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Abstract

This study investigated the effects of management and environmental factors on the vegetation of four management units of upland heath in the Belfast hills, Northern Ireland. Thirteen transects were surveyed from the four management units, Cave hill, Divis, Black mountain and Slievenacloy. Along each transect ten pairs of seed bank cores were taken and 2m² quadrats were used to record surface vegetation composition at the species level. Soil cores were grown in a glasshouse so that emergent vegetation could be recorded and compared to the vegetation survey data. Management of the four units was taken into consideration, predominately the stocking rate per hectare of grazing livestock and whether a sample site had been burned within the last 12 months. The environmental data for the study was derived from the Digital Elevation Model (DEM) of Northern Ireland  and from site surveys.  
Vegetation data for the thirteen sample locations and the four management units was analysed through CSR analysis (Grime 1979) and ANOVA (p<0.05). Simpson’s (s) diversity index and ANOVA was also calculated first for the 13 sample sites and then overall for the four management units to establish which locations had significantly different diversity scores. Using the vegetation survey, management and environmental variables data Canonical Correspondence analysis (ter Braak & Šmilauer 1998) was performed to test the relationship between species and external predictor variables (management and environmental factors). The emergent vegetation from the seed bank and  vegetation data for each sample site was analysed for significant differences between seed bank and vegetation data using t-tests.
Results of this study have shown that management of the Belfast upland heath through grazing and burning has not negatively affected the quality or composition of the vegetation. It has also shown that environmental factors such as solar radiation and a sites geographical location does effect the surface vegetation by dictating the nature of a site (i.e. the wet to dry habitat gradient) and the species that can grow there.

Introduction

1.1 What is upland heath?
North-West European upland heath communities are characterised by coverage of common heather Calluna vulgaris (here after referred to as Calluna) (Thompson et al. 1995). Heather dominated heath lands are open areas that form on an acidic base such as peat and are very sensitive to environmental change (Holden et al. 2007). In the UK, upland areas with precipitation over 100cm with shallow peat (<50 cm deep) or peaty acidic podsols correspond particularly well with areas of upland heath (Thompson et al. 1995). Climatic conditions in the UK mean that the moorlands have a growing season that exceeds six months (Holden et al. 2007). Heather-dominated landscapes are best represented in the moorlands of the UK and Ireland (Thompson et al. 1995). 
Species that typically dominate areas of wet heath with an understorey of mosses include deer grass (Scirpus cespitosus), cross-leaved heath (Erica tetralix) and purple moor grass (Molinia caerulea) (McEvoy et al. 2008). Drier areas of upland heath dominated by mature heather (Calluna vulgaris), bell heather (Erica cinerea), and bilberry (Vaccinium myrtillus) are deemed to be in ‘favourable condition’ (McEvoy et al. 2008). 
1.2 Importance and distribution of heathland habitat, United Kingdom
It is widely recognised in the scientific community that heath land dominated by Calluna and related dwarf shrubs is of high conservation particularly in the United Kingdom (UK) and also in a wider scale in the European Union (Pakeman et al. 2003). As such it has been afforded protection through a range of designations from the statutory EC Habitats Directive (92/43/EEC) (Pakeman et al. 2003) and in the UK Biodiversity Action Plan Priority Habitat (The UK Biodiversity Steering Group) which is non statutory (Pakeman et al. 2003). The flora of heather moorland has been described as relatively poor but rich in dwarf shrubs but it still contributes significantly to biodiversity (Ratcliffe & Thompson 1988). It provides an important habitat for invertebrate and vertebrate assemblages (Pakeman et al. 2003). 
Heath land habitats are particularly noted for their bird populations of international importance which feed and/or breed in this habitat (Thompson et al. 1995). These include species like the Hen Harrier (Circus cyaneus), the Skylark (Alauda arvensis) and the Lapwing (Vanellus vanellus).  The high level of protection awarded to upland Heath under EU and UK legislation highlights not only their international importance to the conservation of nature but also the aesthetic value they bring to the landscape of the UK (Milne & Hartley 2001). 

