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Abstract 
Understanding peatland hydrology and its interaction with the ecosystem as a whole has been relatively 

neglected until recent years. Previous studies into hydrological controls operating in peatlands have 

demonstrated links to vegetation and water quality. In the past, research has been more focused on 

raised bogs and blanket bogs have been somewhat neglected. This research aims to help bridge some 

gaps in knowledge related to blanket bog ecohydrology and its influence on ecosystem services to water, 

through flow and water quality. This project investigated the link between hydrology and ecology in 

blanket bog environments to help determine baseline ecohydrological conditions on intact sites where 

data is lacking, while simultaneously comparing between intact and degraded areas.  

This investigation assessed the interactions between hydrology and ecology within three blanket bogs 

on the island of Ireland, designated as Special Areas of Conservation under EU Legislation. Ireland acts 

as an important blanket bog reserve in the EU. The Habitats and Water Framework Directives afford 

protection to these ecosystems for the value that they provide to society and are important legal elements 

driving this research. The study presents the results of an investigation into the relationship between 

vegetation patterns, hydrochemical gradients and water table fluctuations within intact and degraded 

blanket bog. Water level dynamics, water chemistry (colour, organic matter and organic carbon), 

discharge, vegetation composition and site condition were studied within these three sites linking 

dominant vegetation types and site condition to water chemistry and water level dynamics. 

Vegetation mapping demonstrated that blanket bog ecosystems consist of a mosaic of different 

vegetation communities including blanket bog habitats dominated by different vegetation types. Four 

vegetation types were identified as the main habitats dominating these environments. Notably there are 

distinct differences between the three study sites, each with distinct dominant vegetation communities.  

Findings demonstrate ecohydrological feedback mechanisms strongly control the structure and 

functioning of peatlands. Seasonal water table dynamics were revealed to be a major factor explaining 

vegetation patterns. blanket bog vegetation was linked to hydrological regimes (water table 

fluctuations). In terms of water quality, it was notable that total organic carbon (TOC) within all sites 

increased markedly during August 2018, suggesting a flushing of organic carbon from the peat with 

precipitation after prolonged periods of drought and lowered water tables. Effects of deterioration in 

water quality and flow regimes are apparent with anthropogenic alteration of peatlands.  

Revised mapping methods and condition assessments have potential to allow estimation of the value 

ecosystems services to water in areas lacking detailed ecohydrological data by assessing hydrological 

regimes and vegetation composition and structure. This allowed the development of a ‘tool’ that can be 

used to indicate both vegetation condition and hydrological regime, which has the potential to be used 

in the future for blanket bog assessment. Additionally, results from this investigation may be used to 

inform future management of blanket bog environments across Ireland and possibly internationally.   
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1. INTRODUCTION AND LITERATURE REVIEW 

1.1. Background 

A large proportion of Ireland’s land mass is covered by peatland, with recent estimates of 20.6% of the 

landscape in total (or ~1,466,469 ha) (Renou-Wilson et al., 2013; DAFM, 2014). However, much of 

Ireland’s peatland resource has been disturbed and degraded over the years due to land use change, with 

only 15 % of peatland (~180,000 hectares) remaining in its natural state (Douglas, Valverde and Ryan, 

2008). The National Peatlands Strategy sets out how to sustainably manage and protect/conserve our 

national peatland resource and estimates that Irish peatlands store ~1,566 million tonnes of carbon, 

representing ~64% of the total soil organic carbon stock present in Ireland (DAHG, 2015). 

Peatlands can be subdivided into blanket bog (BB) and raised bog (RB) habitats. Blanket bogs (BBs) 

cover about 13% (~774,000 ha) of the area of Ireland and contain about 45% of the total carbon stock 

(Kiely et al., 2010). Although these ecosystems are worthy of conservation, only 21% of BBs in the 

Republic of Ireland remain in relatively intact conditions mainly due to peat extraction, drainage and 

forest plantation (Foss, O’Connell and Crushell, 2001). Current conservation strategies, therefore, need 

to be enhanced through a better understanding of these ecosystems (Douglas, 1998).  

BBs are important habitats for protected species under EU legislation and are known to provide 

ecosystem services to society, e.g. they act as carbon sinks, regulate and provide high quality drinking 

water and provide flooding control. Numerous EU Legislations afford protection to these ecosystems 

for the value that they provide to society. The Habitats Directive (HD) (Council Directive 92/43/EEC 

on the Conservation of natural habitats and of wild fauna and flora) recognises how ecosystem services 

contribute to environmental stability and regulation (Directive 92/43/EEC, 1992). This legislation, 

along with the Birds Directive (BD), make up the core of Europe’s nature conservation policy (Directive 

2009/147/EC, 2009). Additionally, the EU Water Framework Directive (WFD) outlines protection for 

water based on natural geographical formations, e.g. river basins (Directive 2000/60/EC, 2000). Under 

this directive member states must afford protection to aquatic ecology, unique and valuable habitats as 

well as drinking and bathing water resources. Legislation such as these require listed species and 

habitats to be maintained in favourable conservation status both nationally and across biogeographic 

regions (Directive 92/43/EEC, 1992). BB habitats have been degraded in the past and are still being 

impacted though drainage and other anthropogenic activities. Peat accumulating BB is considered an 

Annex I priority habitat under the HD and therefore is afforded the highest level of legal protection for 

conservation and restoration under this legislation. Only active bogs are considered to have priority 

status and the term "active" must be taken to mean still supporting a significant area of vegetation that 

is normally peat forming (EEA, 2019). The Habitats and Water Framework Directives are important 

legal elements driving this research. 
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1.2. Project rationale 

Ecohydrological research deals with relationships between hydrology and ecology, especially the 

relationship between hydrology and the occurrence of individual plant species, communities and 

microforms. Understanding of peatland hydrology and its interaction with the entire ecosystem has been 

somewhat overlooked previously but in the last two decades research in this area has increased, however 

the focus has been primarily on raised bogs (RBs) with BBs being relatively neglected (DAHG, 2015). 

Ongoing exploitation of peatlands in Ireland has led the European Commission (EC) to commence 

infringement action against Ireland for failure to comply with the requirements of the HD. The National 

Peatlands Strategy was therefore developed by the Irish Government, drafting a National RB Special 

Area of Conservation Management Plan with national conservation objectives and a programme of 

conservation measures. Understanding the ecohydrological supporting conditions (linking elements of 

ecology with hydrology) for ‘active’ RB was key to this development plan and consequently an 

approach was developed to model the ecohydrological conditions on RBs using Geographical 

Information Systems (GIS). This allowed detailed site-specific restoration plans to be developed for 

RBs to ensure Ireland meets its obligations under the HD. Similar requirements exist for ‘active’ BB 

but to date a strategic approach, such as that used for RBs, has not been available (DAHG, 2014). There 

remains a need for improvements to both condition assessment and understanding the ecosystem 

services provided by BBs to accurately report under the MAES system and to meet objectives of the 

other legislations.  

In contrast to RBs, a shortage of knowledge concerning the inter-relationship between plant 

communities and hydrology has hindered application of comparable approaches to Irish BBs. Studies 

have shown linkages of anthropogenic disturbances to peatland hydrology with deterioration in water 

quality and ecological impacts, ranging from changes in ecosystem structure and function within BBs 

to knock-on effects on receiving waters, where changes to physical and hydrochemical conditions can 

result in a deterioration in water body status. 

EU member states are obliged to restore any damage to priority habitat within Special Areas of 

Conservation (SACs). Restoration of ecological conditions to a baseline state requires an understanding 

of hydrological processes their interaction with plant communities (ecohydrology) from research 

carried out in areas that are more intact, which act as a baseline starting point. Disturbances to BBs 

arising from human activity, and how these disturbances impact peatland ecohydrology, also need to be 

understood if appropriate management measures are to be employed. Vegetation mapping can and has 

been used as a foundation for assessing the condition of bogs. Criteria utilized in vegetation monitoring 

protocols can reflect disturbance and may help in identification different sources of disturbance. The 

attempt to link hydrology and vegetation in BB ecosystems in this study may help in providing a 
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baseline of the conditions in intact, undisturbed sites, while simultaneously helping identify 

anthropogenic impacts to ecohydrological regimes in the more degraded study sites. 

Refined approaches to monitoring BBs (such as the identification of critical source areas, which have 

disproportionate impacts on catchment hydrology and water quality (Archbold et al., 2016) and recently 

developed ecohydrological models improving conservation/restoration plans (Mackin et al. 2017), 

incorporate new knowledge into current approaches and may assist in determining ecosystem 

‘intactness’ in terms of anthropogenic impacts. It is important to acknowledge that the wider variety of 

ecohydrological processes (e.g. sufficiently wet conditions supporting peat accumulating vegetation, 

vegetation condition reflecting water quality in peat (notably dissolved organic carbon), BB condition 

(level of anthropogenic impact) affecting hydrology (flow) and water quality in receiving water bodies) 

operating on BBs requires further scrutiny if impacts are to be distinguished from undisturbed 

conditions. The intimate linage between hydrology and vegetation therefore provides a platform for 

identifying anthropogenic impacts to ecohydrological regimes. The availability of further datasets will 

provide better understanding of the links between hydrology and ecology in BB catchments. 

Findings of research completed by Suttocornola et al. (2009) evaluated vegetation patterns and the 

effect of artificial and natural hydrological borders on the variation in vegetation composition, 

suggesting a strong link between vegetation, water quality and hydrology, most notably with the effects 

of drainage. At the same time results to date suggest that further research in this area is required to 

outline a vegetation mapping methodology that is appropriate (i.e., sufficient to represent the 

hydrological regime of the site). A critical element of employing these data more effectively involves 

improving links between BB vegetation and hydrological processes. Therefore, further research 

attempting to link hydrology and ecology can improve the understanding of the intact undisturbed 

conditions in BBs and subsequently how these conditions are affected by anthropogenic alteration. 

Under the Habitats Directive Member States are obliged to undertake surveillance of the conservation 

status of the natural habitats and species in the Annexes (Article 11) and to report to the European 

Commission every six years on their status and on the implementation of the measures taken (Article 

17) (Directive 92/43/EEC, 1992). The conservation status of a natural habitat is favourable when its 

natural range is stable or increasing. The assessment of Structures & Functions includes an assessment 

of the condition and the typical species that characterise the habitat and the Interpretation Manual of 

European Union Habitats assists users in identifying habitats. In the case of RBs across Ireland, the 

latest Conservation Status Assessment Report, published in 2013, reported that there has been a 38 % 

decline in the extent of active RB since the HD came into force in 1994 (NPWS, 2013). However, the 

latest conservation status assessment reported the overall conservation status of active BB habitat as 

‘bad – declining’ (NPWS, 2013), the worst possible rating under the conservation assessment report 

system. The report estimates that up to 10% of the active BB resource that would have been present in 

1994 may have been lost, although this is based on professional judgement due to difficulties in 
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accurately mapping and assessing the condition of such a large area of land (NPWS, 2013).  In contrast 

to RBs, reliable estimates of changes in extent of active (peat accumulating) BB are not available, as 

there are no comparable ecological mapping techniques. 

This research therefore aims to link hydrology and ecology to improve the understanding of the intact 

undisturbed conditions in BBs and subsequently how anthropogenic impacts affect intact condition. 

Assessing BB vegetation within intact and degraded areas (with associated ecosystems services to 

water), through vegetation mapping, will form an important aspect of this project. Hydrological regimes 

operating in different vegetation communities in intact BB will be defined, acting as a baseline 

reference, which may help direct future management and restoration of these areas (required under EU 

legislation). Furthermore, this research aims to describe the plant communities in the BB study sites 

and evaluate the best methods for adequate national reporting under Article 17 of the EU Habitats 

Directive (HD) (92/43/EEC) on the status of BB in Ireland. Linking vegetation composition with 

hydrological regimes in intact and degraded areas may act as a ‘first step’ in attempting to use vegetation 

mapping as an indicator of peatland health and/or hydrological regime, which has a potential to be used 

in the future to determine peatland condition. 

1.3. Identified data gaps 

• Ecological Data: Existing BB ecological maps do not explicitly identify areas of peat-

accumulating vegetation in uncut peat, i.e., existing maps, although focusing on damage, are not 

sufficiently precise to reflect variations in the condition of uncut peatland. However, not all areas of BB 

may accumulate peat simultaneously under natural conditions; some areas may naturally decompose on 

an intermittent basis, even though bogs act as net carbon sinks. These issues, and their role in overall 

ecosystem function require further investigation. Addressing these issues requires integrated field-based 

ecohydrological characterisation of intact BB, linking hydrological processes (initially identified 

through hydrological modelling) with plant communities in contrasting (undisturbed) hydrological 

settings. Hydrological findings should be compared with botanical make up in the immediate vicinity 

(based on field observations and existing meta data) to assess potential ecohydrological relationships 

and to evaluate which prove most significant. Using this approach provides a baseline, against which 

anthropogenic impacts may be compared and damage to ecosystem services quantified. 

• Hydrological Data: Little is known about the function of peat soils with respect to water 

quantity and quality (Baveye et al., 2016; Rabot et al., 2018; Vogel et al., 2018). A review of the 

literature suggests that existing hydrological concepts of BB functioning remain unclear and require 

further development. There is a notable lack of integrated studies, particularly studies focussed on 

groundwater and surface water regimes linked to vegetation and condition (intact as well as degraded 

condition).  Many published studies focus largely on BBs impacted by anthropogenic disturbance, but 

there is a requirement to investigate processes operating on intact BB and link these to ecological 
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responses, thus providing a baseline for assessing the impacts to ecosystem services in areas of 

anthropogenic disturbances.  An appropriate conceptual ecohydrological model is required. 

• Water Quality data: As mentioned previously, an extensive literature review revealed that most 

water quality investigations completed on BB focus on impacts of anthropogenic damage, largely with 

a view to reducing water treatment costs through catchment management measures. A smaller number 

have used water quality data as a tool to better understand hydrological processes. Application of both 

approaches will be necessary in the investigation to understand baseline ecosystem services to water 

and how they are impacted by human activity.  

This research will integrate water quality monitoring with hydrological investigations. Monitoring will 

aim to be temporally extensive, analysed in the laboratory, with continuously logged parameters such 

as temperature, colour, SEC and turbidity. The location of monitoring points will be informed by 

spatially extensive field surveys (e.g. longitudinal stream surveys), vegetation data and hydrological 

modelling. 

1.4. My role and research focus within a larger funded 

project 

I was the principal PhD researcher on the Irish EPA funded project towards the ‘quantification of BB 

ecosystem services’ (QUBBES) (completed between 2016 and 2020) which aimed to investigate 

ecohydrological processes operating on Irish BBs. The project specifically aimed to examine the links 

between ecology and hydrology in BBs by collecting ecohydrological data from catchments with 

representative pressures, including those with minimal disturbance, which may be considered intact, to 

determine baseline conditions. Historically BB ecosystems have been modified for economic benefit, 

such as peat harvesting, forestry, drained for grazing and even for wind turbines, etc. Although this 

provides economic benefits, it can alter ecosystem health and impact water regulation systems within 

the ecosystem and in dependant surrounding areas (Maltby, 2009). 

This research aims to help bridge some gaps in knowledge related to BB ecohydrology and its influence 

on ecosystem services to water, namely through flow and water quality. Effects of deterioration in water 

quality and flow regimes have been apparent with anthropogenic alteration of peatlands. Ecological 

impacts such as change in ecosystem structure and function, along with effects to receiving water bodies 

have also become apparent. This investigation will assess the interactions between hydrology and 

ecology in anthropogenically altered and unaltered areas within three BBs within the island of Ireland, 

designated as Special Areas of Conservation (SAC’s) under EU Legislation. This will be achieved by 

understanding baseline hydrological conditions in intact BB ecosystems (for comparison with degraded 

systems) through monitoring hydrological and ecological conditions such as: 
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• monitoring water table (WT) fluctuations in peat and water bodies draining BB catchments 

• monitoring water quality in receiving water bodies (Colour, Organic Carbon in the form of 

dissolved (DOC) and total (dissolved and particulate organic carbon in water (TOC)) and 

fluorescent Dissolved Organic Matter (fDOM)); 

• development of vegetation survey protocol to map the condition of the range and diversity of 

habitats encountered across intact and degraded BB; 

• Ecohydrology: Subsequently water table fluctuations will then be linked to vegetation 

communities and water quality parameters will be linked to intact and degraded conditions. 
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1.5. Aims and Objectives 

This research aims to address the gaps in knowledge related to BB ecohydrology and its influence on 

the wider environment in terms of ecosystem services to water, through flow and water quality. This 

will be achieved by:  

1. linking hydrology and ecology to improve the understanding of the intact undisturbed 

conditions in BBs and subsequently how anthropogenic impacts affect intact condition 

2. linking hydrological processes (water table fluctuations) in BB to vegetation communities and 

site condition to water quality; 

3. identify and define upland and lowland BB by developing an ecological vegetation mapping 

methodology that adequately represents the condition and therefore the hydrological 

functioning of the site, which will contribute to the future monitoring and assessment of these 

protected environments in Ireland.  

The objective of this research is to determine the links between BB ecosystem health (ecology) and 

ecosystem functioning (provision of ecosystem services such as water quality and flow) by: 

• monitoring water table fluctuations and water quality (colour, total organic carbon (TOC) and 

flourescent dissolved organic matter (fDOM)) in intact and degraded BB; 

• mapping the distribution and extent of habitats identified, to create baseline habitat maps for 

intact and degraded areas within each of the 3 study sites thus permitting linkage to hydrological 

conditions; 

• linking the hydrology of BBs to the range of vegetation communities using water table 

fluctuations; 

• characterise baseline ecohydrological conditions in intact upland and lowland BB ecosystems 

by monitoring hydrological regimes and ecological conditions; 

• comparison of intact and degraded areas in terms of vegetation composition and hydrological 

regimes, possibly acting as a ‘first step’ in attempting to use vegetation mapping as an indicator 

of peatland health to infer ecohydrological regimes, with the potential to be used in the future 

as a tool to determine peatland condition; 

• development of a baseline ecohydrological reference from data collected from intact 

undisturbed BB sites, which could be used as a tool for future restoration and management 

planning. 
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1.6. Literature review 

1.6.1. Peat accumulation, development, types and 

distribution in Ireland 

1.6.1.1. What is peat? 

Peat can be described as an accumulation of plant material that is at various stages of decomposition 

and is a distinct class under soil classification (Evans and Warburton, 2010). Peat is a dark brown 

‘spongy’ soil with high organic matter content, occurring where there is a permanent supply of water 

and a water table (WT) (level below the surface to the saturated zone) near the surface (IRWC, 2018). 

It forms by the slow decomposition of organic matter (from plants that thrive in waterlogged conditions 

for most of the year) that accumulates in areas where there is an excess of rainfall and where the ground 

is poorly drained (Bell, 2005; Vitt, 2008). Decomposition is mainly carried out by microorganisms that 

use soil organic compounds as energy substrates (Rezanezhad et al., 2016). Peat deposits tend to be 

most common in cold wet climates and the high water-holding capacity of peat ensures continued plant 

growth and further peat accumulation (Bell, 2005). Key factors in the deposition rate of peat are 

temperature, moisture, oxygen supply, plant composition and peat organisms (O’Brien., Labadz. and 

Butcher., 2007). Peat accumulation involves humification, conversion of organic matter into humic 

(derived from organic matter) substances and mineralisation, conversion of organic matter into simple 

inorganic compounds such as bicarbonates and carbon dioxide (O’Brien., Labadz. and Butcher., 2007). 

Peat humification is often taken to be a measure of the vegetation decay processes, i.e., decomposition 

and takes place in the acrotelm, the surface horizon between 10 – 30 cm in depth which is situated above 

the deeper layer of denser and more decomposed (or humified) peat, the catotelm (Chambers, Beilman 

and Yu, 2011). However, new research by McAnallen et al. (2017) and others (Cocozza et al., 2003; 

Franzén, 2008) indicates a subsurface zone of intense decomposition between the acrotelm and 

catotelm, defined by Clymo and Bryant (2008) as the ‘mesotelm’. Peat deposits are often defined in 

terms of depth, in England and Wales the definition of peat is 0.4 m, in Ireland 0.45 m and in Scotland 

0.5 m (Evans and Warburton, 2010). Some authors however report this minimum depth as 0.3 meters 

(Charman, 2002) and others report it deeper, 0.5 meters (O’Brien., Labadz. and Butcher., 2007). The 

ecology, hydrology and functioning of peatlands is strongly dependant on the amount and nature of the 

accumulated peat soils (O’Brien., Labadz. and Butcher., 2007).  

Peatlands are landscapes where the dominant surface deposits are accumulations of organic matter often 

in excess of 0.4 meters depth (Evans and Warburton, 2010). Actively growing peatlands accumulate 

organic matter, sequestering carbon from typical peatland plants through the process of photosynthesis 

from carbon dioxide, largely from the atmosphere (Chambers, Beilman and Yu, 2011). Peatlands 
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release carbon as a direct result of the vegetation decay processes which takes place aerobically in the 

surface horizons (Chambers, Beilman and Yu, 2011). 

1.6.1.2. Peatland types  

Peatlands occurring in temperate zones are strongly influenced by hydrology, chemistry, associated 

flora and vegetation and occur as two types: fens and bogs (Vitt, 2008). Bogs are acidic and 

ombrotrophic (rainwater-fed) with vegetation dominated by mosses (Sphagnum), sedges and heathers 

(Vitt, 2008). Both raised and BBs are ombotrophic and nutrient poor, whereas fens are minerotrophic 

(groundwater fed) with a higher nutrient status (Price et al., 2016) (Evans and Warburton, 2010). Water 

is crucial in sustaining these types of environments and is the conserving substance that cuts off 

atmospheric oxygen supply, reducing the rate of decay to an extent that is slower than the rate of 

production of organic matter, allowing peat to accumulate (Schouten, 2002). Fens are more widespread 

than bogs as they depend on water sources such as groundwater, river flooding etc. whereas bog 

ecosystems dependent on precipitation are less widespread (Schouten, 2002). In contrast to RB peat, 

which is dominated by Sphagnum remains and is relatively poorly-humified, BB peat is generally 

reported to be dominated by sedge remains and is relatively well-humified (NPWS, 2015).  

1.6.1.3. Development/initiation 

Peatlands have initiated across the boreal region of the world during the past 10,000–12,000 years and 

presently form a substantial sink for the world’s carbon (Vitt, 2008). However, recent estimates of 

disturbance to these northern ecosystems indicate that the ability of peatlands to continue sequestering 

carbon may be greatly reduced (Vitt, 2008).  

Initially peat formation was confined to shallow lakes and wet hollows under anaerobic conditions 

where RBs began to develop 10,000 years ago and these types are most common in the west and 

midlands of Ireland (IPPC, 2020). The expansion of peat led to the formation of the BB habitat we find 

today covering huge areas of poorly drained land in Ireland (IPPC, 2020). Stagnant and continuously 

high water tables which maintain anoxic (low oxygen) conditions in BB, reduce decomposition and 

allow peat to form, while also maintaining a water table where plants are isolated from any 

minerotrophic groundwater influence (the process of ombrotrophication) (O’Brien., Labadz. and 

Butcher., 2007). Moore and Bellamy (1974) note that the development of blanket peat does not need to 

be initiated in lake or basin sites as with RBs, but it can be found directly over mineral soil or bedrock 

with no intervening deposit of fen peat with true blanket peats forming wherever drainage is not free. 

Peat can grow sufficient bulk to hold its own water table above the effects of the mineral rich 

groundwater and, now acidified by rainwater falling directly upon its surface, nutrient deficient plants 

thrive (Moore and Bellamy, 1974).  
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The period over which most European blanket peatlands have been accumulating is suggested to have 

began 5,000–6,000 years ago (Maddock, 2008). It has been suggested that some spread may even have 

taken place as early as 7,000 years ago, but many areas were not completely engulfed by blanket peat 

until 4,000 years ago when the climate became significantly wetter (IPPC, 2020). Such wet conditions 

made the accumulation and spread of peat possible to areas outside of lake basins which blanketed the 

landscape and are known as BBs.  

Although the exact sequence of events which lead to the widespread development of BB in Ireland are 

still rather poorly defined, the phenomenon is thought to have been aided by woodland and scrub 

clearance carried out by early farmers (O’ Connell, 1990). The removal of the tree canopy may have 

led to a reduction in evapotranspiration rates which, in areas of high rainfall, leads to waterlogging 

conditions (NPWS, 2015). This waterlogging impedes the process of plant decomposition and 

eventually leads to the initiation of blanket peat formation and growth (NPWS, 2015). In undisturbed 

peatlands, blanket peat is maintained in a permanently waterlogged condition (due to the 

aforementioned high precipitation and low evapotranspiration rates) (NPWS, 2015). Paludification 

(slowing water flow and trapping water, effectively increasing surface area and hence the volume of 

water held) and peat formation is suggested to have begun as a result of reduction in canopy cover 

(O’Brien., Labadz. and Butcher., 2007). The resulting increase in runoff downslope caused soil changes 

(loss of nutrients/leaching), structural deterioration, acidification and impedance of drainage by 

podsolization (O’Brien., Labadz. and Butcher., 2007). There is also evidence that charcoal, produced 

by the burning of woodland or scrub in order to clear land, impedes soil drainage and thus contributes 

to the waterlogging of the soil (NPWS, 2015). At Carrownaglough, Co. Mayo, soils cultivated by early 

farmers are directly overlain by BB and it is thought that, in this location at least, peat accumulation 

was facilitated by the formation of an impermeable iron pan (O’ Connell, 1986). Although climatic 

deterioration does not appear to have been responsible for the initiation of blanket peat in Ireland, it is 

clear that once BB began to form, the process was greatly aided by the cool and wet climate which 

prevailed (NPWS, 2015).  

1.6.1.4. BB sub-types 

BB is subdivided into upland (mountainous) and lowland (Atlantic) subtypes and the boundary between 

the two is taken as 150 m above sea level (Fossitt, 2000). Upland BBs occur on relatively flat terrain in 

the higher Irish mountains (above 150 mAMSL) and are more widely distributed than Atlantic BBs, 

which are found in low-lying coastal plains and valleys (below 150 mAMSL) of Atlantic western areas 

(IPPC, 2020). Low elevation ‘Atlantic BBs’ occur in areas with precipitation exceeding 1250 mm 

isohyet (lines on maps that connect points with the same amount of rainfall in a given period) but upland 

or ‘Mountain Bogs’ can occur in upland locations with lower effective rainfall (O’Connell, 2002). 
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Schouten (2002) notes that BBs occur in areas where precipitation is evenly distributed, falling on at 

least 250 days of the year (NPWS, 2000).  

Aside from precipitation, evapotranspiration forms an important element of the water balance therefore 

parameters such as temperature, relative humidity and wind speed affect bog formation (Evans and 

Warburton, 2010). Taking these issues into consideration helps explain the increasing frequency of Irish 

BBs with increasing altitude.  

1.6.1.5. Distribution 

Peatlands cover a large area of the land surface of Ireland (estimated at 1.17 million ha or up to 21 % 

of the land area) (NPWS, 2015) (Figure 1-1). BBs form the main category of peatlands in Ireland by 

area amounting to 774,000 ha or approximately two-thirds of the total peatland area (NPWS, 2015). 

While active (peat accumulating) bogs formerly covered large areas of the island of Ireland, habitat 

loss, due to anthropogenic activity, the IPCC (2009) suggest that 28 % of BB remained in a relatively 

intact state in 2009, amounting to only 220,000 ha (DAHG, 2010). Continuous habitat monitoring can 

provide a system of assessing the rate at which habitat degradation of BB is progressing.  

In the islands of Ireland and Britain, blanket peat initially covered an area of approximately 2.25 million 

hectares (Tallis and Meade, 1997), yet Ireland has the largest coverage of BBs in Europe, having 50% 

of the remaining BBs of conservation importance within the Atlantic Biogeographic Region of Europe 

(NPWS, 2015). BBs cover approx. 16 % (774,000 ha) of the land area of Ireland yet store approximately 

53 % of the soils’ carbon stock (Tomlinson, 2005) (Sottocornola et al., 2009) (See Figure 1-1). The 

majority of Ireland's habitats, listed under Annex I of the EU Habitats Directive, have an unfavourable 

overall conservation status; this includes peatland habitats such as raised and BBs (DAHG, 2010). 

Due to the high levels of rainfall required, BB is most extensive in the more oceanic, wetter and milder 

western half of the island (NPWS, 2000). In the eastern half of the country BB is confined to the cooler 

upland areas which are subject to high levels of rainfall (NPWS, 2000). BB has a very restricted, but 

widespread global occurrence due predominantly to the relatively narrow range of climatic conditions 

in which the habitat can develop (NPWS, 2015). 
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Figure 1-1 The distribution of peat on the island of Ireland (Aalen et al. 2010).  
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1.6.2. Blanket peat accumulation and geology 

1.6.2.1. Influence of climate 

Blanket peat develops in wet conditions, over large expanses of land capable of waterlogging. The 

distribution of BBs across the landscape is closely controlled by climate requiring a positive water 

balance (flow of water in and out of a system), with high and frequent rainfall and a low level of 

evapotranspiration. Precipitation therefore plays an important role in maintaining high water levels. 

Lindsay et al. (1988) note that BB is largely restricted to oceanic areas of the world which have a 

minimum annual rainfall of 1000 mm, a minimum of 160 precipitation days and mean temperature of 

less than 15℃ for the warmest month of the year. However, in Ireland the development of BB is 

confined to wetter regions where the annual rainfall exceeds 1,200mm, falling on at least 250 days of 

the year (NPWS, 2000). The even distribution of heavy rainfall, coupled with relatively cool summers 

which give rise to the low rates of evapotranspiration necessary for the formation and maintenance of 

BB in Ireland (NPWS, 2000). Waterlogging, low pH and low evapotranspiration therefore are required 

for the establishment and continued growth of BB (NPWS, 2015). 

Such climatic conditions are generally found around lowland coastal areas of Ireland and further inland 

can be confined to upland mountainous areas (Schouten, 2002). In Ireland, BBs occur in western and 

upland areas where precipitation is high and frequent and exceeds evaporation (Schouten, 2002). 

Precipitation input and evaporative loss are key controls on the water balance, therefore the location for 

peat development is affected by precipitation, temperature, relative humidity and wind speed, all of 

which in turn control evaporation rates (Evans and Warburton, 2010). Tansley (1949) first described 

widespread ombotrophic bogs that followed the underlying topography like a blanket. BB is widespread 

and therefore can often link other peatland types into an upland wetland system (Evans and Warburton, 

2010). 

BB can often develop on flat to sloping ground, where peat growth is related to the degree of 

waterlogging and stagnation and hence to angle of slope (Maddock, 2008; Holden et al., 2008). In 

uplands peat can develop due to declining temperatures with altitude, and Lindsay (1995) reports its 

development on extreme slopes in shady aspects and in the wettest areas. Lowland occurrence is due to 

1250 mm rainfall isohyet (Lindsay et al., 1988; Fossitt, 2000). Charman (2002) also describes how 

external conditions can determine where and when peat can accumulate, noting that there is a general 

association between cool, humid climates and peat accumulation. The author highlights that 

relationships between climatic conditions and hydrology are vital aspects of peatland development, with 

the water balance being the most essential factor. Charman (2002) further explains that peatlands should 

not be seen solely as systems that respond to external influences in a unidirectional relationship with 
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climatic, hydrological, and land-use changes, but that they, in turn, can also influence the external 

environment.  

The water balance in peatlands is coupled to carbon sequestration (Lafleur et al, 2003, Lafleur et al, 

2005, Yurova et al, 2007), as the depth of the water table determines the soil temperature, the depth of 

the peat layer available for aerobic respiration, the soil chemical conditions, and the water available for 

plants that in turn influence their photosynthetic ability (Sottocornola and Kiely, 2010). As the water 

balance in peatlands is predicted to be affected by climate change (Roulet et al., 1992), a better 

understanding of the water and energy fluxes is crucial if we are to understand the effect of the predicted 

climate change on these fragile ecosystems (Sottocornola and Kiely, 2010). Studies in recent years have 

focused on the energy balance and evaporation process in different wetland types (Mackay, 2007, 

Campbell and Williamson, 1997, Shimoyama, 2003), however full annual measurements and inter-

annual comparisons are rare in peatlands (Lafleur, 2008).  

1.6.2.2. Influence of pH 

Low pH values are vital in the prevention of plant decomposition, which is largely achieved by 

Sphagnum mosses which scavenge ions from the immediate environment and replace them with 

hydrogen ions (NPWS, 2000). Ombrotrophic blanket peat is very low in available plant nutrients such 

as phosphorous, nitrogen and calcium, however elements primarily derived from marine sources in the 

west of Ireland such as sodium, magnesium and chlorine are considerably higher than in bogs located 

in less oceanic regions of Ireland and Britain (see Table 2) (NPWS, 2000). As a result of the low nutrient 

availability of BBs, plant species have adopted a number of nutrient conservation and acquisition 

mechanisms (NPWS, 2000). Noteworthy examples of such mechanisms include the retention of leaves 

throughout the year (e.g. Calluna vulgaris), the withdrawal of nutrients from aerial shoots at the end of 

the growing season (e.g. Eriophorum spp., Molinia caerulea) and insectivory (e.g. Drosera and 

Pinguicula spp.) (NPWS, 2000). 

1.6.2.3. Topography and geology 

After climate, the most important factors influencing the development of BB are topography and 

geology, both of which are closely related (NPWS, 2000). In general, BB is best developed on areas of 

unyielding, base-poor bedrock such as schist, sandstone, granite and shale, however the habitat can also 

develop in areas of limestone bedrock provided there is a covering of base-poor drift (NPWS, 2000). 

Evans and Warburton (2010) report that blanket peat rarely exceeds 4 m in depth, except in areas where 

it covers pre-existing basin peat. 

The topography of an area is a crucial factor in governing the extent and type of BB present and the 

NPWS (2000) note that BB development rarely takes place in areas where the slope exceeds 47 % from 

the horizontal. However, according to Maddock (2008) BB can often develop on slopes of up to 58 % 
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and Holden et al. (2008) describe development occurring on slopes from zero to approximately 60%, 

where peat growth is related to the degree of waterlogging and stagnation and hence to angle of slope. 

Lindsay (1995) reports its development on even more extreme slopes of up to 70 % on shady aspects 

and in the wettest upland areas due to declining temperatures with altitude. Their topography follows 

the underlying surface and their transition to surrounding mineral soils is gradual (Schouten, 2002). 

Evans and Warburton (2010) report that blanket peat rarely exceeds 4 m in depth, except in areas where 

it covers pre-existing basin peat.  

The topography of the pre-peat surface can explain the variance in bog patterning with downslope areas 

favoured for BB formation due to the delivery of runoff water from upslope bog surfaces (Evans and 

Warburton, 2010). This implies the development of peatland systems is topographically and 

hydrologically controlled with initial accumulation centres located in areas of lower relief and 

consequently reduced drainage (Evans and Warburton, 2010).  

1.6.3. Diplotelmic model review 

1.6.3.1. Acrotelm  

A peat bog is often described as being “diplotelmic”, meaning that it has two layers of soil with distinct 

characteristics: an upper active layer of roots and recently decomposing plant material termed the 

“acrotelm”, above a lower layer of denser and more decomposed (or humified) peat called the 

“catotelm” (Ivanov, 1981). Price et al. (2016) notes that the conventional diplotelmic model of a 

peatland consists of the actotelm with a high hydraulic conductivity (speed of transmission of water 

through a material – see section 1.6.4.2.2 below for further discussion on this topic) and fluctuating 

water table, underlain by the catotelm containing a permanently saturated peat mass. The authors further 

explain that the upper layer is periodically aerated and can contain decomposing plant material whereas 

the lower layer is anaerobic and permanently waterlogged. This diplotelmic model considers the 

contrasting properties of the acrotelm and catotelm influence as a fundamental influence on bog 

hydrology. Drying out, groundwater fluctuations and snow loading result in compression in the upper 

peat layers (Bell, 2005). The acrotelm plays and important role in regulating the entry and exit of water 

to and from the peat mass, a function it achieves as a result of its relatively high hydraulic conductivity 

(NPWS, 2015). In systems where hydrology is not damaged by anthropogenic interference, the water 

table level is generally between 5 cm below or above the surface in autumn/winter falling to 20-25 cm 

below the surface in spring/summer; this controls infiltration and surface runoff with incidences of 

saturation and excess-overland flow (movement of water over the land, downslope toward a surface 

water body) occurring during periods of high water table (O’Brien. et al., 2007; Price et al. 2016). It has 

been suggested by Gerdol et al. (1998) that Sphagnum capillifolium grows in locations with an average 

water table 20 cm below the surface under natural conditions. Therefore a properly functioning acrotelm 
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reduces evapotranspiration from the bog surface during dry/warm periods, ensuring that the underlying 

peat is maintained in a waterlogged condition and thus preventing desiccation and subsequent 

decomposition of peat (Conaghan et al., 2000).  

As outlined previously, the decomposition of peat is also impeded by the maintenance of a low pH, 

through the mechanism of ion exchange carried out by Sphagnum spp (Conaghan et al., 2000). The 

maintenance of a healthy acrotelm is essential to the continued growth of the peatland, thus it has been 

suggested that the water table should remain within approximately 5 cm of the surface for a substantial 

part of the year, if decomposition and subsequent degradation of the peatland is to be avoided 

(Conaghan et al., 2000) (NPWS, 2015).  

1.6.3.2. Nutrient availability 

As peat accumulates, it acquires nutrients from the decomposition of living plants (especially Sphagnum 

and brown mosses) (Vitt, 2008). Relatively rapid decomposition in the acrotelm mineralizes only a 

portion of the total nutrients tied up in the plant material, making these available for further plant growth 

(Vitt, 2008). The vast bulk of available nutrients are at all times in cycle in the living plant community 

with little stored in the peat, therefore the removal of the natural vegetation (from anthropogenic 

degradation which subsequently lowers the water table) will lead to the breakdown of the system taking 

years for the nutrient store to recover and indigenous vegetation to return (Moore and Bellamy, 1974). 

The maintenance of a healthy acrotelm is therefore essential to the continued growth of the peatland 

(NPWS, 2015).  

1.6.3.3. Catotelm 

The catotelm in contrast is generally many metres thick and has a low hydraulic conductivity (NPWS, 

2015). This low hydraulic conductivity implies that, in an undisturbed area of BB, the catotelm has a 

high storage capacity and a very low rate of water transmission (NPWS, 2015). Almost all 

decompositional activity in the catotelm stops and the nutrients become tied to organic materials in 

unavailable forms, becoming part of long-term unavailable nutrient pools (Vitt, 2008). The lack of 

unavailability of this pool of nutrients causes peatlands to become more oligotrophic over time at their 

surface (Vitt, 2008). Sphagnum peat is approximately 1% nitrogen, however, almost all of this 

catotelmic nitrogen is unavailable for plant and microorganism use (Vitt, 2008). The long-term result 

of oligotrophication is the regional storage of large pools of both carbon as well as important nutrients, 

especially nitrogen and phosphorus (Vitt, 2008). 

1.6.3.4. Alternative ‘triplotelimic’ model 

Water movement in reality can be more complex than is suggested by the idealised diplotelmic 

(acrotelm-catotelm) model. Water moves fastest over a bare peat surface and is slowed by friction over 
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cotton grass and even more so when the peat surface is covered by rough Sphagnum moss (Labadz et 

al., 2010). A summary of permeability values drawn from the literature by Wheeler et al (2009) 

indicates that whilst rates of cm or mm per day are probably typical of peatlands, in some circumstances 

acrotelm bog peat may experience water transport at rates up to the order of hundreds of metres per day. 

The dual acrotelm/catotelm division, used in most conceptual models, is a simplification of a much 

more complex variation in peat properties with depth, as several highly humified bands of peat may be 

separated by more fibrous ones (Labadz et al., 2010). The assumptions of a homogeneous bog, with 

idealised geometry and boundary conditions, ignores the reality of a strong spatial variable surface 

topography and peat structure (Oosterwoud et al., 2017).  

Holden & Burt (2003) caution against the diplotelmic model, given the increased topographic 

complexity of eroded peatland systems. The diplotelmic model implies that most runoff production will 

occur within the upper peat layer (close to or at the peat surface) however most models of water 

movement in peatlands are based on groundwater flow through the catotelm, therefore if the catotelm 

is inert the flow model application may be flawed (Holden and Burt, 2003). There is evidence that the 

hydraulic conductivity of peat soils can vary over several orders of magnitude over just a few vertical 

or lateral metres (Rycroft, Williams and Ingram, 1975). Other studies have also identified a number of 

limitations to the acrotelm–catotelm model and strongly suggest the need for the peatland community 

to adopt more flexible cohort-based models of peatland development (Clymo and Bryant, 2008; Morris 

et al. 2013; McAnallen et al. 2017). 

McAnallen et al. (2017) question the applicability of the diplotelmic model. Their findings showed that 

peat humification increases almost linearly with depth in the restored blanket peat, however in active 

and degrading blanket peat humification decreases. This decrease was shown by McAnallen et al. 

(2017) to be more prominent in the active area and the author suggests that the conceptualized 

diplotelmic model by Ingram (1978) is not applicable at neither the degrading nor restored sites because 

the processes occurring are more complex. Clymo and Bryant (2008) suggested an alternative 

‘triplotelimic’ model, whereby a third layer occurs between the acrotelm and catotelm, the ‘mesotelm’ 

and is the site of complicated biological and chemical processes (Clymo, 2015). In this layer the water 

table oscillates by only a few cm about its mean value and remains relatively stable (McAnallen, 

Doherty and Ogle, 2017). This redox boundary (‘mesotelm’) causes a layer where oxic and anoxic 

conditions are adjacent and is highly complex due to the chemical and biogeochemical processes that 

can be oxic, suboxic or anoxic (Yakushev and Newton, 2013). The dominance of traditional water 

balance approaches in peatland environments and recent reliance on the diplotelmic model in 

ecohydrological and runoff modelling has meant that many hydrological processes occurring in 

peatlands remain poorly understood (Holden and Burt, 2003). 
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1.6.4. BB ecology, hydrology and ecohydrology 

1.6.4.1. Ecology 

1.6.4.1.1. BB vegetation and structural levels  

Fossitt’s (2000) Guide to Habitats in Ireland provides a standard classification of all Irish habitat types, 

with an additional focus on habitats of conservation importance. On northern hemisphere blanket 

peatlands, vegetation often largely consists of three major understory Plant Functional Types (or 

Groups) (PFT’s): Bryophytes (i.e., mosses, mainly Sphagnum spp.), ericoid/ericaceous (heather 

(Ericaceae ) family) shrubs and graminoids (sedges – herbaceous plants with a grass-like morphology) 

(Ward et al., 2013; Potvin et al., 2015; Noble et al., 2019). PFT is a system used classify plants 

according to their physical, phylogenetic and phenological characteristics and relates to sets of plants 

that exhibit similar responses to environmental conditions and have similar effects on the dominant 

ecosystem processes (e.g. in relation to water availability or succession) (Gitay and Noble, 1997). Their 

identification and the estimation of their abundance is highly relevant to the assessment of ecosystem 

funtions, thus PFT’s can provide a good representation of the status or condition of a site. 

Fossitt (2000) describes that the vegetation of undamaged bog is dominated by a high coverage of 

Sphagnum mosses on the ground layer and a relatively deep spongy Sphagnum moss layer is 

characteristic of such undamaged blanket peatlands. Lindsay (1995) note that Sphagnum species make 

up the core of the vegetation over both hummocks and hollows in most functionally intact BBs and 

influence hydrological processes. Key peat-forming Sphagnum species according to Daniels & Eddy 

(1985) are Sphagnum capillifoilum, Sphagnum magellanicum and Sphagnum papillosum. 

Fossitt (2000) describes the characteristics of upland (or mountainous) and lowland (or Atlantic) BBs. 

Upland Irish BBs are dominated by Sphagnum mosses along with vascular plant assemblages such as 

the graminoids (sedges) Trichophorum germanicum (deergrass) and Eriophoroum spp. (cottongrass) 

and dwarf ericaceous shrubs such as Calluna vulgaris (ling), Erica tetralix (cross leaved heath) and 

Vaccinium myrtillus (billberry). Molinia caerulea (purple moor-grass) and Empetrum nigrum 

(crowberry) can also be locally abundant in upland BB ecosystems and Zygogonium ericetorum 

(mucilaginous algae) may also be present. Lowland Irish BBs tends to have a grassier appearance with 

an abundance of Molinia caerulea (purple moor-grass) in addition to the dominance of Sphagnum 

mosses on the ground layer. Additionally, Schoenus nigricans (black bog-rush), Eriophoroum spp. 

(cottongrasses), Trichophorum germanicum (deergrass), Rhynchospora alba (white beak-sedge) and 

Calluna vulgaris (Ling), Erica spp. (heathers) are also characteristic of lowland BB. Broadleaved herbs 

such as Drosera spp. (sundews), Polygala serpyllifolia (heath milkwort), Pedicularis sylvatica 

(lousewort), Pinguicula lusitanica (butterwort) may also be present along with Myrica gale (bog-

myrtle) too. 
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Depressions on peat substrates of the Rhynchosporion are a different community (habitat) under HD 

reporting of humid exposed peat (or sometimes sand), with Rhynchospora alba, Rhynchospora fusca, 

Drosera intermedia, Drosera rotundifolia, Lycopodiella inundata, forming on cutover areas of blanket 

or RBs, but also on naturally seep- or frost-eroded areas of wet heaths and bogs, in flushes and in the 

fluctuation zone of oligotrophic pools with sandy, slightly peaty substratum (Vaquero et al., 2007). 

Rhynchosporion communities have strong requirements regarding water in terms of quality 

(oligotrophy, acidity) and quantity (constant humidity) and concerning the presence of open areas and 

bare peat areas occurring through natural or artificial disturbances. 

Upland BB can be extremely wet where it occurs on level terrain and may have surface drainage features 

that are typical of lowland BB, but without any abundance of Schoenus nigricans (Fossitt, 2000). 

Upland BB may be difficult to distinguish from wet heath as a number of key species are common to 

both habitats (Fossitt, 2000). They may also grade from one to the other or form intimate mosaics with 

changes in slope or topography. Peat depths in excess of 0.5 m are usually indicative of BB (Fossitt, 

2000). Juncus squarrosus (Heath Rush) and Carex binervis (Green-ribbed Sedge) may occur in wet 

heath but not in upland BB (Fossitt, 2000). Calluna vulgaris may also be present, although this can also 

extend into wet heath habitats (Fossitt, 2000). 

The Guidelines for the selection of SSSIs (Part 2: Detailed guidelines for habitats and species groups – 

Bogs) outlines that the surface of peatlands in drier climatic periods and eastern location, or those which 

have been disturbed, may have less Sphagnum and a greater abundance of vascular plants such as 

Calluna vulgaris, Erica tetralix, Eriophorum vaginatum, Eriophorum angustifolium and Trichophorum 

germanicum (JNCC, 1994).  

Hummocks (relatively elevated and dry), lawns (intermediate) and hollows (wet depressions) are the 

primary microtopographic features in peatlands (Potvin et al., 2015). The most natural, undisturbed bog 

surfaces usually display a distinctive microtopography (hummockiness), showing a fine-scale vertical 

zonation of vegetation between wetter hollows and drier hummocks (JNCC, 1994). Some bogs show 

even greater surface differentiation into deep open-water pools and more pronounced, and hence drier, 

hummocks (JNCC, 1994). The vertical distribution of Sphagnum species on the hummock-hollow 

gradient is a function of plant physiology (determining productivity and tolerance to drying conditions) 

and competition (O’Reilly, 2008) (see Figure 1-10). Cutover and drained peatland sites are however 

usually more complex to classify (JNCC, 1994). 

The variation in structure of ombrotrophic peatlands includes five structural levels (Lindsay et al., 

1988), on a hierarchical scale of decreasing size (JNCC, 1994): 

1. Macrotope: large-scale units, consisting of complexes in which peat bodies originating as 

different hydrological units have become either closely juxtaposed or merged together (JNCC, 

1994).  
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2. Mesotope (Figure 1-2): in which a peat body can be identified as a single hydrological entity 

(BB mesotopes may have hydrological links with other mesotopes) (JNCC, 1994). For 

example, the lagg fen around a RB is a distinct mesotope, with its own hydrological 

requirements, so a complete RB system, with its lagg fen, should be classed as a macrotope 

(JNCC, 1994).  

3. Peatland margin and expanse gradient (Figure 1-2) (Sjörs, 1948) (Sjörs 1948): The peatland 

expanse is the main bog surface area which may support distinctive and repeated surface 

patterning (microtope); the peatland margin is generally simpler in surface structure and 

represents areas of thinner peat (JNCC, 1994). The margin may actually form the edge of the 

peatland, as in the case of a RB rand, or it may simply represent the thinner peat between areas 

of deeper, patterned ombrotrophic peat in BB (JNCC, 1994). Both the animal and the plant 

communities of the peatland margin differ markedly from those of the peatland expanse. Its 

relative ecological simplicity should not be mistaken for lack of importance; both the margin 

and the lagg fen play fundamental parts in the hydrological integrity of a bog (Lindsay et al., 

1988).  

4. Microtope (Figure 1-3): relating to the arrangement of surface features, especially into a pattern 

which alternates aquatic and terrestrial elements, e.g. pool and hummock, or terrestrial features 

alone, e.g. hollow and ridge (Lindsay, 1995).  

5. Microform: relating to single surface feature, such as pool or hummock (Lindsay et al., 1988). 

These are related to vegetation types, resulting from competitive adaptations to water table 

(JNCC, 1994). 

These structural levels are based on a range of features which are acknowledged to be particularly 

characteristic of peatland systems and which forms the basis of an approach to mire classification first 

developed by Ivanov (1981). These concepts have since been further refined and implemented by 

countries such as Canada and Norway (Wells and Zoltai, 1985; Moen, 1985). The refined approach 

consists of an integrated hierarchical classification which embraces the categories of peatland system 

and vegetation recognized by more traditional approaches, but also makes use of features such as 

interconnectedness with other mire systems, surface pattern, and microtopography to provide additional 

levels of classification. Based on the terminology used in Ivanov (1981), this hierarchical system may 

be referred to as the “Tope” system (Figure 1-4). Additions to this new classification system are: 

1. Supertope – defined as a whole peatland landscape or region, consisting of many 

macrotopes, which may be distributed continuously or discontinuously across a region 

2. Nanotopes – defined as distinct small-scale structures (such as hummocks, ridges, hollows, 

tussocks, and pools) 

3. Vegetation stand – at the smallest level of organization, there is the individual stand of 

ecologically uniform vegetation types (Lindsay, 2018).  
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Figure 1-2 Characteristics of a BB showing extremes forms of pool and ridge patterning (adapted from Lindsay et al., 1988). 
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Figure 1-3 Generalised distribution of structural features (microtope) and typical distribution 

of species within the pattern (taken from Lindsay et al., 1988). 
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Figure 1-4 Hydromorphological hierarchy of peatland ecosystems from Lindsay (2010). 

1.6.4.1.2. Maintenance of the water table 

Peatlands consist of over 95 % water by weight and factors such as climate, geomorphology, 

geology and soils, biogeology and anthropogenic activities affect the hydrology of peatlands 

(O’Brien., Labadz. and Butcher., 2007). Peatland development depends on a relatively 

impermeable underlying geology to ensure sufficient water retention on the land surface 

(Charman, 2002). The direct cause of peat accumulation is saturation or near saturation at or 

very near the ground surface for prolonged periods of time (Ivanov 1978). Peat soils typically 

contain very high moisture contents, usually in the range 600-1800% compared to the mass of 

dry material in the same volume (Hobbs, 1986). 

The functioning of a peatland system relies on the high hydraulic conductivity and fluctuating 

water table of the acrotelm, with a permanently saturated peat mass in the catotelm (Labadz et 

al., 2010). Intact peatlands have generally high water tables (except during very dry periods 

after which water tables generally recover rapidly), thus peat forming processes are maintained 
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for longer periods in intact peatlands (Labadz et al., 2010). Heavily eroded peatlands are 

characterised by predominantly low water table conditions with very rapid increases in water 

table levels in response to rainfall followed immediately by rapid draw-down of the water table 

after the end of a precipitation event (Labadz et al., 2010). 

1.6.4.2. Hydrology 

1.6.4.2.1. Porosity  

Peat can have relatively large pores (macropores) (Hayward and Clymo, 1982) that are highly 

irregular and interconnected (Quinton et al., 2009, Rezanezhad et al., 2010), as well as smaller 

open pores, dead-end pores and those that are closed or partially closed (Hoag and Price, 

1997). Such large pores and pipes (sometimes many centimetres in diameter) are common in 

upland blanket peats and provide a pathway for the rapid transport of water (Labadz et al., 

2010). Drainage of peatland accelerates carbon mineralization, resulting in a higher bulk 

density and a lower porosity (Lennartz and Liu, 2019). Macropores facilitate water movement 

and thus greater saturated hydraulic conductivity (K) values are observed in pristine peat than 

in degraded peat (Lennartz and Liu, 2019). The total porosity of peat includes the relatively 

large, inter-particle pores that can actively transmit water, as well as relatively small, closed, 

and dead-end pores formed by the remains of plant cells (Hayward and Clymo, 1982; Kremer 

et al., 2004). 

An extraordinary feature of pristine peat is its high porosity, which easily exceeds 90 vol% 

with a dominance of macropores (>50 μm) (Lennartz and Liu, 2019). Decreases in bulk 

density, water content and hydraulic conductivity are correlated with decreases in porosity 

(Eggelsmann et al., 1993). Rezanezhad et al. (2016) describes peat as a dual-porosity medium 

that includes a ‘mobile region’ through which water, solutes and colloids move relatively 

easily, and an ‘immobile region’ with negligible fluid flow velocity (Rezanezhad et al., 2016), 

however the ‘immobile region’ has been questioned by other studies (e.g. (Wheeler et al., 

2009; Baird et al., 2016). The degree of decomposition of peat generally increases with depth 

below the ground surface (McAnallen, Doherty and Ogle, 2017), while the geometric mean 

pore diameter and active porosity simultaneously decrease (Rezanezhad et al., 2016). For 

example, in the Arctic tundra the active porosity typically drops from values around 80% near 

the ground surface to < 50% at depths of 0.5 m (Quinton et al., 2000). Over the same depth 

range, reductions in permeability of three or more orders of magnitude are not unusual (e.g., 

Quinton et al., 2000, Beckwith et al., 2003). The depth variations of porosity and pore-size 

distribution (McCarter, 2014), as well as the structural alignment of the peat fabric (Landva 

and Pheeney, 1980), affect water storage and flow in peat, including the partitioning of pore 
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water between the mobile and immobile regions (Caron et al., 2015). A low permeability and 

reduced active porosity in deeper, well-humified peat will place limitations on exchanges of 

water and solutes with surface waters and the atmosphere (Rezanezhad et al., 2016). 

1.6.4.2.2. Hydraulic conductivity and gradient 

Peat is compressible, has a low bulk density (weight of soil in a given volume) and is fibrous 

in nature but the key physical property of peatlands is hydraulic conductivity (Evans and 

Warburton, 2010). Darcy’s law suggests that water flow through a unit area of wet peat will 

be determined principally by the combination of hydraulic conductivity (K) of the material 

and the hydraulic gradient (fall in height over horizontal distance travelled) (Labadz et al., 

2010). Bogs remain wet because peat generally has low hydraulic conductivities, retaining 

water even when there is a relatively high hydraulic gradient (Labadz et al., 2010). There are 

changes in the peat character with depth due to plant composition, decomposition over time, 

an increasing degree of humification with depth and the ratio of humic substances increases 

with plant decomposition. Changes in porosity occur with peat compression as well as depth, 

which can result from falling water tables from artificial drainage (reducing porosity) (Evans 

and Warburton, 2010). The degree of decomposition and physical make-up of the peat varies 

with depth, age, plant community and foremost, anthropogenic management (e.g. drainage 

regimes) (Swanson and Grigal, 1989, Schoephroster and Furbush, 1974). 

Lewis, et al. (2012) showed that saturated hydraulic conductivity was higher (∼10-5 m s-1) in 

the bog interior than that in the riparian zone (∼10-6 m s-1), whereas the converse applied to 

bulk density, with lowest density (∼0.055 g cm-3) at the interior and highest (∼0.11 g cm-3) at 

the riparian zone. Additionally, saturated horizontal hydraulic conductivity was determined to 

be approximately twice the saturated vertical hydraulic conductivity, supporting the idea that 

the lower saturated hydraulic conductivity at the margins control the hydrology of 

blanket peatlands. The spatial variation of these two key properties should be accommodated 

in hydrological models if rainfall runoff characteristics are to be correctly modelled (Lewis, et 

al., 2012). 

Velocity of flow of water though peat is determined by its hydraulic conductivity and varies 

depending on the physical properties of the peat (including structure, compaction, porosity 

(section 1.6.4.2), humification and presence of macropores (pipes) and entrapped gas bubbles), 

peatland vegetation and the degree of decomposition of the plant debris (Rezanezhad et al., 

2016) and thus affects the rate of runoff from a peatland (Labadz et al., 2010). Morris et al. 

(2015) found depth exerted a strong control on hydraulic conductivity exhibiting exponential 

decreases with depth and hydraulic conductivity was lower beneath hollows than beneath 

hummocks (for equivalent depths below the surface). 
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1.6.4.2.3. Transmissivity 

Transmissivity is the product of hydraulic conductivity and layer thickness of each layer 

contributing to flow (Oosterwoud et al., 2017). However, in contrast to Ingram's assumptions, 

peat properties such as hydraulic conductivity, porosity and water retention parameters are 

seldom constant with depth (Oosterwoud et al., 2017). Due to the water table depth's impact 

on transmissivity, a change in water table depth also affects lateral flow (Oosterwoud et al., 

2017).  

1.6.4.2.4. Diplotelmic model and hydraulic conductivity 

The hydraulic conductivity of the acrotelm is very much higher than that of the catotelm, and 

this together with its relative thinness results in a limited storage capacity for water within the 

acrotelm (Labadz et al., 2010). The catotelm remains permanently saturated because rates of 

water movement within it are very low (Labadz et al., 2010). Material is added annually to the 

catotelm by decomposition of plant material from the acrotelm, so that it becomes deeper and 

denser over time, with smaller pores, reducing the hydraulic conductivity of the peat and 

enabling maintenance of a high water table despite the continually deepening catotelm (Labadz 

et al., 2010). This ensures that, despite storing large amounts of water, peat-covered 

catchments are poor suppliers of baseflow to streams and rivers (Burt et al., 1990). The low 

hydraulic conductivities within the catotelm helps to maintain a water table close to the ground 

surface, a condition which is essential to the continuing functioning of surface vegetation and 

any disturbance of the catotelm or acrotelm hydrology has a consequent impact on surface 

vegetation (Labadz et al., 2010). This low hydraulic conductivity implies that, in an 

undisturbed area of BB, the catotelm has a high storage capacity and a very low rate of water 

transmission (Conaghan et al., 2000).  

Ivanov (1981) considered shallow peat to be the main route for water flow, a key assumption 

of the acrotelm–catotelm model. There is abundant evidence that uppermost layers of bogs can 

be highly permeable (e.g. Labadz et al., 2010; Morris et al., 2015; Rezanezhad et al., 2016), 

but the situation with deeper peat is less clear. Water movement can in fact be more complex 

than is suggested by this idealised diplotelmic model. It is important to know both the absolute 

value of hydraulic conductivity and its spatial pattern – vertically and laterally – when 

considering the hydrological behaviour of a peatland. A summary of permeability values 

drawn from the literature by Wheeler et al. (2009) indicates that whilst rates of cm or mm per 

day are probably typical of peatlands, in some circumstances the acrotelm may experience 

water transport at rates up to the order of hundreds of m.day-1. Additionally, it is suggested by 

Wheeler et al. (2009) that deeper peats of fens and some bogs can show pronounced layering 

and vertical variation in hydraulic conductivity, sometimes with layers of high permeability or 
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pipes. Baird et al. (2016) found that hydraulic conductivity of deeper peat (catotelm) can be 

low and consistent with the diplotelmic model, but conversely also found that hydraulic 

conductivity in deeper peat could equal and exceed values for shallow, near-surface, peat at 

the site and for a range of other peatlands. Baird et al. (2016) also outline that other studies 

found similar results, where the highest hydraulic conductivity values reported were generally 

associated with the least decomposed peat and notably Sphagnum was often the main or an 

important peat-forming species (e.g. (Lewis et al., 2012; Morris et al., 2015). Baird et al. 

(2016) conclude that deeper bog peat has the potential to conduct nontrivial amounts of water 

and are therefore they (and others e.g. McAnallen et al., 2017) suggest two-layer diplotelmic 

model is not generally applicable. However Baird et al. (2016) caution that while there is 

evidence that deeper peat can be relatively permeable, it is important that more work is done 

to fully understand hydraulic conductivity of deeper peat. 

1.6.4.2.5. Water balance 

O’Brien. et al. (2007) describe the hydrological processes in a BB ecosystem (see Figure 1-5), 

separating rainfall (the principal hydrological input) into losses (outputs) occurring through a 

series of hydrological processes. The author’s outline that precipitation can be removed by 

both interception and evapotranspiration (from vegetation and ground surface) with much of 

the remainder passing through into the peat by infiltration through pores. 

The water balance of a BB is the total amount of water entering the system and that which is 

used or leaves the system, i.e., for BBs this can simply be expressed by: 

Input (precipitation) – output (evapotranspiration + near surface runoff) = ΔS (change 

in storage)          

        Equation 1 

Overland flow can result from infiltration-excess overland flow (rainfall intensity exceeds 

infiltration capacity of the peat) or saturation-excess overland flow (rainfall cannot infiltrate 

due to peat saturation) (Acreman and Holden, 2013). Peat has an infiltration capacity, i.e., a 

maximum rate it can absorb rain and as it becomes saturated infiltration falls to a constant 

minimum level (O’Brien., Labadz. and Butcher., 2007). Peat can however, become 

hydrophobic after very dry weather or fire, even if there is storage capacity within the wetland 

(Eggelsmann et al., 1993) and infiltration capacity may be reduced, potentially generating 

infiltration-excess overland flow even when not saturated (Acreman and Holden, 2013). Rapid 

runoff generation through saturation overland flow and near-surface stormflow through the 

highly permeable acrotelm dominates the runoff response (Evans and Warburton, 2010). 

Where precipitation is of greater intensity than the infiltration capacity of the soil and the peat 
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profile is completely saturated, excess water cannot be accommodated and infiltration-excess 

overland flow occurs and dominates flow process in blanket peat catchments and generates 

rapid runoff which can quickly re-charge reservoirs used for potable water supply (O’Brien., 

Labadz. and Butcher., 2007). The interception of precipitation and excess removed as runoff 

along with groundwater from below, influences the amount and timing of water flowing 

elsewhere in the catchment as well as impacting water quality (Charman, 2002). Catchments 

dominated by overland flow processes are likely to have high flood peaks, since water travel 

times to the river channel are likely to be much shorter than if water was slowed by movement 

through the soil or rock (Acreman and Holden, 2013). Intact blanket peat catchment areas 

therefore can be seen as abundant sources of good quality water requiring minimal treatment 

(Charman, 2002). 

Macropore flow can occur where there are cracks in peat and this often results from desiccation 

or frost (O’Brien., Labadz. and Butcher., 2007). Pipes within the peat carry rapid subsurface 

flow (pipeflow) and throughflow can be described as shallow subsurface lateral flow though 

the peat matrix (O’Brien., Labadz. and Butcher., 2007). Boatman (1983) showed that below 

critical water levels, the water table falls in a step-wise manner in dry weather, which is a 

consequence of evapo-transpiration alone; above the critical level water is also lost as runoff. 

Even in the warmest months the water is above the critical level for about 50% of the time 

suggesting vegetation must experience a considerable flushing effect as a consequence of 

lateral seepage (Boatman, 1983). 

Once water has infiltrated into the soil, throughflow may occur between the grains of the soil 

matrix, through small micropore spaces (Acreman and Holden, 2013). Flow velocities through 

macropore networks tend to be greater than through micropore spaces within the soil 

(Acreman and Holden, 2013). Macropore and pipe networks may reduce the ability of a 

wetland to store water if these pathways allow water to readily escape (Acreman and Holden, 

2013). Recharge is precipitation that has reached the water table, replenishing the groundwater 

store (Price, 1996). Interflow occurs in unsaturated areas of the peat between layers of 

contrasting permeability and moves into streams or river channels. 

Flow from such deeper peats largely bypasses flow from well-developed pipe networks which 

is an important component of runoff, particularly on the falling limb of the hydrograph (Evans 

and Warburton, 2010). Surface runoff is part of the total runoff that results from overland flow 

and is also termed effective rainfall (precipitation – evapotranspiration = runoff/effective 

rainfall) (Price, 1996). The behaviour of effective rainfall is determined by physical properties 

of peat such as humification, porosity, hydraulic conductivity, peat depth as well as factors 

such as climate, geomorphology, geology, soil properties, biogeology and anthropogenic 

activities (O’Brien., Labadz. and Butcher., 2007). 



49 

 

Runoff from peatlands is typically flashy (rapid increase in flow post a precipitation event, 

with rapid return to base conditions after the precipitation event ceases) with storm 

hydrographs exhibiting short lag times, fast times to peak and rapid recession to low base flow 

levels (Evans and Warburton, 2010). Flashy runoff is a general characteristic of upland blanket 

peatlands and is related to the dominant processes of runoff generation, therefore overland 

flow is an important element of BB flow balance (Evans and Warburton, 2010). During periods 

of low rainfall baseflow is also low, highlighting the limited extent of groundwater flow, thus 

moisture loss from the peat mass is dominated by evapotranspiration (Evans and Warburton, 

2010).  

When examining discharge (volume of water flowing through a river channel), it is evident 

that precipitation is not sufficient to supply river flow and possible baseflow sources include 

discharge from lakes, lateral flow into peat from upland areas and groundwater discharge into 

peat. The importance of the latter two sources of baseflow are determined by the peat 

properties in the catchment. The volume of water released from groundwater storage per unit 

surface area of aquifer per unit decline in the water table is known as the specific yield and for 

peat soils is reported by Rezanezhad et al. (2016) as between 0.048 - 0.45 %.  

 

Figure 1-5 Schematic diagram of runoff pathways in a BB depicting the current conceptual 

model of BB hydrology (Acreman and Holden, 2013).  

1.6.4.2.6. Slope 

Mackin et al, (2017) showed that slopes exceeding 0.3 % have proven incapable of supporting 

active RB vegetation, except in areas of focused flow, i.e., flush communities. However, BBs 

can often develop on more extreme slopes of up to 70 % (Maddock, 2008; Holden et al., 2008 

and Lindsay, 1995). Slope has been shown to have significant ecological consequences in 

peatlands, reflected in vegetation composition, with peat-forming vegetation typically 
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dominating the low-gradient slope areas (Brennan et al. 2017). The occurrence of vegetation 

communities is therefore linked to topography, as steep slopes can remove water more easily 

by overland flow (movement of water over the land, downslope toward a surface water body) 

without infiltrating to increase the water table, thus steeper sloping areas can support drier 

species (Beven, 2012).  

1.6.4.2.7. BB hydrology conceptual model review 

Rapid rates of hydrograph recession and the year-round incidence of very low flows between 

storm events are consistent with the low hydraulic conductivity of peats and the consequent 

limited contribution of peat groundwater discharge to low flow maintenance (Evans and 

Warburton, 2010).  

Conventionally peatlands were viewed as sponges with high groundwater levels limiting their 

capacity to accept recharge and gradually release water to streams to maintain baseflow. 

Peatlands can store and absorb water but water also moves through peatlands vertically, 

laterally, as overland flow and runoff from peat in rivers and the role of undisturbed peatlands 

in flood risk mitigation may be more valid (Charman, 2002).  

The current conceptual model for BB hydrology depicts water moving in and out of peatlands 

without contact with the underlying bedrock (see Figure 1-5). This conventional view is 

inconsistent with the results of the EPA Poorly Productive Aquifers (PPAs) study (Moe, Craig 

and Daly, 2010). The results suggest that the existing view of poorly productive bedrock, as 

sparsely fissured massive rock units with very limited capacity to store and transmit water, 

was an oversimplification. Geological and geophysical logs from boreholes drilled in a range 

of bedrock types (granite, gneiss, meta-sandstone, schist) indicated that the convention 

hydrogeological view of these units as view of massive rock underlying more permeable 

subsoils neglected to incorporate localised heterogeneity. Borehole data generated by the PPA 

study suggested that the top of bedrock frequently consisted of heavily (physically) weathered 

rock, in which the frequency of jointing declined exponentially with depth, with the upper 5 

metres being more densely fractured (and transmissive) than lower bedrock. Additionally, 

bedrock unit is frequently overlain by a thin permeable porous Transition Zone (TZ) horizon 

in which water flows through primary porosity. Although the PPA Study findings revealed 

that the TZ was not ubiquitous, it proved widespread and was encountered in the majority of 

holes drilled. 

The results of the PPA study are significant for considering how BBs function. In terms of 

their capacity to store and transmit water, the TZ has elevated hydraulic conductivity and 

storage capacity (with storage being greater in the TZ). This provides a facility to receive 

infiltrating water from overlying blanket peat. Where sufficiently connected to a discharge 
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zone, the interval can thus provide a focused horizon through which groundwater may flow at 

significantly higher rates compared to deeper rock, and where present, than in overlying lower 

permeability units, such as compacted peats and fine-grained glacial tills. As such, the 

composite TZ unit may play an important role in BB hydrology by acting as the principal 

interval of groundwater flow in poorly productive catchments. Understanding how 

groundwater affects BB hydrology requires a more holistic appraisal of the wider hydrological 

regime. 

 

Figure 1-6 Revised conceptual model of BB hydrology taking into consideration the ‘transition 

zone’ outlined by the EPA Poorly productive Aquifers Study (Moe, Craig and 

Daly, 2010) (adapted from (Acreman and Holden, 2013)). 

1.6.4.2.8. Flashy flow and flooding mitigation  

The flashy nature of stream flows from blanket peat, has been recognised in the literature for 

over 40 years (e.g., Labadz et al, 1991; Holden and Burt, 2003; O’Brien, 2009). Intact bog 

systems have been traditionally viewed as large sponges which absorb and lose water in 

response to inputs (mainly rainfall) and outputs (mainly evapotranspiration) of water 

(Conaghan et al., 2000). It has been suggested that intact or undisturbed peatlands may play a 

role in flood risk mitigation (Charman, 2002) however other authors refute this (e.g. Labadz 

et al, 1991; Holden and Burt, 2003; O’Brien, 2009).  

Factors such as landscape location and configuration, soil characteristics, topography, soil 

moisture status and management influence flood mitigation (Acreman and Holden, 2013). 

Typical surface infiltration rates in BB are high when the water table is not at the surface 

(Acreman and Holden, 2013), however peat has an extremely high water content and in intact 
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peatlands, most of the water storage capacity is already full, thus the theory of a peatland as a 

“sponge” that soaks up rainfall and then releases it slowly into rivers is incomplete (Labadz et 

al., 2010). In reality intact blanket peat is highly productive of storm runoff and by contrast, 

generates little baseflow during times of low rainfall (Labadz et al., 2010). For example, 

stream flow analysis over 3 years at the peatland catchment outlet showed that the stream 

runoff was composed of 8% base flow and 92% flood flow, suggesting that this blanket 

peatland is a source rather than a sink for floodwaters (Lewis, et al., 2012). The topography of 

the landscape however, may enable flowing water from other locations or from precipitation 

to collect in hollows (Acreman and Holden, 2013). The impact of hollows on river flooding 

depends on whether such systems are connected to a river network or whether they are closed 

endorheic (bodies of water that do not flow into the sea) systems with no downstream 

landscape and are thus neutral to floods (Acreman and Holden, 2013). 

Perennial pools are common in peatlands and their hydrological functioning and turnover may 

be important for carbon fluxes, aquatic ecology and downstream water quality. Holden et al. 

(2018) concluded that for larger total pool surface area, smaller flood peaks are observed 

downstream in summer months due to bulk specific yield being greater. 

While some studies show that peatlands can serve as important regulators of river flow and 

hydrochemistry (Koehler et al., 2011), because of their location and high precipitation, there 

are however conflicting conclusions drawn from different international studies as to the effect 

of disturbance (e.g., drainage and afforestation) on the hydrological cycle of blanket peatlands 

(Lewis et al., 2013). Reduced vegetation cover from anthropogenic disturbance can increase 

runoff, reflected in  narrowed flood hydrographs and can increase mean peak storm discharge 

compared to re-vegetated landscapes (Grayson et al. 2010). Conway and Millar (1960), 

showed conclusively that, in a semi-intact BB, rainfall input produces a rapid stream runoff 

response, and this is especially pronounced with anthropogenic alterations such as intense 

drainage or burning. Paradoxically, this result may have revived a traditional view that peat-

covered catchments act like aquifers (or a ‘sponge’), storing rainfall up and releasing it 

gradually during dry periods (Labadz et al., 2010). However, although large amounts of water 

are held within the peat of a BB, little of the water received as rainfall can be retained if the 

peat mass is saturated (Labadz et al., 2010). Flood magnitude is controlled primarily by rainfall 

and fast flood-generating overland flow can develop even when there is plentiful storage 

capacity within the wetland therefore the ability of many upland wetlands to store incoming 

fresh rainwater has been found to be limited (Acreman and Holden, 2013).  

Grayson et al. (2010) argue there is a lack of reliable evidence to show whether ditch infilling 

or revegetation of bare and eroded blanket peatlands has any impact on the flood peak 

downstream. However Holden et al. (2008) showed that overland flow velocities are controlled 
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by the peatland vegetation cover and dependent on the slope and water depth, where flows 

over Sphagnum spp. covered peat were slowest and flows over bare peat significantly faster. 

Significant changes to lag times and peak flow by Shuttleworth et al. (2018) provide evidence 

that the restoration of degraded headwater peatlands can contribute to flood mitigation and a 

reduction in downstream flood risk. 

The results of a study in a pristine Atlantic blanket bog near Glencar in County Kerry by Lewis 

et al. (2013) suggests that there is limited or no benefit to flood attenuation from peatland 

afforestation during winter periods when the water table (WT) is high while the converse 

applies to summer flows where the rainfall runoff was reduced in dry periods. This 

phenomenon of increasing the streamflow following afforestation of peatlands may have 

implications in larger catchments where afforestation may be falsely considered as a flood 

mitigation measure (Lewis et al., 2013). Likewise the reduction of flows from peatlands 

throughout the summer and in particular after dry periods may be of concern for water resource 

managers (Lewis et al., 2013).  

Numerous studies show that hydrological alterations to peatlands can have implications for 

issues such as flooding and that systems that are drained have lower water tables and can 

become more flashy, increasing runoff causing increased flooding risks downstream 

(Charman, 2002; Holden, Chapman and Labadz, 2004; Evans & Warburton, 2010; Price et al., 

2016). Therefore the theory that intact or undisturbed peatlands play a role in flood risk 

mitigation (Charman, 2002) over anthropogenically altered peatlands may therefore be a more 

valid principle. 

1.6.4.3. Ecohydrology 

1.6.4.3.1. Ecohydrological feedback system of BBs  

The intimate relationship between receiving water bodies (hydrology) and vegetation 

(ecology) in peatlands results in a range of ecosystem services such as biodiversity, water 

filtration and supply as well as climate regulation (e.g., carbon sequestration). It is well known 

that appropriate hydrological conditions are an essential abiotic (physical) element for 

supporting ecological conditions. Biotic (living) aspects of peatlands are closely related to 

hydrological controls such as water retention and subsurface flow in peatlands. The vegetation 

communities of BBs are known to be related to the spatial variability of the hydrological 

characteristics of the peatland surface (e.g. mean depth to water table (level below the surface 

to the saturated zone)) and surface water availability (Pellerin, 2009) where the root systems 

of different plant species can utilise water at varying depths (Labadz et al., 2010) (see section 

1.6.4.3.9). The feedback system between the interactions of the biotic and abiotic landscape 
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components explain the heterogeneity in the landscape, thus anthropogenic alteration can have 

complex effects on the hydrological functions (Moore and Bellamy, 1974; Lindsay et al., 

1988). 

