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Abstract
Soak systems (areas of fen vegetation surrounded by ombrotrophic bog) are
unusual features of raised bogs that add to the heterogeneity of the ecosystem.
They have become rare due to the widespread exploitation of raised bogs
throughout North-west Europe and are now considered a priority for conservation
and restoration. We carried out historical; biogeochemical and ecological studies
on Lough Roe (a minerotrophic soak) and Shanley’s Lough (a rheotrophic soak) on
Clara Bog in central Ireland with the aim of understanding their origin, development
and ecological functioning. A greater understanding of these rare features should
aid in determining the conservation and restoration management requirements.
Our results show that historical land-use in the vicinity of Clara Bog
intensified dramatically since the beginning of the nineteenth century and had
many direct and indirect impacts on the ecology of the entire bog. In relation to the
soaks, the first indication of impact was evident during the early twentieth century
when terrestrialisation of Lough Roe commenced and an open-water lake
appeared at the site of Shanley’s Lough.
Biogeochemical investigations were carried out with a view to determining
the source and origin of the minerotrophic conditions that occur at Lough Roe. We
conclude that the most likely source of minerals is from the fen peat and inorganic
clay layer which underlie the soak and surrounding bog. We speculate that the
minerals were originally transported towards the soak by a local hydrological flow
from the surroundings during the phase of early bog development. Later the
mineral rich conditions were maintained within and at the surface of the soak by
high rates of decomposition and the recycling of minerals by vegetation.
We have shown that the vegetation of Lough Roe and Shanley’s Lough
soak has changed over a twenty-five year period both in community distribution
and species composition. From 1978 to 2003, the characteristic poor fen
vegetation of Lough Roe has changed considerably with increased representation
of ombrotrophic species and a decline in open water communities: coinciding with
this, water chemistry has become more acidic. In the case of Shanley’s Lough, two
new acid water-bodies have become established since 1992 and in places
Sphagnum cuspidatum lawns have expanded. We have shown that the vegetation
change associated with Shanley’s Lough can be related to changing flow patterns
in the area due to subsidence caused by turf cutting and drainage.
Our results show that, with raft removal it is possible to re-create conditions
suitable for aquatic plant and animal communities that once characterised the
Lough Roe. To maintain the site at this earlier aquatic successional stage it may be
necessary to remove the influence of surrounding acid surface water. Without

removing this influence, a sphagnaceous raft develops rapidly due to peat material
becoming buoyant. From this observation we gain an insight into the likely
processes responsible for the initial terrestrialisation of the entire soak. We propose
that that due to a combination of factors including the floating of minerotrophic peat
as a result of disturbance (caused by inter alia: drainage, marginal peat cutting and
the construction of the bog-road) created suitable conditions for the development of
a minerotrophic raft across the soak throughout the twentieth century.
Soaks provide suitable habitat for aquatic macrofauna due to the presence
of relatively large areas of open-water which generally have less extreme
conditions to the more usually occurring bog pools. Our results indicate that
species diversity and abundance is greater within soak lakes than bog pools, the
other natural aquatic habitat of raised bogs. We report on the effectiveness (in
relation to aquatic macroinvertebrates) of recent restoration measures aimed at
recreating the more alkaline open-water conditions previously recorded at Lough
Roe. Indications are that some species which had disappeared from the soak with
the onset of acidification have re-appeared with the re-creation open-water habitat.
In conclusion soak systems on Clara Bog are threatened due mainly to the
continued effects of past and present day land-use. Management measures with
the objective of conserving these unusual ecological features of raised bogs are
outlined.
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A raised bog can be defined as a dome-shaped peatland that has its water level
above that of the surrounding mineral soil and is dependent on precipitation for its
water supply (Joosten and Clark 2002). Raised bogs are important for biodiversity
as a sole refuge for a group of specialised plants and animals capable of
withstanding the extreme conditions of low nutrient availability and waterlogged
acid conditions usually prevalent.
Large raised bog complexes once dominated the landscape of central
Ireland, originally covering an area of approximately 312,500 hectares,
representing 4.5% of the total land area of the island (Hammond 1984). However,
most of Ireland’s raised bogs have been cut or significantly degraded due to
amongst other things: centuries of domestic cutting for fuel; industrial extraction for
electricity generation and soil improvers (after 1940); drainage and conversion to
grassland; extensive conversion to short-rotation conifer plantations (since 1950)
(Foss et al. 2001; Douglas et al. 2008). Today it is estimated that only 7% of
Ireland’s raised bogs remain in a relatively intact state, and just 0.6% being in
favorable conservation status (Douglas et al. 2008).
The classification, distribution, vegetation and morphology of Irish raised
bogs are well documented in the literature (Osvald 1949; Bellamy and Bellamy
1967; Moore 1968; Moore and Bellamy 1974; Hammond 1979, 1984; White and
Doyle 1982; Schouten 1984, 2002; Cross 1990a; Doyle and O’ Críodáin 2003;
Cross 2006).
Despite the large-scale deterioration of the raised bog resource, Irelands
remaining raised bogs are highly important for Irish and global biodiversity
especially as Europe has suffered the largest losses of peatlands in the world
(Clarke and Joosten 2002). The Irish raised bogs represent an extreme oceanic
variant and are the finest examples of this habitat type remaining in North-western
Europe (Schouten 1981; Goodwillie 1984; Cross 1990b). Irish raised bogs are also
a valuable resource as they represent a unique feature of the Irish landscape,
providing the last remnants of wilderness in an otherwise profoundly man-modified
landscape (Cross 1990b).

Soak systems
Soak system definition
‘Soak’ is a term used in European bog literature to describe an area of fen
vegetation occurring within an acid bog (Gore 1983; Cross 1990b; Connolly et al.
2002; Rydin and Jeglum 2006).
The presence of fen vegetation is due to increased nutrient / mineral
supply by either minerogenous water (minerotrophic) or the lateral through-flow of
ombrogenous water from the surrounding bog expanse (rheotrophic) (Osvald 1949;
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Malmer 1962; Overbeck 1975; Gore 1983; Rydin and Jeglum 2006; Connolly et al.
2002). Consequently, two different types of soak have been described; a
rheotrophic type and a minerotrophic type (Connolly et al. 2002; see below).
Other terms that have been used to describe similar features of bogs
include flush or water track (Sjörs 1948; Ingram 1967; Glaser 1992; Proctor 1995),
however both these terms apply exclusively to soligenous (sloping fen areas
supplied by lateral water flow) systems and in addition their use is not restricted to
peatland situations (Rydin and Jeglum 2006).
In contrast to the non-wooded vegetation dominated by ericaceous shrubs
and Sphagnum mosses that typifies the oceanic raised bogs, soaks are
characterised by oligo-mesotrophic open-water communities, poor fen and/or bog
woodland vegetation (Cross 1990).

Classification of soak systems
Soaks can be described as either minerotrophic or rheotrophic depending on their
topographical setting and the source of mineral / nutrient enrichment. The main
characteristics which differentiate the two soak types are presented in Table 1.1.
Table 1.1 Main characteristics of the two different types of soak system that occur on Irish raised bogs
(Lough Roe is the only known example of the minerotrophic type remaining).
Rheotrophic soak
Water source
Substrate

Fed by flowing surface water from the
surrounding bog that is ombrotrophic
in origin
Ombrotrophic or mesotrophic peat,
varying degrees of humification

Minerotrophic soak (Lough Roe)
Minerotrophic water that may
originate from underlying fen peat
Highly humified liquid peat,
minerotrophic in character

Distribution

Once widespread

Rare

Topographical
Situation

Lower parts of bog, through-flow from
surrounding bog is obvious
Ombrotrophic / aquatic / mesotrophic /
bog woodland

On bog dome, no obvious throughflow from surrounding bog
Minerotrophic / aquatic / mesotrophic
/ bog woodland

Vegetation

Minerotrophic soak
Characterised by minerotrophic influence, the water chemistry reflects a
minerogenous origin with a relatively high concentration of mineral ions and
associated high pH and alkalinity. The origin of the minerotrophic influence is not
always obvious (Connolly et al. 2002) although in some situations it can be
explained by the impact of regional groundwater (Bellamy 1986). Minerotrophic
soaks are characterised by the presence of plant species indicative of
minerotrophic fen conditions. This type of soak is likely to have always been rare in
Ireland with only scant references in the literature (Moore 1955; Moore 1959;
Bellamy 1986). However, it should be noted that by the time studies commenced
on the vegetation of Irish bogs (ca 1950), most of the midland raised bogs had
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already been heavily impacted upon by man and any such features may have
already disappeared especially considering the likelihood that they may have been
dependant on a high regional groundwater table, which in many districts dropped
significantly as early as the mid-nineteenth century with the commencement of
large-scale arterial drainage schemes (Cox and Gould 1998).
12

Rheotrophic soak
Rheotrophic soaks are identical to the water-track type features on raised bogs as
described by various authors (Sjörs 1948; Ingram 1967; Siegel and Glaser 1987;
Proctor 1995). They occur in association with internal natural drainage systems
which are characterised by convergent or focused flow of phreatic or surface water
which has the effect of increasing nutrient availability. The lateral movement of
phreatic or surface water increases the rate of supply of mineral ions to the roots of
plants as ions are brought in from the surrounding area (Newbould and Gorham
1956; Sparling 1966; Ingram 1967; Proctor 1995; Connolly et al. 2002). Due to the
atmotrophic origin of the water, the hydrochemistry within this type of soak is
comparable or only slightly less acid than recorded in the normal bog situation
(Cross 1990b; Connolly et al. 2002).
In the past rheotrophic soaks are thought to have been widespread on the
larger Irish raised bogs (Osvald 1949; Moore 1955; Cross 1990b) but are now rare
due mainly to industrial peat mining carried out since the middle of the last century.

Conservation status of soak systems
Soaks support a relatively high diversity of species and unusual flora and fauna
assemblages not typically found within raised bogs (Overbeck 1975; Reynolds
1990; Kelly 1993) thereby adding to the heterogeneity and biodiversity of the
ecosystem type (Verberk 2008). A key objective of nature conservation policy in
Ireland is to ensure that representatives of all the different peatland types and
features of peatland ecosystems are conserved (Cross 1990b). Considering the
importance and rarity of soaks in Ireland they are now considered a priority for
conservation and restoration (Cross 1990b; Connolly et al. 2002). All soak systems
that are now known to occur (see Table 1.2) are within the Natura network of sites
designated as being of international ecological importance under the EU Habitats
Directive (Council of the European Communities 1992).
Only very few examples of soaks are known to survive today (Table 1.2)
and those that do are largely degraded and remain threatened due to the effects of
peat extraction and drainage. Despite the ‘protected status’ of Irelands remaining
raised bogs, peat extraction and associated drainage continues at most sites
(Douglas et al. 2008). This marginal peat-cutting is having a serious impact on the
conservation status of the remaining soak systems; these impacts are likely to
continue for a very long time after cutting eventually does cease unless major
management measures are implemented (Schouten et al. 2002).
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Table 1.2 List of raised bog sites in Ireland where soaks have been recorded.
Site
Reference
Status
Addergoole, Co. Galway
Connolly et al. 2002
Intact soak with lake and well
developed Betula woodland.
Likely to be of the rheotrophic
type.
All Saints, Offaly
Cross 1987; Cross 2008
Betula woodland on bog dome.
Not associated with drainage
feature. Unknown origin.
Carrowbehy, Co. Roscommon
National Parks and Wildlife
Terrestrialising soak lakes.
Service
Unknown origin.
Clara Bog, Offaly
Connolly et al. 2002
Minerotrophic and rheotrophic.
Monivea, Galway
Cross 1990
Rheotrophic soak.
Mouds, Co. Kildare
National Parks and Wildlife
Wet quaking soak with Betula
Service
pubescens. Likely to be of the
rheotrophic type.
Shanville, Co. Roscommon
Connolly et al. 2002
Open water and Betula
pubescens woodland, likely to
be of rheotrophic type.
Pollagh, Co Offaly
Moore 1955; Bellamy 1986
Extinct due to peat mining.
Athlone, Co Westmeath
Osvald 1949
Extinct due to peat mining.
Portlaoise, Co Laois
Osvald 1949
Extinct due to peat mining.
Edenderry, Co Offaly
Osvald 1949
Extinct due to peat mining.

Despite considerable research carried out during the 1990’s (Connolly et
al. 2002), the hydro-ecological functioning of soak systems is still poorly
understood. In order to conserve and possibly restore the remaining soak systems
in Ireland, it is necessary to gain more insight into their eco-hydrology and evaluate
the impacts of land-use on their ecology. To this aim the research presented in this
thesis was carried out.

Study area
The study area chosen for this research was Clara Bog (53°19 N, 7°36 W), County
Offaly in the Irish midlands (see Fig. 1.1). The site was chosen due to the presence
of two important soak systems and also because the site has been the subject of
extensive hydrological, ecological and geological research in the past (see
Schouten 2002). The site is the largest remaining relatively intact raised bog of its
type in Ireland and has long been recognised as being of high ecological
importance (An Foras Forbatha 1981; Schouten 1981; Ryan & Cross 1984). For a
detailed site description see Schouten (2002). Two major soaks on Clara Bog are
the subject of this study, namely Lough Roe (minerotrophic soak) on Clara Bog
East and Shanley’s Lough (rheotrophic soak) on Clara Bog West (Fig. 1.1).

Lough Roe
Lough Roe is a former lake approximately 1.2 hectares in extent. Palaeoecological
studies undertaken on Lough Roe indicate that it had been an open water-body for
over 6000 years and that it gradually enlarged as the surrounding bog developed
(Connolly 1999). The site became terrestrialised by a floating raft of vegetation
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throughout the twentieth century and by 1978 an area of approximately 125m of
open water remained, surrounded by a floating raft (scragh or schwingmoor)
containing a high abundance of minerotrophic species (including inter alia: Mentha
aquatica, Myosotis laxa, Angelica sylvestris, Potentilla palustris, Lychnis flos-cuculi
and Anthoxanthum odoratum) (Schouten, unpublished). This type of minerotrophic
community is rare in Ireland and even more notable was its presence near the
centre of an acid raised bog with no obvious source of mineral rich water nearby. It
has been suggested that since then the ecological interest of the plant
communities in this area has deteriorated due to further terrestrialisation and
subsequent acidification (Kelly 1993; Connolly et al. 2002; Crushell et al. 2006).
Earlier ecological, hydrological and palaeoecological research carried out at the
site failed to explain the origin and maintenance of the minerotrophic conditions
within the soak (Connolly et al. 2002). Due to this lack of understanding of how the
system functioned it was not possible to determine clear habitat requirements or
management objectives for the site (Connolly et al. 2002).

Figure 1.1 Map showing the location of Clara Bog and the soaks that occur within the bog.

Shanley’s Lough
Shanley’s Lough is thought to be of relatively recent origin (Connolly et al. 2002).
The presence of more enriched vegetation is due to the occurrence of flowing
surface water (atmotrophic in origin) that discharges from the surrounding bog
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surface and / or upper peat layer. The catchment of Shanley’s Lough soak is
estimated to be ca 98 hectares (van der Schaaf 1999).
Today there are three discrete areas of open water associated with the
soak, a small lake known as Shanley’s Lough which developed during the latter
half of the 19th century and two smaller open water pools that are of more recent
origin having formed over the past decade. The vegetation of the soak was first
described in detail by Kelly (1993). Communities dominated by Carex rostrata and
Sphagnum fallax occur in the wetter areas of the soak and surrounding the lakes.
Elsewhere within the soak there are examples of Betula pubescens scrub and
woodland, Sphagnum cuspidatum lawns and tall herb communities dominated by
Molinia caerulea. In general the species assemblages are indicative of mesotrophic
conditions and unlike Lough Roe there is an absence of true minerotrophic
indicators. Bog woodland dominated by Betula pubescens is a rare habitat type in
Ireland and is of high conservation importance (Cross 2008). In recent years peat
cutting has been most intensive along the margin of the bog which is in close
proximity to Shanley’s Lough. This cutting and associated drainage is likely to
threaten the conservation of the soak although the impacts on the ecology of the
soak are not clearly understood.

Outline of thesis
The aim of the research presented in this thesis is to enlighten our understanding
of the origin; development; recent degradation and potential restoration of soak
systems on Clara Bog in central Ireland with a view to understanding the
management requirements of these rare features that are of high nature
conservation value.
In approaching the research it was necessary to employ a multi-disciplinary
approach as the subject crossed a number of fields including: history and
palaeoecology, vegetation science, animal ecology, hydrology and hydrochemistry.
Integrating these different subjects into a single study facilitated: a comprehensive
investigation of the hydro-ecological functioning of Lough Roe soak; enabled sound
conclusions to be made regarding the effects of past land-use; and will help inform
on future management options to conserve and possibly restore these rare
ecological features. The main research questions raised in each chapter are
summarised in Fig. 1.2.
Chapter 2 describes the historical development of the landscape of Clara
Bog since the commencement of the Holocene. The prehistoric and historic
development of the bog and land use in its hinterland was reconstructed from a
detailed analysis of published archaeological records, palaeoecological and
stratigraphical studies and historical maps and documents. This provided a clearer
perspective of how the bog landscape developed and has been influenced by
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human impacts which aids in elucidating on the likely origin, development and
recent changes that have occurred within the soak systems on Clara Bog.
Following the historical study (Chapter 2) and earlier hydrological,
ecological and geological studies (Schouten 2002), many questions remained
regarding the origin and development of the minerotrophic soak at Lough Roe. The
central question that remained unanswered was: what is the origin of the
minerotrophic conditions within Lough Roe as there is no apparent contact with
regional groundwater? This question is addressed in Chapter 3 by analysing the
peat and pore-water chemistry within the soak and comparing it with that of the
surrounding bog.
The ecological interest of soaks on Clara Bog has long been recognised
(Moore 1959; Anonymous 1981; Bellamy 1986; Schouten 2002). The results of
both Chapter 2 and 3 confirmed that during the past century, land-use and
environmental conditions changed within and surrounding the soak systems. In
Chapter 4, we present results of a long term study examining the changes that
have occurred in the vegetation of the soaks over a twenty five year period. By
analysing vegetation data collected in 1978, 1992 and 2003, we describe changes
that have occurred both in relation to community distribution and floral composition
within the two distinct soaks.
In the case of Lough Roe soak, we aimed to describe the pattern of
terrestrialisation of a former lake and the subsequent ombrotrophication of the
system and associated change in hydrochemistry. With reference to results of
Chapter 2 and 3 we assess the potential factors responsible for the recorded
vegetation change.
In the case of a Shanley’s Lough we investigate whether peat cutting and
associated drainage, which has had the effect of altering surface levels, can be
directly related to vegetation change observed within the soak over the same
period. We investigate the effects of changing surface flow patterns on the ecology
of the soak.
An investigation into potential restoration measures aimed at restoring
aquatic and minerotrophic conditions within Lough Roe is the subject of Chapter 5.
A field experiment was established to determine the effects of: removing the
sphagnaceous raft from Lough Roe and; removing the influence of surrounding
surface water. We hypothesise that by removing the influence of the surrounding
acid surface water there would be a better prospect for open water conditions with
a minerotrophic influence to remain for a pro-longed period.
Few studies have been carried out on the aquatic macroinvertebrate fauna
of raised bog ecosystems in Ireland. In Chapter 6, we assess the importance of
soak systems to aquatic macroinvertebrate diversity within raised bogs
ecosystems. We then describe the macroinvertebrate communities associated with
the different types of soak lake and elucidate on the environmental relationships.
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We also report the first effects of restoration measures (as reported in Chapter 5)
on the aquatic macrofauna of Lough Roe by comparing data collected after
restoration measures were carried out with data collected from the site prior to
complete terrestrialisation of the former lake.
Chapter 7 summarises and evaluates the main results reported in the
preceding chapters. The various findings are translated into recommendations for
the conservation and restoration of soaks.
Site history and human impact

Origin and development of soak

Recent vegetation change in soaks

Chapter 2

Chapter 3

Chapter 4

How have the bog and associated soak
systems been affected by human impact
since pre-history?

What processes are responsible for the origin
and continued presence of minerotrophic
conditions within Lough Roe soak?

How have the plant communities of soak
systems changed in recent decades?

Macro-invertebrate fauna of soak lakes

Problem definition

Chapter 6
Do soak lakes add diversity to the aquatic
macroinvertebrate fauna of raised bogs?
What are the effects of restoration
measures on aquatic macroinvertebrates?

Chapter 1
Soak systems are rare features of
raised bogs in Ireland that are of high
ecological interest threatened by the
effects of land-use. Knowledge on
their origin, development and recent
degradation is required to determine
conservation requirements.

What are the likely drivers of vegetation
change?

Restoration potential of soak
Chapter 5
Is it possible to restore the minerotrophic and
aquatic conditions previously recorded from
Lough Roe?
Reasons behind terrestrialisation?

Conservation and restoration of soaks
Chapter 7
What are the future prospects for soak
system conservation and restoration?

Figure 1.2 The structure of the thesis and the main research questions dealt with in each chapter.
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Clara Bog is one of the few raised bogs that has not been fully exploited in the Irish
midlands and is a reminder of how the landscape of this region once appeared.
This paper describes how the Clara Bog landscape has been changing since the
commencement of the Holocene 11,500 years ago. Initially change was relatively
slow as the bog naturally developed from its origins in an early Holocene lake,
which became in-filled to form a fen circa 8,000 years ago, before it continued to
develop into an acid raised bog reaching its maximum extent by the beginning of
the 19th century. Clara Bog has changed dramatically in the last 200 years due to
human activity. Today less than 50% of its original bog surface remains. The
changes in the bog during the historic past have been driven by; population
change, poverty, economic growth, construction of the Grand Canal, the building of
roads, the need for fuel and farmland, nature conservation and tourism. The
prehistoric development of the bog and land use in its hinterland was reconstructed
from a detailed analysis of published archaeological records, palaeoecological
studies and stratigraphical studies. Published maps and historical records have
been vital in establishing a chronology for the changes that have occurred on Clara
Bog since the beginning of the nineteenth century.

Introduction
Large raised bog complexes once dominated the landscape of the Irish midlands.
Over the past century most of the large raised bogs have been drained and
exploited as a source of fuel or reclaimed for agriculture. Today, only 7 per cent of
Ireland’s raised bogs remain in a relatively intact state (Foss et al. 2001). As a
result of this peat exploitation, the intact raised bog landscape that once dominated
the Irish midlands is now rare.
Clara Bog is the largest remaining raised bog in Ireland and has long been
recognised as being of international ecological importance due mainly to the
significant area of uncut bog and the presence of unusual ‘soak systems’ (An Foras
Forbatha 1981; Schouten 1981; Cross 1990). Soak systems have been defined as
areas of fen type vegetation on an otherwise acid bog and are often associated
with internal drainage systems (Connolly et al. 2002).
Clara Bog lies in a depression 1.5km south of Clara village, county Offaly
in the Irish midlands (53°19 N, 7°36 W) (see Fig. 2.1). The bog is bordered to the
north by a large esker complex; to the south-west by an area of raised mineral
ground known as ‘The Island’ (see Fig. 2.1); and to the south-east the Silver River,
a tributary of the River Shannon which flows westwards. The Clara to Rahan road
runs north-south through the centre of the bog dividing it into Clara Bog West and
Clara Bog East.

Chapter 2

History of Clara Bog landscape

Although Clara Bog is regarded as being intact (Cross 1990), it has
become evident from recent research that the site has been much impacted by
human activities over a number of centuries and no longer corresponds to a
naturally developed ecosystem (Schouten 2002). This paper reviews the history of
the bog and surrounding area showing how the bog landscape developed and then
changed as a result of anthropogenic influences. Much of the early history of the
bog has been elucidated from studies of macrofossils and pollen preserved in the
bog (Bloetjes and van der Meer 1992; van der Molen 1992; Connolly 1999). This
information coupled with archaeological evidence enables us to describe much of
the early history of the surrounding landscape. The main source of recent historical
information is from detailed topographical and geological maps produced since the
nineteenth century.
In order to conserve Clara Bog as a nature reserve it is important to have a
good understanding of how it developed as a natural ecosystem and how this
natural ecosystem has changed as a result of human impact. The aim of this study
is to describe how the present day landscape of Clara Bog has evolved. This study
should provide useful information to those deciding on conservation objectives and
management requirements for the bog.

Prior to AD 1700
There are few reliable documentary records of the Irish landscape prior to AD 1700
(Hall 1997). The main sources of information on the pre-historic landscape of
Ireland are from the fields of archaeology and palaeoecology. The following are
accounts of how the landscape developed through prehistoric times within the
Clara Basin and the surrounding area.

The Clara Basin
The Clara Basin refers to the low-lying area within which Clara Bog occurs. It
comprises the original extent of Clara Bog as illustrated in Fig. 2.1.
Land exposure following deglaciation is a relevant starting point in the
history of Clara Bog. By 11,500 years ago (9500 BC) the site which now contains
Clara Bog, was a shallow depression in the landscape. The basin was lined with a
lacustrine clay deposit laid down during the period following deglaciation. The
central part of this basin comprised a relatively shallow lake as is evident from the
shell marl deposits recorded by Bloetjes and van der Meer (1992). This deposit is
relatively thin generally measuring less than 50cm. The lake would have been
surrounded by fen vegetation growing on the waterlogged mineral soils. The fen
vegetation encroached into the lake causing it to infill with partially decayed plant
material or fen peat. Macrofossil records show that the site developed relatively
quickly into a fen with the base of the fen peat dated to ca 9200 BC (Connolly
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1999). Tall reeds, sedges and brown mosses dominated the vegetation of the fen
during this period.
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Figure 2.1 Map showing the location of Clara Bog (at its maximum extent) in relation to features in
surrounding landscape.

An interesting and so far unique anomaly for the Irish midlands occurs in
the stratigraphy of the fen peat at Clara Bog. There is a layer of Sphagnum peat
dated to ca 7300 BC indicating that ombrotrophic (bog) conditions were present for
a brief period of 500 years before reverting back to minerotrophic (fen) conditions
again. Such a reversal in succession is usually assigned to allogenic forces
(Walker 1970). Connolly (1999) suggested that changes in local hydrological
conditions might have caused a temporary drop in the local groundwater table
allowing ombrotrophic conditions to establish as has been suggested elsewhere
(Hughes 2000).
Following this, fen vegetation continued to dominate the site of the present
bog until around ca 5100 BC when raised bog vegetation took over (Connolly
1999). There is evidence of a fen carr woodland phase of birch (Betula) at the
transition from fen peat to bog peat. Following this the bog expanded out over
mineral soil on which pine (Pinus) was growing. Today pine trunks can be seen
preserved in situ on the margins of Clara Bog. Unlike elsewhere in the Irish
midlands there is no evidence that pine grew on the surface of the bog (Bloetjes
and van der Meer 1992; Connolly 1999).
Throughout the following periods of pre-history the vegetation and
appearance of Clara Bog would have changed little. The vegetation was similar to
that which occurs on much of the site today with a dominance of Sphagnum

Chapter 2

History of Clara Bog landscape

mosses and ericaceous shrubs. The dome of peat continued to grow and expand
outside of its original basin. The edge of the bog would have had a natural margin
(known as the lagg) of fen type vegetation due to influences of both acid water
originating from the bog and the contact with surrounding mineral soil.
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Figure 2.2 Part of William Larkin’s map of the bogs of Allen within the Kings County 1809. Clara Bog
was probably at its maximum extent when this map was drawn.

Analysis of the peat has shown that towards the mid to late Iron Age (300
BC – AD 70) the peat changed from being highly humified bog peat to relatively unhumified bog peat. The presence of this transition dated to the same period in
some other midland sites may indicate a change in climate across the region to
wetter conditions (Edwards 1985; Connolly 1999).
The bog continued to expand outwards until recent times. An examination
of Quaternary geology maps and early topographical maps suggests that the bog
was at its maximum extent at the beginning of the nineteenth century; however it is
not known when the bog reached its maximum extent or whether it was continuing
to expand until this time (GSI 1864; Larkin 1809 see Fig. 2.2 and 2.3). After this
date Clara Bog receded back into its original basin due to human activities such as
peat cutting and drainage. To date there have not been any archaeological finds
reported from the Clara Basin (M. Cahill pers. Comm. 2005). However, to our
knowledge the site has not been formally surveyed.
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Figure 2.3 Geological Survey of Ireland 1864, six inch map geology map, the area of peat deposit is
easily distinguished, Offaly sheet 8 (drawn on Ordnance Survey map of 1840) showing Clara Bog.
Reproduced with permission of the Geological Survey of Ireland.

The landscape surrounding the Clara Basin
While Clara Bog was developing over the past 11 500 years the surrounding
landscape went through many changes. While it appears that the bog continued to
develop without human impacts until relatively recent times the same cannot be
said for the surrounding mineral land areas. Because the bog continued to
accumulate peat throughout prehistory, an un-interrupted record of the vegetation
of the surrounding area has been preserved within the peat. This record has been
documented from the study of pollen as detailed by Connolly (1999). Here we
present a summary of the pollen diagram which is from a core taken from the
deepest point on Clara Bog West with a chronology derived from eleven
radiocarbon dates (Fig. 2.4). These dates have been calibrated to calendar years
and so the pollen diagram chronology is quoted as years calBP; these dates have
been converted to BC in the text.
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Figure 2.4 Summary percentage pollen diagram from Clara Bog redrawn from Connolly (1999).
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Following deglaciation, the climate of Europe went through a series of
dramatic changes during the so called Late-glacial (Andrieu et al. 1993; Walker et
al. 1994) which delayed the colonisation of Ireland by forest (Mitchell 2006). The
Clara Bog pollen diagram opens at the end of this period and the start of the
Holocene. The base of the pollen diagram shows a landscape dominated by a
mosaic of juniper (Juniperus) and birch (Betula) scrub and grasses (see Fig. 2.4).
This is typical of other pollen diagrams from across Ireland at this time (Andrieu et
al. 1993). The pollen diagram depicts a succession of colonists with the expansion
of birch restricting juniper. Birch is a classic pioneer tree which is unable to
regenerate under its own shade and so is replaced by the more shade tolerant
hazel (Corylus) when it arrives around 8000 BC. Hazel then became restricted to
an understory species to the later arrivals of pine (Pinus), elm (Ulmus) and oak
(Quercus). As this denser forest developed the contribution of grass pollen to the
record diminishes. The expansion of pine predates that of elm and oak by at least
1,000 years. Pine was the dominant canopy tree around Clara from 8000 to almost
5000 BC. Its dominance in the pollen diagram over this period may relate to its
ecology. Pine is a good stress tolerator but a poor competitor on well drained fertile
soils. The tree was probably fringing the bog on damper soils and so its proximity
influences its dominance in the pollen record. The better drained soil on the higher
ground such as the esker would have supported elm and oak with an understory of
hazel. At 5500 BC alder (Alnus) pollen is first recorded. This tree favours wetter
soils and so as it expands over the following 1,000 years it effectively out competes
pine which displays a significant decline. This decline also allows for better
representation of elm, oak and hazel pollen. Pine would have been restricted to the
more acid soils that alder avoids such as the very edge of the bog where it would
probably have had restricted flowering and hence lower representation in the
pollen diagram.
The presence of people inhabiting the landscape of central Ireland prior to
bog development is confirmed by the discovery an early Mesolithic lakeside
settlement (dated to 6500 – 7000 BC) at Boora, Co. Offaly (15km south-west of
Clara, see Fig. 2.5). The people at the time lived a hunter-gatherer lifestyle
exploiting food and other resources in the natural environment (Ryan 1984; O'
Kelly 1989; Cooney and Grogan 1994).
The establishment of agriculture during the Neolithic is an evident feature
in most Irish pollen diagrams following the elm decline (Mitchell and Ryan 1997).
The pollen record for Clara is significant in that at the time of the elm decline (ca
4100 BC) there is no evidence of human activity, tree pollen remains over 90% and
the classic indicators of Neolithic activity such as a rise in grass and plantain
(Plantago) pollen remain very low or absent. This suggests that the landscape
mosaic and wetter soils around Clara did not favour Neolithic exploitation. Despite
this there is archaeological evidence for Neolithic human activity such as wooden
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trackways in County Longford (Raftery 1996). Artifacts including a stone axe and a
flint scraper have been discovered in Lemanaghan bog located 4km to the west of
Clara as illustrated in Fig. 2.5 (O'Carroll 2001). Minor occurrences of Yew (Taxus)
and ash (Fraxinus) following the elm decline probably represent a thinning of the
forest canopy that may be associated with human activity.

31

Figure 2.5 Archaeological records of landscape surrounding Clara Bog, Co. Offaly Ireland (Source:
Sites and Monuments record, National Monuments Service, Department of the Environment, Dublin).

The first definitive signs of humans impacting on the forests around Clara
occurs at around 2300 BC when there is a more substantial decline in elm and
associated rises in ash and yew. Grass pollen increases at this time and the first
records of plantain pollen are seen since the Late-glacial. This impact occurs
during the Bronze Age and is associated with the final decline in pine. Forest
clearance continues during the Bronze Age with overall tree pollen falling from over
95% down to 70%. Cereal pollen is first recorded during the late Bronze Age when
overall tree pollen is at its lowest since the start of the record.
The growth of bogs during the Bronze Age is thought to have impeded
communications thus prompting increased construction of wooden trackways,
which enabled connections between ‘useful’ dry-land areas (Mitchell and Ryan
1997). Trackways dating from the middle and late Bronze Age have been
discovered from Lemanaghan Bog (McDermott 1998; O'Carroll 2001). Much of the
wood used on the trackways came from managed woodlands such as coppiced
hazel (Mitchell and Ryan 1997). The proximity of this site to Clara is interesting and
it remains a possibility that similar trackways built by the early farmers could be
preserved within the peat at Clara.
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Further information about the population at the time is known from a late
Bronze Age settlement (Ballinderry II), located 9km from Clara (see Fig. 2.5).
Amongst other things the excavations showed that the economy was based on
agriculture; the people at the time continued to hunt; and secondary woodland
existed nearby (Hencken 1942; McDermott 1998). A Bronze Age burial site
containing six skeletons has been recorded at Lehinch (2.5km east of Clara)
(Connolly 1999; Aalen 1997). There is a very significant late Bronze Age find from
a bog on the shores of Lough Coura at Dowris (approximately 16km south of Clara
Bog). The find comprised of over 200 valuable bronze items dated to 700 BC The
hoard is thought to have been deposited as a votive offering; such a large hoard
suggests that the site may have been a central offering place (McDermott 1998).
This and similar discoveries raise many interesting questions about the relationship
that these early farming communities had with water bodies and the expanding
bogs.
During the Iron Age in Ireland climate may have become wetter, forest and
bog expanded, agriculture declined and populations declined (Weir 1995). This lull
in agriculture was recorded at Clara towards the mid to late Iron Age (AD 110-420),
slightly later than elsewhere. Elm is the principal canopy tree that responds with
significant increases and is accompanied by rises in understory trees and shrubs
such as birch, hazel, ash and yew while grass, plantain and bracken fall
dramatically. This event also corresponds with a change in the sediment of the bog
from highly humified to relatively un-humified bog peat.
Towards the end of the Iron Age agriculture expanded once more. The
removal of forests at this time marks a fundamental change in the landscape with
woodland giving way permanently to tillage and pasture (Mitchell and Ryan 1997;
Connolly 1999).
During the Iron Age people are thought to have used the physical
resources of bogs for the first time. Much of the iron is thought to have come from
bog iron ore, an oxide that is commonly deposited in bogs (Mitchell and Ryan
1997). It is believed that people in continental North–West Europe practiced turfcutting during the Iron Age but to date there is no evidence of this from Ireland
(Feehan and O'Donovan 1996).
An unusual Iron Age trackway (dated to 348 BC) has been excavated in
Lemanaghan; unlike other trackways it did not function to connect areas of dry land
but ended in the middle of the bog in an area of fen vegetation. Possible
explanations as to its function include access to an area of bog iron ore or possibly
access to an area used for hunting or gathering reeds (O'Carroll 2001).
The pollen record shows that agriculture continued to intensify in the area
around Clara Bog during the early Christian period. However, significant woodland
areas continued to persist with oak (Quercus), alder (Alnus) and hazel (Corylus)
well represented (Mitchell and Ryan 1997; Connolly 1999; Parkes and Mitchell
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2000). The archaeological record indicates a well populated landscape surrounding
the Clara Basin at this time. Stout (1998) highlights the fact that the area
surrounding Clara Bog was dominated by ecclesiastical sites with intensive
agriculture and possibly milling. The ecclesiastical sites include an early monastery
at Rahan (2km south of Clara Bog) and a church and high cross site at Tihilly (2km
east of Clara Bog) both dated to the sixth and seventh century AD respectively
(Fitzpatrick 1998). Further evidence of human occupation of the area surrounding
the bog is a cluster of three raths present on the mineral land adjacent to the
southwest margin of Clara bog (see Fig. 2.5 and 2.6; Table 1.1). It is likely that the
inhabitants of these farmsteads used the lands on the bog margin for grazing and
possibly used the bog itself as a source of turf. The bog would also have provided
a reliable hunting ground for wildfowl.

Figure 2.6 National recorded monuments recorded in the area surrounding Clara Bog during the Sites
and Monuments Record survey of County Offaly.

