835 were a - 

further increase in Poaceae pollen, and a large decrease in Plantago and Pteridium 

pollen. There were also increases in the amounts of Urtica and Rumex. This generally 

suggests an increase in the use of fertiliser and a decline in weeds. This should be the 

result of improved land management. It is also likely that the regional drainage 

schemes which started at about this time were responsible for bringing more land into 

agricultural production from this time onwards. A major effect o f this new farming, as 

detected in the pollen rain, is a decrease in pollen diversity. This can be implied from 

the rarefaction values which decrease in the middle o f the sub-zone before increasing 

again at the surface, perhaps explicable by the effort to grow crops as weed free as 

possible, and in some areas the replacement or removal o f hedges to create larger 

fields for the use of mechanised farm equipment.

It should also be considered that the increased Poaceae frequencies were partly due to 

grasses which grew on the drier areas of the bog surface, although the importance of 

this local pollen source should not be overestimated (See Chapter 4).

The alternative explanation could be the expansion of pasture after the famine, as 

pressure on the land declined along with the population. The creation of the 

monocultures common in modem farming practice may provide an explanation for 

the decline in the expected number of species, although this increases towards the 

present day. The relatively large amounts of microscopic charcoal during this period, 

when Poaceae pollen frequencies were at their maximum could also be explained by 

the practice of stubble burning in the fields after the harvest.

It was noted in Section 13.4 that this period also coincided with fires on the surface of 

the bog. There may have been one or several fires, as there was a large amount of 

charcoal spread through 8 cm of the monolith. This burning may have resulted in the 

loss of some sediment and pollen through burning. However, there was no particular 

increase in damaged pollen, nor does there appear to be any discontinuity in the 

record.

The peak followed by the trough in Finns values matched the documented pattern of 

woodland management in the late nineteenth and early twentieth centuries (Whelan, 

1997). Stocks of wood declined after the 1880s as landlords stripped their estates of
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assets. The short-lived decline in tree values, followed by the rise at the surface may 

be explained by the lack o f  planting for much o f the century, followed by the current 

high investment by both the state and private sectors. The peak-is probably related to 

the Pinus plantation on cutaway to the south o f  the core site. Elsewhere the landscape 

is dominated by pasture, and this too is reflected by the amount o f Poaceae in the 

pollen rain.

13.6 Conclusions

1. The construction o f  an accurate age-depth relationship, using radiocarbon dating 

during the historic period is difficult, and an inaccurate chronology is unhelpfial.

2. Fire history o f the site itself does not appear to have had a major effect on the 

preservation o f the regional pollen rain.

3. The region around Clara Bog seems to have a history o f  vegetation change which 

correlates quite well with documented history. The only part that appears unusual 

was during the late medieval period, which, according to the pollen record, was a 

time o f  continuous woodland exploitation by the inhabitants o f the area, rather than 

a sudden clearance o f all woodlands by newly arrived profiteers. The nature o f  that 

decline can reasonably be explained as an act o f  commerce rather than one o f  war.

4. In the middle part o f the record, landscape clearance and the expansion o f 

agricultural indicators marked the beginning o f  settled farming in the area. 

Expansion o f agriculture and forestry continued until the time o f the famine and 

the political upheaval which followed. The decline in herb pollen and the 

dominance o f Poaceae pollen characterised farming practices, with higher Urtica 

frequencies in recent sediments indicating the increased use o f fertilisers.

5. O f particular interest is the decline in the expected number o f species as farming 

became more scientific. It would appear that this development has a significant, if 

a more subtle, effect on diversity as the removal o f  the last woodlands had.

Combining historical and pollen data provides a very good basis for cross-checking 

results. With the use o f a relatively reliable absolute dating method it is possible to 

interpret events with greater confidence than when relying on corroboration between 

different palynological studies.

Overall, the conclusion o f Hall (1990a) that use o f  documentary evidence can create a 

more complete picture than either could achieve independently can be seen as a
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reasonable statement. C ertainly, in the context o f  Ireland w here little docum entary 

evidence exists palynology should provide a useful tool for historians to elucidate 

details o f  regional history.
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Chapter 14 

Vegetation history of Lough Cuith

14.1 Introduction

In this chapter the results o f investigations at Lough Cuith, Co. Offaly, a relatively 

small site (c. 0.5 ha), are described. The aim o f this work was to find a site which 

had collected predominantly local pollen within the catchment area o f Clara Bog. It 

was hoped that a description o f the vegetation history from a small site would 

provide an insight into vegetation growing close to  the bog and so assist in the 

interpretation o f the regional vegetation record. In this chapter the terms local and 

regional are used sensu Jacobson and Bradshaw (1981) when referring to the pollen 

source area o f a site (See Chapter 4 for detailed review o f theory). An example for 

such a study can be found in Mitchell (1988) which looked at the vegetation o f 

oakwoods within Killamey National Park, Co. Kerry with the study o f Yokes (1966) 

providing a picture o f the regional vegetation.

Clara Bog is a large site in palynological terms (currently 660 ha) with a very 

heterogeneous catchment area, both with regard to edaphic conditions (Soil Survey, 

1978) and hydrology (See Fig. 14.1). There must originally have been a diverse 

pattern o f vegetation, reflecting the ecological conditions o f  the region. Both the 

ecological diversity and the large pollen source area, make interpretation o f the 

pollen recori difficult to resolve in spatial terms (e.g., what vegetation was growing 

where?) and, as a result, speculative.

Therefore, t3 find out what was growing on mineral soil adjacent to the bog and to 

aid in the interpretation o f  the regional pollen data, the history o f  the vegetation at 

Lough Cuith was o f interest. For example, data from a smaller site might show local 

impacts occurring at a different time when compared to the same type o f impacts 

observed in data from a much larger site, allowing a more informed interpretation o f 

the local and regional timing and causes o f an event.
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Figure 14.1 Regional soil map plus regional pollen source area (10 km, 30 km, 50 
km).
X, Clara Bog; 1, circle denoting the area within 10 km o f Clara Bog; 2, circle denoting 
the area within 30 km o f Clara Bog; 3, circle denoting the area within 50 km o f Clara 
Bog. Key to soil types: M, moutain;W, wet soil; B, raised bog; L, blanket bog; P, pod- 
sol (dry mineral soil); D, drumlins; F, lowland.
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Several questions generated from the Clara Bog data set remained to be answered. 

These included:

• was there any human impact in the region o f Clara Bog prior to the Bronze Age?

• was the Ulmus decline a major event locally?

• when did various taxa become established locally?

Moreover, there was little macrofossil evidence at Clara Bog to indicate which tree 

taxa, if  any, with the exception o f Pinus sylvestris and Betula  spp., were growing 

locally.

The aim o f this chapter is to present the results from Lough Cuith, located in land 

adjacent to Clara Bog, and to interpret the data, giving a picture o f conditions 

prevailing at the site while it was actively accumulating sediment.

14.1.1 Characteristics o f  small, pollen-accumulating, sites

Small basin and small hollow sites present an opportunity for the palaeovegetation 

o f the local and extralocal area to be studied. According to the model o f Jacobson 

and Bradshaw (1981), these sites receive most o f their pollen through surface 

runoff, gravity, a trunk component (wind movement beneath the canopy), with wind 

movement above the canopy and rainfall providing most o f the small regional 

component. These types o f sites are useful for describing the dynamics o f small 

areas o f  woodland, including the expansion and disappearance o f species, and 

disturbance caused by man, animals or environmental factors. In particular, small 

sites can contam records o f events which are too minor to be seen in a regional 

pollen diagram, e.g., the growth o f rare plants such as Arbutus unedo (Dodson and 

Bradshaw, 1987) or the history o f particular stands o f forest (Mitchell, 1988). It is 

also known that regional pollen diagrams often do not reflect small-scale human 

activity in a region, whereas such activity can be confirmed through archaeological 

work (Willis and Bennett, 1994).

Accumulation o f sediment in different small sites commenced at many different 

times during the Holocene, and may be relatively rapid, for example, through peat 

deposition, or extremely slow, for example, mor humus deposition. At small sites 

there is a greater likelihood o f sediments drying out causing accumulation to stop, 

and perhaps causing a hiatus in the record. Small sites may also fill up, causing
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accumulation to cease. Human interference with sedim ents also affects records, for 

example, peat cutting at Roudsea Wood, UK (Birks, 1982).

14.1.2 Locating a suitable site

In order to find a suitable site several possible locations were visited. Ordnance 

Survey maps (Ordnance Survey, 1840) were used in order to discover sites that had 

existed prior to the 1840s. This step was necessary owing to the extensive works 

carried out in order reclaim land and to improve regional drainage in Ireland from 

the mid nineteenth century onwards (e.g.. Drainage Acts o f  1824-1830; Shannon 

drainage scheme-Brosna catcliment, 1947). All the sites that appeared on the maps 

had been disturbed and had very little sediment. One site to the north-east o f the 

bog, Lough Cuith, was found to be suitable, although it too had been disturbed by 

drainage, specifically the digging o f  a drainage charmel, trampling by cattle, and it 

was not a lake at the time it was cored.