The global distribution of BB may be influenced by the presence of plant species or plant 

communities (Wheeler and Proctor, 2000) and topography of the pre-peat surface can explain 

the variance in bog patterning (Evans and Warburton, 2010). BBs develop in stages and this 

results in a variety of vegetation patterns where vegetation communities are dependent not 

only on the source of water but also on the degree of waterlogging and variability of water 

supply (Labadz et al., 2010). Downslope areas are favoured for BB formation due to the 

delivery of runoff water from upslope bog surfaces (Evans and Warburton, 2010). This implies 

the development of peatland systems is topographically and hydrologically controlled with 

initial accumulation centres located in areas of lower relief and consequently reduced drainage 

(Evans and Warburton, 2010). 

The vegetation communities of BBs can be linked to hydrological and hydrogeological 

heterogeneity (Pellerin, 2009). Hydrogeological processes can help support peat accumulating 

vegetation through processes such as upward movement of water in drought conditions, 

maintaining water availability in the acrotelm and increasing the availability of nutrients 

(Fraser, 2017). The feedback system of the ecohydrological interactions of the biotic and 

abiotic landscape components may also explain the relationships between the heterogeneity in 

the distribution of the landscape structures at a range of spatial scales, while alterations through 

land management can have complex effects on the hydrological functions (Moore and 

Bellamy, 1974; Lindsay et al., 1988). 

The growth of a bog can slow and even stop when its surface is anthropogenically altered but 

with restoration, a change in its water balance can allow peat accumulation to continue (Moore 

and Bellamy, 1974). Restoration of ecological conditions to a reference state requires a 

detailed understanding of the hydrological processes and how these interact with plant 

communities (ecohydrology). Subsequently, criteria employed in vegetation monitoring 

should be directed to reflect such anthropogenic disturbances. These requirements are drivers 

for this research. 

1.6.4.3.2. Raised and blanket bogs 

Blanket and Raised Bogs are both ombotrophic ecosystems, yet differ in their development 

and structure, but more crucially their ecology and hydrology as outlined in Table 2-1 

(Conaghan et al., 2000). Each ecosystem displays distinct ecohydrological features. 

Ecological mapping for the purposes of the Habitats Directive (see 1.6.8.2) monitoring 

subdivides RB into ecotopes. These are ecologically distinct landscape features in a landscape 
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mapping and classification system that represent homogenous functional units based on their 

physical features (abiotic elements) and characteristic species (biotic elements) (Schouten, 

2002). Biotic elements include plant community composition whereas abiotic components 

include microtopography features such as hummocks, hollows, pools etc., including specific 

depths to groundwater (Cushnan, 2017). Landscape features of BBs differ from those found 

on RBs and can give rise to differences in hydrological regime, therefore the ecotope approach 

used on RBs may not be directly applicable to BB habitats, but may be used as a reference, 

requiring adaptation. Refined approaches to monitoring BBs, incorporating new knowledge 

into current approaches (see Figure 1-7 on the guidelines for reporting on peatlands under 

Article17 of the Habitats Directive and see also section 1.6.8.3 for description of current BB 

monitoring approaches in Ireland by Perrin et al. (2014)) may help in providing a refined 

means to determine ecosystem intactness in terms of anthropogenic impacts. At the same time, 

it is important to acknowledge that the wider variety of ecohydrological processes operating 

on BB requires further scrutiny if impacts are to be distinguished from undisturbed conditions.  

Table 1-1 – Characteristic differences between blanket and RB (Conaghan et al., 2000).  

 

 BLANKET BOG RAISED BOG 

Distribution in Ireland Western lowlands and mountains Midlands 

Morphology Forms extensive blanket over 

landscape 

Largely confined to former lake 

basins 

Peat depth Typically between 0.5 and 7 

metres 

Typically between 3 and 9 metres 

Nutrient supply Precipitation Precipitation 

Typical pH range 3.5 to 5 3.5 to 4.5  

Rainfall >1200 mm per year 800 – 1000 per year 

Characteristic dominant plant 

species 

Lowland – Molinia caerulea, 

Schoenus nigricans, Erica tetralix. 

Upland – Calluna vulgaris, 

Trichophorum caespitosum, 

Eriophorum spp.  

Calluna vulgaris, Erica tetralix, 

Narthecium ossifragum, 

Sphagnum spp. 
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Figure 1-7 Assessment and reporting procedure under Article17 of the Habitats Directive 

(Douglas and Arvela, 2011). 

Studies on RB environments found that the most important hydrological factor associated with 

vegetation communities was maximum (lowest) water table depths and fluctuations (Cushnan, 

2017). RB vegetation mapping appears to be indicative not only of ecosystem condition, but 

also hydrological processes that support it, with Central, Sub-central, Sub-marginal, Marginal 

and Facebank ecotopes (see Figure 1-8 for ecotope locations) reflecting specific hydrological 

regimes that support peat accumulating vegetation (Cushnan, 2017). Cushnan (2017) found 

that water-table depths observed in all ecotopes proved relatively similar during the winter 

observation period, but water-table depth during the summer investigation period suggests that 

summer is the critical period, in which the maximum (lowest) water-table depth is observed. 

During the winter period (October-March), water table depths were within 20cm of the ground 

surface, except for Facebank and afforested areas exceed this to a maximum depth of 28cm 

(Cushnan, 2017). However, a significant increase in the water table depth is observed in all 

areas during the summer period (April-September), with the largest observed of 78cm in the 

afforested area (Figure 1-9) (Cushnan, 2017). 

 

Figure 1-8 Ecotopes on RBs 
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Figure 1-9 Lowest water tables measured in different ecotopes in summer (Cushnan, 2017). 

1.6.4.3.3. BB vegetation – adaptations and ecohydrological 

implications 

Vegetation composition plays a central role in ecosystem function, and although a range of 

species occur naturally on blanket peatlands, some may have a detrimental impact when 

dominant (Noble et al., 2019). Mosses can make up a significant proportion of the vegetation 

in BBs and are often dominated by Sphagnum mosses which are of central importance for peat 

formation and water quality (Ritson et al., 2016) requiring relatively wet conditions (Price and 

Whitehead, 2001). A variety of pleurocarpous (freely branched) and acrocarpous (unbranched 

with erect growth) moss species are also found on peatlands, however these groups do not 

support peat accumulation to the same extent as Sphagnum (due to differences such as water 

storage capacity and decomposition rates) (Noble et al., 2019). 

Many species have adapted over time to peatland environments such as carnivorous plants 

(insect eaters), recyclers (recycling of plant nutrients is a special adaptation to the nutrient-

poor bog environment) and xeromorphs (most bog plants are xeromorphic, they do not lose 

much water when under stress), where they derive additional nutrients from other resources 

than the mineral deficient peat on which they grow (Moore and Bellamy, 1974). Noteworthy 

examples of such mechanisms include the retention of leaves throughout the year (e.g. Calluna 

vulgaris), the withdrawal of nutrients from aerial shoots at the end of the growing season (e.g. 

Eriophorum spp., Molinia caerulea) and insectivory (e.g. Drosera (sundews) and Pinguicula 

spp. (butterworts), Utricularia spp. (bladderworts)) (NPWS, 2000) (Fossitt, 2000). Both 

Eriophorum angustifolium and Eriophorum vaginatum are adapted to the nutrient poor bog 

environment and die back in winter, recycling nutrients from dying leaves, storing the nutrients 
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over the winter in underground bulbs ready for the spring growth (Moore and Bellamy, 1974). 

Xeromorphs are adapted to the nutrient poor acidic environment of peatlands and feature thick 

waxy evergreen leaves with under-curled margins, all of which decrease water loss during 

times of drought and examples include bog cranberry, crowberry and all heathers (Moore and 

Bellamy, 1974). 

Plants can influence peatland hydro-chemical conditions and specialist plant species, adapted 

to live in ombrotrophic BBs e.g. bryophytes (namely Sphagnum species) and Eriophorum spp., 

have adapted to the nutrient-poor waterlogged conditions within them (Freedman, 1995). 

Adaptations include specialised ion exchange systems for scavenging nutrients, thus creating 

a more nutrient poor environment with higher acidity. These conditions allow Sphagnum and 

other BB species to proliferate to the exclusion of more generalist species with greater nutrient 

requirements and lower levels of acid tolerance (Freedman, 1995). However, such specialised 

adaptation can make such species vulnerable to hydrological changes with anthropogenic 

alteration, e.g. changes in water quality or water table depth. This is particularly apparent 

where water table declines linked to anthropogenic drainage causes a shift in vegetation 

composition, which may result in a deterioration in associated ecosystem services. 

1.6.4.3.4. Mechanisms for water retention in Sphagnum spp 

Mosses play a major role in the formation of the world’s boreal peatlands (O’Brien., Labadz. 

and Butcher., 2007) and mosses of the genus Sphagnum are a keystone species in BBs 

(Hayward and Clymo (1982) and Hájek and Vicherová (2014)). Sphagnum mosses rely upon 

capillary retention and water flow in the spaces between individual plants to sustain hydration 

(their composition is 70 % water) (Hayward and Clymo, 1982). Due to their specific shoot 

morphology and biochemistry, Sphagna control important ecosystem processes through water 

retention and peat accumulation (Hájek and Vicherová, 2014). While a wide variety of 

environmental factors control the growth of Sphagnum mosses, such as nitrogen, phosphorus, 

and potassium availability (e.g. Aerts et al., 1992; Hoosbeek et al., 2002), trace metals and 

UV radiation (Gehrke, 1998), the largest control on peat accumulation is soil moisture 

availability (Clymo and Hayward, 1982; Belyea and Baird, 2006). Water is the controlling 

factor in Sphagnum growth and hence, peat accumulation and peatland sustainability (Girard 

et al., 2002). Despite the extensive research in ecology and hydrology of peatlands, the 

understanding of interactions between these disciplines is limited (Thompson and 

Waddington, 2008). 

The direct and immediate effect of water retention in Sphagnum is physiological and since 

mosses are poikilohydric (desiccation‐tolerant (DT) land plants) plants without vascular 

systems, their external capillary water keeps the living cells turgid and physiologically active 
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(Hájek and Vicherová, 2014). The reliance on passive water transport in Sphagna makes them 

particularly susceptible to variations in soil moisture, with 90% of Sphagnum water content 

held externally between branches and leaves (Hayward and Clymo, 1982). 

Water uptake, transport and evapotranspiration processes in Sphagnum mosses differ from 

those in vascular plants because Sphagna lack roots and vascular channels and are not able to 

regulate evaporation actively because they lack stomata (Schouwenaars and Gosen, 2007). 

Sphagnum mosses do not have obvious stems, but have an intricate branching structure 

(Holden et al., 2008). They lack leaf stomata but can transport water in a capillary network 

formed by spaces between the leaves and between the stem and the branches and store water 

both in the dead hyaline cells and between the leaves (Rydin and Jeglum, 2006). Dead cells in 

Sphagnum mosses have large pores to let water in and narrow living cells photosynthesise 

allowing the mosses to grow (Moore and Bellamy, 1974). These mosses also produce 

unesterified polyuronic acids in their cell walls which exchange hydrogen ions (waste product) 

with minerals from water that they need for growth (e.g. calcium, magnesium, sodium and 

potassium), thus acidifying the water in peatland environments (Moore and Bellamy, 1974).  

Sphagnum forms carpets in which the stems and pendant branches overlap to form spaces 

(pores), which provide the only mechanism by which water can move from the water table 

through the unsaturated (or vadose) zone to the growing capitula at the surface (Schouwenaars 

and Gosen, 2007). Sphagnum has a dense branching and uniform structure with depth (Holden, 

Gascoign and Bosanko, 2007). In the unsaturated zone, water is held in the pore spaces by 

matric forces and the pore water pressure is negative (less than atmospheric pressure) 

(Schouwenaars and Gosen, 2007). Upward flow (capillary rise) occurs when the upward 

gradient in pore water pressure exceeds the downward gradient due to gravity (Koorevaar et 

al. 1983). The living green cells interspersed by dead hyaline cells substantially enlarge the 

surface area and total porosity of Sphagnum, and under wet conditions, all of the pore space is 

filled with water and forms a water reservoir (Schouwenaars and Gosen, 2007). 

The conductance of water through Sphagnum to maintain water vapour pressure saturation is 

substantial, as measurements of evaporation over a Sphagnum hummock can exceed those 

over adjacent open water (Nichols and Brown, 1980). Water evaporates from the capitula 

during drought times, but they can remain moist for some time because evaporation reduces 

their water content and thus reduces pore water vapour pressure at the surface, creating the 

conditions of upward pressure gradient necessary for water transport towards the surface from 

below (Schouwenaars and Gosen, 2007). The ability of a carpet of Sphagnum to retain water 

depends on pore size, described by the soil water retention curve or moisture characteristic, 

and pores of a given size empty when the negative pore water pressure falls below a specific 

value (Schouwenaars and Gosen, 2007). The porosity of Sphagnum carpets is very high 
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(>0.90), and they have correspondingly high water storage capacity (Schouwenaars and 

Gosen, 2007). If the water vapour pressure is not in equilibrium, capillary water must be 

evaporated in order to re-establish it to sustain water vapour pressure of pore spaces near 

saturation (Thompson and Waddington, 2008). Therefore, low humidity’s may induce an 

evaporative demand exceeding water transport, leading to a loss of capillary water and a 

lowering of pressure heads (head (hydraulic or piezometric) is liquid pressure above a vertical 

datum) (Thompson and Waddington, 2008). 

In an intact peatland, the top layer of the soil profile consists of young, undecomposed material 

derived mostly from Sphagnum moss whereas in a cutover peatland, the top undecomposed 

material layer has been removed and consists of decomposed peat which contains fewer large 

pores than a Sphagnum carpet, resulting in a lower capacity to store water and different water-

retaining and water-conducting properties (Schouwenaars 1993; Schouwenaars 1995). Under 

drying conditions, air enters active pores that are not able to retain water, interrupting the 

continuity of pathways for water movement between the hyaline cells and extracellular spaces 

(Schouwenaars and Gosen, 2007). Degraded sites are characterized by low soil–water 

pressures (Price, 1997) making it difficult for Sphagnum to recolonize naturally because it 

cannot generate the necessary capillary forces to extract water from the underlying peat 

substrate (Price and Whitehead, 2004). The (unsaturated) hydraulic conductivity is thus 

reduced so that mass flow is impeded and eventually prevented and hydraulic conductivity 

declines sharply as water content decreases, where a dry upper layer with a sharp transition to 

a moist lower zone may develop during periods of drought (Schouwenaars and Gosen, 2007). 

When the hyaline cells fill with air and if the evaporative demand at the surface cannot be met 

by transport of water from below for a prolonged period, the moss will die (Schouwenaars and 

Gosen, 2007). 

Extended periods of drought affect Sphagnum species differently, depending on the species 

physiology, microtopographical position and location relative to water table (Hayward and 

Clymo, 1982). This combination of factors indicates that drier conditions could promote a 

change in the composition of Sphagnum mosses (Potvin et al., 2015). A decline in Sphagnum 

moss productivity is also expected if water tables are drawn down enough so that the capillary 

fringe does not reach the surface for extended periods (Gerdol et al., 1996). 

However, Sphagnum mosses often initially recolonize cutover peatlands as isolated patches 

that are closely tied to the moisture regime of the cutover peat substrate (Price and Whitehead, 

2004) and the influence of the Ericaceae canopy (Farrick and Price, 2009; Heijmans et al., 

2001). The newly formed Sphagnum layer is able to coalesce into larger carpets in wetter areas 

with the highest soil–water pressures (Ketcheson and Price, 2014). Price and Whitehead 

(2004) found that soil moisture content with Sphagnum cover was 5–14% higher than in bare 
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cutover peat directly adjacent to it. The reintroduction of larger patches of intact Sphagnum 

communities during revegetation of cutover peatlands in Europe was favourable over smaller 

patches (Robroek et al., 2009).  Price and Whitehead (2001) developed hydrological thresholds 

for Sphagnum recolonization on abandoned cutover sites and concluded that Sphagnum 

recolonized mostly in shallow ditches and low-lying areas within the site, where the site water 

table was closer to the surface. Additionally, Holden et al. (2007) note that anthropogenic 

drainage on shallow slopes (7 %) can often re-vegetate naturally. There appears to be a positive 

feedback in which the development of a Sphagnum layer which protects the underlying 

substrate (already relatively wet) from evaporative demands, thus engineering its own 

environment (Price and Whitehead, 2004). 

For bog restoration, in order to inform and improve site management, a better understanding 

of water-retaining and water-conducting properties in the reestablishment of Sphagnum on 

cutover peatland is required (Schouwenaars and Gosen, 2007). 

1.6.4.3.5. Sphagnum in lawns, hollows and hummocks 

The surface morphology of BB ecosystems are composed of water-filled hollows and drier 

raised hummock features (Luscombe, 2014). Microtopography is a function of and a control 

on the vegetation patterning (lateral or horizontal distinctive and repeated surface patterns 

(microtope), e.g. pool (lateral) patterning (see Figure 1-2)) found in BBs (Sjors, 1983) (Moore 

and Bellamy, 1974). Horizontal patterning of peatland microforms (or microhabitats) is 

characteristic of bogs and includes hummock microforms which are higher than adjacent 

hollows and lawns (Baird, Belyea and Morris, 2009; Baird et al., 2016). 

The composition of Sphagnum sp. varies in response to water availability and the type of 

species may change in response to drier conditions (Luscombe, 2014). Some species, such as 

Sphagnum imbricatum and Sphagnum rubellum are more effective at binding water into their 

structure. In doing so they can help maintain waterlogged conditions and gradients such as 

these can give rise to diverse vegetation patterns within a given vegetation assemblage such 

as ‘active’ BB (Lindsay, 1995). In the case of the hummock/hollow complex, this can give rise 

to the presence of heathland community outliers on the hummock tops and more sedge 

dominated communities on the hollows (Lindsay, 2010). It is unlikely however according to 

Lindsay (1995), that hummock/hollow features will develop in areas where the water table has 

been lowered. 

Hummocks microforms typically 1–3 m in diameter may be c. 0.05–0.6 m higher than adjacent 

hollows and lawns and have characteristic plant assemblages, while intervening lawns and 

hollows are often larger, with considerable variation in size (Baird et al., 2016). 
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Hummocks tend to be dominated by ericaceous shrubs such as Calluna vulgaris, sedges such 

as Eriophorum vaginatum, and small-leaved Sphagna such as Sphagnum fuscum, Sphagnum 

capillifolium (Baird et al., 2016) and Sphagnum acutifolia (Hájek and Vicherová, 2014) 

(Figure 1-10). Lawns and hollows have a cover of larger-leaved Sphagna such as Sphagnum 

papillosum, Sphagnum pulchrum and Sphagnum cuspidatum, with sedges such as 

Rhynchospora alba often co-dominant (Baird et al., 2016) (Figure 1-10). Robroek et al. (2007) 

suggest the natural occurrence of Sphagnum species along the water table in Clara bog 

(Ireland) is: S. cuspidatum < S. Papillosum ≤ S. magellanicum < S. rubellum < S. fuscum ≤ S. 

austinii. 

Schouwenaars and Gosen (2007) found that the (hydro-)physical condition 

(microenvironment) of the peatland surface is the dominant variable affecting water table 

fluctuations and the onset of water stress conditions. If water tables fall rapidly during drought 

where small patches of moss are surrounded by vascular plants growing on bare peat, 

Sphagnum will experience water stress much earlier than when it is growing in pools or at sites 

with complete moss cover (Schouwenaars and Gosen, 2007). Many species (Sphagnum fallax; 

Sphagnum capillifolium; Sphagnum magellanicum; Sphagnum cuspidatum) have been shown 

to proliferate best in pools, compared to on lawns or hummocks, but Sphagnum capillifolium 

outperforms other species on hummocks (O’Reilly, 2008). 

 

Figure 1-10 Selection of Sphagnum species along the hummock-hollow gradient (from 

Lindsay et al., 1988 and Hayward and Clymo, 1982).  

1.6.4.3.6. Feedback mechanisms between vegetation and water 

table 

The hydrological functioning of a peatland, often expressed in terms of the water-table regime, 

is closely linked with its ecological functioning (e.g. (Allott et al., 2009; Jabłońska et al., 2011; 

Swindles et al., 2012), and anything that influences the behaviour of the water table will also 

affect key ecological processes such as litter production, vegetation composition, and depth-

integrated rates of peat decay (e.g. (Belyea and Clymo, 2001). Depth to water table in a 

peatland is one of the most important influences on plant occurrence and growth (Rydin and 

Jeglum, 2006). The water table is critical for peatland development because it controls species 
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composition through anoxia at depth, impeding decomposers and enabling peat accumulation 

(Labadz et al., 2010).  

The feedback system between the interactions of the biotic and abiotic landscape components 

of peatlands explain the heterogeneity in the landscape, thus anthropogenic alteration can have 

complex effects on the hydrological functions (Moore and Bellamy, 1974; Lindsay et al., 

1988). Understanding feedback systems is important in interpreting damaged areas in BBs 

(Evans & Warburton, 2010; Luscombe, 2014). Numerous authors agree that flow increases 

with drainage in peatland catchments but restoration of water tables and vegetation cover can 

reduce this effect (Evans et al 1999; Holden et al., 2007; Holden et al. 2008; Labadz et al., 

2010; Noble et al., 2019). Relationships between the production of stream flow (i.e. discharge 

- volume of water flowing through a river channel) and the lowering of the water table means 

that the nature of the drainage and vegetation composition will vary the effects from site to 

site (Luscombe, 2014). Numerous studies show that hydrological alterations to peatlands can 

have implications for issues such as flooding and that drained systems have lower water tables 

and become more flashy, increasing runoff causing increased flooding risks downstream 

(Charman, 2002; Holden, Chapman and Labadz, 2004; Evans & Warburton, 2010; Price et al., 

2016). 

Areas with deeper water tables are assumed to be more likely to support hummock vegetation, 

whereas areas with shallower water tables are assumed to be more likely to support hollow 

vegetation (Rydin and Jeglum, 2006). In intact peatlands, different species of Sphagnum grow 

at different heights above the water table (Hayward and Clymo, 1982), with aquatic and lawn 

species occurring close to the water table and the hummock-forming species preferring more 

elevated positions (Schouwenaars and Gosen, 2007). The structure of Sphagnum carpets varies 

with species composition and generally those that grow in locations that are elevated relative 

to the water table (hummock species) form more compact carpets than those that grow close 

to the water table (lawn and hollow species) (Schouwenaars and Gosen, 2007). Hummock 

vegetation has been suggested to produce near-surface peat that is less permeable than that 

produced in hollows (Ivanov, 1981), and more recently Morris et al. (2015) found hydraulic 

conductivity was lower beneath hollows than beneath hummocks. Contrasting micro-habitats 

such as hummocks and hollows allow a positive feedback that reinforces local differences in 

water tables (Morris, Baird and Belyea, 2013). 

Structure can affect the hydraulic conductivity of the moss layer, and hydraulic conductivity 

in turn strongly influences growth conditions, so that we may expect the development of 

critical water stress conditions to vary between species (Schouwenaars and Gosen, 2007). 

Ponding upslope of hummocks leads to hollows and downslope of hummocks are often 

deprived of water, encouraging the development of hummocks (Morris, Baird and Belyea, 
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2013). However, rapid drainage upslope of hollows can alternatively lead to hummock 

development, while areas downslope of hollows are supplied readily with water, encouraging 

the development of hollows (Morris, Baird and Belyea, 2013). This short-range positive 

feedback competes against a long-range negative feedback whereby water flow tends to 

homogenise local variations in water tables (Morris, Baird and Belyea, 2013). Since more 

compact structure will result in relatively high hydraulic conductivity at low moisture content, 

critical conditions can be expected to develop earlier than predicted in mosses with looser and 

more open structure and later if the structure is more compact like S. capillifolium 

(Schouwenaars and Gosen, 2007). 

Sphagnum has been lost from many peatlands through land management (e.g., overgrazing) or 

sulphate deposition and this has implications for overland flow rates, potentially leading to 

shortened stream lag times (Holden, Gascoign and Bosanko, 2007). Sphagnum is regarded as 

a ‘keystone’ species in peatlands (Hayward and Clymo, 1982;  Hájek and Vicherová, 2014) 

due to its role in bog building, maintaining high water tables and acidic conditions, and its 

reintroduction is becoming a priority in blanket peat restoration initiatives (Shuttleworth et al., 

2018). Sphagnum has the potential to provide greater effective roughness to overland flow 

than other surface types (Holden et al., 2008). Anthropogenic management practices alter 

vegetation cover and may impact downstream flood risk through loss of surface roughness 

effects (Holden, Chapman and Labadz, 2015). 

In cutover sites characterized by low soil–water pressures (Price, 1997), Sphagnum is unable 

to recolonize naturally because it cannot generate the necessary capillary forces to extract 

water from the underlying peat substrate (Price and Whitehead, 2004). Price and Whitehead 

(2001) developed hydrological thresholds for Sphagnum recolonization on abandoned cutover 

sites and concluded that Sphagnum recolonized where there was a high-water table, volumetric 

water content greater than 50% and soil–water pressure greater than 100 mb, mostly in shallow 

ditches and low-lying areas within the site, where the site water table was closer to the surface.  

Holden et al. (2007) note interestingly, that anthropogenic drainage on shallow slopes (<4°) 

can often re-vegetate naturally which can help mitigate particulate loss of carbon. Sphagnum 

mosses often initially recolonize cutover peatlands as isolated patches that are closely tied to 

the moisture regime of the cutover peat substrate (Price and Whitehead, 2004) and the 

influence of the Ericaceae canopy (Farrick and Price, 2009; Heijmans et al., 2001). The newly 

formed Sphagnum layer is able to coalesce into larger carpets in wetter areas with the highest 

soil–water pressures (Ketcheson and Price, 2014). The reintroduction of larger patches of 

intact Sphagnum communities during revegetation of cutover peatlands in Europe was 

favourable over smaller patches  (Robroek et al., 2009). Price and Whitehead (2004) found 

that soil moisture content with Sphagnum cover was 5–14% higher than in bare cutover peat 
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directly adjacent to it. Rewetting of a peatland by blocking drainage ditches can create 

conditions more favourable for Sphagnum survival through increasing the moisture content 

and soil–water pressures, although Ketcheson and Price (2014) suggest restoration efforts 

should aim to constrain the water table position to within the upper 30 cm for adequate 

Sphagnum survival. 

1.6.4.3.7. Sphagnum drought and desiccation tolerance 

Poikilohydric desiccation tolerance is the ability of the plant to survive periods during which 

the cells are water-stressed and the plant itself has become dry (Lakatos, 2011). Desiccation 

tolerance of bryophytes and lichens differs substantially from that of vascular plants, and 

lichens and bryophytes are the major groups implementing desiccation tolerance as a common 

and successful life strategy (Proctor and Tuba, 2002). However, in cases of extreme and 

prolonged drought, Sphagnum spp. are susceptible to irreversible desiccation (Schipperges and 

Rydin, 1998). 

Vascular plants evolved internal transport from the soil to the leafy canopy yet bryophytes 

depend on desiccation tolerance, suspending metabolism when water was not available; their 

cells are generally either fully turgid or desiccated (Proctor and Tuba, 2002). Homoiohydric 

(homeostasis regulation) vascular plants maintain a stable water content by active water uptake 

via xylem and by limitation of water loss by cuticulated surfaces and controlled stomatal 

opening (Lakatos, 2011). Poikilohydric (no ability for homeostasis regulation) non-vascular 

plants like bryophytes and lichens lack continuous water supply and other features to actively 

control water loss, thus their water status varies passively with surrounding conditions and 

they are consequently subject to frequent desiccation (Lakatos, 2011). Desiccation tolerance 

requires preservation through drying–re-wetting cycles of essential cell components and can 

be induced by water stress (Proctor and Tuba, 2002).  

Sphagna invest in expensive structures to retain and conduct water and avoid desiccation, 

enabling them to maintain photosynthetic activity during drier periods (Clymo, 1973). In fact, 

Hájek and Vicherová (2014) demonstrated that once hardened, Sphagnum can tolerate 

desiccation as well as other bryophytes that lack constitutive cellular protection. However 

Sphagnum mosses are generally intolerant to severe desiccation (Clymo, 1973) and the 

inability of Sphagnum mosses to survive extremes of drought may play a key role in the 

functioning of peatland ecosystems (Bragazza, 2008). Table 1-2 shows the preferred peat 

moisture regime of different Sphagnum species.  

During periods of low water table, the water content of hummock species is greater than that 

of lawn species (Rydín 1985; Wagner and Titus, 1984). This is because, although evaporation 

from hummock species is more intense than from lawn species (Clymo, 1973), the superior 
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ability of hummock species to retain and conduct water under unsaturated conditions means 

that they are more efficient at delivering it to the capitula and thus deferring the onset of water 

stress during drought (Hayward and Clymo, 1982; Rydín 1985). Hájek and Beckett (2008) 

likewise found that hummock species Sphagnum magellanicum and S. fuscum under 

desiccation conditions lose more water before turgor starts dropping than do other Sphagna, 

because the hummock species have more rigid cell walls than those of wet habitats (Glime, 

2017). Also, hummock Sphagnum species that have been desiccated recover more completely 

after rehydration (Glime, 2017). 

Schouwenaars and Gosen (2007) found that Sphagnum lawns can expand quickly over bare 

peat but often remain thin because the hydraulic continuity between the surface and the water 

table may be sustained for longer during drought when the moss layer is only a few centimetres 

thick than when Sphagnum regeneration is more advanced (Sphagnum carpet is 5–15 cm thick 

after several years’ growth is less vulnerable to water stress). Conversely hummock-forming 

species, may achieve drought tolerance through an alternative mechanism; by bunching into 

thick moss layers they locally increase the water storage capacity of the unsaturated zone, 

although at the expense of sustained hydraulic contact with a falling water table 

(Schouwenaars and Gosen, 2007). The study indicated that microtopography and the thickness 

of the moss layer are the dominant factors affecting groundwater behaviour and the risk of 

water stress.  

Wagner and Titus (1984) introduced the morpho-physiological trade-off hypothesis, typical 

hollow species, who’s loosely growing shoots are susceptible to irregular drought, are adapted 

to desiccation by higher physiological tolerance than typical hummock Sphagna that avoid 

desiccation through water retention. The results indicated that the inducibility of desiccation‐

tolerance results from species adaptation rather than acclimation to microhabitat conditions, 

demonstrated for Sphagnum cuspidatum (Wagner and Titus, 1984). This species forms either 

patches of loosely organised small shoots in drying lawns or large submerged shoots in pools 

(Hájek and Vicherová, 2014). Wagner and Titus (1984) confirmed that Sphagnum 

capillifolium out-competed Sphagnum fallax in water-stressed conditions on hummocks 

because it holds 30% more water at saturation. 

Hayward and Clymo's (1982) drying experiments found that Sphagnum papillosum is the most 

sensitive to desiccation followed by Sphagnum capillifolium but Sphagnum inundatum 

survived well. Therefore Sphagnum papillosum is the best positive indicator species for bog 

condition (O’Reilly, 2008). Hájek and Vicherová (2014) demonstrated that Sphagnum 

cuspidata (hollow) species developed higher desiccation‐tolerance than Sphagnum acutifolia 

(hummock) species and hypothesise that shoot morphology and physiological desiccation‐

tolerance may have evolved in response to water availability, thus peatland bryophytes have 
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the flexibility to acclimate to the current water availability. Sphagnum potonemata showed no 

ability to develop desiccation‐tolerance, which may limit Sphagnum establishment in drier 

habitats. However Sphagnum species of wetter habitats (e.g. Sphagnum cuspidata) were 

morphologically more susceptible to desiccation, but had better physiological desiccation‐

tolerance than desiccation avoiders which form hummocks (e.g. Sphagnum acutifolia) (Hájek 

and Vicherová, 2014). The results of desiccation tolerance in Sphagnum highlights 

contradictions in the published literature, however Hájek and Vicherová (2014) suggest 

deliberate induction of desiccation‐tolerance in moss shoots used for peatland restoration 

could improve their survival and establishment since they are the primary peat-forming 

species. Additionally Clymo (1983) note that Sphagnum mosses must recolonise for peatland 

restoration. 

Sphagnum capillifolium, Sphagnum russowii, Sphagnum rubellum and Sphagnum compactum 

are reliable indicators of drying where they out compete other Sphagnum species and are 

negative indicator species under these circumstances, however decreases in Sphagnum 

cuspidatum also suggests drying (O’Reilly, 2008). O’Reilly (2008) however suggest that the 

use of Sphagnum fallax as a negative indicator probably needs to be reconsidered. Sphagnum 

tenellum is believed to be both an indicator of disturbance and excessive grazing and acts as a 

primary colonist of bare peat, but decreases suggest excessive grazing/trampling (O’Reilly, 

2008). Sphagnum tenellum is a good coloniser of bare burnt areas where these retain adequate 

soil moisture, being adapted to high stress and ruderal conditions and increases suggest 

recovery from drying out or burning (Lindsay and Ross, 1994). Species that tolerate the driest 

conditions are Sphagnum tenellum, Sphagnum subnitens and Sphagnum russowii (O’Reilly, 

2008). 
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Table 1-2 Arrangement of Sphagnum species along peat moisture levels and litter depth from 

North Pennines BB and wet heath (O’Reilly, 2008).  

 

1.6.4.3.8. Vascular plants 

Vascular plants dominate present‐day vegetation, with their ventilated photosynthetic tissues, 

impermeable cuticles and stomatal regulation of water loss (Hájek and Vicherová, 2014). It is 

easy to regard this as the solution to the problem of plant life on land, but some major groups 

of plants depend on the alternative solution of carrying on their photosynthesis and growth 

when water is available and when it is not, suspending metabolism until favourable conditions 

return (Hájek and Vicherová, 2014). Plants like ling and others from the heather family have 

tiny scale like leaves with a waxy protective cuticle and long hairs over pits in which stomata 

(gas exchange pores) are situated and these attributes help to reduce water loss (Moore and 

Bellamy, 1974). Sedges and rushes have needle like leaves which reduces surface area thus 

reducing evapotranspiration and plants like cranberry and the bog pimpernel creep across the 

humid surface of the peat to conserve water (Moore and Bellamy, 1974). Water is absorbed 

by roots from the soil at relatively high water potential where xylem provides a low‐resistance 

pathway to the photosynthetic tissue of the leaves and loss of water vapour is regulated by the 

variable diffusion resistance of the stomata (Hájek and Vicherová, 2014). This vascular‐plant 

pattern of adaptation has limitations despite its effectiveness as it depends critically on the 

continuous availability of a reservoir of water in the soil and if this fails, the plants cannot 

grow (Hájek and Vicherová, 2014). Stomatal regulation of water loss also has limitations, 
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because: 1) the uptake of CO2 for photosynthesis has the possibility of water loss and 2) 

transpiration is linked to both the water balance and the heat balance of the plant, so 

evaporative cooling may be an inescapable price for survival (Hájek and Vicherová, 2014). 

Vascular plants including graminoids and dwarf shrubs contribute to the structural diversity 

of peatland habitats (Malmer et al. 1994). The sedge Eriophorum vaginatum, a graminoid 

species, can also contribute to peat formation (Kalnina et al., 2015; McClymont et al., 2011). 

However, dominance of some vascular plants, such as Calluna vulgaris, may increase the 

amount of carbon lost as dissolved organic carbon (DOC) and CO2, potentially owing to their 

impact on the water table (Armstrong et al. 2012). 

1.6.4.3.9. Water table depth effect on BB vegetation 

Surveys under Article 17 of the EU Habitats Directive (HD) (92/43/EEC) have revealed a 

significant proportion of Irish BBs to be in poor ecological condition (i.e., degraded ‘inactive’ 

BB lacking appreciable typical species (particularly Sphagnum spp., graminoids and sedges), 

patterning, communities, peat depth and vegetation cover that characterise intact ‘active’ BB), 

mainly due to anthropogenic impacts including drainage, peat abstraction, sheep grazing, 

burning and commercial forestry plantations. 

The surface of bogs is commonly patterned and composed of different vegetation communities 

(hummocks, lawns and hollows) (Laine et al., 2007a) along a water level gradient and water 

level has been demonstrated to be the strongest controller of spatial variation in vegetation 

(Laine, et al., 2007b). However, anthropogenic impacts can intensify water table fluctuations, 

with impacts to vegetation composition if the change in water table separates roots from their 

water source (Naumburg et al., 2005). Arsenault et al. (2019) found that water level 

fluctuations were greater in drained forested area of bog compared with intact areas. Price et 

al. (2003) note that a summer water table of 40cm below ground is generally accepted as a 

critical level for growth of bog plant communities, however with degradation these levels can 

be drawn down deeper. 

Water table manipulation experiments in peatland ecosystems have shown contrasting results, 

with some studies indicating that water table drawdown will likely favour shrubs over 

graminoids in bog ecosystems (Riutta, Laine and Tuittila, 2007), and other studies indicating 

an increase in sedge abundance (in the absence of Ericaceae) (Strack et al., 2006). Large 

differences in physiology among the different PFT’s account for their response to changing 

hydrology (Chapin and Shaver, 1996).  

Pellerin et al. (2009) suggest water table declines (associated with anthropogenic pressures) 

can shift vegetation along a gradient from wet bog species (Sphagnum dominated) to wet heath 
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species (e.g. Calluna vulgaris (Ling) and Erica tetralix (Cross-leaved heath) or Molinia 

caerulea (Purple moor grass) and/or graminoids (i.e., sedges)). This change in species 

composition is evident in the degradation in surface patterning and an increase in patch size of 

the vegetation structure (Lindsay et al., 1988). Small variations in peatland microtopography 

can have significant influences on water availability for vegetation (Vitt, 2006). Thus 

observation of species composition and structure are useful for gauging the hydrological 

condition of BBs (Luscombe, 2014).  

Ericaceous shrubs are shallowly rooted, rely on ericoid mycorrhizal fungi to access nutrients, 

lack root mechanisms to survive in waterlogged conditions in peatlands and are frequently 

found on lawn and hummock features, and are predicted to increase in dominance and 

productivity with drier future conditions (Potvin et al., 2015). However, with severe water 

table decline, drought stress can also suppress growth of Ericaceae (Potvin et al., 2015). In 

contrast, sedges have special root adaptations (aerenchyma) which permit the active transport 

of oxygen into roots, allowing them to survive in waterlogged conditions, leading to much 

deeper rooting zones (Armstrong et al., 1991). Potvin et al. (2015) showed an increase in 

aboveground ericaceous shrub productivity and abundance with increased depth to water 

tables and other studies support this shift in vegetation as a result of drier conditions in northern 

bog and poor fen ecosystems (e.g. Strack et al., 2006). Additionally, Lamentowicz et al. (2019) 

showed an increase in specific vascular plants (e.g.  Eriophorum vaginatum; Calluna vulgaris) 

along with decreasing water table position. Increased growth of sedges and/or shrubs could 

also increase the shading of mosses further reducing Sphagnum moss production (Limpens et 

al., 2008) but may also protect mosses from desiccation by extending the boundary layer 

(Farrick and Price, 2009). 

Water table depth is critical for plant growth and whilst water tables are typically ~5 cm below 

the surface of a pristine bog (NPWS, 2015), different plant species have root systems that can 

utilise water at varying depths (Labadz et al., 2010). Price et al. (2003) reported that a summer 

water table 40cm below ground is generally accepted as a critical level for growth of bog plant 

communities and suggest that Eriophorum (cotton grass) roots may be able to draw water from 

depths up to 50cm, whereas Calluna (heather) may only recover nutrients efficiently from 

depths of less than 15cm. Therefore, depth to water tables is critical, even for vascular plants 

in peatland environments. Gerdol et al. (1998) suggest that Sphagnum capillifolium is capable 

of growth in locations with an average water table 20 cm below the surface under natural 

conditions. Additionally, Price and Whitehead (2001) showed that degraded sites 

where Sphagnum mosses recolonized were characterized by high water table 

(mean−24.9±14.3 cm). Such critical water table levels were shown by Boatman (1983) to be 

closer to the highest water levels around deep pools than beneath hummock-hollow vegetation, 



71 

 

suggesting that peat formation around deep pools is slower than beneath hummocks and 

hollows. Notably, continuous recorders and dipwell measurements showed that the amplitude 

of water level fluctuation near pools was less than at hummock-hollow sites (Boatman, 1983).  

Ballygasheen Bog, Co. Kerry is currently the most studied BB in Ireland and findings of 

research completed by Sottocornola et al. (2009) at the site evaluated vegetation patterns and 

the effect of artificial and natural hydrological borders on their compositional variation. As 

with RB research, findings suggest a strong link between vegetation, water quality and 

hydrology, most notably with the effects of drainage. More specifically, field investigations 

on 70 ha of the 220 ha site suggested that the distribution of plant species was influenced by 

the water table depth, pH of the bog and ammonia concentrations. Vegetation exhibited very 

little variation between the central peatland sector and the disturbed edges however substantial 

variation was observed between the area along the natural edge, i.e., stream, and the areas 

close to the other peatland borders or centre. The area along the stream was associated with a 

deeper water table, shallow peat depth, high watercolour, pH and NH+
4 and low Cl- 

concentrations. Study findings highlight the benefit of using vegetation maps as an indicator 

of ecosystem services to water in Irish BBs (Sottocornola et al., 2009).  

1.6.4.3.10. Effect of vegetation on runoff - surface roughness 

and implications for flood risk mitigation 

Reduced vegetation cover associated with anthropogenic pressures impacts runoff rates, 

narrows flood hydrographs and increases mean peak storm discharge, compared to re-

vegetated landscapes (Grayson et al. 2010). Such degradation can also alter vegetation cover, 

impacting downstream flood risk through loss of surface roughness effects (Holden, Chapman 

and Labadz, 2015). Conway and Millar (1960), showed that in a semi-intact BB, rainfall input 

produced a rapid stream runoff response that was especially pronounced with anthropogenic 

alterations and water balance calculations showed that a relatively un-eroded Sphagnum-

covered catchment retained significantly more water than degraded catchments. Holden et al. 

(2008) demonstrated that overland flow velocities were significantly related to and controlled 

by the vegetation cover.  

Sphagnum has the potential to provide greater effective roughness to overland flow than other 

surface types (Holden et al., 2008). Holden et al. (2008) showed that velocities depended on 

the slope and water table depth, flows over bare surfaces are considerably faster than for 

Eriophorum, which is faster than surfaces covered in Sphagnum. Not surprisingly, the results 

also demonstrated that mixtures of Eriophorum and Sphagnum covered surfaces were 

intermediate between the two pure surfaces. Juncus spp were shown to have rates similar to 

Sphagnum (Holden et al., 2008). Additionally, Shuttleworth et al. (2018) demonstrated that 
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storm hydrographs following revegetation had significantly longer lag times (106% increase 

relative to the control), reduced peak flows (27% decrease relative to the control), and 

attenuated hydrograph shapes. Their study also showed that with the addition of gully blocking 

the effect is almost doubled and the authors argue that the primary process controlling the 

observed changes in storm hydrograph behaviour is retardation of overland stormflow due to 

increased surface roughness. Blanket peatlands dominated by Sphagnum spp. therefore may 

be expected to release overland flow more slowly than the same peatland dominated by bare 

peat or sedges such as Eriophorum spp. (Holden et al., 2008).  

Holden et al. (2008) found that even if a peatland surface remains fully vegetated, if the 

vegetation type is altered then flow velocities could change leading to alterations in the timing 

of runoff delivery from slopes to streams. The study also demonstrated that Sphagnum had the 

greatest impact on slowing overland flow velocities (only c.10 % that of bare ground).  

Therefore the reestablishment of Sphagnum (Holden, Gascoign and Bosanko, 2007) on 

degraded peatlands, especially in areas with bare surfaces, may have increased potential to 

reduce sheet erosion and downstream flood peaks (Noble et al., 2019) compared with 

Eriophorum or Eriophorum-Sphagnum mixes (Holden et al., 2008) and also has implications 

for water quality.  

1.6.5. Peatland degradation 

1.6.5.1. Land use  

Anthropogenic drainage of BBs for alternative land use (e.g. forestry, turf cutting, grazing) 

can impact peatland hydrology, water chemistry and water quality regulation (Price et al., 

2016). Drainage can cause erosion and sediment removal from the drainage ditch, along with 

increased microbial decomposition of wetland soils. Such erosion and sediment removal and 

associated changes in water levels and/or chemistry can affect peatland ecology (Bragg and 

Tallis, 2001). Cross-slope ditches have been shown to alter water table depths and dynamics, 

typically resulting in deeper and more highly fluctuating water tables immediately downslope 

of each ditch (compared with intact slopes) because ditches effectively shorten the upslope 

contributing area (Holden et al., 2006; Holden et al., 2011). Drainage ditches are reported by 

Zhang et al. (2016) to lower the drainage base in peatlands and can result in decreased 

groundwater heads upslope. The depth to water table influences the ability to accept rainfall 

and therefore has implications for runoff (see section 1.6.4.2.5). 

Peat extraction in its diverse forms has been shown to have a significant impact on BB 

ecosystem functioning, both directly through habitat removal, as well as indirect hydrological 
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impacts. Hand cutting remains a widespread activity on many Irish BBs and has been recorded 

within the majority of BB SACs surveyed as part of the National Survey of Upland Habitats 

commissioned by NPWS (2013). A widespread technique, known as Difco cutting, uses a 

machine drawn by a tractor with a chainsaw like extractor that makes deep cuts into the peat 

(Fernandez Valverde, et al., 2006). Although all excavation methods can damage bog 

ecohydrology, Difco cutting is considered to be particularly damaging to BBs as road access 

is not required, therefore very remote intact areas can be impacted directly (NPWS, 2013). 

Industrial peat extraction has also taken place on large areas of Irish Peatlands, and although 

this activity primarily focussed on RBs, due to their greater depths of peat, favourable access 

and geographic locations, this activity has also been carried out on large areas of BB 

(Conaghan, 2000). 

Since the 1980s intensification of grazing on BBs has had dramatic impacts on the extent and 

condition of BB. This has occurred principally as a consequence of legal incentives, such as 

government grant aid schemes and the European Less Favoured Areas Scheme, which aimed 

to increase agricultural production through headage-based payments (Conaghan, 2000; 

Canning, et al., 2011; Bullock, et al., 2012).  These incentives failed to account for limitations 

on stocking densities by the carrying capacity of the land; this led to widespread over-grazing 

and erosion of large areas of BB (Bleasdale & Sheehy Skeffington, 1995). Comparable issues 

have been observed in upland areas covered in BB in the UK. The issue of overgrazing and 

associated peatland erosion in upland areas has, in part, been addressed in Ireland by the 

introduction of Commonage Framework Plans (CFP) in 2002. Commonage is land on which 

two or more farmers have grazing rights (Lafferty, et al., 1999). Renou-Wilson, et al. (2011) 

suggest that despite the positive effects of implementation of these schemes, impacts as a result 

of high stocking densities on extremely damaged and eroding areas are unlikely to improve in 

the immediate future without active interventions. 

Afforestation of peatlands increased in Ireland since the introduction of the Forestry Act 1946 

and subsequent Government policy, introduced in 1948, aimed to plant of 400,000 ha of 

forestry over the following 40 years at a rate of at a rate of 10,000 ha per annum (Forest 

Service, 2008). Since 2012 Forest Service Appropriate Assessment Procedures have further 

strengthened requirements for all forest operations on land designated as SAC (including 

planting) to undergo rigorous assessment, thus preventing unsuitable planting (Forest Service, 

2012). A growing body of data exists concerning the impacts of afforestation on peatlands e.g. 

Hydrofor (Kelly-Quinn et al., 2016), but the impacts on BB hydrology and more specifically 

on restoration potential, remain poorly defined. 

Forestry is known to have significant impacts on the hydrology and ecology of BB habitat, 

initially due to the drainage that is undertaken prior to planting, leading to a rapid lowering of 
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the water table within the peat (Shotbolt, et al., 1998; Byrne & Farrell, 1997). This includes 

progressively higher rates of evapotranspiration (water evaporated from the land to the 

atmosphere and by transpiration from plants) and interception, leading to lower water tables 

(Williamson, et al., 2017). With canopy closure from afforestation and increased interception, 

greater evapotranspiration encourages drying of the peat and development of shrinkage cracks. 

Lindsay et al. (2014) note that afforestation of peatlands, exposes deep, anoxic (catotelm) peat 

to oxygen and longer-term water table drawdown will expose a greater depth of peat to oxygen, 

leading to carbon loss (Campbell et al., 2019).  

Remote locations, suitable wind regimes and comparatively low land costs, compared to more 

intensively farmed agricultural land, have made BBs attractive sites for wind farm 

developments. In 2008 over 53% of wind farms in Ireland were located on peatlands (Renou-

Wilson & Farrell, 2009). However recent Conservation Status Assessment Report (NPWS, 

2013) estimate that over 43% of wind farm developments in Ireland have had adverse impacts 

on BB habitat. The report acknowledges however, that the impacts in terms of habitat loss, 

fragmentation and impacts to hydrology remain to be quantified. 

Although burning peatlands has no economic advantage in itself, the removal of vegetation by 

fire is sometimes viewed as advantageous. Burning may be carried out for differing reasons: 

1) habitat management (e.g. grouse in the UK) 

2) it may be accidental or carried out deliberately in some cases such as vandalism (it may 

facilitate turf-cutting) 

3) to encourage grass growth for livestock (Renou-Wilson, et al., 2011; NPWS, 2016). 

Surveys reveal that burning occurs more frequently in upland BBs than in lowland, while the 

risk posed by fire in wet lowland BBs, with relatively deep peat is considered lower than 

upland BBs or drier areas of lowland BBs with shallow peat depths (Conaghan, 2000). Fires 

or burning of BBs can have significant detrimental impacts on BB vegetation and wider 

biodiversity, through direct loss of vegetation cover. 

1.6.5.2. Alterations in flow with degradation 

Peatland drainage has been carried out for centuries for reasons such as agriculture, forestry, 

horticulture, fuel and flood risk mitigation (Evans et al., 2014). Anthropogenic alterations to 

peatlands such as the installation of drainage for alternative land use (e.g. conifer plantations, 

peat abstraction, grazing) can impact the water regulation functions of peatlands, affecting 

water chemistry, rates and mechanisms of drainage and stream water quality (see e.g. Holden 

et al., 2008; Holden et al., 2015; Price et al., 2016; Noble et al., 2019). Lowered water tables 

in peatlands have both chemical and physical implications (Holden, Chapman and Labadz, 



75 

 

2004). Relationships between the production of stream flow and the lowering of the water 

table means that the nature of the drainage, peat thickness and vegetation will result in differing 

drainage effects from site to site (Luscombe, 2014).  

Price et al. (2016) and Evans (2010) report that drainage affects peat properties by reducing 

hydraulic conductivity and lateral flow, yet increases the hydraulic gradient (difference in 

total hydraulic head per unit distance) so therefore less recharge is required to increase the 

water table. Increased volumes of water moving as overland flow may result in a change in 

other hydrological pathways contributing to streamflow, leading to increased stress on the 

surrounding ecosystem. BB hydrology demonstrates that drained systems become more flashy 

increasing runoff causing increased flooding risks downstream (Evans and Warburton, 2010). 

Drainage impacts physical properties of peat by reducing pore water pressure and because peat 

is compressible, reduced pore water pressure leads to increase in effective stress, giving rise 

to differential compaction in peat with subsidence greatest adjacent to drains, leading to 

steeper surface slopes. This limits recharge and can result in a loss of peat accumulating 

vegetation, further increasing overland flow. However, large water table fluctuations in peat 

adjacent to drains suggest effective porosity may be reduced due to the impact of drainage on 

peat properties. There is an uncertainty related to the effects of drainage pipes and ditches on 

peatland discharge and drainage is often blamed for increased flooding in rivers in the UK 

(Lane, 2001), with further effects of concern such of erosion and ecosystem loss. 

Holden et al. (2015) report that in Scandinavia, Russia, Canada, Ireland and Britain drainage 

of peatlands for afforestation often results in a change in runoff production from hillslopes in 

the short term while the drains are active and in the long term when the forest establishes. With 

canopy closure increased interception of rainfall leads to greater evaporation by trees and 

greater evapotranspiration which encourages drying of the peat and development of shrinkage 

cracks. Additionally, Lindsay et al. (2014) note that afforestation of peatlands, exposes deep, 

anoxic (catotelm) peat to oxygen and longer-term water table drawdown will expose a greater 

depth of peat to oxygen, leading to carbon loss (Campbell et al., 2019). Conway and Millar 

(1960) concluded that runoff production in blanket peat was extremely rapid especially where 

hillslopes had a dense gully network, had been burned or artificially drained, giving an 

increased sensitivity of runoff response to storm rainfall, with peak flows both higher and 

earlier. Conversely relatively uneroded sub-catchments displayed smoother storm 

hydrographs with greater lag times and water balance calculations suggested that uneroded 

hillslopes could retain significantly more water than drained, eroded or burnt catchments. 

Numerous authors agree that flow increases with drainage in peatland catchments and that 

restoration of water tables and vegetation can reduce this effect (Evans et al 1999; Holden et 

al., 2007; Holden et al. 2008; Labadz et al., 2010; Noble et al., 2019). 
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1.6.5.3. Effects on water table 

In intact peatlands, the water table lies within the upper acrotelm and varies throughout the 

year and is the layer in which concentration of rainfall by evaporation and dilution of soil water 

is most immediately and directly experienced (Labadz et al., 2010). Numerous studies 

however show that hydrological alterations to peatlands can have implications for issues such 

as flooding and that systems that are drained have lower water tables and can become more 

flashy, increasing runoff causing increased flooding risks downstream (Charman, 2002; Evans 

& Warburton, 2010; Holden, Chapman and Labadz, 2004; Price et al., 2016). 

Cross-slope drainage ditches have been shown to alter water table depths and dynamics, 

typically resulting in deeper and more highly fluctuating water tables immediately downslope 

of each ditch (compared with intact slopes) because ditches effectively shorten the upslope 

contributing area (Holden et al., 2006; Holden et al., 2011). Drainage ditches are reported by 

Zhang et al. (2016) to lower the drainage base in peatlands and can result in decreased 

groundwater heads upslope. The depth to water table influences ability to accept rainfall and 

therefore has implications for runoff (see section 1.6.4.2.5). 

Young, et al., (2017) report a 2-D application of peatland development model to explore how 

contour-parallel ditches and their damming can affect the ecohydrology of blanket peatlands 

over time. In this study, drainage resulted in a rapid loss of peat due to increased oxic decay 

but the majority of these losses occurred in the first 100 years after the ditch was installed and 

water table dynamics remained altered even centuries later. 

Price et al. (2016) reports that drainage affects peat properties by reducing hydraulic 

conductivity, reducing lateral flow, increasing the hydraulic gradient (difference in 

total hydraulic head per unit distance) and therefore less recharge is required to increase the 

water table. Increased volumes of water moving as overland flow may result in a change in 

other hydrological pathways contributing to streamflow, leading to increased stress on the 

surrounding ecosystem which becomes more flashy, increasing runoff and flooding risk 

(Evans and Warburton, 2010). Drainage can impact physical properties of peat by reducing 

pore water pressure and because peat is compressible, reduced pore water pressure leads to 

increase in effective stress, giving rise to differential compaction in peat with subsidence 

greatest adjacent to drains, leading to steeper surface slopes in peat (Evans and Warburton, 

2010). This limits recharge and can result in a loss of peat accumulating vegetation, further 

increasing overland flow. Persistent water table drawdown with future climate change may 

result in the maintenance of the water table at a level, relative to the surface, that is similar to 

pre-drainage conditions as a result of continued peat subsidence (e.g. Whittington and Price, 

2006). 
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A study by Finnegan et al. (2014) showed that forested peatlands exhibited low water table 

consistently below 0.3 m, but an immediate rise in the water table to 0.15 m below ground 

surface resulted within 10 months of clearfelling. The drop in water table results in ecological 

change and the dieback of peat accumulating plant communities. Thus the presence of conifers 

species in peatlands can be seen as an indicator of reduced water tables that will have 

considerable implications for water quality, flow and biodiversity (Renou-Wilson et al., 2013). 

In addition, the lowering of water tables can lead to peat subsidence, with rates proving greatest 

in the years immediately following planting with forestry (Shotbolt, et al., 1998). Further 

evidence supporting these observations includes a study investigating the impact of 

afforestation of BB found that drained and planted areas have much lower water tables in 

comparison to drained areas that were not planted (Anderson, et al., 2000). The same study 

found that rates of (irreversible) subsidence were much higher in the drained and planted areas 

than the drained unplanted areas, leading to longer term hydrological impacts. Long term 

effects of forestry in Ireland has shown reduced flooding risk by altering water balances 

(Kelly-Quinn et al., 2016), however the relationship is complex. Anderson et al., (2000) 

demonstrated that the presence of forestry diminishes stream flow, while making stream 

discharge more strongly seasonal, due in part to the development of soil moisture deficits in 

previously saturated peat. 

There are still mechanisms around fluctuation of the restored water table that need to be 

understood if restoration is to be effective (McAnallen, Doherty and Ogle, 2017) and further 

research to determine whether upland catchment management is an effective means of 

alleviating such issues is required (O’Brien., Labadz. and Butcher., 2007). 

1.6.6. Water quality 

1.6.6.1. BBs – good quality water  

In an intact peatland catchment saturation – excess overland flow or near surface throughflow 

can dominate the response during a rainfall event and generate extremely rapid runoff from 

upland blanket peat rapidly recharging potable water supply reservoirs (O’Brien., Labadz. and 

Butcher., 2007). Upland catchment areas can therefore be seen as plentiful and cheap sources 

of good quality water requiring minimal and inexpensive treatment (O’Brien., Labadz. and 

Butcher., 2007). Upland areas can often have less pressures on water quality and less intensive 

agricultural practices because of accessibility. Such upland areas are often given high status, 

reflecting the relatively intact undisturbed nature of these areas and therefore form significant 

contributing catchments to water supply reservoirs. In the UK upland peatlands supply over 

70% of potable water (IUCN, 2021) and in Ireland 81% of drinking water come from surface 

water supplies (Watts et al., 2001), with an estimated 70 % from upland peatlands.  
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Although waters draining peatlands are generally considered to be of good quality due to low 

pollution pressures in many catchments, raw water still requires treatment before being 

considered suitable for drinking water supply. Removal of colour has been the principal 

treatment issue of concern for drinking water derived from BBs.  

1.6.6.2. Increased treatment costs with drainage 

Drainage of peatland ecosystems can have implications for other issues such as the loss or 

degradation of important ecosystems services associated with peatland habitats, with 

implications for water quality and therefore for treatment costs (NPWS, 2015) (Price et al., 

2016). It is becoming increasingly difficult to remove increasing levels of colour from water 

as chlorination treatment can be dangerous producing potentially carcinogenic by-products 

such as trihalomethanes (THMs) by chemical oxidation (EPA, 2012) (Strack et al., 2015). Due 

to the increase in colour of drinking water supplies in Ireland and globally, associated 

treatment costs are therefore also increasing (Matilainen & Sillanpää, 2010). Additionally, 

peatlands contribute large amounts of coloured dissolved organic matter (CDOM) as well as 

dissolved organic carbon (DOC) to downstream ecosystems, where DOC losses account for 

an important portion of peatland carbon balance, with some DOC subsequently being released 

to the atmosphere as CO2 (Strack et al., 2015). Ritson et al. (2016) suggest that practices aimed 

at re-establishing Sphagnum moss on degraded peatlands (see sections 1.6.4.3.4, 1.6.4.3.5 and 

1.6.4.3.7 for more on how Sphagnum can help regulate the hydrology of degraded sites) could 

reduce costs and improve efficacy at water treatment works, offering water quality solutions 

through management of ecosystem service provision. 

A review of the issue across the EU by O’Driscoll (2016) reveals that treatment of some Irish 

waters supplies results in exceedances in THM thresholds. Overall Ireland has an 

exceptionally poor record in the provision of THM-bearing water for both large and small 

supply zones, having the highest incidences of non-compliance of the EU member states 

surveyed. This has been attributed in part the presence of elevated organic matter (OM) levels 

in raw water and is considered as indicative of a wider problem of disinfection by-products in 

Irish water supplies. 

1.6.6.3. Anthropogenic associations with water quality 

degradation 

Freshwaters draining blanket peat have natural colour levels due to the release of dissolved 

organic matter (DOM) from humification (O’Brien., Labadz. and Butcher., 2007) and raw 

water requires treatment before being considered suitable for drinking water supply. However, 

upland areas can often have less anthropogenic pressures (e.g. less intensive agricultural 
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practices) and can therefore be seen as plentiful sources of good quality water requiring 

minimal treatment (O’Brien., Labadz. and Butcher., 2007). 

In upland catchments with water tables close to the surface, organic soils (e.g. peat) are a major 

source of DOM in surface waters (Billett et al., 2010). DOM fluxes are of interest as they 

affect the carbon balance of upland catchments (Billett et al., 2010) and energy and nutrient 

supply, light absorbance, photochemistry in surface waters (Evans, Monteith and Cooper, 

2005), water treatment costs (affecting coagulant demand (Edzwald, 1993), filter backwashes 

and runtime (Eikebrokk, Vogt and Liltved, 2004) and the formation of disinfectant by-products 

(DBPs) (Rook, 1974)). Treatment can incur large costs and produces sludge that must be 

disposed of. Residual DOM contributes to colour in water and can result in the production of 

carcinogenic compounds when chlorinated, e.g. THM’s (Strack et al., 2015). 

Dissolved organic carbon (DOC) is often defined as the total quantity of organic carbon 

compounds which pass through either a 0.45 or 0.7 μm filter and is the carbonaceous 

component of dissolved organic matter (DOM), which includes dissolved organic nitrogen 

(DON) and phosphorus (DOP) (Ritson et al., 2014). Dissolved organic carbon (DOC) export 

from peatlands occurs in two stages: (1) the production of DOC and (2) export (Strack et al., 

2008). Export of OC from peatlands is dependent on net OC production and local hydrology, 

with greater runoff resulting in greater OC export (Strack et al., 2015). High net production in 

peatlands is due to the largely anaerobic soil conditions (e.g. Moore and Dalva, 2001). 

Increases in primary productivity can result in higher concentrations of peatland DOC 

(Freeman et al., 2004). Peatlands contribute large amounts of DOM to downstream ecosystems 

where organic carbon (OC) losses account for an important portion of peatland carbon balance, 

with some OC subsequently being released to the atmosphere as CO2 (Strack et al., 2015). 

The character of DOM is influenced by a great number of factors such as vegetation/soil 

source, biotic and abiotic processing in soil and hydrological controls (Watts et al., 2001), 

many of which are affected by climate change. DOM is processed via a number of mechanisms 

which broadly result in larger compounds being broken down into more biologically available 

forms which can be cycled through microbial routes (Wershaw, 2004).  

In intact (active) peatlands where the water table is close to the surface, the anoxic environment 

slows the microbial degradation of organic matter and allows carbon to be stored on a 

relatively long timescale (Ritson et al., 2014). The water table in healthy peatlands fluctuates 

a little, but is usually close to the surface: in the uplands, the capacity to store significant 

additional water is therefore low and rain runs off intact peatlands quickly (IUCN, 2021).  The 

type of vegetation present within a peatland has been shown to influence peatland conditions 

and resources that could contribute to the production and release of DOC (Armstrong et al., 
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2012). Vegetation on the surface of the peat creates roughness and slows the flow of water 

over the land surface (IUCN, 2021). 

There has been widespread concern that DOC increases have been intensified by peatland 

management activities such as burning, grazing, intensive drainage and forestry and many 

studies show increased water colour with drainage and decreases in water colour with 

restoration (O’Brien. et al., 2007; Evans et al., 2014; McAnallen et al., 2017).  

Laine and Minkkinen (1996), found differences between drained and undrained peat carbon 

stores showing an increase in carbon storage in undrained peatlands. Drainage and lowering 

of the water table therefore has the potential to change peatlands to carbon sources rather than 

sinks. Lowering the water table increases porosity and microbial activity, increasing organic 

matter decomposition. Aerobic microbial decomposition occurs at a rate 50 times faster than 

anaerobic decomposition, where oxygen enhances the mineralisation of nutrients such as 

carbon, nitrogen, sulphur and phosphorus. Peat erosion has the potential to have a significant 

impact on water quality in receiving water bodies. Robinson (1980) show evidence that export 

of particulate organic matter increases substantially with peatland drainage and found that such 

drained peatlands produce higher coloured water than undrained peatlands. Smith (2013) 

highlights that large occurrence of particulate matter export in catchments occurs over a very 

short timeframe, most notably during storm events with routine sampling often missing some 

particulate matter export events, resulting in significant errors in calculations of particulate 

load on an annual basis. Therefore, it could be expected that site condition (i.e., determined 

using water table and vegetation) and season will have strong effects on all water quality 

parameters measured in this study. Additionally, it could be expected that TOC will depend 

on precipitation, season and discharge (i.e., flow). 

Drainage involves the construction of ditches, thereby increasing both peatland discharge (Van 

Seters and Price, 2002) and DOC export. Lowered water tables will also cause surface 

subsidence because of peat compression (Price and Schlotzhauer, 1999; Price, 2003), which 

decreases hydraulic conductivity and specific yield and increases the magnitude of water table 

fluctuations (Price and Schlotzhauer, 1999; Price, 2003; Whittington and Price, 2006). 

Through time, continued subsidence occurs because of peat oxidation (Schothorst, 1977; Price 

and Schlotzhauer, 1999; Price, 2003). Lower water tables hinder accumulation as aerobic 

microbes rapidly degrade organic matter and thus may result in diminished water quality 

(Ritson et al. 2016). 

Aside from the importance of the water table position, water table fluctuations play an 

important role in DOC production. Kalbitz et al. (2000) assert that rewetting following a dry 

period results in increased DOC concentrations in both field and laboratory studies. Microbial 
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utilization of DOC is reduced during dry periods and turnover of microbial biomass is 

enhanced upon rewetting, resulting in enhanced DOC release (Lundquist et al., 1999). Strack 

et al. (2008) suggest that, if peatlands become drier, enhanced water table fluctuations and 

vegetation productivity will lead to higher DOC concentrations. Also, several studies have 

observed that DOC production in wet soils decreases with time (Christ and David, 1996; 

Blodau and Moore, 2003) potentially resulting from a build-up of DOC, which limits its 

continued production through the inhibition of anaerobic decomposition or DOC dissolution 

from an adsorbed phase. Water table fluctuations can flush DOC from stagnant soil horizons 

and may promote further DOC production. 

Strack et al. (2015) note that drainage and extraction of peat increases DOC export from 

peatlands and Wilson et al. (2011) concluded that peatland restoration may reduce DOC 

export. Some studies report that ditch blocking substantially reduces DOC loss, even in the 

absence of a reduction in DOC concentrations, by reducing run‐off via the ditch network 

(Wilson et al., 2011). 

Strack et al. (2015) found that restoration initially increased DOC concentration in soils 

compared to both natural and unrestored sites, with high DOC concentration from high plant 

productivity post-restoration and a lower mean water table position compared to the natural 

site. Additionally, it was found that decomposition in the unsaturated peat produced mobile 

organic compounds (i.e., DOC) that were flushed during precipitation events after an 

extremely dry summer, but this was not apparent from the saturated zone. Hydrologic 

connectivity between the cutover peat and new moss layer at the restored site was limited 

except during large precipitation events, suggesting DOC flushing. A rapid increase in DOC 

concentrations upon rewetting suggested that precipitation events could result in an increase 

in DOC release subsequently flushed to the outlet, highlighting the importance of maintaining 

a high water table year round. With low water tables in September and October, discharge was 

high and DOC concentration in discharge was lower than soil DOC concentration suggesting 

dilution of soil pools with rainwater (Strack et al., 2015). Higher DOC concentration 

midsummer was associated with the period of highest plant productivity, low flows and low 

water tables, suggesting that increased contact time increased concentrations (Strack et al., 

2015). During high flow periods in spring and autumn and with increased precipitation, DOC 

decreased, due to lower contact times and dilution (Strack et al., 2015). Additionally, DOC 

concentrations were lower from the restored site compared to the unrestored site and 

significantly lower at the restored site 10 years after restoration.  

Restoration activities that increase hydrological connectivity between new litter layers and the 

underlying peat were shown by Strack et al. (2015) to be likely to result in more significant 

changes in DOC quality after restoration. Ecohydrological conditions were also correlated to 
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DOC chemistry in this study, with high vascular plant cover and photosynthetic rates 

correlated to lower DOC absorbance results, while deeper water table position was correlated 

to higher estimated DOC concentration. The results observed that DOC dynamics 10 years 

post-restoration remain intermediate between natural and unrestored peatland, therefore it may 

take longer than 10 years post-restoration for DOC dynamics to recover toward intact 

dynamics. 

de Wit et al. (2016) also quantified aquatic DOC export for an Atlantic bog in subarctic 

Norway and tested for sensitivity to climatic drivers. Measured stream water DOC was shown 

to be strongly positively related to temperature. Current and historical mean temperature and 

precipitation were strong drivers of seasonal modelled DOC export in this study, implying that 

warmer and wetter summers will lead to more DOC export. 

Furthermore, lowered water tables can result in a change in the vegetation community as 

observed in naturally (Foster et al., 1988) and artificially drained peatlands (Minkkinen et al., 

2002; Strack et al., 2006). If this results in increased vegetation productivity then it may 

enhance production and export of DOC (Freeman et al., 2004). Thus, long-term DOC 

dynamics are influenced by ecological as well as physical and hydrological changes (Strack et 

al., 2008). This complex interplay of processes leads to questions regarding the applicability 

of short-term drought studies when considering climate change scenarios (Strack et al., 2008). 

Reduced vegetation cover also impacts runoff rates, narrows flood hydrographs and increases 

mean peak storm discharge compared to re-vegetated landscapes (Grayson et al. 2010). It is 

worthwhile noting that anthropogenic drainage on shallower slopes (<4°) can re-vegetate 

naturally, helping to mitigate particulate loss of carbon (Holden et al. 2007). The loss of 

vegetation can also accelerate the formation of erosion gullies and loss of organic carbon in 

runoff, increasing flashiness of rivers draining these catchments and increasing water colour 

(Evans and Warburton, 2010).  

Colour is exacerbated by management practices on upland BB catchments, such as prescribed 

(controlled) burning, drainage (artificial) and intensive grazing. DOC export is controlled by 

site hydrology and is generally greater from peatlands with higher measured discharge (Fraser, 

Roulet and Moore, 2001). Storm events also play a large role in DOC export, causing flushing 

of DOC-rich water from peatlands to downstream ecosystems (Hinton, Schiff and English, 

1997). Thus, any disturbance altering factors affecting DOC production or hydrology could 

potentially change the quantity and chemistry of exported DOC (Strack et al., 2008). 

There is evidence to suggest that peatland drainage increases DOC export but restoration can 

reduce these losses (Evans et al., 2016; Menberu et al., 2017). In peatland ecosystems ericoid 

dwarf–shrubs, graminoids and bryophytes are the three dominant plant functional types and 
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have been shown to correlate with CO2  fluxes from UK ombrotrophic peatlands (McNamara 

et al., 2008). Ecosystem CO2 respiration was greatest in the gully Eriophorum spp. dominated 

areas and least in Calluna vulgaris areas (the order was Calluna vulgaris >Eriophorum spp. > 

mixed grasses > Sphagnum spp.) (McNamara et al., 2008). Strack et al., (2015) provide 

evidence, along with other studies (e.g. Ritson et al., 2016), to suggest that peatland vegetation 

management could reduce costs and improve efficacy at water treatment works, essentially 

treating water at the source through management of ecosystem service provision as an 

alternative to water treatment solutions (Strack et al., 2015). 

Disturbance and restoration of peatland ecosystems is likely to alter ecohydrological 

conditions thus affecting DOC chemistry in both soil water and discharge, although the 

direction of change and controls on DOC chemistry post-restoration also remain unclear. 

There may be a link between management practises and the level of discoloured water and 

carbon generated in these upland catchments, however it appears that further research is 

required. Some studies have reported clear effects (Wallage, Holden, & McDonald, 2006), but 

others have observed only limited impacts to water quality suggesting more research is needed 

to clearly determine the effects of peatland management practices on water quality (Armstrong 

et al., 2010; Gibson et al., 2009; Turner, Worrall, & Burt, 2013).  

1.6.6.4. Hysteresis for visual analysis of organic carbon 

concentrations and dominant flow pathways 

The examination of hysteresis loops can provide information regarding the time-lags between 

discharge and water quality parameters and this technique has been widely used to understand 

catchment functioning, as catchment responses to storm events are complex and vary between 

and within catchments, along with being parameter dependent (Lloyd et al., 2016).  

The example in Figure 1-11 shows that the more complex the shape of the loop, the more 

measured sections are needed to represent it adequately (Lloyd et al., 2016). Including more 

increments of the loop in the analysis improves the hysteresis index (HI) results (Lloyd et al., 

2016). The HI is sensitive to the size of the storm and as a result, for a similar pattern in 

hysteresis but a for larger magnitude of storm, a comparatively smaller value would be 

calculated for the index (Lloyd et al., 2016). This means that the results generated for a series 

of storms are very difficult to interpret and it is difficult to compare between individual storms 

and catchments (Lloyd et al., 2016). By normalising the storms as described above and 

continuing to use the improved method designed by Lloyd et al. (2016) the comparability of 

the outputs between storms is improved as they are all assessed on the same scale.  However, 

if multiple increments of discharge are included, which has been shown to be beneficial, then 

effectively each of the individual measured sections of the storm need to be normalised, 
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otherwise the problem is reduced but not eradicated (Lloyd et al., 2016). This improved 

method of determining HI demonstrates that increasing the increments to every 10% and 5% 

increments  of discharge, allowed respectively 95% and 100% of storms to be robustly 

characterised in terms of their loop shape, meaning that the addition of more sections did not 

significantly alter the distribution of HI results (Lloyd et al., 2016). The authors recommend 

that sections should be calculated at least every 10% of the discharge range (see Figure 1-11). 

Lloyd et al. (2016) suggest that the new index provides a consistent approach to the core loop 

characteristics and therefore is more easily interpretable by the user when comparing 

behaviour between storms or field sites. 

 

Figure 1-11 Example of the sampling intervals for the calculation of the new hysteresis index 

(HI) by Lloyd et al. (2016). The coloured arrows and dashed lines illustrate the position of 

sections used for the calculation of the HI, where 50, 25, or 10% intervals are used. The 

coloured dots show the positions on the rising and falling limbs used to calculate the HI. 

Hysteresis patterns can be observed for a variety of different reasons; however, it is generally 

assumed that clockwise hysteresis is caused by concentrations increasing more rapidly than 

discharge during the rising limb, suggesting a source close to the monitoring point (Lloyd et 

al., 2016). Conversely, anticlockwise hysteresis generally signifies a longer lag between the 

discharge and concentration peak, suggesting that the source was located further from the 

monitoring point (Lloyd et al., 2016). These plots provide visual analysis of concentrations 

during the rising and falling limb of the hydrograph, with greater concentrations on the rising 
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limb than the falling limb indicating greater hysteresis, which is typical of a slowly renewed 

source pool (e.g., terrestrial organic carbon in mountain ecosystems). 

1.6.7. BB Ecosystem Services 

Ecosystem services can be described as either provisioning, regulating or cultural and Figure 

1-12 outlines the relationship of ecosystem services of blanket peatlands. Provisioning services 

include material or energy outputs from ecosystems (e.g. biomass-based energy sources such 

as using peat for fuel). Regulating services include filtration/purification/detoxification of 

water and soils, precipitation and water supply, nitrogen fixation, carbon sequestration, soil 

formation, flood mitigation and erosion control. Peatlands buffer against acidification and 

eutrophication by holding nutrients and heavy metals, sulphur, nitrogen, etc. in accumulating 

organic matter and therefore buffer downstream surface waters. Conversely, ecosystem 

degradation may give rise to negative environmental repercussions through the loss of 

regulatory function. Cultural services are benefits such as opportunities for recreation, health 

and well-being, culture, aesthetic appreciation, recreational, cultural and spiritual roles, 

education and research, art, design, spirituality as well as gaining information and knowledge 

e.g. information about past cultures, climate, etc. from peat palaeo-environmental archive 

(NPWS, 2015). National, EU and international legislation, which aims to halt environmental 

degradation, acts as a main driver of peatland research such as this project. 