There are a number of bog trackways and other artifacts uncovered at
Lemanaghan that date to the early Christian period also indicating extensive
human activity on the bogs (McDermott 1998).
The old Irish Law texts of this period make some references to the practice
of turf cutting and burning turf as fuel (Mitchell and Tuite 1993; Feehan and
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O’Donovan 1996). Mitchell and Tuite (1993) suggest that during the early Christian
period peat cutting was practised at Corstown Bog, County Louth.
The pollen record shows further clearance of forest with significant
declines in oak and alder followed by hazel and expansion of agriculture
throughout the medieval period. Woodlands were being cleared and attempts were
made to reclaim wetlands (Stout and Stout 1997).
Table 2.1 Recorded monuments surrounding Clara Bog (see Fig. 2.6 for location of each site) (source:
sites and monuments record, National Monuments Service, Department of the Environment).
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Monument Number

Details

Monument Number

Details

315

Ringfort

399

Ballina Rath

316

Ring Barrow

400

Dwelling

333

Tower House

401

Graveyard

334

Motte

402

Bullaun Stone

344

Earthwork

403

Enclosure Site

345

Tower House

404

Enclosure

346

Graveyard

434

Non-antiquity

380

Tower House

792

Enclosure

381

Children’s Burial Ground

793

Mound

382

Castle Site

794

Non-antiquity

383

Earthworks

812

Holy Well

385

Enclosure

813

Holy Well

387

Non-antiquity

814

Tower House

392

Earthworks

815

Settlement – Deserted

393

Enclosure

816

Castle

395

Ballybruncullin Rath (i)

817

Enclosure

396

Ballybruncullin Rath (ii)

897

Non-antiquity

397

Enclosure

820

Potential Site

398

Ridge and Furrow

There are numerous references to turf cutting relating to the Norman times
and it is accepted that it was a widely used fuel at the time. It is thought that the
origin of turbary (the right to cut turf) originates from this time (Feehan and
O’Donovan 1996). It is unlikely that turf cutting at the time had much of an impact
on the vast areas of peat throughout the Irish midlands although it is thought that
some bogs around the populated Dublin area were already cut away by the early
fourteenth century (Feehan and O’Donovan 1996). Trackways and wooden
platforms dated to the 15th or 16th Century AD excavated at Lemanaghan confirms
that people were using the bogs in the Clara area (O'Carroll 2001).

Chapter 2

History of Clara Bog landscape

Throughout this period communications were improved by building roads,
bridges and passes through previously wilderness areas and market towns
became established. According to Aalen (1978), by AD 1600 Laois and Offaly
remained relatively well wooded. William Petty’s Down survey failed to map Clara
Bog and the surrounding area as it was already in Protestant ownership.
With the establishment of Anglican landlord estates through the 17th
Century the landscape underwent massive change, with the commencement of
more intensive farming operating within a reformed and rationalised field system
(Stout and Stout 1997). The population of the country had doubled over the
preceding 150 years, and woodlands were cleared to such an extent that by AD
1700 virtually all the woodlands had been exploited (Mitchell and Ryan 1997).
From AD 1700 woodlands were being planted in the vicinity of landlord estate
houses; this period of plantation shows up in the pollen records of Clara by an
increase in pine and other non-native species (van der Molen 1992; Connolly
1999).
Due to the scarcity of wood, it is during this period that turf became widely
used as a source of fuel. An account of Ireland written by Gerald Boate (1652)
states that turf was ‘very much used throughout the land’ and Petty wrote in 1761
that turf was the fuel of choice even in areas where wood was still available (Cooke
1970). Boate (1652) also describes the drainage and reclamation of bogs for
agriculture across Ireland being carried out at the time. He also mentions the fact
that the Irish were extracting marl from bogs in Kings County and using it to
improve land for agriculture.

Landscape of Clara Bog AD 1700 – 1809
th

The 18 Century (especially the latter half) was a time of great change in Ireland
with major infrastructure development and further intensification of agriculture
(Mitchell and Ryan 1997). Population increased from three million in 1740 to over
eight million by the early 1840’s. The population growth meant great pressure on
the land and areas that were not farmed previously were now being used to grow
potatoes.
Accompanying the increased pressure on land, bogs were being utilised as
never before. The English Parliament passed an act in 1716 ‘to encourage the
draining and improving of unprofitable boggs’. The methods commonly used in
‘reclaiming’ the bogs involved drainage, burning vegetation and subsequently
spreading gravel onto the surface. This gravel was often excavated from sub-soil
beneath the peat (Cooke 1970). Tenants were encouraged to reclaim the bogs by
carving out new farms from the bogs or by reclaiming bogs adjacent to existing
farms. Such developments were supported by the Royal Dublin Society and the
relaxation of penal laws, allowing Catholics long-term leases on bogland (Martin
1998). This intensification is clearly seen at the top of the pollen diagram where
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overall tree pollen falls to below 20% and grasses rise to over 60%. The initial rise
in plantain pollen and its subsequent decline is evident across Ireland at this time
and is thought to indicate intensification of pasture management (Cole and Mitchell
2003).
Drainage for hunting purposes is thought to have begun throughout Ireland
after the plantation estates were established between 1700 and 1750. Surface
drains were dug to prepare bogs for hunting and formed part of famine relief
schemes (relief schemes existed during famine times prior to the great famine
event of the mid 19th Century) (Mitchell and Ryan 1997).
The 1712 map by the geographer H. Moll is the first to show the presence
of Clara town. In a report compiled by General Charles Vallancey in 1771, Clara is
described as a prosperous town. Clara Bog formed part of the estate of the local
landlord at the time, a Mr. Andrew Armstrong. He resided in Clara House, which
was built some time in the early to mid 18th century (M. Byrne pers. comm. 2004).
The rise in pine pollen in the upper levels of the pollen diagram indicate the
th
widespread planting of this tree in domains during the 18 century.
A map of the roads of Ireland by Taylor and Skinner in 1778 shows the
road network of Clara town and the approach roads. The Clara to Rahan road is
not mapped (neither was it mapped in 1712 by Moll) indicating that it had yet to be
constructed (Fig. 2.7) (Taylor 1778).

Figure 2.7 Taylor and Skinner Map 1778. Note the absence of the Clara to Rahan road in the area
encircled within inset.
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The construction of the Grand Canal to the nearby market town of
Tullamore in 1798 is blamed for a decline in trade and industry in Clara at the time
as reported by Coote and Lewis (Byrne 1998). The canal reached Shannon
Harbour around 1804 (Byrne 1998). During the intervening period it would have
come through Rahan, just south of Clara Bog. The Grand Canal provided a means
of transporting goods including turf from the bogs of Offaly and Kildare to a growing
market in Dublin.

Landscape of Clara Bog AD 1809
The earliest detailed map of Clara Bog and surroundings is by William Larkin
(1809) at a scale of four inches to one Irish mile (1:20160). He mapped the entire
county originally for the Grand Jury. The map was later acquired by the bog
commissioners who agreed to pay Larkin three pounds for it representing a
payment of three farthings per acre of bog mapped (Griffith 1810). The Bog
Commissioners did not survey the area of Clara Bog (Horner 2006), possibly
because the bog was located in an area that fell between two districts surveyed by
two different engineers.
Larkin’s map is presented in Fig. 2.2 and redrawn in Fig. 2.8 to illustrate
the features of the landscape that were mapped by him. Larkin calculated the area
of Clara Bog as 1547 Irish acres (1014 hectares). From the map by Larkin it is
evident that there are few settlements around the margins of the bog and there is
no evidence of peat cutting on the margin of the bog. There appear to be no lakes
situated on the western side of the bog, while on the east Loughrua (Gaelic for Red
Lake or on later maps named Lough Roe) is shown to exist. There is a small
stream leading from the western side of the bog in a south-easterly direction. There
are also two streams leading from the north-western edge of the bog.
The presence of the Clara to Rahan road on Larkin’s map suggests that it
was constructed some time during the previous three decades (as it was not
mapped by Taylor in 1778). This period coincides with the opening of the Grand
Canal south of the bog at Rahan. We speculate that due to the opening of the
canal, a road was built to Rahan so that industry in Clara could avail of the canal as
a means of transporting goods.
The road may also have had a military purpose. There was a large military
presence in Tullamore, with over 1000 soldiers stationed there until the end of the
Napoleonic wars in 1815 (Byrne 1998).
The fact that the road runs in a straight line further supports the hypothesis
of the road being built at this time when it was common not to take account of
physical features such as boggy ground or hilly terrain (Killen 1997). The road is
named locally as ‘New Road’, which also suggests its relatively recent construction.
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The building of the road across the bog has played a very significant role in
providing access for people to utilise the resources of the bog. Moreover, the
existence of the road has been shown to have had a major impact on the
hydrology and morphology of the bog (van der Schaaf 1999).
Associated with the road there were a number of other roads constructed
running into the bog, perpendicular to the main road (see Fig. 2.2 and 2.8). These
roads may have been built as famine relief schemes and to provide access to turf
banks. Old turf banks are visible adjacent to these dis-used roads. These roads,
although no longer used, are still visible on the surface of the bog by the presence
of calcareous vegetation suited to the limestone used in their construction.
Larkin’s map also shows that there was little woodland present in the area
surrounding Clara Bog at this time. By comparing Larkin’s map with a later geology
map (Geological Survey of Ireland 1864) that shows the extent of Quaternary
deposits (see Fig. 2.3), we conclude that Clara Bog was at its maximum extent
around this time (AD 1809) with little human impact evident.

Figure 2.8 The major changes on Clara Bog and the surrounding landscape as evident from historical
maps (sources: Larkin 1809; Ordnance Survey 1840; Ordnance Survey 1912; Ordnance Survey 2000).

Landscape of Clara Bog AD 1809 – 1840
The Clara estate of the Armstrong family was sold to the Cox Family in 1802 (M.
Byrne pers. comm. 2004). Lewis (1839) reports that in 1837 Clara had four flour
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mills and had access to plenty of fuel, timber and water. There were fairs for cattle,
horses, sheep and pigs several times a year which implies mixed agriculture
around Clara. Census data from 1813 indicates that the baronies of Ballycowan
and Kilcoursey (covering the area around Clara) were the most densely populated
of the whole county. The more reliable census data of 1821 shows that the
population of the county was mostly rural with the major towns only accounting for
twenty per cent of the county’s population. The population of Clara at the time is
recorded as 1174 (Horner 2006).
The Ordnance Survey of Ireland published their first detailed map on which
Clara Bog features in 1840 (Scale 1:10 560). It is possible to determine the major
changes that occurred in the landscape of Clara Bog between 1809 and 1838
(date of survey) by comparing this map with Larkin’s earlier map as illustrated in
Fig. 2.8.
It can be seen that roads and associated settlements were constructed
along both the northern and southern edges of the bog. The roads at the south of
the bog allowed access to the bog for turf cutting and reclamation; both activities
are evident to have been practiced at the time. The southern part of the bog was
more suitable for these activities because of the local topography and drainage.
Drains were inserted along the Clara - Rahan road possibly in an effort to alleviate
flooding of the road and to facilitate peat cutting along the road margins.
The stream mapped by Larkin is not mapped in 1838 suggesting that the
natural hydrology and topography of the bog had already been affected by
drainage and peat cutting. The presence of additional lakes (known locally as the
Seven Sisters) on the eastern side of the bog is of interest; it is possible that Larkin
failed to map these lakes. However, local lore is that they were excavated by local
people to attract wildfowl for hunting purposes during the intervening period.
Recent peat coring in the area indicates that they may in fact date to several
thousand years (Crushell unpublished).

Landscape of Clara Bog AD 1840-1885
During this period Clara became a rather prosperous industrial town again owing
mainly to the Goodbody family setting up business in the area in 1825 and the
opening of the railway line in 1859 (Quinn 1998; Murray and McNeill 1976).
However, the Great Irish Famine of the late 1840’s seems to have had a
considerable effect on the town. Figures show that the death rate in Clara
increased by approximately 38% during the period 1846 to 1850 when compared
with the early 1840’s (O’Neill 1998). Famine relief works included major arterial
drainage works in Offaly which focused on the drainage of the river Brosna
catchment (O’Neill 1998). This would have improved drainage in the areas
surrounding Clara Bog.
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The Goodbody family opened the first jute factory in Ireland in 1865 which
provided much employment for the town (M. Goodbody pers. comm. 2007). Prior to
this they owned a number of mills in the town. In 1854, the Goodbody family
purchased the Erry-Maryborough estate which included much of the eastern
portion of Clara Bog (M. Goodbody pers. comm. 2007).
The bog was re-mapped by the Ordnance Survey in 1885. From this map,
it is possible to determine the major human influences on the bog in the period
1838 to 1885. The number of settlements surrounding the bog appears not to have
changed much over the period. Peat extraction was concentrated on the southern
margins of the bog where new bog roads are visible and the face banks are now
some distance into the bog.
An extensive network of drains was installed on each side of the Rahan
road between 1838 and 1884. This drainage work was concentrated on the eastern
side of the road. Drains were inserted from the road to Lough Roe and another
open water lake to the south, Lough Beg (‘the small lake’). To the west of the road
considerable drainage works were also carried out with two large drains running
north-south parallel to the Clara - Rahan road.
The drainage work carried out at the time may have been associated with
famine relief schemes with the objective of draining the bog for peat extraction and
perhaps to prevent the road from flooding.

Landscape of Clara Bog AD 1885-1910
The bog was surveyed and mapped for a third time by the Ordnance
survey in 1910. Part of this map is presented in Fig. 2.9. Major changes occurred
on the bog during the intervening 25 years (see Fig. 2.8). Two of the open water
lakes (to the east and south of Lough Roe) that were present on the eastern side of
the bog had all but disappeared and Lough Roe was slightly smaller in extent
measuring approximately 1 hectare, indicating that it had begun to terrestrialise
possibly as a consequence of a lowered water table. Other small lakes appear for
the first time further east on the bog. The origin of these lakes is unknown. The
drainage system adjacent to the road was similar to that which existed in 1884.
Peat cutting at the edges of the bog had a major impact especially to the south,
reducing the area of high bog considerably.
A lake (Shanley’s Lough) appears on the western side of the road for the
first time. This may be linked to peat cutting and drainage along the southern
margin of the bog. It has been shown in recent years that the subsidence resulting
from these activities may cause slumping in the bog surface thus allowing areas of
open water to develop (ten Heggeler et al. 2004). Marginal areas of cut-away peat
surrounding the bog had been enclosed and converted to farmland.
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Figure 2.9 Ordnance survey map of Clara Bog, Co. Offaly, Ireland 1912 (surveyed 1910), Offaly sheet
8.

Landscape of Clara Bog AD 1910-2007
It can be seen from Fig. 2.8 and 2.10 that most of the removal of raised bog at
th
Clara took place during the 20 century. By 1910, approximately 12 per cent of the
bog had been cut away, this figure increased to over 50 per cent by the year 2000
(see Fig. 2.10).
Quinn (1998) describes a community of people living along the edge of the
bog in small thatched cottages during the early 20th century. The community
depended heavily on selling peat to the local population in Clara. They were poor
people and their community suffered continuously from emigration to the United
States.
Apart from providing fuel to the local community, the bog also provided a
supply of Sphagnum moss during the First World War that was used as bandaging
(Quinn 1998).
Throughout the 20th century the bog was a popular place to shoot grouse
and there are many accounts of the local gun club organising drives across the bog
until the grouse population collapsed. Grouse were last recorded on the bog during
the 1980’s (R. Minnock pers. comm. 2006). Wintering wildfowl were also shot on
the open water areas within the bog such as Lough Roe and Shanley’s Lough.
Peat mounds seen today on the surface of Clara Bog were built to function as
hides for shooting purposes (J. Kinahan pers. comm. 2004; M. Petit pers. comm.
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2005). It is reported locally that Shanley’s Lough was regularly cleared of
vegetation so that it would be continuously used by wildfowl (R. Minnock pers.
comm. 2006).
The Jesuits in Tullabeg College, Rahan had a close association with the
bog and used to spend much time there. It is said that they used to swim in the
lakes to the east of Lough Roe and had a little hut built there (J Kinahan pers.
comm. 2004; J.J. Moore pers. comm. 2004).
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Figure 2.10 Map showing the original extent of Clara Bog (1809) and the area of high bog remaining in
1910 and 2000 (Sources: Larkin (1809); Ordnance Survey (1910); Ordnance Survey (2000)). Inset:
Graph illustrating the ratio of high bog to cutover bog at Clara from AD 1809 to 2000.

Machinery became commonly used by those cutting peat for domestic fuel
in the latter half of the twentieth century and continues to be used to this day along
the southern portion of the bog.
The surface of the bog changed dramatically throughout the twentieth
century mainly as a result of drainage and peat cutting. It is evident from Fig. 2.10
that the area of uncut bog diminished. As a result of the drainage associated with
this work and the drainage along the Clara to Rahan road, the bog subsided
substantially and many local observers including Mr R. Minnock who lives on the
southern boundary of the bog have noticed this. In his youth he recalls being
unable to see the esker to the north of the bog from his home due to the dome of
peat restricting the view but in recent times the esker is clearly visible as the
elevation of the dome declined (R. Minnock pers. comm. 2006). The area of bog
where the Clara to Rahan road is present is thought to have once been the highest
point on the bog dome. Today the bog surface slopes towards the road from both
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the east and the west. It is estimated that the surface of the bog along the road
subsided by up to 10 metres since the road was built, and that subsidence has
continued in recent years at an average rate of 4cm per annum on Clara East (van
der Schaaf 1999).
The two main soak systems on Clara Bog have undergone major changes
since 1910. Shanley’s Lough soak system on Clara West has developed three new
open-water areas over past 10 years, two of which appeared since 1999 (personal
observations). The appearance of these open water lakes is a consequence of
changes in the bog hydrology and surface topography resulting from subsidence of
the bog surface caused by nearby drainage and peat extraction as described
above (ten Heggeler et al. 2004). This subsidence of the bog surface has also
caused changes in the vegetation patterns of the bog, with changes in hydrology
and topography; species more suited to the altered conditions became dominant.
For example, in Chapter 4 we show that a community dominated by Sphagnum
fallax, (a bog moss suited to wet nutrient enriched conditions) has expanded in
areas most affected by subsidence. Today there is an area of birch (Betula)
woodland present in the vicinity of Shanley’s Lough, which was not mapped
previously. This woodland is of high ecological interest due to the rarity of such a
woodland type in Ireland. Connolly (1999) estimated that the woodland developed
over the past sixty years and thus represents a single regeneration event possibly
as a consequence of nearby drainage and peat cutting causing a change in local
hydrology. However, it is evident from the presence of birch wood macrofossils in
turf-banks nearby (personal observations) that birch woodland occurred in the area
during earlier phases of the bog development but there is no evidence for
continuity of birch woodland.
Lough Roe soak system on Clara Bog East has been an open water lake
on the surface of the bog since bog development commenced at the site over 7000
years ago (Connolly et al. 2002). Over the past century the open water area has
contracted gradually as a floating raft of vegetation (scragh) developed on the lake
surface. The extraordinary water chemistry of the lake has allowed an unusual
assemblage of plants, more typical of fen conditions to develop on this scragh.
Open water no longer occurs within Lough Roe and bog species are now
beginning to take the place of the fen species (Kelly 1993; Crushell et al. 2006).
Recent evidence suggests that the unusual ecology of the soak system will no
longer be evident in the future unless restoration work is carried out in an attempt
to recreate open-water conditions (Crushell et al. 2006). It is suspected that the
observed changes in Lough Roe soak system result from drainage in the area over
the past two centuries (Crushell et al. 2006). Many of the small lakes to the east of
Lough Roe have also terrestrialised over the past century with only two of the
Seven Sisters lakes containing open water habitat today.

43

Soak systems of an Irish raised bog

44

In 1980 much of Clara Bog (464 hectares) was acquired under compulsory
purchase order by the semi-state company, Bord na Móna to develop the bog for
peat production. Feehan and O’Donovan (1996) review the ownership of the bog at
the time prior to purchase; they mention that in all 200 people or bodies held a title
interest in the bog. The Goodbody portion of the bog was sold to the Irish Land
Commission (ILC) in 1960 (M. Goodbody pers. comm. 2007) which in turn
transferred it to Bord na Móna in 1963 (Feehan and O’Donovan 1996). The Bailey
Estate previously owned much of the western part of the bog and the southeastern
portion (including the Seven Sisters lakes) was previously owned by the Kemmis
estate and transferred by the ILC to Bord na Móna in 1977 (Feehan and
O’Donovan 1996).
An extensive network of shallow drains (0.5m deep) with a cumulative
length of approximately 400km were inserted by Bord na Móna in 1983-1984 on
the eastern side of the bog in preparation for development.
In the early 1980’s it became evident that raised bogs which were once
widespread and common in the Irish Midlands were under threat of disappearing
due to widespread industrial exploitation for fuel (Doyle 1990). In 1981, attention
was drawn for the first time to the need to conserve a representative sample of
bogs in Ireland (Schouten 1981). The National Peatland Conservation Committee
(NPCC, later to become the Irish Peatland Conservation Council (IPCC)) was set
up to campaign for the conservation of Irish bogs and compiled a list of bog sites
that were in urgent need of protection due to their outstanding conservation value.
Clara Bog was included on this list due to its large expanse of uncut bog and the
occurrence of unusual soak systems (National Peatland Conservation Committee
1982).
Following the drainage of the eastern side of Clara Bog an international
campaign orchestrated by the Dutch Foundation for the Conservation of Irish Bogs
and the NPCC to halt further destruction of the site commenced. The campaign
was supported by much of the local community. Further development of the bog by
Bord na Móna was stopped by order of the government. In 1986, as a result of
increased public pressure the National Parks and Wildlife Service (NPWS)
purchased the site from Bord na Móna. The site was designated as a National
Nature Reserve in 1987 to coincide with the European Year of the Environment.
Since then major restoration work has been carried out. This work involved
inserting 6000 small peat dams into the drains on the bog thereby preventing
further drying out of the surface (J. Ryan pers. comm. 2007). A large scale
research project has also been carried out by both Irish and Dutch research
institutes since 1989, comprising detailed geological, hydrological and ecological
investigations, the results of which were published in 2002 (Schouten 2002). As a
result, Clara Bog is probably the best-researched bog of its type in the world. The
site is now protected under a number of national and international designations
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including National Nature Reserve, a Special Area of Conservation, Ramsar
Wetland Site and Natural Heritage Area.
Despite the protected status, the bog continues to provide fuel in the form
of turf to the local population around Clara. The Irish government has agreed to
allow domestic cutting of peat to continue up until 2007 on areas designated for
nature conservation. The continued cutting of peat threatens the future
conservation of the bog. Peat cutting has been shown to cause major subsidence
of the bog that in turn has a negative effect on the hydrology and ecology of the
site (ten Heggeler et al. 2004). Today turf is cut mechanically using an excavator
and tractor, although the task of turning and footing the turf is still carried out by
hand.
A timber boardwalk of 100 metres in length was constructed by the
National Parks and Wildlife Service across the most eastern portion of the bog to
attract visitors to the site for recreational and educational purposes. In addition,
information boards were erected at the main car park area along the Clara - Rahan
road and an information booklet was published jointly by the National Parks and
Wildlife Service and the Irish Peatland Conservation Council in 1990 (National
Parks and Wildlife Service and Irish Peatland Conservation Council 1990). The
potential of the bog for green tourism, which is compatible with the long-term
conservation of the bog has yet to be fulfilled and it is hoped that in the near future
a long awaited interpretative centre will open and many more people will gain an
appreciation of the beauty and history of Clara Bog.
The area surrounding the bog has also undergone considerable change
over the past century. The Brosna section of the Shannon drainage scheme was
completed in 1947 and the whole area was reported to be drier by the 1980’s.
Water table heights had fallen by 1.5m in the period 1980-1990 due to the
combined effects of drainage and the use of water for industrial and domestic
purposes (Fuller 1990). Extensive quarrying of sand and gravel from the esker on
the northern margin of the bog has occurred in recent years. The intensification of
agriculture means that hay is no longer made; fields are often reseeded, heavily
fertilised and used for silage. This means that the formerly diverse calcareous
grasslands of the esker no longer occur. Many hedgerows have also been
removed thus increasing field size.
The extensive area of cutover bog to the south and east was planted
during the mid 1960’s with a mixture of Norway spruce (Picea abies), Scots pine
(Pinus sylvestris) and birch (Betula pubescens) in various combinations (R. Jack
pers. comm. 2007). The area to the south was subsequently clear-felled in 1990
and ownership transferred to National Parks and Wildlife Service (NPWS).
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By drawing together data from sediment stratigraphy, pollen analysis, archaeology
and documentary sources it has been possible to chart the development history of
Clara Bog and the surrounding landscape. It is evident that people have populated
the landscape around Clara Bog since the early Holocene but only began to have
an appreciable impact since the Bronze Age. It remains unclear however as to
what interaction people had with the bog in prehistoric and early historic times and
archaeological evidence may remain buried within the peat. It is likely however that
people have hunted on the bog and farmed the land surrounding the bog since the
Bronze Age.
We have shown that over the past two hundred years people have had a
major impact on the bog itself. While the natural vegetation is still present on the
bog as it has been for many thousands of years, the overall appearance of the bog
has undergone major changes. As society is becoming increasingly aware of the
values associated with a natural bog ecosystem it is becoming more likely that
future efforts will be to restore the natural functioning of the site and to reverse the
trends of the recent past. Fig. 2.11 summarises the various stages in the
development of the landscape from 10,000 years ago to the present day.

Figure 2.11 Illustration showing the development of Clara Bog
since the end of the last Ice Age (ca 9000 BC). The bog is thought
to have been at its maximum extent around AD 1800, prior to
major human disturbance although humans are known to have
occupied the wider countryside since approximately 8000 BC.
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The peat and pore-water biogeochemistry of an Irish oceanic raised bog are
reported with a view to understanding the origin and development of a
minerotrophic soak contained within an ombrotrophic bog. Depth profiles of
electrical conductivity, pore-water chemistry and peat chemistry were recorded
from the mire surface down to a maximum depth of 10 meters (approximately 1
meter into the underlying mineral soil) from the centre of Lough Roe, a
minerotrophic soak on Clara Bog in the Irish midlands, and from a location in the
surrounding bog. Distinct differences in the hydrochemistry and peat chemistry
between both sites are evident in the upper five meters of the profile, indicating that
conditions differed during the latter development of the mire, despite both sites
being located on the apex of the raised bog dome. As expected, the profiles
recorded from the ombrotrophic bog are characterised by low ionic concentrations
in the upper bog peat with an increase in the concentration of calcium and other
ions in the lower fen peat (from 5.5 meters depth). At the Lough Roe site, the
profile shows relatively high concentrations of calcium and other ions in the upper
part of the profile. To our knowledge, this is the first report of such detailed
minerotrophic chemical profiles from the central area of a raised bog dome. We
hypothesise that the relevant minerals originate from the underlying fen peat and
prevail within the soak due to (1) the generation of a flow of water from the
developing bog through the minerotrophic fen peat towards the soak during its
early development, and (2) increased rates of decomposition within the soak
throughout its existence. The implications for the future conservation management
of the site are discussed.

Introduction
Soaks have been defined as areas of mesotrophic or minerotrophic vegetation on
an otherwise ombrotrophic bog and are often associated with internal drainage
systems (Gore 1983; Connolly et al. 2002). They are characterised by oligomesotrophic open water communities, poor fen and/or bog woodland vegetation
(Cross 1990). Soaks add to the ecological interest of raised bog ecosystems by
providing habitat conditions suitable for species that are untypical of ombrotrophic
bogs. They were once widespread on Irish raised bogs although due to large scale
peat mining few examples remain today (Osvald 1949; Cross 1990; Crushell et al.
2006). To date, these unusual features have been poorly studied and relatively
little is known of their origin or hydrochemical / ecological functioning. Two different
types of soak system can be distinguished; a minerotrophic type (suggestive of an
influence of mineral rich ground-water) and a rheotrophic type (greater availability
of nutrients due to the occurrence of flowing surface water of atmospheric origin)
(Connolly et al. 2002).
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Raised bogs by definition are ombrotrophic, they are raised above the
surrounding landscape and receive all inputs from atmospheric deposition. They
are acid environments typified by a dominance of acid tolerant vegetation of
Sphagnum mosses and low ericaceous shrubs (Moore and Bellamy 1974). The
presence of more mesotrophic or minerotrophic vegetation on raised bog surfaces
has been reported in the past and has been explained by hydrological processes,
such as surface water flow or groundwater discharge within obvious water-tracks in
lower topographical areas on a bog (Ingram 1967; Proctor 1995; Reeve et al.
2000). To date, the presence of minerotrophic conditions within a soak of high
ecological interest known as Lough Roe on Clara Bog in the Irish midlands (see
below for detailed site description) has not been explained despite considerable
hydrochemical, eco-hydrological and palaeoecological investigations (Kelly 1993;
Connolly 1999; van der Schaaf 1999; Connolly et al. 2002), a summary of which
follows.
Preliminary hydrochemical investigations in the past showed that the water
at the surface of the soak was indicative of base-rich conditions unlike elsewhere
on the surrounding bog (Kelly 1993; Connolly et al. 2002). It was further shown that
base-richness increased with depth beneath the surface (Connolly et al. 2002).
Hydrological investigations concluded that at present the hydrology in the
area of the soak is similar to that recorded in the surrounding bog with a downward
and lateral movement of water prevalent, which considering the location of the
soak on the highest part of the bog dome is not surprising (van der Schaaf 1999;
Connolly et al. 2002; van der Schaaf 2002).
The palaeoecological study carried out by Connolly (1999) on the site
failed to explain the origin of the highly decomposed peat recorded in the
stratigraphy, its highly decomposed state making macrofossil identification
impossible. It therefore remains unclear whether this peat originated from floating
macrophytes of a lake surface, from floating rafts of fen vegetation that may have
occurred during the development of the soak or from highly decomposed bog peat
in the surroundings.
In this study we conducted detailed water-chemistry and peat-chemistry
investigations to gain further insight into the origin and development of Lough Roe
with the aim of understanding its ecological functioning and future management
requirements.
The chemistry of peat and water within mires often provides important
insights into the environmental conditions under which the sediments accumulated.
Peat rich in metallic ions and nutrients is known to form in minerotrophic mires,
usually fed by mineral-rich groundwater, while peat with low mineral content forms
in ombrotrophic peatlands fed mainly by precipitation (Rydin and Jeglum 2006).
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Groundwater fed peatlands usually contain minerotrophic vegetation
dominated by sedges and brown mosses while those dependent solely on
precipitation have ombrotrophic vegetation with dominance of Sphagnum mosses
and ericaceous shrubs (Moore and Bellamy 1974). By analyzing the isotopic ratios
of nitrogen and carbon of residual organic matter or peat, it may be possible to infer
the main component of the vegetation, even when this can not be determined
visually. It has been shown that species typical of bog vegetation have a different
isotopic signature than those species associated with fen vegetation (e.g.
Hornibrook et al. 2000; Asada et al. 2005). The isotopic signatures of peat may
also be used in establishing the limiting nutrients of an ecosystem (Hornibrook et
al. 2000).
In this study we aim to address the following research question by
investigating depth profiles of water chemistry and peat chemistry within the soak
and the surrounding bog;Can water chemistry and peat chemistry be used to increase our
understanding of the origin and development of a minerotrophic soak system on an
oceanic raised bog in Ireland?

Study area
Clara Bog is an oceanic raised bog in central Ireland (53º19 N, 7º36 W) (see Fig.
3.1). The bog is of limnogenic origin as is typical of the large Irish raised bogs. The
development of the bog follows the usual sequence from shallow lake > calcareous
fen > raised bog as recorded from many midland raised bogs (Mitchell and Ryan
1997). The bedrock geology of the area is Lower Carboniferous limestone, which is
largely overlain by glacial deposits. The bog is mainly underlain by a deep deposit
(over 2 meters) of lacustrine clay, with occasional till outcrops occurring towards
the margin of the bog basin (Warren et al. 2002). A complex of esker ridges occur
adjacent and parallel to the northern boundary of the bog (van der Schaaf et al.
2002).
The site is the largest remaining raised bog of its type in Ireland and is of
high conservation importance due mainly to its relatively intact nature and the
presence of soaks (An Foras Forbatha 1981; Schouten 1981; Ryan and Cross
1984). Its conservation importance is demonstrated by its designation as a National
Nature Reserve, a Special Area of Conservation under the EU Habitats Directive
(Council of the European Communities 1992) and a wetland site of international
importance under the Ramsar Convention (Ramsar 1971). While much of the bog
surface remains intact, it has been affected by considerable human impacts over
the past two centuries such as peat cutting, drainage and the construction of a
road across the bog (Crushell et al. 2008). It has been shown that approximately
two thirds of the original bog dome has been cut-away for fuel leaving
approximately 465 hectares of the original bog surface intact (see Fig. 3.1)
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(Crushell et al. 2008). For further detailed information on the bog see Schouten
(2002).
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Figure 3.1 Map showing the location of Clara Bog in Ireland and the location of soak systems on Clara
Bog. The sampling locations OB1 and LR1 (LR2 is located immediately adjacent to LR1) are shown.

Two major soaks occur on Clara Bog namely Lough Roe on Clara East
and Shanley’s Lough on Clara West (see Fig. 3.1). Shanley’s Lough soak is of the
rheotrophic type described by Connolly et al. (2002) and thus its hydro-ecological
functioning is relatively well understood.
Lough Roe is a former lake that gradually terrestrialised over the past
century (Crushell et al. 2008). The ecological interest of the soak was first
recognised by Moore (1959) when he attempted to transplant to Lough Roe a
specimen from the only known population of Scheuchzeria palustris from another
soak that was then threatened and later destroyed by peat mining. Surveys
conducted in 1978 reported rare minerotrophic plant communities at the site
(Chapter 4) the occurrence of these communities on the apex of a raised bog made
their presence even more remarkable (Kelly 1993; Connolly et al. 2002; Chapter 4).
A major expansion in Sphagnum took place during the period 1978 – 2003 and
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today a Sphagnaceous raft (dominated by Sphagnum squarrosum, Sphagnum
fallax and Carex rostrata) with few other minerotrophic elements occurring across
the entire soak (Kelly 1993; Connolly et al. 2002; Chapter 4). Due to the rapid
change from minerotrophy towards ombrotrophy there is much concern over the
future management and conservation of this unique ecological feature of Irish
raised bogs thus demonstrating the need to understand the ecological /
hydrochemical functioning of the system.
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Figure 3.2 Stratigraphy of Lough Roe and surrounding bog after Connolly et al. (2002). Sediment
indicated as mud is a highly decomposed peat. For further details on stratigraphy and core locations
see Connolly (1999) and Connolly et al (2002). Reproduced with permission from the Department of the
Environment, Heritage and Local Government, Dublin.

The stratigraphy of the soak and the surrounding bog as described by
Connolly et al. (2002) is illustrated in Fig. 3.2, which shows two cross sections of
the soak with correlated radiocarbon dates (years before 1950 AD) and depth in
meters. The stratigraphy shows that the soak developed on the surface of the bog
over 6,000 years ago while ombrotrophic conditions were initiated across the
surrounding bog (Connolly 1999; Connolly et al. 2002). Connolly (1999) found that
at the site of Lough Roe a transitional fen peat accumulated for a period (ca 1700
yrs) after Sphagnum bog peat had started to accumulate in the surroundings.
Overlying the relatively thin layer of transitional peat, a highly decomposed peat
occurs indicating a lake environment had established within Lough Roe. The lake
gradually enlarged as the surrounding bog developed (Fig. 3.2). A review of early
maps concluded that terrestrialisation of the lake by the minerotrophic raft
commenced during the early twentieth century when the area of open water was
approximately 1ha (Crushell et al. 2008). By 1978 an area of approximately 125m2
remained open-water and by 1992, open-water conditions were no longer present
at the site (Kelly 1993; Chapter 4).
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Methods
Electrical conductivity survey
An electrical conductivity (EC) probing survey was undertaken during August 2006.
The instrument used was a T-EC Probe colloquially known as a ‘prikstok’ as
described by van Wirdum (1991; 2004). The device comprises an electrical
conductivity sensor and a temperature sensor at the tip of a 10 meter extendable
stainless steel rod thus enabling an EC depth profile from the mire surface into the
underlying mineral soil at most locations. Profiles were made in a grid at seventy
different locations in and around Lough Roe. At each location the probe was
pushed into the peat and EC recorded at 20 cm intervals up to the maximum depth
of 10 meters. In addition to recording EC profiles at each location, a sample of the
mineral soil underlying the bog was taken using a Hiller type peat corer (Fries and
Hafsten 1965) to determine whether windows of permeable soils such as sands or
gravels may occur in the area. Previous geophysical studies and preliminary coring
indicated that such windows were absent (Bloetjes and van der Meer 1992; Smyth
1994; Warren et al. 2002).