14.1.3 Site description (See Chapter 2 for details)

See Figure 14.2 for features and sampling points at Lough Cuith.

The basin is clay lined, with the deepest clays at the centre o f  the basin. The area o f 

the basin with the deepest sediment is currently divided by a ditch and a fence into 

two fields, one o f which is accessible to cattle. The second field is bounded by a 

drainage ditch and the steep slopes o f the esker ridge itse lf One slope -  the south

west facing one, which is accessible to cattle -  is dominated by Plantago media and 

Poaceae. The basin itself is variously dominated by Equisetum, Poaceae and Carex, 

depending on the severity o f  the flooding. Flooding appears to be very irregular. 

Lough Cuith was marked on the Ordnance Survey o f 1840, but by the next survey, 

1884, it had been drained by the insertion o f a trench separating the two fields. By 

the account o f one o f the landowners the lake became substantially dried out in the 

late 1970s. A very wet spring in 1994 resuhed in the lake basin becoming flooded to 

a depth o f at least 1 m.

Vegetation on the esker slope itself was diverse (See Table 14.1). The vegetation 

was dominated by Corylus avellana type scrub with a few individual Fraxiniis 

emerging. This slope did not seem to be grazed by cattle.
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Figure 14.2 A map showing Lough Cuith, which lies to the north of Clara Bog. The dis
continuous line to the south of Lough Cuith is a path which runs along a steep ridge, cur
rently wooded but possibly bare in 1840. The dots to the north follow the other crest of 
the esker, with Lough Cuith lying in between the two. The sediment was found at the 
point marked ‘X’. Water has never been observed at the field boundary at the western end 
of the Lough. There is a now a drain running through the centre of the Lough.
(Map from the Ordnance Survey , 1840)



Table 14.1 Summary species list for the wooded slope adjacent to Lough Cuith

Trees and shrubs Herbs and grasses
Fraxinus excelsior Conopodium majus
Corylus avellana (coppice) Cirsium sp.
Hex aquifolium Potentilla sterilis
Malus sylvestris Poa  sp.
Quercus sp. Veronica chamaedrys
Taxus baccata Viola sp.
Ulex europaeus (elongated) Primula sp.
Crataegus monogyna Arum maculatum
Prunus spinosa Urtica sp.
Hedera helix Rumex sp.
Rubus fruticosus agg. Geum urbanum
Fagus sylvatica Alchemilla sp.
Lonicera periclymenum Anemone nemorosa
Betula sp. Vicia sp.
Cotoneasler sp. Taraxaciim sp.
Salix sp. Hyacinthoides non-scriptus
Rosa sp. Filipendula ulmaria

Orchid
Galium sp.

“ Geranium robertianum

Note: Data collected 23 March 1994.

14.2 Materials and methods

14.2.1 Coring (See Chapter 5 for details)

A 30 cm monolith was removed from the core site using the W ardenaar monolith 

corer. The surface sediments throughout the site were likely to have been disturbed 

by cattle at some stage. Therefore, a location was chosen on the side o f the basin 

which appeared less disturbed. Two further cores were extracted from the centre of 

Lough Cuith using a Russian corer o f 5 cm diameter. These cores were 30-130 cm 

from the sediment surface, and 50-150 cm from the sediment surface. The cores 

were stored in a cold room until required.

14.2.2 Sediment description

Sediment analysis was carried out on the core which went from 30-130 cm depth. 

The seciment from Lough Cuith was described using the Troels-Smith (1955) 

sediment description system as described in Chapter 5.
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14.2.3 Radiocarbon dating (See Chapter 4 and Chapter 5 for details)

Because o f the small amount o f material, the uncertainty concerning past 

environments at the site, and the length o f  the core, it was decided to date the site 

using AMS dating o f macrofossil material. M aterial was collected for two dates, one 

at 53-55 cm using fragments o i Juncus flowers, and the other at 110-112 cm using 

fragments o f Corylus avellana type fruits. These samples were sent to Beta Analytic 

(Miami, FL, USA). The samples were acid/alkali/acid pre-treated at the radiocarbon 

laboratory.

14.2.4 Pollen analysis

Sub-samples were taken from each o f the parallel cores. Pollen was prepared and 

counted usmg the methods detailed in Chapter 5. A minimum of 300 terrestrial 

pollen grains were counted at each level. The pollen percentage sum included all 

arboreal and non-arboreal pollen, along with spores o f ferns. Excluded were 

damaged grains, aquatics and spores o f bryophytes.

Preliminary counts o f samples from the parallel cores, in addition to the sediment 

description, showed great variability between cores at the same depths. Therefore, 

all the analysis included in the final data set came from the core which extended 

from 30-130 cm below the sediment surface.

Excepting the surface sample, pollen preservation was very poor. While strenuous 

efforts were made to identify all the pollen observed, this was a very difficult task. 

Although the condition o f  the grains was very poor, the consistency between 

samples indicated that there were no significant losses, and the fact that Ulmus is 

present all through the record {Ulmus pollen is more easily corroded than Corylus 

avellana type pollen (Havinga, 1967)) suggests that even if  many pollen grains were 

obscured, conditions should have allowed many -  if not most -  types to survive. 

Therefore, it was concluded that the record presented does represent at least a basic 

vegetation history o f the site.

This situation was similar to the situation described in the study on Roudsea Wood 

(Birks, 1982) where pollen was poorly preserved and the record was short, as the 

site was formerly an area o f  a marine transgression.
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14.2.5 Zonation

Zonation o f the diagram was carried out using a subset o f  the pollen data which was 

included in the pollen sum, and was greater than 5%. See Chapter 4 for a detailed 

explanation o f the method.

14.2.6 Charcoal analysis

Microscopic charcoal counting proved impractical due to the presence o f  highly 

humified organic material in most o f  the samples. M acroscopic charcoal was 

quantified using the technique described in Chapter 3.

14.2.7 Rarefaction

Rarefaction analysis (Birks and Line, 1992) was carried out on the data following 

the method outlihed in Chapter 4, with a standard pollen sum o f  «=300.

14.3 Results 

14.3.1 Sediment description

A summary o f sediment description results is presented in Table 14.2.

Table 14.2 Troels-Smith description o f the sediment in Lough Cuith

Upper boundary of 

sedim ent unit (cm)

Sedim ent r>'pe Troels-Sm ith description

30 Fen peat N ig 4 S trf 0 Elas 0 Sicc 3 Lim - Hum  2 

Dh 1,D1 l ,S h 2 ,  Tb+

90 W ood peat N ig 3 S trf 0 Elas 0 Sicc 3 Lim - Hum  2 

D h 2 , Sh l ,T h  -r, Dg 1

115 Clay with organic particles N ig 3 S trf 1 Elas 0 Sicc 3 Lim 3 Hum  3 

Sh I, Ag 2, Ga 1

120 Clay Nig 2 S trf 0 Elas 0 Sicc 3 Lim - Hum  - 

Sh +, Ag 3, Ga I

130 Base

The surface sediment (0-30 cm) was not analysed, as it was heavily contaminated 

with rhizones o f Equisetum  and other roots, and had probably been disturbed. There 

were three other basic units in the sedimentary sequence. At the base (130-120 cm)
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was a fine, light grey clay with little organic matter. Above this (120-115 cm) was a 

unit o f organic rich clay of the same consistency as the lower clay unit. Both clay 

units were laid down in water. It is possible that it may have been redeposited from 

elsewhere in the basin, as the deposits are localised towards one end of it.

From 115-90 cm there was a unit of wood peat which contained fragments of 

Corylus avellana type fruits. This peat was laid down underneath a wet woodland, 

possibly growing on the site. Finally there was a unit of fen peat containing 

fragments of woody material (90-30 cm). This indicates the growth of plants in 

swampy conditions, possibly with some trees on the lake basin, but more probably 

the larger trees were ringing the fen.

14.3.2 Radiocarbon dating

Radiocarbon dating results are presented in Table 14.3.

Table 14.3 Radiocarbon dates from Lough Cuith, Co. Offaly

Site Core Depth (cm) 
(Upper-Lower)

C -14 date Error*’ 
(BP“)

Calibrated date‘s
la  Range o f  calibrated date
(AD/BC)

Laboratory
number

Lough

Cuilh

monolith

Cuith

5 3 -  55 

110-112

5640 60 

6390 60

cal EC 4464  
cal EC 4 5 3 1 ^ 3 6 9  
cal BC 5313 
cal BC 5421-5266

Beta-87996

Beta-87997

Radiocarbon years before present, present meaning 1950 A.D.