Peatlands are the largest long-term carbon store in the terrestrial biosphere, however 

anthropogenic drainage of peatlands releases stored carbon which can contribute to 

greenhouse gases (GHG) in the atmosphere, thus contributing to climate change. In active peat 

accumulating peatlands with water tables close to the surface, particular vegetation 

assemblages are capable of sequestering carbon (Renou-Wilson et al., 2013). Ecosystem 

services such as Carbon sequestration could be prioritised in the future, through conservation 

and restoration programmes, as a mitigation measure against climate change (Renou-Wilson 

et al., 2013). 
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Figure 1-12 Feedback loop of (regulating) ecosystem services related to peatland functioning  

1.6.8. Approaches for vegetation assessment in 

Ireland 

1.6.8.1. Fossitt (2000) habitat classification system in 

Ireland  

Fossitt’s (2000) Guide to Habitats in Ireland provides a standard classification of all types of 

habitats found across the island, with an additional focus on habitats of particular conservation 

importance. It is a broad scale habitat classification scheme, widely adopted by authorities in 

Ireland for habitat surveying and mapping purposes. It was originally intended as an initial 

approach for general habitat recording and thus is not necessarily suitable for detailed studies 

or evaluations (Perrin et al., 2009). 

Cutover bog (code PB4 (Fossitt, 2000)) is considered as a separate habitat and the uncut bog 

may include areas that are severely damaged or degraded from overgrazing. Levels of damage 

are not assessed in the Fossitt (2000) classification, however, damage is noted as severe if over 

5% of an area of bog is bare or eroding. 

The Heritage Council in Ireland initiated ‘A Guide to Habitats in Ireland’ (Fossitt, 2000) 

habitat classification scheme, which is a habitat mapping approach based on categories that 
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are defined primarily on vegetation composition (Perrin et al., 2018). Fossitt (2000) outlines 

that a habitat is an area in which an organism of group of organisms live, defined by the living 

(biotic) and non-living (abiotic) components of the environment, including physical, chemical 

and geographical factors (e.g. geology, hydrology and elevation) as well as human 

impacts/management (e.g. grazing, peat abstraction, afforestation). It provides descriptions of 

natural, semi-natural and artificial habitats, comparable to the Handbook for Phase 1 habitat 

survey (JNCC, 2010), the UK’s Phase I habitat classification system which is widely used 

throughout Britain for a diverse range of habitat mapping and assessment purposes. Fossitt 

(2000) describes habitats as the basic units of the environment that are inhabited by animals 

and plants, important for site description and conservation management. Mapping approaches 

employed in the Republic of Ireland in the past have been largely based on the Fossitt (2000) 

classification system. Data on environmental parameters (e.g. depth to 

groundwater/groundwater fluctuation/chemistry/permeability) and management (e.g. 

grazing/drainage) inform the classification because species respond individually to changes 

along environmental gradients creating continuous variations in species composition, thus 

vegetation classifications are inherently artificial frameworks, but are required to divide the 

continuum into practicable units for tasks such as mapping and management (Perrin et al., 

2018). 

Under the  Fossitt (2000) classification, the broad category of peatlands (P) includes all raised, 

blanket and degraded bog along with fens, flushes and mire ecosystems. This is further 

subdivided into Peatland bogs (PB) and Peatland fens and flushes (PF). The Fossitt (2000) 

approach recognises the variety of conditions that may be encountered and subdivides BB into 

‘Upland’ (PB2) and ‘Lowland (or Atlantic)’ (PB3), with 150 m elevation (Fossitt, 2000) used 

to differentiate between upland and lowland. Fossitt (2000) gives an account of the 

composition of BB ecosystems and the different types of habitats and communities which can 

occur within such mosaics. A method to differentiate BB habitats from wet heath using 

percentage cover of Schoenus nigricans (black bog rush), Rhyncospore albs (beak sedge), 

Eriophorum vaginatum (bog cotton), and Drosera rotundifolia (sundew) is provided. These 

species are almost exclusive to deep wet blanket peatlands on flat ground, therefore blanket 

peatlands are mostly grass/sedge dominated (note Schoenus nigricans can often occur on wet 

heath) (Fossitt, 2000). Fossitt (2000) also notes Calluna (ling heather) may be present on BB, 

although this can also extend into wet heath habitats. Generally, peat depths of greater than 

0.5 m are indicative of BB while those of less than 0.5 m are indicative of heath, but there are 

exceptions. 

Damaged BB classified as either cutover bog (PB4) or eroding bog (PB5), however forested 

areas of bog are classified under Woodlands (W), as conifer plantations (WD4) under the 
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Fossitt (2000) scheme. This classification focuses on distinguishing between damaged and 

undamaged peatland using targeted mapping approaches and characteristic species to reflect 

ecosystem condition, e.g. noting evidence of erosion, i.e., bare peat or exposed substrate 

(Perrin et al., 2009). Fossitt (2000) notes that algal coverage is widespread in overgrazed areas 

and Sphagnum is often absent with a reduced cover of dwarf shrubs. According to Fossitt 

(2000), BB degradation is considered severe if over 5 % of an area of bog consists of 

bare/eroding peat, classified as eroding BB. When wet, these areas support aquatic plants such 

as Utricularia spp. (bladderworts), Lobelia dortmanna (water lobelia) and Eriocaulon 

aquaticum (pipewort). Despite the importance of vascular plants in the Fossitt (2000) 

classification, it is noted that “Sphagnum cover can remain high on undamaged intact BB”. 

Topographic features described by Fossitt (2000) in eroding areas include scattered pools and 

channels, small peat basin lakes, streams, peat pipes, gullies and swallow holes. It should also 

be noted that such topographic features can affect the hydrological functioning of intact BBs, 

for example, macropore flow may be almost as rapid as surface flow and has been shown to 

increase stormflow volumes and peak discharge (Robinson, 1980). Rapid subsurface flow can 

occur in pipe features and pipes can play a significant role in the hydrology of BB catchments 

by providing linkage from distant source areas to the stream network (O’Brien et al., 2007). 

Additionally, gullies on drained landscapes can be responsible for the stripping of vegetation 

along their flow paths, therefore understanding the feedback systems between vegetation loss 

and erosion is important in interpreting a damaged area (Evans & Warburton, 2010; 

Luscombe, 2014). Such abiotic criteria are important to assess to infer hydrologic regimes in 

BB sites that are anthropogenically altered. 

1.6.8.2. Habitats Directive monitoring and assessment 

The EU Habitats Directive (HD) (Directive 92/43/EEC, 1992) requires listed species and 

habitats in to be maintained in favourable conservation status across the EU (Directive 

92/43/EEC, 1992). Peat accumulating BB is considered an Annex I priority habitat and is given 

the highest level of legal protection for conservation and restoration under this legislation. BB 

is defined in the HD manual (EEA, 2019) as: ‘Extensive bog communities or landscapes on 

flat or sloping ground with poor surface drainage, in oceanic climates with heavy rainfall, 

characteristic of western and northern Britain and Ireland. Mostly ombrotrophic but with some 

lateral flowing water, they often cover extensive areas with local topographic features 

supporting distinct communities (Erico-Sphagnetalia magellanici: Pleurozio purpureae-

Ericetum tetralicis, Vaccinio-Ericetum tetralicis p.; Scheuchzerietalia palustris p., 

Utricularietalia intermedio-minoris p., Caricetalia fuscae p.). Sphagnum spp. play an 

important role in all bogs but the cyperaceous (grasslike flowering plants with solid triangular 

stems, including sedges, bulrush, cotton grass, and certain rushes) component is greater in BBs 
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than in RBs (EEA, 2019). BBs are dominated by Sphagna such as Sphagnum auriculatum, 

Sphagnum magellanicum, Sphagnum compactum, Sphagnum papillosum, Sphagnum 

nemoreum, Sphagnum rubellum, Sphagnum tenellum, Sphagnum subnitens or, particularly in 

parts of western Ireland, mucilaginous algal deposits (Zygogonium) (EEA, 2019) (see earlier 

sections 1.6.4.3.4, 1.6.4.3.5 and 1.6.4.3.7 for details on Sphagnum speies). Existing BB 

condition assessment methodologies however generally  only use ‘Sphagnum sp.’ cover 

(Jerram and Drewitt, 1998) (Fernandez Valverde et al., 2014) or one species (Sphagnum 

fallax) as an indicator of poor condition (JNCC, 2004).  

Listed habitats under the HD include BB (7130) (* if ‘active’) along with habitats such as 

Transition mires and quaking bogs (7140) and Depressions on peat substrates of the 

Rhynchosporion (7150) which are associated with BBs (European Commission, 2013). The 

HD defines ‘active’ as ‘bog supporting a significant area of vegetation that is normally peat 

forming with typical species such as Sphagnum spp. and other mosses, cottongrasses 

(Eriophorum spp.), black bog rush (Schoenus nigricans) and white-beaked sedge 

(Rhynchospora alba), together with Calluna vulgaris and other ericaceous (heather family) 

species’ (Europa, 2011). Depressions on peat substrates of the Rhynchosporion (7150), 

although rare at European scale are however widely distributed, especially in the Atlantic and 

Continental biogeographical regions and have a short-lived existence, occurring in 

fragmentary stands (Vaquero et al., 2007). Due to its existence as a microhabitat within larger 

habitats of Annex 1 of Habitat directive (7110, 7120, 4010, 4020, 3110, 3130, 3160), the area 

covered by Rhynchosporion communities as well as its geographical extent is often difficult 

to evaluate (Vaquero et al., 2007). 

Atlantic (lowland) and upland (montane) BBs are not given a specific code and are grouped 

together when assessed under Article 17 of the HD. ‘Active’ and ‘inactive’ BB are both 

considered Annex I (7130) habitat and were grouped together for reporting under The Status 

of EU Protected Habitats and Species in Ireland (NPWS, 2019). However, ‘active’ and 

‘inactive’ BBs can vary greatly in terms of plant communities and abiotic environmental 

features (e.g. micro-topography) and data is lacking to better characterise the extent and 

condition of both ‘active’ and ‘inactive’ BB.  

The HD includes requirements for monitoring and reporting on the condition of priority 

habitats to the European Commission (EC) on a routine basis. For the purpose of mapping 

habitats for the HD, there is a standardised system for classifying and mapping wildlife 

habitats in the UK (JNCC, 2010) and a Best Practice Guidance for Habitat Surveying and 

Mapping manual for Ireland (Smith et al., 2011). Some guidance is provided on the use of the 

EU Habitats Directive’s Annex I list of habitats of European conservation importance in the 

Interpretation Manual of European Union Habitats (European Commission, 2013). The Best 
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Practice Guidance for Habitat Surveying and Mapping manual describes BBs as extensive 

communities or landscapes on flat or sloping ground with poor surface drainage, in oceanic 

climates with heavy rainfall, characteristic of western and northern Britain and Ireland. BBs 

are further described as mostly ombrotrophic, often covering extensive areas with local 

topographic features supporting distinct communities (outlined above). 

Figure 1-13 shows a BB vegetation map carried out by the Irish NPWS for reporting BB status 

under the Habitats Directive. The polygons in the map reflect areas of BB using Fossitt (2000) 

code PB2 (Upland BB) (along with other non-bog habitat types). A more detailed approach 

than this was required for this project to allow linkage of vegetation at a small spatial scale to 

hydrological monitoring across the sites.  

 

Figure 1-13 An example of BB mapping for part of the Comeragh Mountains SAC plateau. 

(Courtesy of Botanical Environmental Consultants (BEC), Dublin) 

1.6.8.3. The Guidelines for a National Survey and 

Conservation Assessment of Upland Vegetation and 

Habitats in Ireland (NUSH) 

An approach that permits a more detailed level of recording than the primary habitat 

classification (i.e., Fossitt) to assist in monitoring changes in vegetation, disturbances or 

protected habitats surveys, was lacking in Ireland. According to Perrin et al., (2009), Fossitt 

(2000) is intended for general use rather than for habitat specific studies, because it lacks the 

resolution and detail to distinguish between the range of vegetation communities within upland 

BB habitats. The Guidelines for a National Survey and Conservation Assessment of Upland 

Vegetation and Habitats in Ireland (NUSH) (Perrin et al., 2014) reviewed categorisation of 

 

 

 

FL1 Dystrophic lakes 

HH1 Dry siliceous heath 

HH3 Wet heath 

HH4 Montane heath 

PB2 Upland blanket bog 

PB5 Eroding blanket bog 

PF2 Poor fen and flush 

ER3 Siliceous scree and loose rock 

ED1 Exposed sand, gravel and till 

GS3 Dry humid-acid grassland 

GS4 Wet grassland 
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upland habitats in Fossitt (2000) and determined that a more detailed scheme was needed for 

surveying upland habitats so that the range of variation in vegetation communities could be 

recorded. Accurate spatial habitat data combined with habitat condition data for upland Annex 

I habitats is required to report to the EU Commission on the conservation status of these 

habitats under Article 17 of the HD (Perrin et al., 2009). 

Perrin et al. (2014) thus compiled a provisional list (see Appendices Figure 11-76) of more 

detailed vegetation categories, based largely on the phytosociological syntaxon of White & 

Doyle (1982) and the upland communities of the British National Vegetation Classification 

(NVC) (Rodwell, 1991 and Rodwell, 1992). The scale of this classification used by Perrin et 

al. (2014) is equivalent to that of the British NVC used for monitoring habitat change. The 

NUSH guidelines link Annex I habitats (European Commission, 2007) and Fossitt (2000) 

habitats to the new vegetation community categories (Perrin et al., 2014). 

The local topography of most upland areas consists of intricate patterns of hollows, rocky 

outcrops, flushes and terraces (Perrin et al., 2009) and such mosaics of vegetation are often far 

too complex to map as individual habitats (NPWS, 2016). Hence the approach adopted by the 

NSUH was to map units (referred to as polygons) that reflect homogeneous mosaics of 

vegetation and topography (NPWS, 2016). The provisional vegetation classification of upland 

vegetation types developed allows more detailed recording of plant communities than would 

be possible using a habitat classification scheme such as Fossitt (2000). Perrin et al. (2014) 

recommend that percentage cover scores should be assigned to each Annex I (if present) and 

Fossitt (2000) habitat type observed. Cover scores should similarly be assigned for provisional 

vegetation types (from the provisional list developed by Perrin et al. (2014) (Appendices 

Figure 11-76) which refer to vegetation communities rather than habitats. 

To inform upland conservation plan development, information on the distribution, extent and 

conservation status/condition of upland habitats was required, as well as a more detailed 

classification system for their vegetation communities, ensuring targeted measures are 

appropriate for the protection of these habitats (Perrin et al., 2014). There is also a pressing 

need for upland habitat data to help develop more sustainable land management policies that 

will ensure protection of the vulnerable soils and natural resources that support the multiple 

benefits and services of agriculture, biodiversity conservation, water management and 

recreation derived from sensitively managed upland habitats (Perrin et al., 2014). The NUSH 

outlines how an overall condition assessment is determined by a general evaluation for 

determining conservation status, (see Appendices Figure 11-77 and for criteria used to assess 

‘active’ BBs (Perrin et al., 2014)). 
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The NUSH classification (Perrin et al., 2014) builds on the Fossitt (2000) methodology and 

permits mapping of the condition of upland BB and assessment of aspects of BB structure and 

functions, allowing classification to the community level (during vegetation mapping training 

with Perrin, I was advised to use the same format for mapping lowland and upland sites). The 

NUSH guidelines give details on ‘active’ (peat accumulating) BB assessment, but this also 

applies to ‘inactive’ BB assessment where peat does not accumulate. It incorporates details of 

proportions of ecohydrologically significant plant species within polygons defined through 

aerial imagery based on differences in the colour, tone or texture of uniform blocks. The NUSH 

approach provides valuable data that may be employed to better define areas of ‘active’ BB 

habitat and those area that have been impacted by anthropogenic activity while also permitting 

geographical features (e.g. hollows, rocky outcrops, flushes, terraces) and the variability of 

ecohydrological conditions to be better defined in undisturbed BBs (Perrin et al., 2014).  

One advantage of this more detailed approach is an improved ability to detect critical changes 

in the vegetation that are likely to be missed by the broader approach of Fossitt (2000). The 

more detailed nature of this classification also minimises the likelihood of sensitive or unusual 

habitats being overlooked. The provisional list is intended as a first step in producing a detailed 

classification system of upland vegetation. Therefore, the NUSH mapping approach was the 

most appropriate for this study and an adaptation of this classification system was used for 

mapping the sites in this study (outlined in methodology section 2.8.1).  

1.6.8.4. Fernandez Valverde habitat condition assessment 

Fernandez Valverde et al. (2014) employ a method for assessing RB habitat condition using 

species lists, ground firmness, Calluna height, cover of Cladonia sp., Sphagnum sp., 

Narthecium ossifragum and dominant species, macro-topography, micro-topography, pools, 

evidence of degradation or regeneration and other physical indicators. Assessment criteria 

such as these have been adapted for use in other research into rewetted BBs (Renou-Wilson et 

al., 2017) and were employed in the ‘Manual for the production of grazing impact assessments 

in upland and peatland habitats in Ireland’ to assess condition, with the aim of restoring 

vegetation structure to a near natural state (Duchas; Department of Agriculture & Food, 1999) 

(see Appendices Figures 11-79 and 11-80). A new survey by Fernandez and Douglas (2019) 

took into account the following attributes as indicators of low habitat quality in a BB 

(Fiddandarry, Co. Sligo, Ireland) adjacent to the Letterunshin site studied in this project: 

presence of invasive species, high bare peat content (> 3 %), low Sphagnum cover (< 10-20 

%), approx. acrotelm depth (cm) and presence of adjacent drains.  
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Such criteria were taken into account to develop the specific mapping protocol for this study 

which allowed a condition assessment of each of the three intact and degraded sites to be 

carried out.  

1.6.8.5. The Irish Vegetation Classification (IVC) 

The Irish Vegetation Classification (IVC) outlines a the most recently developed hierarchy for 

classifying, mapping and describing habitats and vegetation (Perrin et al., 2018). The review 

of the Fossitt (2000) approach by Perrin et al. (2009) led to the development of the NUSH in 

2014 and subsequently the IVC in 2018 and revealed that the broad scale categorization of 

Fossitt (2000) would be insufficient for fulfilling the purpose of mapping of upland areas 

because it provides limited scope for the classification of upland vegetation types (see 

Appendices Table 11-6 and Figure 11-81). However, this scheme was not completed when the 

survey approach for this study was being developed in 2016/2017 and therefore the IVC was 

not used to inform the final vegetation survey approach used in this study.  

1.6.8.6. Survey approach adopted for this study 

One of the primary aims of this research was to identify and define the two categories of BB 

which will contribute to the future monitoring and assessment of these protected environments 

in Ireland, ultimately helping achieve biodiversity conservation targets of EU legislation. 

Several assessment methods were combined from statutory reporting, best practice guides for 

habitat surveys in upland areas as well as published academic research. 

The Fossitt (2000) approach was used for the first level of vegetation surveys of the sites and 

where BB habitat was mapped, this was further refined into categories from the NUSH 

approach, which provided the required level of detail to allow linkage of vegetation with 

hydrology fulfilling the objectives of this study. Along with mapping the site’s vegetation 

types, environmental aspects were recorded which contributed to highlighting aspects of 

degradation and condition within the BB communities identified. Details of the methodology 

are outlined in section 2.8.1. The final approach adopted to survey the sites in this study took 

into consideration the project scope, along with time (two years) and personnel constraints to 

develop an appropriate system to map and assess areas of BB to fulfil the purpose of this 

project. 
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2. SITE SELECTION AND METHODOLOGY 

2.1. Site selection and descriptions 

This section will outline the selection criteria used to select study sites for this project, along 

with detailed reviews of each of the three study sites, emphasizing each of their unique 

characteristics such as their location within the island of Ireland, geology and land 

use/condition etc., along with details of each site’s SAC designation. 

To identify a list of potential study sites, an initial catchment screening was carried out which 

used a multi-criteria analysis (MCA) to identify a shortlist of suitable catchment study site (the 

MCA was carried out by another researcher in the project). Widely available datasets were 

used to identify locations with a high proportion of BB coverage. Hydrological and ecological 

data recorded from these catchments during this study were analysed to quantify ecosystem 

services to water quality and flow in catchments containing significant coverage of BB. In 

order to define suitable baseline ecohydrological conditions of undisturbed intact BB, 

emphasis was placed on sites displaying minimal anthropogenic impact from cutting, burning, 

forestry and overgrazing, while also considering the possibility of assessing nearby impacted 

areas, or sub-catchments where ecohydrological impacts were greater. 

2.2. Site selection methodology 

Site selection reviewed 1406 BB catchments initially, followed by a more detailed review of 

341 catchments (equating to 24% of the original number selected) that possessed areas greater 

than 1km2 that were considered the least impacted by human activity (no catchments were 

found without some anthropogenic impacts). This was carried out using visual interpretation 

of aerial imagery to assess for the presence of anthropogenic disturbance (drainage, forestry, 

burning, overgrazing) a list of the top four most suitable BBs sites were identified by the MCA. 

The MCA considered (i) occurrence of BB along an east-west gradient (to examine differences 

in different types of BB, e.g. lowland (Atlantic) in the west with higher rainfall and upland 

towards the east), (ii) Ground conditions reflecting contrasting geological and hydrogeological 

settings, (iii) adjoining sub-catchments with more significant levels of damage, giving the 

potential to monitor relatively intact sub-catchments and degraded sub-catchments (within the 

same peatland expanse with similar climate, location and geology), (iv) feasibility for site 

instrumentation (and landowner consent), and (v) Distance from the project base (Belfast).  

Both NPWS personnel (Jim Ryan and Caitriona Douglas) and regional NPWS park rangers 

(John Matthews and Tim Roderic) visited the sites with QUBBES team members to provide 

advice on condition and potential impacts from human activity, as well as advice on local 
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conditions, land ownership and feasibility of carrying out investigations and installing 

monitoring equipment. 

The following three sites selected met the selection criteria and were selected as the three 

project sites (see Figure 3.1): 

1. Letterunshin site – Fiddanduff River, Letterunshin, Ox mountains bog SAC ((site code 

2006) (NPWS, 2016), Co Sligo, Ireland. 

2. Cuilcagh site – Swanlinbar River, Commas, Cuilcagh-Anierin Uplands SAC ((site code 

584) (NPWS, 2016), Co Cavan, Ireland.  

3. Garron site – Collin Burn River, Garron Plateau SAC ((site code UK0016606) (JNCC, 

2016), Co Antrim, Northern Ireland. 

Table 2-1 below shows the acronyms used throughout this thesis for each of the intact and 

degraded sites for clarity.  

Table 2-2 outlines a summary of characteristics for each site for comparison.  

Table 2-1 Acronyms for all sites 

Acronyms for sites Letterunshin site Cuilcagh site Garron site 

Intact  L C G 

Degraded LD CD GD 

 

Table 2-2 Summary of characteristic of each site 

 Letterunshin  Cuilcagh Garron 

Location 

(latitude, 

longitude) 

54.151, -8.841 54.154, -7.883 55.003, -6.061 

 

AREA (m
2
) 

Intact 

 

Degraded 

 

160300 

 

54200 

 

239100 

 

138200 

 

140800 

 

42200 

Bedrock Dinantian Upper 

Ballina Limestone 

Formation 

Dinantian Orthoquartzitic 

Sandstone, with mixed 

sandstone and shale units 

Palaeogene 

(Tertiary) 

Upper Basalt 

Formation 
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(reaching into Lower Namurian) 

Elevation range 

(mAMSL) 

Intact 

 

Degraded 

 

 

110 – 150  

 

100 – 150 

 

 

312 – 665  

 

220 – 380 

 

 

330 – 440  

 

278 – 334 

Anthropogenic 

impacts 

Intact 

 

Degraded 

 

 

Grazing 

 

Grazing, drainage, 

burning, peat cutting, 

forestry 

 

 

Grazing, burning 

 

Grazing, drainage, peat cutting 

 

 

Grazing, 

drainage 

More intense 

grazing and 

drainage 

Peat depth ranges  

Intact 

Degraded 

 

0.8 – 6.65 

0.4 – 2  

 

0.05 – 2.75 

0.3 – 2.75  

 

0.25 – 5.37 

0.05 – >3 

30 year average 

precipitation 

1598 1999 1313 

Notable features Widespread piping 

at headwaters 

Localised calcareous springs Piping feeding 

stream 

Water 

Framework 

Directive (WFD) 

surface water 

status 

Good High N/A 

Designations Special Area of 

Conservation (SAC), 

Site of Community 
Importance (SCI), 

Special Protection 

Area (SPA) 

Special Area of Conservation 

(SAC), Site of Community 

Importance (SCI), Special 

Protection Area (SPA) 

Area of Special 

Scientific 

Interest (ASSI), 
Special Area of 

Conservation 

(SAC), Special 

Protection Area 

(SPA), 

Area of 

Outstanding 
Natural Beauty 

(AONB), Ramsar 

site 

Habitats listed 

under the 

3110 Oligotrophic 
waters containing 

very few minerals of 

3110 Oligotrophic waters 
containing very few minerals of 

7130 BBs (* if 
active bog), 7230 

Alkaline fens, 
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Habitats 

Directive (HD) 

sandy plains 

(Littorelletalia 

uniflorae) 

3160 Natural 

dystrophic lakes and 

ponds 

4010 Northern 

Atlantic wet heaths 

with Erica tetralix 

4030 European dry 

heaths 

7130 BBs (* if active 

bog) 

7140 Transition mires 

and quaking bogs 

7150 Depressions on 
peat substrates of the 

Rhynchosporion 

sandy plains (Littorelletalia 

uniflorae) 

3160 Natural dystrophic lakes and 

ponds 

4010 Northern Atlantic wet 

heaths with Erica tetralix 

4030 European dry heaths 

4060 Alpine and Boreal heaths 

6230 Species-rich Nardus 

grasslands, on silicious substrates 
in mountain areas (and 

submountain areas in Continental 

Europe) 

7130 BBs (* if active bog) 

7140 Transition mires and 

quaking bogs 

7220 Petrifying springs with tufa 

formation (Cratoneurion) 

8110 Siliceous scree of the 

montane to snow levels 
(Androsacetalia alpinae and 

Galeopsietalia ladani) 

8220 Siliceous rocky slopes with 

chasmophytic vegetation 

3110 

Oligotrophic 

waters 
containing very 

few minerals of 

sandy plains 
(Littorelletalia 

uniflorae) 

3160 Natural 

dystrophic lakes 

and ponds 

4010 Northern 

Atlantic wet 
heaths with Erica 

tetralix, 7140 

Transition mires 

and quaking bogs 

 

Listed species of 

the under the 

Birds Directive 

(BD) and the 

Habitats 

Directive (HD) 

(i.e., Nature 

Directives) 

A395 Anser albifrons 

flavirostris 

(Greenland White-
fronted Goose) 

 

A140 Pluvialis 
apricaria (Golden 

Plover) 

 

1528 Saxifraga 
hirculus 

1013 Vertigo geyeri 

A149 Calidris alpine (Dunlin) 

A098 Falco columbarius 

(Merlin) 

A103 Falco peregrinus 

(Peregrine) 

A160 Numenius arquata 

(Curlew) 

A140 Pluvialis apricaria (Golden 

Plover) 

A282 Turdus torquatus (Ring 

Ouzel) 

6216 Hamatocaulis vernicosus 

1528 Marsh 

saxifrage 

Saxifraga 

hirculus 

Main species 
Sphagnum 
papillosum, 

Sphagnum 

capillifolium, Calluna 

vulgaris (Heather), 
Erica tetralix (Cross-

leaved Heath), 

Trichophorum 
germanicum 

(Deergrass), 

Sphagnum capillifolium, 
Sphagnum papillosum, 

Trichophorum germanicum 

(Deergrass), Erica tetralix 

(Cross-leaved Heath), 
Narthecium ossifragum (Bog 

Asphodel), Eriophorum 

angustifolium (Common 
Cottongrass), Calluna vulgaris 

(Heather) 

Sphagnum 
imbricatum, 

Sphagnum 

fuscum, Erica 

tetralix (Cross-
leaved Heath), 

Narthecium 

ossifragum (Bog 
Asphodel), 

Eriophorum 
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Molinia caerulea 

(Purple Moorgrass), 

Eriophorum 
angustifolium 

(Common 

Cottongrass),  
Eriophorum 

vaginatum (Hare's-tail 

Cottongrass) 

angustifolium 

(Common 

Cottongrass), 
Calluna vulgaris 

(Heather), 

Eriophorum 
vaginatum 

(Hare's-tail 

Cottongrass) 
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Figure 2-1 Satellite image of the island of Ireland, showing the locations of the three study 

catchments; Letterunshin site in the west (1), Cuilcagh site in the centre (2) and 

Garron site to the north-east (3) of the image.  
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2.3. Letterunshin site description – Fiddanduff River, 

Letterunshin, Ox mountains bog SAC, Co Sligo, 

Ireland (Natura 2000 site code IE0002006) 

The Ox Mountain range in Co. Sligo comprises of several extensive areas of BB, underlain by 

igneous, metamorphic schists with limestone, gneisses and a silica-rich granitic ridge to the 

east of Easky Lough (NPWS, 2016). The Ox Mountains Bog Special Area of Conservation 

(SAC) contains specific habitats and/or species listed on Annex I / II of the EU Habitats 

Directive, yet is vulnerable to degradation from adjacent land uses, in particular afforestation 

and peat cutting (NPWS, 2016). It is of considerable conservation significance, due primarily 

to the extensive, largely intact areas of BB it contains (NPWS, 2016). The study site is located 

in an area of state-owned land that also has statutory nature reserve designation. The National 

Parks and Wildlife Service (NPWS, 2016) reports the area to contain extensive, largely intact 

areas of BB; the area has been designated as a Statutory Nature Reserve, although on-going 

peat cutting, commercial forestry and wind power facilities occur on its margins. Some sheep 

grazing occurs within the sites. 

The catchment of the Fiddanduff River contains the Letterunshin study site. The BB river 

catchment surveyed and monitored within Ox Mountains Bog SAC for this study is shown in 

Figure 3.2. The catchment is considered at the lower end of the upland transition for BBs. This 

is because the site sits just below the threshold for upland transition for BBs of 150 m elevation 

at around 100-150 m elevation, therefore it may be classed as a lowland (or Atlantic) BB. 

Geological Survey of Ireland (GSI) bedrock geological maps show Lower Carboniferous 

(Dinantian) Upper Ballina Limestone Formation and Till derived from Metamorphic rocks 

(TMp) underlying both intact and degraded catchments (GSI, 2020). The Fiddanduff river 

rises in the east of the site and flows west through the site, before making a sharp 90º turn 

towards the north into the degraded part of the site, into the forestry (see Figure 3.2). The site 

is divided into two areas, one relatively intact natural area which is the main body of the site 

in the image (Figure 3.2). This intact site consists of flat to gently sloping ground with large 

areas covered with pools and very wet quaking (peat or woven rushes and shrubs that forms 

over water or soft mud and shakes when walked upon) ground, with minimal anthropogenic 

impacts (there is currently some sheep grazing on the site). The degraded site investigated lies 

adjacent to the intact site and the Fiddanduff River continues to flow into the degraded site 

(Figure 3.2).The degraded area is outlined in red in the figure and has been anthropogenically 

altered by drainage, turf cutting, burning and grazing to the south west of the river but is mainly 

covered with conifer plantation to the north of the site (downstream of the intact catchment 

outlet monitoring point) (see Figure 3.2 for location of monitoring flume at outlet of intact 

area). Peat depth was >3m in many areas sampled during the field visit, except for the forestry 
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where it was much shallower (average 0.5 m). For the purpose of this project, the two sites 

will be referred to as Letterusnhin intact (L) and Letterunshin degraded (LD) (Table 2-1).  

According to the (NPWS, 2016) dominant vegetation within the SAC site includes mosses 

such as Sphagnum papillosum and Sphagnum capillifolium and vascular plant species include 

Heather (Calluna vulgaris), Cross-leaved Heath (Erica tetralix), Deergrass (Scirpus 

cespitosus), Purple Moor-grass (Molinia caerulea), Common Cottongrass (Eriophorum 

angustifolium) and Hare's-tail Cottongrass (E. vaginatum). Another important feature of the 

site is the large number of dystrophic, bog pool systems that occurs, as well as the quaking 

lawns between the pools, are dominated by Rhynchosporion vegetation. This vegetation is 

characterised by the bog moss Sphagnum cuspidatum and often an abundance of White Beak-

sedge (Rhynchospora alba). Wet heath habitat is fairly extensively developed on the site, 

particularly on the lower slopes of the north-facing side of the Ox Mountains and along the 

numerous stream valleys that descend from the plateau. Dry heath habitat areas occur in other 

parts of the site also. 
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Figure 2-2 Letterunshin study catchment site – showing intact (black outline) and degraded (red outlined) areas of river catchment. The area outlined in black is 

relatively intact, however impacts within the degraded area (red outline) include drainage, peat cutting, burning, grazing and forestry. 
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2.4. Cuilcagh site description – Swanlinbar River, 

Commas, Cuilcagh-Anierin Uplands SAC, Co Cavan, 

Ireland (Natura 2000 site code IE0000584) 

Cuilcagh-Anerin Uplands Special Area of Conservation (SAC) is a BB located in the north of 

Co. Cavan, located in the north midlands of Ireland in the province of Ulster, bordering 

Northern Ireland (location ‘2’ in Figure 2-1). The study site sits at an elevation of 

approximately 312 – 665 metres above sea level, therefore this site is considered upland BB 

(Schouten, 1984). The Cuilcagh-Anierin Uplands SAC are underlain by mainly Dinantian 

Orthoquartzitic Sandstone, with mixed sandstone, siltstone and shale and some limestone in 

the extreme north-east of the SAC (Perrin, 2013). This 2.1 km2 study site is a relatively intact 

BB (Figure 3.4). According to the (NPWS, 2016), the BB areas of the Cuilcagh-Anierin 

Uplands are extensive and relatively undisturbed. Natural transitions from BB to heath and 

acidic grassland are evident within this site, with inland cliffs of shale and sandstones, gorges 

and scree slopes, are features of this large mountain site and a small number of unimproved 

enclosed fields are also included on the edges of the site (NPWS, 2016). The site includes of 

species and habitats protected under the EU Habitats Directive and is therefore given SAC 

designation (NPWS, 2016). 

The Swanlinbar River catchment selected for studying is an area of commonage (in the 

townland of Commas) used by four hill farming families. Two separate study river catchments 

were selected here; one intact natural area, relatively undisturbed by anthropogenic influences 

(NPWS, 2016),; and a degraded site that has been impacted by drainage, peat cutting, burning, 

grazing and forestry (Figure 3.4). The relatively intact part of this site is situated to the south 

east of Cuilcagh Mountain with the degraded area further east of the intact site (outlined in 

Figure 3.4). The degraded area has been affected by several anthropogenic influences; 

drainage, burning, peat abstraction and overgrazing by sheep (impacts lie outside the intact 

catchment boundary). Peat was deep (>3m) in some areas upon investigation of the site. For 

the purpose of this project, the two sites will be referred to as Cuilcagh intact and Cuilcagh 

degraded (Table 2-1). 

The biological interest of the site are associated with the presence of one of the largest 

expanses of relatively intact upland BB in Ireland (however there is some grazing on the site), 

upland grasslands on the steepest slopes of the peaks, dry heath on the less steep slopes and a 

graduation from these towards wet heaths and wet rush (Juncus spp.) grasslands (NPWS, 

2016). The extensive BB exhibits a wide range of characteristic vegetation and structural 

features, with well-developed pool/hummock and lawn complex, acid flushes and with drier 

peat and bog bursts in the degraded parts of the SAC (NPWS, 2016). The presence of 

numerous streams/river sources adds to the biological interest. A number of locally rare plant 
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species protected under the Flora (Protection) Order 2015 and listed on Annex II of the EU 

Habitats Directive, is found in a flush in Commas Townland (NPWS, 2016). According to the 

NPWS (2016), flat blanket peat areas on water-logged ground within this site are characterised 

by the presence of species such as Deergrass (Trichophorum germanicum), Cross-leaved 

Heath (Erica tetralix), Bog Asphodel (Narthecium ossifragum), Common Cottongrass 

(Eriophorum angustifolium), Heather (Calluna vulgaris) over a bog moss layer of 

predominantly Sphagnum capillifolium and S. papillosum.  

On more freely draining sloping ground and areas of shallow peat heath communities are 

abundant and tall Heather, Bilberry (Vaccinium myrtillus) and Hare’s-tail Cottongrass (E. 

vaginatum) are typical (NPWS, 2016). The presence of weak flushing of acidic water through 

the surface peat layer is indicated by the occurrence of sparsely scattered Purple Moorgrass 

(Molinea caerulea) or Sharp-flowered Rush (Juncus acutiflorus) (NPWS, 2016). Wet heath is 

extensive across the SAC site and is dominated by Cross-leaved Heath, Heather, Bilberry, 

Purple Moorgrass, Tormentil (Potentilla erecta), Heath Rush (Juncus squarrosus) and mosses. 

Dry heath, dominated by Heather, Bilberry and Bell Heathers, is also well-represented within 

the site and is typically found where shallow peats occur on sloping ground in association with 

exposed rock (NPWS, 2016). Where flushing is concentrated over a thinner peat or a peaty 

gley soil or is associated with iron-staining, the vegetation is characterised by a small sedge 

(Carex spp.) community, a small number of oligotrophic lakes occur within the SAC site, with 

Lough Nambrack, Knockgorm Lake and Munter Eolas Lough being the main examples 

(NPWS, 2016). 
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Figure 2-3 Cuilcagh study catchment site – showing intact (black outline) and degraded (red outline) catchment areas. The area outlined in black is relatively 

intact, whereas the area to the east of that has been affected by drainage, peat abstraction, burning and grazing
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2.5. Garron site description – Collin Burn River, 

Garron Plateau, Co Antrim, Northern Ireland 

(Nationally designated area code 142810) 

This Garron Plateau site is located in the north-east of the island of Ireland in Co. Antrim, 

Northern Ireland. The Garron Plateau Area of Special Scientific Interest (ASSI), Special Area 

of Conservation (SAC), Special Protection Area (SPA) and Ramsar site contains habitat types 

and/or species which are rare or threatened within the EU and thus are listed for protection 

under the EU Habitats Directive (HD).  

The area has a high diversity of habitats/species of European importance, is the largest 

relatively intact bog in Northern Ireland (the UK and Ireland hold the largest areas of BB in 

Europe) (DAERA, 2007). However, in 2010 Department of Agriculture, the Environment and 

Rural Affairs (DAERA) determined some areas to be in unfavourable condition after an 

assessment, involving a visual inspection of the site using a combination of aerial photography 

(for drains, erosion gullies or land susceptible to erosion), estimation of plant cover in 2 × 2 m 

plots and condition assessment structured walks (McKeown and Corbett, 2015). Following 

this assessment, over 2000 ha of the less degraded and damaged areas have since been re-

wetted in an attempt to restore the peat back to health. This was completed in April 2014, and 

entailed blocking drains in order to raise the water table and also reducing and restricting the 

volume of sheep grazing at the site (DAERA, 2007). RSPB report (using condition assessment 

undertaken by DAERA) the estimated area of the degrading, active and restored locations to 

be approximately 289.76, 1005.79 and 633.39 ha, respectively (Burns, 2011). 

The Garron Plateau is a basaltic headland area undulating to a maximum height of 440 m but 

generally lying between 330 and 380 m with scarps to Glenariff Glen and the Antrim coast 

and a gentler descent inland (DAERA, 2007). This BB is classified as upland BB (Figure 3.1) 

due to its’ elevation (150 m elevation is cut-off for lowland BB). Peat depths are variable (>3 

m was recorded during this study) and consequently the macro-topography is highly diverse 

with hummock, lawn and pool complexes on the deepest peats grading into large expenses of 

blanketing peats on low gradients to heathland communities on the steepest and more exposed 

slopes (DAERA, 2007).  

The catchment studied within this expanse of BB lies at approximately 304-360 m above sea 

level. Peat was very deep in some areas during site investigation (>3m). One river catchment 

was selected for study, with one relatively intact natural area, relatively undisturbed by 

anthropogenic influences. The catchment selected for study, the Collin Burn river, is underlain 

by Palaeogene (Tertiary) Upper Basalt Formation and Till (Diamicton) (JNCC, 2016). This 
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1.4 km2 site of upland BB extends from headwaters to a drinking water offtake, at the outlet 

of the intact site boundary (see Figure 4.3). Here a compound thin plate rectangular notch weir 

diverts water to Dungonnel Reservoir (see Figure 4.2 ‘Flow gauging points’), to Dungonnel 

Water Treatment Works, resulting in a reduced flow downstream into the degraded part of the 

catchment.  

The site contains some very good intact areas (DAERA, 2007), i.e., gentle slopes and areas 

with pools and very wet quaking ground. The degraded area is located downstream and 

adjacent to the relatively intact area in the Garron Plateau is located downstream of the intact 

area (north) and is under pressure from overgrazing and drainage (Figure 3.4), however the 

site had some signs of recovery in some areas from past impacts, very good intact areas with 

gentle slopes and an area with pools and very wet quaking ground. For the purpose of this 

project, the two sites will be referred to as Garron intact and Garron degraded (Table 2-1). 

During the project, some of the drains within the Garron study catchment began to be blocked 

in a restoration effort by Northern Ireland Water (NIW), Northern Ireland Environment 

Agency (NIEA) and the Royal Society for the Protection of Birds (RSPB), where 

approximately 2,321 peat dams across 18,556 metres of drains were recommended for 

blocking from September 2018 onwards (Thorpe and Maynard, 2017). Phase two of the project 

(2018-19) was completed as part of the ‘Cooperation across Borders for Biodiversity’ (CABB) 

INTERREG VA project in conjunction with RSPB (Thorpe and Maynard, 2017). During the 

project, some of the drains within both the Garron intact and degraded study area were blocked 

using a variety of dams (see Figure 3-3).  
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Figure 2-4 Garron study catchment site – showing intact (black outline) and degraded (red 

outline) areas of Collin Burn river catchment. The area outlined in black is 

relatively intact, whereas the area to the north of this has been and is currently 

under pressure from overgrazing and drainage.  
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Figure 2-5 Areas in the Garron Plateau to have drains blocked as part of the CABB project (NOTE: intact catchment lies within area D and degraded catchment 

within area E) (Thorpe and Maynard, 2017).  
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According to DAERA (2007) Garron Plateau SAC (site code UK0016606) site has several 

lakes with characteristically nutrient poor waters, conforming to EU ‘Habitats Directive’ 

Annex I types. Elsewhere locally mineral enriched flushing provides the alkaline fens priority 

Annex 1 habitat, and in hollows on the wetter more level parts of the BB, the influence of 

mineral rich water provides the transition mires and quaking bog systems (DAERA, 2007). 

The Garron Plateau SAC is well known for rare plant species from various represented 

habitats, including the Marsh saxifrage (Saxifraga hirculus) from a linear flush (DAERA, 

2007). It is characterised by dominant species such as carpets of Sphagnum moss, cotton-

grasses and heathers, the surface often displays areas of dramatic patterning due to differing 

vegetation communities and mosaics of these along with variously-shaped bog pools often 

separated by quaking ground (DAERA, 2007). 

2.6. Site selection outcome 

The outcome of the catchment site selection which screened all 352 BBs across the island of 

Ireland, revealed that most areas of BB had been impacted by anthropogenic activities and 

catchments containing substantial BB cover, displaying little to no evidence of anthropogenic 

disturbance, have proven rare (c. 1/35). Ground verification has indicated that damage is even 

more widespread than the remotely sensed data suggested, and that relatively intact catchment 

sites are now very rare (Francis Mackin RPS Belfast pers. Comm.). The catchment sites 

selected are considered among the best candidates for relatively intact areas available for 

hydrological investigation. Further ground investigation, and consultation with Irelands 

National Parks and Wildlife Service (NPWS) and Botanic Environmental and Conservation 

(BEC) consulting (Dublin, Ireland) personnel suggested that other areas, considered as 

candidate sites were more degraded than analysis of aerial imagery suggested. The site 

selection revealed that relatively intact catchments as required for this purpose of this research 

were difficult to find. However, the final study sites were chosen as impartially as possible 

and provided relatively intact and degraded study catchment sites, where impacts to the 

ecosystem services provided by relatively intact systems may be contrasted with adjacent 

degraded areas. 
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2.7. Water table monitoring methodology 

2.7.1. Monitoring wells  

Across all three intact sites water table monitoring equipment (Table 2-3) was installed at 7 

locations in each site, chosen to reflect differences in water table fluctuations across the site. 

Areas with contrasting slope, areas of focussed flow, contrasting typical BB vegetation 

communities (determined from aerial photography as vegetation mapping was not yet 

complete) and flat water-logged areas. The location of each monitoring location was 

determined using the following factors, which allowed representation of hydrological 

processes in intact areas and anthropogenic impacts in degraded areas: 

1. peat depth (>1 m to allow for monitoring wells to be installed up to 1 m depth) 

2. ease of access 

3. vegetation type 

4. slope 

5. site conditions (shallow peat, drainage ditches, areas with bare peat) 

The rationale for the order of these factors was due to peat depth being the most important 

factor to allow the 1m shallow monitoring wells to be installed. Then ease of access was 

important as monthly measurements were required for the duration of the monitoring period. 

Additionally, vegetation type and slope were important factors to consider which would allow 

linkage of monitored water table fluctuations with these parameters. Set up for monitoring 

wells is summarised in Table 2-3 below. Monitoring wells consisted of 32mm internal 

diameter PVC tubing, 1.5 m length, with 1 m screened intervals and covered with a geo-sock 

to prevent large particulates entering the monitoring wells. Monitoring wells were installed by 

coring 1 m of peat using a handheld Russian auger and inserting 1 m of the monitoring well 

into the ground, with approx. 50 cm ‘stick up’ of the piping material above ground. A PVC 

cap was used to seal the top of the tubing, preventing rainfall entering. A Solinist level logger 

Edge model 3001 5M (range 5 m ± 0.3 cm) or HOBO 100-Foot Depth Fresh Water Level Data 

Logger - U20-001-02 (range 0 – 4) (measuring absolute pressure in either kPa/psi) was inserted 

into each PVC monitoring well allowing accurate monitoring of water level fluctuations. The 

loggers were set to monitor at 15-minute intervals to enable high resolution temporal data to 

be collected. Barometric pressure loggers installed on site recorded changes in atmospheric 

pressure. Manual routine water level measurements using a water level dip meter were taken 

monthly and used to convert the data to water table depth in metres below ground surface. 

Measurements of water table depth in triplicate using the 3 shallow monitoring wells had a 

twofold objective: 1. assessing variations in water table fluctuations in a given hydrological 
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setting in triplicate (i.e., related to the vegetation type in that location and as well as slope); 

and 2. calculation of horizontal hydraulic gradients (change in water table position (or 

potentiometric surface or head) with distance). Declines in slope can closely reflect the 

horizontal component of the hydraulic gradient when the water table is at the ground surface, 

and thus reflect the lateral direction in which water flows.  

Only one monitoring well within each ‘nest’ had a logger installed. Due to limited number of 

loggers, Garron and Letterunshin sites had 6 loggers, therefore one monitoring well nest did 

not have a logger installed in it. The third site, Cuilcagh, was instrumented last and only 5 

loggers remained, therefore 2 monitoring well nests had no loggers installed in this site. Table 

2-3 through Table 2-5 outline the list of monitoring wells in each site along with relevant 

installation information while Figure 2-9 through Figure 2-8  show maps of the sites with intact 

and degraded catchment boundaries (delineated by using LiDAR data) along with locations of 

monitoring well nests and hydrological monitoring points.  

Rain gauges/weather stations were installed on site to allow for rainfall data to be collected 

(located at monitoring well A in each site). This data was collated from mm per rainfall event 

and presented as precipitation in mm per hour.  

 

Figure 2-6 Monitoring well ‘nest’ set up on all sites



113 

 

Table 2-3 Monitoring well set up in each site (MW = Monitoring well, Avg WL = Average water level (in metres below surface), PD = Peat depth (in meters), 

L = Letterunshin, G = Garron and C = Cuilcagh). Monitoring wells were ~1 metre below ground surface (see Table 2-4, Table 2-6 and Table 2-5 

for exact depths).  

Intact Degraded 

Monitor

ing well 

L Avg 

WL/ PD 

G Avg 

WL/ PD 

C Avg 

WL/ PD 

Monito

ring 

well 

L Avg 

WL/ PD 

G Avg 

WL/ PD 

C Avg 

WL/ 

PD 

A 3 MW, 1 

logger 

-0.13 

2.27 

3 MW, 1 

logger 

-0.22 

2.52 

3 MW, 1 

logger 

-0.31 

1.7 

1 1 MW, 1 

logger 

-0.36 

1.15 

1 MW, 1 

logger 

-0.19 

>3 

1 MW, 1 

logger 

-0.28 

2 

B 3 MW, 1 

logger 

-0.26 

2.4 

3 MW, 1 

logger 

-0.14 

3.36 

3 MW, 1 

logger 

-0.21 

1.75 

2 1 MW, 1 

logger 

-0.38 

1.1 

1 MW, 1 

logger 

-0.2 

1.2 

1 MW, 1 

logger 

-0.52 

3 

C 3 MW, 1 

logger 

-0.15 

1.06 

3 MW, 1 

logger 

-0.19 

1.54 

3 MW, 1 

logger 

-0.13 

>3 

3 1 MW, 1 

logger 

-0.37 

1.05 

1 MW, 1 

logger 

-0.33 

2.5 

1 MW, 1 

logger 

-0.2 

1.75 

D 3 MW, 1 

logger 

-0.16 

3.2 

3 MW, 1 

logger 

-0.16 

3.6 

3 MW, 1 

logger 

-0.2 

2.85 
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E 3 MW, 1 

logger 

-0.16 

2.4 

3 MW, 1 

logger 

-0.11 

2.7 

3 MW, 1 

logger 

-0.25 

>3 

       

F 3 MW, 1 

logger 

-0.33 

2.5 

3 MW, 1 

logger 

-0.17 

1.06 

3 MW N/A 

1 

       

G 3 MW N/A 

2.3 

3 MW 3.17 3 MW         
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Table 2-4 Monitoring well construction for Letterunshin site. (note ‘stick up’ is height of monitoring well above ground surface).  

 

Key: 1. Irish National Grid; 2. Metres above mean sea-level; 3. Metres below ground surface. 

Date Installed Name Easting1 Northing1
Ground 

Elevation1,2
Stick up (m)

Piezometer 

Diameter (m)

Screen length 

(m)

Depth to 

base of 

screen 3 (m)

Total Peat 

Depth 3

July 27, 2017 LA1-S 140126.844 326285.714 141.908 0.45 0.32 1 1.05 > 2m

July 27, 2017 LA2-S 140123.023 326275.265 141.899 0.48 0.32 1 1.02 > 2m

July 27, 2017 LA3-S 140115.522 326284.627 141.821 0.495 0.32 1 1.005 > 2m

July 27, 2017 LB1-S 140112.684 326553.158 123.856 0.52 0.32 1 0.98 > 2m

July 27, 2017 LB2-S 140112.796 326563.064 123.401 0.5 0.32 1 1 > 2m

July 27, 2017 LB3-S 140122.131 326557.523 123.787 0.5 0.32 1 1 > 2m

July 27, 2017 LC1-S 140206.121 326744.757 133.975 0.47 0.32 1 1.03 1.2 m

July 27, 2017 LC2-S 140195.834 326750.028 134.291 0.55 0.32 1 0.95 0.85

July 27, 2017 LC3-S 140204.598 326755.708 134.874 0.49 0.32 1 1.01 1-1.5

July 27, 2017 LD1-S 140526.211 326392.782 130.961 0.48 0.32 1 1.02 > 2m

July 27, 2017 LD2-S 140515.273 326393.534 130.83 0.48 0.32 1 1.02 > 2m

July 27, 2017 LD3-S 140521.804 326402.65 130.87 0.5 0.32 1 1 > 2m

July 27, 2017 LE1-S 140913.029 326505.798 136.252 0.47 0.32 1 1.03 > 2m

July 27, 2017 LE2-S 140903.446 326501.968 136.342 0.476 0.32 1 1.024 > 2m

July 27, 2017 LE3-S 140905.325 326512.89 136.139 0.495 0.32 1 1.005 > 2m

July 27, 2017 LF1-S 140939.288 326636.045 137.269 0.47 0.32 1 1.03 > 2m

July 27, 2017 LF2-S 140929.312 326638.911 137.324 0.476 0.32 1 1.024 > 2m

July 27, 2017 LF3-S 140931.493 326628.578 136.95 0.495 0.32 1 1.005 > 2m

July 27, 2017 LG1-S 141051.249 326673.991 139.504 0.48 0.32 1 1.02 > 2m

July 27, 2017 LG2-S 141050.472 326663.664 139.519 0.5 0.32 1 1 > 2m

July 27, 2017 LG3-S 141042.174 326671.582 139.377 0.44 0.32 1 1.06 > 2m
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Figure 2-7 Map showing the location of monitoring wells and weir/flume water quality and flow gauging points at Letterunshin site 
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Table 2-5 Monitoring well construction table for Cuilcagh site (note ‘stick up’ is height of monitoring well above ground surface). 

 

KEY: 1. Irish National Grid; 2. in Metres above mean sea-level (measured with DGPS); 3. Metres below ground surface.  

Date 

Installed
Name Easting1

Northing

1

Ground 

Elevation

1,2

Top of 

Piezo 2

Stick up 

(m)

Piezomet

er 

Diameter 

(m)

Screen 

length (m)

Depth to 

base of 

screen 3 

(m)

Total Peat 

Depth (m) 

3

18/10/2017 CA1-S 613571 826525 313.58 314.113 0.53 0.32 1 0.97 1.7

18/10/2017 CA2-S 613565 826523 314.25 314.792 0.54 0.32 1 0.96 1.7

18/10/2017 CA3-S 613570 826519 313.79 314.266 0.48 0.32 1 1.02 1.7

18/10/2017 CB1-S 613782 826789 312.44 312.944 0.5 0.32 1 1 1.75

18/10/2017 CB2-S 613777 826784 312.38 312.872 0.49 0.32 1 1.01 1.75

18/10/2017 CB3-S 613775 826791 312.59 313.092 0.5 0.32 1 1 1.75

18/10/2017 CC1-S 613986 827206 332.88 333.373 0.49 0.32 1 1.01 > 3

18/10/2017 CC2-S 613983 827213 333.20 333.69 0.49 0.32 1 1.01 > 3

18/10/2017 CC3-S 613991 827211 333.20 333.66 0.46 0.32 1 1.04 > 3

18/10/2017 CD1-S 613832 827196 336.30 336.799 0.5 0.32 1 1 >2 

18/10/2017 CD2-S 613836 827201 336.45 336.922 0.47 0.32 1 1.03 2.85

18/10/2017 CD3-S 613839 827195 336.26 336.752 0.49 0.32 1 1.01 2.85

18/10/2017 CE1-S 613529 827193 354.11 354.622 0.51 0.32 1 0.99 > 3

18/10/2017 CE2-S 613524 827189 354.09 354.601 0.51 0.32 1 0.99 > 3

18/10/2017 CE3-S 613523 827196 355.27 355.808 0.54 0.32 1 0.96 > 3

18/10/2017 CF1-S 613275 827152 347.78 348.279 0.5 0.32 1 1 1

18/10/2017 CF2-S 613279 827144 347.57 348.025 0.46 0.32 1 1.04 1

18/10/2017 CF3-S 613270 827143 347.74 348.221 0.48 0.32 1 1.02 1
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Figure 2-8 Map showing the location of monitoring wells and weir/flume water quality and flow gauging points at Cuilcagh site. 
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Table 2-6 Monitoring well construction table for Garron site (note ‘stick up’ is height of monitoring well above ground surface). 

 

KEY: 1. Irish National Grid; 2. in Metres above mean sea-level (measured with DGPS); 3. Metres below ground surface.

Date Installed Name Easting1 Northing1
Ground 

Elevation1,2

Stick up 

(m)

Piezometer 

Diameter (m)

Screen 

length (m)

Depth to base 

of screen 3 

(m)

Total 

Peat 

Depth 3

June 23, 2017 GA1-S 321678.413 418252.27 304.126 0.46 0.032 1 1.04 2.65

June 23, 2017 GA2-S 321669.179 418246.89 304.431 0.46 0.032 1 1.04 ~2.8

June 23, 2017 GA3-S 321664.95 418256.89 304.456 0.46 0.032 1 1.04 1.73

June 23, 2017 GB1-S 321548.135 418077.56 315.34 0.465 0.032 1 1.035 >3

June 23, 2017 GB2-S 321540.903 418069.3 315.597 0.49 0.032 1 1.01 >3

June 23, 2017 GB3-S 321532.125 418077.88 315.781 0.445 0.032 1 1.055 >3

June 23, 2017 GC1-S 321920.04 417409.5 358.643 0.5 0.032 1 1 1.3

June 23, 2017 GC2-S 321910.966 417402.23 359.271 0.49 0.032 1 1.01 1.6

June 23, 2017 GC3-S 321918.937 417399.11 360.209 0.5 0.032 1 1 1.6

June 23, 2017 GD1-S 321781.683 417478.59 352.755 0.5 0.032 1 1 >3

June 23, 2017 GD2-S 321770.706 417476.18 352.748 0.455 0.032 1 1.045 >3

June 23, 2017 GD3-S 321780.472 417465.06 352.937 0.5 0.032 1 1 >3

June 23, 2017 GE1-S 321889.64 418013.51 339.704 0.5 0.032 1 1 2.8

June 23, 2017 GE2-S 321888.874 418022.84 339.576 0.5 0.032 1 1 2.55

June 23, 2017 GE3-S 321880.036 418017.79 339.572 0.5 0.032 1 1 2.7

June 23, 2017 GF1-S 321750.082 418136.52 311.804 0.44 0.032 1 1.056 1.1

June 23, 2017 GF2-S 321740.987 418133.69 311.107 0.6 0.032 1 0.9 0.9

June 23, 2017 GF3-S 321751.744 418143.31 311.46 0.44 0.032 1 1.056 1.2

June 23, 2017 GG1-S 321480.755 417927.56 317.763 0.475 0.032 1 1.025 >3

June 23, 2017 GG2-S 321476.415 417921.59 317.855 0.425 0.032 1 1.075 >3

June 23, 2017 GG3-S 321471.742 417926.49 317.97 0.48 0.032 1 1.02 >3
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Figure 2-9 Map showing the location of monitoring wells and weir/flume water quality and 

flow gauging points at Garron site. 
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2.7.2. Water table data processing  

Data from level loggers (Solinist or HOBO Levelogger) monitoring water table levels in 

monitoring wells as well as HOBO Rain Gauge Data Loggers were downloaded monthly for 

the duration of the monitoring period. Leveloggers were corrected using manual water level 

dips routinely measured monthly and then corrected for barometric pressure using data from 

barometric loggers (HOBO) on each site. (Note: Manual water table measurements were on 

occasion inaccurate and did not match the water table data logger readings and any manual 

dips that were greater than 2 cm different to the data logger were disregarded). The absolute 

pressure from the barometric loggers was subtracted from the level logger data measured in 

either kPa or psi. This was then converted to metres H2O (mH2O) and manual dips allowed 

conversion to depth below ground surface in metres. The rainfall data was converted to total 

rain in millimetres per hour.  These data were then plotted as hydrographs to illustrate temporal 

water table fluctuations with rainfall at each monitoring well location within each site. Water 

level duration curves (cumulative frequency curve) were then created to illustrate the 

percentage of time that any given water level is likely to be equalled or exceeded. 

The water level duration curve shows the percent of values that specified water levels were 

equalled or less than, or the percent of values that specified water-levels were equalled or 

exceeded. This was calculated by: % exceedance = 100 - percentile. A water-level-duration 

curve does not show consecutive water levels but is representative of characteristics of the 

water table throughout the hydrological monitoring period. The plots presented represent the 

water level duration curves of 15-minute interval water level data over the whole monitoring 

period.  

The medians of the 10th and 90th percentiles from these duration curve graphs were used to 

create box and whisker plots to illustrate the difference in highest and lowest water table depths 

below surface in summer and winter, within different vegetation types, within different sloping 

areas and between intact and degraded areas. The box and whisker data were then analysed 

statistically to determine any significant differences in the data.  

One-way ANOVA is usually quite robust, however where the assumptions are sufficiently 

violated, Kruskal-Wallis test becomes quite useful, e.g. when group samples strongly deviate 

from normal; this is especially relevant when sample sizes are small and unequal and data are 

not symmetric (Zaiontz, 2019). Thus, group variances can be quite different because of the 

presence of outliers. 

The data were non-parametric and samples sizes were small and unequal (some vegetation 

types had numerous monitoring wells with a logger gathering water table data, others had only 

one monitoring well), therefore, to determine any significant differences in the data, Kruskal-
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Wallis tests were used instead of parametric one-way ANOVA. Kruskal-Wallis tests the null 

hypothesis of: H0:The distribution of scores is equal across all groups (Zaiontz, 2019).  

The slopes of the area surrounding each monitoring well nest were calculated in ArcGIS (5 x 

5 m cells). The monitoring well automated data was then sorted into groups based on slope 

(Table 3-5). For this study, four categories of slope were defined: very gentle <1 %; gentle 1-

5 %; steep 5-10 %; and very steep 10-20 %. The rationale for the grouping of these slope 

categories was based on 1) the range of slopes calculated from the monitoring wells (this 

ranged from 0.56 – 20.4 %) and 2) the link of slope with water tables and vegetation types, as 

discussed in section 1.6.4.3.  

2.8. Ecological methodology 

Please see Chapter 1 section 1.6.8, for an outline of the different BB vegetation mapping 

approaches in Ireland and discussion on the final approach adopted for vegetation assessment 

in this study. 

Vegetation surveys were carried out between summer 2017 and autumn 2018. 

2.8.1. Habitat survey methodology  

2.8.1.1. Surveys at polygon level 

2.8.1.1.1. Desktop studies  

Prior to choosing sites and commencing fieldwork, a desktop study was carried out to gather 

information on abiotic components of the sites such as climate data, hydrology, geology, site 

condition, previous anthropogenic and land use disturbances, current management, access 

routes and land ownership (see section 2.2 Site Selection for details), which informed site 

selection. Before going into the field, remote habitat digitising of each site was carried out 

using aerial imagery in ArcGIS. Defining features such as mosaics of vegetation communities 

organized in undulating microforms of hummocks, lawns and hollows, evident from aerial 

photography, alowed initial categorization of the sites into potential vegetation type ‘units’ 

(known as polygons) based on features that were evident from satellite imagery (see example 

in Figure 2-10). No initial categorisation of the vegetation type within each polygons occurred 

at this stage. In the field polygons were split or merged as appropriate when ground surveying 

(e.g. see Figure 2-11). Following ground-truthing, polygon boundaries were amended where 

required in the field by annotating the field maps. These amendments were then applied to the 

digital copies of the polygons on the GIS. Stars on the image in Figure 2-10 denote where 5 

polygons consisting of the same vegetation type were merged. 
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Figure 2-10 Example of digitising site into polygons using aerial photography before going to 

field to ground truth (stars denote polygons with same habitat that were merged 

after ground-truthing).  

 

Figure 2-11 Example of merged polygons after ground-truthing. 
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2.8.1.1.2. Habitat surveys 

Pre‐digitised polygons (each of which represents a consistent vegetation mosaic that were 

visually digitised using aerial imagery within ArcGIS) were surveyed by walking a zigzag 

transect through them and all polygons were surveyed in detail. Specific features that appear 

within a polygon on the aerial photographs, such as basins, terraces, flushes, scree or rock 

outcrops, were investigated to check for additional habitat types, ensuring that the range of 

diversity within the sites was record. Cover of non-vegetated substrates (e.g. bare peat, 

bedrock, loose rock, gravel, open water, running water) within each polygon were also 

recorded.  

Initially habitats were identified using the Fossitt (2000) approach, which uses four categories 

of BBs to describe habitats (outlined further in section 1.6.8) using altitude as a criterion to 

separate upland (PB2) from lowland BB (PB3) and distinguishing eroding (PB4) and cutover 

(PB5) areas. However, as it was determined that this broad scale categorisation of habitats was 

not appropriate for the purposes of this study, the NUSH (Perrin et al., 2014) provisional list 

of 7 plant communities associated with BBs provided the required level of detail to better 

define the complex mosaic of vegetation communities and associated geographical features 

found in these BBs sites (Table 2-7). Fossitt, the NUSH and the EU Habitats Directive Annex 

I list of habitats are linked in Table 2-7 below.  

Habitats were first identified at the highest level using the Fossitt (2000) approach and where 

BB habitat was found, identification of vegetation communities was carried out as per the 

NUSH categories (Perrin et al., 2014).  

The detailed BB community codes from the provisional list in the NUSH used to further clasify 

the BB habitats encountered is equivalent to ‘community’ level in the IVC hierarchical 

explanations (see Appendices Figure 11-80) (Perrin et al., 2018)), and allowed for greater 

detail to be recorded from the communities found within BB habitat. The NUSH scheme 

provided a better description of the variability of ecohydrological conditions under 

undisturbed conditions, while also permitting the identification of areas that have been 

impacted by anthropogenic activities. Table 2-7 summarises the categories found in our study 

sites and the labelling system used for the encountered range of habitats and BB communities. 

Environmental parameters were recorded for each of the identified habitat/community present 

within a polygon to help assess quality and hydrology (see Table 2-8). Micro-topography was 

also evaluated at the polygon level which provided positive and negative indicators of habitat 

heterogeneity (see Table 2-8 for positive and negative indicators), allowing for condition of 

the intact and degraded sites to be assessed and confirmed.  
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The cover (i.e., percentage of the polygon) of each habitat identified in a polygon was recorded 

to the nearest 5%, except for habitats with covers of less than 10%. In order to provide 

improved detail, the cover scores of habitats/communities was recorded as 0.1%, 0.3%, 0.5%, 

0.7%, 1%, 3%, 5% or 7%.  A checklist ‘presence/absence’ was prepared using 0 for absent 

and 1 for present for field surveying (see Appendices Tables 11-3 and 11-4). Peat depth was 

measured at each quadrat location (see section 2.8.1.2 for more information on quadrat 

surveying).  

There are many variables associated with the accuracy of these estimates, including size of 

polygon, complexity of habitats and mosaics, visibility of the polygon and experience of the 

surveyors (Perrin et al., 2014). Accuracy of the mapping was independently checked by Dr. 

Philip Perrin (Director of Ecology, BEC Consultants, Dublin) and were determined to be 

accurate. 

Degraded sites were assessed in the same way and given the same habitat and community 

codes as the intact sites, where appropriate. To distinguish between ‘intact’ and ‘degraded’ 

sites an annotation of ‘/D’ was added to all degraded site habitats/communities. This helps 

avoid confusion on the vegetation maps, allowing easy distinction between an intact area and 

degraded area with the same habitat or community.  

A series of digital photographs were taken to record the different habitats encountered 

(examples of different habitats and BB communities in Figure 4-1, Figure 4-7 and Figure 4-4). 

Table 2-7 Adapted vegetation classifications used in this study (see Appendices Figure 11-78 

for comparison with NUSH classification (Perrin et al., 2014)). 

Annex 1 code 

(and name) 

Fossitt 

code (and 

name) 

NUSH code Community/habitat 

description (NUSH) 

Codes 

used in 

this 

study 

7130* 

(BB) 

PB2 

(Upland 

BB) 

BB3 Eriophorum vaginatum – 

Sphagnum papillosum 

bog 

BB3 

7130* 

(BB) 

PB2 

(Upland 

BB) 

BB4 Trichophorum 

germanicum - 

Eriophorum 

angustifolium bog 

BB4 
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7130* 

(BB) 

PB2 

(Upland 

BB) 

BB5 Calluna vulgaris - 

Eriophorum spp. bog 

BB5 

7150 

(Rhynchosporion 

depression 

s) 

PB3 

(Lowland 

BB) 

HW3 Depressions or hollows 

strongly dominated by 

Rhynchospora alba (or 

occasionally 

Rhynchospora fusca); the 

vegetation is typically 

low and lacking in any 

tall plants 

HW3 

7130* (BB) PB3 

(Lowland 

BB) 

BB1 Schoenus nigricans – 

Eriophorum 

angustifolium 

Not 

identified 

7130* (BB) PB3 

(Lowland 

BB) 

BB7 Eriophorum 

angustifolium – 

Sphagnum 

austinii 

Not 

identified 

7130* PB4 

(Cutover 

bog) 

PB4 Cutover bog PB4 

7130* PB5 

(Eroding 

BB) 

BarePeatB Eroding bog, 

characteristic bare peat, 

etc. 

PB5 

4030 HH1 (Dry 

heath) 

DH1, DH2, 

DH3, DH4 or 

DH6. 

Ulex gallii - Erica 

cinerea dry heath 

community 

HH1 

4010 HH3 (Wet 

heath) 

WH1a, WH1b, 

WH2, WH3, 

WH4a, WH4b, 

Calluna vulgaris (Ling) 

and Erica tetralix (Cross-

leaved heath) or Molinia 

HH3 
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WH4c, WH5, 

WH6 or WH7.  

caerulea (Purple moor 

grass) and/or sedges 

4060 or 6150 HH4 

(Montane 

heath) 

MH1a, MH1b, 

MH2, MH3, 

MH4, MH5, 

MH6a, MH6b, 

MH6c, MH6d, 

MH7a, MH7b, 

MH7c or 

MH7e. 

Montane heath 

communities 

HH4 

6230 GS3 (Dry 

grassland) 

UG1a, UG1b, 

UG1c, UG1d, 

UG1e, UG12a, 

UG2b, UG2c, 

UG2d or 

UG2e. 

Agrostis capillaris - 

Festuca ovina upland dry 

grasslands 

GS3 

NA GS4 (Wet 

grassland) 

UG4 Wet grassland abundant 

with rushes and/or small 

sedges and grasses 

(Molinia caerulea 

(Purple moor grass) often 

with high broadleaved 

herb cover 

GS4 

8220 ER1 

(Exposed 

rock) 

SilcRockA (or 

SilcRockN 

(non-Annex)) 

Exposed siliceous rock ER1 

8110 ER3 

(Scree) 

SlicScree (or 

SilcLoose) 

Siliceous scree and loose 

rock 

ER3 

3260 FW1 

(Eroding 

upland 

rivers) 

RunUA (or 

RunUN (non-

Annex)) 

Eroding upland rivers FW1 
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7230 PF1 

(Calcareous 

or mineral- 

rich flush) 

RFLU1a, 

RFLU1b, 

RFLU2 or  

RFLU3 

Carex viridula 

oedocarpa - Pinguicula 

vulgaris - Juncus 

bulbosus; Eleocharis 

quinqueflora – Carex 

viridula; Carex panacea 

– Carex viridula subsp. 

Oedocarpa. 

PF1 

NA PF2 (poor 

flush) 

PFLU1, 

PFLU2, 

PFLU4a, 

PFLU4b 

Carex nigra/echinata - 

Sphagnum denticulatum; 

Juncus effuses – 

Sphagnum spp. 

PF2 

7140 PF3 

(Transition 

mires) 

PFLU5 High Sphagnum cover 

coupled with an 

appreciable cover of 

sedges, particularly 

Carex limosa and Carex 

lasiocarpa 

PF3 

NA WD4 

(Conifer 

plantation) 

NA  Conifer plantation WD4 

7220 FP1 

(Calcareous 

springs) 

SPG2i (or 

SPG2ii (non-

Annex)) 

Palustriella commutata 

and Bryum 

pseudotriquetrum spring, 

often accompanied by 

low amounts of Carex 

nigra and Carex viridula 

FP1 

NA FP2 (Non-

calcareous 

spring) 

SPG1a or 

SPG1b 

Characterised by 

Philonotis fontana, 

Saxifraga stellaris, 

Dicranella palustris, 

Montia fontana and 

FP2 
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Chrysosplenium 

oppositifolium 

NA FS2 

(Swamps) 

NA Tall-herb swamps FS2 

3160 FL1 

(Dystrophic 

lakes) 

OpenDA (or 

OpenDN (non-

Annex)) 

Dystrophic lakes and 

pools 

FL1 

NA HD1 

(Bracken) 

BK1 Dense bracken HD1 

 

Table 2-8 Environmental parameters recorded at the polygon level. 

Environmental parameter Recorded parameters 

Macrotopography  

 

Flat, Gentle, Steep, Depression, Hilltop 

Microtopography (positive indicators 

(nanotopes))  

 

Pools, Patterning, Hummocks, Lawns, Flats 

Microtopography (negative indicators 

indicative of degradation) 

Bare peat, Colonising trees, Algal mat 

General wetness  Firm, Soft, Very soft, Quaking 

Anthropogenic impacts (further negative 

indicators indicative of degradation) 

Drains, Grazing, Bog burst, Vehicle tracks, 

Subsidence, Large cracks, Small cracks, Rill 

erosion, Gully erosion, Burning 

2.8.1.2. Quadrat (relevé) surveys 

Perrin et al. (2014) detail that larger or more variable areas of habitat will require a greater 

number of quadrat monitoring stops (or relevés) for adequate assessment of a site, with 

comprehensive 2 m x 2 m quadrats recommended. However, it is noted that the variability 
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within a habitat does not necessarily increase with area and generally proportionately fewer 

monitoring stops are required for larger areas (see Appendices Figure 11-82). Perrin et al. 

(2014) from extensive experience surveying upland areas in Ireland recommend from his 

experience to survey 8 quadrats for 10 - 50 ha, 12 quadrats for 50 - 100 ha, and 16 quadrats 

for 100 – 500 ha. The six intact and degraded sites in this study ranged from 41.5 – 239.1 ha. 

In total 168 quadrats were assessed in this study, 0.22 quadrats per hectare.  

Perrin et al. (2014) recommend all vascular plants, bryophytes and terricolous macrolichens 

contributing cover in vertical projection within a quadrat should be identified to at least species 

level and recorded (cover of each species identified in a quadrat to be recorded in the same 

manner as the polygon cover scoring described above). As species identification of 168 

quadrats would be extremely time consuming and would not provide any futher detail on the 

condition of the sites (allowing linkage with hydrological data for the purposes of this study), 

it was decided to carry out this part of the assessment with the broad grouping of species by 

Plant Functional Type (PFT). PFT is a system used classify plants according to their physical, 

phylogenetic and phenological characteristics and relates to sets of plants that exhibit similar 

responses to environmental conditions and have similar effects on te dominant ecosystem 

processes (e.g. in relation to water availability or succession) (Gitay and Noble, 1997). Their 

identification and the estimation of their abundance is highly relevant to the assessment of 

ecosystem funtions, thus PFT’s can provide a good representation of the status or condition of 

a site. For example, Fernandez Valverde and Douglas (2019) used PFT’s as a proxy for a 

Structure & Functions condition assessment. PFT data such as Sphagnum and bare peat 

percentage cover were used as part of their assessment criteria, along with microtopographic 

features associated with intact good condition peatlands such as Sphagnum hummocks, 

hummocks, lawns, flats, pools and factors associated with degradation of peatlands such as 

drains, grazing and turf cutting. 