Pore-water chemistry
Three sampling plots were established; two within the central area of Lough Roe
soak (LR1 and 2) and one located approximately 200m North of the soak in the
ombrotrophic bog (OB1) (see Fig. 3.1). Due to difficulties with extracting pore-water
from depth we were unable to get water samples from depths greater than 3
meters. At each plot, samples were taken from 5 different depths (Surface; 0.5m;
1m; 2m and 3m) using Rhizon SMS soil moisture samplers (Rhizon SMS - 5cm;
Eijkelkamp Agrisearch Equipment, The Netherlands). Samples were collected from
LR1 and LR2 at monthly intervals over a 13 month period (November 2003November 2004); samples were taken from the bog site on one occasion
(November 2004).
The pH of water samples was determined immediately using a standard
Ag/AgCl2 electrode connected to a radiometer Copenhagen type PHM 82 standard
pH meter. Total inorganic carbon concentrations were measured using an infrared
carbon analyser (model PIR-2000, Horiba instruments, Irvine, USA). Next, samples
were stored in iodated polyethylene bottles (50 mL) at – 20°C until further analysis.

Peat and underlying clay chemistry
Two sediment cores were taken during August 2005 using a Livingstone
piston corer (Moore and Webb 1978); one core from the central area of Lough Roe
(LR1) and one core from the ombrotrophic bog (OB1) (see Fig. 3.1). The core at
LR1 extended down to 10 meters (one meter into the underlying mineral soil) while
the core from OB1 extended from the mire surface down to the peat - mineral soil
boundary at 9 meters depth. Representative samples of peat were taken from each
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50 cm section of the profile, while samples were taken from each 10cm section of
the peat - mineral soil boundary of the LR1 core (9 to 10 meters depth). Samples
were stored at 4 C° until chemical analysis.
Ammonium was determined on fresh peat samples by means of SrCl2
extraction (10 grams of fresh peat was shaken with 100 ml anaerobic 0.2 M SrCl2
–1
solution for 1 hour at 105 rpm and then centrifuged). The bulk density (gl ) of the
o
peat was determined by drying 1 litre of fresh peat at 70 C for 48 hr and then
measuring the dry weight. Destruates of the peat were made as follows. Dried
samples were ground up in liquid nitrogen. 200 mg of the dried material was
digested in sealed Teflon vessels in a Milestone microwave oven (type mls 1200
Mega, Sorisole, Italy) after addition of 4 ml HNO3 (65%) and 1 ml H2O2 (30%).
o
After dilution, the digests were kept at 4 C until analysis (see below).
15
13
Stable isotope analyses of δ N and δ C was carried out on freeze-dried
homogenised material according to Marguillier et al. (1997) (Finnigan MAT Delta
Plus with Conflo III interface). The accuracy of the analysis allows a maximum error
of 0.15‰. Nitrogen and carbon concentrations were measured with a CNS
analyser (type NA1500; Carlo Erba Instruments, Milan, Italy).

Chemical analyses
o-Phosphate concentration was measured colorimetrically with a Technicon AA II
system, using ammonium molybdate (Henriksen 1965). Nitrate and ammonium
were measured colorimetrically with a Traacs 800+ auto-analyser, using hydrazine
sulphate (Anonymous 1969) and salicylate (Grasshoff and Johannsen 1977)
respectively. Potassium was measured by flame photometry (FLM3 Flame
Photometer, Radiometer, Copenhagen, Denmark). All other elements were
determined by inductively-coupled plasma emission spectrophotometry (type
Spectroflame, spectro Analytical Instruments, Kleve, Germany). The accuracy of
the chemical analysis allows for a maximum error of 5% of the measured values.

Results
Electrical conductivity profiles
Compositional variations of peat pore water can be inferred from variations of its
electrical conductivity (Siegel et al. 1995) which can be used as a measure of total
inorganic solute concentration. Fig. 3.3 shows the electrical conductivity (EC) depth
profile from LR1 and from OB1. At both sites the surface EC is comparable but at a
depth of 1.5m (just below the floating scragh of Lough Roe) the profiles diverge
considerably with EC within Lough Roe increasing to over 500μS/cm at 4.5 – 5 m
depth. In contrast the EC of the bog remains relatively low (ca 100μS/cm). The
pattern of both EC profiles is similar between 6 and 10 m depth, with a gradual
increase towards the base of the profile. However, the values recorded are
considerably lower throughout the fen peat at OB1 than at LR1.
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Figure 3.3 Electrical conductivity depth profile recorded during August 2006 from LR1 and OB1. Values
are given in μS/cm at 25°C.

Fig. 3.4 shows a north-south and east-west transect through Lough Roe. It
can be seen that EC values are greatest beneath the surface of Lough Roe at a
depth of approximately 3.5 - 6 meters. Also, EC is highest towards the centre of
Lough Roe and the differences between the soak and the bog become less
pronounced towards the edge of the soak; in any direction. A peculiarity in Fig. 3.4
is the higher EC recorded in the fen peat beneath Lough Roe than in the fen peat
beneath the surrounding bog. Fig. 3.5 shows a surface contour map of EC at four
different depths in and around Lough Roe. This further illustrates the situation
described above with the high EC values occurring within Lough Roe at all depths,
but not as confined to the area of the soak in the underlying fen peat. Results of
the coring confirmed the presence of lacustrine clay at each of the sampling points.
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Figure 3.4 (a) and (b) Electrical conductivity depth transect across Lough Roe from West to East (a)
and from North to South (b) overlain by stratigraphy as reported by Connolly (2002). Values are given in
μS/cm at 25°C. Vertical dashed lines indicate location of depth profiles along which electrical
conductivity was recorded at 20 cm intervals, thus 50 data points contribute to each profile.
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Figure 3.5 Electric conductivity of Lough Roe and surrounding bog at various depths: 3m (top left), 5m
(bottom left), 7m (top right) and 8m (bottom right). The outline of Lough Roe surface is indicated on
each plot by continuous black line. Values are given in μS/cm at 25°C.

Pore-water chemistry
Fig. 3.6 shows the mean concentrations of various solutes in the pore-water from
the surface to a depth of three meters at LR1 and LR2 and solute concentrations
recorded on one date at OB1. From the hydrochemistry data it is evident that acid
pore water is present at the surface of Lough Roe and of the ombrotrophic bog with
pH values of ca 4.5. However pH increases with depth at Lough Roe approaching
values of 6 at 1 meter depth and remains around this value throughout the
remainder of the profile, whereas at the bog site pH remains low throughout. As
expected a similar profile is apparent with bicarbonate, calcium and magnesium
concentrations. Sodium concentrations show a different pattern, being higher
throughout the bog profile. There is little variation of pore-water chemistry between
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the two sites within Lough Roe (LR1 and LR2) and throughout the year as
indicated by the relatively small standard errors shown in Fig. 3.6.
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Figure 3.6 Mean (+/- 2*standard error of the mean, n=26) pore water chemistry of LR1 and LR2 (LR)
from November 2003 to November 2004 and pore water chemistry of OB1 in November 2004 (n=1).

Peat and underlying clay chemistry
Fig. 3.7 shows a depth profile of the total concentrations of various elements in the
sediment of Lough Roe and of the surrounding ombrotrophic bog. Profiles are only
shown to 8.5m due to contamination with underlying clay in the final 0.5m section
of both profiles. It can be seen that for most variables, concentrations are higher in
the upper five meters of sediment within Lough Roe than in the bog situation with
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the exception of magnesium and sodium both of which are higher in the bog
profile.
The comparatively high concentrations of elements such as calcium,
aluminium, silicon, iron and sulphur in the upper five meters of Lough Roe are
similar to concentrations recorded in the underlying fen peat thus indicating a
minerotrophic input.
Results of nitrogen and carbon isotope analysis are presented in Fig. 3.8.
Again, profiles are only shown to 8.5m due to contamination with underlying clay in
the final 0.5m section of both profiles. The results indicate that the vegetation
development of the bog differed from that of the soak. δ15N and δ13C values of
the residual organic matter are respectively higher and lower in the Lough Roe
profile. Negative δ15N values were recorded from the upper 6 meters of the bog
profile whereas positive δ15N were recorded from much of the upper Lough Roe
profile.
In the case of δ13C, as with other variables, similar values are recorded
from the fen peat at both sites, with relatively low values (<-27‰). Values remain
within the same range throughout the whole profile of Lough Roe, whereas in the
case of the bog profile there is a marked increase in δ13C values (>-27‰) in the
upper 5 meters.
The high C:N ratio recorded in the bog profile (~50) is typical for
ombrotrophic bogs (Verhoeven et al. 1990; Hayati and Proctor 1991; Hornibrook et
al. 2000), a low C:N ratio such as that found in the organic matter of Lough Roe
(~20) is more typical of peat derived from fen vegetation (Rydin and Jeglum 2006).
The higher total nitrogen and total phosphorus values in the organic matter within
Lough Roe are also indicative of fen conditions being prevalent throughout the
development of Lough Roe.
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Figure 3.7 Total concentration of various chemical parameters versus depth (m) of the peat at LR1 and OB1, results are from two individual
cores taken during August 2005. Results are not shown for the depth from 8.5-9 m due to contamination of the samples from the underlying
clay sediment which commenced at c. 9 metres in the core.
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Figure 3.8 Depth profiles of total nitrogen, phosphorus, ammonia and isotopic signatures (δ C δ N) of peat from OB1 and LR1. The depth
profile of C:N ratio, bulk density, loss on ignition and total protons are also shown. The results are from two individual cores taken during
August 2005. Results are not shown for the depth from 8.5-9 m due to contamination of the samples from the underlying clay sediment which
commenced at c. 9 metres in the core.
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Results of the analyses on the upper meter of the clay layer underlying
Lough Roe are shown in Fig. 3.9. The results show that the upper 40 cm is rich in
organic matter and that the lower part consists of pure clay with a low organic
matter content. The clay layer contains (very high) equivalent amounts of Ca+Mg
and carbon, indicating that this layer is rich in Ca(Mg) carbonates. Calculations
reveal that this layer contains between 193 and 357 g kg-1 Ca(Mg)CO3. The clay
layer is also rich in phosphorus, iron, aluminium and potassium. Aluminium and
potassium are important constituents of clay particles and are therefore present in
proportional amounts. The clay also contains enriched 15N, most likely in the form
of adsorbed ammonium.
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Figure 3.9 Chemistry of the underlying lacustrine clay at Clara Bog. Results are from one individual
core taken during August 2005.

Chapter 3

Origin and development of Lough Roe

Discussion
Electrical conductivity and pore-water chemistry
From the results presented it is clear that distinct differences occur between the
hydrochemistry and peat chemistry of Lough Roe soak and that of the surrounding
bog. The EC of pore water in the bog situation is within the normal range for
ombrotrophic bog conditions; however, the EC of the soak is more indicative of a
mineral-rich system (e.g. van Wirdum 1991; Wheeler and Proctor 2000). Outside of
the soak, EC measurements were consistently low indicating that there is currently
no lateral seepage of mineral rich groundwater entering the system from the
surroundings. In addition, the profile of EC recorded within Lough Roe is not
indicative of upward seepage from lower mineral strata. This coupled with the
presence of impermeable lacustrine clay at each sampling location is in agreement
with earlier findings (Connolly et al. 2002) that up-ward seepage of mineral rich
groundwater from beneath the soak is most unlikely. Further evidence that
downward flow predominates has been recorded in temperature profiles measured
at the site (not shown).
The peculiar peak in EC between 3.5 and 6m depth within the soak is not
easy to explicate, it was also evident in water samples taken from depths greater
than 3 meters (not shown). This peak however is not apparent in the peat
chemistry data, thus implying that it is associated with the physical properties and
exchange complex of the peat.
The higher electrical conductivity values recorded within the fen peat
beneath Lough Roe compared with the fen peat beneath the surrounding bog
suggests that the pore-water of the originally mineral rich fen peat in the bog
situation has largely been replaced by dilute and acid water from above. A similar
pattern was recorded from the central area of a Finnish bog by Puranen et al.
(1998). We hypothesise that this feature is an artifact of a local hydrological flow
system, where the water from the surrounding fen peat was displaced to the soak
and in the process transported minerals from the fen peat of the surroundings to
the soak. Depending on the extent of the flow path it is possible that minerals from
the surface of the underlying clay may also have been transported by the overflowing water.
Results of pore-water investigations further confirm the presence of
relatively alkaline pore-water at depths up to three meters within Lough Roe when
compared with the pore-water of the surrounding bog situation. The pore-water
chemistry in the upper one meter indicates that the site has become more
ombrotrophic near the surface in the recent past as is also evident from the
expansion of Sphagnum dominated vegetation in recent years (Crushell et al.
2006; Chapter 4). In general, the pore-water chemistry is in agreement with the EC
measurements and suggests an influence of minerotrophic water within the soak
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during the development of the raised bog while ombrotrophic influences are
evident in the bog profile throughout the same period. The low deviation of pore
water chemistry at the different depths throughout the year is further evidence that
upward advection is not occurring at the site and also eliminates the possibility of
flow reversals during the sampling period as have been recorded elsewhere
(Fraser et al. 2001). Despite the results presented, it remains a possibility that
upward seepage of groundwater via local windows in the impermeable deposits
underlying Lough Roe may have occurred in the past as recorded elsewhere by
Bellamy (1986). However, considering the results of intensity of coring carried out
in the area and previous geophysical and hydrological research (Schouten 2002)
this now seems most unlikely.

Peat and underlying clay chemistry
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From the peat chemistry profiles of total concentrations of elements and isotope
signatures, it is clear that the fen peat deposits under Lough Roe and the
surrounding bog are similar. There are clear differences however between the peat
of the upper five meters in the surrounding bog and the highly decomposed peat
present in the upper five meters within Lough Roe.
The higher total concentration of magnesium and sodium at the bog site
indicates a dominance of ombrotrophic conditions, which in Ireland would result in
a high influx of magnesium and sodium due to the maritime climatic conditions
(Proctor 1995). Additionally a competition at the exchange sites of the organic
matter between magnesium and sodium on the one hand and calcium on the other
would also contribute to this phenomenon (Drever 1997). In this way a high calcium
influx would result in the observed lower accumulation of sodium and magnesium
in the peat profile of Lough Roe (Fig. 3.7). This concurs with the higher
concentration of magnesium recorded in the pore-water of Lough Roe than at the
bog site.
The profile of total concentrations of calcium, magnesium, iron, aluminium,
sodium at OB1 are comparable to those described from other raised bog sites
(Walsh and Barry 1958; Mörnsjö 1968; Clymo 1983; Steinmann and Shotyk 1997)
with the fen peat - bog peat boundary clearly visible by an increase in sodium and
magnesium and an associated decrease in calcium, iron and manganese. The
results from Lough Roe strongly contrast with that of the normal bog situation with
higher concentrations of all major ions in the upper five meters (calcium
concentrations are more than three times higher within Lough Roe than at similar
depths in the surrounding bog), indicating that the site developed under
minerotrophic conditions. This is further supported by the results presented on the
δ15N and δ13C isotope profiles (see Fig. 3.8).
15
The change in δ N that is recorded in the bog profile at five meters depth
is likely to result from a succession of vegetation types as the system changes from
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a groundwater dependant ecosystem to a precipitation dependant ecosystem (Fig.
15
3.10). Mosses, such as Sphagnum species, usually have lower δ N values than
(non-mycorrhizal) vascular plants (Kohzu et al. 2003; Asada et al. 2005; Bragazza
et al. 2005; Loader et al. 2007). Peat formed under ombrotrophic conditions would
15
have low δ N values due to P-limitation which has been shown to promote N14
fractionation resulting in a preference for the uptake by plants of lighter N (McKee
et al. 2002; Clarkson et al. 2005), and furthermore the inorganic nitrogen in
15
rainwater is known to be depleted in δ N values (Garten 1991; Kendall 1998;
15
Bragazza et al. 2005). The low δ N of the bog peat may therefore indicate that the
bog remained ombrotrophic with the peat forming Sphagnum species strongly
depending on depleted nitrogen from precipitation (Kohzu et al. 2003; Asada et al.
2005).
In contrast to the bog profile, the observed positive δ15N values of the
organic matter in Lough Roe are likely to reflect minerotrophic conditions. Vascular
15
plants in minerotrophic systems generally have enriched δ N values (Hornibrook
et al. 2000; Kohzu et al. 2003; Welker et al. 2003; Asada et al. 2005; Brenner et al.
15
2006) because they extract N enriched ammonium from the substrate (Asada et
al. 2005) and possibly also because they grow under less P-limited conditions.
15
Furthermore, organic nitrogen pools in the soil become enriched in N after severe
mineralization and re-assimilation (Nadelhoffer and Fry 1988; Kohzu et al. 2003).
15
Therefore the continuous recycling of enriched δ N litter from minerotrophic
vegetation and input of enriched ammonium via ground water or fen peat water into
15
Lough Roe can explain the observed positive δ N values in the Lough Roe
sediment. Fig. 3.9, for instance, shows that the underlying clay layer contains
enriched nitrogen, demonstrating a possible source of enriched nitrogen to the
soak.
The relatively low δ13C values recorded throughout the Lough Roe profile
indicate that carbon limitation was not a major factor throughout the development
of the underlying fen peat and subsequent development of Lough Roe, implying
that floating nymphoid plants and a fringe of emergent fen vegetation may have
remained dominant in Lough Roe throughout its development. In contrast the
higher (>-27‰) δ13C values in the upper bog profile may indicate more carbon
limitation due to Sphagnum growth under wet conditions (Hornibrook et al. 2000).
Unlike profiles recorded elsewhere from other bog sites there is no
13
apparent decrease in δ C in the Lough Roe profile, but the bog profile is similar to
others recorded (Wieder and Yavitt 1994; Waldron et al. 1999; Akagi et al. 2004)
showing a decrease of ~1.5‰ within the upper profile and a further decrease of
~1‰ in the underlying fen peat. The Lough Roe profile is comparable with more
minerotrophic sites reported in the literature (Wieder and Yavitt 1994; Hornibrook et
al. 2000).

71

Soak systems of an Irish raised bog
13

72

0

The δ C values in Lough Roe (<-27 /00) are typical for emergent marsh
species, such as Typha sp. and Carex sp., which in general tend to have lower
13
δ C values than Sphagnum species (Price et al. 1997; Hornibrook et al. 2000;
Ménot and Burns 2001; Brenner et al. 2006; Loader et al. 2007). Sphagnum
species, growing under wet conditions, may be expected to have a higher external
13
diffusion resistance towards carbon uptake which results in somewhat higher δ C
values compared to emergent species. The values measured in the bog profile are
13
in accordance with δ C values of Sphagnum species from Clara Bog measured by
13
Price et al. (1997). At present, it is not entirely clear whether the differences in δ C
are related to different vegetation types as it could also be due to the selective
decay of biochemical constituents in plant debris.
The presence of the highly decomposed alkaline peat indicates that
decomposition rates in Lough Roe have been very high. It is well-known that
decomposition of organic matter is inhibited in acid systems compared with alkaline
waters (McKinley and Vestal 1982; Kok and van der Laar 1991; Lamers et al. 1999;
Smolders et al. 2002; Smolders et al. 2006). The decomposition rate of organic
matter appears to be strongly and positively correlated with the internal pH of the
organic particles while bicarbonate neutralises the decay-inhibiting acids (Kok and
van de Laar 1991; Smolders et al. 2006). As a result, the decay rate of organic
matter appears to be a function of the buffer capacity of the surrounding water.
In the case of Lough Roe, the necessary alkalinity for such decomposition
could have been provided by a local flow system supplying minerals from the
underlying fen peat and possibly the clay - fen peat interface. Fig. 3.9 shows that
the underlying calcareous clay layer is very rich in Ca(Mg) carbonates which may
have provided the additional buffer capacity to the soak via a flow of water
generated by a local hydrological system. Fig. 3.9 shows that the calculated Ca
(Mg) carbonate content decreases in the upper 20 cm of the inorganic part of the
clay layer, which may indicate dissolution of Ca(Mg) carbonates. Calculations
reveal that only 4 % of the present amount of calcium in the inorganic part of this
calcareous clay- layer (between 9,5 and 10,0 metres) underlying Lough Roe is
required to explain the difference between
the total amount of calcium
accumulated in the Lough Roe profile and the total amount of calcium accumulated
in the bog profile.
Furthermore alkalinity may also be generated in an anaerobic well buffered
system by the reduction of oxidants such as nitrate, iron(hydr)oxides or sulphate
(which all result in a net generation of alkalinity), a process called internal
alkalinisation (Smolders et al. 2006). However, under such conditions high
decomposition rates can only occur if alternative electron acceptors such as nitrate,
iron, manganese or sulphate are available (e.g. Drever 1997; Smolders et al.
2006). In addition (anaerobic) decomposition is obviously strongly dependent on
the degradability of the organic matter, which depends on nutrient contents (P &
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N) and chemical characteristics of the organic matter (Verhoeven and Liefveld
1997; Aerts and Chapin 2000; Bozkurt et al. 2001; Smolders et al. 2002;
Tomassen et al. 2004). It is possible that within Lough Roe sulphate and iron may
have served as the alternative electron acceptors in the anaerobic breakdown of
the produced organic matter (Fig. 3.7), while the relatively high nutrient
concentrations (higher N and P; see Fig. 3.8) will have enhanced decomposition
under the existing alkaline conditions.
In summary, differences emerge in the chemical profiles between the two
sites at a depth of ca 5.5m. The chemical signatures of the upper 5.5 meter profile
at the bog site can be explained by the development of ombrotrophic conditions
and accumulation of Sphagnum bog peat. In contrast at Lough Roe the chemical
signatures of the upper 5.5 meter profile indicate the continued occurrence of
minerotrophic conditions apart from the upper meter where the profile shows
distinct signs of ombrotrophy such as a decrease in ionic concentration and δ15N
values accompanied by an increase in total proton content.

Hypothesis on the origin and development of Lough Roe soak
Taking into consideration the findings of palaeoecological (Connolly 1999);
hydrological (Connolly et al. 2002), vegetation (Kelly 1993), hydrochemical
(Connolly et al. 2002 and this study) and peat chemistry (this study) investigations
carried out to date, we conclude with the following hypothesis on the origin and
development of Lough Roe. Fig. 3.11 illustrates the stages of development as
postulated in the following paragraphs.
Preceding the development of Lough Roe
From the results presented we believe it is reasonable to conclude that conditions
were similar throughout the eastern part of Clara Bog (inclusive of Lough Roe area)
during the period of fen development (ca 11 000 BP – 6000 BP). The fen peat
beneath Lough Roe is similar in chemical constituents to the fen peat in the
surrounding bog, this concurs with macro-fossil analysis carried out in the past
which recorded a sedge-rich peat beneath both Lough Roe and the surrounding
bog (Connolly 1999).
Early phase - transitional peat accumulation at site of Lough Roe (Fig. 3.11a)
Bog conditions became established rather abruptly throughout most of the wetland;
however transitional fen peat continued to accumulate for some time (ca 1700 yrs)
at the site of Lough Roe (Connolly 1999; Connolly et al. 2002). From the
macrofossil analysis by Connolly (1999) and the chemistry data presented, the
most likely explanation for the continued presence of minerotrophic conditions at
Lough Roe is the local discharge of mineral–rich groundwater. The succession
towards bog conditions did not occur simultaneously across the entire wetland, and
it is probable that due to its topographical and / or hydrological setting within the
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developing bog the site of Lough Roe remained under the influence of
minerotrophic water. The absence of a permeable mineral soil underlying the entire
area points towards the fen peat beneath both the soak and the surrounding bog
as being the most probable source of this mineral-rich water. The build-up of bog
peat would have had the effect of increasing the hydraulic gradient towards those
sites not yet following the succession towards bog, such as Lough Roe and
therefore the effect could have increased throughout the initial period of bog
development in the surroundings.
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Figure 3.10 δ15N depth profile of Lough Roe and Clara Bog with an indication of changing
environmental conditions as the peat sediment accumulated. Letters along arrows indicate as follows:
A: Fen Peat development (increasing influence of rainwater), B: Lough Roe develops into a
minerotrophic system, C: Bog becomes and remains ombrotrophic, D: Lough Roe becomes
ombrotrophic.

As the transitional fen peat accumulated at Lough Roe the site showed
signs of a transition from fen to bog vegetation; this is reflected in both the
15
macrofossil record and the δ N profile (see Fig. 3.10). This situation was
overturned again and conditions became more minerotrophic as indicated by the
profiles presented in Fig. 3.8 and 3.10.
We speculate that the presence of an outlet, in the form of either a stream
or an area of diffuse surface water-flow from the soak provided a gradient driving a
continuous flow from the surrounding bog to the developing soak. This flow would
pass through the fen peat and gradually wash its minerals out towards the soak.
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This increased supply of mineral rich water prevented the site of Lough Roe from
following the succession to raised bog as was after occurring in the surrounding
mire.
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Figure 3.11 (a,b,c) Schematic diagram illustrating the origin and development of Lough Roe soak
system on Clara Bog. (a) As bog conditions established in the surroundings, the site of Lough Roe
remained under the influence of minerotrerophic water due to local groundwater flows, which
translocated minerals from the fen peat to the soak. (b) Lake developed at soak surface possibly due to
outlet from area being blocked. Internal alkalinisation produces alkalinity which contributes to
maintaining the minerotrophic conditions within the soak throughout this period. (c) Terrestrialisation by
a floating minerotrophic raft during the 20th century; as the raft grew thicker acidification took place
allowing the formation of a sphagnaceous raft with minerotrophic characteristics and finally the
establishment of true ombrotrophic conditions by the beginning of the 21st century (Chapter 5).
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Soak lake with minerotrophic influence (Fig. 3.11b)
The development of open water at the soak may have transpired due to the outlet
from the soak area becoming blocked, possibly due to the growth of Sphagnum
peat in the area surrounding the soak.
The presence of open water conditions in combination with the alkalinity
would have provided conditions suitable for high rates of decomposition within the
lake, thus allowing the process of internal alkalinity production to occur.
A strongly degraded peat accumulated at the base of the newly formed
lake due to the input of biomass from vegetation at the lake surface and possibly
due to further decomposition of surrounding bog peat (this matter would show a
depleted δ15N characteristic of surrounding bog peat, understandably this did not
present itself in our profile taken from the central area of the former lake).
Decomposition of surrounding bog peat may account for the gradual increase in
size of the lough.
Throughout the lake phase it is most likely that floating macrophytes
occurred on the surface (as recorded in the last remaining part of open water in
1978 (Chapter 4) with emergent fen vegetation present around the margin. This is
indicated by the δ15N and δ13C values recorded in the organic matter of the soak.
It is difficult to speculate how long the local flow system continued to
supply minerals to the soak from the fen peat beneath the surrounding bog.
However, it is likely to have ceased soon after open water became established
within the soak as the necessary hydraulic gradient would have been absent once
the water level in the soak had reached equilibrium with the bog. Even in the event
that there continued to be a hydraulic gradient between the bog and the soak, the
resulting flow would have gradually moved up the profile and have been less likely
to pass through the fen peat as more bog peat accumulated. There is no evidence
based on topography or vegetation of the bog surface today to indicate the
presence of a natural outlet from the soak in the recent past. Furthermore, the
earliest map of the area dated to 1809 does not indicate an outlet of any sort from
the soak (Crushell et al. 2008). We therefore conclude that by c1800 AD and most
probably much earlier, the local hydrological flow from the surrounding bog was no
longer functional.
In the absence of such a flow system, we conclude that through the
recycling of minerals by production and decomposition, the alkaline conditions
within Lough Roe could continue for some time and in fact could even become
more pronounced due to internal alkalinity production. Connolly et al. (2002)
suggested that the main processes that may have contributed to the transport of
mineral ions towards the surface of Lough Roe were likely to include upward
diffusion, mixing near the surface due to wind / wave disturbance and possibly
methane ebullition. However, considering the findings of this study these processes
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are now thought to have played relatively minor roles in the origin and continued
presence of minerotrophic conditions within Lough Roe.
Later Phase (1900 AD – present (Fig. 3.11c))
It is clear from the water and peat chemistry data that conditions have become
more ombrotrophic within Lough Roe in recent times (see Figures 6, 7, 8 and 10).
Further evidence from vegetation and historical studies has confirmed that a
floating raft of minerotrophic vegetation formed during the past century and that the
vegetation has recently become more ombrotrophic in character (Kelly 1993;
Connolly 1999; Crushell et al. 2006; Chapter 4).
The causes and processes responsible for both the terrestrialisation of the
lake over the past century and the more recent change towards ombrotrophy are
the subject of further investigations and discussion in Chapter 5. In summary, they
report that the changes observed in the soak are most likely the result of human
activity on and surrounding the bog.

Implications for future management and conservation of Lough
Roe soak
The soak is now the last remaining system of its type known to survive on Irish
bogs. Considering the likelihood that local internal processes are responsible for
the observed minerotrophic conditions, it is probable that the above scenario was
replicated at other sites where minerotrophic soak systems were described in the
past (Osvald 1949; Moore 1955).
The question of whether the terrestrialisation and onset of acid conditions
of the soak was inevitable or whether it was entirely a result of human interference
is discussed further in Chapter 5. In the absence of intervention, bog conditions are
likely to develop rapidly at the soak, thereby resulting in the loss of this unique
ecological feature of Irish raised bogs. Due to the uniqueness of the soak and its
threatened status, ecological restoration is now being considered (see Chapter 5).
The aim of wetland restoration is to return a wetland to a previous condition. From
this study we now have a better understanding of earlier conditions within the soak,
which should aid in deciding future management options. Restoration of Lough
Roe could either aim to restore the transitional species-rich minerotrophic raft that
occurred at the site during the twentieth century or alternatively attempt to restore
the soak to its state prior to major human disturbance which we conclude was most
likely a minerotrophic lake with fringing fen vegetation, these minerotrophic
conditions being maintained by a number of internal processes and not regional
groundwater as previously speculated (see Connolly et al. 2002). Results of
research into potential restoration measures to achieve these alternatives are
reported in Chapter 5.
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Our findings may prove relevant to other wetland sites, where the
traditional view of regional groundwater connection being a necessity for the
occurrence of minerotrophic vegetation may need to be revised. It is critical that
land managers are aware of the processes which drive the environmental
conditions within sites in order to make informed decisions regarding the
management requirements of wetland habitats.
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Abstract
Relevés taken on three different occasions (1978; 1992 and 2003) were used to
describe the plant communities of two soaks (areas of fen vegetation within acid
bog) that occur on an oceanic raised bog located in central Ireland. From 1978 to
2003, the characteristic poor fen vegetation of a minerotrophic soak has changed
considerably with increased representation of ombrotrophic species and a decline
in open water communities, coinciding with this, water chemistry has become more
acidic. We reveal that earlier land use practices in the surrounding bog may have
been a major factor in driving the recorded vegetation change. Similarly, the
vegetation in a rheotrophic soak has also changed between 1992 and 2003. We
speculate that this results from subsidence and associated changes in surface
hydrology caused by marginal peat cutting in the vicinity of the soak. The
implications for future conservation and management requirements of the bog
ecosystem are discussed in relation to the changing ecology of the soaks.

Introduction
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Raised bogs are important natural ecosystems that support distinctive plant
communities. In Ireland only 7% (21,500ha) of the original raised bog resource
remains with only 0.6% (1,945ha) deemed to be in favourable conservation status
(Foss et al. 2001; Douglas et al. 2008). Domestic and industrial cutting of peat for
fuel over recent centuries has been the cause of most of this habitat loss (Foss et
al. 2001; Crushell et al. 2008). Peat cutting continues to be a major threat to the
remaining raised bog resource as cutting continues at the margin of most Irish sites
(Douglas et al. 2008).
Vegetation change over time has been widely reported from peatland
ecosystems and can be driven by allogenic (external influences such as fire,
climate, drainage and fertilisation) and autogenic (internal influences caused by
interactions of plants, animals and substrates) factors (Rydin and Jeglum 2006).
The direct effect of drainage (decrease in water table) on vegetation of peatlands
has been the subject of much research (inter alia: Kelly 1993; Wheeler and Shaw
1995; Schouten et al. 2002). It has been shown that following a drop in water table
species normally occurring on the drier hummocks of undamaged bogs such as
Calluna vulgaris increase in abundance while hollow species decline (Wheeler and
Shaw 1995). However, the effects of marginal peat cutting and associated
drainage are not confined to a lowered water table in the adjacent bog. In some
situations it has been shown to cause major subsidence of large areas of bog
some distance from the bog margin (van der Schaaf 1999; Joosten and Clarke
2000) which has an effect on flow patterns (surface topography) and may cause
drying out or secondary re-wetting depending on the resultant flows and
topography (Kelly 1993; Wheeler and Shaw 1995; Kelly and Schouten 2002;
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Douglas et al. 2008). In this study we describe the change in vegetation of two
soak systems and establish a relationship between this vegetation change and the
effects of surrounding land-use including marginal peat cutting and drainage.
‘Soak’ is a term used in European bog literature to describe an area of fen
vegetation occurring within an acid bog which is often associated with internal
drainage features (Gore 1983; Connolly et al. 2002; Rydin and Jeglum 2006). The
presence of fen vegetation is due to increased nutrient / mineral supply by either
minerogenous water (minerotrophic) or the lateral through-flow of ombrogenous
water from the surrounding bog expanse (rheotrophic) (Osvald 1949; Malmer 1962;
Overbeck 1975; Gore 1983; Connolly et al. 2002; Rydin and Jeglum 2006).
In contrast to the non-wooded vegetation dominated by ericaceous shrubs
and Sphagnum mosses that typifies the oceanic raised bogs in Ireland, soaks are
characterised by oligo-mesotrophic open-water communities, poor fen and/or bog
woodland vegetation (Cross 1990). They support a high diversity of species and
unusual plant assemblages not typically found within raised bog ecosystems
(Overbeck 1975). The only Irish record of Scheuchzeria palustris was from a soak
on Pollagh Bog in central Ireland (Moore 1955); the site was subsequently
destroyed by peat mining. Soaks were once widespread on Ireland’s larger raised
bogs but are now extremely rare as a consequence of large-scale exploitation of
peatlands (Moore 1955; Ryan and Cross 1984).
By analysing vegetation data collected over a twenty five year period, we
describe changes that have occurred both in relation to community distribution and
floral composition within two distinct soaks that occur on Clara Bog in the Irish
midlands (see study area below for detailed site descriptions).
In the case of a minerotrophic soak, we aim to describe the pattern of
terrestrialisation of a former lake and the subsequent ombrotrophication of the
system and associated change in hydrochemistry. We also assess the potential
factors responsible for the vegetation change.
In the case of a rheotrophic soak we relate the observed vegetation
change to altering surface levels that are caused by marginal peat cutting and
associated drainage. We investigate the effects of changing surface and acrotelm
flow patterns on the ecology of the soak. We discuss the implications of our
findings for the future management and conservation of the bog.

Methods
Study area
Clara Bog
The research for this study took place on Clara Bog (53°19 N, 7°36 W); the largest
remaining relatively intact raised bog in Ireland. The site has long been recognised
as being of high ecological importance (An Foras Forbatha 1981; Schouten 1981;
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Ryan & Cross 1984). The site is located in County Offaly, in the Irish midlands and
has been partly designated as a nature reserve since 1987. For a detailed site
description see Schouten (2002). The presence of soaks on the bog adds to the
ecological interest of the site (Cross 1990; Crushell et al. 2008). Soaks were first
reported from Clara Bog by Moore (1959) when he unsuccessfully attempted to
transplant Scheuchzeria palustris from Pollagh to a soak on Clara Bog. Two major
soaks on Clara Bog are the subject of this study, namely Lough Roe on Clara Bog
East and Shanley’s Lough on Clara Bog West (Fig. 4.1). They are of two different
types as described below.
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Figure 4.1 Map showing the location of Clara Bog and the soaks within Clara Bog.