Errors represent 1 standard deviation (68% probability).

Dates calibrated using the Radiocarbon Calibration Program , version 3 (Stuiver 

and Reimer, 1993). Errors not included.

Dates obtained by accelerator mass spectrometry (AMS).

A linear model was used to calculate ages for each of the samples between the two 

depths at which the AMS samples were found. This model was deemed most 

appropriate for the reason that there were only two samples. The calculations were 

carried out using the model provided in TILIA.

For samples which lay above the level of the upper AMS date, ages were estimated 

by extrapolation of the linear model. Although there was no reason to believe that 

the sediments had been disturbed prior to sampling, or that there had been a hiatus 

in sediment deposition, there was no way to prove otherwise. Therefore the
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extrapolated radiocarbon dates generated cannot be used with the degree o f 

authority afforded to the ages generated for the pollen samples lying between the 

two AMS dates.

For the samples which lay below the lower AMS date a different means o f 

estimation was required. This is discussed in the results section on zonation.

14.3.3 Zonation (See Chapter 3 for details)

Using the CONISS program (Grimm, 1987) and the broken stick method (Fig 14.3; 

Bennett, 1996) two local pollen assemblage zones (PAZs) were chosen. For this 

calculation the surface sample was omitted from the. data set, as it was quite distinct 

from the main core, both in content and spatially.

This resulted in two statistically significant zones being recognised, LC-1 and LC-2, 

with sub-zones used to aid description. Zone 2 was subsequently divided into two 

sub-zones in order to point out interesting features o f the pollen record, but the sub

zones are not statistically significant. The retention o f sub-zones was suggested by 

Bennett (1994).

Table 14.4 Zonation data for Lough Cuith pollen diagram

Zone Subzone Depth 

(cm)

Age (C-14 yr BP)"” N um ber M ain feature o f  zone 

o f  samples 

in zone

LC Lower U pper Zone starts Zone ends

1 126 115 -8 0 0 0  BP or 

6700 BP

6 Corylus avellana  type and Pinus 

dom inant

2 115 32 6455 5351 12 Expansion o f  Alnus, expansion 

o f  agricultural indicators

a 115 46 6455 5535 9 E.xpansion o f  Alnus

b 46 32 5535 5351 3 Expansion o f  Poaceae and 

Plantago lanceolata

Surface 0 146 0 1 Corylus avellana  type and herb 

pollen dom inant
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In order to estimate the age o f the lower, clay rich, part o f  the deposit, two methods 

were employed. Firstly, the results o f pollen counting were qualitatively compared 

with the regional pollen diagram from Clara Bog. The most important components 

o f  the vegetation were listed, and the age o f  the Lough Cuith sediment was 

estimated as being equivalent to the age o f the apparent corresponding assemblage 

from Clara Bog.

Secondly, samples containing only the main species from both records were 

analysed using the DCA (Detrended Correspondence Analysis) function o f PC- 

ORD (Figure 14.4). The results o f this analysis graphically illustrate the division o f 

the main Clara Bog regional data into five zones,, identical to those indicated by 

CONISS and the broken stick method. Lough Cuith samples were divided in three, a 

surface sample and two zones defined by CONISS. The Lough Cuith zone LC-2 

corresponded to Clara Bog zone CB-3, both in age (from the radiocarborr data) and 

in pollen content (from DCA). Zone LC-1 does not align with any CB zone, rather it 

lies between zones CB-3 and CB-2. However, it lies closest to the Clara Bog 

samples 608 cm-656 cm, giving a date between 6708 BP and 5943 BP. Moreover, 

there is one sample from Clara Bog dated to -8 0 0 0  BP (769 cm) which is close to 

the samples in LC-1.

Three hypotheses were considered:

1. A hiatus occurred between -8000 BP and 6500 BP;

2. Sedimentation was continuous from 8000 BP to -56 4 0  BP, making the lower

date o f  6390 BP incorrect;

3. Sediment accumulation started at, and was continuous from -6500  BP.

These hypotheses are considered below:

1. With reference to a hiatus, there is no evidence in the sediment for a penod when

there was no accumulation. The thin veneer o f clay (11 cm) at the base o f the

core would have had to survive this time at the bottom o f the steep slope without 

accumulation o f  stones or other debris.

2. It may be that the lower date (6390 BP) is incorrect. However, there is no 

evidence from the laboratory results that this is the case, and contamination with 

older or younger carbon was also thought to be unlikely owing to the nature and 

condition o f the material submitted for dating, and the stable isotope ratios. There 

is some indication from the DCA plot that the basal samples are similar to those
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from Clara Bog at -8000  BP, and a qualitative examination would also suggest 

this, primarily due to the appearance o f Quercus in the pollen record at the end o f 

zone LC-1. However, a detailed examination o f  the DCA plot does not provide 

strong support for this hypothesis.

3. In the third hypothesis it is suggested that the presence o f  what appears to be an 

early Holocene flora recorded in the pollen data is insignificant. The point on 

which this question turns is whether the absence o f  Quercus pollen is significant. 

Were Quercus pollen present throughout the record there would be no reason to 

think that the record started earlier than suggested by the radiocarbon dates. If 

this was the case then there would have been a hiatus o f  at least 1300 years 

(uncalibrated) before the sediments o f zone LC-2 were deposited. However, if  it 

was the case that the later date (-6700 BP) is correct, the absence o f Quercus, a 

well dispersed pollen type, must be natural. The presence o f  substantial amounts 

o f Ulmus pollen indicates that the environment should have preserved Quercus 

pollen if it were present, as both have a similar resistance to oxidation (Havinga, 

1967). Both theories have commendable aspects, and will be considered in the 

discussion.

14.3.4 C harcoal analysis

Macroscopic charcoal analysis ft'om the core was carried out and the results are 

presented below (Fig. 14.5).

In spile o f the large amount o f highly humified lignified plant material in all o f the 

samples charcoal was detected m four samples. There is a small amount o f charcoal 

at the base o f zone LC-1, and a larger amount at 82 cm. However, at the top o f zone 

LC-2 there are two adjacent samples, 32 and 36 cm containing macroscopic 

charcoal fragments. These samples coincide with the expansion o f Plantago 

Icinceolatci.

14.3.5 Pollen analysis

Lough Cuith provided several insights into events in the catchment o f Clara Bog. 

Interpretations were made about the scale and proximity o f  the events recorded 

based on site factors. For reference, a list comparing the main events occurring in 

the regional diagram from Clara Bog and the diagram from Lough Cuith is given in
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Table 14.5. The full pollen percentage diagram and concentrations are presented in 

Figure 14.6, a summary pollen percentage diagram for the period 6450 BP-5250 is 

presented in Figure 14.7.

Table 14.5 Dates (RCY BP"') o f  events detected in the regional pollen record at 

Clara Bog, and o f events occurring at Lough Cuith during the period from -8400  to 

-3 5 0 0  BP

Event Site
Clara Bog Lough Cuith

Uhnus decline 3510 NA
3790 NA
4960 NA
5160 NA
5270 NA
5440 NA

Plantago  event 3790 NA
NA 5480
NA 6000

Local Pinus decline 6440 6220
Almis expands 6400 6170
Quercus expands 7810 >6400
Uhnus e.xpands 8410 NA

NA=Not applicable.

“RCY BP=Radiocarbon years before present. Present taken as AD 1950.

The age of Zone LC-1

As stated above (Section 14.3.2), relative dating o f the LC-1 pollen assemblage by 

comparison with the Clara Bog data indicated that zone LC-1 is either marginally 

older, or 1300 radiocarbon years older, than zone LC-2. Combining this evidence 

with the radiocarbon dates indicated that the boundary LC-1 to LC-2 may represent 

either:

• a hiatus which lasted for some 1300 radiocarbon years,

• or a period o f deposition which immediately preceded the accumulation o f the 

peat sediments.

A hiatus could be attributed to fluctuations in the water table, which is a problem 

with small hollow sites over limestone (e.g., Mitchell, 1990). However, on the 

balance o f the evidence, and with particular reference to the DECORANA output, it 

would appear that the clay was deposited a short time before the fen peat. Based on 

the radiocarbon dating this was no earlier than 6700 BP, and this is the date that is
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accepted as the base o f  the diagram. Figure 14.6 presents regional data for 

comparison, allowing a tentative estimate o f  the age o f LC-1.

Zone LC-1 :126-115 cm. Cotylus avellana type -Pinus sylvestris peak zone.