Quadrats were surveyed within every polygon to provide additional descriptions of the 

vegetation composition along with parameters such as positive and negative indicators of 

habitat quality. Quadrats were carried out using presence/absence and % cover of the main 

PFT’s along with other parameters indicative of habitat quality, i.e., Ericoid shrubs maximum 

height, dead ericoids (i.e., dead Erica species), tussocks of Eriophorum vaginatum and 

Trichophorum germanicum, woody vegetation, ericoid dwarf shrubs, total graminoids 

(grasses, sedges, forbs), Sphagnum mosses, other bryophytes (brown mosses, liverworts), 

lichens (indicative of lack of burning), litter and bare peat. A 2 m x 2 m quadrat was chosen 

as the most representative of the habitats/communities that covered more than 5 % of the 

polygon. The subjective placement of quadrats in this methodology is not fully consistent with 

the random, stratified sampling methodology that is recommended, but was appropriate for the 
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requirements of this study. Where a hydrological monitoring point was located within the 

polygon, the quadrat was chosen in the vicinity. Prior knowledge of the location and extent of 

the relevant habitats would be required for the recommended method to be applied, however 

this was not possible as data for condition assessment were recorded in tandem with the 

mapping of the habitats. Hydrological (water table) monitoring was carried out in some 

polygons (for locations see Figure 4-3, Figure 4-6 and Figure 4-9), associated with nearby 

quadrats within that polygon, however this was not carried out in every polygon or for every 

quadrat as there was not enough monitoring equipment available and would not have been 

feasible with the limited personnel working on this project.  

We used the same percentage cover scores as Perrin et al. (2014) for polygon and quadrat 

scoring. The adapted survey specifically took into account attributes such as Sphagnum cover 

(% value), micro-topography (hummocks, hollows, flats, Sphagnum lawns and pools), 

presence of adjacent drains and bare peat cover (% value). Such attributes are considered 

indicators of habitat quality and hydrological functioning which may also help to define areas 

of ‘active’ and non-’active’ BB ((Duchas; Department of Agriculture & Food, 1999), 

(Fernandez Valverde et al. 2014), (Fernandez Valverde et al. 2019)). Perrin et al. (2014) 

recommend that topography should be recorded as either flat, lower slope, mid-slope, upper 

slope, near vertical or vertical. Parameters used in this study were; flat, gentle slope, steep 

slope and hilltop. Digital photographs were taken from the south-west corner of each quadrat 

(examples in Figure 4-1, Figure 4-7 and Figure 4-4). All data was digitally entered following 

fieldwork and was backed up regularly. 

2.8.2. Condition assessment methodology 

The aim of this section was to define each site in terms of condition (intact or degraded) or as 

‘active’ (peat-forming according to the Habitats directive (Directive 92/43/EEC, 1992)). 

Assessing condition is important for management and conservation targets, such as that set by 

the EU Habitats directive (Directive 92/43/EEC, 1992).  

RB vegetation types with Sphagnum species cover over 40-50% cover on typical midland RBs 

and 30-40% on western RBs are classified as ‘active’ (peat-forming) as described by 

Fernandez Valverde et al. (2014). Schouten (1984) notes that RB Sphagnum cover is often > 

50 %, whereas on BBs can be < 10 %, except for upland eastern BB in Ireland where cover 

can be between 10 – 50 %. In a further study by Fernandez Valverde and Douglas (2019) 

carried out in a BB adjacent to the Letterunshin site studied in this project (Fiddandarry, Co. 

Sligo) a threshold of <10-20% was employed to represent low Sphagnum cover for a Structure 

& Functions condition assessment. Fossitt (2000) however notes that Sphagnum cover can 
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remain high on undamaged intact BB, thus for the purposes of this report a threshold of > 20 

% Sphagnum cover was used to represent peat forming areas in the BB study sites.  

Fossitt (2000) also considers anthropogenic damage severe if over 5% of an area of bog is bare 

or eroding. Fernandez Valverde and Douglas (2019) also used bare peat percentage cover as 

part of the assessment criteria, employing a threshold of 5 % bare peat cover (anything over 

this failed the condition assessment). Additionally, microtopographic features associated with 

intact good condition peatlands (Sphagnum hummocks, hummocks, lawns, flats, pools) and 

factors associated with degradation of peatlands (drains, burning, grazing and turf cutting) 

were also employed to assess condition. Sottocornola et al. (2009) notes that the surface of 

intact BBs generally forms a mosaic of vegetation communities organized in undulating 

microforms: hummocks, lawns and hollows that are supported by differences in water tables. 

In ecological research peat depth is often used as an abiotic parameter when defining BBs. 

However there is some debate about the defining threshold of peat depth, with depth of 45 cm 

on undrained bog usually regarded as sufficient and 30 cm on drained bog, with depths < 0.5 

m often associated with heath habitats (Fossitt, 2000). For the purposes of this assessment, a 

threshold of 0.5 m peat depth was used as an indicator of BB condition.  

All of these criteria were included for the condition assessment carried out in this study. 

Sphagnum cover under 20%, peat depth under 0.5 m and bare peat over 5 % were considered 

a fail in this assessment. The absence of nanotopes such as pools, hummocks, Sphagnum 

hummocks, lawns and flats recorded during surveying (representing good condition) were 

considered a fail. Features associated with anthropogenic management such as the presence of 

drains, turf cutting, grazing and burning were scored as follows: 0 = absent and 1 = present; 

with a score of 1 being considered a fail. Grazing was scored as either 0 = absent, 1 = light or 

2 = intense, with a score of 2 considered a fail. The multi-criteria analysis used to determine 

condition are summarised in Table 2-9 below.  

A final pass or fail result was given to each quadrat based on the aforementioned criteria, 

allowing final determination of the percentage of intact (‘active’/good condition) or degraded 

(‘inactive’/poor condition) BB in each of the six sites.  

Table 2-9 Criteria used in assessment to determine pass or fail of polygons 

Criteria employed to determine pass or fail assessment: 

Sphagnum cover under 20 % = fail 

Peat depth under 0.5 m = fail 
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Bare peat over 5 % = fail 

Microtopography (pools, hummocks, Sphagnum hummocks, lawns) absent = fail 

Anthropogenic management (grazing) intense = fail 

Anthropogenic management (drains, turf cutting and burning) present = fail 

4.3.3. NMDS Ordination methodology 

NMDS is a multi-dimensional ordination technique that allows vegetation data to be plotted 

in ordination space based on habitat or PFT observed abundances. When attempting to identify 

underlying environmental gradients, NMDS is superior to Principal Components Analysis 

(PCA), and various Correspondence Analyses (CA) because it is more robust, especially in 

two dimensions, against the effects of curvilinear distortion (Minchin, 1987). NMDS is an 

appropriate ordination method for analysis of vegetation data as it uses ecologically significant 

ways of measuring community dissimilarities (Oksanen, 2015).  

The stress value reflects how well the ordination summarizes the observed distances among 

the samples. Therefore, with NMDS analysis there is no unique ordination result, the axes of 

the ordination are not ordered according to the variance they explain and the number of 

dimensions must be specified before running the analysis. NMDS thus allows sites and species 

to be plotted in ordination space with the goal of organising sites in a low number of 

dimensions (usually 2–3, but can be between 1-10) such that “stress” between objects (sites 

and species) is minimized (Minchin, 1987). Stress is computed as a function of residuals and 

is therefore analogous to the “goodness of fit” metric used in ANOVA (Minchin, 1987), 

representing a good dissimilarity measure.  

For the NMDS analysis, the data were grouped by vegetation types (habitat/community) and 

by Plant Functional Type (PFT) from a data matrix of 134 polygon samples X 20 vegetation 

type and 168 quadrat samples X 12 PFT’s). Ordination then calculates a distance matrix by 

measuring the dissimilarity (or similarity) between each pair of samples.  

Bray-Curtis index is used for quantitative data (abundance) and its analogue (Sørensen index) 

for qualitative data. Two samples, which contain the same species with the same abundances, 

have the highest similarity (and lowest dissimilarity or distance); the similarity decreases (and 

dissimilarity/distance increases) with the differences in their species composition. All cluster 

and ordination methods operate with similarities or distances between samples. Presence-

absence (qualitative) and abundance (quantitative) species composition data carry different 

type of information, and their analysis can have different meanings.  



134 

 

Normally, NMDS must be performed iteratively in order to find the solution (plot of sites and 

species (or PFT’s) objects in ordination space) that minimizes disparities between actual 

dissimilarities and rank-order dissimilarities, but the metaMDS function automatically 

performs this iterative search for the optimal solution with the best stability (represented by a 

low stress value of <0.2 (Clarke, 1993)).  

Environmental vectors and water table depths were overlaid onto the ordination data (either 

polygon or quadrat data) using the ‘envfit’ function of the vegan package in R statistical 

environment, where each vector (environmental variable) is independently fitted to the 

underlying ordination. Function ‘ordiplot’ was used to visualise clusters in the resulting 

ordination cluster plots.  

The data were screened prior to analysis, some plots representing habitats or communities 

unrelated or very distinct from the main dataset were also excluded, e.g. Plantation forestry 

(WD4) was removed as including it skewed the whole data output. Similarity index used: 

Sørensen dissimilarity for qualitative (binary) data and percentage difference (known also as 

Bray-Curtis distance) for quantitative data. The number of replicable starts were minimum 100 

and maximum 300, and number of specified axes were 2. This preparation resulted in a dataset 

of 134 polygons samples and 168 quadrats samples and for vegetation analysis. 

The NMDS analysis presented in this section was conducted in R statistical environment (R 

Core Team 2020) using the vegdist function of the vegan package to calculate a Bray-Curtis 

dissimilarity matrix and the metaMDS function of the MASS package which performs the 

ordination. 

Similarity index used: Sørensen dissimilarity for qualitative (binary) data and percentage 

difference (known also as Bray-Curtis distance) for quantitative data. Using quantitative 

Sørensen distance measure has been shown to be one of the most effective measures for 

ecological community analysis, being less prone to exaggerating the influence of outliers and 

retaining greater sensitivity with heterogeneous datasets (McCune and Grace, 2002). 

Differences in habitat/community distribution were tested using permutational multivariate 

analysis of variance (PERMANOVA, (Anderson, 2001)) using the ‘adonis’ function in vegan 

package in R Statistical Environment.  

2.9. Water Quality Methodology  

Colour, OC in the form of Total (dissolved and particulate) Organic Carbon (TOC) and 

fluorescent Dissolved Organic Matter (fDOM) were monitored from water samples from all 

sites throughout the monitoring period (April/July 2018 – March 2019).  
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2.9.1. Colour (Pt-Co units) by spectrophotometry 

Teledyne ISCO 6710 and HACH AS950 automatic portable samplers were used to collect 

monthly water samples from the sites (see Teledyne Isco (2016) and HACH (2015) for 

operational guidelines). The samplers were positioned at the outlet of each of the three intact 

and degraded sites once a month for 7 days to collect one water sample every 7 hours, therefore 

collecting 24 samples within the week (see Figure 2-7, Figure 2-8 and Figure 2-9 for locations 

of monitoring outlet points in each site/catchment). The samples were then analysed (in a 

laboratory in Queen’s University Belfast) for colour (platinum-cobalt (Pt-Co) units) by 

spectrophotometry using HACH DR 2000 instrument following the recommended method for 

analysing colour (HACH, 1990) and Specific Electrical Conductivity (SEC) (µS/cm). These 

results, along with discharge and rainfall from the catchment, were used to select samples of 

interest from the 24 samples collected over the weeklong sampling period. The selected 

samples were also analysed for: 

1. TOC (in an external laboratory (ALS, Dublin)).  

2. fDOM (Fluorescent Dissolved Organic Matter) within Dundalk Institute of 

Technology, Dundalk, Co. Louth (DkIT). 

Note: the HACH instrument for measuring colour was quite old and ‘instrument drift’ was 

noted a number of times when analysing samples, therefore the instrument had to be zeroed 

often (approx. every 10 samples) to avoid such drift occurring. 

2.9.2. Total Organic Carbon (TOC) 

Total organic carbon (dissolved and particulate organic carbon combined) (TOC) was 

measured by an external analytical laboratory (ALS Environmental Ltd., Dublin) using a TOC 

Analyser which uses online sample digestion followed by Conductivity or Infra-Red detection. 

Dissolved Organic Carbon (DOC) was measured in the same way, after first filtering the 

sample through a 0.45 µm filter prior to analysis. Both TOC and DOC were reported as mg/l. 

Only the results from TOC are presented in this chapter.  

2.9.3. fDOM 

Fluorescence excitation-emission matrices (EEMs) were collected with a Cary Varian Eclipse 

Fluorescence Spectrometer in 5 nm steps over an excitation range of 240-450 nm and 2 nm 

steps over an emission range of 300-600 nm from samples taken from all sites between July 

2018 - March 2019. Samples examined in this study accounted were 269. The analysis of 

fluorescence and absorbance spectra of DOM was done in R version 3.6 (R Core Team 2020) 

and the packages eemR and stardom. An R script was developed based on published scripts 

(Pucher, 2020). Pre-processing of the fluorescence data included spectral correction, blank 
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correction, inner-filter effect correction, Raman normalization, scatter removal, interpolation, 

and outlier identification by visual checks.  

A series of PARAFAC models were calculated and compared (5 models with 3 to 7 

components were calculated), to find the minimum of the residual function. The model with 

the smallest error was then used for further analyses. Using parallel factor analysis 

(PARAFAC), five components were identified (Murphy et al., 2013), two reported humic-like 

components of terrestrial origin (C1 and C3) and two reported protein-like components from 

autochthonous sources (tryptophan-like C2 and tyrosine-like C4) (Graeber et al., 2012; 

Stedmon and Markager, 2005; Yamashita et al., 2011) and a fifth non-humified fluorophore, 

suggested to originate from a protein-like DOM (C5) from groundwater (Inamdar et al., 2012) 

and also tryptophane-like (Graeber et al., 2012).  

2.9.4. Hysteresis 

A storm was defined as any hydrological response to rainfall which resulted in a rising and 

falling limb and where discharge increased by at least 20% of baseflow (Lloyd et al., 2016). 

Discharge was plotted against TOC to analyse for characteristics of hysteresis for the Garron 

site during three storm events in June, September and October 2018. A series of metrics 

(outlined in section 1.6.6.4) were then calculated to describe the storm event and the resultant 

hysteresis loops (Lloyd et al., 2016). The Hysteresis Index (HI) for each storm period was 

calculated by using 10 % interval of discharge and the mean was used as the final HI value for 

the storm (see Table 8-9, Table 8-10 and Table 8-11). The data were processed and normalised 

using the following equations from Lloyd et al. (2016). 

The authors recommend that sections should be calculated at least every 10% of the discharge 

range (see Figure 1-11). This approach was adopted for the analysis of hysteresis plots in this 

study. 

The analysis of the hysteresis plots was carried out using the recommended minimum interval 

of discharge (10%) recommended by Lloyd et al. (2016) (see section 1.6.6.4) and the mean 

was used as the final HI value for the storm. The new index uses the difference between the 

normalised TOC values on the rising and falling limb at each increment of discharge rather 

than the ratio.  

The data were processed and normalised using the following equations from Lloyd et al. 

(2016): 

 

Normalised TOCi =TOCi −TOCmin  

TOCmax−TOCmin 
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And  

 

If TOCRL >TOCFL (clockwise hysteresis) 

Or, if TOCRL <TOCFL (anticlockwise hysteresis), 

 

where TOCi is the TOC at timestep i, TOCmin is the minimum storm parameter value and 

TOCmax is the maximum storm parameter value, and TOCRL is the rising limb TOC and TOCFL 

is the falling limb TOC (Lloyd et al., 2016).  

The new index developed by Lloyd et al. (2016) uses the difference between the TOC values 

on the rising and falling limbs of the normalised storms, rather than a ratio, and effectively 

normalises the rising limb at every measurement point, thereby resulting in a hysteresis index 

(HI) between−1 (solute dilution) and 1 (solute release):  

HInew =TOCRL_norm−TOCFL_norm. 

 

where TOCRL_norm and TOCFL_norm are the normalised TOC mean TOC values at discharge Q 

on the rising and falling limbs of the hysteresis loop, respectively.  
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3. CHARACTERISING BASELINE 

ECOHYDROLOGICAL CONDITIONS IN BB - 

LINKING WATER TABLE FLUCTUATIONS TO 

VEGETATION, SLOPE AND CONDITION 

3.1. Introduction 

In this chapter a similar approach to that developed for RBs is employed to investigate linking 

of vegetation communities, slope and site condition to water table fluctuations in BB 

ecosystems. BBs unlike RBs, are not contained units and develop in stages and resulting in a 

variety of vegetation patterns where vegetation communities are dependent not only on the 

source of water, but also on the degree of waterlogging and variability of water supply (Labadz 

et al., 2010). Findings from recent studies across Ireland suggest that the current conceptual 

model of BB ecohydrology requires further development before ecosystem services may be 

quantified (Moe et al., 2010; DAHG, 2015). 

There is a notable lack of integrated studies, particularly studies focussed on groundwater and 

surface water regimes linked to vegetation and condition (intact as well as degraded condition). 

Many published studies focus largely on BBs impacted by anthropogenic disturbance, but 

there is also a requirement to investigate processes operating on intact BB and link these to 

ecological responses, thus providing a baseline for assessing the impacts to ecosystem services 

in areas of anthropogenic disturbances.  An appropriate ecohydrological conceptual model is 

required. 

For example it has been suggested that intact or undisturbed peatlands may play a role in flood 

risk mitigation (Charman, 2002) yet some authors refute this (e.g. Labadz et al, (1991), Holden 

and Burt (2003), O’Brien, (2009)). Factors such as landscape location and configuration, soil 

characteristics, topography, soil moisture status and management influence flood mitigation 

abilities of an ecosystem and need to be taken into account (Acreman and Holden, 2013). 

Riparian wetlands (those on river floodplains and at the side of streams) may be good flood 

attenuators, acting as shallow reservoirs to delay flow as it passes downstream, however Rydin 

and Jeglum, (2006) suggest that bogs do not act to delay flow into streams. Grayson et al. 

(2010) argue this is due to the lack of reliable evidence to show whether ditch infilling or 

revegetation of bare and eroded blanket peatlands has any impact on the flood peak 

downstream. 
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The importance of establishing hydrological conditions as an essential abiotic element for 

supporting the ecological conditions has been noted in many studies (O’Brien. et al., 2007; 

Thompson and Waddington, 2008; DAHG, 2015). Understanding of interactions between 

ecology and hydrology (ecohydrology) is limited (Thompson and Waddington, 2008) and 

targeted restoration conditions remain poorly defined, due to a lack of information on aspects 

of the ecohydrological functioning of intact BB catchments. Understanding of peatland 

hydrology and its interaction with the entire ecosystem has been somewhat overlooked 

previously but in the last two decades research in this area has increased, however the focus 

has been primarily on RBs with BBs being relatively neglected, thus improved understanding 

of BB hydrology is required (DAHG, 2015).  

Characterising hydrological processes from relatively intact BBs provides a basis for 

understanding baseline conditions in undisturbed systems, thus allowing targeted restoration 

conditions and thresholds to be defined, while also quantifying ecosystem services that intact 

BBs provide to water. Further work is necessary to establish the extent to which anthropogenic 

impacts to peat affect water table fluctuations and vegetation composition. This includes 

establishing a better understanding of relationships between the condition of the peatland, 

vegetation and hydrological functioning. Specifically: 

a) the relationship between vegetation communities and the spatial variability of 

hydrological characteristics of the peatland surface, e.g. mean depth to water table 

b) the effect of slope on water table fluctuations and 

c) effects of vegetation type on water tables  

This chapter aims to evaluate the extent to which hydrological conditions within the BBs 

studied, represented by water table fluctuations, can be linked to vegetation communities, 

slope and site condition, to better characterise BB ecohydrology and the ecosystem services it 

provides to water. The findings of the research presented in this chapter provide a basis for 

quantification of ecosystem services provided by BBs to water, focused on characterising 

hydrological processes operating in relatively intact catchments. High resolution temporal 

water table monitoring carried out from mid-2017 until early-2019 is presented and has 

permitted linkages between hydrology and ecology and a better understanding of how water 

behaves in catchments containing blanket peat.  

3.2. Research objectives  

• Quantify spatial and temporal water table fluctuations in all three study sites, using 

hydrographs 
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• Demonstrate differences in water table fluctuations within intact and degraded areas in each 

study site 

• Investigate relationships between seasonal, vegetation and slope related variations in water 

table fluctuations in the study sites  
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3.3. Results and discussion 

3.3.1. Precipitation  

Precipitation data were collected from rain gauges/weather stations installed across the study 

sites, allowing groundwater responses to rainfall to be quantified. Due to instrument damage 

by livestock and further technical errors, some gaps (approx. 2 months) in the precipitation 

data existed. To compensate for the missing data, precipitation data collected from the 

monitoring gauges/stations were compared with other gauges installed onsite and with nearby 

meteorological stations also. Data that correlated was corrected and used to replace the missing 

data in the main precipitation datasets.  

An example in Figure 3-1 shows a comparison of Letterunshin main weather station collecting 

precipitation data (located at monitoring well A) with another rain gauge onsite (located at 

monitoring well D). The figure shows comparable trends with both rain gauges, and Figure 

3-2 highlights the correlation between the data is good (R2 = 0.6471). The slight difference in 

the data may be due to different brands of weather stations. The data from rain gauge D was 

corrected and therefore used as a substitute for the missing period of data from the main rain 

gauge (A) between October – December 2018. Comparison of intra-catchment variability 

between multiple gauges within each of the 3 sites showed low variability between gauges (P 

< 0.05). 

 

Figure 3-1 Comparison of two rain gauges from Letterunshin site from period of overlapping 

monitoring (see Figure 2-7 for rain gauge locations). 
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Figure 3-2 Correlation between data from Figure 3-1 

Precipitation data from nearby meteorological stations, permitted precipitation rates to be 

quantified and compared. Figure 3-3 shows the results of cumulative rainfall measurements 

from Cuilcagh with data from Met Eireann and UK Met Office meteorological stations. The 

Met Eireann and UK Met Office meteorological stations used for comparison with Cuilcagh 

rain gauge were: 

1. Cuilcagh Mountain (Co. Cavan, Met Eireann station #2037) at elevation of 290 

mAMSL; 

2. Ballyhaise (Co. Cavan, Met Eireann station #675) at elevation 78 mAMSL; 

3. Armagh (UK Met Office) at elevation 62 mAMSL. 

The data in Figure 3-3 display a close correspondence, with Cuilcagh rain gauge and Cuilcagh 

Mountain Met Eireann station showing similar trends and Armagh and Ballyhaise showing 

similar, albeit lower trends. Mean precipitation at Cuilcagh site rain gauge (1909) is 

comparable to the 30 year mean reported by Met Eireann (Cuilcagh Mountain station, Co. 

Cavan, station #2037) (1999), however both Letterunshin and Garron sites show differences 

from the mean precipitation recorded by Met services (Table 3-1).  Ballyhaise and Armagh 

stations show differences and therefore are not good proxies for substitution. The Cuilcagh 

Mountain Met Eireann station proves to be a good proxy for the Cuilcagh rain gauge and can 

be used as a substitute for any missing periods of data from the main rain gauge (A).  
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Figure 3-3 Comparison of 3 nearby Met Eireann meteorological stations (Knock Airport, 

Ballina and Cloonacool) with Letterunshin rain gauge (no data for Cloonacool 

for December 2017). 

Table 3-1 Elevation and rainfall data for each site and closest Met Eireann/UK Met Office 

meteorological station 

 Letterunshin Garron Cuilcagh 

Elevation at rain 

gauge (mAMSL)  

 

142 304 314 

Mean precipitation 

over monitoring 

period (mm/year) 

 

984 1092.4 1909.3 

Met Eireann
1
/UK 

Met Office
2
 Weather 

Station close to site 

Cloonacool (Lough 

Easkey) station, Co. 

Sligo (#3135)
1
 

 

Ballypatrick 

Forest, 

Co. Antrim
2 

 

Cuilcagh 

Mountain station, 

Co. Cavan 

(#2037)
1
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Elevation (mAMSL)  

 

204 156  290  

30 year mean 

precipitation 

(mm/year) 

1598 1313  1999  

 

3.3.2. Hydrographs and seasonal water table comparison 

3.3.2.1. Effects of summer 2018 on water tables  

Hydrographs were created to demonstrate the seasonal variability in water table fluctuation 

from summer 2017 until the end of winter (January/February) 2019 for intact sites, thus 

spanning almost two hydrological years. Degraded sites were monitored from summer 2018 

to spring 2019, just short of one hydrological year. 

Figure 3-4 shows an example of a hydrograph from a monitoring well and demonstrates the 

marked difference in water table fluctuations between summer (defined as April - September) 

2017 (a wetter summer) and summer 2018 (a much drier summer with very low rainfall 

between in June and July, <4 mm per month), reflected by the rainfall intensity. Met Eireann 

report that the summer of 2018 stands out as one of the warmest and driest summers on record 

for Ireland, with drought conditions recorded at 21 stations at various times between the 22nd 

May and the 14th July 2018, some with the driest summer on record in 56 years (Moore et al. 

2018). This difference is also highlighted in the box and whisker plot in Figure 3-5 (box and 

whisker plots were constructed using the automated logger data) and comparisons of summer 

monthly data with 30 year averages (Met Eireann Cloonacool (Lough Easkey) station #3135) 

are given in Table 3-2.  

At all sites investigated water levels within monitoring wells increased with rain events, 

resulting in a temporary increase in storage. Water table fluctuations for most of the year for 

the monitoring well in Figure 3-4 are less than 10 cm, however large decreases (water table 

dropped to -0.6 cm in July) in depth to water table occurred with negligible precipitation in 

both June (23.8 mm) and July (3.4 mm) 2018 (highlighted with black boxes in Figure 3-4), 

resulting in a release of water from storage and depths to water tables increasing. After this 

dry period in summer 2018, all water tables from intact sites did not return to similar per-

drought levels as seen in winter 2017, staying at a lower level for the remainder of 2018 winter, 

into early 2019 (Figure 3-4, Figure 3-6 and (Figure 8-3 through Figure 8-28). The water table 
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depth for this monitoring well (LB) prior to the drought period in 2018 was above -0.2 m 

(below ground surface) for 95 % of the monitoring period (Figure 3-4), however with the 

effects of the drought the water table drops to a max of -0.6 m (below ground surface) during 

the summer of 2018. The recovery period with the onset of autumn rains in 2018 raised the 

water table levels to approximately -0.25 m (below ground surface), but the levels did not 

recover to the pre-drought levels of -0.2 m in 2017.  

 

Figure 3-4 Hydrograph from monitoring well LB at intact area in Letterunshin site (see Figure 

2-7 for location on map) demonstrating the seasonal variability in water table 

level with response to rainfall showing a large decrease in depth to water table 

in summer 2018 after lower summer rainfall compared with 2017 (highlighted 

with blank boxes). The red line indicates the beginning of stressful hydrologic 

environment (water table depth of ~ -0.2 metres below ground surface) for 

Sphagnum species. Below this critical level Sphagnum species can become 

stressed and ‘at risk’ of dying out. 

Table 3-2 Monthly rainfall from Letterunshin rain gauge compared to Met Eireann 30-year 

averages (1978 - 2018) 

Month May June July August 
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30 year average (Met Eireann 

Cloonacool (Lough Easkey) station 

#3135 (mm) 

98 104.4 122.8 132.5 

Letterunshin rain gauge 2018 

(mm) 

6.4 

 

23.8 

 

3.4 

 

2.6 

The box and whisker plots in Figure 3-5 and Figure 3-6 demonstrate the difference in depths 

to water table in summer and winter seasons between the two hydrological years, i.e., 2017 vs 

2018. Figure 3-5 shows the median of the 10th and 90th percentile of automated logger data 

from all sites, highlighting the difference between summer 2017 and 2018 depths to water 

table. The box and whisker plot reveals that there is minimal difference (p = 0.102) between 

highest depth to water table between the two summers (10th percentile data), however lowest 

depth to water tables differ significantly between 2017 and 2018 summers (p = 0.00001). 

Summer 2017 lowest depth to water table is approximately 10 cm below ground surface, 

however in 2018 this drops to approximately 42 cm below ground surface (Figure 3-5). 

Figure 3-6 shows a similar scenario, with differences between medians for all sites for winter 

2017 and 2018 highlighted. Depths to highest water table are more comparable at approx. 2 

cm below surface in 2017 and 7 cm below surface in 2018 albeit still significantly different (p 

= 0.007), but depth to water table shows a larger disparity of 10 cm below surface in 2017 and 

20 cm below surface in 2018 (p = 0.001). 
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Figure 3-5 Showing median highest 10th percentile and lowest 90th percentile water tables for 

all sites during summer 2017 and summer 2018. The red line indicates the 

beginning of stressful hydrologic environment (water table depth of ~ -0.2 

metres below ground surface) for Sphagnum species. Below this critical level 

Sphagnum species can become stressed and ‘at risk’ of dying out. 
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Figure 3-6 Showing median highest 10th percentile and lowest 90th percentile water tables for 

all sites during winter 2017 and winter 2018. The red line indicates the beginning 

of stressful hydrologic environment (water table depth of ~ -0.2 metres below 

ground surface) for Sphagnum species. Below this critical level Sphagnum 

species can become stressed and ‘at risk’ of dying out. 

3.3.2.2. Intact and degraded water table comparison 

Within the degraded areas studied, depth to water tables were greater compared to the intact 

areas. This is clearly evident in the Letterunshin site where the degraded area exhibits lower 

depths to water tables compared with the intact site (Figure 3-7). Figure 3-7 shows a 

hydrograph for a monitoring well in Letterunshin degraded site (L1), highlighting the low and 

fluctuating water table in the degraded part of the site. All intact monitoring wells (blue lines) 

stay above the critical level for Sphagnum growth (red line on Figure 3-7 indicates the 

beginning of stressful hydrologic environment (water table depth of ~ -0.2 metres below 

ground surface) for Sphagnum species), except for monitoring well LB (HH3 – wet heath 

habitat). All degraded site monitoring wells fall below the critical level for approximately 45% 

of the monitoring period in Figure 3-7. Figure 3-8 further highlights the effect of degradation 

at the Letterunshin site with low and highly fluctuating water tables demonstrated from 
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monitoring well L1. Comparing the water table fluctuations demonstrated from monitoring 

well L1 in Figure 3-8 with the critical level (red line) further demonstrates that this monitoring 

well is below the critical level for the majority (95 % from Figure 3-7) of the monitoring 

period. 

 

Figure 3-7 Water level duration curve showing monitoring wells in Letterunshin intact and 

degraded site sites during winter 2018 coloured by site. Blue lines are intact sites 

and black lines are degraded sites. The red line indicates the beginning of 

stressful hydrologic environment (water table depth of ~ -0.2 metres below 

ground surface) for Sphagnum species. Below this critical level Sphagnum 

species can become stressed and ‘at risk’ of dying out. 
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Figure 3-8 Hydrograph from monitoring well L1 at Degraded area in Letterunshin site 

demonstrating the seasonal variability in water table level with response to 

rainfall (see Figure 2-7 for location of this monitoring well in the Letterunshin 

degraded site). The red line indicates the beginning of stressful hydrologic 

environment (water table depth of ~ -0.2 metres below ground surface) for 

Sphagnum species. Below this critical level Sphagnum species can become 

stressed and ‘at risk’ of dying out. 

Figure 3-9 shows a box and whisker plot generated to illustrate the difference in median 

highest (10th percentile) and lowest (90th percentile) summer 2018 depths to water tables 

comparing Letterunshin intact and degraded sites (using automated logger data). The box and 

whisker plot highlights that there is minimal difference between highest depth to water table 

between intact and degraded sites (p = 0.53) with intact highest at -0.09 m and degraded 

highest at -0.08 m, however lowest depths to water table are significantly different, with 

median levels at approximately -0.34 m below and -0.58 m below ground surface (p = 0.006) 

for intact and degraded sites respectively.  

Figure 3-10 also shows the median highest (10th percentile) and lowest (90th percentile) depths 

to water tables from all sites, highlighting the difference between water table depths below 

ground surface in intact and degraded areas during winter 2018. The box and whisker plot 

highlights the same situation as with summer data, there is minimal difference between highest 
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water table levels between intact and degraded sites (p = 0.89) with both at ~ -0.06 m below 

surface, however lowest water table depths differ, albeit not significantly (p = 0.14), with intact 

lowest of -0.14 m and degraded lowest -0.26 m.  

However when comparing within site variation (between intact and degraded in Letterunshin, 

Cuilcagh or Garron sites), only Letterunshin degraded site displays significantly lower depths 

to water table compared with Letterunshin intact site (summer  P = 0.007 and winter P = 0.01) 

(Table 3-3 and Table 3-4). Garron degraded site displayed significantly higher depths to water 

table (Table 3-4), with some areas above ground (range -0.051 m – +0.2 m) compared with 

Garron intact site (range -0.119 m – -0.039 m) during winter 2018 (P = 0.02, for highest 10th 

percentile data only).  

Comparison of data from Cuilcagh and Garron degraded and intact sites display no significant 

differences (Cuilcagh: summer 2018 P = 0.29 and winter 2018 P =0.35; Garron: summer 2018 

P = 0.76 and winter 2018 P =0.47), indicating that the degraded areas in these sites are less 

impacted than the Letterunshin degraded site. 

The highest median water table depths during the dry summer in 2018 in Letterunshin intact 

site are significantly different to overall depths observed in the Letterunshin degraded site (p 

= 0.007) (Table 3-3). 

 

Figure 3-9 Box plot showing median highest (10th percentile) and lowest (90th percentile) 

summer 2018 water table depths from monitoring wells in all intact and degraded 

sites. The red line indicates the beginning of stressful hydrologic environment 
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(water table depth of ~ -0.2 metres below ground surface) for Sphagnum species. 

Below this critical level Sphagnum species can become stressed and ‘at risk’ of 

dying out. 

 

 

Figure 3-10 Box plot showing median highest (10th percentile) and lowest (90th percentile) 

winter 2018 water tables of from monitoring wells in all intact and degraded 

sites. The red line indicates the beginning of stressful hydrologic environment 

(water table depth of ~ -0.2 metres below ground surface) for Sphagnum species. 

Below this critical level Sphagnum species can become stressed and ‘at risk’ of 

dying out. 
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Table 3-3 Highest and lowest summer 2018 water table depths for each intact and each 

degraded monitoring well. P values are shown, comparing the means of intact 

sites with their corresponding degraded site.  

  
Summer highest WT Summer lowest WT 

 
Intact L C G L C G 

 
 

 

 

 
 

 

 
Monitoring 

well code 

A -0.023 -0.164 -0.059 -0.237 -0.460 -0.458 

B -0.037 0.014 -0.115 -0.202 -0.221 -0.417 

C -0.091 -0.103 -0.153 -0.247 -0.272 -0.533 

D -0.159 -0.077 -0.136 -0.436 -0.375 -0.361 

E -0.086 -0.075 -0.074 -0.363 -0.338 -0.318 

F -0.099 N/A -0.109 -0.236 N/A -0.284 

Degraded LD CD GD LD CD GD 

1 -0.077 -0.062 -0.026 -0.979 -0.314 -0.661 

2 -0.157 -0.045 -0.041 -0.420 -1.022 -0.330 

3 -0.138 -0.068 -0.109 -0.921 -0.304 -0.284 

P value  00.25 0.58 0.11 0.007 0.29 0.77 
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Table 3-4 Highest and lowest winter 2018 water table depths for each intact and each degraded 

monitoring well. P values are shown, comparing the means of intact sites with 

their corresponding degraded site. 

  
Winter highest WT Winter lowest WT 

 
Intact L C G L C G 

 

 
 

 

 
 

 

 

 
Monitorin

g well code 

A 0.007 -0.122 -0.086 -0.015 -0.289 -0.204 

B 0.016 0.062 -0.119 -0.063 -0.017 -0.189 

C -0.058 -0.086 -0.102 -0.121 -0.159 -0.162 

D -0.149 -0.047 -0.063 -0.216 -0.139 -0.118 

E -0.053 -0.053 -0.039 -0.194 -0.142 -0.135 

F -0.070 N/A -0.102 -0.139 N/A -0.182 

Degrade

d 

LD CD GD LD CD GD 

1 -0.150 -0.012 -0.051 -0.616 -0.180 -0.215 

2 -0.113 -0.114 -0.014 -0.285 -0.443 -0.085 

3 -0.094 -0.014 0.004 -0.297 -0.108 -0.121 

P value  0.11 0.96 0.02 0.01 0.35 0.47 
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3.3.2.3. Water table fluctuations in vegetation types  

Figure 3-11 shows water level duration curves for all monitoring wells in the intact area of 

Letterunshin site (monitoring wells LA-LF) for winter 2018, with each duration curve colour 

coded to indicate the dominant vegetation type at that monitoring well location (vegetation 

types outlined in the Figure’s key). From this graph it is evident that water table fluctuations 

within the same vegetation type display similar trends, i.e., monitoring well duration curves 

within the same vegetation type are more similar to each other than monitoring well duration 

curves from a different vegetation type. (Further graphs showing duration curves grouped by 

vegetation type from other sites and seasons are showin in the Appendices; Figures 11-27 

through 11-44.)  

Similarly, monitoring well automated data from the intact area of Cuilcagh site (monitoring 

wells CA-CE) from winter 2018 are shown as duration curves (also colour coded for 

vegetation type) in Figure 3-12. Here it is very evident that BB4 community 

(Trichophorum/Eriophorum angustifolium dominated BB community (see Chapter 6 for 

vegetation descriptions)) exhibits similar trends with notably similar lowest water table depths 

for this vegetation community (all ~ -0.2 m below ground surface). However, BB3 

(Eriophorum vaginatum/Sphagnum spp. dominated BB community) shows different trends 

with different highest and lowest water table depths. Monitoring well CC (BB3 community) 

highest depth to water table is +0.07 m and lowest is -0.07 m, whereas monitoring well CA 

(BB3 community) shows highest depths of -0.09 m and lowest depths of -0.35 m. 

Monitoring well automated data from the intact area of Garron site (monitoring wells GA-GF) 

from summer 2018 are shown as duration curves (also colour coded for vegetation type) in 

Figure 3-13. It is evident from that all vegetation types in the Garron site during summer 2018 

display similar trends, with highest water table depths similar between -0.05 m and ground 

surface, however lowest water table depths show some variation between reaching depths 

below ground surface of between -0.31 m and -0.54 m. 
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Figure 3-11 Water level duration curve showing monitoring wells in Letterunshin intact site 

(LA-LF) during winter 2018 (colours represent vegetation type, see legend for 

different vegetation type descriptions). The red line indicates the beginning of 

stressful hydrologic environment (water table depth of ~ -0.2 metres below 

ground surface) for Sphagnum species. Below this critical level Sphagnum 

species can become stressed and ‘at risk’ of dying out. 
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Figure 3-12 Water level duration curve showing monitoring wells in Cuilcagh intact site (CA-

CE) during winter 2018 (colours represent vegetation type, see legend for 

different vegetation type descriptions). The red line indicates the beginning of 

stressful hydrologic environment (water table depth of ~ -0.2 metres below 

ground surface) for Sphagnum species. Below this critical level Sphagnum 

species can become stressed and ‘at risk’ of dying out. 



158 

 

 

Figure 3-13 Water level duration curve showing monitoring wells in Garron intact site (GA-

GF) during summer 2018 (colours represent vegetation type, see legend for 

different vegetation type descriptions). The red line indicates the beginning of 

stressful hydrologic environment (water table depth of ~ -0.2 metres below 

ground surface) for Sphagnum species. Below this critical level Sphagnum 

species can become stressed and ‘at risk’ of dying out. 

Box and whisker plots were generated using monitoring well automated logger data to 

illustrate the difference in highest and lowest water table depths with vegetation type. Box 

plots show the median lowest (90th percentile) for summer 2017 (Figure 3-15) and 2018 

(Figure 3-14) water table depths from all monitoring wells from all sites in areas dominated 

by different vegetation types (vegetation types are outlined in Chapter 6) (the median highest 

(10th percentile) are shown in Appendices Figure 8-51 and Figure 8-53). As highlighted 

previously in this chapter (Figure 3-5, Figure 3-9 and Figure 3-10), examining the lowest water 

tables reveals trends in the data, in this case between depths to water table and vegetation type 

(this is most stable in the community types HW3, BB3 and BB4). It is evident from the plot in 

Figure 3-14 that monitoring wells in vegetation types HW3 (Rynchospora depressions), HH3 
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(wet heath habitat) and BB4 (Tricophoroum/Eriophorum angustifolium dominated BB 

community) display lowest within vegetation type water table fluctuations. HW3 community 

displays depths to water tables that are closest to the surface (between -0.27 and -0.29 m) and 

HH3 habitat displays the lowest depths furthest from the surface (between -0.5 and -0.58 m). 

For the vegetation types BB5 and PF2 it is more difficult to make conclusions of depths to 

water table as there was only one monitoring well logging data in these vegetation types. BB3 

(Eriophorum vaginatum/Sphagnum spp. dominated community) displays large variablity 

between lowest depths to water table (between -0.34 and -0.6 m).  

Comparing depths to water tables between 2017 (Figure 3-15) and 2018 (Figure 3-14) 

highlights the effects of the drier summer in 2018. The depths to water tables for all vegetation 

types were significantly lower in 2018, also confirmed in Figure 3-5 (P = 0.00001). Water 

table depths from all monitoring wells in all sites are below the critical level (-0.2 m) when 

examining the lowest median water table depths in 2018 (Figure 3-14) however in 2017 all 

lowest median water table depths were above the critical level.  

Upon examning highest and lowest water table depth data from winter 2018 a similar pattern 

as with the summer data is observed (See Appendices; Figure 8-51 through Figure 8-61).  
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Figure 3-14 Box plot showing median lowest (90th percentile) summer 2018 water tables of 

monitoring wells in areas dominated by different vegetation types (vegetation 

types are outlined in Chapter 6). The red line indicates the beginning of stressful 

hydrologic environment (water table depth of ~ -0.2 metres below ground 

surface) for Sphagnum species. Below this critical level Sphagnum species can 

become stressed and ‘at risk’ of dying out. 

 

Figure 3-15 Box plot showing median lowest (90th percentile) summer 2017 water tables of 

monitoring wells in areas dominated by different vegetation types (vegetation 

types are outlined in Chapter 6) (no data for Cuilcagh monitoring wells (CA-CE) 

as site was not installed with monitoring equipment until Autumn 2017). The red 

line indicates the beginning of stressful hydrologic environment (water table 

depth of ~ -0.2 metres below ground surface) for Sphagnum species. Below this 

critical level Sphagnum species can become stressed and ‘at risk’ of dying out. 
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3.3.2.4. Water table and slope 

It is notable that none of the degraded slopes fall within the very gentle <1 % or gentle 1-5 % 

slope categories. The average slope across all intact monitoring wells is lower (5.39 %) than 

the average within degraded monitoring wells (9.92 %) ( 

Table 3-6). However, the intact areas have the highest average slope of 14.6 % (within the 

10-20 % slope category) ( 

Table 3-6).  

Table 3-5 Average slope (%), slope category, sample number and habitat at each monitoring 

well location 

Conditio

n (Intact 

(I) or 

Degrade

d (D)) 

Monitoring well 

code 

Habita

t 

Average slope 

(%) 

Slope category 

(%) 

n 

I LA1 HW3 0.56 <1 (very gentle) 2 

I LE1 HW3 0.97 

I CD1 BB4 1.37 1-5 (gentle) 1

0 
I GD2 PF2 1.52 

I LD2 HW3 1.56 

I GE2 BB4 1.88 

I GB2 BB4 2.08 

I LB1 HH3 2.14 

I GA1 BB4 2.39 

I LF3 BB3 2.81 

I CB1 BB4 3.13 

I CC1 BB3 4.00 
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D G1 BB4 5.05 5-10 (steep) 6 

D G2 BB5 6.32 

D G3 HH3 8.49 

D C3 BB4 8.78 

I LC3 HH3 8.79 

D C2 BB4 9.45 

I CA1 BB3 11.58 10-20 (very steep) 8 

D L3 WD4 12.32 

D C1 HH3 12.43 

I GF2 HH3 12.76 

D L1 WD4 12.80 

D L2 WD4 13.61 

I GC3 BB5 13.67 

I CE1 BB4 20.40 

 

Table 3-6 Average slope (%) within intact and degraded areas for all monitoring wells and 

within each slope category. 

Condition (Intact 

(I) or Degraded 

(D)) 

Average slope (%) Slope category (%) n 

I 5.39 All 17 

D 9.92 All 9 

I 0.77 <1 (very gentle) 2 
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2.29 1-5 (gentle) 10 

8.79 5-10 (steep) 1 

14.6 10-20 (very steep) 4 

D 7.62 5-10 (steep) 5 

12.79 10-20 (very steep) 4 

 

Figure 3-16 shows the median lowest (90th percentile) water table depth below surface grouped 

based on slope category from all sites during summer 2018. Areas with gentler slopes (<1 %) 

display water tables closer to the surface compared with water tables in areas with steeper 

slopes. The medians of each slope category in Figure 3-16 are significantly different from each 

other (P = 0.003). However, results are not as clear as with the lower water table depths (i.e., 

median highest (10th percentile)) and the groups do not significantly differ (P = 0.087) (see 

Appendices Figure 8-62). Interquartile ranges (IQR) in Table 3-7 highlight the variability in 

the slope categories. Interestingly, variability for lowest water table median depths increases 

with increasing slope (<1 % = 0.017; 1-5 % = 0.031; 5-10 % = 0.088; 10-20 % = 0.129), 

however variability between highest water table depths is small and similar for all slope 

categories ranging from 0.011 to 0.018. 
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Figure 3-16 Box plot showing median of lowest (90th percentile) summer 2018 water tables of 

monitoring wells in areas with different slopes, from all intact and degraded sites 

(sample size for each category outlined in Table 3-5). The coloured boxes 

indicate the different slope categories (<1 % = red; 1-5 % = green; 5-10 % = 

blue; 10-20 % = yellow). The red line indicates the beginning of stressful 

hydrologic environment (water table depth of ~ -0.2 metres below ground 

surface) for Sphagnum species. Below this critical level Sphagnum species can 

become stressed and eventually die out. 

Table 3-7 Inter quartile ranges (IQR) for each category of slope for summer and winter 2018 

highest and lowest depths to water tables 

 

<1% 1-5% 5-10% 10-20% 

Summer 2018 

highest 

0.01

7 

0.011 0.013 0.018 
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Summer 2018 lowest 0.01

7 

0.031 0.088 0.129 

Winter 2018 highest 0.00

5 

0.008 0.01 0.008 

Winter 2018 lowest 0.00

9 

0.007 0.017 0.023 

 

Lowest winter median water tables for all sites for winter 2018 grouped by slope category are 

shown in Figure 3-17. Areas with more gentle slopes have higher lowest water tables, closer 

to the ground surface, compared with areas with greater slopes and the groups are significantly 

different from each other (P = 0.004). The gentlest sloping areas again experience highest 

water tables closer to the ground surface compared with steeper sloping areas, however the 

correlation between water table depth and slope is again less defined when comparing the 

highest median water tables and the groups do not differ significantly (P = 0.1) (see 

Appendices Figure 8-63). 

Interquartile ranges (IQR) in Table 3-7 highlight the variability in the slope categories for 

winter 2018. Again, variability for winter 2018 lowest water table median depths increases 

with increasing slope (<1 % = 0.009; 1-5 % = 0.007; 5-10 % = 0.017; 10-20 % = 0.023), but 

variability between highest winter 2018 water table depths is small and similar for all slope 

categories ranging from 0.005 to 0.01. Comparing these winter fluctuations (Figure 3-17) to 

the summer fluctuations in Figure 3-16 suggests that in winter water tables fluctuations are 

lowest. 
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Figure 3-17 Box plot showing median of lowest (90th percentile) winter 2018 water tables of 

monitoring wells in areas with different slopes (sample size for each category outlined in Table 

3-5). The coloured boxes indicate the different slope categories (<1 % = red; 1-5 % = green; 

5-10 % = blue; 10-20 % = yellow). The red line indicates the beginning of stressful hydrologic 

environment (water table depth of ~ -0.2 metres below ground surface) for Sphagnum species. 

Below this critical level Sphagnum species can become stressed and eventually die out.  
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3.4. Discussion 

3.4.1. Precipitation 

Comparable trends were revealed between two different precipitation monitoring stations in 

Letterunshin site (Figure 3-1) with a high correlation between the data (R2 = 0.6471) (Figure 

3-2). This suggests that they follow the same trend and there are no significant differences in 

total rainfall or frequency across the study sites. Additionally, precipitation data from nearby 

meteorological stations, permitted precipitation rates to be quantified and compared, 

suggesting that Met Eireann and UK Met Office meteorological data provide a useful proxy 

for determining long term precipitation in the study sites. Comparison suggests that conditions 

during the monitoring period largely approximate with nearby meteorological stations 30-year 

precipitation averages (Table 3-1), but with significantly higher rainfall at more elevated 

locations, indicative of the effects of relief rainfall.  

3.4.2. Effect of summer 2018 on water tables 

At all sites investigated water levels within monitoring wells increased with rain events, 

resulting in a temporary increase in storage. Water table fluctuations for most of the year for 

the monitoring well in Figure 3-4 are less than 10 cm, however large decreases (water table 

dropped to -0.6 cm in July) in depth to water table occurred with negligible precipitation in 

both June (23.8 mm) and July (3.4 mm) 2018 (highlighted with black boxes in Figure 3-4), 

resulting in a release of water from storage and depths to water tables increasing. After this 

dry period in summer 2018, all water tables from intact sites did not return to similar per-

drought levels as seen in winter 2017, staying at a lower level for the remainder of 2018 winter, 

into early 2019 (Figure 3-4, Figure 3-6 and (Figure 8-3 through Figure 8-28). The water table 

depth for this monitoring well (LB) prior to the drought period in 2018 was above -0.2 m 

(below ground surface) for 95 % of the monitoring period (Figure 3-4), however with the 

effects of the drought the water table drops to a max of -0.6 m (below ground surface) during 

the summer of 2018. The recovery period with the onset of autumn rains in 2018 raised the 

water table levels to approximately -0.25 m (below ground surface), but the levels did not 

recover to the pre-drought levels of -0.2 m in 2017. This suggests that the prolonged and 

intense drought period influenced the recovery of water tables which may have long term 

effects. This drop in water table is likely to affect vegetation into the future if these seasonal 

droughts continue, specifically Sphagnum species as Gerdol et al. (1998) suggest that 

Sphagnum capillifolium is capable of growth in locations with an average water table 20 cm 

below the surface under natural conditions and Price and Whitehead (2001) showed that 

degraded sites where Sphagnum mosses recolonized were characterized by high water tables 
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(mean−24.9±14.3 cm). If levels continue to drop again after further droughts this could lead 

to shifts in vegetation and loss of keystone Sphagnum species. Also, notably, the winter water 

level regime demonstrates greater fluctuations after the dry period in summer 2018 when 

compared with winter 2017 following the wetter summer in 2017 (Figure 3-4 and Figure 8-3 

through Figure 8-28). The recovery of this intact BB is not adequate for the maintenance of 

peat forming species such as Sphagnum and suggests that intact BBs are vulnerable to future 

droughts that may occur due to climate change. 

The data revealed that there is minimal difference between highest depth to water table 

between the two summers, however lowest depth to water tables differ significantly between 

2017 and 2018 summers (Figure 3-5 and Figure 3-6). This could potentially create a stressful 

environment for specific communities that are dependent on water tables, specifically BB 

communities dominated by Sphagnum species (i.e., BB3 - Eriophorum vaginatum – 

Sphagnum papillosum bog), flushes dominated by Sphagnum species (i.e., PF2 - Carex 

nigra/echinata - Sphagnum denticulatum; Juncus effuses – Sphagnum spp) and also HW3 

(Rhynchospora  hollows) as these communities are dependent on the highest water table levels 

(e.g. Figure 3-11) (discussed further below in section 3.3.2.3 and in Chapter 4).  

Large drops in water table depths observed during the dry summer of 2018 suggest that 

summer is a critical period in which lowest water table depths are reached (~ -0.42 m below 

ground surface). The lowering of the water table depth during the summer investigation period 

across all monitoring locations can be attributed to low rainfall (<24 mm per month during 

May – August) during summer 2018. Following drought periods, rainfall rapidly raises water 

table depths, which supports the theory that BB can act as a sponge storing water. However, 

notably water table depths subsequently release water from storage and post the drought period 

in summer 2018, water levels did not return to pre-drought baseline depths. This effect lasted 

through autumn and winter 2018 with increased rainfall compared to winter 2017, with levels 

staying lower than original baselines for the remainder of the monitoring period (until 

February 2019). As previously mentioned, this drop in water table is likely to affect vegetation 

into the future if these seasonal droughts continue and has implications for the ability of BBs 

to adapt to climate change, e.g., increasing temperatures and decreased rainfall.  

3.4.3. Intact and degraded WT comparison 

Depth to water tables in degraded areas were greater compared to the intact areas. All intact 

monitoring wells remained above the critical level for Sphagnum growth, except for 

monitoring well LB (HH3 – wet heath habitat), which is expected as this habitat is drier and 

occurs on shallower peat compared to the BB habitats (Perrin et al., 2014). The effect of 

degradation is highlighted at the Letterunshin degraded site with low and highly fluctuating 
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water tables where monitoring wells fall below the critical level for approximately 45% of the 

monitoring period. The degraded site in Letterunshin is devoid of vegetation and comprises 

only of plantation conifers. Implications for restoration of this degraded area in the future will 

mean that the water table will need to be raised a large amount to ensure the successful 

reintroduction of BB species (specifically Sphagnum spp.). 

There is minimal difference between highest water table levels between Letterunshin intact 

and degraded sites, however when comparing within site variation (between intact and 

degraded in Letterunshin, Cuilcagh or Garron sites), only Letterunshin degraded site displays 

significantly lower depths to water table compared with Letterunshin intact site. Garron 

degraded site displayed significantly higher depths to water tables, which is interesting as 

Garron intact site is dominated by BB5 (Calluna vulgaris - Eriophorum spp. bog) community 

(57.07 %) (see Chapter 4 for results). BB5 is a high altitude bog that can also be dry, often 

lacking any appreciable Sphagnum cover and cover of Calluna vulgaris is high and it may 

superficially resemble a dry heath (Perrin et al., 2014). According to the JNCC (1994), 

disturbed peatlands may have less Sphagnum and a greater abundance of vascular plants such 

as Calluna vulgaris, Erica tetralix, Eriophorum vaginatum, Eriophorum angustifolium and 

Trichophorum germanicum. This habitat was typical in both intact and degraded areas but 

within the intact area may be a sign of parts of the site moving towards drier communities, 

possibly becoming ’at risk’ of degradation. Comparison of data from Cuilcagh and Garron 

degraded and intact sites display no significant differences, indicating that the degraded areas 

in these sites are less impacted than the Letterunshin degraded site. 

The highest median water table depths during the dry summer in 2018 in Letterunshin intact 

site are significantly different to overall depths observed in the Letterunshin degraded site. 

This is in corroboration with Finnegan et al. (2014) where they showed that forested peatlands 

exhibited low water tables compared to intact sites and observed lowest water table depths in 

conifer plantations can be attributed to an increase in evapotranspiration and interception, 

which reduces the amount of water that can be added to the peatland by means of recharge. 

Forestry can significantly lower the water table in peatlands through increased rates of 

evapotranspiration and interception (Mackin et al. 2017 and O’Brien. et al. 2007). 

Additionally, Evans et al (1999) reported the impact of the dry summer of 1995 on the water 

tables in a relatively intact BB at Moor House, with water tables there falling to more than 

40cm below the ground surface for a short time, compared to 20-25cm in more typical 

summers of 1996 and 1997. This is a BB where most peat is intact but around 18% of the area 

is classified as eroded. They found that the water table stayed within 5cm of the ground surface 

for 83% of the time, with the fall in summer being explained by evaporation losses. This 

illustrates how a changing rainfall/hydrological regime can lead to a different bog character 
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and may help us understand the impact of anthropogenic disturbance and future climate 

changes (Labadz et al., 2010). 

3.4.4. Water table fluctuations in vegetation types 

Water table fluctuations within the same vegetation type displayed similar trends. Monitoring 

well automated data from all vegetation types in the Garron intact site during summer 2018 

display similar trends. This is supported by the work of Laine, et al. (2007), where they showed 

that vegetation structure was strongly controlled by water level. These demonstrated trends in 

water table depths with vegetation type can be explained by positive feedback mechanisms in 

which a good vegetation (specifically Sphagnum) layer protects the underlying substrate 

(already relatively wet) from evaporative demands, thus engineering its own environment 

(Price and Whitehead, 2004). Conway and Millar (1960), showed that in a semi-intact BB, 

rainfall input produced a rapid stream runoff response, and this is especially pronounced with 

anthropogenic alterations and water balance calculations showed that a relatively un-eroded 

Sphagnum-covered catchments retained significantly more water than degraded catchments. 

The loss of vegetation can also accelerate the formation of erosion gullies and gullies on 

drained landscapes can be responsible for the stripping of vegetation along their flow paths, 

leading to a feedback systems which maintains a reduced vegetation cover subsequently 

further increasing overland flow (Evans & Warburton, 2010). Therefore the reestablishment 

of Sphagnum (Holden, Gascoign and Bosanko, 2007) on degraded peatlands, especially in 

areas with bare surfaces, may have an increased potential to reduce sheet erosion and 

downstream flood peaks (Holden et al., 2008). 

Examining the lowest water tables reveals trends in the data, specifically between depths to 

water table and vegetation type (this is most stable in the community types HW3, BB3 and 

BB4). HW3 (Rynchospora depressions), HH3 (wet heath habitat) and BB4 

(Tricophoroum/Eriophorum angustifolium dominated BB community) display lowest within 

vegetation type water table fluctuations, which is supported by Boatman (1983) who showed 

that the amplitude of water level fluctuation near pools was less than at hummock-hollow sites. 

HW3 community is associated with quaking ground and pools over hummocks and therefore 

this result would be expected. HW3 community displays depths to water tables that are closest 

to the surface (between -0.27 and -0.29 m) and HH3 habitat displays the lowest depths furthest 

from the surface (between -0.5 and -0.58 m). BB3 (Eriophorum vaginatum/Sphagnum spp. 

dominated community) displays large variablity between lowest depths to water table 

(between -0.34 and -0.6 m). From these results a conceptual model ranking BB vegetation 

communities in relation to water table depths can be suggested: 

 



171 

 

High water table Low water table 

 

HW3    >    BB3   >    BB4   >    BB5  

3.4.5. Slope and WT 

In peatland systems the water table is close to the ground surface, thus declines in slope can 

closely reflect water table fluctuations. van der Schaff (2000) found ecotopes in RBs were 

confined to areas with slopes areas ≤0.3 %, however Mackin et al. (2017) more recently found 

that peat forming ecotopes can develop on slopes ≤0.6 % (excluding flushes) in RBs. Schouten 

(2002) concluded that surface slope and hydrophysical conditions showed statistically 

significant relationships in RBs, with well-developed acrotelm rarely occurring on slopes 

greater than 1%. Furthermore, with surface slopes <1 % the effects of surface slope on water 

table depths and fluctuations were determined to be insignificant. However, as opposed to 

RBs, BBs are known to develop on progressively steeper slopes (up to ~70 %), with altitude 

and increasing effective rainfall, with occurrence on more extreme slopes also dependant on 

aspect (Lindsay, 1995). Morton and Heinemeyer et al, 2019 investigated peat depth and water 

tables in BB, along with changes in relation to slope within three bog vegetation types and 

defined shallow slope as ≤ 5 % and steeper slope > 5 %. Analysis of the Garron site using 

LiDAR data revealed that slopes greater than ~27 % correlated well with areas that were drier 

during winter (Francis Mackin pers. comm.).  

Areas with gentler slopes (<1 %) displayed water tables closer to the surface compared with 

water tables in areas with steeper slopes, i.e., the highest water table is found in areas with 

gentlest slope and lowest water table in areas with steeper slopes. Variability for lowest water 

table median depths increases with increasing slope, however variability between highest 

water table depths is small and similar for all slope categories. This suggests that on flatter 

ground lowest water tables will fluctuate less than on steep sloping areas in summer months. 

It is well known in peatland systems where the water table is often close to or above the ground 

surface, topography closely reflects the spatial variation in water table depths and thus such 

declines water table depths with declines in slope are expected. van der Schaaf (2002) showed 

that surface slope and hydro-physical conditions showed a statistically significant relationship. 

Declines in water table depths with declines in slope and increased water table fluctuations 

with increased slope may also be attributed to relatively uncompacted peat on gentle slopes, 

which has a greater moderating effect than more compacted, lower permeability material on 

steeper slopes. van der Schaaf (2002) notes that with increasing slopes an increase in 

humification occurs and thus compaction of the acrotelm occurs. This causes faster discharge 
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of water over the surface and thus a decay of the acrotelm, a decrease of the storage coefficient 

and increased fluctuations of the water table. Their analysis showed a clear relationship 

between fluctuations of water levels and surface slope as well as ecotope, with fluctuations of 

the water table increasing toward the bog margins (away from wetter ‘central’ ecotope 

vegetation type). 

Additionally, Kelly and Schouten (2002) also found a relationship between slope and 

vegetation type (ecotopes). BB vegetation communities appear to reflect a specific 

hydrological regime related to vegetation type and slope but not related to ‘ecotope’ 

occurrence as with RBs. Factors such as the highly variable nature of their topography 

(creating areas of focussed flow and drier sloping areas), the presence of soil pipes and 

variations in hydraulic conductivity in peat layers makes these environments variable by nature 

and not suitable for the ecotope type design. These contributing factors make BBs complex 

environments compared to RBs, however generalised water table fluctuation regimes may be 

possible to categorise based vegetation communities and slope. This alternative suggested 

approach may be more applicable, linking specific vegetation types and slope to water table 

fluctuations in BBs.  

The conceptual model ranking vegetation communities in relation to water table depths 

suggested in section 3.3.2.3 was as follows: 

 

High water table Low water table 

 

HW3    >    BB3   >    BB4   >    BB5  

 

This conceptual model can now take into account slope and degradation and how this relates 

to vegetation communities and water tables.  

HW3 

Rhynchospora alba hollows (HW3) (wet hollow community) occur in either small flat 

depressions or flushed areas (Perrin et al., 2014) and was associated with pools, flats, quaking 

bog, very soft ground, Sphagnum hummocks, non-Sphagnum hummocks and flat ground 

(Figure 4-20) in Chapter 4. This community is associated with the highest water tables (see 

Figure 3-11 through Figure 3-15) and therefore can also be linked to the lowest slopes.  

BB3 
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BB3 (a soft bog community dominated by Sphagnum papillosum and Eriophorum vaginatum) 

(Perrin et al., 2014) is associated with the next highest water tables after HW3 (see Figure 

3-11 through Figure 3-15 also) and is also associated with pools, flats, quaking bog, very soft 

ground, Sphagnum hummocks, non-Sphagnum hummocks and flat ground from Chapter 6 

(Figure 4-20). %).  

BB4 

BB4 is noted by Perrin et al. (2014) to be an upland drier bog type, characterised by an 

abundance of Trichophorum germanicum accompanied by Eriophorum angustifolium, 

occurring on deeper peats and usually lacks significant cover of Calluna vulgaris (Perrin et 

al., 2014). Additionally, gentle sloping ground was associated with BB4 community 

(Trichophorum germanicum - Eriophorum angustifolium bog) Figure 4-24 in Chapter 4. 

According to the JNCC (1994), disturbed peatlands may have less Sphagnum and a greater 

abundance of vascular plants such as Calluna vulgaris, Erica tetralix, Eriophorum vaginatum, 

Eriophorum angustifolium and Trichophorum germanicum. 

BB5  

BB5 (Calluna vulgaris - Eriophorum spp. bog) is a high altitude bog that can be dry, often 

lacking any appreciable Sphagnum cover (Perrin et al., 2014). Steep and hilltop variables are 

associated with BB5 communities from Figure 4-20 Chapter 4. 

Intact vs Degraded 

From results in Figure 4-18 and Figure 4-20 in Chapter 4 higher water tables were correlated 

with ‘intactness’ and the lower water tables are associated with steeper ground and 

degradation. 

 

Therefore the revised conceptual model ranking vegetation communities in relation to water 

table depths and also taking into consideration slope is as follows: 

High water table Low water table 

 

HW3    >    BB3   >    BB4   >    BB5  

 

Gentle slope  Steep slopes 

 

Intact   Degraded 
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3.5. Recommendations 

• Due to limited equipment and time constraints, water table fluctuations within some 

vegetation communities were not represented in the data outlined in this chapter 

(Vegetation types GS3 (dry grassland), GS4 (wet grassland), HH1 (dry heath), PF1 

(rich flushes), PF3 (transition mire), PB4 (cutover bog), PB5 (eroding bog), FP1 

(calcareous springs), FP2 (non- calcareous springs) and FS2(tall herb swamps)). It is 

recommended in future to install monitoring wells in these vegetation types to fully 

ascertain the range of hydrological supporting conditions for all vegetation types in 

BB.  

• More precise water table measurement would be beneficial for the future, as this 

project highlighted that manual water table measurements were on occasion, 

inaccurate and did not match the water table data logger readings. In the future 

possibly using an electronic water level dip meter, rather than the manual version that 

was used for this project, may help reduce inaccuracies because in my personal 

experience, I have found these more accurate in the field.  

• All degraded monitoring wells were located beside drains and therefore may not be 

completely representative of the hydrological supporting conditions in degraded areas 

of BB. It is recommended in future to locate monitoring wells in degraded areas further 

from drains to determine whether the drains on depths to water tables. 
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4. ECOLOGICAL ASSESSMENT 

4.1. Introduction 

4.1.1. Overview  

This section presents the results of a study on the spatial patterns in vegetation on three Irish 

BB sites with adjacent intact and degraded areas. This study evaluated the relationships 

between vegetation and hydrological, environmental and micro-topographic gradients. 

Vegetation composition was studied within the sites, identifying dominant habitats and BB 

vegetation communities, permitting linkage of environmental and micro-topographic gradients 

and water level dynamics to vegetation and site condition. 

4.1.2. Background 

Our understanding of the ecohydrological functioning of intact BB ecosystems is currently 

lacking, as the majority of research has been carried out on anthropogenically degraded sites. 

While drainage and other forms of degradation to peatlands may bring socio-economic 

benefits, there are also significant trade-offs with natural ecosystem services such as 

biodiversity, hydrological regulation and water quality provision (Grau-Andres et al., 2019). 

Peat extraction has been shown to have a significant impact on BB ecosystem functioning, 

both directly through habitat removal, as well as indirect hydrological impacts. Drainage can 

cause erosion and sediment removal from the drainage ditch, increased microbial 

decomposition as well as associated changes in water levels and/or chemistry, affecting 

peatland ecology (Bragg and Tallis, 2001). Grazing on BBs can have dramatic impacts on the 

extent and condition of BB habitat. Forestry is known to have significant impacts on the 

hydrology and ecology of BB habitat, initially due to the drainage that is undertaken prior to 

planting, leading to a rapid lowering of the water table within the peat (Shotbolt, et al., 1998; 

Byrne & Farrell, 1997). The recent Conservation Status Assessment Report (NPWS, 2013) 

estimates that over 43% of wind farm developments in Ireland have had adverse impacts such 

as habitat loss, fragmentation and hydrological impacts to BB habitat. Such degradation can 

have significant and detrimental impacts on BB vegetation and wider biodiversity, either 

through succession (e.g. through lowering of the water table) or through direct loss of 

vegetation cover (e.g. from burning or increased overland flow). However, little is known 

about the complete effects of drainage on ecology and water quality regulation in BBs 

environments (Holden, Chapman and Labadz, 2004) and there is lacking information from 

intact sites for comparison and also to determine ecohydrological baselines for restoration 

efforts to work towards. 
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As discussed in section 1.6.8.2, EU legislation requires member states to restore damaged 

priority habitat within Special Areas of Conservation (SACs). Restoration of ecological 

conditions requires a detailed understanding of the hydrological processes operating in intact 

undisturbed systems and how these interact with plant communities (ecohydrology), derived 

from research carried out in these environments. For example, understanding how different 

plant communities contribute to maintaining different water table depths (presented in Chapter 

3) is crucial in understanding how intact BBs retain water more efficiently than degraded areas 

with different vegetation successions (or bare peat). This allows an understanding of the 

contribution of vegetation communities to maintaining BB hydrological balance. Disturbances 

to BBs arising from anthropogenic impacts, and how these activities impact peatland 

ecohydrology, need to be characterised if appropriate management measures are to be 

employed. Additionally, monitoring of water quality parameters (e.g. TOC, DOC, Colour, 

fDOM) from intact and degraded BB (presented in Chapter 5) allows characterisation of the 

differences in quality of water arising from intact and degraded areas, helping direct 

appropriate future management and restoration. 

Baseline conditions in intact undisturbed BB systems need to be more clearly defined, which 

will allow comparison with degraded systems and a natural reference condition for restoration 

targets. A critical element involves deepening our understanding the vegetation patterns in 

different BB ecosystems by understanding the link between vegetation patterns and 

hydrological, environmental and micro-topographical gradients. This Chapter characterises 

BB vegetation encountered within both intact and degraded areas in all study sites, allowing 

linkage with both hydrological (water table fluctuations) monitoring (outlined in Chapter 3) 

and further environmental and micro-topographical parameters observed.  

Relationships (such as specific water table depths for different vegetation communities) 

between vegetation communities and hydrological processes have yet to be firmly established 

for intact Irish BBs where vegetation may then be used to confidently represent the dominant 

hydrological processes and the ecosystem services they provide to water. For the purposes of 

this study, this required a suitable mapping approach to be developed. The approach aims to 

identify the vegetation types in intact and degraded areas within the BB study sites, specifically 

to determine how the dominant vegetation types reflect hydrological processes and to employ 

specific criteria in the vegetation monitoring protocol to identify degradation. As such, if 

vegetation maps could incorporate specific details of hydrological mechanisms relating to 

specific communities, vegetation mapping could then be used as a foundation for assessing the 

condition of BBs.  

In this chapter, the results of vegetation mapping surveys are presented which outline the 

vegetation composition within the intact and degraded parts of the three BB SAC’s, helping 
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determine link between vegetation type and hydrologic gradients. The results will determine 

whether the vegetation mapping protocol employed was sufficient for linking hydrological 

processes to the ecosystem services they provide to water on Irish BBs.  

A literature review and assessment of current mapping approaches employed to survey and 

assess upland areas in Ireland by Fossitt (2000), Perrin et al., (2009), Fernandez Valverde et 

al., (2014), Perrin et al., (2014)  and Fernandez Valverde and Douglas (2019) was carried out. 

The literature review is presented in section 1.6.8 and outlines the mapping methods employed 

by these authors in terms of suitability and applicability for the requirements of this project. A 

suitable mapping approach was derived from an amalgamation of the reviewed mapping 

approaches, which was appropriate considering the scope of the project, time and personnel 

constraints. The final vegetation mapping approach employed in this assessment is outlined in 

section 2.8.1. 

4.1.3. Aims and objectives 

Relationships between plant communities and hydrological processes have yet to be firmly 

established for intact Irish BBs to the point that vegetation may be used to confidently identify 

the dominant hydrological processes and the ecosystem services they provide to water. The 

purpose of vegetation assessment part of this study was to characterise the vegetation types in 

intact and degraded Irish BBs to determine the condition of the sites, thus allowing linkage of 

hydrological monitoring at the catchment scale with vegetation types and condition. This will 

allow specification of the influence of hydrological and environmental factors on spatial 

vegetation patterns and an estimation of ecosystem services provided to water from intact and 

degraded Irish BBs.  

Specific objectives were to: 

• Identify BB communities and other habitats in all study sites; 

• Characterise and compare the vegetation composition of intact and degraded BB sites; 

• Correlate the characterised vegetation composition within intact and degraded BB 

(site condition) to hydrology (water table fluctuations) and micro-topography; 

• Assess the condition (i.e., whether the bog can be defined as ‘active’ under the 

Habitats Directive (Directive 92/43/EEC, 1992)) of the BB sites chosen for study; 

• Determine whether vegetation may be used to confidently identify the dominant 

hydrological processes and the ecosystem services they provide to water; 

• Determine whether vegetation surveys can be used to infer BB habitat condition. 
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The hypotheses tested are: 

1. Vegetation habitats/communities in the BB sites studied will differ when subjected to 

statistical analysis based on habitat/community type and site 

2. Vegetation composition in intact and degraded BB will differ 

3. Vegetation community assemblages will depend on hydrologic gradient 

4. Micro-topography and environmental factors will affect plant community 

composition 

  



179 

 

4.1.4. Results outline 

Firstly, in section 4.2.1. below, a characterisation of the vegetation within each site 

individually will be presented grouped by location, along with data on percentage cover of 

habitats/communities and habitat maps.  

Secondly in section 4.2.2, a condition assessment is presented which outlines the condition of 

each of the sites based on criteria similar to that used by Duchas; Department of Agriculture 

& Food (1999) and Fernandez Valverde et al. (2014), Fernandez Valverde et al. (2019). The 

aim of this is to assess the sites condition using vegetation as indicators to determine scale of 

anthropogenic degradation. Indicators of low habitat quality and hydrological functioning (i.e., 

condition) studies such as total Sphagnum cover (%), bare peat cover (%), presence of 

nanotopes (pools, hummocks, Sphagnum hummocks, lawns and flats), presence of drains, 

burning, turf cutting and grazing were employed to help to define condition of the sites and 

status in terms of HD Annex I reporting 

Thirdly in section 4.2.3, the vegetation data were subjected to Non-metric Multidimensional 

Scaling (NMDS) with the aim of identifying ecohydrological relationships and environmental 

gradient relationships with vegetation. 
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4.2. Results of vegetation mapping 

4.2.1. Characterisation of vegetation within sites  

In the following sections, the sites are characterised in two ways, firstly using the Fossitt 

(2000) scheme in section 4.2.1.1 and then using the NUSH scheme with each site characterised 

separately in section 4.2.1.2.1. 

4.2.1.1. Fossitt scheme characterisation  

Table 4-1 details Fossitt and HD Annex I habitat classifications and their associated percentage 

cover within each site. Under Fossitt (2000) classification, all three intact sites had a similar 

proportion of BB (including upland (PB2), lowland (PB3), cutover (PB4) and eroding (PB5)), 

between 71% and 82% (Table 4-1). This gives an average of 75 % BB within each site under 

the Fossitt classification (0.05). The percentage cover of BB under the Fossitt classification 

was less in the degraded sites, between 43 – 90 %, with the average being 61 % (0.2). Cuilcagh 

degraded site had the highest percentage of BB cover at 90 %. Letterunshin intact site under 

HD Annex I reporting would only consist of 7 % BB habitat due to Rhynchosporion 

depressions [7150] which is classified separately and is a different habitat than BB [7130] 

under the HD. Depressions on peat substrates of the Rhynchosporion are pioneer communities 

of humid exposed peat (or sometimes sand), with Rhynchospora alba, Rhynchospora. fusca, 

Drosera intermedia, Drosera rotundifolia, Lycopodiella inundata, forming on cutover areas 

of blanket or RBs, but also on naturally seep- or frost-eroded areas of wet heaths and bogs, in 

flushes and in the fluctuation zone of oligotrophic pools with sandy, slightly peaty substratum 

(Vaquero et al., 2007). These communities, although rare at European scale are widely 

distributed, especially in the Atlantic and Continental biogeographical regions and have a 

short-lived existence, occurring in fragmentary stands (Vaquero et al., 2007). Due to its 

existence as a microhabitat within larger habitats of Annex 1 of Habitat directive (7110, 7120, 

4010, 4020, 3110, 3130, 3160), the area covered by Rhynchosporion communities as well as 

its geographical extent is often difficult to evaluate according to Vaquero et al. (2007). 

Additionally the European Commission outline that the functioning integrity of peatlands in 

which the Depressions on peat substrates of the Rhynchosporion (7150) community occurs in 

mosaic as a sub-habitat should be preserved both with regard to the regulation of the water 

balance and the maintenance of open areas (Vaquero et al., 2007). 

However, this community is part of the larger BB expanse and it may be more appropriate to 

account for this community as BB habitat [7130]* rather than Rhynchosporion depression 
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communities [7150] and it is debatable how this dual reporting may be interpreted in the EU 

Habitats Directive Art. 17 conservation status assessment report.  