Lough Roe – a minerotrophic soak
Lough Roe is of the minerotrophic type as described by Connolly et al. (2002).
Palaeoecological studies undertaken on Lough Roe indicate that it had been an
open water body for over 6000 years and that it gradually enlarged as the
surrounding bog developed (Connolly 1999). Connolly suggested that
ombrotrophic peat never developed within Lough Roe, unlike the surrounding area,
where in excess of six metres of ombrotrophic peat accumulated. At the site of
Lough Roe highly decomposed peat of minerotrophic origin accumulated. It is
evident from historical maps and more recent aerial photographs that Lough Roe
has undergone terrestrialisation over the past century. This terrestrialisation
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commenced following a period during which land-use (inter alia: drainage, insertion
of a road across the bog and marginal peat cutting) on and surrounding the bog
intensified (see Crushell et al. 2008).
A floating raft of poor fen vegetation now occurs across much of the former
lake surface. It has been suggested that the ecological interest of the plant
communities in this area has deteriorated since the site was first surveyed in 1978
(Kelly 1993; Connolly et al. 2002; Crushell et al. 2006).
Shanley’s Lough – a rheotrophic soak
Shanley’s Lough soak is of the rheotrophic type and of relatively recent origin
(Connolly et al. 2002; Crushell et al. 2008). It is identical to the water-track type
feature on raised bogs as described by various authors (Ingram 1967; Sjörs 1948;
Siegel and Glaser 1987; Proctor 1995). The presence of more enriched vegetation
is due to the occurrence of flowing surface water (atmotrophic in origin) that
discharges from the surrounding bog surface and / or upper peat layer. There are
three discrete areas of open water associated with the soak, a small lake known as
Shanley’s Lough which developed during the latter half of the 19th century and two
large open water pools that are of more recent origin having formed over the past
decade (Crushell et al. 2008).
A long term study of Irish raised bogs reported on the major changes that
have occurred on Clara Bog as a result of peat cutting and drainage (van der
Schaaf 1999; Schouten 2002). Surface levelling was carried out in a 100 * 100 m
grid across the entire bog in 1992 and repeated in 2003 (van der Schaaf 1999; Ten
Heggeler et al. 2005). Using the data of the two levelling surveys Ten Heggeler et
al. (2005) illustrated the subsidence that occurred on Clara Bog West during the
period between 1992 and 2003 (see Fig. 4.2). The point of maximum subsidence is
just south-west of Shanley’s Lough soak, on the bog margin, with a gradual
decrease in subsidence from this point towards the centre of the bog; therefore
subsidence was most significant in the vicinity of Shanley’s Lough soak. Peat
extraction and associated drainage was concentrated in this area of the bog
margin throughout the study period implying a cause and effect relationship with
subsidence.
It’s suggested that drainage caused a lowering of the water table in the
new cutaway (by ca 2 metres) which had the effect of lowering the piezometric
head of the groundwater in the mineral layers below the remaining peat. This would
have lowered the piezometric head in the lower and least permeable part of the
peat profile which had the effect of largely screening the upper more permeable
peat layers from the lowered piezometric head. A lowered piezometric head implies
an increase of the soil mechanical stress and compaction according to Terzaghi’s
theory (Terzaghi 1925). Thus most of the compaction should have occurred in the
deepest part of the peat. This was confirmed by Ten Heggeler et al. (2005), who
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compared density profiles from peat cores made in 1991-92 and 2003. Hence the
subsidence cannot be an effect of an internal change in the bog, but is related to a
lowered piezometric head below the peat body, which is most likely related to the
peat extraction activities nearby.
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three open-water areas are also shown. The bog road, separating Clara Bog East and Clara Bog West
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In a raised bog situation it is reasonable to use the surface slope as an
indicator of hydraulic gradient because the water table fluctuates around the
surface level throughout (apart from a narrow zone around the margin) (Ivanov
1981; van der Schaaf 1999). In this study we use the same data from the levelling
surveys to illustrate the changes in surface slope on Clara Bog West between 1992
and 2003, which infers changes in surface and acrotelm flow patterns (van der
Schaaf 1999).

Vegetation surveys
This study is based on 31 relevés made by Schouten in 1978 (unpublished), 85 by
Kelly in 1992 (published in 1993) and 154 by Crushell in 2003. All relevés were
made during the summer period. Relevés were recorded only from Lough Roe in
1978 but relevés were recorded from both soaks during 1992 and 2003.
On each occasion, transects were set up over the entire soak areas and
relevés recorded from the different plant communities along each transect using
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the stratified random sampling technique. Relevé size varied with the community
2
2
2
being studied (0.5m to 4m ) but in most cases was 1m . This complied with the
recommended minimum relevé size for bog vegetation (Schouten 1990). The
Braun Blanquet method was used in estimating cover abundance (Scale 1-8)
(Mueller-Dombois and Ellenberg 1974). Samples of moss and liverwort species
that could not be determined in the field were collected and identified with the use
of a microscope. In the latest survey of 2003 a handheld GPS was used to record
grid co-ordinates for each relevé to facilitate mapping. A grid system was used to
record the location of individual relevés during the 1978 and 1992 surveys.

Water chemistry analysis
Surface water samples were collected from the central area of Lough Roe on each
sampling occasion. Methods of chemical determination were similar for each
sampling occasion as follows: pH was determined with a combination pH electrode
with an Ag/AgCl internal reference (Orion Research, Beverly, USA). Water samples
were filtered through a Whatman GF/C filter (pore size 1.2 μm), after which the
samples were stored (for a maximum of 6 weeks) in iodated polyethylene bottles
(50ml) at -20°C until further analysis. Potassium was measured by flame
photometry (FLM3 Flame Photometer, Radiometer, Copenhagen, Denmark).
Calcium (Ca), magnesium (Mg), chlorine (Cl) and sodium (Na) were determined by
inductively-coupled plasma emission spectrophotometry.

Subsidence and changes in surface slope
Surface contour maps illustrating subsidence and the changes in surface and
acrotelm flow patterns were drawn using Xact chart publishing software (Scilab
1998) with levelling data originating from earlier studies carried out by van der
Schaaf (1999) and Ten Heggeler et al. (2005).

Data analysis
TWINSPAN (TWo-way INdicator SPecies ANalysis) was carried out on the full set
of vegetation data to assist in classifying the different community types (Hill 1979).
Subsequent to the classification of communities a synoptic table was prepared
from the output of TWINSPAN. A vegetation map of the community types was
produced for each sampling occasion using Arc GIS Version 8.1 (Environmental
Systems Research Institute 2001). Aerial photography (Geological Survey of
Ireland 1973; Ordnance Survey of Ireland 1995; Ordnance Survey of Ireland 2000)
and earlier vegetation maps of the sites (Kelly 1993; Schouten unpublished) were
used in the drafting of the vegetation maps.
Detrended Correspondence Analysis (DCA) (Hill and Gauch 1980) was
performed on the data from selected community types to determine shifts in the
species composition. DCA depicts patterns of variation in the plant species
assemblages independent of environmental variables. DCA eigenvalues provide a

91

Soak systems of an Irish raised bog

measure of the amount of variation in the species data accounted for by each axis;
the total inertia (eigenvalues summed across all axes) indicates the total variance
in the species data accounted for by the ordination. Vegetation-hydrochemistry
relationships were examined using DCA for the central area of Lough Roe.
Correlations between water chemistry variables and ordination axes were
assessed using Pearson’s correlation coefficient. Multivariate analyses (DCA and
Twinspan) were carried out using PC-ORD for Windows (McCune & Mefford 1997).

Results
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The vegetation data are presented as a non-hierarchical classification of the main
plant communities found within the soak systems on Clara Bog. The communities
are given local names according to the dominant or characteristic species. A
diagnostic species assemblage is indicated for each community type. This consists
of the combination of species, which typically occur together in that community and
are present in relatively high cover/abundance degrees. The species combination
used may also occur in another community type but at low levels of abundance.
Within a main community type, variants and sociations may occur. These are
separated using differential species or dominant species in the case of the latter.
Table 4.1 presents a summary of the community types including the diagnostic
species and a brief description. A synoptic table summarising the vegetation data is
presented in Appendix 4.1.
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Table 4.1 Plant communities of soaks on Clara Bog during the period 1978 – 2003 (diagnostic species
are listed to distinguish community types; differential species to distinguish variants and dominant
species to distinguish sociations). See Appendix 4.1 to view synoptic table of data.
Number
Type 1

Name
Community
of
Potamogeton
natans
and Nuphar lutea
Community of Typha
latifolia and Lemna
minor

Diagnostic Species
Potamogeton natans and
Nuphar lutea

Type 3

Community
of
Warnstorfia fluitans and
Utricularia minor

Type 3A

Variant
latifolia

Warnstorfia
fluitans,
Utricularia
minor,
Menyanthes
trifoliata,
Carex
rostrata
and
Hydrocotyle vulgaris
Typha latifolia

Type 3B

Typical variant

Lophocolea bidentata and
Agrostis canina

Type 4

Community
of
Sphagnum fallax and
Menyanthes trifoliata
Variant with Nuphar
lutea

Sphagnum
fallax,
Menyanthes trifoliata and
Carex rostrata.
Nuphar lutea

Variant
4B

Variant
with
Aulacomnium palustre
and
Vaccinium
oxycoccos

Aulacomnium
palustre,
Vaccinium
oxycoccos,
Anthoxanthum odoratum,
Holcus lanatus, Succisa
pratensis and Lophocolea
bidentata

Variant
4C

Variant with
bulbosus

Juncus bulbosus

Type 5

Community
of
Sphagnum squarrosum
and
Menyanthes
trifoliata

Sphagnum squarrosum,
Menyanthes trifoliata and
Carex rostrata.

Type 6

Community
of
Aulacomnium palustre
and
Sphagnum
palustre

Aulacomnium
palustre,
Sphagnum
palustre,
Vaccinium
oxycoccos,
Menyanthes trifoliata and
Empetrum nigrum.

Type 2

Variant
4A

with

Typha

Juncus

Typha latifolia, Lemna
minor,
Hydrocotyle
vulgaris
and
Carex
rostrata

Community Description
This aquatic community occupied the open water area of
Lough Roe in 1978. The community was no longer
present in 1992.
This community was recorded surrounding the open water
area of Lough Roe in 1978. It was species rich and
contained quite a large number of minerotrophic species,
some of which have now completely disappeared from the
soak such as Mentha aquatica and Myosotis laxa. The
community was no longer present in 1992.
There are two variants of this community representing
different stages in the terrestrialisation process.

This community type was recorded in the central area of
Lough Roe in 1992. It is a floating scragh community.
Nuphar lutea, Typha latifolia and Sparganium erectum are
relics of the former open water community and the
community surrounding it.
This is a floating scragh community type located in the
central area of Lough Roe in 1992 and 2003. It is
dominated by Warnstorfia fluitans.
Three variants of this community type occur.
This central Lough Roe community type is dominated by
Sphagnum fallax and Menyanthes trifoliata. The presence
of Nuphar lutea is significant as it is a species of the open
water community that once occurred throughout Lough
Roe. This community type was first recorded in 2003
taking the place of community type 3A, this community
was not mapped in Fig. 4.3 as it only occurs in a restricted
location in the centre of Lough Roe.
This community of the central area of the Lough Roe
complex comprises a quaking mat of vegetation. The
vegetation is relatively species-rich. The presence of
among others Potentilla palustris, Lychnis flos-cuculi and
Anthoxanthum odoratum indicates mineral enrichment.
The herb layer is relatively well developed (30-40%). The
species assemblage represents a transition between poor
fen and bog vegetation.
This community type comprises Sphagnum fallax lawns
that occur in the area of Shanley’s Lough. The Bryophyte
cover is high (>90%) and an open herb/shrub layer (5%)
indicating wet conditions year round. There are some
indicators of enrichment including Molinia caerulea and
Juncus bulbosus but the minerotrophic species present in
variant 4B, are absent. This community is restricted in
extent and occurs at one location adjacent to the open
water at Shanley’s Lough and therefore was not mapped
on Fig. 4.7.
This community has a patchy distribution in the central
area of the Lough Roe complex. The bryophyte layer is
closed (90%) and the herb and sedge cover is relatively
high (50%) with Potentilla palustris and Carex rostrata
abundant. The presence of among others, Sphagnum
squarrosum, Anthoxanthum odoratum and Potentilla
palustris indicates the minerotrophic conditions of the
habitat.
This community type forms a raised vegetation zone
around the wetter central area of the Lough Roe complex.
Just as in communities 4 and 5, the species assemblage
indicates a transition between poor fen and bog
conditions, but it suggests a somewhat drier habitat. Herb
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Number

Name

Diagnostic Species

Sociation
6A

Sociation
of
Aulacomnium palustre

Aulacomnium palustre

Sociation
6B

Sociation of Sphagnum
palustre

Sphagnum palustre

Type 7

Community
of
Sphagnum cuspidatum
and
Eriophorum
angustifolium
Inops

Sphagnum cuspidatum,
Eriophorum angustifolium

Variant
7B

Variant with
caerulea

Molinia
caerulea,
Vaccinium oxycoccos and
Riccardia multifida

Variant
7C

Variant with Carex
rostrata
and
Warnstorfia fluitans

Carex
rostrata
Warnstorfia fluitans

Variant
7D

Variant with Calluna
vulgaris and Sphagnum
magellanicum

Calluna
vulgaris,
Sphagnum magellanicum,
Sphagnum capillifolium,
Erica tetralix, Narthecium
ossifragum
and
Rhynchospora alba

Type 8

Betula pubescens
Molinia caerulea

Variant
8A

Community of Betula
pubescens and Molinia
caerulea
Variant
with
Eriophorum vaginatum

Variant
8B

Variant with Dryopteris
spp.

Type 9

Community of Salix
aurita and Sphagnum
palustre

Variant
7A
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Molinia

and

and

Eriophorum
vaginatum,
Vaccinium
oxycoccos,
Calluna vulgaris, Erica
tetralix,
Sphagnum
capillifolium, Pleurozium
scheberi
and
Hylocomium splendens

Dryopteris
dilatata,
Dryopteris
carthusiana,
Eurhynchium
praelongum, Sphagnum
fallax,
Vaccinium
myrtillus,
Sphagnum
palustre, Myrica gale,
Thuidium tamariscinum,
Climacium
dendroides
and Rubus fruticosus
agg.
Salix aurita, Sphagnum
palustre, Juncus effusus
and
Calliergonella
cuspidata

Community Description
species indicating mineral enrichment include Succisa
pratensis and Anthoxanthum odoratum. Calluna vulgaris
is present throughout. There are two sociations of this
community type present within the Lough Roe complex.
This community type surrounds the wetter central
communities of the Lough Roe complex, and is also
slightly elevated relative to adjacent vegetation. The
bryophyte layer is extensive (90%) and the herb/shrub
cover is relatively high (30%).
This community type is present towards the western end
of the Lough Roe complex and is of patchy distribution. It
occurs typically adjacent to the wetter communities of the
central Lough Roe complex. The bryophyte layer is
extensive (90%) and the herb/shrub component is
relatively high in cover (40%).
There are four variants of this community type, occurring
in the wetter parts of Shanley’s Lough soak in areas of
standing water or a year-round high water table.
This species poor community type is aquatic. Submerged
Sphagnum cuspidatum dominates (>90%). The
community type occupies the open water areas of the
lakes within Shanley’s Lough soak.
The community of permanently wet quaking Sphagnum
cuspidatum lawns in the vicinity of Shanley’s Lough.
Bryophyte layer is complete (98%). A sparse herb layer is
present (5%) with Molinia caerulea, Drosera rotundifolia
and Eriophorum vaginatum common.
Semi-aquatic variant that occurs in areas adjacent to open
water bodies within Shanley’s Lough soak. High
abundance of Eriophorum angustifolium or Carex rostrata
is commonl; Warnstorfia fluitans occurs frequently.
This community occupies hollows that remain wet
throughout the year. The community is present in the
more ombrotrophic areas surrounding Shanley’s Lough
and Lough Roe. The occurrence of typical bog flora such
as Narthecium ossifragum, Rhynchospora alba and Erica
tetralix indicates the wet ombrotrophic conditions of the
habitat.
There are two variants of this community type; open scrub
and canopy woodland in which Betula pubescens is a
prominent species.
A community of open Betula pubescens scrub located in
areas surrounding the Lough Roe complex and
surrounding the woodland at Shanley’s Lough. B.
pubescens has an average height of 1.5m with a cover of
20%. The dwarf shrub component is high in cover (50%)
with typical bog species such as Eriophorum vaginatum,
Vaccinium oxycoccos, Calluna vulgaris and Erica tetralix
common throughout. Bryophyte cover is high (70%) with
Sphagnum capillifolium, Pleurozium scheberi and
Hylocomium splendens commonly occurring.
This woodland community occurs within the Shanley’s
Lough soak. Tree layer is dominant (50%) with a height of
6-10m. The Herb/Shrub layer is also important (60%) with
woodland species such as Dryopteris spp., Rubus
fruiticosus and Vaccinium myrtillus abundant. Bryophytes
are significant (60%) with woodland species common
including Thuidium tamariscinum and Eurhynchium
praelongum. The community is present in the area to the
West of Shanley’s Lough.
This community type is dominated by Salix aurita and is
largely present at the western end of the Lough Roe
complex. This is a relatively species rich community with a
low-growing (2-2.5m) tree layer of semi-closed canopy
(50%). It has a well developed bryophyte layer in which
Sphagnum palustre and Calliergonella cuspidata are
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Number

Name

Diagnostic Species

Type 10

Community of Molinia
caerulea and Juncus
effusus

Molinia caerulea, Juncus
effusus and Potentilla
palustris

Type 11

Community of Molinia
caerulea and Potentilla
erecta

Molinia
caerulea,
Potentilla
erecta
and
Myrica Gale

Type 12

Community of Calluna
vulgaris,
Sphagnum
capillifolium
and
Eriophorum vaginatum

Calluna
vulgaris,
Eriophorum
vaginatum,
Sphagnum capillifolium,
Vaccinium
oxycoccos,
Sphagnum fallax and
Aulacomnium palustre

Variant
12A

Typical Variant

Sociation
12B

Sociation of Cladonia
portentosa

Cladonia portentosa

Sociation
12C

Sociation of Empetrum
nigrum

Empetrum nigrum

Type 13

Community
of
Sphagnum
magellanicum,
Sphagnum capillifolium,
Narthecium ossifragum
and Rhynchospora alba
Typical Variant

Sphagnum magellanicum,
Sphagnum capillifolium,
Narthecium
ossifragum
and Rhynchospora alba

Sociation of Sphagnum
magellanicum

Sphagnum magellanicum

Variant
13A

Sociation
13B

Community Description
prominent species.
This is a rather species poor tall herb community (1-1.5m)
that occupies the artificial drain to the west of the Lough
Roe complex. It is dominated by Molinia caerulea and
Juncus effusus.
This community type occurs mainly to the South of
Shanley’s Lough between the soak woodland and the bog
margin. Molinia caerulea forms tussocks. The dominance
of Molinia caerulea and the presence of Myrica gale
indicate lateral water movement and high nutrient
availability. The herb layer is important with a dominance
of 70% and a height of c.1m. The bryophyte layer is
intermediate (40%) with Hypnum jutlandicum and
Sphagnum palustre common.
Ombrotrophic communities of hummocks and drier areas
surrounding both Lough Roe and Shanley’s Lough soak.
The community can be described as slightly enriched
because of the presence of species such as Sphagnum
fallax and Sphagnum palustre.
This community type surrounds the more minerotrophic
communities of Lough Roe and is also present in the drier
more ombrotrophic areas of Shanley’s Lough soak. The
bryophyte layer has a high cover (80-90%). The
herb/shrub component is intermediate (30-40%) indicating
drier conditions than type 13.
Community of hummocks where the lichen Cladonia
portentosa becomes dominant. This community occurs in
raised hummocks and ridges surrounding the Lough Roe
complex. Apart from the dominance of Cladonia
portentosa the species assemblage is very similar to the
typical Variant 12A.
This community type is situated on the marginal areas of
Lough Roe and to a lesser extent in the area surrounding
Shanley’s Lough. The community occupies raised ridges
and hummocks. Apart from the dominance of Empetrum
nigrum the species assemblage is very similar to the
typical Variant 12A.
Ombrotrophic communities occupying wet low lying lawns
and hollows surrounding both the Lough Roe and
Shanley’s Lough soak systems.

The bryophyte layer of this community type has a high
cover (95-100%) with Sphagnum magellanicum and S.
capillifolium common throughout. Dwarf shrub / herb
cover is low (10-15%), with Erica tetralix, Narthecium
ossifragum, Drosera rotundifolia and Rhynchospora alba
common. This community type occupies hollows that
remain wet throughout the year. The community is
present in more ombrotrophic areas at the margins of the
Lough Roe complex and Shanley’s Lough. The presence
of Myrica gale and Molinia caerulea suggests increased
nutrient availability.
This community type is dominated by Sphagnum
magellanicum and occurs in low lying lawns and hollows
surrounding the Lough Roe Complex and Shanley’s
Lough soak system. Apart from the dominance of
Sphagnum magellanicum the species assemblage is
similar to that described in the typical Variant 13A.

Note: Cover values represent average values for the particular community type unless given as a range.
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Lough Roe – A minerotrophic soak
Changes in vegetation between 1978 and 2003
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Om brotrophic bog communities (community types 12, 13 and 7D)

Figure 4.3 Series of vegetation maps of Lough Roe on Clara Bog; (a) 1978; (b) 1992; (c) 2003.
Vegetation types in the legend are described in Table 4.1, some community types occur in a mosaic
and therefore have been mapped as complexes (e.g. Type 4B and 5). Community type 4A is not shown
as it is too restricted in extent to map and each only occurs at one location as described in Table 4.1.

Fig. 4.3 (a, b & c) illustrates the distribution of community types within Lough Roe
on the three different sampling occasions. For mapping purposes some community
types were grouped and mapped as a single unit as detailed below.
In 1978 an aquatic community dominated by Potamogeton natans and
2
Nuphar lutea (community type 1) occupied approximately 125m in the centre of
Lough Roe. This community was no longer present in 1992. Communities with
Potamogeton natans and Nuphar lutea are widespread in mesotrophic to eutrophic
waters in the boreal and montane regions of Europe (Schaminée et al. 1995). The
occurrence of these species on a raised bog, however, is highly unusual.
A community dominated by Typha latifolia (community type 2) formed a
narrow band surrounding the open water in 1978. It represents the first stage of the
terrestrialisation process bordering on the aquatic communities. This community
was no longer present within Lough Roe in 1992.
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In 1992 a brown moss community with Warnstorfia fluitans (community
type 3) occupied the central area of Lough Roe replacing the above communities.
The variant with Typha latifolia (community type 3A) represents an earlier variant of
the community type, which, by 2003 was replaced with the typical variant
(community type 3B).
In 1978 a large part of Lough Roe was covered by a floating scragh
comprising a complex of communities dominated by either Sphagnum fallax
(community type 4B) or Sphagnum squarrosum (community type 5). The
transitional nature of the complex is apparent by the occurrence of both
ombrotrophic and minerotrophic species.
Although a Sphagnum fallax dominated community has replaced the open
water community by 2003 - here it contains Nuphar lutea as a relic of the former
vegetation (community type 4A; unmapped due to its restricted distribution) - these
transitional scragh communities (community types 4B and 5) have become more
restricted in extent within Lough Roe.
A community either dominated by Aulacomnium palustre (community type
6A) or Sphagnum palustre (community type 6B) forms a band surrounding the
above communities and represents a later stage in the terrestrialisation process.
Fig. 4.3 shows that the community is repositioning towards the centre of Lough
Roe over the past twenty-five years. While many species of the central scragh
communities such as Carex rostrata, Menyanthes trifoliata and Potentilla palustris
are represented, there is an increased abundance/cover of ombrotrophic species
including Calluna vulgaris, Eriophorum vaginatum, Sphagnum capillifolium and
Erica tetralix.
In 1978 an open Betula pubescens scrub community (community type 8A)
occurred locally towards the edge of Lough Roe. From the sequence of maps in
Fig. 4.3 it is clear that this community type is spreading in extent; possibly as a
result of drier conditions in this area since the drainage of Clara Bog East during
the 1980’s as reported by van der Schaaf (1999).
A discrete area of Salix aurita scrub (community type 9) is located towards
the western end of Lough Roe; this community type continued to occupy a similar
area over the twenty-five year period although the Salix declined in vitality.
Adjacent to this a community dominated by Molinia caerulea and Juncus effusus
(community type 10) occurs in an old drain leading from Lough Roe that has been
blocked as a management measure since the 1980’s (Connolly et al. 2002).
At the margins of Lough Roe, a complex of communities occurs which is
close to the normal hollow / lawn and hummock communities of Irish raised bogs
but they still contain a number of species which indicate mesotrophic /
minerotrophic conditions such as Sphagnum fallax (community type 12),
Sphagnum palustre (community type 12), Molinia caerulea (community type 12
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&13), Myrica gale (community type 7D & 13) and Carex nigra (community type 12).
It is apparent from the consecutive vegetation maps that these community types
are replacing the community dominated by Aulacomnium palustre or Sphagnum
palustre (community type 6) in the succession towards ombrotrophic bog
vegetation.
In summary, the vegetation maps of Lough Roe show a zonation in
vegetation types from a wet central core with remnant ‘swingmoor’ communities, to
progressively drier more ombrotrophic conditions at the edge of the feature. In
1978, there was an area of open water with an aquatic community which
disappeared gradually over the following twenty five years. The vegetation of the
central area was indicative of poor fen conditions with vascular plants such as
Carex rostrata, Lychnis flos-cuculi, Hydrocotyle vulgaris, Potentilla palustris,
Menyanthes trifoliata and Succisa pratensis occurring frequently. This vegetation
type corresponds closely to the Carex rostrata and Sphagnum squarrosum mire of
Rodwell (1991). It is highly unusual for such vegetation to occur on the central
dome of a raised bog.
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Changes in community composition
Not only did the distribution of communities change throughout the period as
described above, but the floristic composition of communities also changed, most
notably in those communities situated towards the centre of Lough Roe. Three
different ordinations of data from communities of the central area of Lough Roe
were performed using DCA to illustrate the changes that occurred in floristic
composition over the study period.
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Figure 4.4 DCA ordination diagram of
relevés (a) and species (b) from
community type 4B with sampling
occasion indicated. Species present in all
three years are not shown. Species
abbreviations relevant to Figure 4.4, 4.5
and 4.6: Ac Agrostis canina; Anp Aneura

pinguis;
Ans Angelica sylvestris;
Ao
Anthoxanthum odoratum;
Ap Andromeda
polifolia; As Agrostis stolonifera; Bp Betula
pubescens; Br Bracythecium rutabulum; Bri
Brachythecium rivulare; Cac Carex curta; Caf
Calypogeia fissa; Cal Calypogeia sp.; Cas
Calypogeia sphagnicola;
Cb Cephalozia
bicuspidata; Cc Calliergonella cuspidatum; Ce
Carex echinata; Cec Cephalozia connivens;
Cel Cephaloziella sp.; Cep Cephalozia sp.; Cf
Cladopodiella fluitans;
Cg Calliergon
giganteum; Ci Campylopus introflexus; Clp
Cladonia portentosa;
Cm Calypogeia
muelleriana;
Coc Conocephalum conicum;
Cap Campylopus paradoxus; Cp Chiloscyphus
polyanthos; Cr Carex rostrata; Cs Calliergon
stramineum; Csq Cladonia squamosa; Ct
Clad ciliata var. tenius; Cv Calluna vulgaris;
Dac Dactylorhiza sp.;
Dc Dryopteris
Dm Dactylorhiza maculata; Dr
60
80
100
120 carthusiana;
Drosera rotundifolia;
Ea Eriophorum
AXIS I
angustifolium; Ep Epilobium palustre; Eup
Eurynchium praelongum; Gp Galium palustre;
Gs Galium saxatile; Hl Holcus lanatus; Hs
Hylocomium splendens;
Hv Hydrocotyle
vulgaris; Ja Juncus articulatus; Je Juncus
1978
Ssq
effusus;
Lb Lophocolea bidentata;
Lem
Spp
Lemna minor; Lf Lychnis flos-cuculi; Lm
1992
Wf Cb
Luzula multiflora; Maq Mentha aquatica; Mh
2003
Mnium hornum;
Ml Myosotis laxa;
Mp
Br
78 and '92 Marchantia polymorpha;
Mt Menyanthes
Nl
Nuphar
lutea;
Os
92 and '03 trifoliata;
Odontosschisma sphagni;
Pb Platanthera
bifolia; Pc Peltigera canina; Pe Potentilla
Cv
CacEp
erecta;
Pep Peltigera polydactyla;
Pl
Cc Rs Plu
Pb
Rl
Plagiothecium laetum;
Pls Pleurozium
Dac
A ns Pt
schreberi; Plu Plagiomnium undulatum; Pm
Eup
Peltigera membranacea; Pn Pohlia nutans;
Pc
Pon Potamogeton natans;
Pp Potentilla
Lm
palustris; Ps Polytrichum strictum; Pt Poa
Pn
trivialis; Pu Plagiothecium undulatum; Ra
As
Ranunculus acris; Rf Ranunculus flammula;
Rl Riccardia latifrons; Rm Riccardia multifida;
Dr
CecPl Rm
Rs Rhytidiadelphus squarrosus; Rua Rumex
Cm
acetosa; Sa Salix aurita; Scp Scleripodium
Ce
purum;
Scu Sphagnum cuspidatum;
Se
Sparganium
erectum;
Spp
Sphagnum
Cf Pe
papillosum; Ss Sphagnum subnitens; Ssq
Sphagnum squarrosum;
St Sphagnum
Total inertia
tenellum; Tl Typha latifolia; Um Utricularia
1.461
minor; Uv Utricularia vulgaris; Wf Warnstorfia
fluitans.
60
80
100
120
AXIS I

DCA ordination of the transitional scragh community (community type 4B)
(Fig. 4.4) clearly shows that differences occur between the species composition
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over the three different periods. Relevés taken in 1978 plot out to the right of the
ordination; relevés taken in 1992 plot towards the centre and relevés taken in 2003
plot towards the left side of the ordination (Fig. 4.4a). Of the species present in all
three years (not shown in Fig. 4.4b) some including the diagnostic species plot
near the centre of the ordination indicating that their cover has not changed over
the 25 year period while others such as Sphagnum fallax and Carex rostrata plot
towards the centre left of the ordination indicating that they have increased in
abundance over the same period. Species that have appeared over the study
period include Sphagnum cuspidatum and Warnstorfia fluitans (Fig. 4.4b). Species
that have disappeared include Carex echinata, Carex curta, Calliergonella
cuspidata, Rhytidiadelphus squarrosus, Epilobium palustre, Angelica sylvestris,
Platanthera bifolia and Peltigera canina (Fig. 4.4b).
DCA ordination of the community of Aulacomnium palustre or Sphagnum
palustre (community type 6) (Fig. 4.5) shows that the composition of this
community also varies over the three sampling periods with 1978 relevés occurring
to the top-right of the ordination; 1992 relevés towards the centre and 2003 relevés
plotting to the left of the ordination plot (Fig. 4.5a). Of the species present in all
three years (not shown in Fig 5b) the diagnostic species such as Aulacomnium
palustre, Sphagnum palustre, Eriophorum angustifolium and Vaccinium oxycoccos
occur towards the centre of the ordination indicating that they have a similar
abundance throughout the twenty-five year period. Others, particularly those
indicative of more minerotrophic conditions such as Potentilla palustris, Lychnis
flos-coculi, Calliergonella cuspidata, Agrostis canina and Succisa pratensis, plot to
the right of the ordination, which indicates they were more abundant in the past. A
number of species recorded in 1978 and / or 1992 have disappeared altogether
including Rumex acetosa, Holcus lanatus, Hydrocotyle vulgaris, Sphagnum
squarrosum, Dryopteris carthusiana, Galium saxitale, Agrostis stolonifera, Angelica
sylvestris, Carex curta and Carex echinata (Fig. 4.5b). Species indicating the
development of more ombrotrophic conditions including Molinia caerulea,
Eriophorum vaginatum, Sphagnum capillifolium, Calluna vulgaris and Empetrum
nigrum occur to the left of the ordination (not shown), were more abundant within
the community in 2003 than previously while some species have appeared over the
study period including Cladonia portentosa, Betula pubescens and Sphagnum
papillosum (Fig. 4.5b).
Fig. 4.6 represents the DCA ordination of the communities which occupied
the most central part of Lough Roe over the sampling period. The aquatic
community occupying the central area of Lough Roe in 1978 (community type 1)
and the Typha community fringing it (community type 2) are clearly separated from
each other and from the brown moss communities that had replaced them in 1992
(community type 3A) and 2003 (community type 3B).
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Water chemistry data from the central area of Lough Roe are presented in
Table 4.2. It is clear that pH has decreased over the three sampling periods from
5.4 in 1978 to c. 4.5 in 2003. The concentration of Ca and Mg also appears to have
decreased over the period although the highest concentration of calcium was
recorded in 1992. The concentration of Na and Cl both increased.
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Pearson correlation coefficients for all of the measured hydrochemical
variables with DCA axes 1 and 2 are illustrated on Fig. 4.6 (those with a coefficient
>0.2). pH is positively correlated with axis 1 and axis 2. Na and Cl are negatively
correlated with axis 1 and axis 2. The hydrochemistry correlations provide a strong
indication that the change in vegetation of the central part of Lough Roe is
connected to an increased influence of rain water at the surface of the Lough.
Table 4.2 Chemistry of the surface water from the central area of Lough Roe taken on each of the three
different sampling occasions. Mean concentrations are given in μmol/l (+/- SEM), when no standard
error is indicated the data are based on the observations from one sample, pH is presented as a range
where more than one observation was made.
Year
1978

102

1992

2003

n=1

n=6

n = 26

pH

5.4

4.7-5.5

4.0-4.8

Cl (μmol/l)

235.2

470.4 +/- 59.2

499 +/- 39.3

Na (μmol/l)

100.9

340.4 +/- 23.3

242.7 +/- 37

K (μmol/l)

5.9

3.6 +/- 2.3

16.6 +/- 4.9

Mg (μmol/l)

45.7

44.9 +/- 7.6

17.3 +/- 1.9

Ca (μmol/l)

220.0

262.2 +/- 68.5

59.0 +/- 9
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Shanley’s Lough – A rheotrophic soak
Changes in vegetation between 1978 and 2003
The plant communities of Shanley’s Lough soak are generally more species poor
than those that occur within Lough Roe due to the occurrence of rheotrophic rather
than minerotrophic conditions (Kelly & Schouten 2002). The central area comprises
a small lake that has been colonised by Sphagnum cuspidatum (community type
7A) surrounded by an extensive Betula scrub and woodland (community type 8).
Extensive Sphagnum cuspidatum lawns (community type 7B) occur frequently
throughout the soak. The southern portion of the complex is dominated by a tall
herb community in which Molinia caerulea is abundant (community type 11).
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Figure 4.7 Series of vegetation maps of Shanley’s Lough on Clara Bog; (a) 1992; (b) 2003. Vegetation
types in the legend are described in Table 4.1, some community types occur in a mosaic and therefore
have been mapped as complexes (e.g. Type 12, 13 and 7D). Community type 4C is not shown as it is
too restricted in extent to map and only occurs at one location as described in Table 4.1.

Maps presented in Fig. 4.7 (a,b) show the distribution of communities in
1992 and again in 2003. In general, the vegetation maps are similar with minor
changes occurring in the distribution of community types. The most striking
changes evident are the appearance of two new pools that have been colonised by
Sphagnum cuspidatum (community type 7A), replacing the typical bog
communities (community type 12, 13 and 7D) that were present in these areas in
1992. In addition, there is an obvious expansion of Sphagnum cuspidatum lawns
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(community type 7B) in the North-western and South-western parts of the soak
indicating here that conditions at the surface have become considerably wetter.
Changes in Surface Levels and Flow Patterns
As with any rheotrophic system, the soak of Shanley’s Lough depends on an
upstream catchment area that supplies a significant horizontal through-flow. Fig.
4.8 (a) and (b) shows surface level gradients of 1992 and 2003 respectively (based
on the 100*100 m levelling grid as shown in Fig. 4.2), these are approximately
equal to the horizontal hydraulic gradients. It can be seen from the map that a large
area of bog (estimated to be 98 ha in extent) discharges through the soak system
(Van der Schaaf 1999).

(a)

Shanley's

105

Lough

500 m

(b)

500 m

Figure 4.8 Surface flow pattern on Clara Bog West in 1992 (a) and in 2003 (b), based on a 100*100 m
levelling grid. The arrows show slope direction and value. An arrow with the length of a full interval
between adjacent grid points represents a slope of 2%, averaged over a distance of 200 m.
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Only minor differences are evident between the 1992 and 2003 maps,
which imply that the subsidence has not affected the catchment size and that the
quantity of water supplied to the soak did not change substantially between 1992
and 2003. However, significant changes have occurred within Shanley’s Lough
soak (Fig. 4.9). There is a considerable increased slope in the area to the West of
Shanley’s Lough. This corresponds with the area of most subsidence within the
soak (between 0.25 and 1m subsidence recorded) and where an expansion of
community type 7B is evident.
Locally strong subsidence caused the formation of two relatively large
pools as reported above. It has been suggested that this pattern of subsidence is
due to more permeable mineral subsoil beneath the pools than elsewhere in the
surroundings (Ten Heggeler et al. 2005).
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Shanley's
New
pools

Lough

500 m
Figure 4.9 Detailed flow patterns in the region of Shanley’s Lough in 2003 (black arrows) and 1992
(grey arrows). The arrows show slope direction and value. An arrow with the length of a full interval
between adjacent grid points represents a slope of 2%, averaged over a distance of 200 m.