(-6700 BP-c. 6450 BP)

Corylus avellana type pollen dominated the pollen influx at the site, with values 

from 53% to 70% o f the pollen sum. Pinus was well represented in zone LC-1, with 

values o f 9%-14%. Ulmus, the only other canopy tree well represented at the site, 

and Salix, had low values at the start o f the zone, 4% and 2% respectively. Ulmus 

increased slightly as Salix remained at a low frequency. Quercus was just beginning 

to expand, rising to 2% in the final level o f the zone.

Herb pollen frequencies were low throughout the zone and the herb pollen flora was 

quite poor, with only Poaceae, Ligulate Compositae and Thalictrum  attaining" 

frequencies greater than 1%. Thalictrum flavum  is a plant o f wet meadows and fens 

(Webb et a l ,  1996) and flowers in the summer. I f  this is the species o f Thalictrum  

detected, its presence indicated some open ground near the site. Spores o f 

Polypodium, an epiphyte, rose to a value o f  4%, whilst Pteridium  rose to more than 

2%. Pteridium aquilinum  is a further indicator o f open woodland (Webb et a l ,  

1996). Pediastrum, Potamogeton and Sphagnum  are also present, with Pediastnim  

starting the zone at a value equal to 12% o f the pollen sum. There was an early peak 

in Pediastrum, indicating a period o f open water, an interpretation that is supported 

by the deposition o f  clay. Pollen concentrations (see Figure 14.6) are low at the base 

o f the zone, increasmg towards the top o f the zone.

Zone LC-1 contains sediments deposited in water, which had a considerable impact 

on the taphonomy o f the pollen in relation to the later deposits, as lakes and peats 

differ in their pollen deposition characteristics. It is also likely that the forest canopy 

above the water may have been open, thereby allowing more regional pollen to be 

deposited on the lake surface.

In the interpretation o f this zone the following points are borne in mind:

• increased regional pollen deposited (-6700 BP to c. 6450 BP),

• increased input from peripheral vegetation,smoothing o f pollen signal.

Zone LC-1 is interpreted as representing a small lake or pond, surrounded by Salix 

and Corylus, perhaps with some Betula. Ulmus grew nearby, on the well drained
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slopes of the esker. Most o f the Pinus pollen (15%) in this zone may be accounted 

for by background pollen, as it has a value similar to that seen at Clara Bog.

Quercus pollen was absent. It may not have grown at such a well drained site. There 

was a slight increase in Quercus pollen frequencies in the uppermost sample of zone 

LC-1. Moreover, prior to 6600 BP, Quercus was not present at frequencies greater 

than 10% in the regional diagram. As a result, Quercus grains from the regional 

pollen rain may have been swamped.

Several herb taxa were present, which indicated that locally there was sufficient 

light reaching the ground layer for growth. Herbs would also have grown on the 

shoreline. Apart from area o f w'ater, this was a well drained site on limestone soil. 

The area was dominated by Ulmus and Corylus, with some Pinus in the region.

The overall interpretation of Zone LC-1 was an open-water site in a heavily wooded 

area, the understorey dominated by Corylus avellana type,“with Ulmus spp. the 

main canopy trees, and a few local Pinus sylvestris or a larger population elsewhere 

in the region, as there was much poorly drained land available (See Fig. 14.1). The 

length of time that open water remained at this site is difficult to judge, but from the 

amount of clay deposited, the high proportion o f degraded pollen, and the small 

amount of organic material in the zone, it may have been of short duration (-300 

radiocarbon years).

Zone LC-2 :115-32 cm Quercus, Corylus avellana type, Ulmus peak zone 

(c. 6455 BP~5350 BP)

This zone was marked by the rises of Ouercus and Alnus, followed by the 

appearance of some anthropogenic indicators. To further aid description the zone is 

subdivided into two sub-zones LC-2a, LC-2b.

Zone LC-2a : 1 1 5 ^ 6  cm Quercus-Corylus avellana type peak zone 

(c. 6455 BP-c. 5535 BP)

Zone LC-2a started with Quercus contributing 36% of the pollen rain. This sudden 

rise in Quercus percentages, from 2% to 36%, appeared mainly to be at the expense 

of Corylus avellana type pollen frequencies, although Quercus and Corylus 

avellana type pollen concentrations behaved in a very similar manner. Ulmus and 

Pinus were the other main tree species with values o f 6%-8% and 6%-12%
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respectively. Ulmus and Pinus were relatively unaffected by the sudden increase in 

Quercus percentages.

An interesting point to note is that while most pollen concentrations are declining 

rapidly across the LC -l/LC -2a boundary, Ulmus remains almost constant. This 

stable concentration would seem to indicate that whatever was happening with the 

local tree populations, for example, a lake replaced by wood peat, was not affecting 

the local Ulmus population, but was affecting Pinus and Quercus, which, if  the 

source o f the pollen was regional, may have had pollen excluded by a closed 

canopy.

Corylus avellana type pollen dropped to a value between 37% and 44% at the start 

o f  sub-zone LC-2a. This Corylus avellana type pollen was probably dominated by 

Corylus avellana, fruits o f which were found at a depth o f  100 cm. These were 

subsequently used for A.M.S. radiocarbon dating. Salix  and Betula had values o f 

- 2% .

Most o f the other species occurred at a frequency o f less than 2%. Alnus pollen 

occurred for the first time in this zone, at values less than 1%. Hedera made its first 

appearance (1%) in the diagram in this zone, accompanied by low levels o f Poaceae 

(1%), Cyperaceae (l% -2% ), Ligulate Compositae (0.2%) and Filicales (1%). There 

were also very small amounts o f Pediastrum  and Polypodium.

At 98 cm there was a slight rise in the percentage o f Ulmus (19%), which then 

declines slowly to 7%, before recovering rapidly to 22%. Quercus appeared to 

decline gradually in the rest o f sub-zone LC-2a, dropping from 2 3 % -ll% , but it 

recovers near the top o f  the sub-zone with a peak value o f 38%. Corylus avellana 

type pollen rises and falls between 38% and 59%, declining when Ulmus and 

Quercus recover, but most values are c. 40%. Pinus values are consistently low, 

lying between 3% and 8%. Alnus frequencies expanded in this zone from 1% at the 

start o f the sub-zone to 4% at the end o f the sub-zone. This gives a date o f about 

6170 BP for the expansion o f Alnus at this site. Ilex aquifolium  (50 cm, 1 grain) was 

present at the end o f  the sub-zone as was Fraxinus excelsior (66 cm, 1 grain). Herb 

pollen included Cyperaceae (l% -2% ), Poaceae (0% -3% ), Ligulate Compositae 

(1%), and isolated occurrences o f Ranunculaceae, Umbelliferae, Aster  type, Galium, 

Plantago lanceolata, Rumex and Urtica. Spores o f Polypodium  spp. (1 % ^ % ) 

Filicales (0% -2% ) and Pteridium aquilinum {0% -l% )  were the most frequently
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found spores. Myriophyllum  (1%) and Potamogeton (<1%) occurred at the base of 

the zone. O f the other trees, Betiila and Salix were both present in the background, 

whilst Fraxinus and Ilex aquifolium  both appeared in the record for the first time. 

Herb pollen was sparse for most o f the sub-zone, with sedges being the most 

consistent contributors. There was one peak o f grasses at about 6000 BP associated 

with an occurrence o f Plantago lanceolata.

The general trend for pollen concentrations was an initial peak (6455 BP), followed 

by a decrease, before a second peak at 5700 BP. Ulmus remained stable, whilst 

Pinus decreased slightly, with Quercus pollen showing the greatest variability. The 

other species maintain their values in this sub-zone, although at higher 

concentrations than previously. Pinus sylvestris pollen concentration dropped at the 

very start o f  this sub-zone, indicating that its population in the area o f  the site was 

reduced. Ulmus concentrations remained stable at the start o f  the zone, as noted 

above, but then dropped in harmony with the other species during a short Poaceae 

and Plantago lanceolata phase.

Zone LC-2a should be interpreted differently to zone LC-1. Firstly it is peat; 

therefore, more like a fixed point sample, the sampling site should be regarded as 

very small, e.g., the area o f the core cross-section, whereas a lake has a greater 

sampling area (See Chapter 4 for details). Whatever taxa were growing adjacent to 

the core will be very well represented, while other species growing further away, 

>100 m, will not be. Given the woody nature o f the peat in the first two samples of 

zone LC-2a, trees were probably growing on the peat, the very high percentages of 

Quercus and Corylus avellana t. indicate that these were the species. Pollen 

concentrations are very high for these two samples, a possible further indication of 

pollen being deposited straight onto the sampling area. Also the presence o f  Corylus 

avellana ftoiits at 110 cm indicates that this may have been the case.