Under HD Annex I reporting Letterunshin intact site consisted of 64 % Rhynchosporion 

depressions (7150). Under the Fossitt classification this is reported as lowland under BB (PB3) 

and amounts to 71 %.                

Table 4-1 Fossitt scheme characterisation with Annex I association 

 Fossitt code Percentage 

cover 

Annex I code Percentage 

cover 

Letterunshin 

intact 

HH3 25 4010 25 

 PB3 71 7150 7 

   7130 64 

Letterunshin 

degraded 

PB3 43 7130 43 

 HH3 17 4010 17 

Garron intact PB2 82 7130 82 

 HH3 13 4010 13 

Garron 

degraded 

PB2 51 7130 51 

 HH3 33 4010 33 

Cuilcagh intact PB2 71 7130 71 

 HH1 3 4030 3 

Cuilcagh 

degraded 

PB2 90 7130 90 

 HH3 4 4010 4 
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4.2.1.2. NUSH scheme characterisation 

Under the more detailed NUSH classification the three sites reveal differences from each other 

that are not seen when reporting using the Fossitt and HD classification systems. This section 

details the differences between the sites using the NUSH classification system.  

4.2.1.2.1. Letterunshin 

a. Intact site 

The area surveyed at the intact catchment in Letterunshin was divided into 20 polygons based 

on aerial photography and then surveyed to determine the dominant community within each 

polygon (Figure 4-2, Figure 4-3 and Table 4-2). Douglas et al., (1989) surveyed the whole 

extent of the Ox Mountains bog SAC and results of the surveys showed that Letterunshin was 

in the best condition in terms of conservation value compared with other sites assessed 

(Laughil, Co. Sligo, Lough Nafullow, Co. Sligo, Lough Nabrickkeagh, Co. Sligo, Lough 

Runduff Co. Sligo, Fiddandarry Co. Sligo, Lough Hoe Co. Sligo and East Lough Easky Co. 

Sligo) at the same time. They note the site is largely intact with minimal anthropogenic 

impacts, featuring remarkable interconnecting pools, well developed hummocks and rare 

Sphagnum species with deep peat (> 3 m).  

The Letterunshin site had the most homogenous polygons of the three sites, i.e., many of the 

polygons consisted of one single habitat/community of vegetation, e.g. Four polygons within 

the intact area consisted of 100 % cover of HW3 (Rhynchospora alba hollows) community. 

This is not unusual as Fossitt (2000) notes that peatlands can be low in overall plant and 

community diversity. Letterunshin had the lowest habitat diversity with only 12 

habitats/communities identified (Table 4-2). Also, 90 % of the habitat/community types were 

represented by only two categories, HW3 and HH3. 

Vegetation surveys revealed that the Letterunshin intact site was dominated by Rhynchospora 

alba hollows (HW3), making up 64.1 % (1008957 m2) of the intact catchment site (Figure 4-1, 

Figure 4-2, Figure 4-3 and Table 4-2). Rhynchospora alba hollows (HW3) habitat was most 

frequent on the flat and quaking ground where pools were present, dominating most of the east 

and south of the site (Figure 4-2). Of the twenty-one total polygons, eleven were HW3 - 

Rhynchospora alba hollows.  

Eight polygons were dominated by Wet heath (HH3) (Calluna vulgaris – Erica tetralix or 

Molinia caerulea and/or sedges) amounting to 25.32 % (398535 m2) of the site (polygons # 

L1, L2, L7, L9, L12, L13, L16, L17) (Figure 4-2, Figure 4-3 and Table 4-2).  

The lack of Fossitt (2000) lowland BB (PB3) communities dominated by Schoenus sp. (see 

Appendices Figure 11-76 for details of lowland communities) is notable. Typical lowland 
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communities as detailed under the NUSH, such as Schoenus nigricans – Eriophorum 

angustifolium (BB1) and Eriophorum angustifolium – Sphagnum austinii (BB7) were not 

identified in this borderline lowland site.  

Trichophorum germanicum – Eriophorum angustifolium community (BB4) (87790 m2) 

consisted of 5.58 % of the site (Figure 4-2 and Table 4-2). One polygon (#L4) was dominated 

by BB community Eriophorum vaginatum – Sphagnum papillosum (BB3) amounting to 

1.27% (19959 m2) of the site (Perrin et al., 2014). Calluna vulgaris - Eriophorum spp. 

community (BB5) consists of only 0.002 % of Letterunshin intact site (34 m2). Both BB3, BB4 

and BB5 communities (Perrin et al., 2014) are associated with Upland BB (PB2) habitat 

(Fossitt, 2000) (See Table 2-7 for reference of habitat and community codes).  

One polygon was dominated by Wet grassland (GS4), abundant with rushes and/or small 

sedges and grasses (Molinia caerulea (Purple moor grass), often with high broadleaved herb 

cover. This amounted to 0.51% of the site (7980 m2).  

BB communities covered only 6.85 % (107782 m2) of the intact site at Letterunshin (Figure 

4-10, Table 4-2 and Table 4-7).  

b. Degraded site 

Within the degraded area of the Letterunshin site there were 4 polygons digitised using aerial 

photography before field surveying (Figure 4-2). Upon investigation of the site, there were 

areas with drainage and peat abstraction to the west of the site with peat depths approx. 1 – 2 

m). Further areas of drainage were identified next to plantation forestry towards the north of 

the site and peat depth within the forestry was low in places surveyed, < 0.5 m depth. The site 

is also grazed by sheep.  

A large portion of the degraded site (38.5 %; 208688 m2) was covered by conifer plantation 

forestry (WD4/D) and is drained and severely degraded (Figure 4-2). However even though 

there is degradation in polygons LD1 and LD4 (see Figure 4-2 and Figure 4-3), polygons LD1 

and LD2 have no degradation, except for some sheep grazing. 

Calluna vulgaris - Eriophorum spp. community (BB5) covered 20.49 % of Letterunshin 

degraded site. Trichophorum germanicum – Eriophorum angustifolium BB community 

(BB4/D) amounted to 20.16 % of the site (109296 m2), and Wet heath habitat (HH3/D) 

(Calluna vulgaris – Erica tetralix or Molinia caerulea and/or sedges) consisted of 17.11 % 

(92725 m2) of the site. Eriophorum vaginatum – Sphagnum papillosum BB community 

(BB3/D) covered 2.13 % (11549 m2) of the site.  

BB communities covered 42.79 % (231907 m2) of the degraded site at Letterunshin (Figure 

4-10, Table 4-2 and Table 4-7). 
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Figure 4-1 Example of typical HW3 vegetation from quadrat at Letterunshin intact site 
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Figure 4-2 Letterunshin intact (blue outline) and degraded (pink outline) sites showing dominant habitats and plant communities within each labelled polygon.  
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Figure 4-3 Quadrat sampling locations in Letterunshin intact and degraded sites. 

Monitoring well 
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Table 4-2 Percentage and cover in m2 of each habitat within the intact and degraded sites in 

Letterunshin.  

Habitat Intact Degraded 

Total BB3 (m2) 19959 11549 

% of site 1.27% 2.13% 

Total BB4 (m2) 87790 109296 

% of site 5.58% 20.16% 

Total BB5 (m2) 34 111063 

% of site 0.002% 20.49% 

Total FL1 (m2) 31896 - 

% of site 2.03% - 

Total FP1 (m2) 337 - 

% of site 0.02% - 

Total FW1 (m2) 10098 2050 

% of site 0.64% 0.38% 

Total GS4 (m2) 7980 4740 

% of site 0.51% 0.87% 

Total HH3 (m2) 398535 92725 

% of site 25.32% 17.11% 

Total HW3 (m2) 1008957 - 

% of site 64.10% - 

Total PF2 (m2) 8415 1781 
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% of site 0.53% 0.33% 

Total WD4 (m2) - 208688 

% of site - 38.50% 

Total ER3 (m2) 

% of site   

- 

- 

0.01 

0.02% 
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4.2.1.2.2. Cuilcagh sites  

a. Intact site 

The intact catchment was divided into 22 polygons based on aerial photography, and then field 

surveyed to identify the dominant vegetation types within the polygons. The site was in good 

condition but was grazed by sheep, however, not intensively. There was indication of past 

burning in one polygon to the east (polygon C15).  

This site had the most habitat/community types identified, with a total of 20 different 

habitats/communities. Also, 90 % of the habitat/community types were represented five 

categories in Cuilcagh intact site, BB4, BB3, PF2, BB5 and HH1.  

Vegetation surveys revealed that the dominant habitat types within the intact part of the 

catchment were Trichophorum germanicum – Eriophorum angustifolium BB community 

(BB4) and Eriophorum vaginatum – Sphagnum papillosum BB community (BB3), with 16 

out of the total 22 polygons being these communities (8 BB3 and 8 BB4) (Table 4-3 and Figure 

4-5. Trichophorum germanicum – Eriophorum angustifolium BB community (BB4) covered 

40.02 % of the site (957096 m2) and Eriophorum vaginatum – Sphagnum papillosum BB 

community (BB3) covered 20.12 % (481193 m2) of the site. Poor flush (PF2) habitat also made 

up a large proportion of the site at 17.84% (426660 m2).  

Calluna vulgaris - Eriophorum spp. community (BB5) amounted to 10.73 % (256512 m2) of 

the site, a community associated with high-altitude that can be drier, often lacking any 

appreciable Sphagnum cover. Cover of Calluna vulgaris is high on BB5 and it may 

superficially resemble a dry heath habitat but is differentiated by the tussocks of Eriophorum 

vaginatum and the depth of the peat. Dry siliceous heath dominated by Calluna vulgaris (Ling) 

and Erica tetralix (HH1) dominated 3.23 % (77144 m2) of the site. Molinia caerulea – 

Anthoxanthum odoratum Wet grassland (GS4) dominated 3.13 % (74955 m2) and Dry (upland) 

grassland (GS3) made up 2.88 % of the site (68799 m2) of the site. 

There were small areas found of exposed siliceous rock (ER1), siliceous scree and loose rock 

(ER3), Molinia caerulea – Anthoxanthum odoratum, wet heath Calluna vulgaris - Erica 

tetralix or Molinia caerulea (HH3), montane heath Calluna vulgaris - Racomitrium 

lanuginosum (HH4), Calcareous springs (FP1), non-calcareous spring (FP2), eroding BB 

(PB5), calcareous or mineral- rich flushes, Carex viridula oedocarpa - Pinguicula vulgaris - 

Juncus bulbosus (PF1), poor flushes Carex nigra/echinata - Sphagnum denticulatum (PF2), 

tall herb swamps (FS2), dense bracken (HD1) and Transition/quaking bog (PF3 – an 

intermediate between rich and poor fen categories), all less than 1% cover. 
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Notably, dense bracken (HD1), montane heath (HH4), calcareous springs (FP1), tall herb 

swamps (FS2), non-calcareous spring (FP2) and Transition/quaking bog (PF3) were not found 

in any of the other sites.  

BB communities covered 70.87 % (1694801 m2) of the intact site at Cuilcagh (Table 4-3).  

b. Degraded site 

The degraded catchment site was divided into 10 polygons based on aerial photography and 

then surveyed to identify the dominant vegetation types within the polygons (Figure 4-5). The 

southern part of the site was intensively drained for peat abstraction and was also grazed by 

sheep more intensively than the intact site. Degradation was quite severe in some areas (e.g. 

polygons CD1, CD2, CD5, CD6, CD7, see Figure 4-5 and Figure 4-6) with bare peat, deep 

drains > 2 m and shallow peat less than 40 cm in places. Burnt vegetation in these areas 

indicated past burning. The northern part of the site was in good condition with no drainage 

and minimal grazing, with large areas of quaking ground with pool systems.  

The degraded site was mainly dominated by Trichophorum germanicum – Eriophorum 

angustifolium BB community (BB4) also (Figure 4-4, Figure 4-5 and Table 4-3). This 

community consisted of 73.41 % (1014710 m2) of the site. The northern half of the site covered 

in BB4 community was in good condition, resembling the intact area, however the BB4 

community in the southern half of the site was in very poor condition in places, with bare peat 

and sparsely vegetated areas with shallow peat in places.  

The next most abundant community was Calluna vulgaris - Eriophorum spp. community 

(BB5) comprising 15.13% (209087 m2) of the site. These communities of BB5 were in a more 

degraded form compared with the intact site, with many areas of bare peat and sparsely 

vegetated areas. Wet heath habitat (HH3), dominated by Calluna vulgaris (Ling) and Erica 

tetralix (Cross-leaved heath) or Molinia caerulea (Purple moor grass) and/or sedges, and 

covered 4.12 % (56920 m2) of the site. However, this habitat was also in a more degraded form 

compared with the intact area, with lower vegetation cover and areas of bare peat.  One 

polygon amounting to 2.31 % of the site was designated as cutover bog (PB4) (31933 m2), an 

area to the south of the site, close to the catchment outlet and the access track, where peat had 

been extensively removed.  

Additionally, there were areas of Siliceous scree and loose rock (ER3), Molinia caerulea – 

Anthoxanthum odoratum Wet grassland (GS4) and Dry siliceous heath (HH1) dominated by 

Calluna vulgaris (Ling) and Erica tetralix (Cross-leaved heath), Bilberry (Vaccinium 

myrtillus) and other dwarf shrubs, all less than 1% cover. 

BB communities covered 89.48 % (1236966 m2) of the degraded site at Cuilcagh (Table 4-3).  
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Figure 4-4 Example of typical BB4 vegetation from quadrat at Cuilcagh intact site. 
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Figure 4-5 Cuilcagh site – showing intact (blue) and degraded (pink) sites with dominant habitats within each labelled polygon.  
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Figure 4-6 Quadrat sampling locations in Cuilcagh intact and degraded sites.  

Monitoring well 
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Table 4-3 Percentage and coverage in m2 of each habitat within the intact and degraded sites 

in Cuilcagh. 

Habitat Intact Degraded 

Total BB3 (m2) 481193 13169 

% of site BB3 20.12% 0.95% 

Total BB4 (m2) 957096 1014710 

% of site BB4 40.02% 73.41% 

Total BB5 (m2) 256512 209087 

% of site BB5 10.73% 15.13% 

Total ER1 (m2) 3448 605 

% of site ER1 0.14% 0.04% 

Total ER3 (m2) 2304 1185 

% of site ER3 0.10% 0.09% 

Total FP1 (m2) 855 - 

% of site FP1 0.04% - 

Total FP2 (m2) 298 - 

% of site FP2 0.01% - 

Total FW1 (m2) 10479 9279 

% of site FW1 0.44% 0.67% 

Total GS3 (m2) 68799 11978 

% of site GS3 2.88% 0.87% 

Total GS4 (m2) 74955 71 
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% of site GS4 3.13% 0.01% 

Total HD1 (m2) 894 8056 

% of site HD1 0.04% 0.58% 

Total HH1 (m2) 77144 305 

% of site HH1 3.23% 0.02% 

Total HH3 (m2) 7894 56920 

% of site HH3 0.33 4.12 

Total HH4 (m2) 768 - 

% of site HH4 0.03 - 

Total PB5 (m2) 133 979 

% of site PB5 0.01 0.07 

Total PF1 (m2) 1509 - 

% of site PF1 0.06% - 

Total PF2 (m2) 426660 24052 

% of site PF2 17.84 1.74 

Total PF3 (m2) 20292 - 

% of site PF3 0.85 - 

Total PB4 (m2)  31933 

% of site PB4  2.31 

Total FS2 (m2) 209 - 

% of site FS2 0.01 - 
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4.2.1.2.3. Garron intact and degraded sites  

a. Intact site 

The intact site at the Garron was divided into 58 polygons and surveyed to determine the 

dominant vegetation types within each of the digitised polygons (Figure 4-8 and Table 4-4). 

Upon investigation, it was found that the site was relatively intact, with some minimal drainage 

and sheep grazing. There were some pool areas and quaking ground towards the west of the 

site, areas towards the south of the site with dense Calluna vulgaris and large Sphagnum 

hummocks and areas towards the west and south of the site with deep peat (> 3 m).  

This site was the most heterogeneous, i.e., it consisted of 58 polygons in total yet had only 14 

different habitat/community types identified (Table 4-4 and Figure 4-8). Also 90 % of the 

habitat/community types were represented by only three categories in Garron, BB5, BB4 and 

HH3. 

The most dominant vegetation type was Calluna vulgaris - Eriophorum spp. community 

(BB5) (Figure 4-7). Cover of Calluna vulgaris was high in BB5 communities and it may 

superficially resemble a dry heath habitat but is differentiated by the tussocks of Eriophorum 

vaginatum and the depth of the peat. Twenty-four polygons were dominated by this vegetation 

community amounting to 57.07 % (797795 m2) of the site (Table 4-4). This is not surprising 

as BB5 is a high-altitude bog community that can be dry and lacks any appreciable Sphagnum 

cover (Perrin et al., 2014).  

Ten polygons were dominated by Trichophorum germanicum – Eriophorum angustifolium BB 

community (BB4), which covered 19.14 % of the site (279058 m2). Wet heath habitat (HH3) 

(Calluna vulgaris – Erica tetralix or Molinia caerulea and/or sedges) amounted to 12.82 % 

(179143 m2) of the site and dominated 10 polygons. Five polygons were dominated by 

Eriophorum vaginatum – Sphagnum papillosum BB community (BB3) which covered 5.59 % 

(78101 m2) of the site.  

There were also some Carex nigra/echinata - Sphagnum denticulatum flushes (PF2), Molinia 

caerulea – Anthoxanthum odoratum wet grassland (GS4), Agrostis capillaris - Festuca ovina 

upland dry grassland (GS3) and Ulex gallii - Erica cinerea dry heath (HH1) habitats identified 

in the Garron intact site.  

BB communities covered 81.80 % (1154954 m2) of the intact site at Garron (Table 4-4).  

b. Degraded site 

Within the degraded area in the Garron site, there were 16 polygons in total (Figure 4-8). Upon 

field surveying it was found that the degraded site had deep drainage in some areas (mainly in 
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polygons GD3, GD4 and GD12, see Figure 4-8 and Figure 4-9) and was intensively grazed by 

sheep. Peat depths were variable and generally shallow (0.05 – 1.2 m), except for three 

locations where it was found to be between 2.6 m and > 3 m deep.  

The most dominant vegetation type in the degraded site was Wet heath (HH3) Calluna vulgaris 

- Erica tetralix or Molinia caerulea and/or sedges). Seven polygons were dominated by this 

habitat which amounted to 33.51 % of the site (138981 m2) (Table 4-4).  Calluna vulgaris - 

Eriophorum spp. community (BB5) covered 26.76 % of the degraded site and Trichophorum 

germanicum – Eriophorum angustifolium BB community (BB4) made up 23.8 % (86270 m2) 

of the site. Carex nigra/echinata - Sphagnum denticulatum poor flushes (PF2) made up 11.8 

% of the site (46440 m2). Agrostis capillaris - Festuca ovina Dry (upland) grassland (GS3) 

made up 2.68 % of the site (11123 m2).  

The site also had some small areas of Exposed siliceous rock (ER1), Siliceous scree and loose 

rock (ER3), Molinia caerulea - Anthoxanthum odoratum Wet grassland (GS4) and Dry 

siliceous heath dominated by Calluna vulgaris (Ling) and Erica tetralix (HH1), all less than 

1% cover.  

BB communities covered 50.63 % (197544 m2) of the degraded site at Garron (Table 4-4).  
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Figure 4-7 Example of typical BB5 vegetation from quadrat at Garron intact site.  
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Figure 4-8 Garron site – showing intact (outlined in blue) and degraded (outlined in pink) areas 

of river catchment and dominant habitats within each labelled polygon.  
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Figure 4-9 Quadrat sampling locations in Garron intact and degraded sites.

Monitoring well 
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Table 4-4 Percentage and cover (m2) of habitats within the intact and degraded sites in Garron. 

Habitat Intact Degraded 

Total BB3 (m2) 78101 287 

% site BB3 5.59% 0.07% 

Total BB4 (m2) 279058 86270 

% site BB4 19.14% 23.80% 

Total BB5 (m2) 797795 110987 

% site BB5 57.07% 26.76% 

Total ER1 (m2) 76 587 

% site ER1 0.01% 0.14% 

Total ER3 (m2) 169 44 

% site ER3 0.01% 0.01% 

Total FW1 (m2) 3323 889 

% site FW1 0.24% 0.21% 

Total GS3 (m2) 2272 11123 

% site GS3 0.16% 2.68% 

Total GS4 (m2) 20689 4017 

% site GS4 1.48% 0.97% 

Total HH1 (m2) 16801 210 

% site HH1 1.20% 0.05% 

Total HH3 (m2) 179143 138981 
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% site HH3 12.82% 33.51% 

Total PF1 (m2) 3760 - 

% site PF1 0.27% - 

Total PF2 (m2) 24227 46440 

% site PF2 1.73% 11.80% 

Total PF3 (m2) 3978 - 

% site PF3 0.28% - 

Total PB5 (m2) - 15 

% site PB5 - 0.000036 
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4.2.1.2.4. NUSH scheme summary 

Letterunshin intact site comprised of only 7 % BB habitat under the HD Annex I scheme, but instead was 

dominated by 64.1 % Rhynchospora alba (HW3) hollow community, habitat 7150 under the HD Annex I 

scheme and is reported separate to 7130 BB habitat (Table 4-1 and Figure 4-10). This habitat was not identified 

in any of the other sites. Letterunshin intact site consisted of 25.3 % Wet heath, also classified and reported 

separately under the HD Annex I scheme (4010 Wet heath) with only a very small cover of BB3 and BB4 with 

no BB5 community (Figure 4-10). Letterunshin degraded site consisted almost 40 % Conifer plantation 

(WD4), with some HH3 and small amounts of BB3 and BB4. BB4 was the most frequent BB habitat across 

all sites but dominated only at Cuilcagh intact site. Cuilcagh degraded site was largely dominated by BB4 (73 

%). Garron intact site was dominated by a high proportion of BB5 (57.07 %). Garron degraded site consisted 

of similar percentages of BB4 and BB5 (23.8 % and 26.76 % respectively), with higher HH3 (33.51 %) 

proportions than Garron intact site (12.82 %). BB3 was the least frequent BB community across all six sites, 

with BB4 being the most frequent. 

 

Figure 4-10 Percentage cover of dominant habitats/communities in all sites  
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4.2.2. Condition assessment of sites 

4.2.2.1. Results 

Table 4-5 along with Figure 4-11, Figure 4-13 and Figure 4-12 highlight the percentage cover of PFT’s for 

Letterunshin, Garron and Cuilcagh intact and degraded sites. Bogs are dominated by three major Plant 

Functional Types (or Groups) (PFT’s): Bryophytes (i.e., mosses, mainly Sphagnum spp.), ericoid/ericaceous 

(heather (Ericaceae ) family) shrubs and graminoids (sedges – herbaceous plants with a grass-like 

morphology) (Ward et al., 2013; Potvin et al., 2015). It is noteworthy that all intact sites have higher Sphagnum 

cover (24.59 % - 33.19 %) than it’s associated degraded site (7.1 % – 27.35 %). Also, all sites except Garron 

degraded had Sphagnum cover of > 20 %. Garron had the lowest Sphagnum cover of the intact sites (24.59 

%). 

Large differences in physiology among different PFT’s account for their response to changing hydrology 

(Chapin and Shaver, 1996) and thus a gradient is exhibited between different PFT’s in relation to water 

availability. A decline in Sphagnum moss productivity is expected if water tables are drawn down enough so 

that the capillary fringe does not reach the surface for extended periods (Gerdol et al., 1996). Potvin et al., 

(2015) predict shallowly rooted ericaceous shrubs that lack root mechanisms to survive in waterlogged 

conditions to increase in dominance and productivity with drier future conditions. However, with severe water 

table decline, drought stress can suppress growth of Ericaceae (Potvin et al., 2015). In contrast, sedges have 

special root adaptations (aerenchyma) which permit the active transport of oxygen into roots, allowing them 

to survive in waterlogged conditions, leading to much deeper rooting zones (Armstrong et al., 1991). Price et 

al (2003) suggest that the deeper-rooted species Eriophorum angustifolium (cotton grass) may be able to draw 

water from depths up to 50cm, whereas Calluna (heather) may only recover nutrients efficiently from depths 

of less than 15cm. Gerdol et al. (1998) suggest that Sphagnum capillifolium is capable of growth in locations 

with an average water table 20 cm below the surface under natural conditions. Additionally, Sun et al. (1997) 

note that shrub and forb species concentrate roots in surface soil layers (0–30 cm) and have reduced root 

densities throughout the soil profile compared to grasses. Therefore, the hydrologic gradient expected for 

PFT’s in this study are demonstrated from this study in Table 4-5. Sphagnum mosses can be considered to 

have the greatest or highest demand for water, followed by non-Sphagnum mosses, ericoids and sedges (Table 

4-5). From Figure 4-11 it is evident that the Letterunshin intact site demonstrates this hydrologic gradient the 

most clearly of all sites. However comparing intact sites with the degraded sites in Figure 4-11, Figure 4-12 

and Figure 4-13, it is clear that the intact sites’ PFT composition is more aligned with the hydrologic gradient 

than the degraded sites, which display higher percentages of PFT’s that are less water dependant than the main 

bog PFT’s (i.e., bryophytes, ericoids and sedges).  

Bare peat cover in all intact sites was < 1 % and was low in all sites including degraded sites (< 2 %) except 

for Letterunshin degraded which had bare peat cover of 15.58 %. Between the intact sites, mean maximum 

ericoid height measured at the quadrat level was the greatest in Garron (36.5 cm). This is expected because the 
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intact site at Garron is dominated by BB5, a BB community characterised by Calluna vulgaris - Eriophorum 

spp.  

Of the intact sites, Letterunshin had the highest grasses coverage and a similar sedge/rush coverage (17.04 % 

and 17.41 % respectively). Cuilcagh and Garron intact sites had a much lower grass coverage (4.96 % and 

10.33 % respectively). Both Letterunshin intact (26.76 %) and Cuilcagh intact (33.19 %) sites are dominated 

by Sphagnum mosses, whereas Garron intact site is mainly dominated by Ericoids (29.07 %), although still 

has a high coverage of Sphagnum mosses (24.59 %).  

Both Letterunshin intact and degraded sites were dominated by Sphagnum mosses and Ericoid species (Figure 

4-11). Cuilcagh intact site was dominated by Sphagnum mosses (28.11) and sedges/rushes (26.42 %), whereas 

Cuilcagh degraded was dominated by Ericoids (28.23 %), Sphagnum mosses (27.35 %) and sedges/rushes 

(26.31 %) (Figure 4-12). Garron intact was the only intact site with an ericoid cover (29.07 %) greater than 

Sphagnum cover (24.59 %) and had the highest plant litter cover (9.8 %) of all the sites. In Garron both intact 

and degraded sites have a similar and very low cover of bare peat (0.01 % and 0.19 % respectively) (Figure 

4-13). In contrast to the Garron intact site, Garron degraded site is dominated by grasses (29.61 %) and 

sedges/rushes (27.96 %) (Figure 4-13). 

The proportion of each site covered by Sphagnum mosses, non-Sphagnum mosses and vascular plants is shown 

in Figure 4-14. Garron degraded site has the lowest Sphagnum (7.1 %) and bryophyte (Sphagnum mosses and 

non-Sphagnum mosses combined) (18.74 %) coverage, with the highest vascular coverage (78.17 %). This 

corroborates with McAnallen et al. (2017) where they found ingression of vascular plants in the degrading area 

at the Garron site and suggest that it is expected to be due to the water table being lower than the other intact 

(active) locations, causing increased aerobic decomposition and a dominance of vascular plants due to the drier 

conditions. All other sites have > 20 % Sphagnum coverage with similar bryophyte (25 – 40.65 %) and vascular 

plant (57.06 – 63.97 %) coverage also.  

Table 4-6 highlights the percentage of quadrats from all sites with microtopographic features, along with 

presence of Trichophorum tussocks, dead Ericoids as well as maximum ericoid height (mean, cm). Small 

variations in peatland microtopography can have significant influences on the water availability for vegetation 

(Vitt, 2006). Hummocks (relatively elevated and dry), lawns (intermediate), hollows (wet depressions) and 

pools (deep open-water) are the primary microtopographic features in peatlands (Potvin et al., 2015). A 

hydrologic gradient can be established with microtopographic features, where species that occupy different 

microforms (hummocks, pools, lawns, etc) rely on different water table depths (Table 4-6). O’Reilly (2008) 

notes that the vertical distribution of Sphagnum species on the hummock-hollow gradient is a function of plant 

physiology (determining productivity and tolerance to drying conditions).  

Trichophorum Tussock presence was highest in Cuilcagh degraded (57 %), but also high in Garron degraded 

sites as expected in degraded BB sites. Notably Letterunshin intact sites also had a high proportion of quadrats 

with Trichophorum tussocks (39 %). Cuilcagh intact and degraded sites and Garron degraded had the highest 
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percentage of quadrats with sedges/rushes (27.96 – 30.58 %), higher than rest of the sites which all had < 20 

%.  

Letterunshin and Cuilcagh intact sites had the highest percentage of quadrats with Sphagnum hummocks 

(>90%) compared to the degraded areas of these sites. Garron intact and degraded sites had a much lower 

Sphagnum hummock coverage (47% and 40% respectively) and both areas showed also similar proportion of 

lawns and pools. Ericoid mean height range was 29 – 37.5 cm for all sites except Letterunshin intact, which 

had a mean maximum height of less than half the height of the other sites (14.3 cm). 
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Table 4-5 Percentage cover of PFT’s in each of the six sites 

         High water table     Hydrologic gradient      Low water table 

 

Total 

PFT’s  

Sphagnu

m 

mosses 

Non-

Sphagnu

m mosses 

Ericoid Sedges, 

rushes 

Forbs Grasses Woody Lichens Algal 

cover 

Bare peat 

with algal 

mat 

Bare 

peat 

Plant 

Litter 

Letterunshi

n intact 

26.76 7.68 20.06 17.41 6.23 17.04 0.84 0.62 0.58 0.01 0.18 2.61 

Letterunshi

n degraded 

21.63 3.37 21.70 19.07 2.19 11.40 2.68 0.02 0.16 0.78 15.58 1.42 

Garron 

intact 

24.59 7.60 29.07 14.94 2.97 10.33 0.20 0.25 0.01 0.01 0.19 9.83 

Garron 

degraded 

7.10 11.64 16.42 27.96 4.17 29.61 0.00 0.00 0.19 0.19 0.23 2.48 

Cuilcagh 

intact 

33.19 7.46 16.44 30.58 5.73 4.96 0.00 0.00 0.00 0.00 0.00 1.65 

Cuilcagh 

degraded 

27.35 4.85 28.23 26.31 6.47 2.77 0.00 0.20 0.23 0.23 1.59 1.78 
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Table 4-6 Percentage of quadrats containing mircotopographic and other recorded features.  

  High water table    Hydrologic gradient     Low water table 

 

 
Pools Lawns Sphagnum 

Hummocks 

Hummocks Trichophorum 

Tussocks 

Ericoids mean 

max height (cm) 

Dead Ericoids 

Letterunshin 

intact 

40 15 90 55 39 14.3 0 

Letterunshin 

degraded 

0 0 75 0 17 37.5 17 

Garron intact 9 2 47 43 23 36.5 7 

Garron 

degraded 

6 19 44 25 38 29 5 

Cuilcagh 

intact 

5 0 95 41 29 32.6 0 

Cuilcagh 

degraded 

10 10 60 40 57 31.1 29 
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Figure 4-11 Comparison of PFT cover in Letterunshin intact and degraded sites.  

 

Figure 4-12 Comparison of PFT cover in Cuilcagh intact and degraded sites. 
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Figure 4-13 Comparison of PFT cover in Garron intact and degraded sites. 

 

Figure 4-14 Comparison of Sphagnum, bryophyte (Sphagnum and non-Sphagnum mosses) and vascular 

percentage cover in all six intact and degraded sites (G = Garron intact, GD = Garron degraded, L = 

Letterunshin intact, LD = Letterunshin degraded, C = Cuilcagh intact and CD = Cuilcagh degraded).  
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From Table 4-7 Letterunshin intact has the lowest percentage cover of BB communities (6.85 %) and 

Cuilcagh degraded has the highest percentage of BB communities (89.48 %). 

Table 4-7 Cover of BB habitat in each of the six sites. 

 BB cover m
2
 % 

Letterunshin Intact 107782 6.85 

Letterunshin Degraded 231907 42.79 

Garron Intact 1154954 81.80 

Garron Degraded 197544 50.63 

Cuilcagh Intact 1694801 70.87 

Cuilcagh Degraded 1236966 89.48 

Table 4-8 highlights peat depths (recorded at each quadrat location across all sites) across the six BB sites. 

As mentioned previously, peat depth is used in defining BBs. Garron degraded site has the highest 

percentage of peat depth less than 0.5 m (27.91 %). Letterunshin degraded also had a high percentage of 

the site with peat depths less than 0.5 m (25.67 %), however Cuilcagh degraded only had a small proportion 

of shallow peat (3.69 %). Letterunshin intact site had the deepest peat with 66.9 % of the site > 3 m peat 

depth. All intact sites had either no shallow peat or a small proportion (0 – 5.5 %). At the Cuilcagh intact 

site, all peat depths were within 0.5 – 3 m range only. Additionally, just 19.56 % of Garron intact site had 

peat depths > 3 m.  

Rhynchosporion depressions (HW3) were associated with the deepest peat of all sites (> 3 m) (Figure 4-15). 

BB communities (BB3, BB4 and BB5) showed no difference between median peat depths (~ 1.5 – 2 m) (P 

= 0.34). Heath (HH3), grasslands (GS3 and GS4) and poor flush/fen (PF2) habitats are associated with the 

shallowest peat depth (< 1.5 m) (Figure 4-15).  
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Table 4-8 Peat depth for each of the six intact and degraded sites.  

 

Peat depth 

% of site 

Under 0.5 m 

% of site Over 

0.5 m 

% of site Over 3 m Number of 

sampling areas 

Letterunshin Intact 0.00 % 33.10 % 66.90 % 23 

Letterunshin Degraded 25.67 % 74.33 % 0.00 % 8 

Garron Intact 5.5 % 74.94 % 19.56 % 73 

Garron Degraded 27.91 % 47.74 % 30.35 % 21 

Cuilcagh Intact 0.00 % 100.00 % 0.00 % 31 

Cuilcagh Degraded 3.69 % 52.53 % 43.78 % 14 

 

 

Figure 4-15 Peat depth statistics by main vegetation type at intact sites.  

All intact sites had a higher percentage that passed the condition assessment (65.2 – 91.3 %) than failed 

(see Table 8-7). For the degraded sites, 100 % of all sites failed the condition assessment due to a range of 

factors such as low Sphagnum cover, high bare peat cover (> 5 %), anthropogenic impacts (drains, turf 

cutting, burning, grazing) and lack of presence of nanotopes.  
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Of the intact sites, Garron had the largest percentage of the site fail the assessment with 35 out of 73 quadrats 

failing (34.8 % of site). This was mainly due to a combination of factors including low Sphagnum coverage 

(20 out of 35 quadrats had low Sphagnum < 20 % cover), lack of nanotopes (10 quadrats), high bare peat 

cover (4 quadrats had > 5 % bare peat), presence of drains nearby monitoring quadrats (2 quadrats) and 

shallow peat depth (7 quadrats < 0.5 m peat depth). Figure 4-16 shows a high correlation between the 

‘passed’ and ‘active’ results of the condition assessment (R2 = 0.9462).  

Letterunshin intact site had the highest percentage of ‘active’ BB (95.9 %) and the lowest percentage of 

‘inactive’ bog (4.1 %) compared to all other sites (Table 4-10). All intact sites had higher percentages of 

‘active’ bog (74.6 – 95.9 %) compared to ‘inactive’ (4.1 – 25.4 %). Degraded sites Cuilcagh and 

Letterunshin had higher percentages of ‘inactive’ bog than ‘active’, also having the highest percentage of 

‘inactive’ BB of all the sites (57.9 % and 61 %, respectively). Garron degraded site had equally as much 

‘active’ as ‘inactive’ bog (51.3 % and 48.7 % respectively). Figure 4-16 shows a high correlation between 

pass and ‘active’ results from the condition assessment (R2 = 0.9462). 

 

Table 4-9 Percentage of each site pass or fail based on condition assessment in Table 8-7. 

Site % passed % failed 

Letterunshin intact 91.3 8.7 

Letterunshin degraded 0 100 

Garron intact 65.2 34.8 

Garron degraded 0 100 

Cuilcagh intact 74.2 25.8 

Cuilcagh degraded 0 100 
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Table 4-10 Percentage ‘active’ and ‘inactive’ BB in each of the six intact and degraded sites from data in 

Table 8-7.  

Site % ‘active’ % ‘inactive’ 

Letterunshin intact 95.9 4.1 

Letterunshin degraded 39 61 

Garron intact 74.6 25.4 

Garron degraded 51.3 48.7 

Cuilcagh intact 93.3 6.7 

Cuilcagh degraded 42.1 57.9 

 

 

Figure 4-16 Correlation between pass (Table 4-9) and ‘active’ results from condition assessment, showing 

a high correlation between the data with R2 = 0.9462.  
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4.2.3. Specifying the influence of hydrological and environmental factors 

on spatial vegetation patterns using NMDS ordination 

4.2.3.1. NMDS Ordination results  

This section presents the results of a classification using multivariate statistics on the polygon 

habitat/community % cover data, quadrat Plant Functional Type (PFT) % cover data, associated 

environmental data and hydrological (water table fluctuation) data. 

4.2.3.2. Polygon data – Intact vs Degraded with associated environmental 

variables 

4.2.3.2.1. All sites with water table vectors  

An initial round of cluster analysis divided the dataset on the grouping of intact and degraded sites using 

data from all intact and degraded sites (Figure 4-18, Figure 4-20) and then separately by location (i.e., 

Letterunshin, Garron and Cuilcagh) (Figure 4-22, Figure 4-26 and Figure 4-24 respectively). This resulted 

in clusters of intact sites n = 103 and degraded sites n = 33 for all of the sites together, n = 73 intact and n 

= 21 degraded sites for Garron, n = 23 intact and n = 5 degraded sites for Letterunshin and n = 31 intact 

and n = 14 degraded sites for Cuilcagh. 

The metaMDS function in R Statistical Environment automatically performs the iterative search for the 

optimal model solution with the best stability (represented by a low stress value of <0.2 (Clarke, 1993). 

Variation in habitat/community composition was best represented by a two-dimensional convergent (stable) 

NMDS ordination with stresses between 0.03 and 0.14 (Table 4-11). The cut off for ‘good stress’ is 

approximately 0.2 (Clarke, 1993). Stress values < 0.1 are considered good, while values < 0.05 indicate 

very good fit. R² values of non-metric and linear are shown on each of the stressplots in the figures, which 

indicate the fit of the data to the model output (stepped line), with a value closer to 1 (i.e., 100 %) 

representing smaller differences between the observed data and the fitted values. R² (linear) value for 

habitat/community percentage cover data from all sites grouped by intact and degraded, with associated 

environmental and hydrologic variables was 0.977 (Table 4-11), indicating that the data are closely fitted 

to the final model output (stepped line) (Figure 4-17). 
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Table 4-11 Stress and R2 values for each separate ordination, from all intact and degraded sites, Garron 

sites, Cuilcagh sites and Letterunshin sites.  

 All sites Garron Cuilcagh Letterunshin 

Final stress 0.11 0.14 0.14 0.03 

R
2 
(linear) 0.977 0.911 0.915 1 

 

 

Figure 4-17 Stressplot relating to data analysis in Figure 4-18 and Figure 4-20; polygon habitat/community 

percentage cover data from all sites grouped by intact and degraded, with associated 

environmental and hydrologic variables. The best combination of constraints produced this 

NMDS ordination with a stress of 0.11, indicating a good fit of the data to the model. R2 is a 

goodness-of-fit measure for linear regression models and represents how well the data are 

fitted to the model output (stepped line) with a value closer to 1 (i.e., 100 %) representing 

smaller differences between the observed data and the fitted values. R2 = 0.977, therefore 

representing a strong relationship between the model and the dependent variable. 

Average minimum (10th percentile) and maximum (90th percentile) water table levels (WL’s) are shown in 

Table 4-12 for all six sites, highlighting the difference in water table levels between intact and degraded 

sites. WL data displayed a typical seasonal variability in all intact sites and WL fluctuations were similar 

at all the intact sites (max (highest) WL average ranging from -0.05 to -0.09 m below surface (P = 0.11) 

and min WL average ranging from -0.28 to -0.38 m below surface (P = 0.05)) but larger fluctuations were 
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observed at all of the degraded sites. The degraded sites showed significant differences from the intact 

WL’s (P = 0.008), most notably with minimum WL’s, with Letterunshin and Cuilcagh showing the greatest 

minimum WL (-0.63 and -0.62 m respectively). 

Depth to water table in a peatland is one of the most important influences on plant occurrence and growth 

(Rydin and Jeglum, 2006) and lowering of the water table as demonstrated in this study in the degraded 

parts of Letterunshin and Cuilcagh sites may affect peatland vegetation over time. Water table depth is 

critical for plant growth and whilst water tables are typically ~5 cm below the surface of a pristine bog 

(NPWS, 2015), different plant species have root systems that can utilise water at varying depths (Labadz 

et al., 2010). For example Potvin et al. (2015) showed an increase in aboveground ericaceous (shallowly 

rooted) shrub productivity and abundance with increased depth to water tables but note that with severe 

water table decline, drought stress can suppress growth of Ericaceae (Potvin et al., 2015). Additionally, 

sedges have specialised roots permitting the active transport of oxygen into roots, allowing them to survive 

in waterlogged conditions, (Armstrong et al., 1991) such as the deeper-rooted species Eriophorum 

angustifolium. Price et al (2003) reported that a summer water table 40cm below ground is generally 

accepted as a critical level for growth of most bog plant communities and suggest that Eriophorum (cotton 

grass) roots may be able to draw water from depths up to 50cm, however Calluna (heather) may only 

recover nutrients efficiently from depths of less than 15cm. Gerdol et al. (1998) suggest that Sphagnum 

capillifolium is capable of growth in locations with an average water table 20 cm below the surface under 

natural conditions. Large differences in physiology among the different plant functional types (PFT’s) 

account for their response to changing hydrology (Chapin and Shaver, 1996).  

Therefore it is expected that with continued lowering of the water table, peatland vegetation will shift from 

dominance of BB communities (i.e., Eriophorum vaginatum – Sphagnum papillosum BB community 

(BB3), Trichophorum germanicum – Eriophorum angustifolium BB community (BB4), Calluna vulgaris - 

Eriophorum spp. community (BB5)) to drier habitats. For example, Figure 4-24 demonstrates the shift in 

vegetation of ‘at risk’ parts of the site to drier habitats such as HD1 (dense bracken). Bracken is associated 

with drier conditions and is often associated with degradation as Rochefort (2000) notes that abandoned 

peatland sites can be invaded by bracken). 

Additionally, most of Garron intact site is dominated by BB5 (Calluna vulgaris - Eriophorum spp. bog) 

community (57.07 %, see Figure 4-10). BB5 is a high altitude bog that can also be dry, often lacking any 

appreciable Sphagnum cover, with a high cover of Calluna vulgaris, often superficially resembling dry 

heath habitat (Perrin et al., 2014). This habitat was typical in both intact and degraded areas but within the 

intact area may be a sign of parts of the site moving towards drier communities, possibly becoming ’at risk’ 

of degradation (see Figure 4-26). 
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Table 4-12 Mean max (highest) and min (lowest) water table level measurements for whole study period 

for each site (in metres below surface), L = Letterunshin, G = Garron and C = Cuilcagh sites, 

LD = Letterunshin Degraded, GD = Garron Degraded and CD = Cuilcagh Degraded sites.  

   Site Average max Water Table Level (m 

below surface) 

Average min Water Table Level (m 

below surface) 

INTACT L -0.09 -0.31 

  G  -0.05 -0.28 

  C  -0.06 -0.38 

  Average  -0.07 -0.32 

DEGRADED LD -0.12 -0.63 

  GD -0.06 -0.41 

  CD -0.06 -0.62 

  Average -0.08 -0.55 

 

Table 4-13 outlines the results of a permutation test to determine any significant effects of intact and 

degraded polygon data on the distribution of habitats/communities and water table data. The two clusters 

(intact and degraded) had a significant effect on habitat/community distribution and associated hydrologic 

variables and therefore the test hypothesis of no difference in the data is rejected (PERMANOVA, P = 0.03, 

R2 = 0.01). 

Figure 4-18 highlights the separation of all intact and degraded habitats with water table level data overlaid. 

As distance between habitats/communities increases in the ordination plot, the similarity between them 

decreases. From the ordination plot in Figure 4-18, FL1 (Dystrophic lakes), HW3 (Rhynchospora alba 

hollows), HH4 (Montane heath) and HH1 (Dry heath) habitats are more strongly associated with intact 

sites, clustering separately from the degraded sites. FL1 and HW3 habitats were highly correlated, which 

is to be expected as they were recorded at Letterunshin intact site where habitats that require a constant 

water supply were abundant, e.g. pools, lakes, quaking ground and wet hollows. It is expected that theses 

habitats are associated only with intact areas as they were not identified in the drier degraded areas.  

HH4 (Montane heath) and HH1 (Dry heath) are also correlated which is to be expected as these habitats 

share similar species and are drier than HH3 (Wet heath), while also having a greater species diversity than 

the other habitat classifications (Fossitt, 2000). Degraded quadrats clustered within the intact cluster thus 
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most habitats are common to both sites. PB4 (cutover bog) is strongly associated with degraded sites. BB 

community type BB3 (a soft bog community dominated by Sphagnum papillosum and Eriophorum 

vaginatum) is also only associated with the intact cluster. The remainder of the habitats/communities are 

associated with both intact and degraded sites and is expected as they were common to all sites. 

The correlation strength of the hydrologic variables (minimum water table level (deepest) and maximum 

water table level (closest to ground surface)) is represented by the vector length. Both the intact and 

degraded habitats/communities’ clusters were primarily distributed along the first NMDS axis. The first 

axis is also correlated with hydrologic variables of minimum (Min WL) and maximum (Max WL) water 

table level, with max WL highly correlated with the intact habitats/communities (longer vector length), and 

minimum water table level correlated with the degraded habitats/communities. Comparing water table 

levels with Table 4-12, this is to be expected as minimum average water table levels are greatest in degraded 

sites (P = 0.008). Maximum (highest) WL was correlated with habitat/communities such as BB3, FL1 and 

HW3 and lowest water tables with habitats such as HH3, PF3, FP1, FW1, HD1, GS4 and PB4. Reviewing 

water table duration curves from Letterunshin site where HW3, BB3 and HH3 habitats WL fluctuations 

were investigated, HW3 and BB3 water tables stay closer to the surface in summer and winter compared to 

HH3 water table levels (Figure 4-19). This is supported by the work of Laine, et al. (2007), where they 

showed that vegetation structure was strongly controlled by water level and the species with distinctive 

water level optima were separated into the opposite ends of the gradient in canonical correspondence 

analysis (Laine, et al., 2007). The 0 point on the first NMDS axis separates intact (towards positive side) 

and degraded (towards negative side) (max and min WL’s respectively), and any intact polygons 

overlapping with degraded polygons could be deemed ‘at risk’, moving towards deeper water tables and 

degradation. The hydrological gradient follows this pattern and any polygons overlapping with degraded 

polygons can also be deemed ‘at risk’, moving towards deeper water tables (i.e., further from the ground 

surface).  

This point on the plot (0 on first axis) is a potential an intact baseline for both habitats/communities and 

water table depths, allowing identification of the point at which intact areas are showing signs of 

degradation. This type of assessment could be used in future as a potential tool to identify first signs of 

degradation using both vegetation and water table fluctuations as indicators. As mentioned previously, with 

lowering of the water table as parts of the site move towards degradation, peatland vegetation will shift 

from dominance of BB communities to drier habitats. 

The intact polygons that overlap with degraded polygons are shown in Table 4-14. When these overlapping 

intact site polygons (highlighted red circle in Figure 4-18) are compared with the results from the condition 

assessment in section 4.2.2, interestingly 66 % (n = 21) of the total ‘at risk’ intact polygons (n = 32) failed 

the condition assessment, suggesting that the condition of these habitats is unfavourable and degrading.  
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The separation of the communities HW3 (Rhynchospora alba hollows) and FL1 (dystrophic pools) to the 

positive side of the first axis, separate from all other habitats/communities is notable. This can be attributed 

to the fact that HW3 and FL1 communities are only present in the Letterunshin intact site and characterise 

the site (64.1 % and 2.03 % of the site respectively). HW3 is a softer and wetter BB community and 

associated with interconnecting pools and quaking ground (Perrin et al., 2014). Notably, the Letterunshin 

intact site had the most homogenous polygons of the three sites, i.e., many of the polygons consisted of one 

single habitat/community of vegetation, but this is not unusual as Fossitt (2000) notes that peatlands can be 

low in overall plant and community diversity. Letterunshin had the lowest habitat diversity with only 12 

habitats/communities identified (see Table 4-2) and almost 90 % of the habitat/community types were 

represented by only two categories (64.1 % HW3 and 25.3 % BB4). This suggests that a change to the 

water table regime could cause a shift in the vegetation from these sensitive specialised communities to 

drier communities, and therefore make this site more vulnerable to degradation. 

 

Table 4-13 Permutation test results from ordination of habitats/communities between intact and degraded 

catchments in all intact and degraded sites with hydrologic variables (water table levels). 

Note the R2 is non-zero and positive Table 4-11, in contrast to adjusted R2 presented here, 

which may be zero or even negative.  

 Degrees 

freedom 

Sums of 

Squares 

Mean 

Squares 

F Model       R
2
  Pr(>F) 

Position    1     0.80 0.80 2.03 0.01  0.03 

Residuals  133    49.77 0.37       0.98   

Total      134   50.53               1    
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Figure 4-18 NMDS Ordination biplot showing the distribution of habitats/communities between intact and degraded catchments in all sites combined and vectors 

for hydrologic variables most highly correlated with the two axes.  Plots in the degraded and intact catchments are shown using different colours 

and clusters are highlighted using shaded polygons drawn around the data groups (intact = black points and degraded = purple points). Codes and 

descriptions for habitats/communities are listed in Table 2-7). Red circle indicates overlapping intact site polygons with degraded ones, indicating 

‘at risk’ intact polygons.  
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Table 4-14 Pass and fail results for ‘at risk’ polygons identified from Figure 4-18 (full condition assessment results in Appendices Table 8-7).  
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Figure 4-19 Water level duration curve showing monitoring wells in Letterunshin intact site (LA-LF) and 

degraded site (L1-L3) during summer 2018 coloured by vegetation type (see Table 2-7 for 

different vegetation descriptions) (dashed lines are degraded site) 

4.2.3.2.2. All sites with environmental vectors 

Table 4-15 outlines the results of a permutation test (PERMANOVA) to determine any significant effects of 

intact and degraded polygon data on the distribution of habitats/communities and associated environmental 

variables. The two clusters (intact and degraded) had an effect on habitat/community distribution and 

associated environmental variables and therefore the test hypothesis of no difference in the data is rejected 

(PERMANOVA, P = 0.04, R2 = 0.02). 

Environmental variables in the form of vectors were overlaid onto the vegetation data from all intact and 

degraded habitats, represented by black arrows (Figure 4-20). The correlation strength of the environmental 

variables is represented by the vector length. Both environmental variables and vegetation types were 

distributed along the first and second NMDS axes, separating the intact and degraded habitats/communities 

and associated environmental variables in both dimensions, with notable clusters of environmental variables 

associated with specific habitats (Figure 4-22).  

The cluster of vectors in the black circle (firm ground, depressions, vehicle tracks, rewetting bog, burning, and 

severe drying variables) are associated with the anthropogenically degraded habitats of cutover bog (PB4) and 
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also with dense bracken (HD1). It is expected that such variables that are associated with BB degradation 

would cluster together and exhibit strong associations with cutover bog (PB4) areas.  

Steep and hilltop variables (yellow circle in Figure 4-20) are associated with Montane (HH4) and Dry heaths 

(HH1), which is to be expected as Montane habitats are associated with high altitudes on mountains or exposed 

locations in the uplands and dry heath habitats can be found on steeply sloping ground in upland and lowland 

areas (Fossitt, 2000). Notably BB5 (Calluna vulgaris - Eriophorum spp. community) which is a high altitude 

drier bog community (Perrin et al., 2014) is also associated with these environmental variables, although to a 

lesser extent.  

The cluster of vectors in the blue circle (pools, flats, quaking bog, very soft ground, Sphagnum hummocks, 

non-Sphagnum hummocks and flat ground) (Figure 4-20) are not surprisingly associated with the intact BB 

habitats/communities BB3 (a soft bog community dominated by Sphagnum papillosum and Eriophorum 

vaginatum), Rhynchospora alba hollows (HW3) (wet hollow community) and Dystrophic pools (FL1) (pool 

community). Dystrophic pools occur in association with good quality BB (Perrin et al., 2014). The infilling 

sub-community refers to a terrastrialized zone around dystrophic pools characterized by high Sphagnum cover 

coupled with an appreciable cover of sedges (Perrin et al., 2014).  

Comparing Figure 4-18 and Figure 4-20 it is clear that the separation of the water table vectors are along the 

first NMDS axis, with higher water tables correlated to the vectors in the blue circle in Figure 4-20 associated 

with ‘intactness’ and the lower water tables are associated with steeper ground and degradation vectors (black 

and yellow circles in Figure 4-20.   

Interestingly the three groups of contrasting vectors are at 90º angles to each other in Figure 4-20, being 

separated in both dimensions. The group of vectors in the blue circle is separated along the first axis from the 

other two vector groups (i.e., black circle and yellow circle). This is expected as the vegetation associated with 

these blue circle communities (BB3, HW3, FL1) are dominated by species that require water tables to be closer 

to the surface (e.g. Sphagnum spp., Rhynchospora alba) and are associated with these wetter vectors in the 

blue circle. For example Potvin et al. (2015) showed an increase in ericaceous shrub productivity and 

abundance with increased depth to water table. Additionally, peatlands in drier climatic periods and eastern 

location, or those which have been disturbed, may have less Sphagnum and a greater abundance of drier 

vascular plants such as Calluna vulgaris, Erica tetralix, Eriophorum vaginatum, Eriophorum angustifolium 

and Trichophorum germanicum (JNCC, 1994). Riutta et al. (2007) indicate that water table drawdown will 

likely favour shrubs over graminoids in bog ecosystems. Communities from the other two vector clusters 

(black (PB4, HD1) and yellow circles (HH4, HH1)) are associated with drier conditions. Dense bracken (HD1) 

is often associated with degradation. Rochefort (2000) notes that abandoned peatland sites can be invaded by 

bracken therefore the association of degradation indicators with dense bracken habitat is expected. 

Again the 0 point on the first NMDS axis separates intact (towards positive side) with associated good 

condition indicators (vectors) and degraded (towards negative side) with associated bad condition indicators 
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(vectors), and any intact polygons overlapping with degraded polygons could be deemed ‘at risk’, moving 

towards negative indicators of condition and degradation. This point on the plot (0 on the first axis) is again a 

potential intact baseline for BB habitats/communities.  

 

Table 4-15 Permutation test results from ordination of habitats/communities between intact and degraded 

catchments in all sites with environmental variables.  

 Degrees 

freedom 

Sums of 

Squares 

Mean 

Squares 

F Model       R
2
  Pr(>F) 

Position    1     0.76 0.76 2.03 0.02  0.04 

Residuals  133    49.77 0.37       0.98   

Total      134   50.53               1    
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Figure 4-20 NMDS Ordination biplot showing the distribution of habitats/communities between intact and degraded catchments in all sites combined and vectors 

for environmental variables most highly correlated with the two axes.  Plots in the degraded and intact catchments are shown using different colours and clusters 

are highlighted using shaded polygons drawn around the data groups (intact = black and degraded = purple). Overlapping words on top left of plot are: 

Depression, burning, severe drying and rewetting. Habitats/community code are listed in Table 2-7.
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4.2.3.2.3. Letterunshin site with environmental vectors 

R² (linear) value for habitat/community percentage cover data from Letterunshin polygon habitat/community 

percentage cover data grouped by intact and degraded, with associated environmental variables was 1 (Table 

4-11), indicating that the data are very closely fitted to the final model output (stepped line) (Figure 4-21). 

Table 4-16 outlines the results of a permutation test (PERMANOVA) to determine the effects of Letterunshin 

intact and degraded polygon data on the distribution of habitats/communities and environmental variables. The 

two clusters (intact and degraded) had an effect on habitat/community distribution and associated 

environmental variables and therefore the test hypothesis of no difference in the data is rejected 

(PERMANOVA, P = 0.01, R2 = 0.03).  

Figure 4-22 highlights the separation of intact and degraded habitats in Letterunshin. Axis 1 separates the intact 

and degraded habitats/communities and is also correlated with environmental variables: pools, patterning, soft 

ground, bryophyte hummocks and stable hydrology associated with the intact habitats/communities on the 

positive side of the x-axis; and firm ground, depressions, vehicle tracks, rewetting bog, burning, and severe 

drying associated with the degraded habitats/communities on the negative side of the x-axis. Some habitats 

were more strongly associated with intact sites, i.e., BB3, FL1 and HW3. Some habitats are more strongly 

associated with the degraded site, e.g. BB4, BB5 and ER3. The remainder of the habitats/communities are 

associated with both intact and degraded sites. These findings corroborate with Table 4-2. This is expected 

because BB3 (Eriophorum vaginatum – Sphagnum papillosum) and HW3 (Rhynchospora alba hollows) 

habitats are associated with softer and wetter BB communities (Perrin et al., 2014) and dominate in the intact 

site and FL1 (dystrophic pools) are only present in the intact site and not in the degraded site. The communities 

BB4 (Trichophorum germanicum – Eriophorum angustifolium BB community) and BB5 (Calluna vulgaris - 

Eriophorum spp. community) they are drier bog communities (Perrin et al., 2014) and are therefore more 

dominant in the degraded area. According to the JNCC (1994), disturbed peatlands may have less Sphagnum 

and a greater abundance of vascular plants such as Calluna vulgaris, Erica tetralix, Eriophorum vaginatum, 

Eriophorum angustifolium and Trichophorum germanicum. ER3 (Siliceous scree and loose rock) is also only 

found in the degraded area. 

A separation on the first axis of vectors associated with degradation and vectors associated with more intact 

conditions can be seen in Figure 4-22. However, we can say that intact polygons overlapping with the degraded 

cluster on the negative side of the first NMDS axis could be ‘at risk’, moving towards degradation. The lack 

of a clearer separation in the intact and degraded groups may be because a large portion of the degraded area 

in Letterunshin site (~40%) is drained and devoid of vegetation, being planted with conifer trees. Including 

this portion of the data in the analysis led to all of the data clustering on top of one another, separated from the 

conifer plantation polygon. Therefore, the conifer plantation data were removed from the analysis. 

The 0 point on the first NMDS axis separates intact (towards positive side) with associated good condition 

indicators (vectors) and degraded (towards negative side) with associated bad condition indicators (vectors), 
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and any intact polygons overlapping with degraded polygons could be deemed ‘at risk’, moving towards 

negative indicators of condition and degradation. This point on the plot (0 on the first axis) is again a potential 

intact baseline for BB habitats/communities.   

 

Figure 4-21 Stressplot of Letterunshin polygon habitat/community percentage cover data grouped by intact 

and degraded, with associated environmental variables. Ordination distances are plotted against 

community dissimilarities resulting in correlation statistics of goodness of fit of the Letterunshin 

intact and degraded polygon data, similar to the goodness of fit metric used in ANOVA. The best 

combination of constraints produced this NMDS ordination with a stress of 0.03, indicating a 

good fit of the data to the model. R2 is a goodness-of-fit measure for linear regression models 

and represents how well the data are fitted to the model output (stepped line) with a value closer 

to 1 (i.e., 100 %) representing smaller differences between the observed data and the fitted values. 

R2 = 1, therefore representing a very strong relationship between the model and the dependent 

variable, indicating a perfect fit of the data to the model.  
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Table 4-16 Permutation test results from ordination of habitats/communities between intact and degraded 

catchments in Letterunshin with associated environmental variables. 

 Degrees 

freedom 

Sums of 

Squares 

Mean 

Squares 

F Model       R
2
  Pr(>F) 

Position    1     0.68 0.68 2.02 0.01   0.03 

Residuals  23     7.76 0.34          0.92     

Total      24     8.44                1    
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Figure 4-22 NMDS Ordination biplot showing the distribution of habitats/communities between intact and degraded catchments in Letterunshin and vectors for 

environmental variables most highly correlated with the two axes. Plots in the degraded and intact catchments are shown using different colours 

and clusters are highlighted using polygons drawn around the data groups, intact = black and degraded = purple. Overlapping habitats on left of 

plot are: FW1, PF2 and FP1. Habitats/communities are listed in Table 2-7.  
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4.2.3.2.4. Cuilcagh site with environmental vectors 

R² (linear) value for habitat/community percentage cover data from Cuilcagh polygon habitat/community 

percentage cover data grouped by intact and degraded, with associated environmental variables was 0.911 

(Table 4-11), indicating that the data are very closely fitted to the final model output (stepped line) (Figure 

4-23). 

Table 4-17 outlines the results of a permutation test (PERMANOVA) to determine any significant effects of 

intact and degraded polygon data on the distribution of habitats/communities and environmental variables. The 

two clusters (intact and degraded) had an effect on habitat/community distribution and associated 

environmental variables and therefore the test hypothesis of no difference in the data is rejected 

(PERMANOVA, P = 0.01, R2 = 0.01). 

Figure 4-24 highlights the separation of intact and degraded habitats in Cuilcagh. Environmental variables soft 

ground, Sphagnum hummocks and stable hydrology are associated with the intact habitats/communities to the 

negative side of the second axis; and burning, and severe drying and subsidence are associated with the 

degraded habitats/communities to the positive side of the second axis. Very soft ground and gentle sloping 

ground are associated with both intact and degraded sites circled yellow in Figure 4-24 (steep sloping ground 

is opposite to gentle sloping ground, on the negative side of the first axis, black circle) and with habitats BB4 

(Trichophorum germanicum - Eriophorum angustifolium bog), PB5 (eroding BB) and ER1 (exposed rock). 

BB4 is a drier bog typified by an abundance of Trichophorum germanicum and Eriophorum angustifolium 

with low Sphagnum cover (Perrin et al., 2014), and is more dominant in the degraded site, but also exists in 

the intact site, in areas where some previous burning was evident. PB5 (eroding bog) is dominated by Nardus 

stricta – Eriophorum angustifolium degraded peat community is associated with degradation. It is expected 

that there would be some crossover in the polygon habitat data as the largest polygon in Cuilcagh degraded 

site was less degraded than the rest of the degraded site, having some very soft wet areas (polygon CD_3, see 

Figure 4-5). This may point again to some areas in the intact site that are ‘at risk’ (red circle) of becoming 

degraded as they are associated with the least impacted parts of the degraded site. A line on the plot at the 0 

point on the second axis separates the intact and degraded areas, with any intact polygons moving towards the 

positive side of the second axis at risk of becoming degraded. 

Some habitats are more strongly associated with intact sites, i.e., BB3 (Eriophorum vaginatum – Sphagnum 

papillosum bog), HD1 (dense bracken), HH4 (montane heath), HH1 (dry heath), GS3 (dry grassland), GS4 

(wet grassland), PF1 (rich (calcareous) flush), FP2 (Non-calcareous spring), ER3 (scree) and FS2 (swamps). 

BB3 is a soft bog type in which Sphagnum papillosum and Eriophorum vaginatum are characteristic, and 

Narthecium ossifragum and Drosera spp. are frequent (Perrin et al., 2014). This BB community is separate 

from all other habitats, suggesting it is softer and wetter than the rest of the habitats encountered and is not 

surprisingly strongly associated with environmental variables of stable hydrology and Sphagnum hummocks. 

HD1 (dense bracken) is associated with drier conditions and is often associated with degradation as Rochefort 
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(2000) notes that abandoned peatland sites can be invaded by bracken. Taking into consideration the transition 

from intact to degraded, approximately at the 0 point of the second axis as previously discussed, this could 

indicate the beginning of the ‘at risk’ polygons in the intact site. It is expected that drier habitats associated 

with the mountain (Cuilcagh mountain slope is included in the Cuilcagh catchment) such as HH4 (montane 

heath) and HH1 (dry heath) cluster separately (black circle) from the rest of the wetter bog habitats. Dry and 

wet grasslands (GS3 and GS4 respectively) were found in small patches across the intact site. It is also expected 

that PF1 (rich (calcareous) flush), FP1 (calcareous springs), FP2 (non-calcareous springs) and FS2 (swamps) 

are associated with the intact site as these habitats were only recorded here. Scree (ER3) is expected across the 

site due to loose rock from Cuilcagh mountain. Rich flushes (PF1) are found where the substratum is 

waterlogged peat and has a high mineral content. Calcareous springs (FP1) are linked to the shallow peaty or 

mineral soils and water that is oligotrophic and calcareous. Non-calcareous springs (FP2) are kept permanently 

moist by acidic waters that is typically oligotrophic and are also associated with peaty or mineral soils (Fossitt, 

2000). Swamps generally occupy the zone at the transition from open water to terrestrial habitats. These 

habitats are typical to occur in mosaics with peatland communities. 

Additional habitats/communities associated with both intact and degraded sites are BB5 (Calluna vulgaris - 

Eriophorum spp. bog) and FW1 (upland eroding rivers), (Calcareous springs). BB5 is a high altitude bog that 

can also be dry, often lacking any appreciable Sphagnum cover and cover of Calluna vulgaris is high and it 

may superficially resemble a dry heath (Perrin et al., 2014). This habitat was typical in both intact and degraded 

areas but within the intact area may be a sign of bog communities moving towards drier communities, possibly 

becoming ’at risk’ of degradation. According to the JNCC (1994), disturbed peatlands may have less 

Sphagnum and a greater abundance of vascular plants such as Calluna vulgaris, Erica tetralix, Eriophorum 

vaginatum, Eriophorum angustifolium and Trichophorum germanicum. FW1 (upland eroding rivers) are 

common to both sites, which is expected as both sites contain rivers. 

Habitats more strongly associated with degraded sites are PB4 (cutover bog) and HH3 (wet heath). Cutover 

bog (PB4), characterised by mosaics of bare peat and revegetated areas, relates to areas where the original 

mass of peat has been removed through peat extraction and can be associated with all pear forming systems, 

including some areas of wet heath (HH3) (Fossitt, 2000). Wet heath (HH3) is similar to but differentiated from 

the BB community of BB5 (Calluna vulgaris - Eriophorum spp. bog) due to peat depth being less than 0.5m 

and is typical in degraded bog areas with lower peat depths. 

The 0 point on the second NMDS axis separates intact (towards positive side) with associated good condition 

indicators (vectors) and degraded (towards negative side) with associated bad condition indicators (vectors), 

and any intact polygons overlapping with degraded polygons could be deemed ‘at risk’, moving towards 

negative indicators of condition and degradation. This point on the plot (0 on the second axis) is again a 

potential intact baseline for BB habitats/communities.   
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Figure 4-23 Stressplot of Cuilcagh polygon habitat/community percentage cover data grouped by intact and 

degraded, with associated environmental variables. Ordination distances are plotted against 

community dissimilarities resulting in correlation statistics of goodness of fit of the Cuilcagh 

intact and degraded polygon data, similar to the goodness of fit metric used in ANOVA. The best 

combination of constraints produced this NMDS ordination with a stress of 0.14, indicating a 

good fit of the data to the model. R2 is a goodness-of-fit measure for linear regression models 

and represents how well the data are fitted to the model output (stepped line) with a value closer 

to 1 (i.e., 100 %) representing smaller differences between the observed data and the fitted values. 

R2 = 0.915, therefore representing a strong relationship between the model and the dependent 

variable. 

Table 4-17 Permutation test results from ordination of habitats/communities between intact and degraded 

catchments in Cuilcagh with associated environmental variables. 

 Degrees 

freedom 

Sums of 

Squares 

Mean 

Squares 

F Model       R
2
  Pr(>F) 

Position    1     0.61 0.61   2.04 0.01   0.01 

Residuals  32     9.63 0.30       0.94      

Total      33     10.25               1    
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Figure 4-24 NMDS Ordination biplot showing the distribution of habitats/communities between intact and degraded catchments in Cuilcagh and vectors for 

environmental variables most highly correlated with the two axes. Plots in the degraded and intact catchments are shown using different colours 

and clusters are highlighted using polygons drawn around the data groups, intact = black points (light grey cluster) and degraded = purple (dark 

grey cluster). Overlapping words towards the top of the plot are: Subsidence and Burning. See Table 2-7 for habitats/community codes/descriptions. 
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4.2.3.2.5. Garron site with environmental vectors 

R² (linear) value for habitat/community percentage cover data from Garron polygon habitat/community 

percentage cover data grouped by intact and degraded, with associated environmental variables was 0.911 

(Table 4-11), indicating that the data are very closely fitted to the final model output (stepped line) (Figure 

4-21). 

Table 4-18 outlines the results of a permutation test (PERMANOVA) to determine any significant effects of 

Garron intact and degraded polygon data on the distribution of habitats/communities and environmental 

variables. The two clusters (intact and degraded) do not have any effect on habitat/community distribution and 

associated environmental variables, P = 0.05, R2 = 0.03 (PERMANOVA test) (cut off for significance 

difference between treatment groups is P < 0.05). This is not surprising as from Figure 4-26 the degraded 

habitat/community polygons cluster with some of the intact polygons. 

Figure 4-26 highlights the clustering of intact and degraded habitats in Garron. Axis 1 separates some of the 

intact habitat/communities from the degraded habitats/communities. Axis 1 and 2 are correlated with 

environmental variables: pools, patterning, soft ground, bryophyte hummocks and stable hydrology associated 

with the intact habitats/communities on the positive site of the second axis; and firm ground, depressions, 

vehicle tracks, rewetting bog, burning, and severe drying are associated with the degraded 

habitats/communities on the negative side of the second axis. Some habitats are more strongly associated with 

intact sites, i.e., BB3, BB4 and HH1 (this also corroborates with Table 4-4 where both of these habitats have 

larger coverage in Garron intact site). The majority of the habitats/communities in Figure 4-26 are associated 

with both intact and degraded sites, not surprisingly as the degraded site in Garron had a higher diversity than 

the other two degraded sites (see Figure 4-8 (Garron site) compared to Figure 4-2 Figure 4-5 (Letterunshin and 

Cuilcagh sites)). Only four habitats/communities are more strongly associated with the intact site, BB3 

(Eriophorum vaginatum – Sphagnum papillosum bog), BB4 (Trichophorum germanicum - Eriophorum 

angustifolium bog), HH1 (dry heath) and GS3 (dry grassland). BB3 is a soft bog type in which Sphagnum 

papillosum and Eriophorum vaginatum are characteristic, and Narthecium ossifragum and Drosera spp. are 

frequent (Perrin et al., 2014). This BB community is separate from all other habitats (as in Cuilcagh site too, 

see Figure 4-24), suggesting it is softer and wetter than the rest of the habitats encountered. The majority of 

Garron intact site is dominated by BB5 (Calluna vulgaris - Eriophorum spp. bog) community (57.07 %, see 

Figure 4-10). BB5 is a high altitude bog that can also be dry, often lacking any appreciable Sphagnum cover 

and cover of Calluna vulgaris is high and it may superficially resemble a dry heath (Perrin et al., 2014). This 

habitat was typical in both intact and degraded areas but within the intact area may be a sign of parts of the 

site moving towards drier communities, possibly becoming ’at risk’ of degradation. According to the JNCC 

(1994), disturbed peatlands may have less Sphagnum and a greater abundance of vascular plants such as 

Calluna vulgaris, Erica tetralix, Eriophorum vaginatum, Eriophorum angustifolium and Trichophorum 

germanicum. Areas on the negative side of the first axis in Figure 4-26 circled in red, are moving towards 

being closer to the degraded communities and therefore are at risk of becoming degraded.  
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HH3 (wet heath) habitat dominates the degraded site in Garron, (33.51 % of the site, see Figure 4-10). As 

exhibited in the Cuilcagh site also (see Figure 4-24), areas of bare peat and revegetated areas (where the 

original mass of peat has been removed through peat extraction, i.e., cutover bog (PB4)) can be associated 

with all peat forming systems, including some areas of wet heath (HH3) (Fossitt, 2000). Wet heath (HH3) is 

similar to but differentiated from the BB community of BB5 (Calluna vulgaris - Eriophorum spp. bog) due to 

peat depth being less than 0.5m and is typical in degraded bog areas with lower peat depths. This could suggest 

a succession from the main BB community typical of intact areas in the Garron site (i.e., BB5 community), to 

HH3 with degradation in degraded areas.  

The 0 point on the first NMDS axis separates intact (towards positive side) with associated good condition 

indicators (vectors) and degraded (towards negative side) with associated bad condition indicators (vectors), 

and any intact polygons overlapping with degraded polygons could be deemed ‘at risk’, moving towards 

negative indicators of condition and degradation. This point on the plot (0 on the first axis) is again a potential 

intact baseline for BB habitats/communities. 

The cross over area (highlighted in red circle in Figure 4-26) is quite large and could indicate that a large 

proportion of the intact site at Garron are ‘at risk’ of becoming degraded and suggests that the sites is a 

graduation from intact to degraded, rather than a clear line between the two areas as in Figure 4-8. 

 

 

Figure 4-25 Stressplot of Garron polygon habitat/community percentage cover data grouped by intact and 

degraded, with associated environmental variables. Ordination distances are plotted against 

community dissimilarities resulting in correlation statistics of goodness of fit of the Garron intact 

and degraded polygon data, similar to the goodness of fit metric used in ANOVA. The best 
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combination of constraints produced this NMDS ordination with a stress of 0.14, indicating a 

good fit of the data to the model. R2 is a goodness-of-fit measure for linear regression models 

and represents how well the data are fitted to the model output (stepped line) with a value closer 

to 1 (i.e., 100 %) representing smaller differences between the observed data and the fitted values. 

R2 = 0.911, therefore representing a strong relationship between the model and the dependent 

variable. 

Table 4-18 Permutation test results from ordination of habitats/communities between intact and degraded 

catchments in Garron with associated environmental variables. 

 Degrees 

freedom 

Sums of 

Squares 

Mean 

Squares 

F Model       R
2
  Pr(>F) 

Position    1     0.90 0.90   2.61 0.03   0.05 

Residuals  74    25.48 0.34       0.97   

Total      75    26.38               1    
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Figure 4-26 NMDS Ordination biplot showing the distribution of habitats/communities between intact and degraded catchments in Garron and vectors for 

environmental variables most highly correlated with the two axes. Plots in the degraded and intact catchments are shown using different colours and clusters 

are highlighted using polygons drawn around the data groups (intact = black and degraded = purple). Overlapping words on bottom of plot are: Sphagnum 

hummocks and Colonising trees; bottom right words Pools and Hummocks overlap. Habitats/community codes/descriptions are listed in Table 2-7. 
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4.2.3.2.6. Quadrat data from all sites with environmental vectors 

Plant Functional Type (PFT) is a system used classify plants and PFT’s can provide a good representation of 

the status or condition of a site (see sections 2.4.1.1 and 2.8.1.2 for further discussion on PFT’s). Plant 

Functional Type (PFT) data with associated environmental variables were used for the quadrat analysis (raw 

data in Figure 8-66, Figure 8-67, Figure 8-70, Figure 8-72, Figure 8-74, Figure 8-76 and Figure 8-78). PFT’s 

categories assessed; Woody species, Forbs, Grasses, Sedges/Rushes, Sphagnum bryophytes, non-Sphagnum 

bryophytes, Lichens, Bare peat, Algal mat and Bare peat with algal mat. Additional data were 

absence/presence/tussocks of Trichophorum germanicum and Eriophorum vaginatum, peat depth (m) and 

maximum height of Ericoid species (m). 