Discussion
Lough Roe – A minerotrophic soak
The change in community distribution recorded throughout the minerotrophic soak
is typical of the terrestrialisation sequence of lakes recorded elsewhere with the
development of a ‘swingmoor’ stage (Tallis 1973) dominated by Carex rostrata and
Menyanthes trifoliata followed by a Sphagnum palustre stage, which is later
followed by the establishment of true ombrotrophic communities dominated by
Sphagnum magellanicum, Calluna vulgaris and Sphagnum capillifolium. The rapid
succession, evident in the series of vegetation maps (Fig. 4.3), is associated with
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acidification of the system. We have shown that the change in community types
that occurred in the central area of Lough Roe was accompanied by an increase in
acidity, with pH decreasing from 5.4 in 1978 to c. 4.5 in 2003 (Table 4.2). Other
authors have reported the rarity of peatlands with a pH between 5 and 6, sites tend
to be either acidic with a pH less than 5, or neutral to alkaline, with a pH greater
than 6 (Gorham et al. 1984; Gunnarsson et al. 2000; Sjörs & Gunnarsson 2002). It
has been suggested that sites would only be within this range of pH (4-5) for a
relatively short period due to the low buffering capacity (Gunnarsson et al. 2000;
Vitt 2000). The result presented here lends weight to this argument.
The cause of the change from a stable lake system that was present on
the bog surface for over 6000 years towards a bog situation within one hundred
years is as yet unknown. However, this change corresponds with the period of
major disturbance of the surrounding bog by human activities (Crushell et al. 2008).
The bog surface is known to have subsided by an average of over 2 metres
because of marginal drainage and road construction over the past two centuries
and it is likely to have been greater than this in the vicinity of Lough Roe (van der
Schaaf 1999; van der Schaaf 2002). Following subsidence, it is probable that the
depth of water within the lake decreased significantly. As a result, the highly
decomposed peat substrate would have approached the surface of the lake thus
facilitating the development of a scragh. Initially the scragh had a community still
under the influence of minerotrophic water. Gradually as the scragh thickened,
contact with the minerotrophic water decreased meaning that acidification could
occur. This acidification was possibly enhanced by blocking of the drain leading
from Lough Roe during the 1980’s preventing acid rainwater from discharging from
the soak.
The expansion of bog communities and decline in the unusual poor fen
vegetation of Lough Roe directly affects the conservation status of Clara Bog. The
disappearance of this minerotrophic soak may mark the loss of a rare feature of
Irish raised bogs. A key objective of nature conservation policy in Ireland is to
ensure representatives of all the different peatland types and features of peatland
ecosystems are conserved (Cross 1990). The loss of lagg communities has
already occurred with only a handful of degraded examples remaining. The likely
loss of this minerotrophic soak represents a further erosion of Ireland’s peatland
heritage.

Shanley’s Lough – A rheotrophic soak
The vegetation types associated with Shanley’s Lough rheotrophic soak reflect
different conditions; the species present indicate a relatively high availability of
nutrients due to the presence of moving water but there are no minerotrophic
species present. The eco-hydrological functioning of this soak is relatively well
understood (Connolly et al. 2002). It is thought that this soak type may occur as a
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natural drainage feature on a bog or may in other instances form as a result of
anthropogenic influences. The earliest map of Clara Bog dated to 1809 shows the
presence of a stream in the vicinity of Shanley’s Lough indicating that there was a
naturally occurring rheotrophic soak present at this location prior to major human
impacts (Crushell et al. 2008). The soak, however, is a dynamic ecosystem that
has changed throughout the historic period as a result of human impact in the
surrounding bog (Crushell et al. 2008). The appearance of lakes has been shown
to result from subsidence of the bog surface caused by drainage at the bog margin
(Ten Heggeler et al. 2005). This process may also explain the formation of the
original lake at Shanley’s Lough during the latter half of the 19th century. We have
shown that over a period of eleven years, the plant communities have also
changed considerably in those areas where the average surface slope was most
affected by subsidence. It remains uncertain whether the appearance of wet areas
as a result of subsidence occurs on other bogs or whether it is unique to Clara
West due to the local occurrence of more permeable soils beneath the peat layer
together with drainage of the subsoil in the marginal cutaway areas. Based on the
quaternary geology and land-use of the Irish midlands it is likely to have been a
relatively common occurrence on the bogs of the region, but due to peat
exploitation over the past century it is probable that few other examples remain.
The occurrence of mesotrophic communities such as the Betula woodland
adds to the heterogeneity of the Clara Bog landscape and thus adds to the
biological diversity of the bog. The woodland corresponds to Bog Woodland, a
priority habitat in danger of extinction across Europe as listed on Annex 1 of the EU
habitats directive (Council of the European Communities 1992). The presence of
the soak and associated woodland on a raised bog in Ireland is rare and the soak
is therefore deemed to be of high conservation importance. Ensuring the future
conservation of Shanley’s Lough soak is a difficult task. It is necessary to retain the
hydrology and surface morphology of the entire bog to ensure that the necessary
wet mesotrophic conditions remain. Should the surface morphology of the area
change further, it is possible that the discharging surface water which currently
flows through the soak may take an alternative route, thus causing the soak to dry
out and in turn lose much of its ecological interest. An added complexity is the
effect that further subsidence may have on the large expanse of active raised bog
habitat surrounding the soak. Such a major threat to the soak is evident in Fig. 4.9.
The area in the westernmost part of the soak is separated from a severely sloping
area to the south by a minor water divide and should the latter disappear due to
subsidence, a considerable portion of the flow towards the soak would be diverted
to the south. Indications of such a change in flow commencing are indicated by the
arrow sets in Fig. 4.9.
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Conclusion
We conclude that the ecological interest of the soaks and thus the entire bog
ecosystem will continue to deteriorate and remain threatened until such time that
major management measures are undertaken.
In proposing future management options for Lough Roe soak it is important
to understand its origin, the source of minerotrophic conditions and its hydroecology as a ‘stable’ system for 6000 years and also the causes and nature of the
eco-hydrological changes in recent history. To this end further investigations are
underway to investigate the historical and current eco-hydrological functioning of
the soak.
As a minimal management measure to halt / reduce the rate of further
subsidence, peat cutting around the margin of the bog should cease and the water
table in the recently cut areas should be raised thus restoring the piezometric head
in the mineral sediments beneath the bog. As an additional measure it may be
beneficial to construct dams at the face-banks (vertical margin of the bog margin
from where peat has been extracted) thereby preventing further losses of water
from the peat and reduce the hydraulic gradient towards the margin of the bog.
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Appendix 4.1
Synoptic table of the plant communities recorded on soak systems of Clara Bog. Bold Type: Diagnostic
species, Bold Italics: differential species/dominant species. Cover abundance values: 1 (1-2 plants,
cover <5%), 2 (3-25 plants, cover <5%), 3 (26-100 plants, cover <5%), 4 (>100 plants, cover <5%), 5 (512.5% Cover), 6 (12.5-25% Cover), 7 (25-50% Cover), 8 (50-75% Cover), 9 (75-100% Cover). The
presence of species in the relevés of a particular community type are calculated as a % of the total
number of relevés in the group (Roman Numerals: I: 0-20%, II: 21-40%, III: 41-60%, IV: 61-80%, V: 81100%). The figures in brackets refer to the range of cover-abundance values of a species occurring
within the group of relevés.
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Community Type
Number of releves
Potamogeton natans
Mentha aquatica
Chiloscyphus polyanthos
Lemna minor
Typha latifolia
Sparganium erectum
Nuphar lutea
Hydrocotyle vulgaris
Carex rostrata
Menyanthes trifoliata
Warnstorfia fluitans
Utricularia minor
Lophocolea bidentata
Agrostis canina
Sphagnum fallax
Anthoxanthum odoratum
Holcus lanatus
Aulacomnium palustre
Vaccinium oxycoccos
Succisa pratensis
Juncus bulbosus
Sphagnum squarrosum
Sphagnum palustre
Empetrum nigrum
Sphagnum cuspidatum
Eriophorum angustifolium
Riccardia multifida
Molinia caerulea
Sphagnum capillifolium
Sphagnum magellanicum
Erica tetralix
Narthecium ossifragum
Rhynchospora alba
Betula pubescens
Eriophorum vaginatum
Calluna vulgaris
Pleurozium schreberi
Hylocomium splendens
Dryopteris carthusiana
Dryopteris dilatata
Myrica gale
Vaccinium myrtillus
Thuidium tamariscinum
Climacium dendroides
Rubus frutocsus agg.
Eurynchium praelongum
Salix aurita
Calliergonella cuspidatum
Juncus effusus
Potentilla palustris
Potentilla erecta
Cladonia portentosa
Epilobium palustre
Riccardia latifrons
Angelica sylvestris
Rumex acetosa
Agrostis stolonifera
Peltigera canina
Brachythecium rivulare
Galium palustre
Calliergon giganteum
Marchantia polymorpha
Ranunculus flammula
Cephalozia sp.
Calypogeia sp.
Calypogeia muelleriana
Cladopodiella fluitans
Odontosschisma sphagni
Aneura pinguis
Calypogeia fissa

1
2

2
6

3A
6

3B
5

4A
3

4B
29

4C
12

5
12

6A
32

6B
28

7A
2

7B
11

7C
17

I(2)

II(2-3)

7D
8

8A
18

8B
14

9
7

10
5

11
15

12A 12B 12C 13A 13B
16
4
4
4
10

V(3-6) II(2-4)
II(1-5)
II(1-2)
V(1-3)
V(1-4) III(2)
I(1)
III(7)

I(5)
I(5)

V(1-4)

V(2-6) V(4-6) V(2-4) V(2)

III(2-5) I(4)

IV(2-4)

V(2-8) V(4-6) V(2-4) V(2)

V(1-6) I(2-4)

V(2-4) IV(1-5) V(1-5)

V(4)

I(3)

II(2-7) V(2-7)

V(2-4)

II(2-4) I(4-6)

V(2-5)

V(3-6) V(8)

I(2)

II(7)

V(2-5)

I(3)

IV(3-4)

I(2-5)

II(2-3)

I(1)
II(2)

II(1)

I(2)

III(1-5)

I(1-2)

III(2-4)
V(8)
I(1)

I(1-5)

V(3-6) V(4-6) V(4-6) V(1-7) II(2-3) V(1-7) V(2-5) IV(2-6)

III(1-4)

III(2-5) II(2-4) II(1-3)

II(2-3)

III(1-3) I(2)

I(3)

II(1-3)

I(1)

III(1-4)

III(1-4) II(1-3) III(1-3)

III(1-2) I(2)

III(1-2)

IV(1-3) I(1-2)

III(1-6) II(2)

I(3)

II(2-4)

I(3)

V(2-7) V(1-7)

IV(2-3)

III(1-4)

III(1-4) III(1-4)

I(2)

I(2-4)

I(5)

I(3-6)

III(2-6)

III(2-4) III(1-5) III(2-3)

I(2)

II(1-4) IV(1-3)

II(2-6) V(3-8) V(3-7) I(2)

IV(3)

IV(1-4) IV(1-5)

V(1-4)

I(2-3)

I(2)

II(2-5)

V(6-8)

I(3-4)

I(2)
IV(2-8) IV(1-6)

I(2)

III(1-6) IV(1-6)

I(1-2)

I(3)

II(2)

V(4-8) III(1-3)

V(2-5) II(2)

IV(2-4)

II(2-4) V(2-6) V(3-6) V(5-6) V(3-6) IV(2-5)

V(4-6) II(2-4) I(3)

I(2-4)

V(2-3) V(2-4) II(1-5)

III(1-5) V(2-5) V(2-3) IV(2-3) V(2-4) V(1-5)

IV(2-6) III(2-3)

V(3-6) V(7-8)

II(2-4)

IV(3)

IV(2-4)
I(1-4)

V(3-4) V(2-4) I(2)
II(1)

III(2-7) I(3)

I(3)

II(3-8)
I(1)
III(1)

II(2-4) I(6)
I(2-4)

II(1-6)

II(2)

II(2-4) V(2-5) V(3-4) V(3-5) IV(3-4) II(2-4)

IV(1-2) V(2-6) II(2-4) I(2)

I(2)

IV(3-6)

III(3-4) III(1-4)
V(2-7) V(4-8)

IV(2-3)

II(2-4)

V(3-4) V(3-6) III(2-5)

II(1-2)

II(1-4) III(2-4)

II(4-5)

V(1-4) V(2-3) III(2)

V(2-3)
I(2)

II(2)

III(3-4)

I(4)
I(4)

I(1)

V(2-8) V(2-7) III(2-4) V(7)

III(2)
I(2)

III(2-5) I(3-4)

II(2)

II(2-5) II(2-7)
I(2)

III(2-4)

V(6-8)

V(2-4) IV(1-6) V(1-2) II(2-3) I(5)

I(1-2)

I(3)

II(2-4)
III(2-4)

II(2-3) V(2-4) I(2)

I(2-3)
V(6-8) V(7-8) V(8)

I(2)

V(2-3)

II(2-4) V(2-6) IV(2-3) V(3-4) III(2)

I(2-3)

II(3-5) V(2-6) V(6-8)

I(1-3)

II(2-5) V(2-7) IV(3)

V(2-4)
I(3)

I(6)

IV(2-7) V(2-5) V(2-5) V(1-2) III(2-4) III(2-6) V(1-8) III(1-5) III(1-4)
I(3)

I(3)

II(2)

II(1-2) V(2-6) II(2-3) IV(2-3)

II(2-4) II(2-6)

I(2)

II(4)

V(2-5)

V(5-8) V(2-6)

V(3-8)

III(2-3)

II(2-3) V(2-7) III(2)

II(2-3) IV(1-4)

III(2-8) V(2-4) I(2-3)

I(4-5)

I(3)
I(2-3)

II(2-5) V(2-6) IV(2-4)

II(1-3)

III(2-5)
I(4)

III(3-5) V(3-6) I(3)
III(1-3) IV(1-3)

V(2-8) V(6-8) IV(3-4) V(2-7) IV(2-6)

I(5)
II(2)

I(1)

IV(1-3) I(2)

I(2)

II(2-6) V(2-8) V(4-6) IV(2-5) IV(6-7) II(3-6)
I(2-7)

II(3-6) II(3)

I(4)

I(5)

IV(2-8)

II(2)
II(2)

III(2-7)

IV(2-6)

III(2-8)

I(3)

III(4-5) I(5)
I(2)

III(2-5)
II(2-6)
II(1-2)
I(5)

I(2-3)

I(5)

II(1-7)
I(2-5)

III(1-2) I(2)

IV(1)

I(3)

I(1)

I(4)

I(4)
I(2)

IV(1-4)
I(1)

I(2)

II(1-6)

I(1)

II(1-4)

IV(2-7) IV(2-5)

I(2)

I(1)

I(2)

I(1)

I(2)

I(3)

V(5-8)
I(2)
I(2)

V(3-6) III(3)

II(2-4) II(2-7) V(3-4) V(6)

IV(1-4) II(1-4) III(1-5)

III(1-2)
I(1)

I(2-7)

I(3)

I(2)
I(2-3)

II(2)

I(2)

V(2-6) V(1-4)

I(1-3)

II(1-3)

II(1-2) II(2-3) III(1-3) III(1)

V(2-4) I(1-2)

I(3)

I(1-2)

II(2-4) I(3)

I(1)

II(2)

II(2-5) V(7-8) II(3)

III(3-6) I(1)

II(2-4)

I(4)

I(2)

I(1)

II(1-2)

I(2)

V(1-3)

I(1-3)

I(1)

I(1-4)

I(1)
I(2)

I(1)

III(1-2)

I(1)

II(1-2)

V(1-2)

I(2-3)
I(1)

I(3)

I(2)

III(2-3)

I(2)

II(3-6)

I(7)

I(2)

II(3)
I(6)

I(4)

I(1)

I(1)

I(1)
I(3)

I(3)

I(3)

I(2-3)

I(3)

I(3-4)

I(2)

I(3)

I(3)

I(4)

I(4)
I(2)
II(2)

II(3)

III(1)

I(3)
I(3)

I(2)

II(1-4) II(2-4)

I(3)

I(2-4)

II(1-3) III(1)

I(1)

I(1)

I(2)

I(4)

I(3)

I(3)

II(3-4) II(2-3)

I(2-3)

II(2)

I(3)

III(3-4)

III(2-6) I(3)

I(2)
III(2)

III(3)

I(3)
I(5)

I(2-3)

I(2)

IV(3)

III(2-4) I(3)

III(2-3)
I(2)

I(3)

II(3-4)

I(3-5)
I(3)

V(3-5) V(2-5) III(3)

IV(3-6) IV(3-6)

I(2-4)

II(3)

I(4)
I(2-3)

I(2)
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Drosera rotundifolia
Calypogeia sphagnicola
Cephalozia connivens
Lychnis flos-cuculi
Cephalozia bicuspidata
Rhytidiadelphus squarrosus
Bracythecium rutabulum
Calliergon stramineum
Carex curta
Luzula multiflora
Dactylorhiza sp.
Plagiomnium undulatum
Sphagnum papillosum
Carex echinata
Poa trivialis
Pohlia nutans
Hypnum jutlandicum
Andromeda polifolia
Mnium hornum
Peltigera membranacea
Dactylorhiza maculata
Mylia anomala
Cephaloziella sp.
Polytrichum strictum
Campylopus introflexus
Sphagnum subnitens
Campylopus paradoxus
Sphagnum tenellum
Carex nigra
Polytrichum commune
Drosera anglica
Polygala serpyllifolia
Cladonia uncialis
Dicranum scoparium
Melampyrum pratense
Leucobryum glaucum
Trichophorum cespitosum
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1

2

3A

3B

4A

4B

4C

5

6A

6B

I(1-2)

III(1-3)

III(1-3) II(1-3)

I(3)

I(2)

I(3)

I(1)

I(3)

I(3-4)

I(1-2)

I(1-4)

I(3)

I(1-3)

I(1-2)

I(1-3)

I(3)

II(2-4)

I(7)

I(4)

I(2)

I(4)

7A

7B

7C

7D

8A

8B

I(2)

II(3)

I(3)

I(3)

I(2-3)

V(1-3) II(1-2) V(2-3)

II(1-3)
I(2)

9

10

11

12A 12B 12C 13A 13B

I(3)

III(1-3) V(1-2) III(2)

I(3)

IV(3)

II(3-5) II(2-4)

I(2)

I(2-3)

I(2)

V(2-3) V(2-4)
II(3)

I(1-2)
I(3)

I(2)

I(2-3)

I(2)

I(3-4)

II(3-5) II(3-4)

II(2-3) I(2)

IV(2)

I(2-3)

II(1)

II(2)

I(4)

II(4)

III(2-4)

I(2)

I(1-3)

I(2-3)

I(1)

I(1-3)

I(2-3)
I(2)

I(1-2)

II(1-2) II(1-2)

I(1)

I(1)

I(2)

I(2)

I(4)

I(4)

I(1-3)

I(1)

II(1-2)

I(2)

I(1)
I(1)
II(2-3)

I(2-4)

I(1)

I(1)

I(2)

II(2)

III(1-3)
I(2)

I(2)

I(2-3)
I(2)

I(2-3)

II(2-3)

I(2)
I(3)

I(3-4)

I(2)

III(2)

I(2)

III(1-2) III(2-3) I(2)

I(1)
I(2)

I(1)

I(1)

I(1)

I(2-4)

IV(2-6) III(3-5) III(3)
I(2)

I(2-3)
II(2)
I(2)

I(2)

I(2)

I(2)

I(2)

IV(1-6)
II(2)

II(2)

II(2-3) II(2)
I(2)

I(2)

III(2-4)

II(2)

II(2-5) III(3-7) III(2-4)

I(3)

I(5)

I(3)

I(3)
I(1)

II(3)

I(4)

I(2)

I(2-3)

I(2)

IV(2-5) IV(2-4) IV(3-5) II(2)
V(2-3) III(2)

II(2-3)

I(3)
I(1)

III(3)

I(3)

II(2)

I(3)

II(2)

I(2-4)
II(3)
I(4)
I(2)

I(2)

I(2)

III(2-3) I(3)
I(3)

I(3)

III(2-8) II(2-4)

I(2)

II(3-6)

II(3)

I(1)

II(3-4)
I(2)

I(1)

I(1-3)

I(2)
I(2)

II(2-5

II(3)

II(2)
I(3)

II(2)

I(4)

II(2)
I(3)

II(3)

II(3)

Other Species: Myosotis laxa, 2:I(3); Juncus articulatus, 2:I(2); Utricularia vulgaris, 2:I(1);
Conocephalum conicum, 3A:I(2); Plagiothecium laetum, 4B:I(1); Platanthera bifolia, 4B:I(1); Thelypteris
palustris, 5:I(4); Pellia sp., 5:I(1); Dactylorhiza fuchsii, 5:I(1); Cladonia squamosa, 6A:I(2); Plagiothecium
undulatum, 6B:I(3); Scleripodium purum, 6B:I(2); Peltigera polydactyla, 6B:I(2); Galium saxatile, 6B:I(2);
Ranunculus acris, 6B:I(1); Clad ciliata var. tenius, 6B:I(1); Gymnocolea inflata, 8A:I(3); Campylopus
pyriformis, 8B:I(2); Pteridium aquilinum, 8B:I(2); Epilobium parviflorum, 9:I(3); Cardamine pratensis,
9:I(1); Stellaria alsine, 9:I(1); Hypnum cupressiforme, 11:I(4); Kurzia pauciflora, 11:I(3); Osmunda
regalis, 11:I(2); Lophozia ventricosa, 12A:I(2); Cladonia coccifera, 12A:I(2); Cladonia pyxidata, 12A:I(2);
Carex panicea, 12A:I(1),12B:II(2); Cladonia sp., 13A:II(2); Sphagnum austinii, 13A:II(4).

I(3)
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Soak systems of an Irish raised bog

Abstract
Soaks (areas of mesotrophic/minerotrophic vegetation within acid bog) add to the
overall heterogeneity and biodiversity of raised bog landscapes due to the
presence of flora and fauna communities not typically associated with acid bog
systems. A field experiment was set up to investigate the potential to restore the
minerotrophic and aquatic communities that previously occurred within a soak of an
oceanic raised bog in Ireland which has recently undergone acidification with the
expansion of acid bog type vegetation. Three different treatments, control (intact
sphagnaceous raft), permeable (sphagnaeous raft removed) and enclosed
(sphagnaeous raft removed and plots isolated from surrounding surface water
influence) were applied to a total of six plots (each measuring 4X4m), each
treatment consisting of two replicates. Within three years a sphagnaceous raft with
similar vegetation to the surroundings had developed in both permeable plots while
aquatic communities similar to those that occurred at the site in the past had
established within the enclosed pots. Our results show that, with manipulation of
local hydrology it is possible to re-create conditions suitable for aquatic plant
communities that once characterised the site. The results also give an insight into
the likely processes responsible for the initial terrestrialisation of the entire soak
over the past century. Application of the results in relation to the site and the
widespread practice of restoring bog vegetation on degraded peatlands are
discussed.
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Introduction
Peat bogs are important natural ecosystems which provide many vital ecosystem
services amongst which water retention and carbon storage are the most important
(Gorham 1991; Moore 2002). Although bogs are not regarded as having a high
plant diversity, they do form unique ecosystems supporting specific plant and
animal communities which often occur only within these habitats (Moore 2002). In
Europe peatland conservation and restoration is now a major topic due in part to
the extensive loss of the peatland resource due to exploitation for fuel and
conversion to agricultural land (Wheeler et al. 1995; Wheeler and Shaw 1995;
Schouten et al. 1998; Schouten 2002).
Oceanic raised bogs are a distinct type of peat bog that once occurred
throughout north-western Europe (Moore and Bellamy 1974; Goodwillie 1980).
However, due to large scale exploitation only a tiny fraction of sites remain and of
those that do, the finest examples occur in Ireland (Goodwillie 1980; Cross 1990;
Douglas et al. 2008).
‘Soak’ is a term used to describe an area of fen vegetation occurring within
an acid bog which is often associated with internal drainage features (Gore 1983;
Connolly et al. 2002; Rydin and Jeglum 2006). The presence of fen vegetation is
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due to increased nutrient / mineral supply by either minerotrophic water or the
lateral through-flow of ombrotrophic water from the surrounding bog expanse
(rheotrophic) (Osvald 1949; Malmer 1962; Overbeck 1975; Gore 1983; Connolly et
al. 2002; Rydin and Jeglum 2006). In contrast to the non-wooded vegetation
dominated by ericaceous shrubs and Sphagnum mosses that typifies the oceanic
raised bogs, soaks are characterised by oligo-mesotrophic open-water
communities, poor fen and/or bog woodland vegetation (Cross 1990). They support
a relatively high diversity of species and unusual flora and fauna assemblages not
typically found within raised bogs (Overbeck 1975; Reynolds 1990; Kelly 1993)
thereby adding to the heterogeneity and biodiversity of the ecosystem type.
Soaks were once widespread on Ireland’s larger raised bogs but are now
extremely rare as a consequence of large-scale exploitation of peatlands (Osvald
1949; Moore 1955; Ryan and Cross 1984). Those soaks that do remain have been
degraded and continue to be threatened mainly by the effects of drainage around
bog margins (Cross 1990; Connolly et al. 2002).
This study focused on a soak known as Lough Roe located within Clara
Bog in the Irish midlands (see materials and methods for further site details). The
soak is of the minerotrophic type as described by Connolly et al. (2002), showing a
mineral groundwater influence. Palaeoecological studies indicate that it had been
an open water-body for over 6,000 years (Connolly 1999) and recent research
confirms that minerotrophic conditions prevailed at the site throughout this period
(Chapter 3). Crushell et al. (2008) report that the lake was at its maximum extent
(ca 1.2 ha) during the nineteenth century, prior to terrestrialisation commencing in
the early twentieth century. Terrestrialisation continued throughout the twentieth
century and by 1978 an area of approximately 125m2 of open water remained,
surrounded by a floating minerotrophic raft (scragh or schwingmoor) containing a
high abundance of minerotrophic species (Schouten unpublished). This type of
minerotrophic community is rare in Ireland and even more notable was its presence
near the centre of an acid raised bog with no obvious source of mineral rich water
nearby.
Terrestrialisation of the soak coincided with major anthropogenic impacts
including: arterial drainage schemes, building of a road (and associated drainage)
across the bog, marginal peat cutting, and surface drainage of the eastern half of
the bog (Crushell et al. 2008). Resulting from these impacts the bog surface has
subsided (by on average more than 2m) causing major changes to the hydrology of
the entire ecosystem (van der Schaaf 2002). Prior to subsidence, the hydrological
catchment divide of the bog dome was situated close to the site of the soak,
however following subsidence this divide shifted further to the north (van der
Schaaf 1999). Subsidence would also have caused a significant decrease in water
depth within the soak.
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It has been shown that major changes occurred in the vegetation
communities of the soak during the period 1978 to 2003, with increased cover of
ombrotrophic communities and a decline in minerotrophic elements (Crushell et al.
2006). Surface water chemistry at the soak became more acidic during the same
period (Chapter 4). The blocking of an exit drain leading from Lough Roe during
the 1980’s may have compounded the acidification process by preventing surface
acid water from exiting the soak (Connolly et al. 2002). A parallel mechanism has
been suggested as the major cause of acidification of rich fens in The Netherlands
(Beltman et al. 1995).
To restore the ecology of the soak, it is necessary to restore the conditions
which maintained the stable minerotrophic lake during the time preceding major
human impact. As a minimal measure this would necessitate the removal of the
sphagnaceous raft that occurs across the surface of the former lake. For long- term
sustainable restoration, it may also be necessary to manipulate or change the
hydrological regime of the soak.
In this paper we report the results of a field experiment that was set up to
investigate the effectiveness of possible restoration measures aimed at replicating
conditions that were present within the soak prior to terrestrialisation (i.e. recreation of; open-water, a reduced influence of surrounding acid bog water and an
increase of minerotrophic conditions at the soak surface). These experimental
restoration measures included:• the removal of the floating sphagnaceous raft thus re-creating open water
• isolation of the newly formed open water areas from the surroundings to
eliminate the influence of acid surface water
We hypothesise that by removing the influence of the surrounding acid
surface water (as would have been the case prior to subsidence of the bog) there
would be a better prospect for open water conditions with a minerotrophic influence
to remain for a prolonged period.

Methods
Study site
Clara Bog (53°19 N, 7°36 W) is the largest remaining relatively intact raised bog in
Ireland and has long been recognised as being of high ecological importance due
in part to the presence of unusual soak systems (An Foras Forbartha 1981;
Schouten 1981; Ryan and Cross 1984; Schouten 2002). The site is located in
County Offaly in the Irish midlands (see Fig. 5.1), for more details of the bog see
Schouten (2002). Lough Roe soak is a terrestrialised minerotrophic lake located on
the eastern side of the bog (Fig. 5.1). The former lake surface consists of a floating
vegetation raft dominated by species indicative of poor fen conditions with
Sphagnum fallax and Sphagnum squarrosum dominating the moss layer and
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species such as Menyanthes trifoliata and Carex rostrata most abundant in the
herb layer. See Connolly et al. (2002) for further site details.

Figure 5.1 Map showing the location of Clara Bog in Ireland and the location of Lough Roe soak within
Clara Bog.

Experiment design and layout
A total of 6 sampling plots within Lough Roe were selected (see Fig. 5.2). The plots
are located in the central area of Lough Roe, which is historically the core
minerotrophic area that was last to undergo terrestrialisation and where the lake
sediment (highly decomposed peat) is in contact with the underlying fen peat (see
Connolly 2002). Each plot measured 4m x 4m.
Three different treatments, control, permeable, and enclosed, were applied
to the plots. Each treatment comprised two duplicates randomly distributed over
the six plots (see Fig. 5.2). Two plots (control) were left intact. From the other four
plots (permeable and enclosed), the floating scragh was removed thereby recreating open-water conditions. The depth of water was ca 1m. The substrate at
the bottom of the excavated plots was a highly decomposed liquid peat. The
scragh was removed manually using a Rutter Spade and a Grab Fork. The
extracted material was discarded in nearby drains outside of the soak, eliminated
the possibility that the organic material would contribute to eutrophication of the
soak.
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Figure 5.2 Layout of the different plots within Lough Roe, photograph insets show the three different
treatments applied to experimental plots. Plots are numbered as referred to throughout the text, figures
and tables.

In the permeable plots a porous plastic membranes were installed
surrounding the open water to a depth of 1.2m. This membrane prevented
vegetation from encroaching into the plot but facilitated the flow of surface water
between the plot and the area outside. In the enclosed (impermeable) plots
impermeable membranes (rubber butyl) were installed surrounding the open water
to a depth of 1.2m. This membrane isolated the plot from surrounding surface
water and vegetation.
Soil moisture samplers (Rhizon SMS - 5cm; Eijkelkamp Agrisearch
Equipment, The Netherlands) were installed within each plot at three depths (510cm, 0.5m and 1m) to collect pore water samples. Following the application of
treatments, water chemistry and vegetation were monitored within each plot. Two
years after application of treatments major differences were noted in floating peat
formation (and vegetation development) between treatments. To determine
whether decomposition processes could explain these differences, methane
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production in the peat substrate and Dissolved Organic Carbon (DOC)
concentration of pore-water were measured within all plots.
Furthermore, to determine whether observed differences in water
chemistry between treatments could be partly explained by mixing of surface water
with the deeper more alkaline water, temperature was recorded from both an
enclosed open-water plot and a control plot.

Hydrochemistry sampling and analysis
Water samples were taken at monthly intervals (November 2003 to November
2004) from three depths (Surface, 0.5m and 1m) within each plot. A total of 234
water samples were taken over the 13 month period. Samples were collected in 60
ml syringes. The pH of water samples was determined immediately using a
standard Ag/AgCl2 electrode connected to a pH meter (radiometer Copenhagen
type PHM 82). Alkalinity was determined within 24 hours by titrating 25ml of
sample water with 0.01M HCl to pH 4.2 (Smolders et al. 2002). Next, total inorganic
carbon concentrations were measured using an infrared carbon analyser (model
PIR-2000, Horiba instruments, Irvine, USA). Samples were then stored in iodated
polyethylene bottles (50ml) at -20°C and later analysed for total concentrations of
other elements using an inductively coupled plasma optical emission
spectrophotometer (ICP-OES, Spectroflame). Pore water methane, ammonium and
phosphate concentrations were determined as described by Smolders et al. (2002).
Dissolved Organic Carbon (DOC) of pore-water was measured from samples taken
during June 2006. Samples were filtered through precombusted GF/F filters, stored
frozen, and analyzed using a combined ultraviolet-wet oxidation technique.

Vegetation development
After excavation (October 2003), the four excavated plots comprised open-water
habitats and were devoid of vegetation. The vegetation of each of the 6 plots was
recorded annually during July for three years following excavation. On each
sampling occasion all vascular plants and bryophytes were recorded, and their
percentage cover estimated.

Methane production
Potential methane (CH4) production rates of the substrate (a highly decomposed
peat taken from depth of ca 1 m) of each plot were measured by incubating 50g of
fresh peat anaerobically in 250 ml infusion flasks sealed with airtight stoppers
(Smolders et al. 2002). Samples were collected on two occasions (October 2004
and August 2005), and incubations were carried out in triplicate for all six plots.
After the flasks had been filled, the gasses were evacuated and then flushed three
times with pure nitrogen gas to remove all CH4, CO2 and O2 from the substrate and
headspace. The flasks were then kept in the dark at 18°C, and CH4 concentrations
in the headspace were measured twice a week, over a period of three weeks. The
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CH4 production rates were calculated by linear regression of the measurements
and expressed on a dry weight basis.

Temperature monitoring
Temperature was recorded at different depths from two plots, a control plot (Plot 1)
and an enclosed plot (Plot 6). At each plot temperature loggers (HOBO Water
Temp Pro: accuracy +/-0.2°C at 25°C) were installed at various depths below the
surface (0.5m, 1.25m, 2m, 3m, 5m and 7m). Loggers were programmed to record
peat temperature at 4 hour intervals. Loggers were deployed during December
2003 and data was downloaded in July 2005.

Results
Water chemistry
At the surface and 0.5m depth, pH and alkalinity were higher within the enclosed
plots than the permeable plots, which in turn were higher than pH and alkalinity
recorded from the control (Fig. 5.3).
The profile of calcium concentration generally follows a similar pattern. In
all plots, pH, alkalinity and calcium increased with depth, and at 1 metre, no
consistent differences between treatments are evident indicating that the
treatments did not have a major effect on water chemistry at depths greater than
0.5m (Fig. 5.3).
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Figure 5.3 pH, alkalinity and calcium concentration of pore water chemistry at the surface, 0.5m and 1m
depth of each plot with treatment indicated. Mean values of the 13 sample occasions are shown.

Chapter 5

Restoration of Lough Roe

It is most likely that water chemistry at the surface has the greatest
influence on the vegetation development within plots. At the surface, pH, alkalinity
and calcium of treated plots were all higher compared to the control plots (Fig. 5.4).
Both control plots had a pH of less than 4.5 while the treated plots all had a mean
pH greater than 5. Both enclosed plots had a somewhat higher pH, alkalinity and
calcium content than the plots with the permeable treatment applied. Methane
concentrations were highest within the permeable treated plots, while
concentrations were comparable amongst the remaining four plots. Carbon dioxide
concentrations are somewhat lower within the enclosed plots. No obvious trends
were apparent in the phosphorus or ammonium concentrations between the
different treatments.
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Figure 5.4 Pore water chemistry at the surface of each
plot with different treatments indicated (error bars =
standard error of the mean, n=13).
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Vegetation development
Prior to the experimental treatments, at all plots, the vegetation was similar, being
dominated by Sphagnum mosses with an abundance of sedge and herb species
such as Carex rostrata, Menyanthes trifoliata and Hydrocotyle vulgaris.
Vegetation of control plots
The vegetation of the control plots resembles that which occurred throughout the
entire area prior to the experiment being established and changes little throughout
the monitoring period although both Nuphar lutea and Potentilla palustris
disappeared from plot 5 over the duration of the experiment (Table 5.1).
Vegetation of permeable plots
A floating layer of highly decomposed peat developed at the surface of both these
plots during spring 2004 (eight months following excavation). Initially the floating
peat layer was colonised by Carex rostrata and Salix aurita. Gradually a greater
number of species became established. By July 2006 Sphagnum fallax dominated
the vegetation covering approximately 70% of each plot. Species composition of
both plots is similar with the exception that Sparganium erectum and Typha latifolia
are both present within Plot 4 but absent from Plot 2 (Table 5.1).
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Vegetation of enclosed (Impermeable) Plots
Vegetation development differed considerably to that recorded in the permeable
plots. During spring 2004, Plot 3 developed a sparse floating peat layer at the
surface whereas open water prevailed at the surface of Plot 6. In July 2004 the
species composition of Plot 3 was similar to that of the plots with a permeable
membrane, with a sparse cover of Carex rostrata and Salix aurita. However, total
vegetation cover at 2% was relatively low compared with the permeable plots (see
Table 5.1). During autumn 2004 the floating peat within Plot 3 became submerged
and has not re-floated since. By July 2005 this plot comprised open water without
any plant species present; the situation remained the same 12 months later. Plot 6
never developed a floating peat layer, initially Utricularia minor became established
and covered over 50% by summer 2005, following this, Potamogeton natans (a
species only previously recorded at the site in 1978) became established and by
2006 covered over 70% of the plot (Table 5.1).
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Table 5.1 Estimated % cover of plant species within each plot recorded in three subsequent years after
treatments were applied. (Cover abundance values: 1 (1-2 plants, cover <5%), 2 (25-100 plants, cover
<5%) 3 (>100 plants, <5% cover), 4 (5%-12% cover), 5 (13%-25% cover), 6 (26%-50% cover), 7 (51%75% cover), 8 (76%-100% cover).
Treatment

Control

Plot Number
Year (July)

Permeable

Plot 1

Plot 5

Enclosed

Plot 2

Plot 4

Plot 6

Plot 3

‘04 ‘05 ‘06 ‘04 ‘05 ‘06 ‘04 ‘05 ‘06 ‘04 ‘05 ‘06 ‘04 ‘05 ‘06 ‘04 ‘05 ‘06

Vaccinium oxycoccos

1

Agrostis canina

2

3

1

Eriophorum angustifolium

3

4

3

1

Menyanthes trifoliate

6

6

6

4

4

Potentilla palustris

4

4

4

1

1

Sphagnum squarrosum

8

7

8

Anthoxanthum odoratum

1
4

3

5
1
1

3

1

4

1

Nuphar lutea

2

Eriophorum vaginatum

1

1
1

1

Carex rostrata

4

4

4

1

2

2

3

6

4

1
3

5

5

1

Sphagnum fallax

5

6

6

8

8

8

1

5

7

2

5

7

1

Hydrocotyle vulgaris

2

1

3

1

1

3

4

3

Holcus lanatus

2

1

2

Salix aurita

1

2

3

2

2

Aulacomnium palustre

4

4

3

3

1

1

1

1

Epilobium sp.