Salix was probably present in low amounts, as the low frequency o f its pollen 

suggests. The appearance o f Hedera helix pollen is probably associated with the 

growth o f Quercus and Corylus. Neither o f these species would have grown on 

ombrotrophic peat, so the wood peat must have been minerotrophic. The local 

presence o f Pinus is a possibility, as its pollen concentration was high at the start o f 

sub-zone LC-2a, but there is no means o f  verification available, except that it drops
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when the peat indicates a change to a more open fen, probably w ith the loss o f Pinus 

from the area adjacent to the sampling point.

Studies by Jackson and Wong (1994) demonstrated that 25% -90%  o f pollen came 

from outside a 20 m radius o f the sample point. This w ould account for the 

decreased but still substantial frequency o f Ulmus and other well dispersed pollen 

types in the sediment, even though it was not necessarily growing on the site 

surface. Also, the fact that there is vegetation growing on the site means that less 

regional background pollen will be deposited on the site.

In the later part o f  sub-zone LC-2a when there was a change to a fen peat, trees 

probably could not grow as successfully on the site as they previously had. 

However, even though the sediment is fen peat, there is not a particularly high 

pollen frequency o f taxa associated with fen vegetation, for example, Poaceae and 

Cyperaceae, possibly due to shade from the vegetation. At that point, the vegetation 

around Lough Cuith was dominated by trees, particularly Ulmus, Quercus and 

Coryhis avellana. Betula and Salix appear to have been unimportant, at least in the 

immediate vicinity o f the core site, for the duration o f  this zone. Alnus pollen 

appears at the start o f this zone, and rises to a steady 5%-10% by the zone end. It 

would appear that this is a regional pollen input, reflecting the development o f the 

vegetation as seen in the main Clara Bog pollen diagram. During most o f the sub

zone Alnus is slowly increasing, although it only reaches low frequencies, and it 

does not seem to be affecting the already low frequencies o f  Pinus pollen.

Herb pollen seemed to be relatively unimportant in this zone, except for the one 

PoaceadPlantago episode. This coincides with a band o f silica in the sediment, and 

the most likely interpretation for these occurrences is a disturbance on the slopes, or 

on land adjacent to the site, rather than solely from aerial input. Plautago lanceolata 

is wind pollinated and would need to be established in large numbers over a 

substantial area, if  growing regionally, in order to make an impact on a site such as 

Lough Cuith, where the most important input is local and extra-local. Tree 

populations including Ulmus and Quercus appear to be unaffected during this event, 

as their pollen concentrations basically reflect the total pollen concentration curve, 

and the relative frequencies are stable.

To summarise, the lake in zone LC-1 dries out and is replaced by trees growing on a 

damp organic soil. These are in a closed canopy and the pollen source area is the
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immediate vegetation beside the sampling point. Qiierciis probably invaded at this 

point and dominated the immediate area o f the core site, explaining the sudden rise 

in frequencies and concentration, not dissimilarily to the situation in the Betula 

pubescens woods o f  Chapter 8. As the zone progresses fen becomes more 

established and the woodland becomes more open. Disturbance introduces Plantago  

and Poaceae to the site but relative tree pollen frequencies were not affected.

Zone LC-2b : 46-32 cm Quercus-Ulmus-Corylus peak zone 

(c. 5535 BP~c. 5350 BP)

Although tree pollen continued to dominate the pollen input and the sediment 

composition does not appear to change, this sub-zone has the biggest change in the 

entire sequence, as ferns (6% increasing to 12%) and herbs (3% increasing to 20%) 

increased in frequency at the expense o f  tree pollen (91% declining to 68%). 

Corylus avellana type percentages declined from 39%-29%, while Ulmus declined 

from 22%-10%. Quercus remains relatively stable at around 15% (16%-14%) as 

does Pinus (3%-6%). Alnus is the only tree that increased its frequency in this zone, 

rising from 4% to 6%, with a maximum value o f 8%. Salix (l% -2% ) and Betula 

(0% -l% ) remain at low frequencies. Hedera pollen rises to l% -2%  at the top o f  the 

sub-zone. Poaceae (3%-7%), Cyperaceae (5%-7%) and Ligulate Compositae 

(0% -l% ) were all more common in this sub-zone than previously. Plantago  

lanceolata was present in all three levels o f this sub-zone at values between 1% and 

3%. Other herbs present at lower frequencies included Rumex spp.. Ononis type, 

Calluna and Galium. Percentages o f Polypodium  (3%-5%), Pteridium  (l% -3% ) and 

Filicales (3%-6%) all increased, as did Pediastrum, Myriophyllum  and 

Potamogeton. Pollen concentration declined in this sub-zone and remained low. 

There was no catastrophic decline in any o f the tree species, but the consistent and 

increased influx in this sub-zone, o f Poaceae, Cyperaceae, Ligulate Compositae, 

Plantago lanceolata and Pteridium aquilinum  pollen indicated a continuous change 

in the site catchment area during this sub-zone. Quercus, Ulmus and Corylus 

avellana type remained important in the pollen rain, while the other tree species 

remained present at low frequency. There is a rise in Pediastrum  during the sub

zone which indicates that the site was wetter than in the previous zone.
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Interpretation o f this zone could proceed along two lines, natural and anthropogenic. 

For a natural change, increased wetness at Lough Cuith could have resulted in trees 

being forced further back from the core site, thus allowing seasonal flood zones to 

become dominated by herbs, with regeneration o f  trees restricted by grazing.

If anthropogenic influence is proposed as the explanation, there could have been 

activity along the esker, which was a natural routeway for prehistoric travellers. 

Disturbance may have been incidental, and persistence may be explained by the 

proximity o f the site to the esker. This is further considered in the following section.

Surface pollen

The surface pollen spectrum was broadly representative o f  the vegetation at the site. 

Taxa that were present at a value o f >1% of the pollen sum are presented in Table 

14.6.

Table 14,6 Taxa representing >1% of the pollen sum in the surface sample

Pollen type % o f  Pollen Sum
Corylus avellana  type 28
Poaceae 18
Plan tago lanceolata 15
Ligulate C om positae 11
Cyperaceae 9
A ster type 4
Sphagnum  spp. 2
Alnus 2
Pinus sp. 2
Centaurea  type 1
P otentilla  sp. 1
Ranunculaceae 1

Other pollen that occurred at a frequency <1% included Rosaceae, Betula sp., 

Carpinus betulus, Fagus sylvatica, Fraxinus excelsior, Picea sp., Quercus sp., Salix 

sp., Fledera helix, Calluna vulgaris, Rumex sp. and Pteridium aquilinum.

Two factors complicate the interpretation: firstly the marked contrast between the 

two sides o f the site, one o f which is wooded while the other is pasture, and 

secondly the relative proximity o f  this sampling point to the grazed north-east slope. 

However, the general vegetation cover at the whole site is broadly reflected in the 

spectrum; one slope dominated by Corylus avellana type, the other slope dominated 

by grasses and Plantago media, and the lake area dominated by Cyperaceae and 

assorted herbs. Unfortunately, it is not possible to resolve the pollen data below the 

level o f the entire site.
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One particular point o f  interest is the absence o f Plantago media pollen from the 

surface sample. This appears highly unusual but is made possible by two factors. 

Firstly, Plantago media is insect pollinated while other Irish Plantago  spp. are wind 

pollinated (Clapham et a i ,  1987). Secondly, the moss polster was raised o ff the 

ground and was not likely to have received much pollen from water running 

downslope. Although there is a high proportion o f  Plantago lanceolata pollen in the 

surface sample, it was not observed on the slope above the polster -  but it may well 

have been there.

14.3.4 Rarefaction

The results o f the rarefaction analysis are presented below in Figure 14.8.

The first six samples make up zone LC-1 and were laid down in a different 

environment from the subsequent material. Diversity is not particularly high 

compared to the surface sample, but this may be as a result o f  the exceptionally poor 

pollen preservation encountered. These samples and the subsequent samples from 

zone LC-2 have a similar number o f species expected. However, at the end o f zone 

LC-2, there is a rise in diversity. This corresponds to zone LC-2b, the point at which 

the herb flora expands. The highest number o f expected species occurs in the surface 

sample, which has a value o f E{T„)~25, which is similar to surface samples from 

other sites which are in good condition (e.g., the Clara Bog surface sample has a 

value o f £(7’J= 19 , while Clara Bog Monolith surface sample has a value o f 

E(T„)^27). Overall, the diversity o f pollen samples is consistent, rising significantly 

with the expansion o f Plantago.
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Figure 14.8 Results o f rarefaction analysis carried out on the Lough Cuith percent
age pollen frequencies. Numbers above the data plot indicate pollen zones LC-1 and 
LC-2. Values are displayed ±95%  confidence limits.
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14.4 Discussion

14.4.1 Changes in the pollen source area o f  Lough Cuith

The aim o f this sub-section is to look at the effect o f changes in site characteristics 

on pollen source area, and how this affects interpretation o f  the pollen record.