PFT percentage cover data for each quadrat (see Figure 8-68, Figure 8-69, Figure 8-71, Figure 8-73,  Figure 

8-75, Figure 8-77and Figure 8-79 for raw data) were subjected to numerous rounds of ordination varying the 

constraints, to find the model that fit the data best. When the best combination of constraints were found after 

multiple runs of the varying models, variation in quadrat PFT composition was best represented by a two-

dimensional NMDS ordination with a stress of 0.06.  

Table 4-19 outlines the results of a permutation test (PERMANOVA) to determine any significant effects of 

intact and degraded quadrat data on the distribution of PFT’s and environmental variables. Intact and degraded 

clusters influenced PFT distribution, associated environmental variables and peat depth, therefore the test 

hypothesis of no difference in the data is rejected (PERMANOVA, P = 0.01, R2 = 0.03).  

The analysis resulted in clusters of intact quadrats n = 127 and degraded quadrats n = 40. In Figure 4-27 the 

NMDS ordination output shows the distribution of quadrats in relation to PFT’s. PFT’s are displayed in red 

writing with the quadrats (points) closest most associated with that PFT. The data are separated by the second 

NMDS axis, with most of the degraded sites (dark grey polygon) associated with the positive part of the y-axis 

and the majority of the intact (light grey polygon) quadrats clustering to the negative side of the y-axis.  

Letterunshin and Cuilcagh sites cluster more neatly than the Garron site, which is expected due to this site 

being more variable, consistent with what was observed during vegetation characterisation in section 4.2.1.2.3 

with Garron intact site having almost triple the number of polygons (n=58) and subsequently quadrats (n=73) 

as Letterunshin intact (polygons n=20; quadrats n=23) and Cuilcagh intact (polygons n=22; quadrats n=31) 

sites (see Figure 4-2, Figure 4-5 and Figure 4-8).  

The vector arrows point to the direction of most rapid change in Plant Functional Type (PFT) with 

environmental variables, termed the direction of the gradient by Oksanen (2015). The length of the arrow is 

proportional to the correlation between ordination and the PFT, often termed the ‘strength’ of the gradient 

(Oksanen, 2015).  

A cluster of degraded quadrats (triangle points) are seen in the positive side of the first and second axes, 

strongly associated with PFT’s dead Ericoids, bare peat (and bare peat with algal mat) and Lichens, as well as 

environmental variables bare peat, turf cutting, subsidence, burning and shallow peat (peat depth < 0.5 m). A 
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further group of degraded quadrats cluster to the negative side of the first axis and positive side of the second 

axis, strongly associated with peat depth > 0.5 m but less strongly associated with depressions. This cluster is 

associated with some of Garron degraded quadrats (purple triangles). This suggests that there are several 

mechanisms for degradation that may not be the same/dominant at all sites. Environmental vectors of 

subsidence (indicative of drainage) and burning are associated with Cuilcagh degraded quadrats.  

On the negative side of the first axis, the Garron site (purple points) are associated with non-Sphagnum mosses 

and grasses, indicating a change in succession of vegetation type to domination by vascular plants rather than 

Sphagnum with degradation. This corroborates with McAnallen et al. (2017) were their results showed that an 

ingression of vascular plants compared to mosses in the same degraded area in Garron site. 

PFT’s most associated with the intact sites are Sphagnum mosses, Ericoid species, Ericoid height, woody 

shrubs, plant litter and presence of Trichophorum germanicum and Eriophorum vaginatum. This is as expected 

because Sphagnum mosses, Trichophorum germanicum and Eriophorum vaginatum are typical species of 

intact BB. Additionally, ericoid species and woody shrubs can be high in intact BB. Plant litter can often be 

quite high also, in BB assessments Perrin et al. (2014) report Litter cover of ≤ 20% indicative of intact BB 

condition. Deep peat > 3 m is associated with intact sites and Sphagnum hummocks are very strongly 

associated with intact sites. 

The intact and degraded clusters are separated by the second axis in Figure 4-27. The 0 point on the second 

NMDS axis separates intact (towards positive side) with associated good condition indicators (vectors) and 

degraded (towards negative side) with associated bad condition indicators (vectors), and any intact quadrats 

overlapping with degraded quadrats could be deemed ‘at risk’, moving towards negative indicators of condition 

and degradation. This point on the plot (0 on the second axis) is again a potential intact baseline for BB 

assessment. 

Table 4-19 Permutation test results from ordination of habitats/communities between intact and degraded 

catchments in Letterunshin with associated environmental variables. 

 Degrees 

freedom 

Sums of 

Squares 

Mean 

squares 

F. Model R
2
 Pr(>F) 

Position 1 0.76 0.76 5.14 0.03   0.005 

Residuals 165 24.37 0.15 0.97   

Total 166 25.13 1    
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Figure 4-27 NMDS ordination showing the distribution of quadrat data in relation to environmental variables and peat depth. Environmental variables are shown 

in black writing. Quadrats in the degraded and intact catchments are shown using different colours and clusters of intact (light grey cluster) and 

degraded (dark grey cluster) are highlighted using polygons drawn around the data groups, intact = circular points and degraded = triangular points. 

Overlapping PFT’s in centre of plot are: Sphagnum mosses and Eriophorum vaginatum.
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4.3. Chapter discussion  

This research aimed to develop relationships between plant communities in intact and degraded Irish 

BB and environmental and hydrological gradients to the point that vegetation may be used to 

confidently identify the dominant hydrological processes and the ecosystem services they provide to 

water within intact and degraded sites. Results of vegetation characterisation, vegetation composition, 

condition assessment and linkage with environmental and hydrological gradients are discussed below.  

4.3.1. Vegetation characterisation and habitat classification 

methodologies review 

Several assessment methods were combined from statutory reporting for the purpose of this study, 

including best practice guides for habitat surveys (in particular upland areas) (NUSH, (Perrin et al., 

2014), IVC, (Perrin, Fitzpatrick and Lynn, 2018), Fossitt (2000), Habitats Directive assessment 

(Directive 92/43/EEC, 1992)) as well as academic research (Fernandez Valverde et al., 2014; Fernandez 

and Douglas, 2019). The vegetation assessment used in this study provided detailed characterisation of 

the three BB study areas. The Fossitt (2000) approach was used for the first level of vegetation surveys 

of the sites and where BB habitat was mapped, but this was then further refined into categories from 

the NUSH approach (Perrin et al., 2014), providing a higher level of detail to allow linkage of vegetation 

with hydrology fulfilling the objectives of this study. Further to this a condition assessment was carried 

out, allowing determination of the percentage of the sites that passed or failed and the percentage that 

was ‘active’ (peat forming) or inactive. Accurate spatial habitat data combined with habitat condition 

data for upland Annex I habitats is also needed to report to the EU Commission on the conservation 

status of these habitats as required under Article 17 of the HD (Perrin et al., 2009). In addition to 

ecological assessment, hydrological monitoring was carried out allowing water table fluctuations to be 

characterised to be linked to condition and vegetation communities as well as water colour monitoring, 

which allowed water quality linkage with site condition. A multidisciplinary approach such as the one 

used in this study may be required to fully appraise the condition and categories of BB sites across the 

island of Ireland.  

The results of the vegetation characterisation showed that the three intact sites consisted of an average 

of 72 % BB habitats (PB2, PB3, PB4 and PB5) when classified using Fossitt (2000). Degraded sites 

were classified within the same four categories as the intact under this classification. Under the EU 

Habitats Directive classification, the three intact sites consisted of an average of only 53 % BB (7130) 

habitat. Conversely, under the NUSH classification, Letterunshin consisted of 64.1 % Rhynchospora 

alba hollows habitat (HW3), classified as a separate habitat to BB under the HD (Rhynchosporion 

depression (7150)). It may therefore be more suitable to report HW3 habitat as part of BB habitat (7130), 
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especially seeing as 95.9 % of Letterunshin site was found to be ‘active’ (i.e., peat forming) from the 

condition assessment (section 4.2.2). 

The degraded sites revealed a wide variation in habitats, due to the range of anthropogenic impacts (i.e., 

forestry, turf cutting, burning, and grazing). In terms of Annex I reporting degraded BB sites are 

reported as (7130) BBs, however the degraded sites in this study comprised of low proportions of BB 

communities (Letterunshin (43 %), Garron (51 %)), with the exception of Cuilcagh, which has a similar 

proportion (71 %) as Cuilcagh intact site. This indicates low levels of anthropogenic disturbance at this 

site consistent with a large relatively flat polygon to the north of the Cuilcagh degraded site (polygon 

CD3 – see Figure 4-6 for reference), which are at lower elevation (minimum elevations of 220 mAMSL, 

the lowest after the Letterunshin site with elevation range of 123 – 142 mAMSL) and lacking any 

intense pressures (except grazing), with well-developed pool systems. It is noteworthy that Cuilcagh 

degraded also had the second highest cover of pools (10 %) after Letterunshin intact site (40 %).  

Using the NUSH classification system a greater range of habitats and communities were revealed within 

the sites (as opposed to only ‘BB’ habitat (PB categories) identified under the Fossitt) and thus it was 

possible to distinguish between the sites, highlighting their contrasting profiles in terms of 

habitat/community type, composition, diversity, size and assemblage. The NUSH classification allowed 

for differences between lowland and upland BBs to emerge. Cuilcagh and Garron were dominated by 

combinations of BB communities (BB3 20.12 % and 5.59 %; BB4 40.02 % and 19.14 %; BB5 10.73 

% and 57.07 %, respectively). Cuilcagh was the only site with a clear cutover bog (PB4) polygon, 

separating the degraded from intact habitats. However, the remaining habitats identified in degraded 

areas fall within the same categories as those found in the intact sites.  

Letterunshin was the most distinct site and contrasted with the upland sites Garron and Cuilcagh, as it 

is a lowland (Atlantic) BB, but despite this, typical lowland communities dominated by Schoenus 

nigricans were not identified in either the intact or degraded sites. This could be due to the fact that 

Letterunshin elevations ranged from 123 – 142 m, close to the threshold between upland and lowland 

BB (~ 150 m elevation). The intact site was mainly dominated by the community of Rhynchospora alba 

hollows (HW3), classified by the NUSH guidelines as common to lowland bog communities (Perrin et 

al. 2014) (see Appendices Figure 11-76).  

Under the NUSH classification. Letterunshin intact site had the smallest proportion of BB habitats (6.85 

%) and Cuilcagh degraded site had the largest proportion of BB habitats (89.48 %). This was due to the 

majority of Letterunshin intact site being dominated by the aforementioned separately reported habitat 

HW3 (Rhynchospora alba hollows) (64.1 %) and the Cuilcagh degraded site having a larger proportion 

of BB4 (73.41 %) community.  

The total number of habitat/community types within each intact site varied, Cuilcagh having the highest 

(20) and Letterunshin lowest (12), with Garron in the middle having a diversity of 14 habitats identified. 
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Similarly, 90 % of the habitat/community types were represented by only two habitats/communities in 

Letterunshin (HW3 and HH3), three in Garron (BB5, BB4 and HH3) but five in Cuilcagh (BB4, BB3, 

PF2, BB5 and HH1). 

Letterunshin intact site had the most homogenous polygons of the three sites, i.e., many of the polygons 

consisted of one single habitat/community of vegetation (mainly HW3), but this is not unusual as Fossitt 

(2000) notes that peatlands can be low in overall plant and community diversity. Wetland flora are 

usually more homogeneous than terrestrial flora and this naturally low level of diversity within and 

among sites is likely related to the uniformity of stressful environmental conditions found in wetlands 

that can be tolerated by only a small set of specialized species (Pinceloup et al., 2020). Additionally 

Vitt et al.(1995) outline that ombrotrophic peatlands are peat-forming naturally species-poor and thus 

they are potentially more susceptible to biotic differentiation than to homogenization following 

disturbances (Olden and Poff, 2003). Dwire et al. (2006) note that species richness and total plant cover 

were negatively correlated with mean water-table depth. Letterunshin had the lowest habitat diversity 

with only 12 habitats/communities identified (see Table 4-2) and almost 90 % of the habitat/community 

types were represented by only two categories (64.1 % HW3 and 25.3 % BB4). This low diversity could 

make this site more vulnerable to changes in the water table regime required to maintain the wet hollow 

habitat HW3. A change in water table could cause a shift in the vegetation from these sensitive 

specialised communities to drier communities therefore making this site more vulnerable to 

degradation. Drainage and contemporary climate change have been shown to hamper Sphagnum growth 

and facilitate the establishment of generalist and exotic species (Gunnarsson et al., 2002). This 

vegetation shift is associated with a decrease in the cover and richness of other specialist bog plant 

species and a concomitant increase of shade or drought-tolerant species (Gunnarsson et al., 2002). 

Breeuwer et al. (2009) concluded that increased occurrence of periods with low water tables may bring 

about a shift in dominant Sphagnum species as well as a shift from graminoid to ericoid vascular plant 

cover, resembling the shift from hollow to lawn/hummock vegetation (Breeuwer et al., 2009). The 

difference in response within a diverse range of functional groups (vascular plants, Sphagnum) may add 

to the resilience of an ecosystem.  

The majority of the habitats/communities in Figure 4-26 are associated with both intact and degraded 

sites, not surprisingly as the degraded site in Garron had a higher diversity than the other two degraded 

sites (see Figure 4-8 (Garron site) compared to Figure 4-2 Figure 4-5 (Letterunshin and Cuilcagh sites)). 

Letterunshin intact site under HD Annex I reporting would only consist of 7 % BB habitat due to 

Rhynchosporion depressions [7150] which is classified separately and is a different habitat than BB 

[7130] under the HD. Depressions on peat substrates of the Rhynchosporion are pioneer communities 

of humid exposed peat (or sometimes sand), with Rhynchospora alba, Rhynchospora. fusca, Drosera 

intermedia, Drosera rotundifolia, Lycopodiella inundata, forming on cutover areas of blanket or RBs, 

but also on naturally seep- or frost-eroded areas of wet heaths and bogs, in flushes and in the fluctuation 
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zone of oligotrophic pools with sandy, slightly peaty substratum (Vaquero et al., 2007). These 

communities, although rare at European scale are however widely distributed, especially in the Atlantic 

and Continental biogeographical regions and have a short-lived existence, occurring in fragmentary 

stands (Vaquero et al., 2007). Due to its existence as a microhabitat within larger habitats of Annex 1 

of Habitat directive (7110, 7120, 4010, 4020, 3110, 3130, 3160), the area covered by Rhynchosporion 

communities as well as its geographical extent is often difficult to evaluate (Vaquero et al., 2007). 

According to the European Commission (Vaquero et al., 2007) the functioning integrity of peatlands in 

which the Depressions on peat substrates of the Rhynchosporion (7150) community occurs in mosaic 

as a sub-habitat should be preserved both with regard to the regulation of the water balance and the 

maintenance of open areas. However Perrin et al. (2014) outline that this community may occur in either 

small depressions or flushed areas, or as extensive water tracks across the bog, where it may form a 

mosaic with “islands” of other bog vegetation. In such situations it has the appearance of a 

Rhynchospora-rich bog type rather than a hollow or depression. Therefore because this community is 

part of the larger BB expanse and it may be more appropriate to account for this community as BB 

habitat [7130]* rather than Rhynchosporion depression communities [7150] and it is debatable how this 

dual reporting may be interpreted in the EU Habitats Directive Art. 17 conservation status assessment 

report. 

4.3.2. Vegetation composition – plant functional types 

Lower cover of Molinia caerulea (purple moor grass), higher cover of dwarf shrubs and absence of 

Schoenus nigricans (black bog rush) have been reported for distinguishing upland from lowland BB in 

South-western Scotland (Boatman, 1983). This represents the typical difference in the general 

vegetation appearance between upland and lowland (Atlantic) BBs (Foss et al., 2001). This is consistent 

with the data gathered for all sites in this study, with the exception of Garron degraded which had 

highest grasses cover (29.61 %) and the lowland Letterunshin site which lacked Schoenus nigricans.  

Cover of grasses was highest (excluding Garron degraded) on the lowland Letterunshin intact site 

(17.04 %) and lower on both upland sites (Garron 10.33 % and Cuilcagh 4.96 %). Cuilcagh degraded 

also had less grasses cover (2.77 %) than Letterunshin degraded site (11.40 %), however Garron 

degraded had the overall highest cover of grasses (29.61 %), which can be attributed to more intense 

grazing practices at the Garron degraded site. This is in corroboration with Adamson and Gardner 

(2004) who note the ingress of competitive species such as Molinia caerulea in blanket peatlands in 

unfavourable condition. 

The lack of lowland BB communities dominated by Schoenus nigricans (see Appendices Figure 11-76 

for details of lowland communities) is notable in the lowland Letterunshin site, however this is in 

corroboration with Douglas et al., (1989), where the distinct lack of Schoenus sp. was noted from 

surveys of the lowland Letterunshin site. Instead, the lowland BB (Letterunshin) was dominated mainly 
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by Sphagnum (26.76 %) and ericoids (20.06 %), however interestingly, the average height of ericoids 

in Letterunshin was low at 14.3 cm compared to a range of 29 – 37.5 cm in all other sites (P = 9.8x10-

27). With higher grasses coverage (17.04 %) than the other sites, mosaics with wet heath (HH3) habitat 

along with greater coverage of deep peat, Letterunshin displayed a more typical lowland grassy profile. 

This supports its ‘lowland’ BB classification compared to Garron and Cuilcagh upland sites, which had 

a much less extensive grass cover (10.33 % and 4.96 % respectively). Sottocornola et al. (2009) also 

noted that hollow vegetation associations are typical of lowland Atlantic BBs, due to the presence of 

the characteristic species Rhynchospora alba and Sphagnum spp.  

The upland BB site Cuilcagh was dominated by Sphagnum (33.19 %) and sedges/rushes (30.58 %) and 

Garron, also an upland site, was dominated by ericoids (29.07 %) and Sphagnum (24.59 %). Vegetation 

surveys revealed that the dominant habitat in Cuilcagh intact site was BB4 (40.02 %). BB4 is noted by 

Perrin et al. (2014) to be an upland drier bog type, characterised by an abundance of Trichophorum 

germanicum which is accompanied by Eriophorum angustifolium, occurring on deeper peats and 

usually lacks significant cover of Calluna vulgaris. The results of this study corroborate with Perrin et 

al. (2014) as Cuilcagh was found to be dominated by Sphagnum and sedges/rushes. The results from 

all three sites agree with what both Ward et al. (2013) and Potvin et al. (2015) report as the three major 

Plant Functional Types (or Groups) (PFT’s) that bogs are dominated by: Bryophytes (i.e., mosses, 

mainly Sphagnum spp.), ericoid/ericaceous (heather (Ericaceae ) family) shrubs and graminoids 

(sedges – herbaceous plants with a grass-like morphology). 

Garron intact was the only intact site with an ericoid cover (29.07 %) greater than Sphagnum cover 

(24.59 %) and had the highest plant litter cover (9.8 %) of all the sites. Between the intact sites, mean 

maximum ericoid height measured at the quadrat level was the greatest in Garron (36.5 cm). This is 

expected because the intact site at Garron is dominated by BB5, a BB community characterised by 

Calluna vulgaris - Eriophorum spp. Not surprisingly, the dominant vegetation community in the Garron 

intact site was BB5 (57.07 %) which corroborates with Perrin et al., (2014), they note BB5 is a high-

altitude bog community that can be dry and lacks an appreciable Sphagnum cover, dominated by 

Calluna vulgaris. Garron also had the lowest Sphagnum cover of all the intact sites (24.59 %). 

Additionally, Garron degraded site had the lowest Sphagnum (7.1 %) and bryophyte (Sphagnum mosses 

and non-Sphagnum mosses) (18.74 %) composition, with the highest vascular plant composition (78.17 

%) (Figure 4-14). This corroborates with McAnallen et al. (2017) where a dominance of vascular plants 

due to the drier conditions (i.e., lower water table). The succession of vascular plants into the degraded 

area found in this study can also be linked to degradation and lower average water tables in the degraded 

site compared to the intact site at Garron (see Table 4-12 for details on water table depths in Garron 

site). Also, according to the JNCC (1994), drier or disturbed peatlands may have less Sphagnum and a 

greater abundance of vascular plants (such as Calluna vulgaris, Erica tetralix, Eriophorum vaginatum, 

Eriophorum angustifolium and Trichophorum germanicum). Some implications of increased vascular 
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presence as depth to water table increases include alterations of surface temperature due to shading 

and/or feedbacks to ecosystem C cycling (Limpens et al. 2008; Heijmans et al. 2013). Even with a 

deeper oxic zone with lower water tables, an increase of ericaceous litter could offset the potentially 

higher rates of peat decomposition and lead to further creation of environmental conditions preferable 

to shrub growth. In addition, larger and more productive vascular plants could cause more shading for 

understory plants and limit bryophyte production (Berendse et al. 2001). 

Bryophytes cannot make use of deep roots or increase the length of their roots (Glime, 2017), therefore 

Sphagnum mosses are generally intolerant to severe desiccation (Clymo, 1973).  

Numerus authors note that (Armstrong et al., 1991; Price et al., 2003; Potvin et al., 2015) ericaceous 

shrubs are shallowly rooted only capable of draw water from depths less than 15cm, thus incapable of 

surviving in waterlogged conditions and are predicted to increase in dominance and productivity with 

drier future conditions, yet severe water table decline, may suppress their growth. Conversely, sedges 

like the deeper-rooted species such as Eriophorum angustifolium may be able to draw water from depths 

up to 50cm as they have special root adaptations (aerenchyma) allowing active transport of oxygen into 

roots and leading to much deeper rooting zones (Armstrong et al., 1991). Also, Riutta et al. (2007) show 

that water table drawdown is much more negative for Sphagnum mosses than for vascular plants and 

indicate that water table drawdown will likely favour shrubs over graminoids in bog ecosystems. Other 

bryophytes (e.g. Polytrichum) are better adapted than Sphagnum to prolonged periods of drought and 

can photo- synthesize at high levels, even in water stressed conditions that would otherwise inhibit the 

growth of other mosses (Callaghan et al. 1978). Therefore, Sphagnum mosses can be considered to have 

the greatest or highest demand for water, followed by non-Sphagnum mosses, ericoids and sedges (see 

Table 4-5). Letterunshin intact site demonstrates this hydrologic gradient between Plant Functional 

Types (PFT’s) the most clearly of all sites (see Figure 4-11). Comparing intact and degraded sites 

however, intact sites’ PFT composition is more aligned with the hydrologic gradient than the degraded 

sites, which display higher percentages of PFT’s that are less water dependant than the main bog PFT’s 

(i.e., bryophytes, ericoids and sedges) consistent with the more intense degradation and lower water 

tables (Table 4-12) at these sites (see Figure 4-11, Figure 4-12 and Figure 4-13). This corroborates with 

other studies where it is noted that the absolute or relative abundance of PFT’s within northern peatlands 

can shift with anthropogenic impacts (for example from climate change impacts to water balance and 

subsequently water availability) (Bridgham et al., 1995; White et al., 2008). Additionally, Potvin et al. 

(2015) showed Sphagnum moss production increased with increasing water table levels but ericaceous 

shrub productivity and abundance increased with increased depth to water tables. Breeuwer et al. 

(2009)found that abundance of graminoid species increased most with constant water tables but 

conversely, ericoid species cover increased with water table fluctuations, and concluded that increased 

occurrence of periods with low water tables may bring about a shift in dominant Sphagnum species as 
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well as a shift from graminoid to ericoid vascular plant cover, resembling the shift from hollow to lawn 

or hummock vegetation (Breeuwer et al., 2009).  

The most natural, undisturbed bog surfaces usually display a distinctive microtopography 

(hummockiness), showing a fine-scale vertical zonation of vegetation between wetter hollows and drier 

hummocks (JNCC, 1994) and this is linked to water table depths where hummocks are elevated and 

dry, lawns are intermediate and hollows are wet depressions (Potvin et al., 2015). A hydrologic gradient 

was established with microtopographic features in this study, where species that occupy different 

microforms (hummocks, pools, lawns, etc) can be linked to different water table depths (see Table 4-6). 

O’Reilly (2008) notes that the vertical distribution of Sphagnum species on the hummock-hollow 

gradient is a function of plant physiology (determining productivity and tolerance to drying conditions). 

Hayward and Clymo (1982) note that extended periods of drought affect Sphagnum species differently, 

depending on the species physiology, microtopographical position and location relative to water table. 

This combination of factors indicates that drier conditions could promote a change in the composition 

of Sphagnum mosses (Potvin et al., 2015). A decline in Sphagnum moss productivity is also expected 

if water tables are drawn down enough so that the capillary fringe does not reach the surface for 

extended periods (Gerdol et al., 1996).  

Wagner and Titus (1984) introduced the morpho-physiological trade-off hypothesis, that typical hollow 

species, who’s loosely growing shoots are susceptible to irregular drought, are adapted to desiccation 

by higher physiological tolerance than typical hummock Sphagna that avoid desiccation through water 

retention. The results indicated that the inducibility of desiccation‐tolerance results from species 

adaptation rather than acclimation to microhabitat conditions, demonstrated for Sphagnum cuspidatum 

(Wagner and Titus, 1984). 

All intact sites had higher Sphagnum cover compared with degraded sites as expected (although in 

Cuilcagh sites the difference is snot significant (p = 0.87)) (Table 4-5). Bare peat cover is higher in both 

degraded Letterunshin and Cuilcagh degraded sites compared with the intact sites, however in Garron 

both intact and degraded sites have a small and similar cover of bare peat (0.2 % and 0.4 % respectively).  

All three intact sites had > 0.5 m of peat in over 94.5 % of the site, providing a good overview of the 

intact sites in terms of classification of BB habitat. Fossitt (200) notes that peat depths of greater than 

0.5 m are indicative of BB while those of less than 0.5 m are indicative of heath. Less than 60 % of the 

degraded sites had peat depths > 0.5 m, with the exception of Cuilcagh degraded site having similar 

peat depths to intact sites.  

BB habitats (BB3/BB4/BB5) were associated with relatively deep peat (>1.5 m) and Rhynchospora 

alba hollows (HW3) were associated with the deepest peat (3 m), with other non-BB habitats (HH1, 

HH3, GS3, GS4 and PF2) being associated with shallower peat (<1.5 m) (Figure 4-15). Letterunshin 

intact site had the highest percentage of the site with > 3 m peat depth (66.90 %). HW3 community was 
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associated with the highest frequency of deep peat (>3 m) (Table 4-8 and Figure 4-15), consistent with 

lowland BB definition having peat depths > 1.5m. This is in contrast to the upland sites, where peat 

depths > 3 m were absent from the Cuilcagh intact site and Garron intact site had < 20 % of the site 

with peat depths > 3 m. Notably Cuilcagh degraded had 43.78 % of the site with peat depths > 3 m, 

mainly from the aforementioned flat polygons to the north of the site, at lower elevation than Cuilcagh 

intact site and lacking any intense pressures. Peat depth alone is therefore not sufficient as an indicator 

of intact BBs as only two of the degraded sites had shallow peat (Letterunshin and Garron) with 

Cuilcagh degraded sites having a large proportion of deep peat. 

4.3.3. Condition assessment 

BB mapping can be used to estimate the current state of habitats in terms of anthropogenic impacts. 

Sphagnum has often been used as a criterion to determine condition of BBs. It is known that Sphagnum 

coverage can be over 40-50% on typical midland RBs and 30-40% on western RBs, which can then be 

classified as ‘active’ (peat-forming) (Fernandez Valverde et al. 2014). However, numerous authors 

indicate that on BB the cover of Sphagnum can be much lower (Douglas et al. 1989, Perrin et al., 2014, 

Schouten, 1984). Schouten (1984) outlines that Sphagnum cover on BBs can be limited compared to 

RBs. It is outlined that RB Sphagnum cover is often > 50 %, whereas on BBs can be < 10 %, except for 

upland eastern BB in Ireland where it can be between 10 – 50 %. From this study, it was found that the 

sites ranged from 7.1 % to 33.19 % Sphagnum composition, with the average of 23.44 % (P = 8x10-6) 

for all sites. However, Garron degraded brought down this average, with only 7.1 % Sphagnum cover 

whereas all other sites average between 21.63 – 33.19 %. The average Sphagnum % composition for 

intact sites only is higher at 28.18 % and differed from degraded sites only at 18.69 % (P = 9.3x10-5) 

(Table 4-6). High Sphagnum cover was found to be correlated with microtopographical and 

hydrological indicators, such as flat areas, very soft and quaking ground, pools and maximum water 

tables (closest to the surface) (see Figure 4-20).  

The condition assessment allowed estimation of the percentage of each site that passed or failed the 

assessment (see Table 8-7 for full condition assessment results) and also the percentage of each site 

with ‘active’ and ‘inactive’ BB ( 

 

 

 

 

 

Table 4-10) based on a multi-criteria analysis, which included Sphagnum cover, among other 

parameters (parameters listed in Table 2-9).  
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Cuilcagh and Letterunshin intact sites had a high proportion of ‘active’ quadrats (93.33 and 95.9 % 

respectively) and 74.2 and 91.3 % of the sites passed the assessment, an indication of the good status 

of the sites. The results of a survey by Douglas et al., (1989) of numerous sites surveyed across the west 

of Ireland, revealed that Letterunshin was in the best condition in terms of conservation value, being 

largely intact with minimal anthropogenic impacts to the site, featuring remarkable interconnecting 

pools, well developed hummocks and Sphagnum lawns.  

Garron intact site had a much lower proportion (74.6 %) of ‘active’ quadrats and only 65.2 % passed 

the condition assessment. This was due to inadequate quality indicators (from the condition assessment 

(see Table 2-9) such as low Sphagnum cover, lack of nanotopes, presence of drains and more intense 

grazing (see Table 4-9 and Table 4-10). From the quadrat surveys, only 47% of the Garron intact site 

quadrats had Sphagnum hummocks, compared to 90 % in Letterunshin and 95 % in Cuilcagh intact 

sites. Additionally, it is clear that PFT composition of Garron site (see Figure 4-13) is less aligned with 

the hydrologic gradient identified compared with the other intact sites (see Figure 4-11 and Figure 4-12). 

Garron intact site displays higher percentages of PFT’s that are less water dependant than the main bog 

PFT’s (i.e., bryophytes, ericoids and sedges) consistent with the more the lack of the good quality 

indicators mentioned.  

Cuilcagh degraded site was under pressure from drainage and past turf cutting and failed the condition 

assessment as expected. However, it had 42.1 % of quadrats were assessed as ‘active’ (peat forming), 

associated with regenerating areas as some polygons (CD_4, CD_5, CD_6, CD_8, CD_9 and CD_10 

(see Figure 4-5 and Figure 4-6 for reference)) that showed evidence of past disturbances but were now 

assessed as peat forming. Adequate condition assessment is critical to ascertain the ecosystem services 

of BBs, especially in relation to peat accumulation and water provision and quality.  

4.3.4. Ecohydrological vegetation characterisation using NMDS 

Ordination 

Positive microtopographic (i.e., nanotopes) and environmental indicators were associated with intact 

habitats/communities (BB communities BB3 and BB4, Rhynchospora alba hollows HW3, Dystrophic 

pools FL1 and transition mire PB3), namely pools, flats, quaking bog, very soft ground, Sphagnum 

hummocks, non-Sphagnum hummocks and flat ground. Additionally, negative microtopographic (i.e., 

nanotopes) and environmental variables such as firm ground, depressions, vehicle tracks, rewetting bog, 

burning, and severe drying variables were associated with degraded habitats/communities such as 

eroding bog (PB4). These results support the condition assessment status of the intact and degraded 

sites using the vegetation survey data. 

NMDS Ordination of quadrat Plant Functional Type (PFT) data revealed that the intact and degraded 

sites differed in their PFT composition (Figure 4-27) and associated environmental variables (P = 0.01). 
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Letterunshin and Cuilcagh sites cluster more narrowly than the Garron site which displays a larger more 

variable cluster, representative of Garron polygon heterogeneity (Garron had almost triple the number 

of polygons (58) as Letterunshin (20) and Cuilcagh (22)). This corroborates with the description of BB 

by Lindsay (1995), which infers that a wider range of ecohydrological processes operate on BBs. Also 

Arsenault et al. (2019) outline that individual peatlands can differ, being composed of mosaics of 

habitats with features such as hummocks, hollows and open water pools. 

The results from the PFT analysis of quadrats from all sites revealed that bare peat cover was higher in 

both degraded Letterunshin and Cuilcagh degraded sites compared with the intact sites. This supports 

the results of the NMDS ordination, where from Figure 4-27 it is clear that the environmental variable 

‘bare peat’ is associated with degraded (triangular points) Letterunshin (blue points) and Cuilcagh 

(black points) quadrats. Additionally, grasses and non-Sphagnum mosses are associated with degraded 

quadrats from Garron site (triangular purple points), also consistent with the PFT findings that Garron 

degraded site had the overall highest cover of grasses (29.61 %). All three intact sites had > 0.5 m of 

peat in over 96.31 % of the site, but degraded sites less than 60 % had peat depths > 0.5 m. This was 

also highlighted by the NMDS ordination where peat depths < 0.5 m were associated with degraded 

sites and peat depths > 3 m were associated with intact sites (Figure 4-27). Degraded quadrats were 

associated with Lichens, dead Ericoids and bare peat (and bare peat with algal mat) as well as 

environmental variables bare peat, turf cutting, subsidence, burning and shallow peat (peat depth < 0.5 

m and > 0.5 m.). Lichens have been shown to be associated with cutover and degraded peatland areas 

(EPA, 2014).  

Analysis of dominant habitat types and associated water table level (WL) fluctuations revealed a 

consistent profile across all intact sites (Table 4-12). WL fluctuations were similar at all the intact sites 

(max (highest) WL average ranging from -0.05 to -0.09 m below surface (P = 0.11) and min WL average 

ranging from -0.28 to -0.38 m below surface (P = 0.05)). The degraded sites showed significant 

differences from the intact WL’s (P = 0.008), most notably with minimum WL’s, with Letterunshin and 

Cuilcagh showing the greatest minimum WL (-0.63 and -0.62 m respectively). This is reflected in the 

NMDS ordination where maximum WL’s are associated with intact habitats and minimum WL’s are 

associated with degraded habitats (Figure 4-18). All intact habitats displayed water tables closer to the 

surface even during the summer seasons, with values closet to the surface in winter seasons (see Chapter 

3 Figure 3-5 and Figure 3-6). These findings also corroborate with Allott et al. (2009), where temporal 

variations in water table levels in intact and eroded areas in blanket peatlands were investigated, with 

results showing water tables predominantly close to the surface in the intact locations with water table 

drawdown during periods of dry weather and in degraded locations with dense erosion gullies, lower 

water table conditions were exhibited. The findings from analysis of intact and degraded sites by NMDS 

ordination have important implications for hydrology and therefore water quality, demonstrating that 
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within the BB sties studied, intact areas have water tables closer to the surface, whereas degraded areas 

have lower water tables.  

Interestingly it was possible to determine intact baselines for both habitats/communities and associated 

environmental variables and water table depths, allowing identification of the point at which intact areas 

are showing negative indicators and are therefore ‘at risk’ of becoming degraded. This intact baseline 

was evident from all sites individually (Letterunshin in Figure 4-22, Cuilcagh in Figure 4-24 and Garron 

in Figure 4-26), and also when the complete dataset from all three sites were combined (Figure 4-18 

and Figure 4-20). The baseline was also apparent when the quadrat data were examined (Figure 4-27 ). 

This type of assessment method could be used in future as a potential tool to identify first signs of 

degradation using both vegetation and water table fluctuations as indicators, serving as a baseline for 

monitoring areas undergoing restoration and to compare sites when reporting to the EU Commission 

on the conservation status of these habitats as required under Article 17 of the Habitats Directive.  

4.4. Recommendations 

Vegetation surveys completed in this study characterised the vegetation of the sites, permitted a 

condition assessment and enabled linkage with environmental variables and hydrological regimes. 

However, as with all research, this study is not without limitations.  

It is recommended in a future study to: 

1. Increase the number of monitoring wells in all vegetation habitats/communities, specifically in 

BB communities, with a minimum of 3 replicates for each habitat type. Variation was seen in 

water tables levels measured within habitats/communities in this study, therefore a larger 

number of monitoring well replicates in each vegetation community would allow for increased 

understanding of hydrological regimes within each vegetation type and allow clear 

ecohydrological distinction between the main three BB habitats (BB3, BB4 and BB5) to be 

ascertained. 

2. Include a further protocol of quadrat assessment for linkage with hydrological gradients, e.g. 

including triplicate quadrat replicates taken within the vicinity of each monitoring wells (a 

monitoring well in each habitat/community type). Along with increased monitoring well 

numbers this could allow for further characterisation of variations within and between 

habitat/community hydrological profiles.  

3. Include scales of environmental intactness/degradation to further assess the condition of each 

site. The protocol may be biased in that a limited number of ecohydrological processes are 

represented by the indicators studied. Garron degraded site was assessed as the site in worst 

condition due to low Sphagnum cover, drains and more intense grazing management. However, 

it shouldn’t be excluded that other vegetation types could also allow peat accumulation, e.g. 
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other habitats such as sedges/rushes or Molinia dominated habitats could allow the peat 

formation given the right hydrological environment. Including measurements of further 

indicators of ‘condition’ such as acrotelm depth (as in Fernandez Valverde et al. (2019)) in 

intact and degraded sites to establish its relationship with other indicators. Also introducing a 

scale for all variables especially cracks, softness/firmness, gully/rill erosion, subsidence, (e.g. 

0 (absent), 1 (present), 2 (intense) – ‘Intense’ was only used for describing grazing in this study 

– other indicators were assessed using absence/presence only). Additionally, focusing further 

on mapping features indicative of hydrological functioning of the sites, such as gullies, erosion, 

drains, face banks, etc. would allow a supplementary characterisation of the scale of 

intactness/degradation, links with hydrology and understanding of the range of conditions that 

contribute to the formation of peat within BB environments.  
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5. WATER QUALITY - LINKING COLOUR, TOTAL 

ORGANIC CARBON (TOC) AND FLOURESCENT 

DISSOLVED ORGANIC MATTER (FDOM) TO SITE 

CONDITION  

5.1. Introduction  

Research has shown the potential link between water quality and peatland ecohydrological condition 

(Freeman et al., 2004; Armstrong et al., 2010; Dinsmore, Billett and Dyson, 2013). However the role 

of vegetation in controlling seasonality of soil and riverine OC concentrations has not been well studied 

(Ritson et al., 2016) and further research is required in this area.  

According to Holden, Chapman, & Labadz (2015) the majority of studies that have investigated the 

impact of artificial drainage on water chemistry have noted short term changes in solute concentration 

and fluxes, therefore indicating the need for longer term peatland and water quality monitoring to give 

more clear indications of how peatland alteration affects water quality.  

This chapter aims to evaluate the relationship between water quality and flow (discharge), 

anthropogenic impacts (site condition) and seasonal effects along with providing baseline 

measurements of water quality parameters from intact catchments as a baseline to compare to.  

In this chapter the results of monitoring various sources of colour contributing components, i.e., TOC, 

fDOM and colour, are presented to identify links in water quality measurements with hydrological 

processes, season and vegetation condition. Results will help determine a baseline in intact systems and 

outline differences between intact and degraded systems in terms of colour and determine sources of 

OC in times of low flow/rainfall (drought) periods to quantify anthropogenic impacts to water quality. 

5.2. Research objectives 

This chapter aims to: 

• understand the relationship between all water quality parameters measured 

• understand the effect of seasons on water quality parameters  

• determine baseline colour exported from intact BB catchments 

• understand links between TOC and fDOM in degraded and intact catchments 

• understand the relationship between TOC, discharge and seasons 

Evaluating such relationships will help identify links between water quality measurements and 

hydrological processes (water table fluctuations, discharge and precipitation) as well as links between 

water quality parameters and site condition (determined by water table depths and vegetation in 

Chapters 3 and 4). This chapter aims to determine a baseline in intact BB systems to be used as a tool 

to compare degraded BB systems against to aid future management and restoration of degraded BB.  
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5.3. Results and discussion 

5.3.1. Colour and TOC correlation  

Correlations between the water quality parameters measured (colour (Pt-Co units) and TOC (mg/l) 

(measured from the same samples)) are shown in Figure 5-1, Figure 5-2 and Figure 5-3. Cuilcagh site 

showed the highest correlation (R2=0.7714), and Letterunshin site showed the lowest correlation 

(R2=0.6073). Overall, the data showed good correlations between the two colour parameters, thus 

colour and TOC are surrogates for one another. These data also confirm that both methods were carried 

out accurately. Outliers in the datasets are highlighted (red circle) on the plots (Figure 5-1, Figure 5-2 

and Figure 5-3). Outliers are likely due to sampling/instrument error (details of errors in section 2.9.1). 

The means of TOC and colour results are shown in Table 5-1, along with ranges and standard deviations. 

Standard deviations are high amongst all sites for both colour and TOC, suggesting that the colour levels 

fluctuate throughout the monitoring period (April-July 2018 – March 2019).  

Cuilcagh site displays the highest mean colour (183.7 Pt-Co units) of all three sites, yet Garron site 

shows the maximum TOC values (mean: 13.3 mg/l, and max: 35.8 mg/l) and maximum colour (380 Pt-

Co units) with the greatest standard deviations (6.6 and 81.5, respectively). Additionally, Letterunshin 

site had the lowest colour and TOC means and ranges of all sites.  

Table 5-1 TOC and colour statistics for all sites 

 

Letterunshin Cuilcagh Garron 

Mean TOC (mg/l) 9.7 10.8 13.3 

Range  3.8 – 19.6 3.5 – 24.1  4.3 – 35.8 

Standard deviation 3.8 4.7 6.6 

Mean Colour (Pt-Co units) 157.1 183.7 165.7 

Range 33 – 274 57 – 355 39 – 380 

Standard deviation 56.5 68.4 81.5 

n 139 117 153 
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Figure 5-1 Correlation between HACH colour (Pt-Co units) measured in Queen’s University Belfast 

using spectrophotometry compared with TOC (mg/l) measured in an external laboratory from the same 

water samples from Cuilcagh site. Correlation between data is high with R2 = 0.7714. Outliers are 

circled in red.  

 

Figure 5-2 Correlation between HACH colour (pt-co units) measured in Queen’s University Belfast 

using spectrophotometry compared with TOC (mg/l) measured in an external laboratory from the same 
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water samples from Letterunshin site. Correlation between data is high with R2 = 0.6073. Outliers are 

circled in red. 

 

Figure 5-3 Correlation between HACH colour (Pt-Co units) measured in Queen’s University Belfast 

using spectrophotometry compared with TOC (mg/l) measured in an external laboratory from the same 

water samples from Garron site. Correlation between data is high with R2 = 0.7047. Outliers are circled 

in red. 

5.3.2. Temporal TOC 

TOC concentrations measured from Letterunshin, Cuilcagh and Garron intact and degraded sites are 

shown in Figure 5-4, Figure 5-5 and Figure 5-6, respectively. All intact and degraded sites show 

increased colour in late summer/early autumn with the onset of increased precipitation after prolonged 

dry periods in summer.  

TOC monitored from Garron intact and degraded sites between early-mid 2018 to March 2019 show 

similar concentrations from both areas of the catchment, with slightly higher values seen in August 

from the intact area. However, TOC concentrations measured from Letterunshin and Cuilcagh intact 

and degraded sites revealed that concentrations from the degraded area of the catchment are higher in 

autumn with the onset of increased precipitation.  

However, during high flow periods in later autumn and into winter months due to increased 

precipitation, DOC is eventually decreased, because of lower contact times due to both saturation and 

excess-overland flow and dilution within receiving water bodies (see Figure 5-4, Figure 5-5 and Figure 

5-6).  
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Figure 5-4 TOC concentrations measured from Letterunshin intact (blue (L)) and degraded (orange 

(LD)) sites between April 2018 and March 2019. There results show that concentrations from the 

degraded area of the catchment are higher in autumn with the onset of increased precipitation and 

continue to be higher into winter 2018/2019 (Note - there were no degraded (orange) samples until July 

2018 as the degraded catchments had not yet been instrumented. Additionally, some month’s samples 

are missing due to instrument failure). 
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Figure 5-5 TOC concentrations measured from Cuilcagh intact (blue (C)) and degraded (orange (CD)) 

sites between April 2018 and February 2019. There results show that concentrations from the degraded 

area of the catchment are higher in late summer/early autumn with the onset of increased precipitation 

and continue to be higher in late winter (February 2019) (Note - there were no degraded (orange) 

samples until July 2018 as the degraded catchments had not yet been instrumented. Additionally, some 

months samples are missing due to instrument failure). 
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Figure 5-6 TOC concentrations measured from Garron intact (blue (G)) and degraded (orange (GD)) 

sites between February 2018 and March 2019. There results show similar concentrations from both 

areas of the catchment (Note - there were no degraded (orange) samples until July 2018 as the degraded 

catchments had not yet been instrumented. Additionally, some month’s samples are missing due to 

instrument failure). 

5.3.3. fDOM PARAFAC analysis – a tool for monitoring 

The results of the PARAFAC analysis of fDOM showed a good fit for the resulting five component 

model selected for further analysis (Figure 5-7). The plot shows the fit for each resulting model (2-5 

components) showing the goodness of fit for each model (all > 97 %). 

The plots in Figure 5-8 (Letterunshin intact site samples from July 2018 – March 2019) and Figure 5-9 

(Letterunshin degraded site samples from July 2018 – March 2019) show the shape of the determined 

components and the loadings in the different samples. The loadings show the fluorescence differences 

between different components in different samples. The loadings for components 2, 3, 4 and 5 all 

increase for samples analysed from late August/early September 2018. In Figure 5-8 and Figure 5-9 

component 1 cannot be attributed to the seasonal fluctuations as it is almost unchanged in both intact 

and degraded areas during the autumn flushing event. However, components 2-5 change dramatically 

in both Letterunshin intact and degraded sites, where it appears that component 2 makes the biggest 

contribution to the seasonal effect in Letterunshin intact site in Figure 5-8 and components 4 and 5 make 
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the biggest contribution to the effect in Letterunshin degraded site in Figure 5-9. Similar trends were 

also seen in the other intact and degraded sites (see Figure 8-95 through Figure 8-98). These increases 

in component loadings correlate with the increased rainfall and discharge after the long drought periods 

in 2018 (see Chapter 3, Figure 3-4 and Appendices Figure 8-3 through Figure 8-28). These periods also 

correlate with the highest TOC found in Figure 5-4, Figure 5-5 and Figure 5-6, where peak TOC 

concentrations were in August and September. 
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Figure 5-7 Good 5 (>98%) component model fit - model with the smallest error was further analysed.  
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Figure 5-8 The sample loadings showing the fluorescence differences of different components in 
different samples for sampling period from July 2018 – March 2019 for Letterunshin 

intact site.  
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Figure 5-9 The sample loadings showing the fluorescence differences of different components in 

different samples for sampling period from July 2018 – March 2019 for Letterunshin 

degraded site. 

Figure 5-11 show the EEM contour plots for flurophores (components 1 – 5) for all intact and degraded 

samples respectively (from the monitoring period (July 2018 – March 2019)). 

The biological (freshness) index (BIX), fluorescence index (FI) and humification index (HIX) ranges 

are shown for intact and degraded sites in Table 5-2. The FI differentiates between vascular plants 

derived (FI <1.5) and microbial or planktonic derived DOM (FI >1.7) (McKnight et al., 2001) as the 

ratio represents the greater decrease in emission with increasing wavelengths of microbial derived 

DOM. FI is an indication of the relative contribution of terrestrial and microbial sources in the DOM 

pool. BIX is an indicator of recently produced DOM, with higher values representing a higher 

proportion of fresh DOM, where values tended to decrease over time as the DOM became by definition 
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‘less fresh’. HIX is an indicator of humic substance content or extent of humification. Higher values 

indicate an increasing degree of humification, whereby higher values in a range of 0 to 1 indicate a red-

shift of spectral emission and a higher degree of DOM humification (Ohno, 2002). 

The EEM contour plots generated from the PARAFAC analysis of all intact sites are shown in Figure 

5-10. Components 1, 3, 4 and 5 in Figure 5-10 show hypothetic fluorophores that compare with C1 

(Table 5-3). C1 component (excitation 320 nm; emission 420 nm) is humic-like, of terrestrial origins 

and common in freshwaters. This corroborates with Broder et al. (2016) where they also found this 

humic-like fluorophore originating from forests and wetlands soils. Inamdar et al. (2012) suggest that 

sources at the soil surface have more soil organic matter (SOM) and rich upper soil layers export more 

humic-like DOM like C1 in Table 5-3. This suggests that this fluorophore is associated with intact BB 

where the water table is close to the surface as sources of DOM at the soil surface would originate from 

oxic peat layers. Similarly, Helms et al. (2008) found that DOM from wetland catchments had a lower 

molecular size than the DOM exported from agricultural catchments, indicating that DOM in wetland 

catchments was derived from less humified SOM (compared with agricultural catchments) (Graeber et 

al., 2012), also implying that most DOM in the outflow of the sampled wetland catchments originates 

from oxic peat layers. This is supported by the HIX values in Table 5-2 showing a slightly lower degree 

of humification for the intact sites compared to degraded site. This is additionally supported by the BIX 

values in Table 5-2, with intact areas having much higher BIX ranges (up to 4.36 compared to 1.23 for 

the degraded sites). This indicates that the material is ‘fresher’ being produced in the upper peat layers 

from fresh organic material (as opposed to more humified matter from deeper peat layers), suggesting 

linkage to high water tables in intact sites, preserving the deeper older OM from leaching out. This is 

supported by high water tables found in intact sites compare to degraded sites (Table 4-12). 

Additionally, Cory and McKnight (2005) found that the fluorescence of DOM for the wetland 

catchments was mainly characterized by high percentages of the fluorophore C1, a humic-like 

fluorophore of terrestrial origin. If DOM can be assumed to be of terrestrial (as opposed to aquatic) 

origin, this implies that the majority of measured stream DOM is not old organic material as would be 

indicated by high contributions of C5, nor highly aromatic DOM derived from plant decomposition, but 

instead has been modified by microbial processes within the soils (Broder, Knorr and Biester, 2016). 

The dominance of C1 flurophores (humic-like, of terrestrial origins) in Figure 5-10 also indicates long 

residence times of DOM in the soils, as DOM is not primarily immediately transported to surface 

waters, but humified by microbes within the peat of the catchment before being transported to receiving 

water bodies. 

Components 1 - 5 in Figure 5-11 show hypothetic fluorophores that compare with C1 (Table 5-3) also 

(all approximately around excitation 320 nm; emission 420 nm). However, the two pronounced 

fluorophores in component 1 compare to C1 and C3 from Table 5-3 and show elevated excitation and 

emission wavelengths (excitation 240 nm; emission 475;500 nm and C3: excitation 340 nm/emission 
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475;500 nm) compared to those reported in Table 5-3 (C1: excitation 320 nm; emission 420 nm and 

C3: excitation 240;370;295 nm/emission 472 nm). This indicates that the compounds are more 

conjugated and more aromatic fluorescent molecules (Broder, Knorr and Biester, 2016). A higher 

degree of humification in the degraded sites compared to the intact sites is supported by the slightly 

higher HIX ranges found for the degraded sites (Table 5-2). This corroborates with the results from 

Broder et al. (2016) where they found the components from the forested bog site were predominantly 

forest derived humic-like components (C1 and C3 also), but the excitation-emission region was shifted 

to higher excitation and emission wavelengths compared to C1. A component similar to C3 has 

previously been described as humic, but also of terrestrial origin, small molecular size, recalcitrant and 

reduced (Cory and McKnight, 2005; Singh et al., 2014; Fellman et al., 2008; Perdrial et al., 2014). In a 

study of potential DOM sources in a forested catchment, the occurrence of these fluorophores was 

clearly related to groundwater sources, probably resulting from the adsorption of humic, hydrophobic 

DOM to mineral soils, thereby increasing the relative importance of the non-humified fluorophores in 

the fluorescence signal (Inamdar et al., 2012). Therefore, the main water source in the degraded 

catchments was probably often more dominated by deeper groundwater, whereas in intact catchments 

it may be soil layers closer to the surface and rich in SOM. This is supported by lower flows noted in 

degraded catchments compared to the intact catchments during the summer drought in 2018 (while on 

site during summer 2018, the degraded rivers were on occasion noted to have very low flows, whereas 

this was not seen in the intact areas). Additionally, the degraded sites are subjected to more intense 

water level fluctuations (Table 3-3 and Table 3-4) and accelerated dry-wet cycles compared to the intact 

sites, which result in repeated aeration and therefore enhanced decomposition as indicated by higher 

HIX ranges (0.84 - 1) (Table 5-2).  

Slightly lower maximum FI values in Table 5-2 indicates slightly more vascular plant derived DOM in 

degraded sites than in the intact sites. This is supported by findings from Chapter 4 where degraded 

areas in this study were found to have lower Sphagnum cover and often higher vascular plant coverage, 

with the exception of the Garron site (see Table 4-5). As Sphagnum is known to produce less aromatic 

organic matter than vascular plants (due to the lack of lignin) (Spencer et al., 2008), sites where 

Sphagnum is the dominant vegetation overlaying peat (i.e., on the intact sites) will have less aromatic 

fluorophore signatures. 

Fellman et al. (2009) suggest that wetland inputs of labile DOM to streams, which can occur both 

seasonally and episodically during stormflows, could be an important component of stream productivity 

throughout the main runoff season and may sustain stream ecosystem productivity. Clear seasonal 

differences in the chemical quality and lability of DOM from intact versus degraded blanket peatlands 

illustrates that ecosystem health has the potential to alter stream biogeochemical processes by 

influencing temporal patterns in stream productivity. 
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Table 5-2 Biological (freshness) index (BIX), Fluorescence Index (FI) and Humification Index (HI) 

from PARAFAC analysis of intact and degraded site EEM’s. 

 

BIX range FI range HIX range 

Intact 0 - 4.36 0.62 - 1.61 0.82 - 1 

Degraded 0.28 - 1.23 0.73 - 1.59 0.84 – 1 
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Figure 5-10 Characteristic EEM contour plots for components 1 – 5 for all intact samples from the monitoring period (July 2018 – March 2019). Colour bars 

for the contours indicate fluorescence intensity (fluorometer reading) of the components. 
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Figure 5-11 EEM contour plots for components 1 – 5 for all degraded samples from the monitoring period (July 2018 – March 2019). Colour bars for the 

contours indicate fluorescence intensity (fluorometer reading) of the components. 
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Table 5-3 Fluorescence characteristics and descriptions of four PARAFAC components 

identified by PARAFAC model, taken from Weigelhofer et al. (2020).  

Descriptions and references were taken from comparisons with the ‘openflour’ 
database (ex = excitation, em= emission). References in the table are: 4) Graeber 

et al., 2012; 53) Stedmon and Markager, 2005; 54) Yamashita et al., 2011; 55) 

Ejarque et al., 2018.  
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5.3.4. Analysis of hysteresis patterns between TOC and 

discharge – developing baseline conditions 

Discharge and TOC data are shown in Table 5-5 and Table 5-6 for the Garron site for 3 storm 

events in June, September and October 2018, respectively, showing discharge (m3/s) for each 

storm event with corresponding TOC (mg/l) for each sampling time. The hysteresis plots 

generated with these data are shown in Figure 5-13, Figure 5-15 and Figure 5-17 respectively. 

The mean calculated hysteresis index (HI) values for June, September and October were -0.33, 

-0.62 and -0.48, respectively (Table 8-9, Table 8-10 and Table 8-11). The purpose of the 

hysteresis plots are to provide visual analysis of TOC concentrations during the rising and 

falling limb of the hydrograph and identify the dominant flow pathways during different 

seasons with storm events. 

Negative HI results were obtained for all examples. The highest TOC values are from 

September (Figure 5-6). From Figure 5-13, initially stream flow was very low (approximately 

10 m3/s). A large precipitation event in June causes a large increase in discharge up to 

approximately 207 m3/s, which corresponds to the highest TOC values in this storm period. 

The hysteresis index (HI) was calculated for this event as -0.33, suggesting anticlockwise 

hysteresis  (see also Appendices Table 8-9, Table 8-10 and Table 8-11). June saw the largest 

changes in TOC baseline concentration to peak concentration. From Figure 5-15, initially 

stream flow in September was higher than in the previous June example (approximately 40 

m3/s).  

From Figure 5-17, initially stream flow is approximately 35 m3/s. Increase in discharge on the 

rising limb causes only slight increases in TOC and the peak TOC (21 mg/l) occurs on the 

falling limb. The hysteresis index (HI) for this event was calculated as -0.48 (Table 8-11), 

suggesting anticlockwise hysteresis. 

Table 5-4 Garron intact Organic Carbon, Total (TOC) (mg/l) measured during June 2018 with 

corresponding river discharge (Q) (m3/s) 

Garron June 2018 

Date/Time Discharge (m3/s) TOC (mg/l) 

14/06/2018 09.45 17 7.56 

15/06/2018 06.45 12 7.58 

16/06/2018 03.45 12 8.53 
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16/06/2018 10.45 54 12.4 

16/06/2018 17.45 53 19.4 

18/06/2018 04.45 30 18.3 

19/06/2018 15.45 19 14.3 

19/06/2018 22.45 115 19.7 

20/06/2018 05.45 207 25 

20/06/2018 19.45 84 24.9 

 

 

Figure 5-12 Garron intact site discharge with Organic Carbon, Total (TOC) (mg/l) from 

sampling round in June 2018 
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Figure 5-13 Garron intact site hysteresis plot of discharge (m3/s) against Organic Carbon, Total 

(TOC) (mg/l) from sampling round in June 2018  

Table 5-5 Garron intact Organic Carbon, Total (TOC) (mg/l) measured during September 2018 

with corresponding river discharge (Q) (m3/s) 

Garron September 2018 

Date/Time Discharge (Q) (m3/s) TOC (mg/l) 

13/09/2018 20.45 38 22.8 

14/09/2018 03.45 40 23 

14/09/2018 10.45 106 25.1 

17/09/2018 01.45 44 24.8 

17/09/2018 22.45 41 22.4 

18/09/2018 05.45 97 23.5 

18/09/2018 12.45 126 26.9 

18/09/2018 19.45 87 27.3 
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Figure 5-14 Garron intact site discharge with Organic Carbon, Total (TOC) (mg/l) from 

sampling round in September 2018.  

 

Figure 5-15 Garron intact site hysteresis plot of discharge (m3/s) against Organic Carbon, Total 

(TOC) (mg/l) from sampling round in September 2018 

Table 5-6 Garron intact Organic Carbon, Total (TOC) (mg/l) measured during October 2018 

with corresponding river discharge (Q) (m3/s) 
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Garron October 2018 

Date/Time Discharge (Q) (m3/s) TOC (mg/l) 

4/10/2018 12.00 45 14.4 

 

6/10/2018 12.00 38 11.9 

7/10/2018 12.00 36 21 

9/10/2018 12.00 59 15.4 

10/10/2018 12.00 47 14.8 

10/10/2018 19.00 41 14.7 

 

 

Figure 5-16 Garron intact site discharge with Organic Carbon, Total (TOC) (mg/l) from 

sampling round in October 2018 
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Figure 5-17 Garron intact site hysteresis plot of discharge (m3/s) against Organic Carbon, Total 

(TOC) (mg/l) from sampling round in October 2018. 

From Figure 5-18, the June example shows the greatest increases in TOC compared to the 

baseline levels at the beginning of the storm period of all three examples. TOC concentrations 

in both June and October do not reach the values reached in the September flushing event. 

After the initial wetter period in early autumn, intense flushing is reduced by October and 

lower TOC concentrations are exhibited. From Figure 5-6 and Figure 5-8 (see also Figure 8-97 

and Figure 8-98) it is evident that flushing occurs after the summer dry periods. 
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Figure 5-18 Garron intact site hysteresis plot of discharge (m3/s) against Organic Carbon, Total 
(TOC) (mg/l) from all three sampling rounds previously shown (i.e., June, 

September and October 2018). 

5.4. Discussion 

5.4.1. TOC and colour correlation  

High standard deviations observed in both intact and degraded blanket bogs suggest 

fluctuating colour levels. This is expected as the water table in healthy blanket bogs fluctuates 

a little, but is usually close to the surface (IUCN, 2021) but it is well documented that 

anthropogenic impacts can increase depths to water tables, intensifying water table 

fluctuations (Naumburg et al., 2005). The water table level is generally between 5 cm below 

or above the surface in autumn/winter falling to 20-25 cm below the surface in spring/summer 

in healthy peatlands; this controls infiltration and surface runoff with incidences of saturation 

and excess-overland flow occurring during periods of high water table (O’Brien. et al., 2007; 

Price et al. 2016). However, lowering water tables increases porosity and microbial activity, 

increases OM decomposition and releasing OM from deeper peat layers, impacting water 

quality in receiving water bodies. Lowered water tables also cause surface subsidence because 
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of peat compression (Price and Schlotzhauer, 1999; Price, 2003), decreasing hydraulic 

conductivity and specific yield and increasing the magnitude of water table fluctuations (Price 

and Schlotzhauer, 1999; Price, 2003; Whittington and Price, 2006), resulting in increased 

organic matter production (Ritson et al. 2016). Murphy (2018) showed that hydraulic 

conductivity measured in shallow monitoring wells (<1 m) in the Garron site proved 

significantly higher than that of deeper monitoring wells. This is important in terms of water 

quality and water availability for runoff and is also affected by vegetation cover (Labadz, et 

al. 2010 and Grayson, et al. 2010). With reduced vegetation cover often as a result of 

anthropogenic disturbance, runoff is higher, therefore with large precipitation events increased 

runoff can increase the amount of carbon being flushed into the river. This supports the model 

proposed in Chapter 3, where vegetation (i.e., species composition and structure) can act as a 

useful indicator of the hydrological condition of a BB system and also that colour is higher in 

water from degraded catchments. 

The results suggest that the colour levels in Garron site are prone to fluctuate more than in the 

other two sites. This inference is accurate as water tables fluctuate in the Garron site more than 

the other two sites in summer (-0.4 – -0.108 m below surface in summer, 30 cm fluctuation 

compared with 25 cm in Cuilcagh and 20 cm in Letterunshin (winter fluctuations were more 

similar) (see Table 3-3 and Table 3-4)) and the intact Garron site was least intact of all 3 intact 

sites (see results of condition assessment in Table 4-9). Letterunshin site had the lowest colour 

and TOC means and ranges of all sites, not surprising as it has the highest water tables and 

lowest water table fluctuations and scored the highest in terms of condition or ‘intactness’ (see 

Table 3-3, Table 3-4 and Table 4-9). Several studies have observed that DOC production in 

wet soils decreases with time (Christ and David, 1996; Blodau and Moore, 2003) potentially 

resulting from a build-up of DOC, which limits its continued production through the inhibition 

of anaerobic decomposition. Also, Strack et al. (2015) demonstrated that DOC concentrations 

were lower from a restored site compared to an unrestored site and significantly lower at the 

restored site 10 years after restoration. Boatman (1983) showed that the amplitude of water 

level fluctuations near pools were less than at hummock-hollow sites. These studies support 

the observed results as Letterunshin site is more dominated by pool systems (40 % of quadrats 

has pools) compared to the other two sites (<10 % of quadrats had pools) (see Table 4-6). 

Additionally, as Sphagnum is known to produce less aromatic organic matter than vascular 

plants (due to the lack of lignin) (Spencer et al., 2008), sites where Sphagnum is not the 

dominant vegetation will have increased aromatic fluorophore signatures and increased colour 

in waters draining the catchments. This is evident from the results in Chapter 4 where 

Letterunshin and Cuilcagh intact sites had higher coverage of Sphagnum than Garron intact 

site (see Table 4-5). Furthermore, lowered water tables can result in a change in the vegetation 
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community as observed in naturally (Foster et al., 1988) and artificially drained peatlands 

(Minkkinen et al., 2002; Strack et al., 2006). If this results in increased vegetation productivity 

then it may enhance production and export of DOC (Freeman et al., 2004). Reduced vegetation 

cover also impacts runoff rates, narrows flood hydrographs and increases mean peak storm 

discharge compared to re-vegetated landscapes (Grayson et al. 2010). The loss of vegetation 

can also accelerate the formation of erosion gullies and loss of organic carbon in runoff, 

increasing flashiness of rivers draining these catchments and increasing water colour (Evans 

and Warburton, 2010). This is the case for the Garron intact and degraded sites as these sites 

had the lowest cover of Sphagnum mosses and additionally the intact site had the highest cover 

of ericoids in quadrats assessed compared to all other sites (see Table 4-5). 

Long-term DOC dynamics are influenced by ecological as well as physical and hydrological 

changes and Strack et al. (2008) suggest that if peatlands become drier, enhanced water table 

fluctuations and vegetation productivity will lead to higher DOC concentrations. This also 

supports the conclusions from chapters 3 and 4 that Garron intact site is more degraded than 

the other intact sites. These results highlight that there are differing levels and intensities of 

degradation and the extent of degradation needs to be taken into consideration when assessing 

impacts to water quality in BBs ecosystems. 

5.4.2. Temporal TOC 

All intact and degraded sites show increased colour in late summer/early autumn with the onset 

of increased precipitation after prolonged dry periods in summer which can be attributed to 

increased water table fluctuations that flush DOC from stagnant soil horizons causing 

increased DOC in receiving water bodies. Kalbitz et al. (2000) found that rewetting following 

a dry period resulted in increased DOC concentrations. Additionally, Lundquist et al. (1999) 

showed that microbial utilization of DOC is reduced during dry periods and turnover of 

microbial biomass is enhanced upon rewetting, resulting in enhanced DOC release. 

Similar TOC levels from Garron intact and degraded sites between early-mid 2018 to March 

2019 were not surprising as the intact area in Garron site was found to be more degraded and 

the degraded area was less degraded than initially thought. TOC concentrations measured from 

Letterunshin and Cuilcagh intact and degraded sites however, revealed that concentrations 

from the degraded area of the catchment are higher in autumn with the onset of increased 

precipitation. As outlined in the previous section, decreased water tables due to peatland 

degradation impacts peat properties and increases water table fluctuations, resulting in 

diminished water quality. This corroborates with Strack et al. (2015) where they note that 

decomposition in the unsaturated peat produced mobile organic compounds (i.e., DOC) that 

were flushed during precipitation events after an extremely dry summer, but this was not as 
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apparent from their measurements taken from the saturated zone. Hydrologic connectivity 

between the cutover peat and new moss layer at the restored site was shown to be very limited 

except during large precipitation events, suggesting DOC flushing from deeper oxic peat 

layers and a rapid increase in DOC concentrations upon rewetting, highlighting the importance 

of maintaining a high water table year round (Strack et al., 2015).  

During high flow periods in later autumn and into winter months due to increased 

precipitation, DOC is eventually decreased, because of lower contact times due to both 

saturation and excess-overland flow and dilution within receiving water bodies (see Figure 5 

4, Figure 5 5 and Figure 5 6). This corroborates with Strack et al. (2015) where their results 

highlighted that when water tables were close to the surface in September and October and 

discharge was high, DOC concentration in discharge was lower than soil DOC concentration 

suggesting dilution of soil pools with rainwater.  

The increase in TOC in all sites in late summer (Figure 5 4, Figure 5 5 and Figure 5 6) is 

correlated with the highest plant productivity and lowest water tables due to the drought 

period. Broder et al. (2016) similarly found that DOC concentrations generally followed the 

vegetation period with low concentrations during snowmelt and spring and highest DOC 

concentrations in early autumn. Especially at the forested bog site compared to the bog site, 

this seasonal trend was related to hydrological events, which generated high DOC 

concentration peaks in autumn due to rapid mobilization from hydrologically connected source 

areas (Broder et al., 2016). Additionally, Strack et al. (2015) also found that higher DOC 

concentrations midsummer were associated with the period of highest plant productivity and 

low water tables, where increased contact time resulted in the higher concentrations. 

Therefore, it can be expected that TOC levels in receiving water bodies will depend on 

precipitation, season and discharge (i.e., flow) and are expected to be increased in degraded 

catchments, with increased water table fluctuations and with increased precipitation after 

prolonged dry periods, which is what was observed in this study. 

5.4.3. fDOM 

Component 1 was not attributed to the seasonal fluctuations as it is almost unchanged in both 

intact and degraded areas during the autumn flushing event however, components 2-5 change 

dramatically in both Letterunshin intact and degraded sites, where it appears that component 

2 makes the biggest contribution to the seasonal effect in Letterunshin intact site (Figure 5-8) 

and components 4 and 5 make the biggest contribution to the effect in Letterunshin degraded 

site (Figure 5-9). These increases in component loadings correlate with the increased rainfall 

and discharge after the long drought periods in 2018 (see Chapter 3, Figure 3-4 and 

Appendices Figure 8-3 through Figure 8-28). These periods also correlate with the highest 
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TOC found in Figure 5-4, Figure 5-5 and Figure 5-6, where peak TOC concentrations were in 

August and September. This is also in corroboration with Broder et al. (2016) where they 

found that seasonal patterns occurred at both forested and bog sites and main overall controls 

for these patterns were either temperature or vegetation as well as differences in hydrology. 

Their study found that fDOM quality exhibited major changes due to different hydrologic 

conditions, but patterns were also dependent on season. The forested site with mineral, peaty 

soils generally exhibited higher variability in concentrations and quality compared to the 

outflow of an ombrotrophic bog (Broder, Knorr and Biester, 2016).  

The strong seasonal effect seen in Figure 5-8 and Figure 5-9 can be attributed to increased OC 

production and solubility, but also enhanced litter decay by leaf fall in early autumn as reported 

by Singh et al. (2014) and Wallin et al. (2015). These results suggest that fDOM and TOC are 

correlated and are attributed to increased microbial humification in summer from the lowered 

water tables from the extended drought period and subsequent flushing of organic matter into 

receiving water bodies after onset of autumn rains. This has implications for future 

management of water quality from BBs as with degradation and increased droughts due to 

climate change, these effects could be exacerbated, causing further loss of carbon from BB 

ecosystems and further water quality issues.  

5.4.4. Hysteresis 

The negative HI results obtained for all examples, suggest anticlockwise hysteresis and 

therefore suggest an initial dilution of TOC with storm flow. Hydrographs presented in 

Chapter 3 (Figure 3-4) highlight that the study catchments display flashy responses to 

precipitation events. The sharp/symmetrical responses indicate that the outflows within the 

catchments are greatly influenced by storm flow. Thus, storm flow will result in mobilisation 

of organic compounds which are then flushed into receiving water bodies. The highest TOC 

values are from September, which is expected as flushing occurs after the drought in summer 

2018 and this is supported by the peaks in TOC concentration in Figure 5-6.  

Stream flow was very low in June (Figure 5-13) (approximately 10 m3/s), sustained by 

drainage of the saturated storage. A large precipitation event in June causes a large increase in 

discharge up to approximately 207 m3/s, which corresponds to the highest TOC values in this 

storm period. The hysteresis index (HI) indicates whether storage reacts before or after the 

stream flow, and suggests anticlockwise hysteresis  (see also Appendices Table 8-9, Table 

8-10 and Table 8-11). Anticlockwise hysteresis suggests concentration on the falling limb is 

higher than at the rising limb, suggesting enrichment, where concentration increases with 

discharge, which is clear from the hysteresis plot in Figure 5-13. June saw the largest changes 

in TOC baseline concentration to peak concentration, which is related in this case, to lower 
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baseflow before the storm event and higher flow at the peak of the event. Initially stream flow 

in September (Figure 5-15) was higher than in the previous June example (approximately 40 

m3/s) and is sustained by both drainage of the saturated storage and precipitation inputs with 

the onset of autumn rains (see also Figure 5-18). Increase in discharge on the rising limb causes 

an increase in TOC, however the peak TOC occurs on the falling limb, suggesting flushing 

after the rainfall event. The hysteresis index (HI) for this event suggests anticlockwise 

hysteresis. Initially stream flow in October was approximately 35 m3/s (Figure 5-17), sustained 

by both drainage of the saturated storage and precipitation inputs as in the September example. 

The increase in discharge on the rising limb causes only slight increases in TOC and the peak 

TOC (21 mg/l) occurs on the falling limb, suggesting strong flushing after the rainfall event in 

this case. The hysteresis index (HI) for this event suggests anticlockwise hysteresis. 

As steadier precipitation patterns establishes in autumn (in the October example), where the 

unsaturated-zone storage reaches its maximal value relatively quickly, rapidly establishing 

connectivity with fast-responding flow pathways. This led to a relatively rapid increase in 

stream flow but only small increases in TOC. This suggests that the peatland buffers the water 

reaching the river, where the discharge to streams has minimal contact with the soil and this 

leads to low concentrations or dilution of TOC. Therefore, a lag is displayed here from the 

time taken for water to percolate and eventually recharge the relatively deep groundwater. 

With longer residence times in contact with the vegetation and peat, TOC in runoff begins to 

increase, albeit with decreasing precipitation at this stage. Slowly as runoff decreases after the 

end of the precipitation event, TOC concentrations also being to decline and return to baseline 

levels. 

The June example (Figure 5-18) shows the greatest increases in TOC compared to the baseline 

levels at the beginning of the storm period of all three examples, which is most likely caused 

by two mechanisms. Firstly, the very low initial TOC concentrations are indicative of mixing 

of with groundwater, causing a dilution effect during the dry period. Secondly this suggests 

that with the onset of a precipitation event after the drought period in June, that infiltration 

excess overland flow is dominating the runoff response, where precipitation cannot infiltrate 

quickly enough, and runoff causes discharge to streams with no or minimal contact with the 

peat, leading to only slight increases in TOC concentrations. As precipitation recedes, so too 

do TOC concentrations as the unsaturated zone has not been recharged due to the dominance 

of infiltration excess overland flow, therefore flow quickly recedes to baseline levels.  

TOC concentrations in both June and October do not reach the values reached in the September 

flushing event (Figure 5-18). This suggests that flushing after wet periods will release less 

TOC than flushing events after dry periods, as after a short drought in June medium TOC 

concentrations are seen and after the longer drought over the entire summer the highest TOC 



284 

 

values are reached. After the initial wetter period in early autumn, intense flushing is reduced 

by October and lower TOC concentrations are exhibited. This can be attributed to lowered 

water tables in dry periods causing increased aerobic microbial decomposition of organic 

matter and therefore release of carbon. This is in corroboration with previous results in this 

chapter, i.e. from Figure 5-6 and Figure 5-8 (see also Figure 8-97 and Figure 8-98) it is evident 

that flushing occurs after the summer dry periods, with the onset of the first autumn rains in 

late August/early September. This corroborates with Lloyd et al. (2016) where they note that 

anticlockwise hysteresis generally signifies a longer lag between the discharge and 

concentration peak, suggesting that the source was located further from the monitoring point. 

Other studies also concluded similarly, when concentrations are higher on the falling limb 

versus the rising limb, an anticlockwise hysteresis pattern emerges and occurs when sources 

are more distal, have a longer transport time, longer residence time, stem from deeper 

subsurface zones, or a combination of these factors (Donn et al., 2012; Bieroza and 

Heathwaite, 2015).  

In contrast to intact sites, which buffer water quality, Graeber et al. (2012) found a high 

seasonal variation in DOC loads in wetland catchments, which arises from high variability in 

the discharge values. The high seasonal variation in DOC loads was related to the high 

temporal variability of discharge (Graeber et al., 2012), attributed to anthropogenic drainage 

of the wetlands resulting in higher variability of flow which adds to the variability in DOC 

concentration (Graeber et al., 2012). 

5.5. Recommendations 

Recommendations for future work are to carry out further water quality monitoring within 

monitoring wells and link to vegetation types. 
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6. DISCUSSION AND CONCLUSIONS 

6.1. Novelty of this research and achieving aims 

This work provides new detailed ecohydrological information from a range of Irish blanket 

bog types that have not been intensively studied before. This research is novel in that it has 

identified and defined baselines in intact BB that can be used for future restoration and 

management planning. Additionally, the characterisation of the range of BB types in this study 

has provided additional information on the extent and distribution of these habitats, with 

additional baseline habitat maps for intact and degraded areas within each of the 3 study sites 

which permits linkage to hydrological conditions. 