3

1

1

2

Juncus effusus

5

5

3

2

Polytrichum commune

1
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1

Sparganium erectum

1

Typha latifolia
Warnstorfia fluitans

2

1

2

4

4

1

2

1

2

Utricularia minor

5

Potamogeton natans
Aquatic Plants

0

0

0

0

0

0

0

0

0

0

0

2
7

0

0

0 12 52 70

Bryophytes

95 97 100 98 100 90 <1 20 70

2 15 70 <1

0

0

0

0

0

Herbs

45 40 60 14

0

0

0

Total Vegetation Cover

0

7
2

8 35

3 55 40

6 30 35

2

0

0

100 100 100 100 100 100

5 70 80

8 40 85

2

0

0 12 52 72

Methane production
Our results show that peat substrate from both permeable plots had a much
greater potential methane production rate than the peat substrate from either the
control or the enclosed plots (Fig. 5.5a).
The methane production rates indicate that the substrate of the permeable
plots contains more reactive carbon which can be converted to methane. A
potential source of this carbon is the occurrence of reactive dissolved carbon in the
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form of DOC from the actively growing surrounding scragh. This input of carbon
may be absent from the enclosed plots. Our results confirm that the permeable and
control plots contained a higher concentration of DOC in the top layer (ca 0.5m
depth) than the enclosed plots (Fig. 5.5b).

(a)

(b)

14

20

16
10

14

DOC (mg L -1)

CH4-production (µmol g

-1

d-1)

18
12

8

6

12
10
8
6

4

4
2
2
0

0
Contr ol

Cont rol

Per meable

Per meable

Enclosed

Enclosed

Contr ol

Cont rol

Per meable

Permeabl e

Enc losed

Enclosed

1

5

2

4

3

6

1

5

2

4

3

6

Figure 5.5 (a) Mean CH4 production rates in the peat substrate taken from the different plots with
treatment indicated. (b) Mean concentration of dissolved organic carbon in pore-water from 0.5m depth
at each plot. With treatment indicated. Error bars = standard error of the mean (n=2), where no error
bars are shown, data is based on one observation.

Temperature monitoring
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Fig. 5.6 shows the diurnal temperature wave of the water / peat at 0.5m depth from
both a control plot and an enclosed plot for a period of 10 days during July 2005
(chosen as representative of the entire summer time series). At 0.5m depth, the
temperature within the enclosed plot fluctuates between 13.4 and 19.5 over the
period and fluctuates daily by as much as 3°C, whereas within the control plot such
fluctuations are not evident with the temperature remaining ca14.5°C throughout
the period (Fig. 5.6).
The average summer and winter temperatures for each depth are
presented in Table 5.2. The temperature regimes of both treatments differ
considerably at the surface. At greater depths however, differences are less
pronounced. At 0.5m depth the temperature within the enclosed plot containing
open water reaches higher temperatures with a greater deviation during summer
and lower temperatures with a greater deviation during winter than within the
control plot. This is repeated although to a lesser extent at 1.25m depth.
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Figure 5.6 Daily temperature curve (intervals of four hours) at 0.5m from control plot (Plot 1) and
enclosed plot (Plot 6), data is shown for a ten day period during July 2005.
Table 5.2 Mean summer (1st May- 31st Jul) and winter (1st Nov. 04 – 31st Jan. 05) temperatures (±
Standard Deviation, number of observations per season 552) at depth from both a control plot (Plot 1)
and an enclosed plot (Plot 6).
Season

Winter '04-05

Depth (m)

Control

Enclosed

Control

Summer '05
Enclosed

0.5

10.22 ± 0.90

6.51 ± 1.23

11.50 ± 1.14

13.00 ± 1.58

1.25

10.38 ± 0.87

8.13 ± 1.13

9.84 ± 0.91

9.95 ± 1.14

2

10.31 ± 0.77

9.41 ± 0.82

9.43 ± 0.61

9.05 ± 0.49

3

10.36 ± 0.07

10.02 ± 0.27

9.58 ± 0.09

9.28 ± 0.05

5

9.96 ± 0.05

9.86 ± 0.18

9.94 ± 0.06

9.85 ± 0.05

7

9.90 ± 0.04

9.77 ± 0.14

9.92 ± 0.03

9.82 ± 0.05

Discussion
Restoration potential of Lough Roe
Although study limitations (such as the small extent of the study site, its ecological
importance and difficulties of creating such large experimental plots in the field)
meant that only two replicates of each treatment was possible, clear trends and
patterns have emerged in our results which we believe allow sound conclusions to
be made regarding the effects of restoration measures as discussed below.
The results of hydrochemical monitoring show that by removing the surface
scragh, the chemistry of pore-water in the upper metre changes to become more
alkaline, with a higher pH and calcium content (Fig. 5.3 and 5.4).
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The cause of the increased alkalinity recorded within the excavated plots is
likely to partly result from the absence of Sphagnum species which are capable of
bringing about acidification of solutions in which they are growing by the uptake of
cations and release of equivalent numbers of hydrogen ions (Clymo 1963; Tallis
1983, van Breemen, 1995). Furthermore, some improved exchange with deeper,
more alkaline water could have occurred as is indicated by the temperature profiles
shown in Fig. 5.6.
Differences between the permeable and enclosed treatments were
apparent in both surface water chemistry (Fig. 5.3 and 5.4) and vegetation
development (Table 5.1). The most notable difference was the appearance within
one year of floating peat across the entire surface of both permeable plots. Other
studies have shown that methane bubbles trapped in the peat are involved in the
buoyancy of peat substrates (Lamers et al. 1999; Scott et al. 1999; Smolders et al.
2002; Tomassen et al. 2003). Increased pH is known to enhance methane
production by stimulating the activity of methanogenic bacteria (Williams and
Crawford 1984; Dunfield et al. 1993; Segers 1998), and increased temperature is
known to have a similar effect (Dunfield et al. 1993; Bergman et al. 1998; Bergman
et al. 2000). Tomassen et al. (2003) have already shown that an increase of pH by
one unit (e.g. from 4 to 5) could strongly increase methane production and result in
peat becoming buoyant. In addition, the development of floating peat has been
shown to depend on the physical and chemical properties of the peat (Smolders et
al. 2002; Tomassen et al. 2003; Tomassen et al. 2004). Based on the homogeneity
of the peat substrate throughout all plots and the proximity of the treatments to
each-other within the soak it is unlikely that peat quality was a factor in the current
study. Similarly, there are no indications that pH and temperature differences would
explain differences in methane production between the treatments which involved
raft removal. The availability of easily degradable compounds, such as root
exudates, is important for methanogenic bacteria (Bergman et al. 2000; Tomassen
et al. 2004). The pore-water of the surrounding scragh is likely to contain relatively
high quantities of these compounds, as indicated by the higher concentration of
DOC recorded in both the control plots and the permeable plots (Fig. 5.5b).
However, it is well known that decomposition of organic matter and
methanogenesis is inhibited in acid systems compared with alkaline waters (Mc
Kinley and Vestal 1982; Kok and van der Laar 1991; Lamers et al. 1999; Smolders
et al. 2002; Smolders et al. 2006). Therefore, despite the high DOC levels in the
scragh (control plots) methanogenesis is low due to the low pH of the pore water
(Fig. 5.5a). We conclude that this supply of easily degradable material in
combination with the relatively high pH and increased temperature is the most
likely explanation for higher methane production rates and in turn floating peat
development within the permeable plots.
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The floating peat proved suitable for the rapid colonisation by species that
occur on the surrounding scragh including Carex rostrata and Sphagnum fallax
forming a vegetation type broadly similar to that which occurs in the surroundings
as represented by the control plots (Table 5.1). Floating rafts remain in contact with
fluctuating water tables throughout the year, and therefore offer excellent
opportunities for Sphagnum species to regenerate (Money 1995; Lamers et al.
1999; Smolders et al. 2003). The presence of Typha latifolia and Sparganium
erectum are notable additions to the flora, both were previously recorded in the
area in 1992 (Kelly, 1993; Connolly et al. 2002) but by 2003 had become locally
extinct (Crushell et al. 2006). The occurrence of these species demonstrates that
once suitable conditions occur, it is possible for locally extinct species to re-appear,
depending on their ability to lie dormant in the peat / scragh or disperse from areas
where they continue to occur in the surrounding landscape. The abundance of
Juncus effusus on the floating peat is likely to reflect the availability of nutrients (P,
N and K) as recorded elsewhere by Tomassen et al. (2003), and also the initial
absence of Sphagnum. The presence of Sphagnum mosses has the effect of
immobilising most of the nutrients supplied from the atmosphere and thereby
restricts vascular plants to nutrients available from mineralization processes in the
peat layer; in addition Sphagnum presence has the added effect of restricting such
mineralization (e.g. Malmer et al. 1994, Lamers et al. 2000). Juncus effusus and
other vascular plants are therefore likely to diminish as Sphagnum becomes more
established. This may also partly explain the initial success followed by a sharp
decline of Salix aurita seedlings recorded (Table 5.1).
Three years following excavation, the enclosed plots had habitat
characteristics and vegetation similar to that recorded in 1978 when the last
remnant of open water with Potamogeton natans was recorded (Schouten
unpublished). The re-appearance of Potamogeton natans in Plot 6 (Table 5.1) may
demonstrate its ability to lie dormant, its occurrence is also indicative of the
relatively base rich conditions. The temporary dominance of Utricularia minor was
also recorded by other researchers within two years of sod removal from an
acidified, rich-fen (Beltman et al. 1995). It is likely that Utricularia minor germinated
as soon as conditions became suitable (after removal of the floating scragh) but
later became out-competed by Potamogeton natans.
The increased alkalinity and calcium content of surface water recorded
within the enclosed plots compared with the permeable plots is most likely to result
from the exclusion of acid water influence from the surrounding scragh. In
combination with this, some improved exchange with deeper, more alkaline water
could have occurred, as indicated by the temperature profiles recorded from Plot 6
(Fig. 5.6). Such mixing would have been prevented as soon as a complete floating
peat layer developed within the permeable plots. A further source of alkalinity may
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originate from a process known as internal alkalinisation whereby reduction of
oxidants such as nitrate, iron(hydr)oxides or sulphate results in a net generation of
alkalinity (e.g. Smolders et al. 2006). Recent biogeochemical research at the site
suggests that this process partly explains the occurrence and retention of relatively
high alkalinity within Lough Roe compared to the surrounding bog (Chapter 3).

Terrestrialisation and acidification of Lough Roe Soak
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The findings of the current study may aid in interpreting the initial cause and
sequence of terrestrialisation over the past century. We suggest the following
hypothesis as illustrated in Fig. 5.7 to explain the rapid transformation of Lough
Roe from a minerotrophic lake at the beginning of the twentieth century (Fig. 5.7a)
to a semi-terrestrial fen system for much of the twentieth century (Fig. 5.7b) to a
terrestrial ombrotrophic system by the beginning of the 21st century (Fig. 5.7c).
th
During the 19 century human impacts increased throughout the bog
commencing with the construction of a road and associated drainage across the
bog ca 1800; a drain leading from Lough Roe towards the road was later inserted
ca 1850 (Crushell et al. 2008). Resulting from the various human impacts the bog
surface subsided by a minimum of two metres in the vicinity of Lough Roe (van der
Schaaf 2002). This subsidence caused the catchment divide of the bog dome to
move northwards from the soak (van der Schaaf 2002). The subsidence coupled
with the direct effect of drainage on the soak caused a likely reduction of the depth
of water overlying the highly decomposed peat from over two metres to less than
one metre (based on the depth of the old drain leading from Lough Roe and
estimated subsidence). Following the changes in hydrology and topography, a
combination of the following factors would have facilitated a floating minerotrophic
scragh to develop over the surface of the lake.
Firstly, shallow conditions would have allowed floating macrophytes to root
in the substrate of the lake and acquire nutrients from the minerotrophic substrate.
Secondly, decomposition would have increased in the upper layers of this
substrate due to; an increase in temperature during summer (present study
recorded temperatures up to 7°C higher during summer at 0.5m depth compared
with 2m depth, also see Table 5.2), higher availability of oxygen in the upper layer
of substrate due to disturbance such as wind and wave action, and an increased
input of dissolved reactive carbon from surrounding bog water (Money, 1995;
Smolders et al. 2003) passing through the surface of the lake. The increased rates
of decomposition would have produced a higher concentration of methane, which
may have provided buoyancy to the peat substrate thus forming floating rafts as
reported in the current study.
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(a)
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Drain Blocked

Subsidence
Disturbance, mixing,
↑ decomposition etc.
Minerotrophic raft and
floating peat
Ombrotrophic peat
Highly decomposed peat
Water
Sphagnaceous raft

Figure 5.7 Schematic diagram showing the three major stages in the terrestrialisation and subsequent
acidification of Lough Roe since ca 1900. (a) Prior to 1800 AD, relatively deep water, with minerotrophic
characteristics. Likely that fen vegetation grew around the margin of the lake with floating macrophytes
across much of its surface. The lake was close to the topographical high point on the bog dome and
therefore little surface water influence from surrounding bog. (b) ca 1912, following major human
disturbance subsidence and drainage causes lake to become shallower and more influenced by acid
bog water from the surroundings as the catchment divide of the bog shifts northwards. A floating raft
gradually develops from the margins which may have in places originated from floating peat due to
increased decomposition and methane production in the upper layer of substrate. Vegetation has strong
minerotrophic characteristics due to minerotrophic nature of the substrate and underlying water. (c) ca
2003, drain leading from Lough Roe has been blocked allowing development of rainwater lenses and
floating raft has become thicker. The surface has become more isolated from the underlying
minerotrophic conditions. Sphagnum expands, and conditions become more suitable for ombrotrophic
species.

133

Soak systems of an Irish raised bog

134

The chemistry of this lake substrate is comparable to peat formed under
the influence of calcareous groundwater (Chapter 3). It is likely that phanerograms
and brown mosses typical of fen conditions were the major component of the
minerotrophic raft as described from areas within the site in 1978 (Schouten
unpublished). In the initial stages of raft development Sphagnum growth is likely to
have been limited due to relatively high pH and calcium concentration as such
conditions are known to restrict the growth of Sphagnum (Clymo 1973; Money
1995).
We suggest that such floating peat formation would have initially only
occurred in isolated patches around the edges of the soak where local conditions
were suitable. This could explain the gradual terrestrialisation of the soak from the
edges as is known to have been the case (Crushell et al. 2008). The floating
nymphoid vegetation of the lake centre became gradually replaced by the floating
raft as it encroached across the surface until finally by the early 1990’s the raft
covered the entire former lake surface.
As the minerotrophic raft proceeded across the lake surface and became
progressively thicker, the surface gradually became more isolated from the
underlying mineral rich conditions and thus more influenced by acid rainwater (van
Diggelen et al. 1996). Sphagnum species suited to higher pH conditions such as
Sphagnum squarrosum and Sphagnum fallax would have become established and
in turn caused further acidification (Mälson et al. 2008). Gradually ombrotrophic
species moved in and the more minerotrophic species declined as reported from
the site during the period 1978 – 2003, by which time true ombrotrophic
communites had established around the margins of the former lake (Kelly 1993;
Connolly et al. 2002; Crushell et al. 2006). During this period (ca 1985), the drain
leading from the soak was blocked as a management measure aimed at preventing
further drying out of the surrounding bog. The blocking of the drain is likely to have
had the effect of further acidifying the surface of the lough by increasing the
influence of rainwater and surface bog water from the surroundings.

Conclusion
The objective of wetland restoration is to bring a wetland back to a former
condition. In the case of Lough Roe, restoration may aim to either (a) return the site
to an open water lake possibly (with fringing fen vegetation) that was present at the
site prior to major human impact or alternatively (b) to restore the floristically
interesting minerotrophic raft that was present for much of the twentieth century.
Our results indicate that it may be possible to achieve (a) by removing the
floating sphagnaceous raft from the surface while at the same time manipulating
the local hydrology to prevent a through-flow of surface bog water from the
surroundings. As an additional measure, dredging of the peat substrate within the
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opened area should be considered. A greater depth of water would more closely
imitate the conditions prior to subsidence of the bog and would create an
environment less suitable to terrestrialising plants and floating peat formation.
In order to achieve (b), it would again be necessary to remove the scragh
from the surface of the lough. It would not be necessary to isolate the area from
surrounding surface bog water. It is likely that floating peat rafts would form and
this relatively mineral rich material would suit the establishment of fen plants that
were present in the area prior to acidification. As an additional measure it may be
necessary to allow surface rainwater to discharge from the area thereby preventing
the development of rainwater lenses and rapid acidification of the surface again.
This measure would imitate the effect of the drain leading from Lough Roe which
probably slowed down acidification of the surface until it was blocked during the
1980’s.
In a broader context, our results can be applied to the more widespread
practice aimed at restoring bog vegetation. Despite the fact that over 60,000
hectares of industrial cutaway bog occurs in Ireland, restoration of true bog
vegetation on these sites has not yet been attempted (Foss et al. 2001; Farrell
2008). A common method of restoring such areas is inundation with the objective
floating peat rafts forming, upon which bog vegetation would establish. Peat bog
restoration is usually assumed to be a slow process involving long time spans
(Joosten 1995). However, our results show that under alkaline conditions floating
peat can occur rapidly and that these peat mats can develop into Sphagnum
dominated vegetation in a time span of only a few years. A prerequisite for such a
rapid development of a functional acrotelm (the living layer at the surface of a bog
usually dominated by Sphagnum mosses) is that the top layer of the floating peat
becomes acidic. A steep gradient of an acidic top-layer on an alkaline lower layer
results in an extra supply of carbon dioxide which favours Sphagnum growth
(Smolders et al. 2003).
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Implications for Practice
•
•

•

To restore and maintain aquatic successional stages in fen situations it
may be necessary to manipulate the hydrology of the surroundings to
prevent influence of acid water at the surface.
In restoring bog vegetation on cutaway peatlands by inundation it is
beneficial to have floating peat formation. The ideal situation for the
formation of such peat rafts is an acid top-layer on an alkaline lower layer.
Therefore it may be easier to initiate bog vegetation in a fen or groundwater fed situation than within a completely acid / ombrotrophic
environment.
In suitable conditions it is possible for a floating peat layer to develop a
complete Sphagnum dominated raft within three years. Amongst other
things, the presence of a seed bank and suitable vegetation in the
surroundings is of high importance.
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Abstract
Aquatic macroinvertebrate assemblages of soak lakes are reported from Clara
Bog; an oceanic raised bog of high conservation value located in central Ireland.
Semi-quantitative sampling using pond netting techniques was carried out at five
sites within two contrasting soaks on the bog; Lough Roe and Shanley’s Lough.
Sampling was undertaken during two different periods over the past twenty-five
years; 1984-85 and 2004. Sampling sites comprised aquatic habitats varying in
water chemistry, age and vegetation structure.
The following research questions form the basis for the current study:
• How does the invertebrate diversity of soak lakes compare with other aquatic
habitats of raised bogs?
• What are the main characteristics of the invertebrate fauna of soak lakes?
Are there major distinctions in the invertebrate assemblage of different types
of soak lakes and what are the principal environmental conditions
responsible for differences in community structure?
• What are the first effects of habitat restoration on aquatic invertebrate fauna
of a recently terrestrialised soak lake?
Our results show that species diversity and abundance is greater within soak lakes
than the other natural aquatic habitat (bog pools) of raised bogs. The overall
species assemblage reflects the nutrient poor acid conditions prevalent at most
sites. Habitat structure and water chemistry are shown to be the most important of
the measured environmental factors in determining species assemblage.
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In the case of Shanley’s Lough soak system we find that newly formed seminatural lakes within the surroundings have developed a similar faunal assemblage
to the original lake after a relatively short period (6-15 years).
In the case of Lough Roe soak system we find that the aquatic macro-fauna
assemblage has changed considerably over the past two decades probably due to
increased abundance of Sphagnum dominated vegetation and associated
acidification. We report on the effectiveness (in relation to aquatic
macroinvertebrates) of recent restoration measures aimed at recreating the more
alkaline open-water conditions previously recorded at the site. Indications are that
some species which had disappeared from the soak with the onset of
terrestrialisation and acidification have re-appeared with the re-creation of suitable
open-water habitat, but recovery of a natural vegetation structure around the open
water is necessary to allow establishment of a greater diversity of invertebrate
species.
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Introduction
The raised bogs of Ireland have been classified as oceanic-raised mire (Moore and
Bellamy 1974), representing an extreme oceanic variant of the ecosystem (Osvald
1949; Cross 1990). The Irish midlands were once dominated by large raised bog
complexes, which have largely been exploited over the past century. It is estimated
that only 7% of the original raised bog area remains in a relatively intact state
(Cross 1990; Foss et al. 2001). The Irish raised bogs are the last examples of this
habitat type surviving in western Europe (Cross 1990). The vegetation, hydrology
and development history of Irish raised bogs have been described in considerable
detail (Osvald 1949; van der Schaaf 1999; Schouten 2002). However, to date, few
studies have been carried out on the aquatic macroinvertebrate fauna of these
endangered habitats (Reynolds 1984a; Reynolds 1984b; Reynolds 1985; De
Leeuw 1986; O'Connor et al. 2001; Hannigan and Kelly-Quinn 2008).
Due to the characteristic acid and nutrient / mineral poor conditions, raised
bogs are generally regarded as species poor systems (Smits et al. 2002;
Desrocher and van Duinen 2006). The invertebrate fauna recorded from raised
bogs can be described as three distinct groups; those that are confined to these
habitats (tyrphobiontic), those being more abundant in bogs than elsewhere
(tyrphophiles) and those that show little preference and could be found in a wide
range of habitats (tyrphoneutral) (Spitzer and Danks 2006). Some tyrphoneutral
species may now be confined to bogs because all other potential habitats in the
surrounding landscape may have been altered (Spitzer and Danks 2006),
indicating the conservation value of these ecosystems (van Duinen et al. 2003).
Due to their threatened status, many aquatic invertebrates that occur in
peatland habitats are of high conservation importance. Invertebrates also
contribute to the overall ecological functioning of the ecosystem. Aquatic
invertebrates can be an important food source for wading birds in peatland
ecosystems (Downie et al. 1998). The invertebrate fauna reflects not only the
heterogeneity of microhabitats but also that raised bogs have persisted for
thousands of years and form characteristic habitat islands in the surrounding
landscape, containing relict populations of cold-adapted species with a northern
distribution (Desrocher and van Duinen 2006; Spitzer and Danks 2006).
Studies of invertebrates within these habitats can aid our understanding of
their distribution, abundance and importance in ecosystem functioning. Spitzer and
Danks (2006) highlight the need for basic study of faunas and of ecological status
of the species to assess conservation requirements of bogland habitats. Desrocher
and van Duinen (2006) note that pattern studies exploring the distribution of
species are an essential first step in our understanding of the role of peatlands for
its associated fauna and the need to move forward to long-term and process

145

Soak systems of an Irish raised bog

146

studies to better understand the “functional ecology” of peatland fauna, including
the role of population refugia, reproductive habitat and nutritional ecology.
There are two major types of aquatic habitat which occur naturally on
raised bogs; bog pools and lakes as described below:
Bog pools
These are the principal aquatic habitats of raised bogs; their importance for
aquatic fauna has been described by Reynolds (1990). In Ireland bog pools
may be either Sphagnum–floored or occasionally peat floored. Interlocking
pool systems are a characteristic feature of many intact raised bogs in
Ireland, mostly occurring in the central part of the bog dome. These bog
pools of Irish raised bogs are typically shallow and ephemeral, drying out
during dry periods when the water table drops beneath the surface. Marginal
peat cutting, however, may lead to the formation of deep peat floored tear
pools near to the margins of raised bogs (Schouten 1984; Cross 1990;
Reynolds 1990).
Lakes
Large permanent open-water lakes or ponds have always been a relatively
rare habitat feature of raised bogs in Ireland (Cross 1990) and few examples
remain today. Their formation is varied, with some known to be ancient
natural features that have persisted on the bog surface for a long time
possibly since bog formation commenced (Connolly 1999), while others are
thought to be of more recent origin possibly forming as a consequence of
bog subsidence caused by anthropogenic activities such as peat cutting and
associated drainage (ten Heggeler et al. 2005; Crushell et al. 2008). Those
that do remain are usually associated with soak systems (areas of fen
vegetation indicating nutrient enrichment surrounded by ombrotrophic bog
vegetation, which are usually associated with internal drainage features)
(Osvald 1949; Connolly et al. 2002).
Large permanent open-water bodies are likely to add to the ecological
interest of raised bogs by offering a refuge to aquatic fauna in an otherwise fairly
homogenous ecosystem, especially in an Irish context where large open-water
bodies are a relatively rare feature compared to more continental or northern raised
bogs. The presence of open-water throughout the year may allow species to occur
that would not survive in the more typical ephemeral bog pools; the lakes may
therefore function as important sanctuaries for aquatic invertebrate fauna during
and following prolonged periods of drought. Additionally, soak lakes are sometimes
known to be more base rich and therefore may provide a locally important contrast
to the typical oligotrophic habitat of raised bogs (Reynolds 1985; Connolly et al.
2002; Crushell et al. 2006; Verberk et al. 2006) and potentially provide suitable
habitat for species which may at some time during their life-cycle require less acid
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and more base-rich conditions than are present in oligotrophic bog pools. These
habitat conditions within open-water lakes may allow species that are un-typical of
raised bog ecosystems to occur, also contributing to the invertebrate abundance
and diversity of a bog and its food-web (Reynolds 1990).
This study aims to enlighten our understanding of how soak lakes
contribute to the aquatic invertebrate fauna of raised bogs with a view to
establishing future management requirements in terms of both conservation and
restoration. To achieve this we addressed the following research questions:
1. How does the macro-faunal assemblage of soak lakes compare with that
recorded in the more usually occurring bog pools? Data collected by De Leeuw
(1986) from raised bog pools and soak lakes in central Ireland together with
data collected from soak lakes during 2004 (this study) was used to compare
the overall species diversity and taxon richness of these two aquatic habitats.
2. What is the spatial and temporal (seasonal and successional) variation in
species and habitat associations apparent from different soak lakes? A
comparison of the macroinvertebrate communities recorded from different
types of soak lakes was carried out using data collected in different seasons
during 2004.
3. What are the first effects of restoration measures on the macroinvertebrate
fauna of a unique soak lake known as Lough Roe on Clara Bog, Co Offaly in
Central Ireland? Due to the recognised ecological interest and its recorded
change in habitat quality over the past decades (in the form of terrestrialisation
and acidification), preliminary restoration measures have been undertaken at
the site. These restoration measures involved the creation of open-water
habitat to determine the potential for ecological restoration as a means of
conserving the unique habitat (Crushell et al. 2006). Qualitative data collected
at the site by Reynolds (1985) and De Leeuw (1986) in 1984 and 1985
represents the original fauna that was present prior to recent acidification and
terrestrialisation of the site. We gauge the short-term effects of recent
restoration measures by comparing this data with data collected in 2004, the
first year following restoration measures being undertaken.

Methods
Study area
Clara bog is an oceanic raised bog of approximately 465 hectares located in
central Ireland (53º19 N, 7º36 W) (see Fig. 6.1). The site is the largest remaining
raised bog of its type in Ireland and is of high conservation importance due mainly
to its relatively intact nature and the presence of soak systems (An Foras Forbatha
1981; Schouten 1981; Ryan and Cross 1984; Schouten 1984). The site is
designated as a National Nature Reserve, a Special Area of Conservation under
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the EU Habitats Directive and a wetland site of international importance under the
Ramsar Convention.

Figure 6.1 Map showing the location of Clara Bog in Ireland and the location of soak systems on Clara
Bog (top). Location of sampling sites; Shanley’s Lough (SLA, SLB and SLC) (bottom left) and Lough
Roe (LR and LRO) (bottom right).
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Two major soak systems located on Clara Bog (Lough Roe on Clara Bog
East and Shanley’s Lough on Clara Bog West) were sampled during the course of
the current study. Five sample sites were selected, two of which occur in Lough
Roe (LR and LRO) and three of which occur in Shanley’s Lough (SLA, SLB and
SLC) (see Fig. 6.1).
Lough Roe Soak System (LR and LRO)
Lough Roe is an ancient lake that appears on the first detailed map of the area
dated to 1809 (Larkin 1809). Palaeoecological investigations have concluded that
the lake originated as a surface feature on the bog as early as 6000 years BP
(when ombrotrophic conditions were developing over much of the bog) (Connolly
1999). The lake grew in extent throughout its development and is thought to have
been at its maximum extent during the 19th century, comprising an area of ca 1.2
hectares (Crushell et al. 2008). Due to drainage and subsidence of the bog
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surface, the lake has gradually terrestrialised over the past century by
encroachment of a floating raft of poor fen vegetation across the lake surface
(Crushell et al. 2006). The vegetation of the central area is now dominated by
Sphagnum fallax, Sphagnum squarrosum, Carex rostrata, and Menyanthes
trifoliata. The invertebrate fauna of Lough Roe was previously surveyed in 1984 by
De Leeuw (1986) and also by Reynolds (1985) during 1984 and 1985. At the time
of these surveys, Lough Roe still contained a remnant of open-water habitat
estimated to be 175 square metres (Reynolds 1985). Lough Roe has a strong
minerotrophic influence, the origin of which has been the subject of considerable
speculation (Connolly et al. 2002; Crushell et al. 2006): a recent hydrochemical
study sheds more light on the subject (Chapter 3).
Lough Roe control plots (LR)
One sampling plot (sixteen square metres) was randomly selected in the centre of
Lough Roe. The habitat comprises a semi-aquatic floating raft of vegetation
characteristic of poor fen. Plant species which dominate the raft include Sphagnum
fallax, Sphagnum squarrosum, Carex rostrata, Utricularia minor and Nuphar lutea.
Lough Roe restoration plots (LRO)
A restoration experiment to investigate the potential to re-create open-water habitat
within Lough Roe was established in 2003 (Crushell et al. 2006; Chapter 5). The
floating raft of vegetation was removed from two experimental plots (two other plots
that were created were not sampled due to the development of a floating peat layer
soon after excavation) in the centre of Lough Roe; each plot measured sixteen
square metres. Immediately following excavation, each plot comprised 100% openwater and was bounded by a rubber butyl membrane thus isolating them from the
surrounding floating vegetation raft. These plots were sampled on each sampling
occasion.
Shanley’s Lough Soak System (SLA, SLB and SLC)
Shanley’s Lough soak system comprises; a small area of Betula woodland, an area
of mesotrophic vegetation and three small open-water lakes. It has been
suggested that Shanley’s Lough soak is of recent origin; developing as a result of
subsidence due to peat cutting and drainage during the nineteenth and twentieth
century (Connolly et al. 2002; ten Heggeler et al. 2005; Crushell et al. 2008). The
soak is of the rheotrophic type described by Connolly et al. (2002), whereby the
increased nutrient availability is due to a continuous through-flow of surface water
originating from the surrounding bog upslope from the soak.
Although there is evidence of a soak in the area of Shanley’s Lough as
early as 1809 (Crushell et al 2008), the first record of open-water in the area is the
presence of a small lake on the ordnance survey map of 1910 (Ordnance Survey of
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Ireland 1912). This small lake is still present and is similar in extent (1,800 m ) to
that which was mapped in 1910, and is hereon after referred to as Shanley’s Lough
A (SLA). The lake lies on a substrate of ombrotrophic peat suggesting its relatively
recent origin (Connolly 1999). There is an abundance of aquatic vegetation
(Sphagnum cuspidatum and Warnstorfia fluitans) growing throughout the lake. The
lake margin comprises a band of emergent vegetation dominated by Menyanthes
trifoliata, Eriophorum angustifolium and Carex rostrata. The macroinvertebrate
fauna of this lake was previously sampled by De Leeuw (1986) in 1984. The
appearance of lakes associated with Shanley’s Lough soak is an unusual
phenomenon and is though to be related to major subsidence of the bog surface in
the area; caused by extensive drainage and peat cutting nearby (ten Heggeler et
al. 2005; Chapter 3).
Shanley’s Lough B (SLB) is a shallow lake (2,016 m2) that formed during
the mid 1990’s (J. Ryan pers. comm.). Aquatic vegetation that occurs within the
lake is dominated by Sphagnum cuspidatum. Sphagnum magellanicum occurs in
the shallower areas near the lake edge. Remains of the original Calluna vulgaris
and Myrica gale shrubs that occupied this area prior to inundation are still evident.
The southern edge of the lake comprises a band of emergent vegetation (Carex
rostrata and Eriophorum angustifolium). The macroinvertebrate fauna of this lake
has not been subject to previous sampling.
Shanley’s Lough C (SLC) is a small lake (416 m2) that formed ca 1999 (J.
Ryan pers. comm.). The aquatic vegetation is dominated by Sphagnum
cuspidatum with occasional Sphagnum magellanicum. As with Shanley’s Lough B,
vegetation that was present prior to inundation is still evident. The eastern edge of
the lake comprises a band of emergent vegetation (Carex rostrata and Eriophorum
angustifolium). The macroinvertebrate fauna of this lake have not been subject to
previous sampling.

Macroinvertebrate sampling
Semi-quantitative sampling was carried out during April, July and November 2004
at five sites (LR, LRO, SLA, SLB and SLC). Macroinvertebrates were sampled
using a 20X30 cm pond net with 0.5 mm mesh size. Each sample comprised a
sweep lasting 10 seconds and a sample length of 1 m. To ensure representative
sampling the number of replicate samples varied according to the area and habitat
characteristics of each sampling site. On each sampling occasion three replicate
samples were taken from each plot at LR and LRO, ten from SLA, nine from SLB
and five from SLC. Sampling was done in transects across each site taking
account of different microhabitats. In areas of dense Sphagnum, sampling was
carried out only at a depth of 20 to 50 cm to avoid the pond net becoming clogged
with Sphagnum. A canoe was used where necessary to access deep open-water
areas.
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In the lab, samples were washed over three sieves with a mesh size of 2, 1
and 0.5 mm respectively. All macroinvertebrate groups were sorted and preserved
in Ethanol (70%). Macroinvertebrates were subsequently counted and identified to
species level where possible. Some groups (e.g. Chironomidae, Oligochaetae)
were only identified to family or sub-family level.
Environmental variables assessed for each site on each sampling occasion
included; pH (using a standard Ag/AgCl2 electrode connected to a radiometer
Copenhagen type PHM 82 standard pH meter), electric conductivity (using a WTW
315i electrical conductivity meter), and percentage cover of emergent vegetation
(estimated to the nearest 5%).
De Leeuw (1986) used similar sampling methods in June / July 1984 when
sampling a variety of habitats including bog pools and soak lakes of four different
Irish midland raised bogs; in all, 9 samples were taken from raised bog soak lakes
and 10 samples from raised bog pools (3 open and 7 Sphagnum-filled). These data
were used in the current study to compare the invertebrate of bog pools with soak
lakes. Reynolds (1985) carried out brief qualitative sampling of Lough Roe in 1984
and 1985 using a pond net. Data collected in 1984 and 1985 by Reynolds (1985)
and 1984 by De Leeuw (1986) were used together as baseline data to describe the
effectiveness of the restoration measures in Lough Roe soak.

Analytical techniques
Biodiversity PRO software (McAleece et al. 1997) was used to create species
accumulation curves.
Standard descriptive statistics were applied to describe the overall
macroinvertebrate fauna of soak lakes. One-way ANOVA with Tukey’s post-hoc
tests were used to analyse trends among assemblages in relation to site. All
variables were tested for normality and homogeneity of variance before the use of
parametric statistical tests. Diversity, evenness and Berger-Parker indices were
arcsin transformed prior to analysis. ANOVA was carried out using SPSS (SPSS
2002).
To examine spatio-temporal variation in community composition,
macroinvertebrate (site/season) samples (mean density data (number/m2)) for
each taxon, based on the replicate samples from each site on each sampling
occasion were classified using Two-Way INdicator SPecies ANalysis (TWINSPAN)
(Hill 1979), a polyethic, divisive hierarchical method of classification. Cut levels
used to designate ‘pseudo-species’ in the Twinspan analysis corresponded to
abundance values of 0, 1, 3, 7, 12, 36 and 101, which reflect the range of
abundance across taxa.
Subsequent to Twinspan analysis, Canonical Correspondence Analysis
(CCA) was carried out to determine the effects of measured environmental
conditions including pH and electric conductivity of surface water, site age,
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vegetation cover and area on differences in faunal assemblages among the
different water bodies. Multivariate analyses (CCA and Twinspan) were carried out
using PC-ORD (McCune and Mefford 1997).
Data collected by De Leeuw (1986) and Reynolds (1985) during 1984 and
1985 were used to determine the effectiveness of the recent restoration experiment
within Lough Roe. To compare the data from the previous surveys with the current
study; the data from both De Leeuw and Reynolds have been pooled and
presented as a qualitative species list for the site dating to 1984-85. Species
richness and Sorenson’s index of similarity were used to describe the similarity
between the macrofauna of Lough Roe in 1984-85 (LR1984) and that of the
restoration sites (LRO) and control sites (LR2004).