Over the course o f  the palaeoecological record o f Lough Cuith three distinct 

environments can be discerned. The first o f  these was a lake, which was open to the 

sky and fringed with vegetation dominated by arboreal taxa, but with the added 

presence o f some herb taxa, e.g., Thalictrum  sp. Sedim ent deposited in this 

environment had a relatively large extra-local and regional pollen input. However, 

because it was a lake, plants growing at the w ater’s edge, or in areas prone to 

flooding, could theoretically contribute more pollen to the record than was possible 

in any other situation. This may be the source o f many o f  the fern spores, Poaceae, 

Corylus avellana type and Compositae Lig. found in the sediment.

A woodland o f some type was the second environment to have become established 

on the site. This probably had a closed canopy structure, and the sudden rise to high 

percentages and concentrations by Quercus and Corylus avellana  type is similar to 

the situation observed in other closed canopy sites where percentages rise and fall 

dramatically depending on the condition o f the closest trees, e.g., Pinus sylvestris in 

Little et al. (1996). Such sites have very small catchment areas compared to a lake, 

and the pollen diagram should reflect what was occurring in vegetation close by. 

Finally, a relatively open fen became established on the site bringing another change 

in pollen source area. Fen does not mix or smooth pollen spectra and, if  it was more 

open, would have a higher proportion o f regional pollen than the lake, with a 

proportion o f local herb pollen. In the interpretation the fen samples were treated 

more as fixed point samples which had a smaller pollen source area than those from 

a lake.

These changes made interpretation o f the pollen record from Lough Cuith much 

more complex than at most sites. The three sediment types provide records which 

reflect changes on different scales; see Table 14.7 below.
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Table 1 4 .7  Site types found in the Lough Cuith sediment record and proposed main

pollen source areas

Site type Proposed main pollen source area

Lake Regional

Wood peat Local

Fen Regional

Some o f the changes in observed pollen frequencies are, therefore, reflective o f  local 

changes, whilst others can be interpreted as representing regional change.

Although theoretical modelling o f vegetation change is quite advanced, it is not yet 

commonly applied to reconstructing vegetation history. Several reasons for this are 

detailed by Schwartz (1989; See also Chapter 4). However, the theory o f pollen 

dispersal and the characteristics o f sedimentary basins are well understood and, as 

can be seen above, are applicable as aids to the detailed interpretation o f vegetation 

history from sites.

The above interpretation should illustrate the dangers o f  interpreting data without 

examining the site as a dynamic component o f vegetation change. Although the 

primary interest is to study vegetation changing through time, many other 

components o f the environment also change through time, often rapidly enough to 

influence the record.

14.4.2 The origins of Lough Cuith

From the evidence provided above, the sediments studied were deposited between 

7000 BP and 5000 BP. The probable earliest date c. 6700 BP coincides quite well 

with the change o f Clara Bog from a fen to a bog. It is hard to know what occupied 

the site before it contained water, but trees are likely candidates, as opposed to 

meadow or peat. The development o f the ombrotrophic bog and the subsequent 

raising o f  the regional water table may have provided the mechanism needed to 

flood and then permanently waterlog the Lough Cuith basin. The appearance o f 

Quercus at this point gives a very good indication that environmental conditions had 

changed from those previously dominated by Ulmus. It is not possible from the 

above evidence to say why the site ceased accumulating sediment. There may have 

been continued sediment accumulation, but in the light o f the very significant
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human impacts on the landscape around Clara Bog during the last 3500 years, it 

would be futile to speculate.

14.4.3 Anthropogenic indicators at Lough Cuith

In the middle o f sub-zone LC-2a (6000 BP) there was a small rise in Poaceae pollen 

percentages, followed by an occurrence o f  Plantago lanceolata, significant in so far 

as it is the earliest record o f a plant commonly associated with the activities o f 

Neolithic farmers in the region o f  Clara Bog. This event coincided with a general 

decrease in the concentration o f the pollen o f all the tree species, including Ulmus. 

However, as this is a general trend in pollen concentration there is probably no link. 

Nor does this Plantago event coincide with a regional decline in tree pollen, or the 

appearance o f agricultural indicators in the Clara Bog diagram (See Chapter 12). It 

is possible that the appearance o f Plantago was due to human activity. At Newlands 

Cross Preece et al. (1986) found a Mesolithic flint in tufa at 7600 BP. This flint was 

associated with evidence for forest disturbance in the form o f  changes to molluscan 

fauna and increased amounts o f microscopic charcoal. That study concluded that the 

disturbance was localised, as there was no firm evidence in the pollen record for 

anthropogenic disturbance. In light o f this it is not plausible to say that there was 

any human involvement with the vegetation at Lough Cuith at this stage, and even if 

there were, anything insubstantial would probably not have been detected. 

Furthermore, this date would have been quite early for an indication o f agricultural 

activity (See Chapters 10 and Chapter 11) and it should be noted that other events 

can result in the appearance o f a Neolithic type pollen assemblage, such as the 

occurrence o f Dutch elm disease (Perry and Moore, 1987). Given the non-specific 

nature o f the arboreal pollen decline at Lough Cuith, disease is an unlikely cause in 

this case. It is o f course very possible that the disturbance was in fact the result o f 

humans using the esker ridge as a trackway to travel through the bogs, and as more 

people were travelling the greater and more persistent the disturbance became. 

Neolithic activity is reported at the early date o f c. 5740 BP from east Tyrone 

(Hirons and Edwards, 1986). However, there is no evidence that the forest 

disturbance at Lough Cuith is Neolithic in origin if indeed it is anthropogenic at all, 

except to state that the occurrence o f Plantago lanceolata coincides with indicators 

o f agricultural activity in the regional pollen diagram.
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The forest recovers somewhat after this event, but by c. 5480 BP there is constant 

influx o f Plantago lanceolata pollen into the record, along with increased 

percentages o f Poaceae and herbs in general, although not with any marked decline 

in the percentages o f  tree species. Total pollen concentration declines markedly, but 

this is an overall trend not confined to any single species.

There is published evidence for pre-elm decline human agriculture which is not 

associated with large scale forest disturbance. W hittington et al. (1991) find an early 

arboreal pollen decline in Scotland which is not associated with a general 

environmental disturbance. Peglar and Birks (1993) also present evidence for 

agricultural activity before the elm decline which, although they assign it a 

contributory role in the elm decline, does not result in immediate declines in the 

arboreal pollen influx. An analysis o f rates o f  change presented by Mitchell (1995) 

shows that the elm decline and the impact o f  early Neolithic farmers caused little 

change in reality, although these events are important features o f Irish Holocene 

pollen diagrams. The biggest changes occurred only after agriculture was well 

established in the areas examined, some considerable time after its first appearance. 

Lough Cuith provides a different insight into the disturbance history o f the 

landscape around Clara Bog than the view from the regional diagram. There is 

evidence o f ecosystem disturbance/agriculture in the vicinity o f Lough Cuith at 

2200 and 1700 years before similar evidence in the regional pollen diagram at c. 

3790 BP (which was very late, occurring during the Bronze Age). There is evidence 

in the regional diagram o f either distant or minor local disturbance o f  the forest as 

early as c. 5100 BP with the presence o f small amounts (<1%) o f Taxus baccata and 

Fraximis excelsior pollen in the spectrum, but not o f agriculture.

With regard to the Ulmus decline. Table 14.5 provides a list o f  Ulinus declines from 

the regional diagram. Most o f these are younger than the sedimentary record from 

Lough Cuith. The Plantago event at 6000 BP did not coincide with an event in the 

regional diagram. However, the more sustained Plantago  event at c. 5480 BP 

appeared to occur simultaneously with the first Ulmus decline in the regional 

diagram, which occurred over about 230 years, reaching its minimum value at c. 

5440 BP. It is possible that there is some connection between the two, whilst 

observing the probable errors in the two dates.
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Regarding the Ulmus decline which is reported from all over Europe, at Lough 

Cuith there appears to be no evidence for human interference with Ulmus in 

particular. Moreover, what declines in arboreal pollen percentages occur are quite 

moderate and not restricted to any one species. However, the one Ulmus decline that 

does occur in the regional pollen diagram at this time does not appear to be 

associated with agricultural activity. Yet it coincides with the second Plantago 

episode at Lough Cuith. This Ulmus decline was short lived and not very severe. A 

possible explanation is that small scale farming episodes are indicated by proxy in 

the pollen record, rather than directly by agricultural indicators, as suggested by the 

theory of Goransson (see Edwards, 1995). Ulmus rnay have been more sensitive to 

disturbance, for example, pollarding (Moe and Rackham, 1992), than other species 

thereby providing a better indication of human activity.