This research aimed to bridge gaps related to BB ecohydrology and its influence on the wider 

environment in terms of ecosystem services to water, through flow and water quality. This was 

achieved by linking hydrological processes in the form of water table fluctuations and ecology 

in terms of vegetation communities within intact BBs and additionally site condition to water 

quality, where intact baselines have been identified that could be used in future restoration and 

management of BB ecosystems as an assessment ‘tool’. Linking these aspects of blanket bogs 

and subsequently how anthropogenic impacts affect BB condition can help improve the 

understanding of BB ecohydrology and its influence on the wider environment in terms of 

ecosystem services to water, through flow and water quality.  

6.2. Forward outlook 

6.2.1. Linking hydrology, ecology and water 

quality results, and implications for future BB 

health, restoration of degraded areas and condition 

assessment 

Future droughts as well as anthropogenic degradation can lower water tables, leading to shifts 

in vegetation and loss of keystone Sphagnum species. The prolonged and intense drought 

period experienced in summer 2018 influenced the recovery of water tables which may have 

long term effects. Within the degraded areas studied, depth to water tables were greater 

compared to the intact areas, except for Garron site. All intact sites stay above the critical level 

(i.e., the beginning of stressful hydrologic environment) for Sphagnum growth for the majority 

of the monitoring period. All degraded site monitoring wells fell below the critical level for a 

greater proportion of the monitoring period, highlighting the effects of degradation, 

specifically at the Letterunshin site, which showed low and highly fluctuating water tables (the 

degraded site in Letterunshin is devoid of vegetation and comprises only of plantation 

conifers). Implications for restoration of this degraded area in the future will mean that the 
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water table will need to be raised by a significant amount to ensure the successful revegetation 

of BB species (specifically Sphagnum spp.). Decreases in water table are likely to affect 

vegetation into the future if these seasonal droughts continue, specifically keystone peat 

forming Sphagnum species. Additionally, if such seasonal droughts continue this has 

implications for the ability of BBs to adapt to climate change, e.g., decreased rainfall. This 

could potentially create a stressful environment for specific communities that are dependent 

on water tables, specifically BB communities dominated by Sphagnum species (i.e., BB3 - 

Eriophorum vaginatum – Sphagnum papillosum bog), flushes dominated by Sphagnum 

species (i.e., PF2 - Carex nigra/echinata - Sphagnum denticulatum; Juncus effuses – 

Sphagnum spp) and also HW3 (Rhynchospora  hollows) as these communities are dependent 

on the highest water table levels, as demonstrated in Chapter 3. The recovery of water levels 

after severe drought periods in intact BB may not be adequate for the maintenance of peat 

forming species such as Sphagnum and this suggests that intact BBs are vulnerable to future 

climate change. 

Letterunshin site had the lowest colour and TOC means and ranges of all sites, not surprising 

as it has the highest water tables and lowest water table fluctuations, with Garron having the 

highest water colour. Additionally, TOC monitored from Garron intact and degraded sites 

showed similar concentrations from both areas of the catchment. This is supported by the 

ecological conclusions from Chapter 4 where Garron intact was more degraded than the other 

intact sites, was the only intact site with an ericoid cover greater than Sphagnum cover and 

had the highest plant litter cover of all the sites. The dominant vegetation community in the 

Garron intact site was BB5, a dry, high-altitude, Calluna vulgaris dominated community, 

which corroborates with McAnallen et al. (2017) where it was found that vascular plants 

dominated due to the drier conditions (i.e., lower water table) in Garron site. Additionally, 

fluorophores were identified that were associated with intact BB which indicated that the 

material is ‘fresher’ and less aromatic, being produced in the upper peat layers from fresh 

organic material (as opposed to more humified matter from deeper peat layers), suggesting 

linkage to high water tables in intact sites in this study. Additionally, as Sphagnum is known 

to produce less aromatic organic matter than vascular plants (due to the lack of lignin) (Spencer 

et al., 2008), sites where Sphagnum is not the dominant vegetation will have increased 

aromatic fluorophore signatures and increased colour in waters draining the catchments. This 

is demonstrated from the ecological results in Chapter 4 where Letterunshin and Cuilcagh 

intact sites had higher coverage of Sphagnum than Garron intact site. A higher degree of 

humification was found for the degraded sites suggesting the main water source in the 

degraded catchments was probably often more dominated by deeper groundwater, whereas in 

intact catchments flow pathways are through soil layers closer to the surface. Increased water 
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colour in degraded catchments is also linked to lower flows noted in degraded catchments 

compared to the intact catchments during the summer drought in 2018. 

TOC concentrations measured from Letterunshin and Cuilcagh intact and degraded sites 

revealed that concentrations from the degraded areas of the catchment have higher TOC in 

autumn with the onset of increased precipitation after drier summer weather. However, TOC 

monitored from Garron intact and degraded sites showed similar concentrations from both 

areas of the catchment, with slightly higher values seen in August from the intact area. These 

results highlight that there are differing levels and intensities of degradation and the extent of 

degradation needs to be taken into consideration in the future when assessing impacts to water 

quality in BBs ecosystems for planning, management and restoration purposes. Additionally, 

across all sites TOC concentrations in both June and October do not reach the values reached 

in the September flushing event, which suggests that flushing after wet periods will release 

less TOC than flushing events after dry periods. This can be attributed to lowered water tables 

during dry periods causing increased aerobic microbial decomposition of organic matter and 

therefore release of carbon. When the water table is closer to the surface, in this case in June 

and October, less TOC was flushed into receiving water bodies.  

Results suggest that fDOM and TOC are correlated and display similar trends, which can be 

attributed to increased microbial humification in summer from the lowered water tables due 

to the extended drought period and subsequent flushing of organic matter into receiving water 

bodies after onset of autumn rains. This has implications for future management of water 

quality from BBs as degradation and increased droughts due to climate change could cause 

further loss of carbon from BB ecosystems and exacerbated water quality issues. 

Hypothetic fluorophores identified were associated with intact BB where the water table is 

close to the surface as sources of DOM at the soil surface would originate from oxic peat 

layers. This indicates that the material is ‘fresher’ being produced in the upper peat layers from 

fresh organic material (as opposed to more humified matter from deeper peat layers, which 

would suggest degradation and low water tables), suggesting linkage to high water tables in 

intact sites, preserving the deeper OM from leaching out. This is supported by high water 

tables found in intact sites compare to degraded sites found in Chapter 3. The dominance of 

humic-like, terrestrial origin flurophores also indicates long residence times of DOM in the 

soils, as DOM is not primarily immediately transported to surface waters, but humified by 

microbes within the peat of the catchment before being transported to receiving water bodies.  

Hysteretic analysis of discharge and TOC interactions indicate that intact peatlands buffer 

water quality, with a lag effect that can help reduce TOC in receiving water bodies. This is 

linked to water tables closer to the surface and lower water table fluctuations, as intact sites in 
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this study demonstrated water tables closer to the surface, with reduced fluctuations compared 

with degraded sites. Lowering the water table increases porosity and microbial activity, 

increasing organic matter decomposition resulting in diminished water quality (Ritson et al. 

2016). Additionally, water table fluctuations play an important role in DOC production and 

Kalbitz et al. (2000) assert that rewetting following a dry period results in increased DOC 

concentrations. Increased water table fluctuations, due to degradation or climate change, can 

flush DOC from stagnant soil horizons and may promote further DOC production. 

Furthermore, lowered water tables can result in a change in the vegetation community as 

observed in artificially drained peatlands (Minkkinen et al., 2002; Strack et al., 2006), 

therefore buffering is also linked to vegetation, specifically Sphagnum. Intact sites in this study 

were shown to be more dominated by Sphagnum species than degraded sites, from the results 

in Chapter 4. Holden et al. (2008) demonstrated that overland flow velocities were 

significantly related to and controlled by the vegetation cover, with Sphagnum having the 

potential to provide greater effective roughness to overland flow than other surface types, 

where flows over bare surfaces are considerably faster than for Eriophorum, which is faster 

than surfaces covered in Sphagnum. Furthermore, Shuttleworth et al. (2018) demonstrated that 

storm hydrographs following revegetation had significantly longer lag times, reduced peak 

flows and attenuated hydrograph shapes. Therefore, it is appropriate to conclude that intact 

blanket peatlands dominated by Sphagnum spp. in this study may be expected to release 

overland flow more slowly, buffering water quality reaching water bodies. This is supported 

by the lower water colour demonstrated in this study from intact blanket bog.  

NMDS ordination analysis of polygon and quadrat data revealed relationships between the 

mapped vegetation, environmental variables and hydrology. Positive microtopographic and 

environmental indicators were associated with intact habitats/communities and negative 

microtopographic (i.e., nanotopes) and environmental variables were associated with degraded 

habitats/communities. These results also support the condition assessment status of the intact 

and degraded sites using the vegetation survey data. The findings from analysis of intact and 

degraded sites by NMDS ordination have important implications for hydrology and therefore 

water quality, demonstrating that within the BB sties studied, intact areas have water tables 

closer to the surface, whereas degraded areas have lower water tables. This is linked to the 

results from Chapter 3, where intact sites demonstrated water tables closer to the surface 

compared with degraded sites.  

Notably, the low vegetation diversity identified in the Letterunshin site could make this site 

more vulnerable to changes in the water table regime required to maintain the wet hollow 

habitat HW3. A change in water table (from anthropogenic drainage or climate change) could 

cause a shift in the vegetation from these sensitive specialised communities to drier 
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communities therefore making this site more vulnerable to degradation. For example, drainage 

and climate change have been shown to hamper Sphagnum growth and facilitate the 

establishment of generalist and exotic species (Gunnarsson et al., 2002). This vegetation shift 

is associated with a decrease in the cover and richness of other specialist bog plant species and 

a concomitant increase of shade or drought-tolerant species (Gunnarsson et al., 2002). 

Breeuwer et al. (2009) concluded that increased occurrence of periods with low water tables 

may bring about a shift in dominant Sphagnum species as well as a shift from graminoid to 

ericoid vascular plant cover, resembling the shift from hollow to lawn/hummock vegetation 

(Breeuwer et al., 2009). Additionally, Boatman (1983) showed that the amplitude of water 

level fluctuations near pools were less than at hummock-hollow sites. These studies support 

the observed results as Letterunshin site is more dominated by pool systems (40 % of quadrats 

has pools) compared to the other two sites (<10 % of quadrats had pools) (see Table 4-6). The 

difference in response within a diverse range of PFT’s may add to the resilience of an 

ecosystem and should be taken into account in future restoration and management of BB 

ecosystems. This study demonstrates that anthropogenic degradation, specifically forestry, as 

well as climate change can significantly lower the water table in peatlands and illustrates how 

a changing rainfall/hydrological regime can lead to a different bog character, which should be 

taken into consideration for future management and planning. 

6.2.2. Ecological assessment – implications for 

future mapping, condition assessment, HD 

reporting, management and restoration planning  

Ecological research aimed to contribute data to help characterise and further define lowland 

and upland BB for reporting purposes. Several assessment methods were combined from 

statutory reporting for the purpose of this study, including best practice guides for habitat 

surveys. This was due to Fossitt (2000) level habitat mapping not providing sufficient data 

regarding condition of the BBs for the purposes of this study. The adapted vegetation survey 

employed (based on the NUSH system by Perrin et al. (2014)), incorporated plant functional 

types (PFT’s) and associated environmental and hydrologic variables (see Chapter 4) and 

provided a robust assessment system allowing the condition of the BB sites studied to be 

established. This level of data acquisition is therefore required for a satisfactory condition 

assessment to establish the ecohydrological functioning of BBs. The condition assessment 

allowed determination of the percentage of the sites that passed or failed and the percentage 

that was ‘active’ (peat forming) or inactive. Higher percentages of intact sites passed the 

assessment compared to the degraded sites, and also higher percentages of intact sites were 

‘active’ (peat-forming), with higher percentages of ‘inactive’ BB in the degraded sites. 

Qualitative information about the status of each BB in terms of its proportion of ‘active’ (peat 
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forming) habitat and percentage of the sites that passed the assessment were revealed and 

highlighted the potential to identify ‘active’ areas in degraded BB, which may be a sign of 

regeneration. Accurate spatial habitat data combined with habitat condition data for upland 

Annex I habitats is required for reporting to the EU Commission on the conservation status of 

these habitats as required under Article 17 of the HD (Perrin et al., 2009). Additionally, 

adequate condition assessment is critical to ascertain the ecosystem services of BBs, especially 

in relation to peat accumulation and water provision and quality. 

The results of the vegetation characterisation showed that the three intact sites consisted of an 

average high proportion of BB habitats using Fossitt (2000) mapping scheme. Conversely, 

under the NUSH classification system a greater range of habitats and communities were 

revealed within the sites and thus it was possible to distinguish between the sites, highlighting 

their contrasting profiles in terms of habitat/community type, composition, diversity, size and 

assemblage. However, using the NUSH classification system Letterunshin consisted mainly 

of Rhynchospora alba hollows habitat (HW3), which are classified as a separate habitat to BB 

under the HD (Rhynchosporion depression (7150)). BBs (7130) (* if ‘active’) are listed in the 

Annex I of the Habitats Directive. Lowland (Atlantic) BB and upland BBs are not given 

specific codes and are grouped together when assessed under Article 17 (Habitats Directive), 

with ‘active’ and ‘inactive’ BB both qualifying as an Annex I 7130 habitat (* for ‘active’). It 

may therefore be more suitable to report HW3 habitat as part of BB habitat (7130), especially 

seeing as the majority of Letterunshin site was found to be ‘active’ (i.e., peat forming) from 

the condition assessment. The data collected will assist in the management and conservation 

of protected BB SAC sites. Improved mapping methods are required to accurately map the 

distribution and assess the condition of BB ecosystems. One mapping system may not be 

sufficient to indicate condition, rather a combination of systems incorporating 

multidisciplinary methods (ecological and hydrological) assessment may be required. 

It was possible to determine intact baselines for both habitats/communities and associated 

environmental variables and water table depths, allowing identification of the point at which 

intact areas are showing negative indicators and are therefore ‘at risk’ of becoming degraded. 

This intact baseline was evident from all sites individually, and also when the complete dataset 

from all three sites were combined. The results from this research highlight the potential for 

using habitat/community data combined with PFT’s and environmental abiotic parameters as 

indicators of hydrological processes and to predict the condition and status of BBs on a wider 

scale. This type of assessment method could be used in future as a potential tool to identify 

first signs of degradation using both vegetation and water table fluctuations as indicators, 

serving as a baseline for monitoring areas undergoing restoration and to compare sites when 

reporting to the EU Commission on the conservation status of these habitats as required under 
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Article 17 of the HD. The data collected will assist in the management and conservation of 

protected BB SAC sites. 

Improved mapping methods are required to accurately map the distribution and assess the 

condition of BB ecosystems. One mapping system may not be sufficient to indicate condition, 

rather a combination of systems incorporating multidisciplinary methods (ecological and 

hydrological assessment) may be required to fully appraise the condition and categories of BB 

sites across the island of Ireland and should be taken into account for future restoration and 

management of peatlands. 

Results from this investigation may be used to inform future management of BBs 

environments across Ireland and may also inform future national and EU policy so that future 

management and restoration can be better targeted to afford protection to BBs and the 

ecosystem services that they provide to society. This will also assist in achieving the objectives 

and targets of EU legislations. 

6.3. Further work required 

Recommendations include: 

• Install monitoring wells within each vegetation type to fully ascertain the range of 

hydrological supporting conditions for all vegetation types in BB; 

• Install monitoring wells inside vegetation quadrats to improve linkage of quadrat data 

to water table fluctuations; 

• Using an electronic water level dip meter, rather than the manual version that was used 

for this project, may help reduce inaccuracies in the field; 

• Locate monitoring wells in degraded areas further from drains to determine whether 

the drains on depths to water tables; 

• Further water quality monitoring within monitoring wells and link to vegetation types; 

• Habitat assessment in the location of hydrological monitoring, for example in this 

case, at each monitoring well nest; 

• Multiple monitoring wells in each vegetation community (in this study we had 

multiples in some communities but only one in others, which was a limitation of the 

study). This could allow better linkage with vegetation communities in future; 

• Inclusion of more rigorous environmental variables to assess degradation, for example 

a more detailed scale of degradation parameters for assessment, for example a scale 

of 1-10 for variables such as bare peat, softness, firmness, with a focus on mapping 

further variables such as erosion, drains, face banks, etc. to give an enhanced 

characterisation of the scale of degradation.  
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8. APPENDICES 

 

Figure 8-1 Met Eireann meteorological station Cloonnacool (Lough Easkey, Co. Sligo, station 
#3135) at elevation of 204 mAMSL compared with Letterunshin rain gauge 

(elevation ~140 mAMSL).  

 

Figure 8-2 UK Met Office Ballypatrick station compared with Garron () and both gauges show 

a similar trend (no data for Garron December). 
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Figure 8-3 Hydrograph from monitoring well A at intact area in Letterunshin site 

demonstrating the seasonal variability in water table level with response to rainfall (The gap 

in water table depth in march 2018 was due to an issue with the logger. The large gap in rainfall 

data near the end of 2018 in autumn is due to a recording issue with the instrument). 

 

Figure 8-4 Hydrograph from monitoring well B at intact area in Letterunshin site 

demonstrating the seasonal variability in water table level with response to rainfall (The large 



305 

 

gap in rainfall data near the end of 2018 in autumn is due to a recording issue with the 

instrument). 

 

Figure 8-5 Hydrograph from monitoring well C at intact area in Letterunshin site 

demonstrating the seasonal variability in water table level with response to rainfall (The gap 

in water table depth in June 2018 was due to an issue with the logger. The large gap in rainfall 

data near the end of 2018 in autumn is due to a recording issue with the instrument). 
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Figure 8-6 Hydrograph from monitoring well D at intact area in Letterunshin site 

demonstrating the seasonal variability in water table level with response to rainfall (The large 

gap in rainfall data near the end of 2018 in autumn is due to a recording issue with the 

instrument). 

 

Figure 8-7 Hydrograph from monitoring well E at intact area in Letterunshin site 

demonstrating the seasonal variability in water table level with response to rainfall (The large 

gap in rainfall data near the end of 2018 in autumn is due to a recording issue with the 

instrument). 
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Figure 8-8 Hydrograph from monitoring well F at intact area in Letterunshin site 

demonstrating the seasonal variability in water table level with response to rainfall (The large 

gap in rainfall data near the end of 2018 in autumn is due to a recording issue with the 

instrument). 
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Figure 8-9: Hydrograph from monitoring well 1 at Degraded area in Letterunshin site 

demonstrating the seasonal variability in water table level with response to rainfall (the large 

gap in rainfall data in autumn 2018 is due to an issue with the instrument) 

 

Figure 8-10 Hydrograph from monitoring well 2 at Degraded area in Letterunshin site 

demonstrating the seasonal variability in water table level with response to rainfall (the large 

gap in rainfall data in autumn 2018 is due to an issue with the instrument) 
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Figure 8-11 Hydrograph from monitoring well 3 at Degraded area in Letterunshin site 

demonstrating the seasonal variability in water table level with response to rainfall (the large 

gap in rainfall data in autumn 2018 is due to an issue with the instrument) 

 

Figure 8-12 Hydrograph from monitoring well A at Intact area in Cuilcagh site demonstrating 

the seasonal variability in water table level with response to rainfall (the gap in rainfall data in 

summer 2018 is due to an issue with the instrument) 
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Figure 8-13 Hydrograph from monitoring well B at Intact area in Cuilcagh site demonstrating 

the seasonal variability in water table level with response to rainfall (the gap in rainfall data in 

summer 2018 is due to an issue with the instrument) 

 

Figure 8-14 Hydrograph from monitoring well C at Intact area in Cuilcagh site demonstrating 

the seasonal variability in water table level with response to rainfall (the gap in rainfall data in 

summer 2018 is due to an issue with the instrument) 
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Figure 8-15 Hydrograph from monitoring well D at Intact area in Cuilcagh site demonstrating 

the seasonal variability in water table level with response to rainfall (the gap in rainfall data in 

summer 2018 is due to an issue with the instrument) 

 

Figure 8-16 Hydrograph from monitoring well E at Intact area in Cuilcagh site demonstrating 

the seasonal variability in water table level with response to rainfall (the gap in rainfall data in 

summer 2018 is due to an issue with the instrument) 
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Figure 8-17 Hydrograph from monitoring well 1 at Degraded area in Cuilcagh site 

demonstrating the seasonal variability in water table level with response to rainfall (the gap in 

rainfall data in June 2018 is due to an issue with the instrument) 

 

Figure 8-18 Hydrograph from monitoring well 2 at Degraded area in Cuilcagh site 

demonstrating the seasonal variability in water table level with response to rainfall 
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Figure 8-19 Hydrograph from monitoring well 3 at Degraded area in Cuilcagh site 

demonstrating the seasonal variability in water table level with response to 

rainfall 

 

Figure 8-20 Hydrograph from monitoring well A at Intact area in Garron site demonstrating 

the seasonal variability in water table level with response to rainfall (The gap in 
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rainfall data in November/December 2018 is due to an issue with instrument and 

no alternative data was available). 

 

Figure 8-21 Hydrograph from monitoring well B at Intact area in Garron site demonstrating 

the seasonal variability in water table level with response to rainfall (The gap in rainfall data 

in November/December 2018 is due to an issue with instrument and no alternative data was 

available). 
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Figure 8-22 Hydrograph from monitoring well C at Intact area in Garron site demonstrating 

the seasonal variability in water table level with response to rainfall (The gap in rainfall data 

in November/December 2018 is due to an issue with instrument and no alternative data was 

available). 

 

Figure 8-23 Hydrograph from monitoring well D at Intact area in Garron site demonstrating 

the seasonal variability in water table level with response to rainfall (The gap in rainfall data 

in November/December 2018 is due to an issue with instrument and no alternative data was 

available). 
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Figure 8-24 Hydrograph from monitoring well E at Intact area in Garron site demonstrating 

the seasonal variability in water table level with response to rainfall (The gap in rainfall data 

in November/December 2018 is due to an issue with instrument and no alternative data was 

available). 

 

Figure 8-25 Hydrograph from monitoring well F at Intact area in Garron site demonstrating 

the seasonal variability in water table level with response to rainfall (The gap in rainfall data 

in November/December 2018 is due to an issue with instrument and no alternative data was 

available). 
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Figure 8-26 Hydrograph from monitoring well 1 at Degraded area in Garron site demonstrating 

the seasonal variability in water table level with response to rainfall (The gap in 

rainfall data in November/December 2018 is due to an issue with instrument and 

no alternative data was available). 

 

Figure 8-27 Hydrograph from monitoring well 2 at Degraded area in Garron site demonstrating 

the seasonal variability in water table level with response to rainfall (The gap in 
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rainfall data in November/December 2018 is due to an issue with instrument and 

no alternative data was available). 

 

Figure 8-28 Hydrograph from monitoring well 3 at Degraded area in Garron site demonstrating 

the seasonal variability in water table level with response to rainfall (The large 

gap in rainfall data in autumn 2018 is due to an issue with instrument).  
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Figure 8-29 Water level duration curve showing monitoring wells in Letterunshin intact site 

(LA-LF) during winter 2018 coloured by vegetation type (see legend for 

different vegetation descriptions) 

 

Figure 8-30 Water level duration curve showing monitoring wells in Letterunshin degraded 

site (L1-L3) during winter 2018 coloured by vegetation type (see legend for 

different vegetation descriptions). 

 

Figure 8-31 Water level duration curve showing monitoring wells in Letterunshin intact (LA-

LF) and degraded sites (L1-L3) during winter 2018 coloured by site 
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Figure 8-32 Water level duration curve showing monitoring wells in Cuilcagh intact site (CA-

CE) during winter 2018 coloured by vegetation type (see legend for different 

vegetation descriptions) 

 

Figure 8-33 Water level duration curve showing monitoring wells in Cuilcagh degraded site 

(C1-C3) during winter 2018 coloured by vegetation type (see legend for different 

vegetation descriptions) 
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Figure 8-34 Water level duration curve showing monitoring wells in Cuilcagh intact (CA-CE) 

and degraded sites (C1-C3) during winter 2018 coloured by site 

 

Figure 8-35 Water level duration curve showing monitoring wells in Garron intact site (GA-

GF) during winter 2018 coloured by vegetation type (see legend for different 

vegetation descriptions) 
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Figure 8-36 Water level duration curve showing monitoring wells in Garron degraded site 

(G1-G3) during winter 2018 coloured by vegetation type (see legend for different 

vegetation descriptions) 

 

Figure 8-37 Water level duration curve showing monitoring wells in Garron intact (GA-GF) 

and degraded sites (G1-G3) during winter 2018 coloured by site 
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Figure 8-38 Water level duration curve showing monitoring wells in Letterunshin intact site 

(LA-LF) during summer 2018 coloured by vegetation type (see legend for 

different vegetation descriptions) 

 

Figure 8-39 Water level duration curve showing monitoring wells in Letterunshin degraded 

site (L1-L3) during summer 2018 coloured by vegetation type (see legend for 

different vegetation descriptions) 
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Figure 8-40 Water level duration curve showing monitoring wells in Letterunshin intact (LA-

LF) and degraded sites (L1-L3) during summer 2018 coloured by site 

 

Figure 8-41 Water level duration curve showing monitoring wells in Cuilcagh intact site (CA-

CE) during summer 2018 coloured by vegetation type (see legend for different 

vegetation descriptions) 
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Figure 8-42 Water level duration curve showing monitoring wells in Cuilcagh degraded site 

(C1-C3) during summer 2018 coloured by vegetation type (see legend for 

different vegetation descriptions) 

 

Figure 8-43 Water level duration curve showing monitoring wells in Cuilcagh intact (CA-CE) 

and degraded sites (C1-C3) during summer 2018 coloured by site 
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Figure 8-44Water level duration curve showing monitoring wells in Garron intact site (GA-

GF) during summer 2018 coloured by vegetation type (see legend for different 

vegetation descriptions) 

 

Figure 8-45 Water level duration curve showing monitoring wells in Garron degraded site 

(GA-GF) during summer 2018 coloured by vegetation type (see legend for 

different vegetation descriptions) 
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Figure 8-46 Water level duration curve showing monitoring wells in Garron intact (GA-GF) 

and degraded sites (G1-G3) during summer 2018 coloured by site 

 

Figure 8-47 Box plot of median highest water table levels in all intact sites during summer 

2018 
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Figure 8-48 Box plot of median lowest water table levels in all intact sites during summer 

2018 

 

Figure 8-49 Box plot of median highest water table levels in all intact sites during winter 2018 
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Figure 8-50 Box plot of median lowest water table levels in all intact sites during winter 2018 

 

Figure 8-51 Box plot of median highest water table levels in each vegetation community all 

intact sites during summer 2017 
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Figure 8-52 Box plot of median lowest water table levels in each vegetation community all 

intact sites during summer 2017 

 

Figure 8-53 Box plot of median highest water table levels in each vegetation community all 

intact sites during winter 2017 
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Figure 8-54 Box plot of median lowest water table levels in each vegetation community all 

intact sites during winter 2017 

 

Figure 8-55 Box plot showing median highest (10th percentile) summer 2018 water tables of 

monitoring wells from all intact sites in areas dominated by different vegetation 

types. 
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Figure 8-56 Box plot showing median of highest (10th percentile) winter 2018 water tables of 

monitoring wells in areas dominated by different vegetation types. 

 

Figure 8-57 Box plot showing median of lowest (90th percentile) winter 2018 water tables of 

monitoring wells in areas dominated by different vegetation types. 
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Figure 8-58 Box plot of median highest water table levels in each vegetation community all 

intact and degraded sites during summer 2018 

 

Figure 8-59 Box plot of median lowest water table levels in each vegetation community all 

intact and degraded sites during summer 2018 
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Figure 8-60 Box plot of median highest water table levels in each vegetation community all 

intact and degraded sites during winter 2018 

 

Figure 8-61 Box plot of median lowest water table levels in each vegetation community all 

intact and degraded sites during summer 2018 
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Figure 8-62 Box plot showing median of highest (10th percentile) summer 2018 water tables 

of monitoring wells in areas with different slopes (sample size for each category 

outlined in Table 3-5). The coloured boxes indicate the different slope categories 

(<1 % = red; 1-5 % = green; 5-10 % = blue; 10-20 % = yellow). 
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Figure 8-63 Box plot showing median of highest (10th percentile) winter 2018 water tables of 

monitoring wells in areas with different slopes (sample size for each category outlined in Table 

3-5). The coloured boxes indicate the different slope categories (<1 % = red; 1-5 % = green; 

5-10 % = blue; 10-20 % = yellow). 
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Figure 8-64 Climate averages from weather station closest to Garron and Cuilcagh sites (Met 

Eireann, 2010). 

 

Clones 1978–2007 

averages

TEMPERATURE 

(degrees Celsius)
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Year

mean daily max 7.2 7.8 9.7 12.1 15.1 17.4 19.2 18.8 16.6 13.1 9.8 7.6 12.9

mean daily min 1.6 1.6 3 4.2 6.5 9.5 11.4 11.1 9.2 6.6 3.9 2.3 5.9

mean temperature 4.4 4.7 6.4 8.1 10.8 13.4 15.3 15 12.9 9.9 6.8 5 9.4

absolute max. 14.8 16.3 16.9 21.5 25.9 29.3 30.5 28.3 25.3 20.1 16.9 14.8 30.5

min. maximum -3.8 -0.4 2.3 0 0 10.1 10.7 11.3 10.7 6.2 1.6 -5.7 -5.7

max. minimum 12 11.3 11 12.1 13.4 16.9 18.7 18 17.1 15.4 12.7 12.6 18.7

absolute min. -12.4 -7.3 -6.8 -3.8 -3.7 1.6 4.6 3.5 0.2 -4.5 -5.4 -11 -12.4

mean num. of days with 

air frost
9.4 8.5 5 2.5 0.4 0 0 0 0 1.1 4.2 7.4 38.4

mean num. of days with 

ground frost
17 15 13 11 6 1 0 0 2 5 12 15 97

mean 5cm soil 3.5 3.6 5.2 8.1 12.1 14.9 16.4 15.6 12.8 9.3 6.2 4.4 9.4

mean 10cm soil 4 4 5.3 7.7 11.1 14 15.6 15.1 12.7 9.6 6.7 4.9 9.2

mean 20cm soil 4.6 4.6 6 8.1 11.3 14 15.7 15.5 13.5 10.6 7.6 5.6 9.8

RELATIVE HUMIDITY 

(%)

mean at 0900UTC 89.9 88.7 86.6 81.8 77.4 78.8 81.7 84.6 87.3 89.3 90.8 90.9 85.7

mean at 1500UTC 83.3 77.3 72.9 67.5 66.5 68.7 69.6 71.2 72.8 77.3 82.5 85.9 74.6

SUNSHINE (hours)

mean daily duration 1.5 2.2 3 4.6 5.6 4.6 4.4 4.2 3.6 2.8 1.8 1.2 3.3

greatest daily duration 7.5 9.8 11 13.1 15.5 16 15.2 14.4 12 9.6 8.5 6.9 16

mean num. of days with 

no sun
12.1 8.3 6 3.8 2.2 2.6 2.2 2.8 4 6.9 10.3 13.2 74.3

RAINFALL (mm)

mean monthly total 87.6 71 84 61.6 63.4 70.9 70.8 88.7 76.2 102.7 85.1 98.4 960.4

greatest daily total 30 26.9 34 23.5 37.7 38.1 50.3 74.6 27.1 43.8 33.1 31.9 74.6

mean num. of days with 

>= 0.2mm
20 17 20 16 16 17 18 18 18 20 19 19 218

mean num. of days with 

>= 1.0mm
15 12 15 12 12 12 13 13 13 15 14 15 161

mean num. of days with 

>= 5.0mm
6 5 6 4 4 5 4 5 5 7 6 7 64

mean monthly speed 9.2 9.4 9.4 7.9 7.2 6.7 6.3 6.3 7 7.8 8.2 8.7 7.8

max. gust 70 81 69 61 53 50 53 49 57 62 60 72 61.4

max. mean 10-minute 

speed
46 51 41 34 35 31 30 29 37 37 35 44 37.5

mean num. of days with 

gales
0.6 0.4 0.4 0.1 0 0 0 0 0 0.1 0.1 0.4 2.2

WEATHER (mean no. of 

days with..)

snow or sleet 4.9 4.7 3.8 1.1 0.3 0 0 0 0 0 0.6 2.6 18

snow lying at 0900UTC 2.8 1.1 0.8 0.1 0 0 0 0 0 0 0.2 1.2 6.2

hail 0.8 1.6 2.8 2.3 1.3 0.1 0.1 0 0.1 0.6 0.4 0.8 10.8

thunder 0.1 0.1 0.1 0.1 0.8 1 0.5 0.8 0.1 0.1 0 0.1 3.8

fog 3.7 3.6 2.1 2.2 1.5 1.3 1.6 2.9 4 3.5 4 4.4 34.8
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Figure 8-65 Climate averages from weather station closest to Letterunshin site (Met Eireann, 

2010). 

  

Claremorris 

1971–2000 

averages

TEMPERATURE 

(degrees Celsius)
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Year

mean daily max 7.5 8.1 9.8 12.1 14.9 17 18.9 18.7 16.4 13.1 9.9 8.1 12.9

mean daily min 1.7 1.8 2.9 3.9 6.1 8.8 11 10.6 8.6 6.4 3.5 2.5 5.7

mean temperature 4.6 4.9 6.3 8 10.5 12.9 15 14.7 12.5 9.8 6.7 5.3 9.3

absolute max. 13.3 13.6 16.2 22.3 25.4 29.8 30.5 28 25.1 19.9 15.9 14.3 30.5

min. maximum -2.9 0.1 0 5 6.1 11.2 11.7 12.2 10.5 6.8 1.3 -1.5 -2.9

max. minimum 11.3 10.9 10.4 11.3 14.2 15.3 17 16.7 16.7 15.6 12.5 12.1 17

absolute min. -11.7 -9.1 -8 -5.5 -3.1 0.7 0.6 2.6 -1.2 -4.3 -5.3 -12.9 -12.9

mean num. of days 

with air frost
8.7 7.3 5.2 3.3 0.8 0 0 0 0.1 1.2 5.3 7.6 39.5

mean num. of days 

with ground frost
15 14 12 10 5 0 0 0 2 5 12 14 89

mean 5cm soil 3.2 3.1 4.5 7.3 10.9 14.1 15.5 14.6 12 8.9 5.3 4.2 8.6

mean 10cm soil 3.5 3.4 4.7 7 10.3 13.5 15 14.3 12 9.3 5.8 4.5 8.6

mean 20cm soil 4.2 4.2 5.5 7.7 10.7 13.8 15.3 15 13 10.3 6.9 5.3 9.3

RELATIVE 

HUMIDITY (%)

mean at 0900UTC 90.7 90.3 88.7 82.5 79.3 80.4 83.6 86.2 88.1 91.6 91.2 91 87

mean at 1500UTC 85.6 79.8 75.7 67.9 68 71.1 73.2 73.4 74.7 80.2 84.4 88.1 76.8

SUNSHINE 

(hours)

mean daily 

duration
1.3 1.9 2.6 4.3 5 4.4 3.7 3.8 3.2 2.4 1.7 0.9 2.9

greatest daily 

duration
7.9 9.3 10.8 13.4 15.1 15.8 14.8 13.7 11.4 9.3 8.6 6.7 15.8

mean num. of days 

with no sun
9.5 7.3 5.7 2.8 2 2.2 2.2 2.1 3.4 5 8.1 10.8 61.1

RAINFALL (mm)

mean monthly total 127.9 102.1 101.6 63.7 68.1 64.5 70.1 95.7 94.3 128.2 127.7 129.6 1173.6

greatest daily total 31.5 107 26.8 34 51.3 38 42.2 49.7 41 46.7 54.9 41.2 107

mean num. of days 

with >= 0.2mm
21 18 21 16 16 15 17 18 18 21 21 22 224

mean num. of days 

with >= 1.0mm
18 15 17 12 12 11 12 13 14 17 18 17 176

mean num. of days 

with >= 5.0mm
9 7 7 4 4 4 4 6 5 8 8 9 75

WIND (knots)

mean monthly 

speed
10.2 10.3 10.2 8.7 8.1 7.7 7.2 6.8 7.7 8.7 8.9 9.7 8.7

max. gust 96 85 74 74 62 51 66 78 58 70 67 81 96

max. mean 10-

minute speed
59 48 45 41 41 34 39 32 37 46 40 52 59

mean num. of days 

with gales
1.4 0.9 0.7 0.1 0.1 0 0 0 0.1 0.3 0.4 0.8 4.8

WEATHER (mean 

no. of days with..)

snow or sleet 5.7 4.4 3.8 1.6 0.2 0 0 0 0 0.1 1.2 3.1 20

snow lying at 

0900UTC
2.3 0.7 0.7 0.1 0 0 0 0 0 0 0.2 0.7 4.6

hail 4.4 3.2 5.4 3.2 1.6 0.4 0.1 0 0.7 0.8 2.6 2.7 25.2

thunder 0.3 0.1 0.2 0.2 0.4 0.7 0.7 0.2 0.2 0.2 0.3 0.5 4

fog 3.4 2.3 1.6 1.8 1.2 1.4 2 3.2 3.3 3.2 2.6 3.4 29.5



339 

 

Table 8-1 Summary of coding system used for polygons/quadrats 

 

  

Coding system Polygon Plot 

Site name G= Garron, L = Letterunshin, C= 

Cuilcagh 

NOTE: D added for degraded sites 

G= Garron, L = Letterunshin, C= 

Cuilcagh 

NOTE: D added for degraded sites 

Polygon label e.g. 1-100 e.g. 1-100 

Polygon ground trothed and split 

into 2 or more polygons due to 

multiple habitats found 

Add new number to each polygon Add a, b, c after polygon number 

Plot label NA e.g. a, b, c… 

Plot bamboo location NA e.g. NE 
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Table 8-2 Summary of example of extent of site information to potentially record 

 

SITE INFORMATION 
 

Site name 
 

Site code letter for sampling 
 

Site type  
 

Site status 
 

Townland 
 

County 
 

GPS coordinates of access point 
 

  
 

x - easting 
 

Y - northing 
 

Photo 
 

  
 

  
 

Mean annual temp in ⁰C (Period 1981-2010) 
 

Mean annual (monthly) rainfall in mm (Period 1981-2010) 
 

Region used for meteotological data according to met.ie 
 

Eco-region 
 

Elevation (m) 
 

  

Management status 
 

Pre-disturbance habitat type 
 

Habitat type at onset of restoration 
 

Year of drainage 
 

Drainage system 
 

Peat extraction 
 

Extraction system 
 

other disturbances 
 

Year of rewetting 
 

Restoration type 
 

Restoration methods 
 

Macro-topography: Flat - Gentle slope - Steep slope - Depression 
 

Topographical changes (bog burst, subsidence, cracking) 
 

Physical indicators (burning, bare peat, algal mats, trees) 
 

Stock proof (fence etc) 
 

  

Drains status 
 

Active drains 
 

Dammed drains with open water 
 

Dammed drains with vegetation 
 

Overall moisture condition 
 

Acrotelm depth 
 

Wetness: drying, stable or rewetting 
 

Flooding 
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Table 8-3 Summary of example of extent of polygon information to potentially record 

  

  

POLYGON   

Habitat quadrat code 

 

Associated veg quadrat codes 

 

GPS (south west corner) 

 

Photo 

 

Date photo taken/survey done 

 

Site name 

 

Site type 

 

Site status 

 

Macro-topography (flat, gentle slope, steep slope, depression) 

 

Micro-topography (patterning, pools, hummocks, lawns, flats) 

 

Distance from drain (m) (Degraded area only) 

 

Drains, depth and condition: functional, vegetated, unblocked, blocked 

(Degraded area only) 

 

Moisture condition (1-5) 

 

Firmness (1-4: firm, soft, very soft, quaking)  

 

Trend (drying, stable, rewetting) 

 

Cracking (0: absent 1: present) 

 

Bog Burst (0: absent 1: present) 

 

Subsidence (0: absent 1: present) 

 

Burning evidence (0: absent 1: present) 

 

Bare peat %  (0: absent 1-100%: present) 

 

Algal cover % (0: absent 1-100%: present) 
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Table 8-4 Summary of habitat information to potentially record 

 

 

  

HABITAT 

 

Patterning (0: absent 1: present) 

 

Hummocks (0: absent 1: low 2: high) 

 

Sphagnum hummocks (0: absent 1: present) 

 

Pools (0: absent 1: regular 2: interconnecting 3: tear 

 

Pool depth (0: shallow 1: deep) 

 

Hollows (o: absent 1: present) 

 

Lawns  (0: absent 1: present) 

 

Flats  (0: absent 1: present) 

 

  

PFTs % recorded in 2X2 m quadrats 

 

Trees (plantation) 

 

Woody (shrub, natural regen) 

 

  

Ericoid 

 

Sphagnum mosses 

 

Non-sphagnum mosses 

 

Sedges, rushes 

 

Grasses 

 

Forbs 

 

Lichens 

 

Plant litter 

 

Bare peat 

 

Bare peat with algal mat 
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Table 8-5 Summary of habitat information to potentially record 

 

QUADRAT PLOTS 2 X 2 M  

Quadrat code 

 

Associated veg quadrat codes 

 

GPS (south west corner – bamboo stick left with marker) 

 

Photo 

 

Date photo taken/survey done 

 

Site name 

 

Macro-topography (flat, gentle slope, steep slope, depression) 

 

Micro-topography (patterning, pools, hummocks, lawns, flats) 

 

Distance from drain (m) (Degraded area only) 

 

Drains, depth and condition: functional, vegetated, unblocked, blocked 

(Degraded area only) 

 

firmness (1-4) 

 

Moisture condition (1-5) 

 

Firmness (1-4: firm, soft, very soft, quaking)  

 

Trend (drying, stable, rewetting) 

 

Cracking (0: absent 1: present) 

 

Bog Burst (0: absent 1: present) 

 

Subsidence (0: absent 1: present) 

 

Burning evidence (0: absent 1: present) 

 

Bare peat %  (0: absent 1-100%: present) 

 

Algal cover % (0: absent 1-100%: present) 

 

Erosion evidence (0: absent 1: present) 
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Figure 8-66 – Garron intact site vegetation polygon data 

Polygon 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29

PB2-BB3 Upland blanket bog 0.0% 0.0% 0.0% 0.5% 0.0% 0.0% 0.0% 0.0% 0.0% 65.0% 80.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 100.0% 5.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%

PB2-BB4 Upland blanket bog 0.0% 5.0% 0.0% 94.5% 0.0% 95.0% 0.0% 95.0% 60.0% 0.0% 0.0% 0.0% 100.0% 0.0% 0.0% 5.0% 0.0% 0.0% 0.0% 40.0% 0.0% 95.0% 5.0% 5.0% 0.0% 0.0% 90.0% 5.0% 0.0% 0.0%

PB2-BB5 Upland blanket bog 0.0% 95.0% 3.0% 5.0% 0.3% 0.0% 15.0% 5.0% 0.0% 5.0% 0.0% 5.0% 0.0% 0.0% 0.0% 95.0% 100.0% 5.0% 100.0% 60.0% 0.0% 0.0% 0.0% 95.0% 5.0% 5.0% 5.0% 89.0% 5.0% 0.0%

PB4 Cutover bog 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%

PB5 Eroding bog 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%

FL1 Distrophic lakes 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%

FW1 Eroding upland rivers 20.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%

GS3 Dry grassland 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 20.0% 0.0% 0.0% 0.5% 100.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 5.0% 0.0% 0.0% 0.0%

GS4 Wet grassland 40.0% 0.0% 0.0% 0.0% 40.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 90.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 100.0%

HH1 Dry heath 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%

HH3Wet heath 40.0% 0.0% 96.0% 0.0% 7.0% 0.0% 84.5% 0.0% 40.0% 25.0% 0.0% 0.0% 0.0% 5.0% 0.0% 0.0% 0.0% 90.0% 0.0% 0.0% 0.0% 0.0% 95.0% 0.0% 90.0% 94.9% 0.0% 5.0% 5.0% 0.0%

PF1 Rich flush 0.0% 0.0% 0.0% 0.0% 0.1% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%

PF2 Poor flush 0.0% 0.0% 0.0% 0.0% 22.6% 5.0% 0.5% 0.0% 0.0% 5.0% 0.0% 5.0% 0.0% 94.5% 0.0% 0.0% 0.0% 5.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 5.0% 0.1% 0.0% 1.0% 90.0% 0.0%

PF3 Transition mire 0.0% 0.0% 1.0% 0.0% 30.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%

ER1 Craggy rock 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%

ER3 Loose rock 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%

FP1 Calcareous springs 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%

HH4 Montane heath 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%

HW3 Rynchospora  depression 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%

WD4 Conifer plantation 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%

HD1 Dense bracken 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%

FS2 Tall herb swamp 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%

FP2 Non calcareous springs 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%

Macro-topo

Flat 0 0 1 0 1 0 1 1 1 0 0 0 0 0 0 0 1 1 0 0 0 0 1 0 0 1 0 0 0

Gentle 1 1 0 1 0 1 0 0 0 1 1 0 0 0 1 0 0 0 1 1 1 1 0 1 0 0 1 0 0

Steep 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 1 0 0 0 0 0 0 0 0 1 0 0 1 1

Depression 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Hilltop 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0

Impacts

Vehicle tracks 0 0 0 1 1 0 1 1 1 0 1 1 1 0 1 1 0 0 0 0 1 1 1 0 0 1 1 0 0

Subsidence 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Large cracks 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0

Small cracks 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Rill erosion 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0

Gully erosion 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Burning 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bare peat 0 0 0 0 0 0 1 0 0 0 0 1 1 0 0 0 0 0 0 0 1 0 1 0 0 0 0 1 0

Colonising trees 0 0 0 0 0
0

0 0 0 0 0 0 0 0
1

0 0 0 0 0
0 0 0 0 0 0 0 0 0

Algal mat 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Grazing 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

Bog structure

Pools 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 1 0 0 0

Patterning 0 0 1 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 1 0 0 0

Hummocks 1 1 1 0 1 1 1 0 0 1 0 1 0 0 1 0 1 1 0 0 1 0 1 0 0 0 0 0 0

Sphagnum Hummocks 0 0 0 0 0
1

0 0 0 0 0 0 0 0 0 0 0
1

0 0
0 0 1 0 0 0 1 0 1

Lawns 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1

Flats 0 0 0 0 0 0 0 0 0 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Drains

Present 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Number 0 2 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Severe drying 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Localised drying 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

General wetness

Firm 0 0 0 0 0 0 0 0 0 0 0 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Soft 1 1 0 0 1 1 0 0 1 1 1 0 0 0 1 1 0 1 1 1 1 1 0 0 1 1 0 0 1

Very soft 0 0 1 1 0 0 1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 1 1 0

Quaking 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Hydro trend

Drying 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Stable 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

Rewetting 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

KEY

Eri vaginatum and sphagnum BB3

Tri cespitosum  dominated BB4

Calluna  and Eri vaginatum BB5
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Figure 8-67 Garron intact site vegetation polygon data continued 

Polygon 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58

PB2-BB3 Upland blanket bog 0.0% 5.0% 0.0% 0.0% 5.0% 0.0% 94.0% 1.0% 5.0% 90.0% 95.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%

PB2-BB4 Upland blanket bog 0.0% 5.0% 0.0% 5.0% 89.0% 0.1% 1.0% 3.0% 86.9% 5.0% 0.0% 0.0% 5.0% 0.3% 92.0% 0.5% 3.0% 0.0% 0.0% 0.1% 0.0% 0.0% 0.0% 0.0% 1.0% 0.5% 0.0% 0.0% 0.0%

PB2-BB5 Upland blanket bog 40.0% 82.9% 5.0% 5.0% 5.0% 99.8% 5.0% 3.0% 5.0% 5.0% 5.0% 0.0% 92.9% 74.5% 5.0% 99.2% 81.9% 0.5% 98.9% 89.3% 99.2% 99.6% 99.2% 80.0% 1.0% 98.5% 99.0% 74.6% 76.9%

PB4 Cutover bog 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%

PB5 Eroding bog 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%

FL1 Distrophic lakes 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%

FW1 Eroding upland rivers 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%

GS3 Dry grassland 0.0% 0.1% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.1% 0.0% 0.0% 0.0% 1.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 3.0%

GS4 Wet grassland 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.3% 0.0% 0.0% 0.0% 0.0% 0.0% 0.1% 0.0%

HH1 Dry heath 1.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 92.9% 0.0% 0.0% 0.0% 100.0% 0.5% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%

HH3Wet heath 58.0% 5.0% 90.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.5% 25.0% 3.0% 0.3% 15.0% 98.7% 1.0% 10.0% 0.5% 0.0% 0.5% 15.0% 98.0% 1.0% 1.0% 25.0% 20.0%

PF1 Rich flush 0.0% 2.0% 0.0% 0.0% 1.0% 0.1% 0.0% 0.1% 3.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.1% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%

PF2 Poor flush 1.0% 0.0% 5.0% 90.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.3% 0.0% 0.5% 0.3% 0.1% 0.3% 5.0% 0.0% 0.0% 0.0% 0.3% 0.0%

PF3 Transition mire 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%

ER1 Craggy rock 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.1% 0.0% 0.0% 0.0% 0.3% 0.1% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.1%

ER3 Loose rock 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.1% 0.1% 0.0% 0.0% 0.1% 0.1% 0.0% 0.1% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%

FP1 Calcareous springs 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%

HH4 Montane heath 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%

HW3 Rynchospora  depression 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%

WD4 Conifer plantation 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%

HD1 Dense bracken 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%

FS2 Tall herb swamp 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%

FP2 Non calcareous springs 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%

Macro-topo

Flat 0 0 1 1 1 0 1 1 1 1 1 1 0 0 0 0 0 0 0 0 1 0 1 1 1 0 0 0

Gentle 1 1 0 0 0 1 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 1 0 0 0 0 1 0

Steep 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 1 1 1 1 1 0 0 0 0 0 1 0 0

Depression 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Hilltop 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1

Impacts

Vehicle tracks 1 1 0 0 0 0 0 0 1 1 1 0 1 1 1 1 1 0 0 0 1 0 0 0 0 0 0 0 0

Subsidence 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Large cracks 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Small cracks 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Rill erosion 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Gully erosion 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Burning 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bare peat 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1

Colonising trees 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0

Algal mat 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Grazing 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

Bog structure

Pools 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Patterning 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Hummocks 1 1 0 0 1 0 1 1 1 1 1 0 1 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 1

Sphagnum Hummocks 1 1 1 1 1 0 1 1 1 1 1 0 1 1 1 0 0 0 1 1 1 0 1 0 1 1 1 1 1

Lawns 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Flats 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Drains

Present 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Number 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Severe drying 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Localised drying 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

General wetness

Firm 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Soft 1 1 1 0 0 1 1 1 0 1 1 1 1 1 0 1 1 1 1 1 1 0 1 1 1 1 1 1 1

Very soft 0 0 0 1 1 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0

Quaking 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Hydro trend

Drying 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Stable 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

Rewetting 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

KEY

Eri vaginatum and sphagnum 
BB3

Tri cespitosum  dominated BB4

Calluna  and Eri vaginatum BB5
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Figure 8-68 Garron intact site vegetation quadrat data 

Plot code 0a 0b 1 2 3 4a 4b 5 6a 6b 7 8a 8b 9a 9b 10a 10b 11 12 13 14 15 16 17 18 19a 19b 20 21 22 23 24 25 26 27 28 29

Drains Y/N N N N Y Y N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N

Distance from plot 9 m East of plot 

Habitat HH3 GS4 BB5 HH3 BB4 GS4 PF2 BB4 BB5 HH3 BB4 HH3 BB4 HH3 BB3 GS3 BB3 GS4 BB4 PF2 GS3 BB5 BB5 HH3 BB5 BB5 BB4 BB3 BB4 HH3 BB5 HH3 HH3 BB4 BB5 PF2 GS4

GPS (SW corner) (IG) X 21722 21738 21745 21501 21549 21262 21370 21682 21695 21668 21995 21327 21475 21822 21772 21750 21769 21892 21970 21937 22018 21171 21465 21004 20939 21031 21030 20918 20953 20990 20956 21736 21606 22047 22029 21954 21898

GPS (SW corner) (IG) Y 18301 18326 18291 17766 18066 17197 17166 18263 18145 18132 18194 17927 17944 18288 18256 18315 18322 18353 18342 18266 18332 16878 16747 17031 16982 17222 17224 17183 17250 17273 17110 18140 17943 18149 18302 18223 18240

Erica/Calluna max height 0 0 45 30 25 NA NA 20 35 40 20 10 30 30 30 NA 40 NA 30 NA NA 40 50 45 55 55 NA 40 25 55 35 40 25 35 30 35 0

Dead ericoids 0:1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 1 1 0 0 0 0 0 0 0

T. cespitosum 0:1:2 1 0 2 0 1 0 0 1 0 1 1 1 1 0 2 0 0 0 2 2 0 0 0 1 0 2 2 2 2 0 2 2 0 2 2 2 0

E. vaginatum  0:1:2 1 0 2 2 1 0 0 2 1 0 1 1 1 1 1 1 2 0 1 1 0 1 1 1 2 1 1 1 1 1 1 1 0 2 2 0 0

PFT's

Woody(shrub) 0 0 0 0 0 0 0 0 25 0 0 0 0 0 0 0 20 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5 0 0 0 0

Ericoid 0 0 55 3 20 0 3 0.5 40 25 20 1 20 0 10 0 5 0 25 0 0 90 80 10 60 40 1 30 30 25 20 30 1 50 20 70 0

Sphagnum mosses 20 0 75 30 1 0 20 30 50 30 40 5 20 40 70 70 60 40 0 30 0 70 70 50 90 50 40 20 40 0 35 30 0 1 50 10 100

Non-Sphagnum mosses 30 20 0.5 0.3 0 70 25 5 3 0.3 0 0 1 0 0 0 0 0 0 0 0 20 10 5 15 0 0 5 15 0 5 1 0.5 20 10 60 0

Sedges, rushes 5 25 50 5 70 80 50 0 60 3 40 80 40 20 10 20 10 40 20 10 0 0 0 0 0 0 20 0 10 0 30 10 0 50 50 60 70

Grasses 90 85 10 70 0 20 50 40 30 85 0 25 80 40 70 25 20 30 20 80 98 0 0 20 0 0 20 10 0 50 0 70 100 40 40 10 25

Forbs 0 5 1 3 30 5 10 1 5 10 10 0 5 15 15 25 7 15 5 5 5 0 0 0 0 0 10 0 0 0 0 15 10 10 5 5 50

Lichens 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 0 0 0 0 0 1 0

Plant Litter 5 0 25 80 5 20 40 30 15 80 20 25 40 40 40 5 10 5 25 20 5 5 5 20 10 10 10 35 10 25 10 5 90 1 5 1 1

Bare peat 0 0 0 0 1 0 0 0 0 0 0 5 0 0 0 0 0 0 5 5 0 0 0 0 0 1 1 0.1 1 0 5 0 0 1 1 1 0

Bare peat with algal mat 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Algal cover 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Peat depth (m) 1.00 0.40 1 0.5 >3 1.35 0.45 1 0.65 0.55 1.75 >3 >3 0.5 2.15 0.55 0.85 2.25 0.7 0.42 0.4 2.5 1 >3 >3 2.75 >3 0.7 1.05 0.65 >3 1 0.45 0.85 1 1 0.5

Bamboo marker stick Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

Photos Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y
Pools (D:deep,S:shallow) 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0

Macro-topo

Flat 0 0 0 0 1 0 0 1 0 0 0 1 1 1 1 0 0 0 0 0 0 0 0 1 1 1 1 0 0 1 1 0 0 1 0 0 0

Gentle 1 1 1 1 0 1 1 0 1 1 0 0 0 0 0 1 1 0 0 0 0 1 1 0 0 0 0 1 1 0 0 1 0 0 1 0 1

Steep 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 0 1 0 0 0 0 0 0 0 0 0 1 0 0 1 0

Depression 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Hilltop 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Impacts

Bog-burst 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Subsidence 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Large cracks 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0

Small cracks 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Rill erosion 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Gully erosion 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0

Bare peat 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0

Colonising trees 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Algal mat 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Grazing 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

Forestry 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Turf cutting 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

W. Turbines 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Burning 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bog structural

Pools 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 1 0 0 1 0 0 0

Patterning 0 0 0 0 1 0 0 0 0 0 0 1 1 1 1 1 1 0 0 0 0 0 0 1 0 1 0 1 1 0 1 1 0 1 0 0 0

Hummocks 0 1 0 0 1 0 0 1 0 0 1 0 0 0 1 1 1 1 0 0 0 0 1 1 1 1 0 1 1 0 1 1 0 0 0 0 0

Sphagnum hummocks 1 0 0 0 1 0 1 0 0 0 1 0 0 1 1 1 1 1 0 0 0 1 1 1 1 1 0 1 1 0 1 1 0 0 1 0 1

Lawns 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1

Flats 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0

KEY

Absent 0

Present 1

Tussocks 2
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Figure 8-69 Garron intact site vegetation quadrat data continued 

Plot code 30a 30b 31 32 33 34 35 36 37 38 39 40 41 42 43a 43b 44 45 46a 46b 47 48 49a 49b 50 51 52 53a 53b 54 55 56 57a 57b 58a 58b

Drains Y/N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N

Distance from plot

Habitat BB5 HH3 BB5 HH3 PF2 BB4 BB5 BB3 HH1 BB4 BB3 BB3 HH1 BB5 BB5 HH3 BB4 BB5 HH3 BB5 HH3 BB5 BB5 HH3 BB5 BB5 BB5 BB5 HH3 HH3 BB5 BB5 BB5 HH3 HH3 BB5

GPS (SW corner) (IG) X 21623 21624 21705 21620 21765 21674 21496 21421 21383 21308 21197 21256 21358 21821 21663 21669 22130 21948 21971 21917 21694 21745 21613 21626 21517 21330 21306 21400 21422 21600 21561 21364 21352 21449 21911 21908

GPS (SW corner) (IG) Y 17672 17670 17631 17513 17517 17413 17530 17778 17688 17675 17401 17374 17551 16906 16885 16921 17211 17316 17039 17181 17235 17225 17053 17162 16955 17076 17232 17268 17250 17202 17274 17313 17408 17623 18159 18117

Erica/Calluna max height 40 15 30 40 45 25 45 45 30 25 35 35 25 30 35 30 40 30 35 25 50 30 45 50 50 50 60 60 60 35 55 35 35 35 20 20

Dead ericoids 0:1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0

T. cespitosum 0:1:2 0 1 0 0 0 1 1 0 0 2 1 1 0 1 2 0 2 0 0 2 0 0 0 0 0 1 0 0 0 0 0 0 0 0 1 1

E. vaginatum  0:1:2 1 1 1 1 2 1 2 2 1 1 2 2 0 1 2 1 1 1 1 1 0 1 1 0 1 1 1 1 1 1 2 2 2 1 1 1

PFT's

Woody(shrub) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 10 0 0 0 10

Ericoid 75 5 35 30 5 35 70 55 25 35 40 40 5 50 50 30 35 80 60 30 60 75 70 40 60 75 75 75 80 60 70 75 40 50 40 20

Sphagnum mosses 20 0 0 70 90 80 70 70 0 40 80 25 0 60 70 15 40 10 30 60 7 25 85 0 70 20 50 7 0 30 70 40 40 15 25 3

Non-Sphagnum mosses 30 0 90 20 0 0 0 20 50 10 5 5 0 1 1 15 1 40 0.5 1 0.3 40 1 15 5 30 3 20 10 5 3 10 1 5 25 70

Sedges, rushes 35 20 5 30 50 20 20 50 5 40 55 30 0 60 60 20 70 25 10 75 0 25 30 3 75 50 30 20 1 1 25 50 30 1 30 60

Grasses 0 90 25 30 40 0 0 0 75 0 0 20 95 0 5 60 0 0 50 0 80 0 0 85 3 10 0 20 40 60 0 5 40 75 50 5

Forbs 0 5 5 10 5 10 0 0 10 20 10 10 0 0 10 10 15 0 1 7 5 0 0 7 0 0 0 7 5 7 0 0 10 1 20 1

Lichens 0 0 0 0 0 2 2 0 0 5 0 10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.1 0 0 0 0 0 0 0 0

Plant Litter 5 30 5 1 1 0 0 1 5 5 5 5 5 1 5 40 10 20 30 15 70 15 10 70 30 20 10 40 70 75 20 20 30 60 10 10

Bare peat 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 0

Bare peat with algal mat 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Algal cover 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Peat depth (m) 1.75 2 1.95 2.4 >3 >3 1.25 1.35 1.3 2 >3 >3 1.6 1.55 1.35 1.1 >3 2.3 1 1.75 1.15 1.35 1.4 0.4 1 1.95 0.85 0.95 1.3 >3 >3 0.9 0.65 2.5 0.25 0.65

Bamboo marker stick Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

Photos Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y
Pools (D:deep,S:shallow) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 -1 0 0 0 0 0 0 0 0 0 0 0 0

Macro-topo

Flat 0 1 0 1 1 1 0 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 1 0 0 0 1 1

Gentle 1 0 1 0 0 0 1 0 0 0 0 1 1 0 0 0 1 1 1 1 0 0 0 0 0 0 1 1 1 0 0 1 0 0 0 0

Steep 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 0 0 0 0 1 1 1 1 1 0 0 0 0 0 0 0 1 1 0 0

Depression 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Hilltop 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Impacts

Bog-burst 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Subsidence 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Large cracks 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Small cracks 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Rill erosion 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Gully erosion 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bare peat 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Colonising trees 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Algal mat 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Grazing 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

Forestry 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Turf cutting 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

W. Turbines 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Burning 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bog structural

Pools 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Patterning 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Hummocks 0 0 1 0 0 0 0 0 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0

Sphagnum hummocks 1 1 1 1 1 1 0 1 0 1 1 1 0 1 0 1 1 0 1 1 0 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0

Lawns 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Flats 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

KEY

Absent 0

Present 1

Tussocks 2
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Figure 8-70 Letterunshin intact site vegetation polygon data 

Polygon 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

PB2-BB3 Upland blanket bog 0.0% 0.0% 0.0% 0.0% 100.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 5.0% 0.0% 0.0% 0.0% 5.0% 5.0%

PB2-BB4 Upland blanket bog 4.9% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 100.0% 0.0% 0.0% 0.0% 0.0% 30.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%

PB2-BB5 Upland blanket bog 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%

PB4 Cutover bog 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%

PB5 Eroding bog 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%

FL1 Distrophic lakes 0.0% 0.0% 0.0% 3.0% 0.0% 3.0% 0.0% 0.0% 0.0% 0.0% 3.0% 3.0% 0.0% 0.0% 0.0% 5.0% 0.0% 0.0% 0.0% 1.0% 5.0%

FW1 Eroding upland rivers 30.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%

GS3 Dry grassland 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%

GS4 Wet grassland 14.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 100.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%

HH1 Dry heath 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%

HH3Wet heath 25.0% 100.0% 100.0% 0.0% 0.0% 0.0% 0.0% 100.0% 0.0% 100.0% 0.0% 0.0% 100.0% 70.0% 0.0% 0.0% 100.0% 100.0% 0.0% 0.0% 0.0%

PF1 Rich flush 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%

PF2 Poor flush 25.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%

PF3 Transition mire 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%

ER1 Craggy rock 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%

ER3 Loose rock 0.1% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%

FP1 Calcareous springs 1.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%

HH4 Montane heath 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%

HW3 Rynchospora  depression 0.0% 0.0% 0.0% 97.0% 0.0% 97.0% 100.0% 0.0% 0.0% 0.0% 97.0% 97.0% 0.0% 0.0% 0.0% 90.0% 0.0% 0.0% 100.0% 94.0% 90.0%

WD4 Conifer plantation 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%

HD1 Dense bracken 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%

FS2 Tall herb swamp 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%

FP2 Non calcareous springs 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%

Macro-topo

Flat 0 0 0 1 1 1 0 1 0 0 1 1 0 0 0 1 1 1 1 1 1

Gentle 1 1 1 0 0 0 1 0 1 1 0 0 1 1 1 0 0 0 0 0 0

Steep 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Depression 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0

Hilltop 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Impacts

Vehicle tracks 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0

Subsidence 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0

Large cracks 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Small cracks 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Rill erosion 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Gully erosion 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Burning 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bare peat 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Colonising trees 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Algal mat 0 0 0 0 0 1 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0

Bog structural

Pools 0 0 0 1 1 1 0 0 0 0 1 1 0 0 0 1 1 0 0 0 1

Patterning 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0

Hummocks 1 0 0 0 0 1 1 1 1 0 0 1 1 1 0 1 0 0 1 1 1

Sphagnum Hummocks 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 1 1 1 1 1 1

Lawns 1 0 0 1 0 0 0 0 0 0 0 1 0 0 1 0 0 0 0 0 0

Flats 0 0 0 1 0 1 1 1 0 1 0 1 0 0 0 0 0 0 0 0 0

Drains

Present 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Number 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Severe drying 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Localised drying 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

General wetness

Firm 0 0 1 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0

Soft 1 1 0 0 1 0 1 1 1 1 0 0 1 0 1 0 1 1 0 0 0

Very soft 0 0 0 1 0 1 0 0 0 0 1 1 0 0 0 1 0 0 1 1 1

Quaking 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Hydro trend

Drying 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Stable 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

Rewetting 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

KEY

Eri vaginatum and sphagnum BB3

Tri cespitosum  dominated BB4

Calluna  and Eri vaginatum BB5
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Figure 8-71 Letterunshin intact site vegetation quadrat data 

Plot code 0a 0b 1 2 3 4 5 6 7 8 9 10 11 12 13 14a 14b 15 16 17 18 19 20

Drains Y/N N N N N N N N N N N N N N N N N N N N N N N N

Distance from plot

Habitat GS4 HH3 HH3 HH3 HW3 BB3 HW3 HW3 HH3 HW3 HH3 HW3 HW3 HH3 GS4 BB5 HW3 HW3 HH3 HH3 HW3 HW3 HW3

GPS (SW corner) X 40324 40053 40202 40652 40873 40916 40884 40596 40839 40459 40394 40324 40205 40235 40135 40295 40047 42121 41663 41295 41240 41428 41164

GPS (SW corner) Y 26581 26594 26725 26720 26734 26637 26429 26290 26058 26344 26163 26302 26191 26421 26523 26513 26557 26407 26556 26337 26843 26635 26143

Erica/Calluna max height 0 0.5 0.3 0.25 0.15 0.17 0.2 0.25 0.2 0.3 0.2 0.3 0.15 0.3 0.55 0 0.3 0.2 0.2 0.25 0.2 0.15 0.2

Dead ericoids 0:1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

T. cespitosum 0:1:2 0 0 1 1 0 0 0 2 2 1 2 1 1 2 0 0 2 0 0 1 1 1 1

E. vaginatum  0:1:2 0 0 1 1 1 1 1 1 2 1 1 1 1 1 2 0 1 1 0 1 1 1 1

PFT's

Woody (shrub) 0 15 0 0 0 0 0 0 0 0 0 0 0 0 40 0 0 0 0 0 0 0 0

Ericoid 0 25 40 50 20 40 25 25 70 40 40 40 40 40 70 0 50 20 25 30 40 30 30

Sphagnum mosses 0 20 85 70 80 60 20 25 60 70 30 40 70 20 50 0 35 25 80 20 60 50 75

Non-Sphagnum mosses 50 20 15 15 20 0.1 10 50 20 0 1 10 20 5 10 90 5 5 0 0 10 10 5

Sedges, rushes 50 10 0 0 10 10 30 0 0 20 0 50 30 20 35 25 50 60 0 0 25 60 50

Grasses 70 70 50 50 20 50 30 0 40 20 40 30 20 40 35 75 10 15 70 80 1 0 0

Forbs 20 3 15 10 20 5 5 60 10 5 15 5 15 10 20 0 5 5 15 10 5 10 10

Lichens 0 0 0 0 0.1 0 0 1 0 0 0 0 10 0 0 0 0 0 0 0 0 0 1

Plant Litter 5 3 5 5 0 15 1 0 20 15 5 1 1 20 5 1 20 5 10 20 5 1 5

Bare peat 1 0 0 0 0 0 0 10 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0

Bare peat with algal mat 0 0 0 0 0 5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Algal cover 0 0 0 0 0 0 1 0 0 0 5 1 5 0 0 0 0 0 0 0 0 0 0

Peat depth (m) 1.3 1.15 1.05 1.65 >3 >3 >3 2 1.75 2.05 1.15 >3 >3 1.15 1.9 0.8 1.6 >3 2.5 >3 >3 >3 >3

Bamboo marker stick Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

Photos Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

Pools (D:deep,S:shallow) 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Macro-topo

Flat 1 1 0 0 1 1 1 0 1 0 0 1 1 0 0 0 0 1 0 0 1 1 1

Gentle 0 0 1 1 0 0 0 1 0 1 1 0 0 1 1 1 1 0 0 0 0 0 0

Steep 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Depression 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0

Hilltop 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Impacts

Bog-burst 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Subsidence 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Large cracks 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Small cracks 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Rill erosion 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Gully erosion 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bare peat 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Colonising trees 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Algal mat 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Grazing 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

Forestry 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Turf cutting 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

W. Turbines 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Burning 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bog structural

Pools 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 1 1 0 0 1 1

Patterning 0 0 0 0 1 0 1 0 0 0 1 1 1 0 0 0 0 1 0 0 0 0 1

Hummocks 1 1 1 1 1 0 1 1 1 0 0 0 1 1 1 1 1 1 0 0 1 1 1

Sphagnum hummocks 0 0 0 1 1 0 0 1 1 1 0 1 1 1 0 0 0 1 1 0 1 1 1

Lawns 0 0 0 0 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0

Flats 0 0 0 0 0 0 0 1 1 0 1 0 0 1 0 1 0 0 0 0 0 0 0

KEY

Absent 0

Present 1

Tussocks 2
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Figure 8-72 Cuilcagh intact site vegetation polygon data 

Polygon 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22

PB2-BB3 Upland blanket bog 0.00% 44.00% 94.00% 46.50% 0.10% 0.30% 1.00% 0.00% 0.00% 0.00% 50.00% 97.00% 0.30% 0.00% 0.30% 0.00% 0.10% 95.00% 5.00% 5.00% 5.00% 95.00% 90.00%

PB2-BB4 Upland blanket bog 10.00% 5.00% 3.00% 0.00% 7.00% 0.00% 94.10% 3.00% 5.00% 94.70% 40.00% 0.00% 0.30% 0.00% 99.30% 81.30% 98.80% 5.00% 92.90% 82.90% 93.90% 4.90% 5.00%

PB2-BB5 Upland blanket bog 10.00% 35.10% 3.00% 5.00% 79.70% 5.00% 3.00% 94.00% 94.30% 5.00% 5.00% 3.00% 15.00% 3.00% 0.30% 0.50% 1.00% 0.00% 1.00% 5.00% 1.00% 0.10% 0.00%

PB4 Cutover bog 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%

PB5 Eroding bog 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.10% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%

FL1 Distrophic lakes 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%

FW1 Eroding upland rivers 5.00% 0.00% 0.00% 0.30% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%

GS3 Dry grassland 15.00% 3.00% 0.00% 3.00% 0.10% 5.00% 0.50% 0.00% 0.10% 0.00% 0.00% 0.00% 3.00% 20.00% 0.00% 0.00% 0.00% 0.00% 1.00% 2.00% 0.00% 0.00% 1.00%

GS4 Wet grassland 35.00% 0.30% 0.00% 5.00% 0.10% 0.00% 0.10% 0.00% 0.10% 0.00% 0.00% 0.00% 0.10% 0.30% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.10% 0.00% 0.00%

HH1 Dry heath 0.00% 1.00% 0.00% 0.10% 5.00% 0.30% 0.10% 0.00% 0.10% 0.00% 0.00% 0.00% 5.00% 69.70% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%

HH3Wet heath 1.00% 5.00% 0.00% 0.00% 3.00% 0.00% 0.10% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.10% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%

PF1 Rich flush 0.10% 1.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.10% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%

PF2 Poor flush 22.90% 5.00% 0.00% 40.00% 5.00% 89.40% 1.00% 3.00% 0.10% 0.30% 5.00% 0.00% 76.00% 0.00% 0.10% 3.00% 0.10% 0.00% 0.10% 5.00% 0.00% 0.00% 4.00%

PF3 Transition mire 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.10% 0.00% 0.00% 15.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%

ER1 Craggy rock 0.50% 0.10% 0.00% 0.10% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 3.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%

ER3 Loose rock 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 3.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%

FP1 Calcareous springs 0.00% 0.10% 0.00% 0.00% 0.00% 0.00% 0.10% 0.00% 0.30% 0.00% 0.00% 0.00% 0.10% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.10% 0.00% 0.00% 0.00%

HH4 Montane heath 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 1.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%

HW3 Rynchospora  depression 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%

WD4 Conifer plantation 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%

HD1 Dense bracken 0.30% 0.30% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%

FS2 Tall herb swamp 0.10% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%

FP2 Non calcareous springs 0.10% 0.10% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%

Total habitat % 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00%

Macro-topo

Flat 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Gentle 1 1 1 0 1 1 1 1 1 1 1 1 0 0 1 1 1 1 1 1 1 1 1

Steep 0 0 0 1 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0

Depression 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Hilltop 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Impacts 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bog burst 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Vehicle tracks 0 1 0 0 0 0 1 0 0 1 1 0 0 0 1 1 1 1 1 0 1 0 0

Subsidence 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Large cracks 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Small cracks 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Rill erosion 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Gully erosion 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Burning 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0

Bare peat 0 0 0 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0

Colonising trees 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Algal mat 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Grazing 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

Bog structural

Pools 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0

Patterning 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Hummocks 0 0 1 0 1 1 1 0 0 0 1 1 1 0 0 0 0 0 0 1 0 0 1

Sphagnum Hummocks 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1

Lawns 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Flats 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Drains

Present 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Number 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Severe drying 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Localised drying 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

General wetness 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Firm 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0

Soft 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 1 1 1 0 1 1 1 0

Very soft 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0

Quaking 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Hydro trend

Drying 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Stable 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

Rewetting 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

KEY

Eri vaginatum and 

sphagnum BB3

Tri cespitosum  dominated BB4

Calluna  and Eri vaginatum BB5
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Figure 8-73 Cuilcagh intact site vegetation quadrat data 

Plot code 1a 1b 2 3a 3b 4a 4b 5 6 7 8 9 10a 10b 11 12a 12b 13a 13b 14 15a 15b 16 17 18 19 20 21 22 0a 0b

Drains Y/N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N

Distance from plot

Habitat BB5 BB3 BB3 BB3 PF2 BB5 BB4 PF2 BB4 BB5 BB5 BB4 BB4 BB3 BB3 BB5 PF2 HH1 GS3 BB4 BB4 PF3 BB4 BB3 BB4 BB4 BB4 BB3 BB3 PF2 BB5

GPS (SW corner) X 13543 14579 13318 13262 06131 13098 06130 13260 13368 13453 13307 13170 12905 13229 13468 12978 12988 12625 61255 13988 14213 14219 14005 13961 13899 13515 13456 14008 14028 13587 13579

GPS (SW corner) Y 26581 25991 27097 27168 27127 27134 27209 27424 27419 27378 27715 27733 28328 28168 28243 27396 27568 27946 28131 26771 27641 27565 28130 27986 27021 27065 27215 27653 27670 26878 26578

Erica/Calluna max height 30 25 35 35 0 60 25 0 35 60 35 20 25 20 35 55 0 35 0 0 20 30 20 40 30 25 35 40 45 0 0

Dead ericoids 0:1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Tri cespitosum 0:1:2 0 1 0 0 0 0 2 0 2 0 1 2 2 1 0 0 0 0 0 1 1 1 1 1 1 2 2 0 0 0 0

Eri vaginatum 0:1:2 2 2 2 2 0 1 1 0 1 2 2 1 1 1 2 2 0 0 0 1 1 1 1 2 1 1 1 2 2 0 1

PFT's

Woody(shrub) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Ericoid 70 10 5 20 0 90 30 0 10 80 35 20 50 30 50 50 0 90 1 0 15 30 10 25 0 15 40 35 50 0 0