Results
Comparison of macroinvertebrate fauna of soak lakes with bog pools
Fig. 6.2 shows species accumulation curves of two different aquatic habitat types
typically associated with raised bogs; soak lakes and bog pools, for data collected
in 1984 (both habitat types from four raised bog sites in central Ireland) and 2004
(soak lakes on Clara Bog). It is clear from the curves that a greater diversity of
macroinvertebrates was recorded from soak lakes than bog pools. In addition, a
greater number of species are exclusively associated with soak lakes than bog
pools (see Fig. 6.3), with most of those species that occur in bog pools also
recorded from soak lakes. Finally, abundance of macroinvertebrates within soak
lakes was considerably higher than bog pools (see Fig. 6.3). It is also apparent that
those species which occur in both water body types are most abundant (Fig. 6.3).
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Figure 6.3 Mean abundance per sample (+/- standard error of the mean) and overall taxon richness of
samples taken in 1984 in soaks and bog pools. Species are classified by their occurrence in one or
other of these 2 types of water bodies (n=number of samples).

Macroinvertebrate assemblages of soak lakes
General characteristics of macroinvertebrate fauna
In 2004, a total of 65 different taxa were collected and identified from a total of 102
samples taken from the 5 different sampling sites on Clara Bog. Within 8 orders, 50
taxa were identified to species level, 10 to genus level and a further 5 to family
level as shown in Table 6.1; the trophic group and relative abundance per site of
each taxon is also presented. Of the 65 taxa recorded in total samples, 30 were
predators, 15 omnivores, 12 herbivores and 8 detritivores.
The most frequently occurring taxa were the dipteran subfamilies,
Tanypodinae (mainly of the genus Procladius) and Orthocladinae (mainly of the
genus Psectrocladius), and the hemipteran Hesperocorixa castanea (Thompson);
all occurring in more than half of the total number of samples. Other frequently
occurring taxa included the aquatic spider Argyroneta aquatica (Clerck), the
damselfly Ischnura elegans (van der Linden), the dipteran larvae Chironominae
(mainly belonging to genus Chironomus) and Bezzia sp., the coleopteran Enochrus
affinis (Thunberg) and hemipteran Cymatia bonsdorffii (Sahlberg).
A total of 11,622 individuals were recorded, the most abundant taxon
group are dipteran larvae, accounting for over 80% of all individuals recorded (see
Table 6.2). The most diverse taxonomic group was Coleoptera with a total of 22
different taxa recorded; however, it should be noted that some diptera larvae were
only identified to family level.
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Tables 6.1 List of taxa, trophic group (TG) and relative abundance of taxa from each sampling site
taken during 2004.
Order

Family

Species

TG

LRO LR

Araneae

Cybaeidae

Argyroneta aquatica (Clerck)

P

4.71 15.42 2.54 1.76 0.03

Trichoptera

Polycentropodidae

Holocentropus dubius (Rambur)

P

0.48

Phryganeidae

Agrypnia varia (Fabricius)

O

Baetidae

Cloeon dipterum (Linnaeus)

D

Leptophlebidae

Leptophlebia vespertina (Linnaeus)

O

1.74 1.37 1.33

Paraleptophlebia sp.

D

1.19 0.34 0.41

Ephemeroptera

Oligochaetae
Odonata

Coleoptera

0.02

0.03

1.24

Undetermined

O

Aeshnidae

Aeshna juncea (Linnaeus)

P

Libellulidae

Libellula quadrimaculata (Linnaeus)

P

0.10 0.05

Sympetrum danae (Sulzer)

P

0.77 0.64 0.38

Enallagma cyathigerum (Charpentier)

P

0.03

Ischnura elegans (van der Linden)

P

1.39 0.64 2.53

Lestidae

Lestes sponsa (Hansemann)

P

0.06 0.05 0.03

Chironominae

Chironomus sp. / Glyptotendipes sp.

D

6.45 1.54 1.13 3.13 0.41

Tanypodinae

Procladius sp. / Ablabesmyia sp.

P

13.90 22.03 52.61 65.79 16.11

Orthocladinae

Psectrocladius sp. / Corynoneura sp.

H

4.22 4.41 16.58 10.08 71.92

Ceratopogonidae

Bezzia sp.

P

0.74 3.74 4.91 7.93 0.57

Chaoboridae

Chaoborus crystallinus (De Geer)

P

24.32

Dixidae

Dixella sp.

D

Coenagrionidae

Diptera

SLA SLB SLC

15.88 11.01 0.30 1.22
0.53 0.73 0.73

0.02
0.22 0.52 0.05 0.05

Tipulidae

Undetermined

H

5.29 1.49 0.15 0.03

Cylindrotomidae

Phalacrocera sp.

H

0.66 0.08

Tabanidae

Tabanus sp.

P

0.44

Psychodidae

Undetermined

D

1.32

0.15

Syrphidae

Undetermined

D

0.22

Dytiscidae

Agabus affinis (Paykull)

P

0.44 0.04 0.05

Agabus bipustulatus (Linnaeus)

P

0.88

Colymbetes fuscus (Linnaeus)

P

Copelatus haemorrhoidalis (Fabricius)

P

Hydroporus obscurus Sturm

P

0.22 0.04

Hydroporus planus (Fabricius)

P

0.74 5.73 0.10 0.20

Hygrotus inaequalis (Fabricius)

P

0.02 0.44 0.03

Ilybius aenescens Thompson

P

0.02

Laccophilus minutus (Linnaeus)

P

Dytiscus marginalis Linnaeus

P

Dytiscus circumflexus Fabricius*

P

*

Dytiscus semisulcatus Muller*

P

*

Gyrinidae

Gyrinus minutus Fabricius

P

Halipidae

Haliplus confinis Stephens

O

0.05

Hydrophilidae

Anacaena lutescens (Stephens)

H

0.99 1.54 0.38 0.05 0.03
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0.05
0.88

0.02
0.25
*
0.03

Coelostoma sp.

H

Enochrus affinis (Thunberg)

H

0.25 18.94 1.03 1.22 0.11

0.22

Enochrus fuscipennis (Thomson)

H

2.42 0.22 0.15

Helochares punctatus Sharp

H

0.04

Helophorus brevipalpis Bedel

H

0.44 0.02 0.05

Helophorus minutus Fabricius

H

Hydrobius fuscipes (Linnaeus)

H

0.22

Cercyon sp.

H

0.22

0.74

0.06

0.03
0.03
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Family

Species

TG

Scirtidae

Undetermined

D

Nepidae

Nepa cinerea Linnaeus

P

0.04

Veliidae

Microvelia reticulata (Burmeister)

P

0.22 2.93

Gerridae

Gerris argentatus Schummel

P

Gerris lacustris (Linnaeus)

P

0.25

Notonecta glauca Linnaeus

P

2.73 0.22

Notonecta obliqua Gallen

P

2.48

Sigara dorsalis (Leach)

O

0.05

Sigara lateralis (Leach)

D

0.05

Sigara nigrolineata (Fieber)

O

0.25

Sigara scotti (Douglas & Scott)

O

0.25

Sigara selecta (Fieber)

O

Sigara semistriata (Fieber)

O

0.25

Notonectidae
Corixidae

LRO LR

SLA SLB SLC

1.10

0.10

0.18 0.20 0.11
0.02
0.10

0.15
0.08

0.16
0.03
0.34 0.03

Hesperocorixa sahlbergi (Fieber)

O

4.47

0.05

Hesperocorixa castanea (Thomson)

O

12.66

7.07 1.08 4.05

Hesperocorixa linnaei (Fieber)

O

0.25

Callicorixa praeusta (Fieber)

O

Callicorixa wollastoni (Douglas & Scott)

O

Corixa punctata (Illiger)

O

1.74

0.04 0.59 0.08

Cymatia bonsdorffii (Sahlberg)

P

0.25

1.27

0.03
0.04 0.93 0.05
0.05
0.52

TG: Trophic Group, as assigned a with reference to Cummins and Klug (1979) and Usseglio-Polateral
et al (2000). P = Predator, H= Herbivore, O = Omnivore, D=Detritivore). *Taxa that were not present in
samples but were observed during field visits or captured in baited traps.
Table 6.2 Number of taxa and number of individuals within each taxon group from the total sampling
effort (2004).
Total Individual
% Total
Taxonomic Group
Number of Taxa
Abundance
Abundance
Araneae
1
254
2.2
Trichoptera

2

26

Ephemeroptera

3

252

0.2
2.2

Oligochaetae

1
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1.3

Odonata

6

321

2.8

Diptera

11

9341

80.4

Coleoptera

22

321

2.8

Hemiptera

19

953

8.2

Total

65

11,622

100

Variation in macro-fauna assemblages of different soak lakes
The assessed habitat characteristics of the sample sites are summarised in Table
6.3. The restoration sites within Lough Roe (LRO) have a higher pH than the other
sites. Lough Roe (LR) also has a marginally higher pH than the water bodies within
Shanley’s Lough soak (SLA, SLB and SLC). The pH values of SLA, SLB and SLC
are within the typical range normally associated with raised bog habitats in Ireland
(Proctor 1992).
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Table 6.3 Habitat features of sampling sites (2004).
Site Name

Number
of
Samples

Age
(yrs)

Area
2
(m )

EC
-1
(μS cm )

pH

Max
Depth
(m)

Vegetation
Cover (%)*

9

>200

1000

70 (± 26)

4.2-4.5

0.1

90

21

2

64

66 (± 17)

4.8-6.3

1.0

5

30

>100

1800

70 (± 3)

3.7-4.1

1.5

5

27

10

2016

55 (± 6)

3.9-4.2

0.7

5

15

6

416

55 (± 9)

3.9-4.1

0.7

0

Lough Roe Floating
Raft (LR)
Lough Roe Restoration
Plots (LRO)
Shanley’s Lough A
(SLA)
Shanley’s Lough B
(SLB)
Shanley’s Lough C
(SLC)

Values show means (± standard deviations) based on measurements taken on each sampling date.
Ranges are given for pH. EC = Electrical Conductivity. *Vegetation cover indicates the percentage of
habitat comprising emergent vegetation.

Table 6.4 Summary descriptive statistics of invertebrate assemblages of the different sampling sites
(mean values ± standard error) in 2004.
Dominance
Total
Mean Mean Taxon
Mean
Mean
(Berger –
Taxon
Abundance ±
Richness ±
Simpson’s
Evenness
Parker)
Richness
S.E.
S.E.
Diversity
LRO (n=21)
LR (n=9)
SLA (n=30)
SLB (n=27)
SLC (n=15)

24

19.2 ± 5.4a

4.2 ± 0.7a

27

ab

bc

0.78 ± 0.01b

0.83 ± 0.03a 0.34 ± 0.03a

bc

0.53 ± 0.03

a

0.54 ± 0.03b 0.63 ± 0.02b

0.48 ± 0.04

a

0.54 ± 0.04b 0.68 ± 0.03b

0.54 ± 0.06

a

0.56 ± 0.07b 0.57 ± 0.06b

39
36
32

50.4 ± 12.5

c

168.2 ± 12.5

bd

75.7 ± 12.8

cd

245.0 ± 53.7

8.9 ± 0.7
9.5 ± 0.6

ab

6.6 ± 0.7

c

8.6 ± 0.5

0.50 ± 0.06 a 0.67 ± 0.08ab 0.59 ± 0.05b

ANOVA F
24.92
10.49
5.21
5.18
4.86
Results of one-way ANOVA and Tukey post-hoc test (or Tamhane post-hoc where data did not conform
to test for homogeneity of variance) with site as fixed factor p=<0.05. Different letters (a,b,c,d) indicate
significant differences of the mean value.
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Table 6.4 presents descriptive statistics of the macroinvertebrate
assemblage at each sampling site. Overall taxon richness was highest within SLA
(39), followed by SLB (37), SLC (32), LR (27) and LRO (24). However, mean
diversity and evenness were both greater in LR and LRO than the other sampling
sites. LR has the most unique taxa (7); the taxa unique to each sampling site and
their relative abundance are listed in Table 6.1.
Twinspan analysis was used to elucidate whether different
macroinvertebrate communities existed at each sampling site (Fig. 6.4). Three
main clusters were identified; the first division separates the LR samples (Cluster I)
from the rest; the second division separates LRO samples (Cluster II) from the
remaining samples (Cluster III), which comprised samples from SLA, SLB and
SLC. Cluster III was further divided according to season, except for the SLC
summer sample occurring with the spring samples. This implies that the species
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assemblages of SLA, SLB and SLC are similar and season is more important in
determining differences in species assemblage than site characteristics.

Hesperocorixa castanae (Thomson) (1) –
Tipulidae (2) +

Hesperocorixa sahlbergi (Fieber) (1) –
Ischnura elegans (van der Linden) (1) +

Paraleptophlebia sp.(1) +
Bezzia sp. (2) +
Sympetrum danae (Sulzer) (1) –

Leptophlebia vespertina (Linnaeus) (1) +

LROsp
LROsu
LROau

SLAsp
SLBsp
SLCsp
SLCsu

SLAsu
SLBsu

SLAau
SLBau
SLCau

Cluster III

Cluster II

(a)

(b)

LRsp
LRsu
LRau
Cluster I

(c)

Figure 6.4 TWINSPAN classification of mean seasonal samples (sp = spring; su = summer; au =
autumn) taken during 2004. Indicator species with pseudo-species abundance in brackets; - denotes
taxa more abundant to left of division, + denotes species more abundant to right of division.

CCA carried out on the same data shows the three distinct Twinspan
clusters occurring in different areas on the ordination (Fig. 6.5a). From CCA it is
apparent that pH and vegetation cover are the most important of the measured
environmental variables in separating the clusters. The species bi-plot shows the
position of taxa on the ordination (Fig. 6.5b).
Axis 1 and 2 together explained 40% of the variation in the species data
(see Table 6.5). The ordination of samples along axis 1 was most strongly
correlated with pH, vegetation cover and site age (see Fig. 6.5a, Table 6.5). Area,
pH, vegetation cover and site age had the highest correlation with the variation in
species assemblages along axis 2. Cluster II is associated with high pH, low
vegetation cover, low site age and small area. Cluster I is associated with
moderate pH, high vegetation cover and higher site age. Cluster III was associated
with low pH but showed much variation in site age, area and vegetation cover
between samples.
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Taxa mainly associated with cluster II (LRO) include the dipteran larva
Chaoborus crystallinus (De Geer), the hemipterans Notonecta glauca (Linnaeus),
Notonecta obliqua (Gallen), Hesperocorixa sahlbergi (Fieber), the coleopteran
Dytiscus marginalis (Linnaeus), and the ephemeropteran Cloeon dipterum
(Linnaeus). Species mostly associated with cluster I (LR) include taxa of the
coleopteran family Hydrophilidae. Species mostly associated with cluster III (SLA,
B, C) include taxa of the hemipteran family Corixidae, Odonata taxa, the
ephemeropteran family Leptophlebidae and the dipteran families Tanypodinae and
Orthocladinae.
Table 6.5 Axis eigenvalues and weighted correlations between axes and environmental variables
following CCA of macroinvertebrate samples and environmental variables.
Axis
1
2
3
Eigenvalue
0.565
0.409
0.311
Species – environment correlation
0.983
0.978
0.926
Cumulative percentage variance of species data
23.3
40.2
53.1
Correlations with axes
pH
-0.699
-0.633
0.104
Vegetation cover
-0.702
0.527
-0.409
Area
-0.236
0.762
0.374
Age
-0.597
0.521
-0.357
Electrical conductivity
-0.008
0.233
-0.011
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Figure 6.5 Species Abbreviations: Ab, Agabus bipustulatus (Linnaeus); Ag a, Agabus affinis (Paykull); Aj, Aeshna
juncea (Linnaeus); Al, Anacaena lutescens (Stephens); Ar a, Argyroneta aquatica (Clerck); Av, Agrypnia varia
(Fabricius); Bez, Bezzia sp.; Cal p, Callicorixa praeusta (Fieber); Cb, Cymatia bonsdorffii (Sahlberg); Cc, Chaoborus
crystallinus (De Geer); Cd, Cloeon dipterum (Linnaeus); Cer, Cercyon sp.; Cf, Colymbetes fuscus (Linnaeus); Ch,
Copelatus haemorrhoidalis (Fabricius); Chi, Chironominae; Coe, Coelostoma sp.; Cor p, Corixa punctata (Illiger); Cw,
Callicorixa wollastoni (Douglas & Scott); Dix, Dixella sp.; Dm, Dytiscus marginalis Linnaeus; Ea, Enochrus affinis
(Thunberg); Ec, Enallagma cyathigerum (Charpentier); Ef, Enochrus fuscipennis (Thomson); Ga, Gerris argentatus
Schummel; Gl, Gerris lacustris (Linnaeus); Gm, Gyrinus minutus Fabricius; Hal c, Haliplus confinis Stephens; Hb,
Helophorus brevipalpis Bedel; Hd, Holocentropus dubius (Rambur); Hel p, Helochares punctatus Sharp; Hes c,
Hesperocorixa castanea (Thomson); Hf, Hydrobius fuscipes (Linnaeus); Hi, Hygrotus inaequalis (Fabricius); Hl,
Hesperocorixa linnaei (Fieber); Hm, Helophorus minutus Fabricius; Ho, Hydroporus obscurus Sturm; Hs,
Hesperocorixa sahlbergi (Fieber); Hyd p, Hydroporus planus (Fabricius); Ia, Ilybius aenescens Thompson; Ie, Ischnura
elegans (van der Linden); Lm, Laccophilus minutus (Linnaeus); Lq, Libellula quadrimaculata (Linnaeus); Ls, Lestes
sponsa (Hansemann); Lv, Leptophlebia vespertina (Linnaeus); Mr, Microvelia reticulata (Burmeister); Nc, Nepa cinerea
Linnaeus; Ng, Notonecta glauca Linnaeus; No, Notonecta obliqua Gallen; Oli, Oligochaetae; Ort, Orthocladinae; Par,
Paraleptophlebia sp.; Pha, Phalacrocera sp.; Psy, Psychodidae; S sco, Sigara scotti (Douglas & Scott); S sel, Sigara
selecta (Fieber); S sem, Sigara semistriata (Fieber); Sci, Scirtidae; Sig d, Sigara dorsalis (Leach); Sl, Sigara lateralis
(Leach); Sn, Sigara nigrolineata (Fieber); Sym d, Sympetrum danae (Sulzer); Syr, Syrphidae; Tab, Tabanus sp.; Tan,
Tanypodinae; Tip, Tipulidae.
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Figure 6.5 (a) CCA ordination diagram of macroinvertebrate communities showing samples and
TWINSPAN clusters 1-3. Arrows indicate bi-plots of important environmental variables. (b) CCA
ordination diagram of macroinvertebrate taxa (see opposite for species abbreviations).

Effectiveness of restoration measures at Lough Roe soak
2

In 1984 an area of open-water measuring approximately 150m remained within the
soak (Reynolds 1985), and the pH of surface water varied between 5.85 and 6.00.
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By 2003, open-water was no longer present as during the intervening
period the surrounding Sphagnum raft had colonised the last remaining area and
pH varied between 4.2 and 4.5 (Crushell et al. 2006).
It is clear from Table 6.6 and 6.7 that the macroinvertebrate assemblage of
the Sphagnum dominated habitat (LR2004) differs greatly from the original openwater assemblage of Lough Roe (LR1984-85) with a Sorenson’s similarity index of
0.24 and only five species in common. However, the assemblage of the restoration
plots was more similar to the original open-water assemblage with a Sorenson’s
similarity of 0.42 and 10 species in common. Taxon richness was greater in 198485 (25) compared to LR2004 (22) and LRO (16).
We considered the possibility that differences may be due to seasonal
patterns as 2004 represented three different seasons whereas 1984-85 sampling
was carried out during summer. However, those species recorded in 2004 that
were absent in 1984-85 are known to occur during summer months and the
majority were recorded elsewhere by De Leeuw during summer 1984.
Hemiptera are rare in the semi-aquatic habitat (LR2004) but are abundant
in the open-water habitats in 1984-85 (LR1984-85) and restoration plots (LRO). In
contrast to this, a high number of coleopteran taxa were recorded from the semiaquatic habitat that was absent from the open-water habitats in 1984 and the
restoration plots. Seven different species are uniquely associated with LR mostly of
the group coleoptera (Table 6.6). Notably, four odonate taxa recorded in 1984-85
are absent from LR2004 and LRO.

Discussion
Comparison of macroinvertebrate fauna of soak lakes with bog pools
160

The ecological interest of soak systems has long been recognised in relation to the
vegetation associated with them (Osvald 1949; Cross 1990; Kelly 1993; Schouten
2002; Crushell et al. 2006), however the invertebrate fauna of these habitats has
only briefly been described (Reynolds 1985). The results show that soak lakes are
important aquatic habitats of raised bogs and contain a higher diversity and
abundance of macroinvertebrates than the more commonly occurring bog pools.
The permanence of the habitat, their relatively large size and the variation in
environmental conditions known to occur within these lakes are all likely to
contribute to these findings. There are however a number of species that occur
exclusively in both bog pools and soak lakes thus implying that conditions in each
habitat meet different species requirements.
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Table 6.6 Presence of taxa in Lough Roe sampling sites during each sampling occasion.
Argyroneta aquatica (Clerck)

Group
Ara

LR 1984-85
*

LRO 2004
*

LR 2004
*

Helophorus sp.**

Col

*

*

*

Chironomidae**

Dip

*

*

*

Diptera larva**

Dip

*

*

*

Oligochaetae

Oli

*

*

*

Dytiscus marginalis Linnaeus

Col

*

*

Cloeon dipterum (Linnaeus)

Eph

*

*

Gerris lacustris (Linnaeus)

Hem

*

*

Hesperocorixa castanea (Thomson)

Hem

*

*

Hesperocorixa sahlbergi (Fieber)

Hem

*

*

Anacaena lutescens (Stephens)

Col

*

*

Enochrus affinis (Thunberg)

Col

*

*

Hydroporus planus (Fabricius)

Col

*

*

Hem

*

*

Notonecta glauca Linnaeus
Colymbetes fuscus (Linnaeus)

Col

*

Enochrus coarctatus (Gredler)

Col

*

Gyrinus substriatus Stephens

Col

*

Laccobius striatulus (Fabricius)

Col

*

Rhantus exoletus (Forster)

Col

*

Leptophlebia vespertina (Linnaeus)

Eph

*

Gerris argentatus Schummel

Hem

*

Nepa cinerea Linnaeus

Hem

*

Velia caprai Tamanini

Hem

*

Aeshna sp.

Odo

*

Coenagrionidae sp.

Odo

*

Libellula quadrimaculata (Linnaeus)

Odo

*

Sympetrum danae Donovan

Odo

*

Tri

*

Limnephilus stigma (Curtis)
Dytiscus circumflexus Fabricius

Col

*

Chaoborus crystallinus (De Geer)

Dip

*
*

Corixa punctata (Illiger)

Hem

Cymatia bonsdorffii (Sahlberg)

Hem

*

Sigara nigrolineata (Fieber)

Hem

*

Sigara scotti (Douglas & Scott)

Hem

*

Sigara semistriata (Fieber)

Hem

*

Notonecta obliqua Gallen

Hem

*

Hesperocorixa linnaei (Fieber)

Hem

*
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Cercyon sp.

Col

*

Agabus affinis (Paykull)

Col

*

Agabus bipustulatus (Linnaeus)

Col

*

Copelatus haemorrhoidalis (Fabricius)

Col

*

Coelostoma sp.

Col

*

Enochrus fuscipennis (Thomson)

Col

*

Hydrobius fuscipes (Linnaeus)

Col

*

Hydroporus obscurus Sturm

Col

*

**Some taxa were identified to a higher taxonomic level in previous studies.
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Table 6.7 Taxon richness, pH, species in common (indicated by parenthesis) and Sorenson’s index of
similarity between the datasets of Lough Roe.
pH
Total Taxon
LR 1984-85
LR 2004
LRO 2004
Richness
LR 1984
5.9-6.0
25
*
0.24
0.43
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LR 2004-05

4.2-4.5

22

(5)

*

0.47

LRO 2004-05

5.2-5.9

16

(10)

(9)

*

Soak lakes are likely to function as a reservoir of invertebrate species from
which smaller ephemeral pools in the surrounding bog can be colonised following a
period of drought. The habitat is probably most important for those species which
depend on aquatic conditions during the late summer/early autumn when water
levels across the bog are at their lowest as is known to be the case with some
Coleoptera (Galewski 1971). Furthermore, it is possible that some
macroinvertebrate species that are recorded from acid pools may depend on the
more base-rich conditions found within soak lakes during some part of their lifecycle, therefore the configuration of the two habitat types may be important
(Dunning et al. 1992; Verberk et al. 2001; 2006). In this respect, the disappearance
(due mainly to peat cutting and drainage) of base-rich lagg zones or transitional
mires originally surrounding acid raised bogs has likely contributed to the loss of
fauna species from bog ecosystems. In a study of an intact raised bog in Estonia, it
has been demonstrated that characteristic bog species showed distinct distribution
patterns, certain species preferred locations with higher nutrient concentrations
such as soaks, laggs and transitional mires (Smits et al. 2002). A study in a Dutch
bog remnant showed characteristic species to selectively inhabit temporary or
permanent pools (van Duinen et al. 2004). This implies that the macrofauna of
intact raised bogs depend on considerable variation in environmental conditions of
aquatic habitats.
While we have shown that soak lakes are important for the overall
diversity and abundance of invertebrate fauna of raised bogs, further insights into
their contribution could be obtained by examining in more detail the differential use
of the two habitat types during the seasons by species differing in life-cycles (or
species traits). Our findings have relevance to peatland restoration efforts
elsewhere, where it is often the objective to restore homogenous acid bog
vegetation typical of the central area of raised bogs. Efforts to restore the faunal
diversity of a raised bog should include measures to restore the original
heterogeneity of the bog landscape to include such features as soak lakes as
suggested previously by Smits et al. (2002) and Verberk et al. (2006).
Due to the relatively high abundance of invertebrates, it is likely that soak
lakes act as locally important food sources for certain bird species that occur on
raised bogs. Downie et al. (1998) reported that Coleoptera, Hemiptera and
Odonata made up about 60% of the observed diet of wading birds that occurred on
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a blanket bog in Scotland. The diets of many moorland birds consist predominantly
of invertebrates, with a wide range of taxa recorded in the diets of moorland birds
during the breeding season (Buchanan et al. 2006).

Invertebrate assemblages of different soak lakes
General characteristics of macroinvertebrate fauna of soak lakes
To date there is scant information on the invertebrate species that occur in Irish
raised bog pools and lakes. The overall species assemblage recorded from soak
lakes during 2004 is representative of the acid conditions prevalent at most sites,
the majority of the species recorded are typically associated with acid lakes (Elliot
et al. 1988; Galewski 1971; Macan 1965; Usseglio-Polatera et al. 2000; Verberk
2008).
Ephemeropteran larvae are known to be sensitive to low pH (Elliot et al.
1988). The one species known to tolerate acid lake conditions Leptophlebia
vespertina (Linnaeus) (Giller et al. 1998; Elliot et al. 1988) was recorded at
relatively high frequency during the current study. However, the occurrence of
Cloeon dipterum (Linnaeus) and Paraleptophlebia sp. is indicative of the less acid
conditions associated with soak lakes than the usual bog pools.
High abundances of dipteran larvae (not identified to species level) were
recorded during the current study throughout all seasons. An earlier study by Ashe
(1987) recorded the highly specialised northern chironomid Lasiodiamesa
sphagnicola (Kieffer) from Shanley’s Lough soak system thus indicating the
potential of these habitats to harbour rare dipteran species.
Our results indicate that soak lakes are particularly important habitats for
both Coleoptera (22 species recorded) and Hemiptera (19 species recorded). The
coleopteran species Dytiscus circumflexus Fabricius recorded during the current
study is listed as being vulnerable under International Union for Nature
Conservation (IUCN) criteria and is on the Irish red list of water beetles (Foster and
Nelson 2007) having only two previous records in Ireland.
Variation in macro-fauna assemblages of different soak lakes
Our results show that distinct macroinvertebrate assemblages are associated with
different types of soak lake and that biological metrics also differ between sites
(Table 6.4). Habitat structure (cover of emergent vegetation) and water chemistry
(pH) are both shown to be important environmental variables in determining
species assemblage (Fig. 6.5). The most acid lakes (Cluster III: SLA; SLB and
SLC) are shown to have the highest overall taxon richness (Table 6.4). The higher
number of taxa recorded from these sites is likely to reflect the greater variation in
habitat present as an emergent vegetation zone surrounds the open-water area
unlike both LR and LRO where this habitat complex is absent. Both evenness and
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Simpson’s diversity are higher within LR and LRO due to the dominance of a small
number of taxa within each of SLA, SLB and SLC (see Table 6.1).
Those lakes that are of similar origin and water chemistry (SLA, SLB and
SLC) were found to have a comparable species assemblage (Fig. 6.4 and 6.5) and
our analysis has shown that seasonal differences within sites was an important
factor in determining differences in species assemblages; this is likely to reflect the
different life cycles of the taxa present. This is illustrated by the absence of species
such as Leptophlebia vespertina (Linnaeus) in summer and autumn samples after
emergence which usually occurs in early summer (Elliot et al. 1988; Kiel and
Matzke 2002). Similarly, the absence of Odonata (including Aeshna juncea
(Linnaeus) and Sympetrum danae (Sulzer)) and the low abundance of dipteran
larvae in autumn samples following emergence, as well as the appearance of some
species during late summer and autumn such as Paraleptoplebia sp. and Bezzia
sp. accounts for much of the seasonal differences. The main difference in
community structure noted between the three Shanley’s Lough sites was the
dominance of the herbivorous Orthocladinae at SLC. This may reflect differences in
the abundance of algae which is known to be its principal food source (UsseglioPolatera et al. 2000).
The similarities in the species assemblage of SLA, SLB and SLC indicate
that colonisation by species characteristic of soak lakes of new open-water habitats
is relatively rapid (within five years) in situations where source populations occur
close-by. The proximity of the three lakes to each other is likely to contribute to the
establishment of a similar fauna in the recently formed lakes. Verberk et al. (2006)
have shown that the proximity of source populations plays an important role in
determining species composition in bog pools and not just the occurrence of
suitable environmental conditions.
There is a notable abundance of Coleoptera within the LR site, with
members of both the herbivorous Hydrophilidae and small and medium-sized
predatory Dytiscidae occurring frequently. In contrast, the LRO sites have a greater
abundance of large Dytiscus spp. and Hemiptera such as Notonectidae and
Corixidae, probably due to the absence of emergent vegetation; for some species
in combination with less acid, more base-rich conditions.

Effectiveness of restoration measures at Lough Roe soak
The restoration measures taken within Lough Roe were carried out to determine
the potential for habitat restoration at the site. Generally, little attention has been
paid to the effects of peatland restoration measures on fauna despite them making
up most of the diversity present within peatlands (van Duinen et al. 2003).
Although our results (Table 6.7) indicate that already within one year the
invertebrate fauna of the restoration plots (LRO) is more similar to the faunal
assemblage recorded at the site in the past (LR1984-85) than that which occurs in
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the area where no restoration has taken place (LR2004), a large proportion of
species remain absent from the restoration plots.
It may take some time for many species to return to the area due in part to
the absence of a suitable source population nearby, especially for rare and less
vagile species, but also due to the absence of suitable habitat conditions such as
emergent vegetation surrounding the open-water as was present in the past. The
absence of emergent vegetation may explain why many species that were present
in Lough Roe in 1984 were absent in 2004 (in LRO), such as the mayfly
Leptophlebia vespertina and dragonfly species as they occur in Shanley’s Lough
and bog pools and are vagile. The study in Dutch bog remnants by van Duinen et
al. (2003) showed that these species can colonise newly created bog pools within
a few years. Although indications are that water chemistry is similar to that which
occurred in 1984-85, the vegetation structure is quite different. Over time the
emergent vegetation may develop and thus the habitat may become suitable to
other macroinvertebrate species that occurred in the area prior to terrestrialisation
and require such vegetation to complete their life-cycles.
Further restoration efforts at the site should facilitate the development of a
natural vegetation structure surrounding the open-water to allow the establishment
of a greater diversity of invertebrate species. Furthermore, to ensure the
conservation of aquatic macrofauna within the soak, this floating raft should not be
removed in its entirety so that the unique species assemblage associated with it
and source populations of less vagile species are conserved and not threatened by
future restoration efforts (van Duinen et al. 2003; 2007) aimed at re-creating openwater at the site.
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Soak systems of an Irish raised bog

Introduction
In this chapter the results of all of the preceding chapters are discussed and
integrated into overall conclusions regarding the conservation and potential
restoration of two different soaks that were the subject of this study, Lough Roe
and Shanley’s Lough. The application of our results to the widespread practice of
restoring cutaway bogs is also discussed.

Lough Roe – a minerotrophic soak
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From the results presented in Chapter 2 we have learned that the entire bog as
well as the soak systems have undergone major changes in the past two centuries
due to intensive land-use activities on and surrounding the bog. The
terrestrialisation of Lough Roe since the beginning of the twentieth century has
marked a sudden change in the ecology of the site, from what appears to have
been a stable open-water lake (Chapter 2 and 3) for over 6000 years towards a
semi-terrestrial habitat. This change has been shown to have occurred within a
period of approximately 100 years (Chapter 2 and 4). The review of historical landuse at the site has revealed that the terrestrialisation of the lake followed a period
when land-use activities on and around the bog intensified including: the
construction of a bog road across the bog ca AD 1800; peat cutting and associated
drainage around the bog margin throughout the nineteenth century; and drainage
in the vicinity of the road during the late nineteenth century when a surface
drainage ditch was inserted to take water from Lough Roe towards the road (see
Chapter 2).
The above implies the assertion that the change that occurred within
Lough Roe was induced by human impacts. Further evidence and details of the
changing hydrochemisrty, hydrology and ecology of the site are presented in
Chapters 3, 4, 5 and 6. From the analysis of peat and water chemistry we have
shown that environmental conditions remained relatively stable during the period
when open-water conditions prevailed at the site but that a sudden change towards
more acid conditions occurred with the onset of terrestrialisation (Chapter 3).
Accompanying this, the vegetation (Chapter 4) and faunal assemblages (Chapter
6) are shown to have changed in recent decades with a gradual trend towards
more acid bog characteristics.
In Chapter 5 we shed more light on how the human impacts on the bog
may have directly and indirectly caused the commencement of terrestrialisation.
Earlier research has shown that major subsidence of the entire bog surface
occurred during the nineteenth and twentieth century (Bell 1991; Samuels 1992;
van der Schaaf 2002). This subsidence was caused by the construction of a road
across the bog; the insertion of drainage ditches; and peat extraction activities at
the bog margins (Bell 1991; Samuels 1992; van der Schaaf 2002; Ten Heggeler et
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al. 2005). We concluded that subsidence of the bog surface in combination with the
direct effects of surface drainage at the soak would have created suitable
conditions to initiate terrestrialisation by a floating vegetation raft (Chapter 5).
These conditions include inter alia; a relatively shallow water-body and possibly the
presence of floating peat substrate.
The most unusual feature of Lough Roe which makes the site unique and
of such ecological interest is the occurrence of mineral rich conditions despite its
location on the crest of a raised bog dome. To propose conservation objectives or
management for the site, it is necessary to know the source of the minerotrophic
conditions evident. Prior to the research presented in this study there had been
considerable speculation on the origin and maintenance of mineral rich conditions
at the site (see Connolly et al. 2002). A long-term study carried out at the site
concluded that research into the functioning of Lough Roe was a priority (Schouten
et al. 2002).
We carried out detailed investigations on the chemistry (of both peat and
pore-water) at the site with a view to understanding the origin of the mineral rich
conditions (Chapter 3). From the results of this study together with what we know
from earlier work, we concluded that the minerotrophic conditions at the site
originate from within the bog basin. We propose that the most likely source is from
the fen peat which underlies the soak and surrounding bog. We conclude that the
minerals were originally transported towards the soak by a local hydrological flow
from the surroundings during the phase of early bog development. Later the
mineral rich conditions were maintained within and at the surface of the soak by
high rates of decomposition and associated internal alkalinity generation (Chapter
3).
In Chapter 5 and 6 we report the results of a field experiment set up to
investigate the potential to carry out ecological restoration within the site as a
means of conserving its ecological interest and unusual minerotrophic character.
Here, we concluded that successful long-term conservation of the site could only
be achieved by removing the floating raft of vegetation in combination with
reducing the influence of surface acid water from the surroundings.