Beside this theory, the trackway idea must be borne in mind as a strong possibility. 

14.5 Conclusion

Several conclusions can be drawn from the study o f this site;

• Events at Lough Cuith agree with those in the region with respect to proposed 

hydrological disturbances and the arrival o f species.

• Ulmus does not seem to have suffered catastrophic decline during either o f the 

two events possibly attributable to human activity in the vicinity.

• Not all such events are picked up in regional diagrams, nor do they seem to cause 

large changes in local vegetation.

• In spite of there being no evidence of Neolithic farmers before 3800 BP in the 

regional diagram from Clara Bog, evidence from Lough Cuith suggests there 

may have been.

This study assists us by providing several new sources of information, and 

specifically by answering questions posed at the start of the study, specifically with 

regard to the following points.

• There may have been human impact in the region of Clara Bog prior to the 

Bronze Age, but although the indications are there, without finding cereal pollen 

or archaeological evidence it is not possible to be certain.

• The possibility that the Ulmus decline may have been a locally major event 

cannot be resolved because the record does not extend to the time of the main
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Ulmus decline at 5100 BP. However, there is evidence for coincident disturbance 

at the Lough Cuith site and an Ulmus decline in the Clara Bog pollen diagram. 

These may be linked, but we cannot say for certain.

• Finally, with regard to the order in which taxa became established in the area o f 

Lough Cuith it would appear that Quercus was late to establish at the Lough 

Cuith site, while other taxa are generally behaved as in the regional pollen 

diagram, i.e., Alnus and Pinus. This study also illustrated that the vegetation in 

the region around Clara Bog was heterogeneous. Overall, these data allow 

reinterpretation o f data from Clara Bog in a more insightful manner and provided 

information which could not be derived from study o f Clara Bog alone.
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Chapter 15

Discussion of Regional Vegetation Developments in the

Clara Bog Area

15.1 Introduction

In the preceding chapters o f Section 3 (Chapter 10 to Chapter 14) the regional 

vegetation history o f  the area around Clara Bog was investigated and interpreted at 

local and regional scales, with reference to published archaeological and 

palynological studies.

This has highlighted several interesting features o f midlands vegetation history 

caused by natural and anthropogenic forces and interactions between the two. This 

chapter aims to summarise and synthesise developments, to give a coherent view o f 

vegetation development in the region around Clara Bog during the Holocene.

15.2 Regional vegetation development

15.2.1 Early Holocene

The record o f vegetation development at Clara Bog started early in the Holocene at 

c. 10 000 BP. There was early succession from a Poaceae dominated landscape with 

Salix and Betula, with a shallow lake at Clara Bog, to forests o f  Betiila, Coryius 

avellana and a relatively early expansion o f Pimis sylvestris. Ulmus was the next 

tree to expand in the region, soon followed by Quercus.

15.2.2 M id-Holocene

Pnor to the impact o f significant human populations in the area, subsequent 

increases and decreases in arboreal pollen percentages are assumed to have been 

caused by natural changes in the vegetation, forced by environmental factors, or 

inter-specific competition. These changes included the replacement ofP inus  by 

Alnus probably by direct competition, with Pinus losing its more marginal habitats 

to expanding bog.

For this time (-6500 BP) the data from Lough Cuith are available which give a 

source o f information on the local vegetation. It would appear possible that the
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Lough formed because ombrotrophic peat was developing at Clara Bog thus raising 

the adjacent groundwater table, thereby causing the basin to flood. This raised 

watertable would presumably also have encouraged the spread o f peat over low 

lying lands adjacent to the bog.

Pollen evidence from Lough Cuith indicates that the site was originally vegetated by 

Ulmus and Corylus avellana, with some Pinus, but once the water table was raised 

Quercus and Alnus also expanded at the site.

15.2.3 The Ulmus decline

The detection of several Ulmus declines without evidence of anthropogenic 

influence at Clara Bog supports the theory that Ulmus declines were a natural 

occurrence and were not naturally so severe that they devastated the Ulmus 

population. That an Ulmus decline was coincidental with the appearance o f ■* 

agricultural indicators in many parts of Britain and Ireland, may signify that such 

events facilitated the expansion of human settlement. Multiple Ulmus declines were 

also found to have occurred elsewhere in Europe (Whittington et a i,  1991). 

However, contrary to a picture of the land with no agriculture. Lough Cuith 

indicates that humans may have been living in or at least passing through the area, 

as disturbance indicators typical of agriculture are found. It is known that Mesolithic 

people lived in the Midlands (e.g., at Lough Boora (Ryan, 1984); See Chapter 11 for 

details), but their presence around Clara Bog has not been detected. Lough Cuith 

also shows a period of disturbance occurring at the same time as a regional Ulmus 

decline -  this is possibly coincidental.

There is an indication that woodland clearance or disease was perhaps occurring on 

a small scale as some Fraxinus is detected at the time o f the classic Ulmus decline at 

c. 5000 BP.

15.2.4 The Bronze Age and human impact

It was not until later in the pollen record (c. 3790 BP; the Bronze Age) that the 

influence of humans could be implied in the area around Clara Bog with any 

certainty, this was well supported by a lack of known field monuments. It was noted 

that this was in contrast to many other areas in Ireland and Britain where earlier



dates for the appearance o f agriculture are being proposed, normally at the time of 

the Ulmus decline c. 5000 BP.

This establishment o f  agriculture during the Bronze Age coincided with the 

appearance o f field monuments in the landscape around Clara Bog. During the Iron 

Age, evidence for agriculture was less evident in the pollen rain and forest recovered 

strongly in the landscape. The subsequent recovery o f agricultural indicators 

occurred during the late Iron Age/Early Christian era. Human settlement in the area 

is well represented by the ring forts seen in the landscape around Clara Bog which 

date from this time.

By the Early Christian period the vegetation was predominantly influenced by the 

activities o f the human population and the evidence for agriculture remains 

consistently high.

15.2.5 The historic period

The time from the mediaeval period to the present was investigated in detail. This 

part o f the regional pollen record indicates little farming activity in the earlier stage 

o f the diagram (i.e., pre AD 1500) with agriculture steadily increasing in importance 

between AD 1500 and AD 1700. After this, the planting o f trees becomes more 

important and arboreal pollen percentages rise to reflect this. By the present time as 

observed from the surface sediments there were some differences from the situation 

in AD 1700, but overall the dominance o f agriculture alongside commercial forestry 

was well established.

15.3 Discussion

Overall the investigations yielded a picture o f vegetation development which was 

generally similar to that found elsewhere in the country on a macroscopic scale, but 

it nevertheless contained enough unique features to illustrate how this area o f the 

midlands differed from the rest o f the country. In particular, noteworthy features 

included:

• the sequence o f expansion o f arboreal taxa at the start o f the Holocene,

• the high frequency o f Pinus, its decline and the expansion o f  Alnus,

• the Ulmus declines,

• possible local evidence for early existence o f human populations.
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• the effect o f regional hydrology on regional vegetation from a local perspective,

• inconsistencies between regional and local pollen data during the same period,

• the late expansion o f agriculture and its coincidence with the archaeological 

evidence for Bronze Age expansion,

• the Iron Age lull,

• re-expansion o f agriculture in the Christian Era,

• destruction o f remaining forest and dominance o f agriculture in historic time.

It is interesting to note how much more detailed the interpretation o f  the pollen 

evidence could be made by the inclusion o f  detailed historical and/or archaeological 

evidence, and how much detail can be added by studying smaller sites with a local 

pollen source area, alongside larger sites with regional pollen source areas.
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Chapter 16 

Overall conclusions

This chapter aims to draw some overall conclusions based on the results from both 

Section 2 and Section 3, and make some suggestions for future management.

16.1 M ain points

Alongside its status as a National Nature Reserve with extant features o f  ecological 

interest, Clara Bog has an interesting developmental history, as has the surrounding 

landscape, some o f which is unique for an Irish site.

A summary o f the most important features which came to light during the study are 

listed below.

1. The occurrence o f  a layer o f ombrotophic peat that was preceded and succeeded 

by fen peat. Such a succession was highly unusual, and has not been reported 

from elsewhere in Ireland, although it is alluded to in Walker(1970), and there 

are similarities to the succession in the Somerset Levels.

2. The occurrence o f two areas o f groundwater influenced vegetation (formerly 

lakes) on the bog surface. Such features are not reported in the literature, and 

were found to be o f considerable age, up to 5000 radiocarbon years old. Their 

rapid disappearance in the last 200 years is attnbutable to drainage o f the bog and 

o f the region.

3. The development o f birchwoods and their dynamics. The information on 

succession, and the probability that they are ephemeral features is interesting, and 

will benefit management strategies for such features.