Sphagnum mosses 50 100 50 90 40 80 30 30 80 70 90 80 50 80 80 90 30 15 0.5 20 70 70 20 90 60 80 20 90 70 50 5

Non-Sphagnum mosses 50 0 30 0 60 10 10 70 0 10 0 0 10 0 0 0 70 70 70 0 0 0 0 0 1 10 10 0 20 30 50

Sedges, rushes 25 60 70 50 50 10 60 50 80 20 60 70 70 70 60 40 70 0.5 0.7 60 70 70 80 60 40 60 50 60 60 70 20

Grasses 5 0.1 0 1 5 0 0 20 5 0 0 0 0 0 5 0 20 2 70 0 20 5 10 15 0 10 5 5 5 30 70

Forbs 10 7 15 1 5 0 10 15 5 0 10 20 0 20 5 5 5 0.3 20 20 25 30 20 50 20 10 0 5 5 5 10

Lichens 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Plant Litter 0 3 5 5 1 1 1 5 5 1 5 5 0 1 5 1 5 0.1 3 0 5 0 5 5 0 5 5 5 0 5 3

Bare peat 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bare peat with algal mat 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Algal cover 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Peat depth (m) 1.5 2.6 1.9 1.2 0.8 1.9 2.5 0.75 1.35 1.9 2 1.7 1.55 2.75 2.25 2.25 1.7 0.16 0.05 1.2 1.4 2.2 2 1 2.4 1.2 1.95 2.4 1.65 2.1 1.2

Bamboo marker stick Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

Photos Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

Pools (D:deep,S:shallow) 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Macro-topo

Flat 0 0 1 0 0 0 0 0 0 0 0 1 0 0 0 0 1 1 0 0 0 0 0 0 1 0 0 0 0 1 1

Gentle 1 0 0 0 1 1 0 1 1 1 1 0 1 1 1 1 0 0 1 1 1 1 1 1 0 1 1 1 1 0 0

Steep 0 0 0 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Depression 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Hilltop 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Impacts

Bog-burst 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Subsidence 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Large cracks 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Small cracks 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Rill erosion 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Gully erosion 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bare peat 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Colonising trees 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Algal mat 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Grazing 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

Forestry 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Turf cutting 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

W. Turbines 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Burning 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bog structural

Pools 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Patterning 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Hummocks 1 0 1 0 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 1

Sphagnum hummocks 1 0 1 1 0 1 1 0 1 1 1 1 0 1 1 1 1 0 0 1 0 0 0 1 1 1 1 1 0 0 0

Lawns 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Flats 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

KEY

Absent 0

Present 1

Tussocks 2



352 

 

 

Figure 8-74 Garron degraded site vegetation polygon data 

Polygon 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

PB2-BB3 Upland blanket bog 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.1% 0.0% 0.0% 5.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%

PB2-BB4 Upland blanket bog 5.0% 0.0% 5.0% 93.9% 3.0% 1.0% 0.0% 3.0% 0.0% 0.0% 0.0% 40.0% 0.0% 0.0% 1.0% 5.0% 0.0%

PB2-BB5 Upland blanket bog 0.0% 0.0% 0.5% 5.0% 58.0% 0.0% 0.0% 0.1% 5.0% 93.5% 89.0% 60.0% 0.5% 5.0% 0.0% 0.0% 0.0%

PB4 Cutover bog 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%

PB5 Eroding bog 0.0% 0.0% 0.1% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%

FL1 Distrophic lakes 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%

FW1 Eroding upland rivers 20.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%

GS3 Dry grassland 40.0% 5.0% 0.0% 0.0% 3.0% 5.0% 92.5% 1.0% 3.0% 0.0% 0.0% 0.0% 0.0% 0.0% 3.0% 0.0% 0.0%

GS4 Wet grassland 0.0% 0.0% 0.0% 0.0% 1.0% 0.0% 0.0% 0.0% 5.0% 1.0% 0.0% 0.0% 0.5% 1.0% 1.0% 3.0% 95.0%

HH1 Dry heath 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 1.0% 0.3% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%

HH3Wet heath 30.0% 91.7% 94.1% 1.0% 30.0% 93.8% 5.0% 93.2% 62.0% 0.5% 1.0% 0.0% 94.0% 0.0% 5.0% 87.0% 0.0%

PF1 Rich flush 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%

PF2 Poor flush 5.0% 3.0% 0.3% 0.1% 5.0% 0.1% 0.0% 1.0% 25.0% 5.0% 5.0% 0.0% 5.0% 94.0% 90.0% 5.0% 5.0%

PF3 Transition mire 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%

ER1 Craggy rock 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 1.0% 1.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%

ER3 Loose rock 0.0% 0.3% 0.0% 0.0% 0.0% 0.1% 0.5% 0.3% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%

FP1 Calcareous springs 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%

HH4 Montane heath 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%

HW3 Rynchospora  depression 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%

WD4 Conifer plantation 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%

HD1 Dense bracken 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%

FS2 Tall herb swamp 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%

FP2 Non calcareous springs 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%

Macro-topo

Flat 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0

Gentle 1 1 1 1 0 0 0 0 1 1 1 1 1 1 1 1 1

Steep 0 0 0 0 0 1 1 1 0 0 0 0 0 0 0 0 0

Depression 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Hilltop 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Impacts 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bog burst 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0

Vehicle tracks 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 0 0

Subsidence 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Large cracks 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Small cracks 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Rill erosion 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Gully erosion 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Burning 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bare peat 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0

Colonising trees 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0

Algal mat 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Grazing 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

Bog structural

Pools 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0

Patterning 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Hummocks 1 0 0 1 1 0 0 0 1 0 0 0 0 1 0 0 0

Sphagnum Hummocks 0 0 0 1 1 0 0 1 1 0 0 1 1 1 0 0 0

Lawns 1 0 0 1 1 0 0 0 0 0 0 1 0 0 0 0 0

Flats 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Drains

Present 0 1 1 1 1 0 0 0 0 1 1 1 1 1 1 0 0

Number 0 1 2 6 7 0 0 0 0 1 2 2 2 1 1 0 0

Severe drying 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Localised drying 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0

General wetness

Firm 1 1 1 0 0 1 1 1 1 1 1 0 1 0 0 1 1

Soft 0 0 0 1 1 0 0 0 0 0 0 1 0 1 1 0 0

Very soft 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Quaking 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Hydro trend

Drying 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Stable 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Rewetting 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

KEY

Eri vaginatum and sphagnum BB3

Tri cespitosum  dominated BB4

Calluna  and Eri vaginatum BB5
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Figure 8-75 Garron Degraded vegetation quadrat data 

Polygon 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

PB2-BB3 Upland blanket bog 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.1% 0.0% 0.0% 5.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%

PB2-BB4 Upland blanket bog 5.0% 0.0% 5.0% 93.9% 3.0% 1.0% 0.0% 3.0% 0.0% 0.0% 0.0% 40.0% 0.0% 0.0% 1.0% 5.0% 0.0%

PB2-BB5 Upland blanket bog 0.0% 0.0% 0.5% 5.0% 58.0% 0.0% 0.0% 0.1% 5.0% 93.5% 89.0% 60.0% 0.5% 5.0% 0.0% 0.0% 0.0%

PB4 Cutover bog 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%

PB5 Eroding bog 0.0% 0.0% 0.1% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%

FL1 Distrophic lakes 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%

FW1 Eroding upland rivers 20.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%

GS3 Dry grassland 40.0% 5.0% 0.0% 0.0% 3.0% 5.0% 92.5% 1.0% 3.0% 0.0% 0.0% 0.0% 0.0% 0.0% 3.0% 0.0% 0.0%

GS4 Wet grassland 0.0% 0.0% 0.0% 0.0% 1.0% 0.0% 0.0% 0.0% 5.0% 1.0% 0.0% 0.0% 0.5% 1.0% 1.0% 3.0% 95.0%

HH1 Dry heath 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 1.0% 0.3% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%

HH3Wet heath 30.0% 91.7% 94.1% 1.0% 30.0% 93.8% 5.0% 93.2% 62.0% 0.5% 1.0% 0.0% 94.0% 0.0% 5.0% 87.0% 0.0%

PF1 Rich flush 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%

PF2 Poor flush 5.0% 3.0% 0.3% 0.1% 5.0% 0.1% 0.0% 1.0% 25.0% 5.0% 5.0% 0.0% 5.0% 94.0% 90.0% 5.0% 5.0%

PF3 Transition mire 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%

ER1 Craggy rock 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 1.0% 1.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%

ER3 Loose rock 0.0% 0.3% 0.0% 0.0% 0.0% 0.1% 0.5% 0.3% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%

FP1 Calcareous springs 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%

HH4 Montane heath 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%

HW3 Rynchospora  depression 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%

WD4 Conifer plantation 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%

HD1 Dense bracken 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%

FS2 Tall herb swamp 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%

FP2 Non calcareous springs 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%

Macro-topo

Flat 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0

Gentle 1 1 1 1 0 0 0 0 1 1 1 1 1 1 1 1 1

Steep 0 0 0 0 0 1 1 1 0 0 0 0 0 0 0 0 0

Depression 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Hilltop 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Impacts 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bog burst 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0

Vehicle tracks 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 0 0

Subsidence 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Large cracks 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Small cracks 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Rill erosion 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Gully erosion 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Burning 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bare peat 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0

Colonising trees 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0

Algal mat 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Grazing 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

Bog structural

Pools 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0

Patterning 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Hummocks 1 0 0 1 1 0 0 0 1 0 0 0 0 1 0 0 0

Sphagnum Hummocks 0 0 0 1 1 0 0 1 1 0 0 1 1 1 0 0 0

Lawns 1 0 0 1 1 0 0 0 0 0 0 1 0 0 0 0 0

Flats 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Drains

Present 0 1 1 1 1 0 0 0 0 1 1 1 1 1 1 0 0

Number 0 1 2 6 7 0 0 0 0 1 2 2 2 1 1 0 0

Severe drying 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Localised drying 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0

General wetness

Firm 1 1 1 0 0 1 1 1 1 1 1 0 1 0 0 1 1

Soft 0 0 0 1 1 0 0 0 0 0 0 1 0 1 1 0 0

Very soft 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Quaking 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Hydro trend

Drying 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Stable 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Rewetting 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

KEY

Eri vaginatum and sphagnum BB3

Tri cespitosum  dominated BB4

Calluna  and Eri vaginatum BB5
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Figure 8-76 Letterunshin degraded vegetation polygon data 

Polygon 0 1 2 3 4

PB2-BB3 Upland blanket bog 0.00% 5.00% 5.00% 1.00% 0.00%

PB2-BB4 Upland blanket bog 0.00% 84.80% 5.00% 5.00% 0.00%

PB2-BB5 Upland blanket bog 4.90% 5.00% 5.00% 87.00% 0.00%

PB4 Cutover bog 0.00% 0.00% 0.00% 0.00% 0.00%

PB5 Eroding bog 0.00% 0.00% 0.00% 0.00% 0.00%

FL1 Distrophic lakes 0.00% 0.00% 0.00% 0.00% 0.00%

FW1 Eroding upland rivers 20.00% 0.00% 0.00% 0.00% 0.00%

GS3 Dry grassland 0.00% 0.00% 0.00% 0.00% 0.00%

GS4 Wet grassland 35.00% 0.00% 0.00% 1.00% 0.00%

HH1 Dry heath 0.00% 0.00% 0.00% 0.00% 0.00%

HH3Wet heath 35.00% 5.00% 85.00% 5.00% 0.00%

PF1 Rich flush 0.00% 0.00% 0.00% 0.00% 0.00%

PF2 Poor flush 5.00% 0.10% 0.00% 1.00% 0.00%

PF3 Transition mire 0.00% 0.00% 0.00% 0.00% 0.00%

ER1 Craggy rock 0.00% 0.00% 0.00% 0.00% 0.00%

ER3 Loose rock 0.10% 0.10% 0.00% 0.00% 0.00%

FP1 Calcareous springs 0.00% 0.00% 0.00% 0.00% 0.00%

HH4 Montane heath 0.00% 0.00% 0.00% 0.00% 0.00%

HW3 Rynchospora  depression 0.00% 0.00% 0.00% 0.00% 0.00%

WD4 Conifer plantation 0.00% 0.00% 0.00% 0.00% 100.00%

HD1 Dense bracken 0.00% 0.00% 0.00% 0.00% 0.00%

FS2 Tall herb swamp 0.00% 0.00% 0.00% 0.00% 0.00%

FP2 Non calcareous springs 0.00% 0.00% 0.00% 0.00% 0.00%

Macro-topo

Flat 1 0 1 0 0

Gentle 0 1 0 1 1

Steep 0 0 0 0 0

Depression 0 0 0 0 0

Hilltop 0 0 0 0 0

Impacts

Bog burst 0 0 0 0 0

Vehicle tracks 0 1 0 0 0

Subsidence 0 0 0 0 0

Large cracks 0 0 0 0 0

Small cracks 0 0 0 0 0

Rill erosion 0 0 0 0 0

Gully erosion 0 0 0 0 0

Burning 0 0 0 0 0

Bare peat 0 1 0 0 1

Colonising trees 0 0 0 0 1

Algal mat 0 0 0 0 0

Grazing 1 1 1 1 0

Bog structural

Pools 0 0 0 0 0

Patterning 0 0 0 0 0

Hummocks 1 0 0 0 0

Sphagnum Hummocks 1 1 1 1 0

Lawns 1 0 0 0 0

Flats 0 0 0 0 0

Drains

Present 0 1 1 0 0

Number 0 7 1 0 0

Severe drying 0 0 0 0 0

Localised drying 0 1 0 0 0

General wetness

Firm 1 0 0 0 0

Soft 0 1 1 1 0

Very soft 0 0 0 0 0

Quaking 0 0 0 0 0

Hydro trend

Drying 0 1 0 0 1

Stable 1 0 1 1 0

Rewetting 0 0 0 0 0

KEY

Eri vaginatum and sphagnum BB3

Tri cespitosum  dominated BB4

Calluna  and Eri vaginatum BB5
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Figure 8-77 Letterunshin degraded vegetation quadrat data 

Plot code 1 2 3 4 0a 0b

Drains Y/N Y N N Forest N N

Distance from plot 10m Forest

Habitat BB4 HH3 BB5 Forest GS4 HH3

GPS (SW corner) X 39663 39736 39963 Forest 39837 39916

GPS (SW corner) Y 26776 26938 26843 Forest 26752 26695

Erica/Calluna max height 20 55 35 Forest 0 40

Dead ericoids 0:1 0 1 0 Forest 0 0

Tri cespitosum 0:1:2 2 2 1 Forest 0 0

Eri vaginatum 0:1:2 0 2 2 Forest 0 0

Woody(shrub) 0 20 0 Forest 0 35

Ericoid 30 50 70 Forest 0 15

Sphagnum mosses 3 70 80 Forest 0 40

Non-Sphagnum mosses 1 10 10 Forest 60 5

Sedges, rushes 70 25 30 Forest 60 5

Grasses 30 35 10 Forest 50 80

Forbs 5 10 1 Forest 0 5

Lichens 0 0 0.1 Forest 0 0

Plant Litter 0 5 5 Forest 1 5

Bare peat 1 0 0 Forest 0 0

Bare peat with algal mat 5 0 0 Forest 0 0

Algal cover 1 0 0 Forest 0 0

Peat depth (m) 2m 1.4 1.15 Forest 1 0.7

Bamboo marker stick Y Y Y Forest Y N

Photos Y Y Y Forest Y Y

Pools (D:deep,S:shallow) N N N Forest N N

Macro-topo

Flat 0 0 0 0 1 1

Gentle 1 0 1 0 0 0

Steep 0 1 0 0 0 0

Depression 0 0 0 0 0 0

Hilltop 0 0 0 0 0 0

Impacts

Bog-burst 0 0 0 0 0 0

Subsidence 0 0 0 0 0 0

Large cracks 0 0 0 0 0 0

Small cracks 0 0 0 0 0 0

Rill erosion 0 0 0 0 0 0

Gully erosion 0 0 0 0 0 0

Bare peat 1 0 0 0 0 0

Colonising trees 0 0 0 0 0 0

Algal mat 0 0 0 0 0 0

Grazing 1 1 1 1 1 1

Forestry 0 0 0 0 0 0

Turf cutting 1 0 0 0 0 0

W. Turbines 0 0 0 0 0 0

Burning 0 1 0 0 0 0

Bog structural

Pools 0 0 0 0 0 0

Patterning 0 0 0 0 0 0

Hummocks 0 0 1 0 1 0

Sphagnum hummocks 1 1 1 0 0 1

Lawns 0 0 0 0 0 0

Flats 0 0 0 0 0 0

KEY

Absent 0

Present 1

Tussocks 2
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Figure 8-78 Cuilcagh degraded vegetation polygon data 

Polygon 0 1 2 3 4 5 6 7 8 9 10

PB2-BB3 Upland blanket bog 0.00% 3.00% 5.00% 0.50% 5.00% 0.00% 0.00% 3.00% 0.00% 0.00% 0.00%

PB2-BB4 Upland blanket bog 5.00% 95.20% 91.60% 93.50% 89.80% 5.00% 70.00% 77.90% 0.00% 84.00% 0.00%

PB2-BB5 Upland blanket bog 25.00% 1.00% 3.00% 5.00% 3.00% 92.00% 29.80% 3.00% 0.00% 0.00% 40.00%

PB4 Cutover bog 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 90.00% 0.00% 0.00%

PB5 Eroding bog 0.00% 0.30% 0.00% 0.10% 0.30% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%

FL1 Distrophic lakes 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%

FW1 Eroding upland rivers 20.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%

GS3 Dry grassland 10.00% 0.00% 0.10% 0.10% 0.30% 0.00% 0.00% 5.00% 0.00% 0.00% 0.00%

GS4 Wet grassland 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 1.00% 0.00%

HH1 Dry heath 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.10% 0.00% 0.00% 0.00% 0.00%

HH3Wet heath 0.00% 0.00% 0.00% 0.50% 1.00% 3.00% 0.00% 5.00% 0.00% 0.00% 60.00%

PF1 Rich flush 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%

PF2 Poor flush 30.00% 0.50% 0.30% 0.10% 0.50% 0.00% 0.10% 5.00% 5.00% 5.00% 0.00%

PF3 Transition mire 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%

ER1 Craggy rock 0.00% 0.00% 0.00% 0.10% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%

ER3 Loose rock 0.00% 0.00% 0.00% 0.10% 0.10% 0.00% 0.00% 0.10% 0.00% 5.00% 0.00%

FP1 Calcareous springs 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%

HH4 Montane heath 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%

HW3 Rynchospora  depression 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%

WD4 Conifer plantation 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%

HD1 Dense bracken 10.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 1.00% 5.00% 5.00% 0.00%

FS2 Tall herb swamp 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%

FP2 Non calcareous springs 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%

Macro-topo

Flat 0 0 0 1 0 0 0 0 0 0 0

Gentle 1 1 1 0 1 1 1 1 1 1 1

Steep 0 0 0 0 0 0 0 0 0 0 0

Depression 0 0 0 0 0 0 0 0 0 0 0

Hilltop 0 0 0 0 0 0 0 0 0 0 0

Impacts

Bog burst 0 0 0 0 0 0 0 0 0 0 0

Vehicle tracks 0 0 0 0 0 0 0 0 0 0 0

Subsidence 1 0 0 0 0 0 0 0 0 0 0

Large cracks 0 0 0 0 0 0 0 0 0 0 0

Small cracks 0 0 0 0 0 0 0 0 0 0 0

Rill erosion 0 0 0 0 0 0 0 0 0 0 0

Gully erosion 0 0 0 1 0 0 0 0 0 0 0

Burning 0 0 0 0 0 0 1 0 1 0 1

Bare peat 1 1 1 1 0 1 1 0 0 0 0

Colonising trees 0 0 0 0 0 0 0 0 0 0 0

Algal mat 0 0 1 0 0 0 0 0 0 0 0

Grazing 1 1 1 1 1 1 1 1 1 1 1

Bog structural

Pools 0 0 0 1 0 0 0 0 0 0 0

Patterning 0 0 0 0 0 0 0 0 0 0 0

Hummocks 0 1 1 1 1 0 0 0 0 0 0

Sphagnum Hummocks 0 1 1 1 1 0 1 1 0 0 0

Lawns 1 0 0 1 0 0 0 0 0 0 0

Flats 0 0 0 0 0 0 0 0 0 0 0

Drains

Present 0 1 0 0 1 1 1 1 0 0 1

Number 0 1 0 0 1 5 40 16 0 0 9

Severe drying 0 0 0 0 0 0 1 0 1 1 0

Localised drying 0 0 0 0 1 1 0 1 0 0 1

General wetness

Firm 0 0 0 0 1 0 1 0 1 1 0

Soft 0 1 1 1 0 1 0 1 0 0 1

Very soft 0 0 0 0 0 0 0 0 0 0 0

Quaking 0 0 0 0 0 0 0 0 0 0 0

Hydro trend

Drying 1 1 0 1 1 1 1 1 1 1 1

Stable 0 0 1 1 1 1 0 0 0 1 1

Rewetting 0 0 0 0 0 0 0 0 0 0 0
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Figure 8-79 Cuilcagh degraded vegetation quadrat data 

Plot code 1 2 3 4 5 6a 6b 7 8 9 10a 10b 0a 0b

Date 17/09/2018 17/09/2018 17/09/2018 17/09/2018 17/09/2018 25/03/2018 15/10/2018 03/10/2018 03/10/2018 03/10/2018 25/03/2018 25/03/2018 15/10/2018 15/10/2018

Drains Y/N N N N N N Y Y Y N N Y N N N

Distance from plot 0 0 0 0 0 ~2m ~4m ~2m 0 0 ~50m 0 0 0

Habitat BB4 BB5 BB6 BB7 BB5 BB6 BB3 BB4 PB5 BB5 BB4 BB5 PF2 BB5

GPS (SW corner) X 15373 15281 15131 14874 15107 15097 15085 14579 14908 14811 15281 15121 15111 14974

GPS (SW corner) Y 26565 26648 27237 26332 26683 26117 25963 25991 25626 25628 26174 25719 25791 25589

Erica/Calluna max height 25 25 18 30 35 35 0.5 30 0 60 35 50 0 30

Dead ericoids 0:1 0 0 0 0 0 0 0 0 1 1 0 1 0 1

Tri cespitosum 0:1:2 2 1 1 2 1 1 1 2 1 2 2 1 0 1

Eri vaginatum 0:1:2 1 1 1 2 2 2 2 1 1 1 1 0 0 1

Woody(shrub) 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Ericoid 25 20 25 45 70 50 35 35 5 70 40 50 0 35

Sphagnum mosses 0 10 10 50 80 50 20 15 25 40 20 40 5 20

Non-Sphagnum mosses 3 3 5 20 3 3 40 5 3 10 5 1 80 40

Sedges, rushes 70 30 50 75 50 50 70 60 20 15 30 10 80 30

Grasses 20 15 0 30 1 0 3 0 1 25 0 1 20 20

Forbs 10 60 50 5 10 10 0 20 1 3 30 0 5 5

Lichens 0.5 0 0 0 0 5 0 0 0 0 0 0 0 0

Plant Litter 5 3 3 5 5 1 5 1 1 1 1 1 5 3

Bare peat 5 5 5 5 0.5 0 0 3 10 5 1 10 0 1

Bare peat with algal mat 0.3 1 3 1 0.1 0 0 1 0 1 1 0 0 0

Algal cover 0.3 1 3 1 0.1 0 0 1 0 1 1 0 0 0

Peat depth (m) 1.3 1.5 3 0.6 1.75 1.75 1.5 1.3 0.8 0.5 2.75 0.3 0.5 0.4

Bamboo marker stick Y Y Y Y Y Y N Y N N Y Y N N

Photos Y Y Y Y Y Y Y Y Y Y Y Y Y Y

Pools (D:deep,S:shallow) N N N N N N N N N N N N N N

Macro-topo

Flat 0 0 0 0 0 0 0 1 0 1 0 0 1 1

Gentle 1 1 1 1 1 1 1 0 1 0 1 1 0 0

Steep 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Depression 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Hilltop 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Impacts

Bog-burst 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Subsidence 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Large cracks 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Small cracks 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Rill erosion 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Gully erosion 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bare peat X 1 1 1 0 1 1 1 1 1 1 1 0 0

Colonising trees 0 0 0 0 0 0 0 0 0 0 1 0 0 0

Algal mat 1 1 1 1 0 0 0 0 0 0 1 0 0 0

Grazing 1 1 1 1 1 1 1 1 1 1 1 1 1 1

Forestry 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Turf cutting 1 1 0 0 0 1 1 1 1 1 1 1 0 0

W. Turbines 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Burning 0 0 0 0 0 1 1 0 1 0 1 1 0 0

Bog structural

Pools 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Patterning 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Hummocks 1 1 1 1 1 1 0 0 0 0 1 1 0 0

Sphagnum hummocks 0 1 0 1 1 1 0 0 0 0 1 1 0 0

Lawns 0 0 0 0 0 0 0 0 0 1 0 0 0 0

Flats 0 0 0 0 0 0 0 0 0 0 0 0 0 0

KEY

Absent 0

Present 1

Tussocks 2
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Figure 8-80 Organic carbon, colour and specific electrical conductivity measured in Garron 

site.  

Sampling Occasion Organic Carbon, Total mg/l HACH (pt-co) SEC µS/cm Sampling Occasion Organic Carbon, Total mg/l HACH (pt-co) SEC µS/cm

15/02/2018 11:10 6.58 79 44.00 18/07/2018 09:35 6.05 70 299.00

16/02/2018 01:10 6.37 130 58.80 18/07/2018 16:35 5.59 90 297.00

16/02/2018 15:10 6.18 87 70.60 19/07/2018 06:35 5.21 60 305.00

16/02/2018 22:10 5.95 88 44.50 20/07/2018 03:35 5.77 68 306.00

17/02/2018 05:10 6.08 79 42.00 25/07/2018 11:30 6.53 63 293.00

18/02/2018 16:10 6.61 89 51.00 15/08/2018 08:45 11.9 112 129.10

20/02/2018 03:10 7.71 130 52.30 15/08/2018 22:45 11.5 90 137.30

21/02/2018 00:10 7.44 112 69.80 16/08/2018 19:45 11.9 97 118.90

21/02/2018 07:10 7.05 100 79.60 17/08/2018 02:45 12.1 110 101.90

22/02/2018 04:10 7.55 119 98.60 17/08/2018 09:45 13.3 140 102.90

18/04/2018 12:00 11 180 72.80 17/08/2018 16:45 16.9 177 78.50

19/04/2018 02:00 9.92 186 101.70 17/08/2018 23:45 24.3 239 55.10

19/04/2018 16:00 9.48 296 107.60 18/08/2018 06:45 19.6 188 68.80

20/04/2018 20:00 8.24 225 141.80 18/08/2018 20:45 16 143 78.10

21/04/2018 03:00 7.81 179 152.30 19/08/2018 03:45 26.7 248 48.30

22/04/2018 07:00 7.1 121 167.60 19/08/2018 17:45 24.7 133 53.20

22/04/2018 14:00 12.2 187 64.70 20/08/2018 00:45 18.3 175 62.20

16/05/2018 10:30 8.42 121 172.90 20/08/2018 07:45 17.1 146 70.60

17/05/2018 21:30 7.12 117 192.80 21/08/2018 18:45 14.6 128 80.50

18/05/2018 04:30 7.74 103 201.00 22/08/2018 01:45 13.4 126 95.80

19/05/2018 08:30 6.9 98 210.00 04/10/2018 12:00 11.2 145 95.7

20/05/2018 05:30 6.69 91 217.00 04/10/2018 19:00 9.1 142 93.5

21/05/2018 09:30 6.95 80 208.00 05/10/2018 03:00 9.44 141 96.2

21/05/2018 16:30 8.31 107 186.50 05/10/2018 12:00 8.6 132 100.2

22/05/2018 13:30 9.86 143 157.10 05/10/2018 19:00 12.5 132 107.2

22/05/2018 20:30 9.95 145 165.20 10/10/2018 12:00 13 131 91.9

14/06/2018 09:45 7.56 66 252.00 08/11/2018 10:15 18.4 209 39.40

15/06/2018 06:45 7.58 65 246.00 08/11/2018 13:15 13.9 170 49.50

15/06/2018 13:45 NA 69 241.60 09/11/2018 17:15 11.5 140 62.30

16/06/2018 03:45 8.53 69 237.40 10/11/2018 00:45 18.1 198 33.90

16/06/2018 10:45 12.4 132 181.00 13/11/2018 21:45 10.5 128 88.00

16/06/2018 17:45 19.4 226 95.10 14/11/2018 13:00 19.8 232 40.10

18/06/2018 04:45 18.3 243 123.50 06/12/2018 23:35 14.1 176 49.20

19/06/2018 15:45 14.3 177 160.90 07/12/2018 06:35 15.3 185 47.30

19/06/2018 22:45 19.7 252 81.60 09/12/2018 07:35 16.5 182 35.70

20/06/2018 05:45 25 242 48.00 12/12/2018 11:00 13.7 253 59.90

20/06/2018 19:45 24.9 280 23.10 12/12/2018 15:35 15.5 127 90.90

18/07/2018 11:40 6.68 39 272.00 20/02/2019 13:00 14.1 158 42.00

19/07/2018 08:40 6.3 45 284.00 21/02/2019 03:00 9.91 105 50.40

20/07/2018 05:40 6.56 57 283.00 22/02/2019 07:00 9.14 97 69.30

23/07/2018 03:40 6.51 51 288.00 23/02/2019 11:00 7.64 98 85.80

24/07/2018 14:40 7.89 57 260.00 24/02/2019 01:00 8.53 98 77.90

25/07/2018 04:40 7.14 61 274.00 25/02/2019 12:00 7.55 95 89.30

15/08/2018 10:00 25.1 329 148.60 25/02/2019 19:00 8.17 128 93.60

15/08/2018 17:00 23.5 256 121.80 26/02/2019 02:00 7.06 87 99.70

17/08/2018 11:00 24.9 295 96.10 27/02/2019 09:20 6.8 75 110.60

17/08/2018 18:00 28.6 294 75.10 12/03/2019 11:40 8.72 140 34.30

18/08/2018 01:00 35.8 380 71.60 12/03/2019 18:40 10.5 125 38.00

18/08/2018 08:00 26.7 284 67.20 13/03/2019 01:40 10.9 103 46.00

19/08/2018 05:00 28.9 259 54.10 13/03/2019 08:40 10.1 106 57.20

20/08/2018 23:00 23.1 308 78.00 13/03/2019 15:40 8.6 87 54.00

21/08/2018 06:00 23.3 259 84.20 13/03/2019 22:40 8.12 87 54.90

22/08/2018 03:00 22 233 100.00 15/03/2019 16:40 4.68 52 68.10

13/09/2018 20:45 22.8 275 89.50 15/03/2019 23:40 4.31 44 72.10

14/09/2018 03:45 23 302 82.60 16/03/2019 06:40 6.85 77 52.50

14/09/2018 10:45 25.1 300 49.60 16/03/2019 13:40 7.52 109 45.30

17/09/2018 01:45 24.8 325 67.50 19/03/2019 10:00 12.1 139 43.80

17/09/2018 22:45 22.4 308 83.40

18/09/2018 05:45 23.5 294 64.30

18/09/2018 12:45 26.9 295 45.20

18/09/2018 19:45 27.3 316 46.40

04/10/2018 12:00 14.4 330 76.5

06/10/2018 12:00 11.9 270 114

07/10/2018 12:00 15.4 298 60

09/10/2018 12:00 14.8 317 67.5

10/10/2018 12:00 14.7 294 75.5

10/10/2018 19:00 12.4 226 69.10

07/11/2018 09:45 12.1 217 33.10

07/11/2018 16:45 19.4 217 31.90

10/11/2018 00:45 17.7 288 69.50

12/11/2018 08:45 17.1 255 73.80

12/11/2018 15:45 15.7 240 80.20

13/11/2018 05:45 20.3 249 36.30

14/11/2018 12:00 20.6 241 40.20

06/12/2018 21:06 19.9 299 63.60

07/12/2018 04:06 18.9 187 35.30

09/12/2018 05:06 16.2 228 61.40

11/12/2018 13:06 18.6 219 52.00

12/12/2018 10:00 16.3 188 37.90

20/02/2019 10:00 14.4 220 40.80

21/02/2019 00:00 12.8 211 59.30

22/02/2019 04:00 12.6 175 80.50

23/02/2019 08:00 12.6 222 76.40

24/02/2019 22:00 11.8 175 90.80

25/02/2019 09:00 12.1 169 94.10

25/02/2019 16:00 11.1 171 96.30

26/02/2019 23:00 9.35 147 112.70

27/02/2019 12:45 9.68 128 59.40

13/03/2019 12:00 9.67 114 54.80

13/03/2019 18:06 7.82 93 57.40

14/03/2019 01:06 8.63 91 58.60

14/03/2019 22:06 8.57 89 66.30

15/03/2019 19:06 7.83 66 69.00

16/03/2019 02:06 7.08 69 49.90

16/03/2019 09:06 6.81 86 49.40

17/03/2019 13:06 8.4 96 47.40

Garron DegradedGarron Intact
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Figure 8-81 Organic carbon, colour and specific electrical conductivity measured in 

Letterunshin site. 

Sampling Occasion SEC µS/cm Organic Carbon, Total mg/l HACH (pt-co) Sampling Occasion SEC µS/cm Organic Carbon, Total mg/l HACH (pt-co)

04/04/2018 12:05 73.30 9.24 111 04/07/2018 13:30 428.00 5.27 123

05/04/2018 02:05 96.90 7.33 114 04/07/2018 20:30 421.00 4.79 61

05/04/2018 16:05 115.30 6.77 119 07/07/2018 11:30 452.00 4.16 33

05/04/2018 23:05 124.10 6.03 118 07/07/2018 18:30 450.00 4.49 84

06/04/2018 06:05 56.70 8.48 104 08/07/2018 15:30 450.00 4.4 55

06/04/2018 13:05 44.00 7.37 122 08/07/2018 22:30 493.00 4.98 115

07/04/2018 03:05 50.30 6.56 92 09/07/2018 05:30 547.00 5.11 39

07/04/2018 20:05 54.60 6.31 142 09/07/2018 12:30 500.00 4.46 85

08/04/2018 00:05 61.70 6.39 99 09/07/2018 19:30 466.00 6.15 51

01/05/2018 11:50 159.90 7.02 136 10/07/2018 11:30 3.83 105

01/05/2018 18:50 161.70 6.38 187 02/08/2018 11:30 198.40 14.5 175

02/05/2018 01:50 97.40 10.1 166 04/08/2018 05:30 237.00 12.9 166

02/05/2018 08:50 94.70 9.1 185 04/08/2018 12:30 243.00 12 259

03/05/2018 05:50 129.10 7.57 149 06/08/2018 13:30 290.00 9.62 157

03/05/2018 12:50 122.90 7.4 143 06/08/2018 20:30 294.00 9.59 223

04/05/2018 23:50 139.30 7.01 150 07/08/2018 03:30 302.00 11.1 167

08/05/2018 12:00 181.50 6.58 142 08/08/2018 14:30 325.00 9.32 139

07/06/2018 13:00 245.90 6.18 100 08/08/2018 21:30 328.00 9.03 229

08/06/2018 03:00 243.90 6.45 100 09/08/2018 04:30 335.00 8.86 170

08/06/2018 17:00 245.00 5.66 97 29/08/2018 23:15 102.70 18.9 261

09/06/2018 07:00 249.40 5.52 172 30/08/2018 06:15 115.80 17.9 258

09/06/2018 14:00 251.60 5.61 235 03/09/2018 01:15 171.20 14 219

09/06/2018 21:00 252.10 5.78 101 03/09/2018 08:15 175.00 14.1 237

10/06/2018 11:00 258.00 5.71 112 03/09/2018 15:15 178.30 14.3 211

11/06/2018 01:00 259.10 5.51 124 03/09/2018 22:15 182.50 12.9 226

13/06/2018 02:00 278.50 5.08 121 04/09/2018 05:15 187.50 12.9 204

13/06/2018 09:00 280.80 5.24 114 04/09/2018 19:15 193.40 14.5 210

13/06/2018 23:00 288.90 5.11 130 05/09/2018 02:15 198.90 12.4 193

14/06/2018 06:00 292.50 6.18 120 25/09/2018 12:15 161.60 11.80 214

14/06/2018 12:00 299.10 5.23 112 26/09/2018 09:15 142.70 13.80 192

04/07/2018 16:00 301.00 6.52 187 29/09/2018 00:15 184.30 12.30 195

05/07/2018 20:00 333.00 6.03 165 29/09/2018 07:15 189.60 11.70 165

06/07/2018 03:00 334.00 6.09 124 30/09/2018 04:15 202.00 10.80 171

07/07/2018 14:00 338.00 6.04 109 01/10/2018 22:15 221.80 11.00 157

07/07/2018 21:00 338.00 5.82 134 02/10/2018 05:15 203.00 11.60 168

09/07/2018 01:00 341.00 6.07 102 25/10/2018 23:00 187.60 10.8 188

09/07/2018 22:00 345.00 6.24 121 26/10/2018 06:00 157.00 12.2 191

10/07/2018 16:00 344.00 7.99 120 26/10/2018 13:00 126.70 14.2 199

02/08/2018 21:30 141.80 16 231 27/10/2018 03:00 107.30 15.4 204

03/08/2018 11:30 146.50 15.9 158 27/10/2018 10:00 88.30 16.3 207

03/08/2018 18:30 152.30 15 274 27/10/2018 17:00 83.00 8.82 176

06/08/2018 23:30 207.00 12.3 196 31/10/2018 12:00 170.30 10.3 151

07/08/2018 06:30 208.00 12.2 270 21/11/2018 12:15 150.60 10.1 148

08/08/2018 17:30 230.00 12.1 191 24/11/2018 03:15 169.70 9.25 152

04/06/2018 01:30 245.00 6.59 183 26/11/2018 11:15 190.30 9.13 146

09/08/2018 00:30 223.00 10.8 255 28/11/2018 13:00 53.10 16.7 207

09/08/2018 07:30 229.00 10.8 195 30/01/2019 12:00 61.80 9.51 156

29/08/2018 12:30 81.90 19.6 238 03/02/2019 07:00 85.10 10.1 186

29/08/2018 19:30 83.20 18.8 259 03/02/2019 14:00 60.80 9.15 186

31/08/2018 20:30 103.30 18.3 243 03/02/2019 21:00 46.90 9.41 122

01/09/2018 03:30 119.50 16.9 254 05/02/2019 08:00 66.60 8.62 137

03/09/2018 04:30 124.10 16.4 233 14/03/2019 17:40 112.20 7.45 62

03/09/2018 11:30 139.20 14.9 238 15/03/2019 00:40 112.20 9.52 64

03/09/2018 18:30 130.20 16.8 235 15/03/2019 07:40 106.20 6.7 64

04/09/2018 01:30 148.40 15.8 232 16/03/2019 04:40 105.70 6.53 73

04/09/2018 15:30 141.70 14.9 222 16/03/2019 11:40 92.20 6.38 60

26/09/2018 11:15 107.10 14.30 176 17/03/2019 15:40 97.80 6.59 63

29/09/2018 23:15 143.50 12.30 231 19/03/2019 16:40 103.60 6.15 82

30/09/2018 06:15 143.00 12.60 179 20/03/2019 13:40 112.80 8.05 80

02/10/2018 00:15 155.70 12.80 190

26/10/2018 00:00 130.00 11.2 169

26/10/2018 07:00 110.10 7.47 180

26/10/2018 21:00 93.60 7.6 203

27/10/2018 04:00 85.80 8.35 228

27/10/2018 11:00 78.80 8.2 181

31/10/2018 12:00 117.00 11 160

21/11/2018 13:15 111.70 10.1 153

24/11/2018 04:15 119.30 10.5 161

27/11/2018 02:15 140.50 9.95 160

27/11/2018 09:15 127.40 10.3 173

27/11/2018 16:15 47.10 14.1 153

28/11/2018 06:15 36.30 12.8 128

30/01/2019 15:33 46.30 8.58 125

03/02/2019 03:33 54.00 8.3 166

03/02/2019 10:33 51.00 8.22 133

03/02/2019 17:33 39.40 8.53 112

04/02/2019 00:33 37.80 7.56 107

05/02/2019 11:33 49.30 8.03 138

14/03/2019 16:00 94.60 6.67 50

20/03/2019 13:00 88.90 6.66 70

Letterunshin Intact Letterunshin Degraded
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Figure 8-82 Organic carbon, colour and specific electrical conductivity measured in Cuilcagh. 

Sampling Occasion SEC µS/cm Organic Carbon, Total mg/l HACH (pt-co) Sampling Occasion SEC µS/cm Organic Carbon, Total mg/l HACH (pt-co)

06/04/2018 00:45 52.40 5.12 110 05/07/2018 12:30 46.70 9.2 140

06/04/2018 07:45 23.70 5.98 133 06/07/2018 02:30 48.40 9.15 136

06/04/2018 14:45 22.20 5.57 96 06/07/2018 09:30 47.20 9.79 141

07/04/2018 18:45 27.00 5.74 155 06/07/2018 16:30 46.40 9.07 176

08/04/2018 22:45 23.60 7.78 138 08/07/2018 03:30 54.50 9.22 167

09/04/2018 12:45 30.40 7.34 115 08/07/2018 10:30 50.40 8.93 205

10/04/2018 09:45 33.80 7.42 182 09/07/2018 00:30 66.10 9.59 194

11/04/2018 06:45 40.30 7.29 223 11/07/2018 13:00 53.80 8.82 162

12/04/2018 11:00 49.40 6.82 131 03/08/2018 11:45 44.00 24.1 340

02/05/2018 11:00 28.00 11.3 143 03/08/2018 18:45 43.30 21.9 290

03/05/2018 01:00 32.70 10.1 178 08/08/2018 17:45 43.80 20.8 336

03/05/2018 08:00 36.00 9.66 197 10/08/2018 04:45 43.80 21.5 293

03/05/2018 15:00 30.40 9.77 136 10/08/2018 11:00 47.20 18.4 321

03/05/2018 22:00 30.30 9.99 144 31/08/2018 04:00 22.60 20 334

04/05/2018 05:00 34.00 10.3 146 31/08/2018 11:00 23.40 19.3 314

04/05/2018 12:00 37.00 9.64 211 01/09/2018 01:00 25.70 18.9 310

05/05/2018 23:00 55.20 8.4 148 03/09/2018 09:00 26.00 20.4 355

06/05/2018 13:00 63.60 8.01 161 03/09/2018 16:00 27.70 21.1 338

07/05/2018 03:00 69.80 8.69 185 26/09/2018 11:30 41.10 14.8 196

08/05/2018 14:00 86.50 7.59 157 27/09/2018 22:30 39.40 14.2 203

08/05/2018 21:00 78.10 7.71 177 29/09/2018 02:30 42.00 13.8 193

09/05/2018 04:00 82.20 8.18 152 29/09/2018 16:30 40.60 14 177

08/06/2018 13:15 151.60 10.4 185 26/10/2018 01:00 39.60 7.9 163

09/06/2018 10:15 159.30 9.48 173 26/10/2018 08:00 53.80 7.58 157

09/06/2018 17:15 152.90 9.95 158 26/10/2018 15:00 50.50 8.98 217

10/06/2018 00:15 152.30 9.77 148 27/10/2018 12:00 48.20 16.1 207

13/06/2018 12:15 165.40 9.33 146 27/10/2018 19:00 46.20 16.8 263

13/06/2018 19:15 199.60 9.45 154 01/11/2018 11:30 48.30 13.6 202

14/06/2018 02:15 116.60 9.7 141 07/02/2019 13:30 30.80 3.45 124

14/06/2018 09:15 66.20 11.8 176 07/02/2019 20:30 69.80 8.04 188

14/06/2018 16:15 73.00 19.8 208 08/02/2019 03:30 20.80 7.22 120

15/06/2018 10:15 16.8 193 28/03/2019 10:05 ? 6.87 106

05/07/2018 10:00 168.50 10.5 187

05/07/2018 17:00 169.00 10.6 168

06/07/2018 00:00 174.20 10.5 226

06/07/2018 07:00 174.40 10.3 200

09/07/2018 05:00 185.50 10 162

10/07/2018 02:00 194.40 9.83 168

11/07/2018 06:00 192.10 9.62 166

11/07/2018 10:00 191.90 9.56 195

03/08/2018 16:45 52.00 16.7 186

06/08/2018 07:45 74.90 15 222

06/08/2018 14:45 74.50 13.9 345

06/08/2018 21:45 75.20 14 213

08/08/2018 08:45 92.00 13.2 225

09/08/2018 19:45 88.80 13.2 254

10/08/2018 02:45 78.50 14.3 248

30/08/2018 10:15 42.50 18.9 325

30/08/2018 17:15 38.90 17.5 271

31/08/2018 14:15 42.40 16.7 288

06/09/2018 09:45 37.60 19.4 335

30/09/2018 05:00 86.50 11.8 221

01/10/2018 23:00 88.00 11.4 196

02/10/2018 06:00 59.40 13.9 227

03/10/2018 03:00 45.80 14.3 189

26/10/2018 01:00 75.80 11.1 209

26/10/2018 07:00 57.80 12.3 222

26/10/2018 14:00 46.60 13.8 195

30/10/2018 09:00 66.90 9.19 167

30/10/2018 16:00 67.60 5.38 146

31/10/2018 13:00 73.40 9.8 164

31/10/2018 20:00 56.30 5.84 174

01/11/2018 10:45 54.10 10.8 173

24/11/2018 11:15 64.00 10.8 203

25/11/2018 15:15 71.40 9.94 192

27/11/2018 09:15 72.80 9.71 197

27/11/2018 16:15 32.00 14.8 216

27/11/2018 23:15 31.40 13.8 264

29/11/2018 10:00 25.60 11.5 164

08/02/2019 01:00 25.10 6.4 98

08/02/2019 15:00 16.80 5.24 102

09/02/2019 05:00 30.40 4.8 115

09/02/2019 12:00 46.10 4.38 57

10/02/2019 16:00 48.90 3.46 107

10/02/2019 23:00 46.80 3.74 70

12/02/2019 17:00 46.00 3.85 86

13/02/2019 21:00 40.90 4.56 86

21/03/2019 11:30 64.50 8.09 87

21/03/2019 18:30 52.70 5.22 82

22/03/2019 15:30 42.00 6.57 83

22/03/2019 22:30 38.20 6.22 92

23/03/2019 11:55 ? 5.33 95

25/03/2019 06:30 64.90 5.6 87

25/03/2019 13:30 57.40 5.64 89

27/03/2019 07:30 68.50 5.56 85

Cuilcagh Intact Cuilcagh Degraded
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Figure 8-83 Provisional classification and key for upland habitats (Perrin et al., 2014) outlining 
how codes from Fossitt (2000), Habitats Directive and the new ‘Provisional 

codes’ developed by Perrin et al., (2014). 
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Figure 8-84 Condition assessment evaluation guidelines for conservation status reporting 
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Figure 8-85 Criteria to assess active BBs taken from the Guidelines for a national survey and 
conservation assessment of upland vegetation and habitats in Ireland (Perrin et 

al., 2014). 
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Figure 8-86 Indicators of habitat condition categories for BB taken from the Manual for the 

production of grazing impact assessments in upland and peatland habitats 

(Duchas; Department of Agriculture & Food, 1999). 
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Figure 8-87 Assessment guidelines for BB condition taking into account anthropogenic 

impacts taken from the manual for the production of grazing impact assessments 
in upland and peatland habitats (Duchas; Department of Agriculture & Food, 

1999). 
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Table 8-6 IVC scheme classification levels (Perrin et al., 2018). 

Levels Definition 

Class Divides vegetation based on dominant growth forms 

Formation Divides classes into coastal and inland variations 

Division Divides groups based on dominant growth forms and broad sets of diagnostic 

species 

Group Divides formations based on significant differences in the major 

environmental gradients 

Community Divides divisions based on specific differences in the overall floristic 

composition 

Sub- 

community 

Divides communities on specific indicator species or subtle differences in 

floristic composition 

 

 

Figure 8-88 IVC hierarchical explanations (Perrin et al., 2018). 
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 Figure 8-89 Number of monitoring stops compared to size of monitoring area (Perrin et al. 

2014).  
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Table 8-7 Results of condition assessment for every quadrat for all intact and degraded sites  

Quadr

at 

code 

Habi

tat 

Area 

(m
2
) 

Sphagnu

m cover 

% 

Peat 

dept

h 

(m) 

Bare 

peat 

% 

cove

r 

Poo

ls 

Patterni

ng 

H

u

m

m

oc

ks 

Sphagnu

m 

hummoc

ks 

La

wn

s 

Fla

ts 

Drains 

presen

t 

(0=abs

ent, 

1=pres

ent) 

Grazin

g 

(0=abse

nt, 

1=light, 

2=inten

se) 

Turf 

cutting 

(0=abse

nt, 

1=light, 

2=inten

se) 

Burni

ng 

Peat 

formi

ng 

(‘activ

e’) 

Resu

lt 

L_ 0a GS4 16829 0 1.30 1 0 0 1 0 0 0 0 1 0 0 No Fail 

L_ 0b HH3 16829 20 1.15 0 0 0 1 0 0 0 0 1 0 0 Yes Pass 

L_ 1 HH3 11452

0 

85 1.05 0 0 0 1 0 0 0 0 1 0 0 Yes Pass 

L_ 2 HH3 69887 70 1.65 0 0 0 1 1 0 0 0 1 0 0 Yes Pass 

L_ 3 HW3 47191 80 >3 0 1 1 1 1 1 0 0 1 0 0 Yes Pass 

L_ 4 BB3 4954 60 >3 0 0 0 0 0 0 0 0 1 0 0 Yes Fail 

L_ 5 HW3 35366

3 

20 >3 0 1 1 1 0 0 0 0 1 0 0 Yes Pass 

L_ 6 HW3 37698 25 2 10 0 0 1 1 0 1 0 1 0 0 Yes Fail 

L_ 7 HW3 28110 60 1.75 0 0 0 1 1 0 1 0 1 0 0 Yes Pass 

L_ 8 HH3 65463 70 2.05 0 0 0 0 1 0 0 0 1 0 0 Yes Pass 

L_ 9 HH3 56560 30 1.15 0 0 1 0 0 0 1 0 1 0 0 Yes Pass 
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L_ 10 HW3 10811

1 

40 >3 0 0 1 0 1 0 0 0 1 0 0 Yes Pass 

L_ 11 HW3 15187

3 

70 >3 0 0 1 1 1 1 0 0 1 0 0 Yes Pass 

L_ 12 HH3 38813 20 1.15 0 0 0 1 1 0 1 0 1 0 0 Yes Pass 

L_ 13 GS4 48249 0 0.8 0 0 0 1 0 0 1 0 1 0 0 No Fail 

L_ 14a HH3 20678 50 1.9 0 0 0 1 0 0 0 0 1 0 0 Yes Pass 

L_ 

14b 

HW3 3268 35 1.6 0 0 0 1 0 0 0 0 1 0 0 Yes Pass 

L_ 15 HW3 16979

8 

25 >3 0 1 1 1 1 0 0 0 1 0 0 Yes Pass 

L_ 16 HH3 4119 80 2.5 0 1 0 0 1 0 0 0 1 0 0 Yes Pass 

L_ 17 HH3 29863 20 >3 0 0 0 0 0 0 0 0 1 0 0 Yes Fail 

L_ 18 HW3 57237 60 >3 0 0 0 1 1 0 0 0 1 0 0 Yes Pass 

L_ 19 HW3 73323 50 >3 1 1 0 1 1 0 0 0 1 0 0 Yes Pass 

L_ 20 HW3 56965 75 >3 0 1 1 1 1 0 0 0 1 0 0 Yes Pass 

LD_ 

0a 

GS4 5126 0 1 0 0 0 1 0 0 0 0 2 0 0 No Fail 

LD_ 

0b 

HH3 5126 40 0.7 0 0 0 1 1 0 0 0 2 0 0 Yes Fail 
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LD_ 1 BB4 11671

9 

3 2 1 0 0 0 1 0 0 1 2 1 0 No Fail 

LD_ 2 HH3 91229 70 1.4 0 0 0 0 1 0 0 0 2 0 1 Yes Fail 

LD_ 3 BB5 11513

0 

80 1.15 0 0 0 1 1 0 0 0 2 0 0 Yes Fail 

LD_ 

4a 

WD4 69556 0 0.4 100 0 0 0 0 0 0 1 0 0 0 No Fail 

LD_ 

4b 

WD4 69556 0 0.5 100 0 0 0 0 0 0 1 0 0 0 No Fail 

LD_ 

4c 

WD4 69556 0 0.4 100 0 0 0 0 0 0 1 0 0 0 No Fail 

G_ 0a HH3 5539 20 1 0 0 0 0 1 0 0 0 1 0 0 Yes Pass 

G_ 0b GS4 2769 0 0.4 0 0 0 1 0 0 0 0 1 0 0 No Fail 

G_ 1 BB5 4823 75 1 0 0 0 0 0 0 0 0 1 0 0 Yes Fail 

G_ 2 HH3 22086 30 0.5 0 0 0 0 0 0 0 1 1 0 0 Yes Fail 

G_ 3 BB4 52268 1 >3 1 0 1 1 1 0 0 1 1 0 0 No Fail 

G_ 4a GS4 8003 0 1.35 0 0 0 0 0 0 0 0 1 0 0 No Fail 

G_ 4b PF2 4522 20 0.45 0 0 0 0 1 0 0 0 1 0 0 Yes Fail 

G_ 5 BB4 2438 30 1 0 0 0 1 0 0 0 0 1 0 0 Yes Pass 

G_ 6a BB5 3665 50 0.65 0 0 0 0 0 0 0 0 1 0 0 Yes Fail 

G_ 6b HH3 651 30 0.55 0 0 0 0 0 0 0 0 1 0 0 Yes Fail 
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G_ 7 BB4 39208 40 1.75 0 1 0 1 1 0 0 0 1 0 0 Yes Pass 

G_ 8a HH3 9759 5 >3 5 1 1 0 0 0 0 0 1 0 0 No Fail 

G_ 8b BB4 6506 20 >3 0 0 1 0 0 0 0 0 1 0 0 Yes Pass 

G_ 9a HH3 6008 40 0.5 0 0 1 0 1 0 0 0 1 0 0 Yes Pass 

G_ 9b BB3 2311 70 2.15 0 0 1 1 1 0 0 0 1 0 0 Yes Pass 

G_ 

10a 

GS3 1863 70 0.55 0 0 1 1 1 1 1 0 1 0 0 Yes Pass 

G_ 

10b 

BB3 466 60 0.85 0 0 1 1 1 0 0 0 1 0 0 Yes Pass 

G_ 11 GS4 6330 40 2.25 0 0 0 1 1 0 0 0 1 0 0 Yes Pass 

G_ 12 BB4 14017 0 0.7 5 0 0 0 0 0 0 0 1 0 0 No Fail 

G_ 13 PF2 8304 30 0.42 5 0 0 0 0 0 0 0 1 0 0 Yes Fail 

G_ 14 GS3 643 0 0.4 0 0 0 0 0 0 0 0 1 0 0 No Fail 

G_ 15 BB5 86669 70 2.5 0 0 0 0 1 0 0 0 1 0 0 Yes Pass 

G_ 16 BB5 19797

6 

70 1 0 0 0 1 1 0 0 0 1 0 0 Yes Pass 

G_ 17 HH3 2481 50 >3 0 0 1 1 1 0 0 0 1 0 0 Yes Pass 

G_ 18 BB5 2997 90 >3 0 0 0 1 1 0 0 0 1 0 0 Yes Pass 

G_ 

19a 

BB5 16210 50 2.75 1 0 1 1 1 0 0 0 1 0 0 Yes Pass 



375 

 

 

G_ 

19b 

BB4 10807 40 >3 1 1 0 0 0 0 1 0 1 0 0 Yes Pass 

G_ 20 BB3 5611 20 0.7 0.1 0 1 1 1 0 0 0 1 0 0 Yes Pass 

G_ 21 BB4 5948 40 1.05 1 1 1 1 1 0 0 0 1 0 0 Yes Pass 

G_ 22 HH3 3783 0 0.65 0 0 0 0 0 0 0 0 1 0 0 No Fail 

G_ 23 BB5 30097 35 >3 5 1 1 1 1 0 0 0 1 0 0 Yes Pass 

G_ 24 HH3 8358 30 1 0 0 1 1 1 0 0 0 1 0 0 Yes Pass 

G_ 25 HH3 55266 0 0.45 0 0 0 0 0 0 0 0 1 0 0 No Fail 

G_ 26 BB4 10203 1 0.85 1 1 1 0 0 0 0 0 1 0 0 No Fail 

G_ 27 BB5 5960 50 1 1 0 0 0 1 0 0 0 1 0 0 Yes Pass 

G_ 28 PF2 2164 10 1 1 0 0 0 0 0 0 0 1 0 0 No Fail 

G_ 29 GS4 1440 100 0.5 0 0 0 0 1 1 0 0 1 0 0 Yes Pass 

G_ 

30a 

BB5 19126 20 1.75 0 0 0 0 1 0 0 0 1 0 0 Yes Pass 

G_ 

30b 

HH3 13190 0 2 0 0 0 0 0 0 0 0 1 0 0 No Fail 

G_ 31 BB5 57713 0 1.95 0 0 0 1 0 0 0 0 1 0 0 No Fail 

G_ 32 HH3 4566 70 2.4 0 0 0 0 1 0 0 0 1 0 0 Yes Pass 

G_ 33 PF2 9460 90 >3 0 0 0 0 1 0 0 0 1 0 0 Yes Pass 

G_ 34 BB4 62370 80 >3 0 0 0 0 1 0 0 0 1 0 0 Yes Pass 

G_ 35 BB5 24721 70 1.25 0 0 0 0 0 0 0 0 1 0 0 Yes Fail 
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G_ 36 BB3 26657 70 1.35 0 0 0 0 1 0 0 0 1 0 0 Yes Pass 

G_ 37 HH1 4098 0 1.3 0 0 0 1 0 0 0 0 1 0 0 No Fail 

G_ 38 BB4 48894 40 2 0 0 0 1 1 0 0 0 1 0 0 Yes Pass 

G_ 39 BB3 10787 80 >3 0 0 0 1 1 0 0 0 1 0 0 Yes Pass 

G_ 40 BB3 15330 25 >3 0 0 0 1 1 0 0 0 1 0 0 Yes Pass 

G_ 41 HH1 16228 0 1.6 0 0 0 0 0 0 0 0 1 0 0 No Fail 

G_ 42 BB5 49973 60 1.55 0 0 0 0 1 0 0 0 1 0 0 Yes Pass 

G_ 

43a 

BB5 9833 70 1.35 0 0 0 0 0 0 0 0 1 0 0 Yes Fail 

G_ 

43b 

HH3 3300 15 1.1 0 0 0 0 1 0 0 0 1 0 0 No Fail 

G_ 44 BB4 31128 40 >3 0 0 0 0 1 0 0 0 1 0 0 Yes Pass 

G_ 45 BB5 55232 10 2.3 0 0 0 0 0 0 0 0 1 0 0 No Fail 

G_ 

46a 

HH3 40365 30 1 0 0 0 0 1 0 0 0 1 0 0 Yes Pass 

G_ 

46b 

BB5 7393 60 1.75 3 0 0 0 1 0 0 0 1 0 0 Yes Pass 

G_ 47 HH3 18688 7 1.15 0 0 0 0 0 0 0 0 1 0 0 No Fail 

G_ 48 BB5 4833 25 1.35 0 0 0 0 1 0 0 0 1 0 0 Yes Pass 

G_ 

49a 

BB5 35079 85 1.4 0 0 0 0 1 0 0 0 1 0 0 Yes Pass 
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G_ 

49b 

HH3 3928 0 0.40 0 0 0 0 0 0 0 0 1 0 0 No Fail 

G_ 50 BB5 23922 70 1 0 0 0 0 1 0 0 0 1 0 0 Yes Pass 

G_ 51 BB5 64396 20 1.95 0 0 0 0 1 0 0 0 1 0 0 Yes Pass 

G_ 52 BB5 11511 50 0.85 0 0 0 0 1 0 0 0 1 0 0 Yes Pass 

G_ 

53a 

BB5 15994 7 0.95 0 0 0 1 1 0 0 0 1 0 0 No Fail 

G_ 

53b 

HH3 2999 0 1.3 0 0 0 0 0 0 0 0 1 0 0 No Fail 

G_ 54 HH3 5085 30 >3 0 0 0 0 0 0 0 0 1 0 0 Yes Fail 

G_ 55 BB5 24396 70 >3 0 0 0 0 0 0 0 0 1 0 0 Yes Fail 

G_ 56 BB5 10304 40 0.9 0 0 0 0 0 0 0 0 1 0 0 Yes Fail 

G_ 

57a 

BB5 12293 40 0.65 0 0 0 0 0 0 0 0 1 0 0 Yes Fail 

G_ 

57b 

HH3 4120 15 2.5 0 0 0 0 0 0 0 0 1 0 0 No Fail 

G_ 

58a 

HH3 1420 25 0.25 3 0 0 0 0 0 0 0 1 0 0 Yes Fail 

G_ 

58b 

BB5 369 3 0.65 0 0 0 0 0 0 0 0 1 0 0 No Fail 
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GD_ 

0a 

HH3 2540 20 0.2 3 0 0 1 1 0 0 0 2 0 0 Yes Fail 

GD_ 

0b 

PF2 1905 0 0.05 0 0 0 0 0 0 0 0 2 0 0 No Fail 

GD_ 1 HH3 3663 0 0.5 0 0 0 0 0 0 0 0 2 0 0 No Fail 

GD_ 2 HH3 15137 25 0.6 1 0 0 0 0 0 0 0 2 0 0 Yes Fail 

GD_ 3 BB4 80467 10 >3 0 0 0 1 0 0 0 1 2 0 0 No Fail 

GD_ 

4a 

HH3 45422 50 >3 0 0 0 0 1 0 0 0 2 0 0 Yes Fail 

GD_ 

4b 

BB5 23494 0 0.75 0 0 0 0 0 0 0 1 2 0 0 No Fail 

GD_ 5 HH3 8530 0 0.05 5 0 0 0 0 0 0 0 2 0 0 No Fail 

GD_ 6 GS3 4806 0 0.05 0 0 0 0 0 0 0 0 2 0 0 No Fail 

GD_ 7 BB5 53890 60 0.35 0 0 0 0 1 0 0 0 2 0 0 Yes Fail 

GD_ 

8a 

HH3 28290 50 1.2 0 0 0 0 1 0 0 0 2 0 0 Yes Fail 

GD_ 

8b 

PF2 11407 0 0.25 0 0 0 0 0 0 0 0 2 0 0 No Fail 

GD_ 9 BB5 31181 30 1 0 0 0 0 1 0 0 0 2 0 0 Yes Fail 

GD_ 

10 

BB5 4663 0 0.65 0 0 0 0 0 0 0 1 2 0 0 No Fail 
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GD_ 

11a 

BB4 30720 0 2.6 3 0 0 0 0 0 0 1 2 0 0 No Fail 

GD_ 

11b 

BB5 20480 40 1.2 0 0 0 0 1 0 0 1 2 0 0 Yes Fail 

GD_ 

12 

HH3 14358 10 0.55 0 0 0 0 0 0 0 1 2 0 0 No Fail 

GD_ 

13 

PF2 15631 35 0.4 0 0 0 0 0 0 0 1 2 0 0 Yes Fail 

GD_ 

14 

PF2 16415 0 0.4 0 0 0 0 0 0 0 1 2 0 0 No Fail 

GD_ 

15 

HH3 1112 1 2.1 0 0 0 0 0 0 0 0 2 0 0 No Fail 

GD_ 

16 

GS4 637 0 0.3 0 0 0 0 0 0 0 0 2 0 0 No Fail 

C_ 0a PF2 12632

9 

50 2.1 0 0 0 1 0 0 0 0 1 0 0 Yes Pass 

C_ 0b BB5 82655 5 1.2 0 0 0 1 0 0 0 0 1 0 0 No Fail 

C_ 1a BB5 49504 50 1.5 0 0 0 1 1 0 0 0 1 0 0 Yes Pass 

C_ 1b BB3 39491 100 2.6 0 0 0 0 0 0 0 0 1 0 0 Yes Fail 

C_ 2 BB3 29694 50 1.9 0 0 0 1 1 0 0 0 1 0 0 Yes Pass 

C_ 3a BB3 5391 90 1.2 0 0 0 0 1 0 0 0 1 0 0 Yes Pass 
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C_ 3b PF2 4638 40 0.8 0 0 0 1 0 0 0 0 1 0 0 Yes Pass 

C_ 4a BB5 36534 80 1.9 0 0 0 0 1 0 0 0 1 0 0 Yes Pass 

C_ 4b BB4 3209 30 2.5 0 0 0 0 1 0 0 0 1 0 0 Yes Pass 

C_ 5 PF2 39082 30 0.75 0 0 0 1 0 0 0 0 1 0 0 Yes Pass 

C_ 6 BB4 29140 80 1.35 0 0 0 0 1 0 0 0 1 0 0 Yes Pass 

C_ 7 BB5 5665 70 1.9 0 0 0 0 1 0 0 0 1 0 0 Yes Pass 

C_ 8 BB5 77574 90 2 0 0 0 0 1 0 0 0 1 0 0 Yes Pass 

C_ 9 BB4 55828 80 1.7 0 0 0 0 1 0 0 0 1 0 0 Yes Pass 

C_ 

10a 

BB4 10375

6 

50 1.55 0 0 0 0 0 0 0 0 1 0 0 Yes Fail 

C_ 

10b 

BB3 83005 80 2.75 0 0 0 0 1 0 0 0 1 0 0 Yes Pass 

C_ 11 BB3 86934 80 2.25 0 0 0 0 1 0 0 0 1 0 0 Yes Pass 

C_ 

12a 

BB5 34247

7 

90 2.25 0 0 0 0 1 0 0 0 1 0 0 Yes Pass 

C_ 

12b 

PF2 67594 30 1.7 0 0 0 0 1 0 0 0 1 0 0 Yes Pass 

C_ 

13a 

HH1 59676 15 0.16 0 0 0 0 0 0 0 0 1 0 0 No Fail 

C_ 

13b 

GS3 17124 0.5 0.05 0 0 0 0 0 0 0 0 1 0 0 No Fail 
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C_ 14 BB4 82100 20 1.2 0 0 0 0 1 0 0 0 1 0 0 Yes Pass 

C_ 

15a 

BB4 11189

8 

70 1.4 0 0 0 0 0 0 0 0 1 0 0 Yes Fail 

C_ 

15b 

PF3 20645 70 2.2 0 0 0 0 0 0 0 0 1 0 0 Yes Fail 

C_ 16 BB4 11631

0 

20 2 0 0 0 0 0 0 0 0 1 0 0 Yes Fail 

C_ 17 BB3 13497 90 1 0 0 0 0 1 0 0 0 1 0 0 Yes Pass 

C_ 18 BB4 20645

8 

60 2.4 0 0 0 0 1 0 0 0 1 0 0 Yes Pass 

C_ 19 BB4 93748 80 1.2 0 0 0 1 1 0 0 0 1 0 0 Yes Pass 

C_ 20 BB4 25454

2 

20 1.95 0 0 0 1 1 0 0 0 1 0 0 Yes Pass 

C_ 21 BB3 80755 90 2.4 0 0 0 0 1 0 0 0 1 0 0 Yes Pass 

C_ 22 BB3 66184 70 1.65 0 0 0 0 0 0 0 0 1 0 0 Yes Fail 

CD_ 

0a 

PF2 25305 5 0.5 0 0 0 0 0 0 0 0 2 0 0 No Fail 

CD_ 

0b 

BB5 21088 20 0.4 1 0 0 0 0 0 0 0 2 0 0 Yes Fail 

CD_ 1 BB4 28955 0 1.3 5 0 0 1 0 0 0 0 2 1 0 No Fail 

CD_ 2 BB5 12475 10 1.5 5 0 0 1 1 0 0 0 2 1 0 No Fail 
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CD_ 3 BB4 60516

5 

10 3 5 0 0 1 0 0 0 0 2 0 0 No Fail 

CD_ 4 BB4 95811 50 0.6 5 0 0 1 1 0 0 0 2 0 0 Yes Fail 

CD_ 5 BB5 42296 80 1.75 0.5 0 0 1 1 0 0 0 2 0 0 Yes Fail 

CD_ 

6a 

BB5 21320

4 

50 1.75 0 0 0 1 1 0 0 1 2 1 1 Yes Fail 

CD_ 

6b 

BB4 91373 20 1.5 0 0 0 0 0 0 0 1 2 1 1 Yes Fail 

CD_ 7 BB4 12867

4 

15 1.3 3 0 0 0 0 0 0 1 2 1 0 No Fail 

CD_ 8 PB5 35481 35 0.8 20 0 0 0 0 0 0 0 2 1 1 Yes Fail 

CD_ 9 BB5 7112 40 0.5 5 0 0 0 0 1 0 0 2 1 0 Yes Fail 

CD_ 

10a 

BB4 45234 20 2.75 1 0 0 1 1 0 0 1 2 1 1 Yes Fail 

CD_ 

10b 

BB5 30156 40 0.3 10 0 0 1 1 0 0 0 2 1 1 Yes Fail 
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Table 8-8 Stress and R2 values for each separate ordination, from all intact and degraded sites, Garron sites, Cuilcagh sites and Letterunshin sites.  

 All sites Garron Cuilcagh Letterunshin 

Final stress 0.11 0.14 0.14 0.03 

R
2 
(linear) 0.977 0.911 0.915 1 
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Figure 8-90 Stressplot of polygon habitat/community percentage cover data from all sites 

grouped by intact and degraded, with associated environmental and hydrologic 
variables. The best combination of constraints produced this NMDS ordination 

with a stress of 0.11, indicating a good fit of the data to the model. R2 is a 

goodness-of-fit measure for linear regression models and represents how well 
the data are fitted to the model output (stepped line) with a value closer to 1 (i.e., 

100 %) representing smaller differences between the observed data and the fitted 

values. R2 = 0.977, therefore representing a strong relationship between the 

model and the dependent variable.  

 

Figure 8-91 Stressplot of Letterunshin polygon habitat/community percentage cover data 

grouped by intact and degraded, with associated environmental variables. The 
best combination of constraints produced this NMDS ordination with a stress of 

0.14, indicating a good fit of the data to the model. R2 is a goodness-of-fit 

measure for linear regression models and represents how well the data are fitted 
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to the model output (stepped line) with a value closer to 1 (i.e., 100 %) 

representing smaller differences between the observed data and the fitted values. 

R2 = 1, therefore representing a very strong relationship between the model and 

the dependent variable. 

 

Figure 8-92 Stressplot of Cuilcagh polygon habitat/community percentage cover data grouped 

by intact and degraded, with associated environmental variables. The best 

combination of constraints produced this NMDS ordination with a stress of 0.14, 
indicating a good fit of the data to the model. R2 is a goodness-of-fit measure for 

linear regression models and represents how well the data are fitted to the model 

output (stepped line) with a value closer to 1 (i.e., 100 %) representing smaller 

differences between the observed data and the fitted values. R2 = 0.915, therefore 

representing a strong relationship between the model and the dependent variable. 

 

Figure 8-93 Stressplot of Garron polygon habitat/community percentage cover data grouped 

by intact and degraded, with associated environmental variables. The best 

combination of constraints produced this NMDS ordination with a stress of 0.14, 
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indicating a good fit of the data to the model. R2 is a goodness-of-fit measure for 

linear regression models and represents how well the data are fitted to the model 

output (stepped line) with a value closer to 1 (i.e., 100 %) representing smaller 
differences between the observed data and the fitted values. R2 = 0.911, therefore 

representing a strong relationship between the model and the dependent variable. 

 

 

Figure 8-94 Stressplot of all sites quadrat PFT percentage cover data grouped by intact and 

degraded, with associated environmental variables and peat depth data. The best 
combination of constraints produced the resulting NMDS ordination with a stress 

of 0.06, indicating a good fit of the data to the model. R2 represents how well the 

data are fitted to the model output (stepped line) with a value closer to 1 (i.e., 
100 %) representing smaller differences between the observed data and the fitted 

values. For this data, R2 = 0.968, therefore indicating that the data fit the model 

very well.  

 

Table 8-9 HI calculated for at Garron site for June storm event by using 10 % interval of 

discharge, the mean was used as the final HI value for the storm. 

TOC @ Q Normalised data (i (Rising (RL)/Falling limb (FL)))  

Q TOC_RL TOC_FL TOCi_RL TOCi_FL 

32 9.5 18.6 0.11 0.63 

52 12.2 19.3 0.27 0.67 

72 14.9 23.9 0.42 0.94 
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92 17.3 25.1 0.56 1.01 

112 19.4 25.4 0.68 1.02 

132 20.9 25.6 0.77 1.03 

152 21.9 25.7 0.82 1.04 

172 22.9 25.6 0.88 1.03 

192 23.8 25.3 0.93 1.01 

MEAN 0.60 0.93 

 RL (0.6)<FL(0.93)=Anticlockwise 

HI =TOC_i_RL − TOC_i_FL 

 (Lloyd et al., 2016) 

 

HI (hysteresis index) =  -0.33 

 

Table 8-10 HI calculated for at Garron site for September storm event by using 10 % interval 

of discharge, the mean was used as the final HI value for the storm. 

TOC(Rising (RL)/Falling limb (FL) @ Q Normalised data (i (Rising (RL)/Falling limb (FL)))  

Q (m3/s) TOC_RL (mg/l) TOC_FL (mg/l) TOCi_RL TOCi_FL 

47 22.5 25.04 0.02 0.54 

56 22.65 25.7 0.051 0.67 

65 22.8 26.25 0.081 0.79 

74 22.95 26.75 0.11 0.89 

83 23.11 27.15 0.14 0.97 

92 23.35 27.4 0.19 1.02 

101 23.95 27.42 0.32 1.02 
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110 25.45 27.38 0.62 1.02 

119 26.08 27.2 0.75 0.98 

MEAN 0.25 0.88 

 RL (0.26)<FL(0.88)=Anticlockwise 

HI =TOC_i_RL − TOC_i_FL 

 (Lloyd et al., 2016) 

 

HI (hysteresis index) =  -0.62 

Table 8-11 HI calculated for at Garron site for October storm event by using 10 % interval of 

discharge, the mean was used as the final HI value for the storm. 

TOC(Rising (RL)/Falling limb (FL) @ Q Normalised data (i (Rising (RL)/Falling limb (FL)))  

Q (m3/s) TOC_RL (mg/l) TOC_FL (mg/l) TOCi_RL TOCi_FL 

37.5 12.5 21 0.066 1 

40 13.8 20.7 0.21 0.97 

42.5 14.8 20.2 0.32 0.91 

45 14.3 19.6 0.26 0.85 

47.5 14.8 18.7 0.32 0.75 

50 14.8 18.3 0.32 0.7 

52.5 14.8 17.6 0.32 0.63 

55 14.8 16.8 0.32 0.54 

57.5 14.9 16 0.33 0.45 

MEAN 0.273504 0.75 

 RL (0.27)<FL(0.75)=Anticlockwise 
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HI =TOC_i_RL − TOC_i_FL 

 (Lloyd et al., 2016) 

 

HI (hysteresis index) =  -0.48 

 

 

Figure 8-95 The sample loadings showing the fluorescence differences of different 

components in different samples for sampling period from July 2018 – March 

2019 for Cuilcagh intact site. 
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Figure 8-96 The sample loadings showing the fluorescence differences of different 

components in different samples for sampling period from July 2018 – March 

2019 for Cuilcagh degraded site. 



391 

 

 

 

Figure 8-97 The sample loadings showing the fluorescence differences of different  

components in different samples for sampling period from July 2018 – March 

2019 for Garron intact site. 
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Figure 8-98 The sample loadings showing the fluorescence differences of different 

components in different samples for sampling period from July 2018 – March 

2019 for Garron degraded site. 