Implications for conservation and management
Based on the results of the historical, biogeochemical and ecological investigations
carried out (Chapter 2, 3, 4, 6) we conclude that the ecological interest of the site
has diminished and is threatened further due to on-going terrestrialisation and
acidification of the surface. We also conclude that this process was most likely
initiated and accelerated by anthropogenic activities as land-use intensified
throughout the nineteenth and twentieth century (Chapter 2, 5). It is probable that
the soak will lose all remaining minerotrophic indicators in a short period of time
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(within ca 50 years) unless management measures aimed at restoring the aquatic
and mineral rich conditions are undertaken.
Conservation objectives
Prior to major management measures being decided or carried out, it is necessary
to decide on a conservation objective for the site. Based on the findings of our
research there are four feasible alternative objectives presented. The measures
required to achieve each alternative and the ecological implications are discussed
below and summarised in Fig. 7.1.
Objective 1
To establish raised bog habitat dominated by ombrotrophic communities.
This could be easily achieved with little or no management intervention necessary.
By allowing the soak to continue on its path towards ombrotrophy (Chapter 3 and
4), the site will become dominated by this vegetation type within a relatively short
period of time.
It remains unknown whether Lough Roe would have inevitably progressed
towards this situation even in the absence of human impact. It is clear however that
this situation was brought along sooner than would have occurred in the absence
of human impacts.
The implications of this alternative include:
• The extinction of a once unique ecological feature of the bog which added
to the heterogeneity and biodiversity of the ecosystem.
• Local extinction of plant and animal species associated with the
minerotrophic conditions at the soak.
• An expansion in the cover of raised bog habitat throughout the site.
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Objective 2
To establish a floating vegetation raft with an abundance of minerotrophic species
as has been present throughout much of the site for the past century.
To achieve this it would be necessary to remove the floating raft that has grown
over the surface of the former lake. Based on the findings of Chapter 4 and 5, it is
most likely that a sphagnaceous raft with minerotrophic indicators would establish
rapidly due to peat substrate floating to the surface. An area of raft should be
retained to function as a refuge for flora and fauna to recolonise the floating raft
once it becomes established.
The implications of this alternative include:
• Conserve the ecological interest of the site as a refuge for minerotrophic
fen species within an acid bog ecosystem.
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Due to the transitional nature of the habitat and based on the findings of
our study (Chapter 4 and 5), raft removal would need to be repeated
regularly to prevent ombrotrophic conditions developing at the surface.
Disturbance caused by carrying out of restoration measures.

Objective 3
To re-create a water-body across the entire site with some minerotrophic species
around the margin.
To achieve this it would be necessary to remove the entire floating raft from Lough
Roe. In addition, the influence of surrounding bog water at the surface would need
to be reduced (see Chapter 5). This could be achieved by inserting a screen
upstream of the soak or the insertion of a shallow drain to intercept and divert the
flow of surface water away from the soak. As an additional measure dredging of
the upper layers of sediment from within the soak would aid in preventing the site
from terrestrialising again.
The implications of this alternative include:
• Emulate a habitat that was present at the site for over 6000 years (see
Chapter 2 and 3).
• Beneficial to aquatic flora and fauna of the entire bog by offering a refuge
to species not typically occurring within bog pools (see Chapter 6).
• Would cause the local extinction of some flora and fauna species which
today occur on the floating raft (Chapter 4 and 6).
• Initially extensive management required and considerable disturbance
likely.
Objective 4
To create a complex of open-water habitat surrounded by floating minerotrophic
rafts.
To achieve this it would be necessary to remove the surface floating raft from
places within the soak. Based on the findings of Chapter 4 and 5, it is most likely
that a floating raft with minerotrophic indicators would establish relatively quickly
again. To prevent floating rafts from developing within all open water areas
dredging of peat substrate should be considered in combination with isolation from
the influence of surrounding acid water as illustrated in Chapter 5.
The implications of this alternative include:
• Conserve the ecological interest of the site as a refuge for minerotrophic
fen species within an acid bog ecosystem.
• This option would be beneficial to the aquatic flora and fauna of the entire
bog by offering a refuge to species not typically occurring within bog pools
(see Chapter 6).
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•

•
•

Due to the transitional nature of the habitat and based on the findings of
our study (Chapter 4 and 5), raft removal may need to be repeated to
prevent ombrotrophic conditions developing at the surface.
Add to the heterogeneity of the soak and bog ecosystem thereby allowing
for a greater diversity of plant and animal species.
Disturbance caused by carrying out of restoration measures.

Restoration Measures

•Non-intervention

•Raft removal

•Raft removal
•Isolate surface hydrology
•Dredging of upper peat
layers

•Partial raft removal
•Partially isolate surface
hydrology
•Local dredging of upper
peat layers

Conservation Objectives

1. Raised bog vegetation

2. Floating minerotrophic
raft

3. Open-water lake

4. Complex of open-water and
minerotrophic raft

Implications
•Extinction of minerotrophic soak
•Local extinction of flora and fauna
associated with minerotrophic raft
•Expansion of raised bog habitat
•No management intervention

•Conserve minerotrophic character of soak
•Conserve minerotrophic fen species
within acid bog
•Local disturbance caused by works
•Ongoing management intervention

•Original minerotrophic lake habitat
restored
•Refuge for aquatic flora and fauna
•Local extinction of flora and fauna
associated with minerotrophic raft
•Local disturbance
•Initially extensive management
•Conserve minerotrophic character of soak
•Conserve minerotrophic fen species
within acid bog
•Refuge for aquatic flora and fauna
•Local disturbance
•Ongoing management intervention

Figure 7.1 Alternative management objectives for Lough Roe soak and the measures and implications
associated with each alternative.
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The above proposals and conclusions are based mainly on a field
experiment carried out at the site, the results of which are presented in Chapter 5.
The experiment was based on plots measuring 4m by 4m where the raft was
removed. It is likely that when applying the restoration measures on a larger scale
results may differ. For example, when raft removal is practiced on a larger area
(without measures to isolate surface hydrology) we suspect that terrestrialisation
may not occur as rapidly as recorded in the experimental plots since the effects of
the surrounding acid water would be more diluted due to a larger surface area to
perimeter ratio.
The method of raft removal used in the experiment was by manual
excavation. This is labor intensive and may not be practical on a larger scale.
Should machinery be used, it is important to consider the potential disturbance this
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may cause to the site and nearby surroundings. By using machinery a greater
amount of near-surface peat may be removed with the floating raft which may also
have the effect of halting the rate of floating peat and subsequent terrestrialisation.
An additional measure that should be considered in the case of Objective 2 above
would be to create a surface outlet from the soak thereby preventing the build-up of
acid water at the surface of the soak.
Monitoring and further research
We recommend that monitoring should continue within the experimental plots used
in this study. A detailed site specific monitoring programme of vegetation
development and hydrochemistry should be established as part of any future
restoration efforts at the site. It is important to give a detailed description of the site
(vegetation, hydrochemistry, hydrological characteristics etc.) before, during and
immediately following the works in order to put monitoring into context (Schouten et
al. 2002).

Shanley’s Lough – a rheotrophic soak
The habitat requirements of Shanley’s Lough differ considerably from those
associated with Lough Roe. The eco-hydrological functioning of Shanley’s Lough
was relatively well understood prior to the commencement of this study. However,
the association of the soak system with historical land-use and present day landuse activities was poorly understood. The results presented in this thesis add
clarity to the likely origin and development of the soak (Chapter 2 and 4). In the
historical review of the bog landscape (Chapter 2) we show that at the beginning of
the nineteenth century there was no indication of open water at the site of
Shanley’s Lough. However, a natural drainage channel did occur in this area. At
this time the bog was also largely intact with little evidence of cutting around the
margin (Chapter 2).
The first indication of open water is from the beginning of the twentieth
century, coinciding with an increased intensity of peat extraction along the southern
margin of the bog. We link this to recent research suggesting that subsidence
caused by marginal peat cutting and drainage has caused two open water bodies
to form in the vicinity of Shanley’s Lough (Ten Heggeler et al. 2005; Chapter 4).
The recent colonisation of these water-bodies by aquatic flora and fauna is
reported in Chapter 4 and 6.
Results presented in Chapter 4 relate vegetation change to changing
surface flow patterns within Shanley’s Lough soak during the period 1992-2003.
These changes are the indirect effects of peat cutting and resulting subsidence of
the bog surface.
We have shown that Shanley’s Lough soak is of high ecological
importance (Chapter 4 and 6) due to its value for aquatic macroinvertebrate fauna
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and the presence of rare plant communities. The ecology of the soak depends on
wet mesotrophic conditions provided by the continuous through-flow of surface
water from the surrounding bog. Our results indicate that the major threat to the
ecology of Shanley’s Lough soak is future changes in flow patterns that may occur
due to continued subsidence of the bog (Chapter 4).

Implications for conservation and management
To conserve the flora and fauna of Shanley’s Lough soak is the conservation
objective for the site. To achieve this it is necessary to retain the hydrology and
surface morphology of the entire bog to ensure that the necessary wet mesotrophic
conditions remain. Should the surface morphology of the area change further, it is
possible that the discharging surface water which currently flows through the soak
may take an alternative route, thus causing the soak to dry out and in turn lose
much of its ecological interest. An added complexity is the effect that further
subsidence may have on the large expanse of active raised bog habitat
surrounding the soak. A recent study has shown that the area of high bog
classified as being active has declined from approximately 150 hectares in 1994-5
to approximately 100 hectares by 2005 due mainly to the effects of marginal peat
cutting and drainage (Fernandez et al. 2006).
The following management measures are proposed with a view to conserving the
ecological interest of Shanley’s Lough soak:
• Peat cutting and drainage should cease immediately along the entire
margin of the bog.
• The water table in the cutover areas should be raised thus restoring the
piezometric head in the mineral sediments beneath the bog (Chapter 4).
• The construction of dams against the face-banks (vertical edge of bog from
where peat has been extracted) nearby Shanley’s Lough to prevent further
subsidence as has been done elsewhere (Schouten et al. 2002; Douglas et
al. 2008).
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Monitoring and further research
It is recommended that regular monitoring of surface levels and vegetation change
should continue at the site. A detailed site specific monitoring programme should
also be carried out in conjunction with any future management measures that are
undertaken. Further research should be carried out on the hydrogeology of the
mineral deposits underlying Clara Bog with the view of predicting future subsidence
and changes in surface flow.

Implications for bog restoration
The practice of restoring bog vegetation on cutaway bog has to date rarely been
practiced in Ireland (Farrell and Doyle 2003; Farrell 2007; 2008). Following the
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industrial exploitation of bogs in Ireland, the most common practice is to allow
‘natural colonisation’ (Farrell 2008) which means that Birch (Betula pubescens)
scrub and woodland tends to invade the drier areas while in the wetter areas reed
swamps become established. Some habitats of regional or local ecological value
may become established (Farrell 2008) although this takes a considerable length of
time. In Ireland there should be a greater focus on the restoration of peat forming
ecosystems to replace those that have been harvested as is practiced
internationally (Wheeler and Shaw 1995; Rochefort et al. 2003; Tomassen 2004).
In excess of 60,000 hectares of industrial cutaway occurs in Ireland (Foss et al.
2001; Farrell 2008) which makes for excellent opportunities to restore bog
vegetation and attempt to recommence the cycle of raised bog development in the
hope that future generations can avail of the many vital ecological services
provided by these ecosystems.
Our results can be applied to the practice aimed at restoring bog
vegetation. Restoration of peat bogs is usually assumed to be a slow process
involving long time spans (Joosten 1995). However, results presented in Chapter 5
show that under alkaline conditions floating peat can occur rapidly and that these
peat mats can develop into Sphagnum dominated vegetation in a time span of only
a few years. The idea that peat bog formation can be a rapid process under more
alkaline conditions has been proposed before (Lamers et al. 1999; Smolders et al.
2002; Smolders et al. 2003; Tomassen et al. 2003). A prerequisite for such a rapid
development of a functional acrotelm (the living layer at the surface of a bog
usually dominated by Sphagnum mosses) is that the top layer of the floating peat
becomes acidic. A steep gradient of an acidic top-layer on an alkaline lower layer
results in an extra supply of carbon dioxide which favours Sphagnum growth
(Smolders et al. 2003) and will also enhance the initial availability of nutrients and
methane owing to a higher decomposition rate in the substrate.
A frequently encountered problem in flooded peatlands is the lack of
floating peat (Meade 1992; Wheeler and Shaw 1995; Lamers et al. 1999). In most
cases the surface layers of cut-over peat remnants have been exposed to aerobic
conditions for decades, and the peat is generally very acidic with pH values below
4. From a microbiological point of view such acidic conditions are unfavourable for
methane production (Segers 1998) and therefore inundation could fail to result in
floating raft formation in those areas.
As a consequence in the context of bog restoration it may be easier to
initiate bog vegetation which leads to acrotelm development within a fen or
groundwater fed situation than within a completely acid environment characterised
by ombrotrophic conditions. This is a common situation on Irish raised bogs which
have been exploited down to the base of the minerotrophic fen peat. However, due
to the highly decomposed nature of the remaining material it may be necessary to
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introduce fresh un-humified peat that would be more likely to become buoyant and
therefore form rafts (Tomassan 2004). It is known that most peat bogs commenced
their development under minerotrophic conditions thereby demonstrating that such
conditions have in the past proven suitable for the rapid development of a
functional bog acrotelm. Once a well developed acrotelm establishes it has the
capacity for hydrological self-regulation (van der Schaaf 1999).
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Summary
Soak systems of an Irish raised bog: A
multidisciplinary study of their origin, ecology,
conservation and restoration

Soak systems (areas of fen vegetation surrounded by ombrotrophic bog) are
unusual features of raised bogs that add to the heterogeneity of the ecosystem.
They have become rare due to the widespread exploitation of raised bogs
throughout North-west Europe and are now considered a priority for conservation
and restoration. We carried out historical; biogeochemical and ecological studies
on Lough Roe soak and Shanley’s Lough soak on Clara Bog in central Ireland with
the aim of understanding their origin, development and ecological functioning. A
greater understanding of these rare features should aid in determining the
conservation and restoration management requirements.
In Chapter 1 we introduce the background to the study and set out our
aims and objectives relating to each part of the research. Chapter 2 deals with the
historical development of Clara Bog and surrounding landscape and in particular to
trace the history of human impact at the site. Our results show that historical landuse in the vicinity of Clara Bog intensified dramatically since the beginning of the
nineteenth century and had many direct and indirect impacts on the ecology of the
entire bog. In relation to the soaks, the first indication of impact was evident during
the early twentieth when terrestrialisation of Lough Roe soak commenced and with
the appearance of an open-water body at the site of Shanley’s Lough.
The feature of Lough Roe which makes the site unique and of such
ecological interest is the occurrence of mineral rich conditions despite its location
on the crest of a raised bog dome. The source and origin of the minerotrophic
conditions that occur at Lough Roe has been the subject of much speculation in
the past. We carried out detailed investigations on the chemistry (of both the peat
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material and pore-water) at the site with a view to understanding the origin of the
mineral rich conditions (Chapter 3). From the results of this study together with
what we know from earlier work, we concluded that the minerotrophic conditions at
the site originate from within the bog basin. We propose that the most likely source
is from the fen peat which underlies the soak and surrounding bog. We conclude
that the minerals were originally transported towards the soak by a local
hydrological flow from the surroundings during the phase of early bog
development. Later the mineral rich conditions were maintained within and at the
surface of the soak by high rates of decomposition and associated internal
alkalinity generation (Chapter 3).
In Chapter 4 we show that the vegetation of Lough Roe and Shanley’s
Lough soak has changed over a twenty-five year period both in community
distribution and species composition. From 1978 to 2003, the characteristic poor
fen vegetation of Lough Roe has changed considerably with increased
representation of ombrotrophic species and a decline in open water communities,
coinciding with this, water chemistry has become more acidic. In the case of
Shanley’s Lough two new acid pools have become established since 1992 and in
places Sphagnum cuspidatum lawns have expanded. We have shown that the
vegetation change associated with Shanley’s Lough can be directly related to
changing flow patterns in the area over the same period due to subsidence caused
by turf cutting and drainage.
Restoration potential of Lough Roe is the subject of Chapter 5. We show
that, with raft removal it is possible to re-create conditions suitable for aquatic plant
communities that once characterised the site. To maintain the site at this earlier
aquatic successional stage it may be necessary to remove the influence of
surrounding surface acid water. Without removing this influence, a sphagnaceous
raft develops rapidly due to peat becoming buoyant. The results also give an
insight into the likely processes responsible for the initial terrestrialisation of the
entire soak. The terrestrialisation of the soak commenced after land-use intensified
in the surroundings (Chapter 1). We propose that that due to a combination of
factors including the floating of minerotrophic peat as a result of disturbance
(caused by inter alia: drainage, marginal peat cutting and the construction of the
bog-road) created suitable conditions for the development of a minerotrophic raft
across the surface of the soak throughout the twentieth century.
In Chapter 6 we assess the importance of soak lakes to aquatic
macroinvertebrate fauna of raised bogs. Our results indicate that species diversity
and abundance is greater within soak lakes than the other natural aquatic habitat
(bog pools) of raised bogs. We also report on the effectiveness (in relation to
aquatic macroinvertebrates) of recent restoration measures aimed at recreating the
more alkaline open-water conditions previously recorded at Lough Roe (Chapter
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5). Indications are that some species which had disappeared from the soak with
the onset of acidification have re-appeared with the re-creation open-water habitat.
We integrate the findings of each part of the study in Chapter 7 and
discuss the implications for the future conservation and restoration of soaks on
Clara Bog. We conclude that the ecological interest of soak systems on Clara Bog
is threatened due mainly to the continued effects of past and present day land-use
(inter alia: peat cutting; drainage; insertion and maintenance of a bog-road across
the bog). Management measures need to be implemented to ensure the
conservation of these unusual ecological features of raised bogs.
In the case of Lough Roe, we present four alternative conservation
objectives for the site and describe the measures required to achieve each
alternative. In addition, we highlight the ecological implications of each alternative.
In the case of Shanley’s Lough, the changing surface flow patterns due to
subsidence threatens the unusual vegetation associated with the soak as some
areas may become wetter and others drier as flow patterns continue to change. To
prevent future loss of the vegetation, immediate management is required which
should include raising the water table in the cutover area; the cessation of turfcutting and drainage activities and the construction of a dam against the face-bank
(vertical edge of bog from where peat has been extracted). In order to predict
future changes in flow patterns (and vegetation) it is necessary to research further
the topography and hydrogeology of the mineral deposits underlying the bog.
In conclusion we discuss the application of our results in relation to the
widespread practice of restoring bog vegetation on industrially exploited peatlands.
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Achoimre
Na maothchórais i bportach ardaithe in Éirinn:
Staidéar ildisciplíneach ar a mbunadh, a
neiceolaíocht, a gcaomhnú agus a nathbhunú
Translated by Deaglán O’ Caoimh
Gnéithe neamhchoitianta de phortaigh ardaithe is ea maothchórais (limistéir arb é
an fásra eanaigh a fhaightear iontu ach arb é an portach ombratrófach a fhaightear
thart timpeall orthu). Cuireann siad le hilchineálacht an éiceachórais. Is annamh a
fheictear anois iad mar rinneadh saothrú go forleathan ar phortaigh ardaithe ar fud
Iarthuaisceart na hEorpa agus meastar anois gur tosaíocht iad ó thaobh an
chaomhnaithe de agus ó thaobh an athbhunaithe de. Rinneamar staidéar stairiúil,
staidéar bithgheoiceimiceach agus staidéar éiceolaíoch ar mhaothchóras an Locha
Rua agus ar mhaothchóras Locha Shanley ar Phortach Chlóirthigh i gcroílár na
hÉireann d’fhonn a mbunadh, a bhforbairt agus a bhfeidhmiú éiceolaíoch a
thuiscint. Ba chóir go gcabhródh tuiscint ní b’fhearr ar na gnéithe annamha seo le
cinneadh a dhéanamh faoi na riachtanais bhainisteoireachta ó thaobh an
chaomhnaithe de agus ó thaobh an athbhunaithe de.
I gCaibidil 1 tugaimid buneolas ar chúlra an staidéir agus leagaimid amach
ár n-aidhmeanna agus ár gcuspóirí maidir le gach cuid den taighde. Baineann
Caibidil 2 le forbairt stairiúil Phortach Chlóirthigh agus forbairt stairiúil an
tírdhreacha máguaird agus go háirithe le léiriú ar stair na hiarmharta daonna ar an
láthair. Taispeánann ár dtorthaí gur dhianaigh úsáid stairiúil na talún i gcóngar
Phortach Chlóirthigh ó thús an naoú haois déag agus chuaigh sé seo i bhfeidhm
go díreach agus go neamhdhíreach ar éiceolaíocht an phortaigh iomláin. Tharla an
chéad iarmhairt ar na maothchórais go luath san fhichiú haois nuair a thosaigh
talmhú mhaothchóras an Locha Rua agus nuair a láithrigh lochán uisce san áit a
bhfuil Loch Shanley anois.
Is í an ghné uathúil den Loch Rua ar díol suime éiceolaíche í ná mianraí a
bheith flúirseach ann cé go bhfuil sé suite ar bharr chruinneachán an phortaigh
ardaithe. Ábhar mór tuairimíochta san am a chuaigh thart ab ea foinse agus
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bunadh na ndálaí mianratrófacha a fheictear ag an Loch Rua. Scrúdaíomar go
mion ceimic na móna agus ceimic uisce na bpiochán araon sa láthair d’fhonn
bunadh fhlúirse na mianraí a thuiscint (Caibidil 3). De bhun thorthaí an staidéir seo
mar aon lena raibh ar eolas againn ó obair roimhe seo, ba é ár dtátal ná go
dtionscnaíonn dálaí mianratrófacha na láithreach ó laistigh d’imchuach an
phortaigh. Molaimid gurb í an fhoinse is dóchúla ná an mhóin eanaigh atá faoin
maothchóras agus faoin bportach máguaird. Is é ár dtátal ná gur iompraíodh na
mianraí i dtreo an mhaothchórais i gcéaduair de bharr srutha hidreolaíoch ón tuath
mórthimpeall i rith na céime tosaigh d’fhorbairt an phortaigh. Cothaíodh flúirse na
mianraí ina dhiaidh sin laistigh den mhaothchóras agus ar dhromchla an
mhaothchórais de bharr rátaí arda dianscaoilte agus de bharr ghiniúint na
halcaileachta inmheánaí a bhí ceangailte leis sin (Caibidil 3).
I gCaibidil 4 taispeánaimid gur athraigh fásra an Locha Rua agus fásra
Locha Shanley thar tréimhse cúig bliana is fiche ó thaobh dháileadh na gcumann
plandaí agus ó thaobh chomhdhéanamh na speiceas araon. Ón mbliain 1978 go
dtí an bhliain 2003, d’athraigh fásra an Locha Rua go mór, ó fhásra lena mbeifeá
ag súil in eanach a bhí ar bheagán mianraí go fásra ina bhfuarthas ní ba mhó
speiceas ombratrófach agus ní ba lú cumann plandaí a bhain leis an uisce oscailte.
Lena chois sin, d’éirigh ceimic an uisce ní b’aigéadaí. I gcás Locha Shanley
láithrigh dhá linn aigéadach nua ó bhí 1992 ann agus d’fhairsingigh na léanta
Sphagnum cuspidatum in áiteanna áirithe. Tá sé taispeánta againn gur féidir gaol
díreach a dhéanamh idir athrú an fhásra i Loch Shanley agus na patrúin srutha a
bhí ag athrú sa cheantar sin le linn na tréimhse céanna de dheasca an turnaimh
arbh iad baint na móna agus an draenáil ba shiocair leis.
Is í acmhainneacht athbhunaithe an Locha Rua an t-ábhar atá ag Caibidil
5. Taispeánaimid gur féidir, má bhaintear an scraith, dálaí a athchruthú a d’oirfeadh
do chumainn phlandaí uisceacha a fuarthas ar an láthair tráth. Chun an láthair a
choinneáil ag an gcéim chomharbais uisceach seo ó thréimhse níos luaithe, is
féidir go mbeidh gá le deireadh a chur le tionchar an uisce aicéadaigh sa dromchla
mórthimpeall. Mura gcuirtear deireadh leis an tionchar seo, fásann scraith
sfagnamach go sciobtha mar éiríonn an mhóin snámhach. Thairis sin, tugann na
torthaí léargas ar na próisis ar dócha a bheith ina gcúis leis an talmhú tosaigh a
tharla don mhaothchóras iomlán. Thosaigh talmhú an mhaothchórais tar éis go
ndearnadh dianú ar úsáid na talún sa tuath máguaird (Caibidil 1). Molaimid gur
chruthaigh roinnt áirithe tosca le chéile – ina measc an mhóin mhianratrófach a
bheith ar snámh de thoradh na corraíola arbh iad draenáil, baint na móna ar an
imeall agus tógáil bhóthar an phortaigh agus nithe eile ba shiocair léi – dálaí a d’oir
d’fhorbairt na scraithe mianratrófaí ar dhromchla an mhaothchórais ó cheann
ceann an fichiú haois.
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I gCaibidil 6 déanaimid measúnú ar an tábhacht a bhaineann le lochanna
maothchórais i dtaca le fána maicrinveirteabrach uisceach na bportach ardaithe.
Tugann ár dtorthaí le fios gur mó éagsúlacht agus líonmhaireacht na speiceas
laistigh de na lochanna maothchórais ná i ngnáthóg uisceach aiceanta (linnte
móna) na bportach ardaithe. Ina theannta sin, tugaimid tuairisc ar éifeachtacht (i
ndáil le maicrinveirteabraigh uisceacha) na mbeart athbhunaithe a rinneadh le
déanaí agus a raibh sé mar aidhm acu athchruthú a dhéanamh ar na dálaí uisce
oscailte a bhí ní b’alcailí agus a taifeadadh roimhe seo ag an Loch Rua (Caibidil 5).
Tá an chuma ar an scéal gurb é an rud atá tar éis leanúint de thoradh athchruthú
na gnáthóige uisce oscailte ná gur tháinig speicis áirithe ar ais a bhí imithe as an
maothchóras de dheasca an aigéadaithe.
Déanaimid comhtháthú ar na codanna go léir den staidéar i gCaibidil 7
agus pléimid na ciallachais i gcomhair chaomhnú agus athbhunú na maothchóras
ar Phortach Chlóirthigh sa todhchaí. Is é ár dtátal ná go bhfuil leas éiceolaíoch na
maothchóras ar Phortach Chlóirthigh faoi bhagairt go mór mór de dheasca
éifeachtaí leantacha úsáid na talún san am a chuaigh thart agus i láthair na huaire
(i measc nithe eile: baint na móna; draenáil; tógáil agus cothabháil an bhóthair
trasna an phortaigh). Ní mór bearta bainisteoireachta a chur i ngníomh chun
deimhin a dhéanamh de chaomhnú na ngnéithe éiceolaíocha neamhchoitianta seo
de phortaigh ardaithe.
I gcás an Locha Rua, tíolacaimid ceithre cinn de chuspóirí malartacha
caomhnaithe i gcomhair na láithreach agus déanaimid cur síos ar na bearta is gá
má thoghtar aon cheann de na cuspóirí sin de rogha ar na cinn eile. Thairis sin,
dírímid aird ar na ciallachais éiceolaíocha a ghabhann le gach cuspóir ar leith.
I gcás Locha Shanley, tá na patrúin srutha ar an dromchla ag athrú de
dheasca an turnaimh agus tá sé seo ag bagairt ar an bhfásra neamhchoitianta atá
ceangailte leis an maothchóras toisc gur féidir go n-éireoidh roinnt limistéar níos
fliche agus go n-éireoidh roinnt limistéar eile níos tirime de réir mar a leanfaidh na
patrúin srutha de bheith ag athrú. Chun caillteanas an fhásra sa todhchaí a chosc,
tá gá le bainisteoireacht láithreach agus ba chóir go gcuimseodh an
bhainisteoireacht seo gníomhartha chun an t-uiscechlár a ardú sa lagphortach;
stad a chur le baint na móna agus le gníomhaíochtaí draenála; agus damba a
thógáil os coinne an bhruaigh éadain (ciumhais ingearach an phortaigh ar
baineadh an mhóin aisti). Ionas go bhféadfar na hathruithe sna patrúin srutha
(agus san fhásra) sa todhchaí a thuar, is gá a thuilleadh taighde a dhéanamh ar
thopagrafaíocht agus ar hidrigeolaíocht na bhfosuithe mianraí atá faoin bportach.
Mar fhocal scoir, pléimid feidhmiú ár dtorthaí i ndáil leis an gcleachtas
forleathan ó thaobh fásra portaigh a athbhunú ar thailte portaigh a ndearnadh
saothrú tionsclaíoch orthu.

Samenvatting
Soak systemen in een iers lenshoogveen: Een
multidisciplinair onderzoek naar hun onstaan,
ecologie, bescherming en herstel
Translated by Bjorn Robroek and Matthijs Schouten
Soak systemen (systemen met een laagveenvegetatie omgeven door ombrotroof
veen), kortweg soaks, zijn zeldzame elementen in hoogvenen die bijdragen aan de
heterogeniteit van deze ecosystemen. Door de wijdverbreide exploitatie van
hoogveen in Noordwest Europa zijn soak systemen zeldzaam geworden en
vandaag de dag worden ze beschouwd als belangrijke elementen in het hoogveen
die behouden en hersteld dienen te worden. Teneinde meer inzicht te krijgen in
soak systemen, hebben wij historisch, biogeochemisch en ecologisch onderzoek
verricht aan twee soaks in Clara bog, centraal Ierland: Lough Roe en Shanley’s
Lough. Kennis omtrent het ontstaan, de ontwikkeling en het ecologisch
functioneren van soak systemen is nodig om de benodigde beschermings- en
herstelmaatregelen zo goed mogelijk te kunnen specificeren.
In hoofdstuk 1 introduceren we de achtergrond van de studie en
verduidelijken we de doelstellingen van elk deel van het onderzoek. Hoofdstuk 2
behandelt de historische ontwikkeling van Clara bog en het omringende landschap,
waarbij bijzondere aandacht wordt geschonken aan de effecten van menselijke
handelen op het systeem. Onze resultaten laten zien dat het landgebruik in de
omgeving van Clara bog geïntensiveerd is sinds het begin van de negentiende
eeuw. Deze intensivering heeft een aantal directe en indirecte effecten gehad op
de ecologie van het gehele hoogveen. De eerste effecten op de soaks werden
duidelijk gedurende de vroege twintigste eeuw. Deze manifesteerden zich in de
vorm van een beginnende verlanding van Lough Roe en het ontstaan van een
meertje nabij Shanley’s Lough.
Lough Roe is een uniek en ecologisch interessant systeem, door de
relatief hoge concentratie aan mineralen ondanks zijn ligging op het hoogste deel
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van een hoogveenlens. Over de oorzaak en de herkomst van de minerotrofe
condities in Lough Roe is in het verleden veelvuldig gespeculeerd. Wij hebben
gedetailleerd onderzoek gedaan naar de chemische samenstelling van het
systeem (zowel van het veen als van het poriënwater), met als doel een beter
begrip te krijgen van de herkomst van de mineraalrijke omstandigheden (hoofdstuk
3). Op basis van de resultaten uit dit onderzoek en gegevens uit eerdere studies
concluderen wij dat de mineralen in Lough Roe vanuit het veenbassin stammen. In
onze visie is het laagveenpakket dat gelegen is onder de soak en het omliggende
hoogveen de meest voor de hand liggende bron van deze mineralen. Wij
concluderen dat gedurende de eerste fase van het ontstaan van het hoogveen
deze mineralen naar de soak werden getransporteerd middels lokale waterstromen
vanuit de omgeving. De mineraalrijke condities in en aan het oppervlak van de
soak werden daarna gehandhaafd door hoge decompostiesnelheden en de
daarmee samengaande ‘interne alkalisering’ (hoofdstuk 3).
In hoofdstuk 4 laten we zien dat de vegetatie van Lough Roe en Shanley’s
Lough veranderd is over een periode van vijfentwintig jaar. Deze veranderingen
hebben zich zowel in de distributie van plantengemeenschappen als in de
distributie van soorten voorgedaan. Tussen 1978 en 2003 heeft de karakteristieke
laagveenvegetatie van Lough Roe plaatsgemaakt voor een vegetatie waarin vooral
soorten voorkomen die kenmerkend zijn voor ombrotrofe omstandigheden terwijl
het aandeel van plantengemeenschappen karakteristiek voor open water is
gedaald. Deze veranderingen in de vegetatie gingen gepaard met een verzuring
van Lough Roe. In de soak van Shanley’s Lough hebben zich sinds 1992 twee
nieuwe veenmeren, ook wel meerstallen genoemd, ontwikkeld en plaatselijk
hebben tapijten van Sphagnum cuspidatum (Waterveenmos) zich uitgebreid. Wij
laten zien dat de veranderingen in de vegetatie van Shanley’s Lough direct
gekoppeld kunnen worden aan veranderingen in oppervlaktewaterstromen in het
veen die op hun beurt het gevolg zijn van door veenwinning en drainage
veroorzaakte inklinking van het veenmateriaal.
De mogelijkheden tot herstel van Lough Roe zijn het onderwerp van
hoofdstuk 5. Wij laten zien dat het verwijderen van de drijftilvegetatie kan leiden tot
het herstel van condities die geschikt zijn voor de eens zo kenmerkende
aquatische plantengemeenschappen. Om Lough Roe echter in een stadium van
vroege (aquatische) pioniersvegetatie te houden zou het nodig kunnen zijn de
invloed van het omringende oppervlaktewater weg te nemen. Gebeurt dit niet, dan
ontstaat er in korte tijd een nieuwe drijftil met veenmossen doordat het diepere
veenmateriaal gaat drijven. De resultaten geven ook inzicht in de processen die
mogelijk een rol speelden bij de aanvankelijke verlanding van de soak, die
samenviel met een intensivering van het landgebruik in de omgeving (hoofdstuk
1). Wij brengen de hypothese naar voren dat een combinatie van factoren
(waaronder het gaan drijven van minerotroof veen) die het gevolg waren van
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menselijke invloed op het veen (onder meer drainage, veenvergraving en de
aanleg van een weg over het veen) ertoe heeft geleid dat in de loop van de
twintigste eeuw Lough overgroeid raakte met een drijftil.
In hoofdstuk 6 behandelen we het belang van soak meren voor de fauna
van aquatische macro-invertebraten in hoogvenen. Onze resultaten laten zien dat
de soortenrijkdom en de aantallen van macro-invertebraten groter zijn in soak
meren dan in andere aquatische milieus in het hoogveen (met name poelen en
slenken). Ook gaan we in op de effecten die maatregelen gericht op herstel van de
voorheen in Lough Roe aanwezige condities van gebufferd, open water, hebben
op de macro-invertebraten fauna (hoofdstuk 5). Ons onderzoek wijst uit dat soorten
die uit de soak verdwenen toen het verzuringsproces inzette, weer kunnen
verschijnen na herstel van de open waterhabitat.
In hoofdstuk 7 integreren we de bevindingen van de afzonderlijke delen
van deze studie en bediscussiëren we de implicaties voor verder behoud en herstel
van de soaks op Clara bog. We concluderen dat de ecologische waarde van deze
soaks nog steeds bedreigd wordt door de effecten van voormalig en hedendaags
landgebruik (onder andere veenwinning en de aanleg en onderhoud van de weg
over het hoogveen). Om het behoud van deze unieke elementen in hoogvenen te
garanderen, zullen beheersmaatregelen moeten worden toegepast. In het geval
van Lough Roe presenteren we vier specifieke beheersdoelstellingen en
beschrijven we de maatregelen die noodzakelijk zijn om elk van de afzonderlijke
doelstellingen te realiseren. Daarbij gaan we ook in op de gevolgen die de
verschillende maatregelen zullen hebben op de ecologie van het soak systeem.
De specifieke vegetatie in Shanley’s Lough wordt bedreigd door de
verandering in oppervlaktewaterstromen als gevolg van bodemdaling in het veen.
Deze inklinking heeft namelijk tot gevolg dat sommige delen van de soak
vernatten, terwijl andere delen juist droger worden. Om verder verlies van de
vegetatie tegen te gaan zijn op korte termijn maatregelen vereist. Deze zouden
gericht moeten zijn op het verhogen van de waterstand in de naastgelegen
afgegraven delen van het veen; verder dienen winning van turf en drainageactiviteiten een halt toegeroepen te worden en dient er een dam tegen de
afgegraven veenrand (de verticale rand van het veen vanwaar turf wordt
gewonnen) geconstrueerd te worden. Om voorspellingen te kunnen doen over
toekomstige veranderingen in de waterstromen (en de vegetatie) is het
noodzakelijk verder onderzoek te doen naar de topografie en hydrogeologie van de
minerale bodem onder het veen.
Ter afsluiting bediscussiëren we de betekenis van onze gegevens voor de
wijdverbreide pogingen hoogveenvegetaties te regenerenen in industrieel
afgegraven venen.
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