4. The series o f Ulmiis declines not associated with overt human impacts in the 

regional pollen rain is unique in Ireland, and gives a valuable insight into the 

dynamics o f Ulmus populations at the time. There is no evidence o f human 

presence in the area at the time according to the regional pollen diagram, but the 

Lough Cuith data suggest there was human presence.

5. The combination o f archaeology and palynology confirmed that the Bronze Age 

was the earliest time when there was a significant human population engaged in 

agriculture in the area around Clara Bog.
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6. The inclusion o f historical evidence helps to explain the rapid changes to the bog 

over the last 200 years, and also to locate and examine features that may no 

longer exist such as old lake beds, e.g., Lough Cuith.

16.2 Suggestions for future management 

16.2.1 Palaeoecology in the management of habitats

Palaeoecological techniques have very pertinent applications in the development of 

management plans for both wetland and other landscapes (Birks, 1996). As has 

been illustrated in this study the amounts o f data which become available to 

complement other studies can be significant. These include data on human 

occupation and land use, which in the case o f Clara Bog complemented the 

archaeological record very well and confirmed that the density o f  human settlement 

was relatively low since the onset o f farming in the Neolithic.

Investigations using palaeoecological techniques can provide detailed data on the 

development o f the site investigated. At Clara Bog these data and their subsequent 

interpretation will give managers a useful insight into the genesis o f  features which 

are judged to be o f  highest conservation value, why they have changed over time, 

and also whether these features were natural or anthropogenic.

Overall, habitat management benefits from the use o f palaeoceoloigcal 

investigations as a historical perspective can be offered against which to gauge the 

effectiveness o f proposed management regimes, likely impacts on the landscape 

(and artefacts that may be present in the landscape), and/or the site itself and finally 

whether restoration is truly desirable.

16.2.2 Recommendations for the management of Clara Bog

O f all the features on the bog that would benefit from management, the groundwater 

influenced soaks are most important, as they have been damaged by continuous 

drainage. However, it would probably be unrealistic to try to reverse the processes 

that have destroyed these soaks, and it is probably only a matter o f time until they 

disappear completely.

Similarly, Lough Cuith is unlikely to recover in light o f the massive hydrological 

changes in the region, but future studies would benefit if it was available as an intact 

resource.
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Conservation o f the birchwood is probably not possible as it appears to be a feature 

o f finite lifespan, and if anything it probably developed in response to damage, as all 

such features studied were associated with drainage.

The other important features and resources are all preserved in the peat, and as long 

as they remain there, they will be continue to be preserved.

The one piece o f management that would undoubtedly benefit all aspects o f  the bog, 

is conservation o f  the acrotelm which is continuously being damaged by peat 

harvesting and drainage. Conserving this and ending peat harvesting at the site 

would help conserve the bog both as a resource for the public and for future 

academic studies.
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Appendix 1

Glossary of terms for the Troels-Smith (1955) sediment description

scheme.

A l . l  Physical properties

Nig (Nigor)

Strf (Stratification)

Elas (Elasticitas)

Sicc (Siccitas)

Lim (Limes)

Hum (Humositas)

Calc (Calcareousness)

0 (L ig h t)^  (Dark)

0 (Homogeneous)-4 (Many minor layers)

0 (N o n e )^  (High)

0 (W ater)-4 (Air dry)

0 (Diffuse b o u n d ary )^  (Very Sharp boundary) 

0 (Unhumifled)-4 (Disintegrated)

0 (No reaction with H C l)-4 (Highly calcareous)

A1.2 Sediment components

T urfa

Detritus

Limus

mm)

Argilla

Grana

Tb°“' (Mosses, Tb Sphag refers to Sphagnum)

Tl®"* (Part o f ligneous plants)

Th°“* (Part o f herbaceous plants)

D1 (Fragments of ligneous plants>2 mm)

Dh (Fragments o f herbaceous plants>2 mm)

Dg (Fragments o f ligneous and herbaceous plants, animal 

fossils <0.1 mm)

Ld*̂ "* (Plants and animals, or fragments o f these <c. 0.1

Lso (Diatoms, needles o f spongi, siliceous skeletons, etc., 

o f organic origin, or parts o f these < c. 0.1 mm)

Lc (Marl, not hardened like calcareous tufa. Particles <c.

0.1 mm)

L f (Iron Oxide. Particles <0.1 mm)

As (Clay, mineral particles < 0.002 mm)

Ag (Silt, mineral particles 0.002 mm to 0.06 mm)

Ga (Fine sand, mineral particles 0.06 mm to 0.6 mm)

Gs (Coarse sand, mineral particles 0.6 mm to 2 mm)
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Gg (Gravel, mineral particles >2 mm)

Anthrax Anth (Charcoal)

Substantia Sh (Completely disintegrated and decomposed organic

matter)

Superscripts on Tb, Tl, Th and Ld refer to degree o f humification: 0, unhumified; 4, 

humified.

All components are scored in the range:

0, absent

+, trace (<10%)

1, minor presence (<25%)

2, medium presence (25% -50% )

3, major presence (50% -75% )

4, sole presence (75% -100% )
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Appendix 2

Radiocarbon dates obtained in the course of this study

A 2.1 Table of radiocarbon dates cited in the text
Site Core Depth (cm) 

(Upper-Lower)
C-14 date 
(BP")

Error*’ Calibrated date‘s
l a  Range o f calibrated date
(AD/BC)

Laboratory
number

Clara Bog Monolith 39-43 510 60 cal AD1426 Beta-78891
cal AD 1402-1444

Clara Bog Main core 141-147 1530 80 cal AD 548 Beta-68733
(Core P) cal AD 431-629

221-227 1880 90 cal AD 130 Beta-68734
cal AD 59-244

283-292 2030 80 cal B C31, 18,9 Beta-65094
cal BC 114-cal AD 72

4 3 7 ^ 4 3 3790 70 cal BC2197 Beta-68735
cal 6C  2393-2041

493-500 4980 80 cal BC 3772 Beta-78892
cal BC 3930-3669

549-555 5210 80 cal BC 3990 Beta-78893
cal BC 4214-3957

627-634.5 6330 80 cal BC 5266 Beta-65095
cal BC 5327-5222

787.5-796 8290 80 cal BC 7307 Beta-65096
cal BC 7473-7102

853-859 9200 70 cal BC 8322,8318.8188 Beta-68736
cal BC 8339-8088

948-954 10020 90 cal BC 9372, 9352, 9264. Beta-68737
9225,9177
cal BC 9823-9057

Clara Bog Core X 246-257 2260 70 cal BC 368 Beta-65097
cal BC 393-198

618-623 6070 110 cal BC 4946 Beta-63927
cal BC 5198-4837

820-825 9340 90 cal BC 8394, 8369, 8356 Beta-63928
cal BC 8439-8217

859-864 9890 80 cal BC 9053 Beta-63929
cal BC 9248-9042

Clara Bog Core B 211-219 1160 60 cal AD 888 B eta-65100
cal AD 789-973

416-423 3230 70 cal BC 1511 Beta-65098
cal BC 1590-1419

592-600 6140 80 cal BC 5059 Beta-65101
cal BC 5214^942

821-829 8760 80 cal BC 7885, 7805, 7730 Beta-65099
cal BC 7934-7622

Continued overleaf.
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A 2.1 Table of radiocarbon dates cited in the text (contd.)
Site Core Depth (cm) 

(Upper-Lower)
C-14 date 
(BP“)

Error^ Calibrated date‘s
lo  Range o f calibrated date
(AD/'BC)

Laboratory
number

Clara Bog Core 3 234-234.5 1960 80 cal AD 66 Beta-65089
cal EC 36-cal AD 130

4 1 8 .5 ^1 9 3070 50 cal EC 1375, 1348,1317 Beta-65090
cal EC 1401-1261

567-567.5 4460 60 cal EC 3094 Beta-65091
cal EC 3310-2930

636-643 6770 70 cal EC 5611 Beta-68731
cal EC 5680-5582

946-951 11220 120 cal EC 11178 Beta-68732
cal EC 11313-11052

959 10760 60 cal EC 10740 Beta-65092
cal EC 10819-10658

981 10630 60 cal EC 10611 Beta-65093
cal EC 10695-10520

Lough Monolith 53 -55 5640 60 cal EC 4464 Beta-87996
cal EC 4531-4369

Cuith 110-112 6390 60 cal EC 5313 Beta-87997
cal EC 5421-5266

Radiocarbon years before present (yr BP), present meaning 1950 A.D.

Errors represent 1 standard deviation (68% probability).

Radiocarbon dates were calibrated using the CALIB Radiocarbon Calibration Program, 
version 3 (Stuiver and Reimer, 1993), Ranges were obtained using Ixreported standard 
deviation o f the radiocarbon date.
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