The extent of heather dominated heath in the UK was estimated to cover 5.5% of England and Wales, 38% of Scotland and 8% of Northern Ireland (Holden et al. 2007), see figure 1 below. Over 75% of the world’s heather moorland is in the UK uplands (Holden et al. 2007). 
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Figure 1 European distribution of heather Calluna vulgaris dominated upland moorland – shaded areas. (Thompson et al. 1995)
1.3 Factors affecting upland heath, United Kingdom 
Upland heath in the UK support multiple land uses as well as being important habitats (Holden et al. 2007). Land uses of moorland include (a) commercial forestry which covers up to 20% of UK moorlands with coniferous plantations; (b) water supply; (c) agriculture through sheep, cattle and deer (predominately in Scotland) farming; (d) sport and leisure through hill walking and grouse shooting and (e) tourism, for example the Peak District National Park attracts millions of visitors generating a turn over of £75 million (Holden et al. 2007). Moorland landscapes have also been used for peat extraction and military training such as on Divis Mountain, Northern Ireland. Upland heath requires some management as it subject to enter the next ecological succession to scrub and lastly woodland (McEvoy et al. 2008). However such extensive usage in a habitat sensitive to change can cause alterations in the environmental balance and need careful management (Bragg & Tallis 2001). The continued manipulation of the moorland landscape often under poor management has resulted in a spatial decline of the extent of UK moorland.
1.3.1 Drainage and erosion
Environmental degradation of the moorland landscape is often associated with drainage (Holden et al. 2007). Drainage changes the hydrology of the landscape and can result in the cracking and subsidence of peat. This change also increases the air filled porosity of the peat resulting in increased decomposition rates. This process has the potential to generate additional losses of carbon and other nutrients which in turn may affect the fertility of the soil (Bragg & Tallis 2001). These alterations in peatland hydrology can affect water quality as drained catchments produced more discoloured water than catchments without drainage (Clausen 1980).

In association with drainage of moorland landscape in the UK is the formation of gullies and associated erosion, which is a major problem (Holden et al. 2007). Gullies can cause a change in water flow through peat in favour of greater volumes of surface run off (Bragg & Tallis 2001). Furthermore this process of surface run off can remove large quantities of peat at a rate of up to 5cm/yr which is characteristic of a massively eroding landscape (Tallis 1998). 
1.3.2 Atmospheric Deposition and Climate Change
Europe over the last century has witnessed increased rates of nitrogen deposition which has been linked to long-term alterations in vegetative community composition in heath dominated landscapes (Terry et al. 2004). These changes have come about as species that are adapted to a higher availability of nitrogen are favoured (Terry et al. 2004).
Climate change has always played a role in the development of vegetation cover in heath lands. Many plants have not only altitudinal limits but these in turn are directly related to climatic conditions such as temperature and precipitation levels. Therefore the role of anthropogenic climate change in this century will have a dramatic impact on moorland environments.

1.3.3 Burning
Moorlands in the UK have been burned traditionally for agriculture to manage heather for deer, grouse and sheep (Holden et al. 2007). This process of rotational burning is effective at maintaining heather at the productive stage of its life cycle, where seed potential is at its peak (Whittaker & Gimingham 1962).  Managed burning of upland heath may affect subsequent regeneration of vegetation directly by the action of high temperatures and flames or indirectly as a result of changes to the habitat which in turn affects germination and establishment of flora (Whittaker & Gimingham 1962).  
Managed fire in upland heath may cause changes in the soil moisture content and concentrations of available nutrients (Mallik et al. 1984). Water infiltration rates can be altered through the filling of small pore spaces with ash (Mallik et al. 1984) this in turn may change the composition of the vegetation by creating a more waterlogged habitat. Often managed fires create a lower nutrient environment which is favoured by Calluna and this can increases its chances of continued dominance in the habitat (Barker et al. 2004). However burned areas resulting in a compromised canopy of Calluna combined with soils rich in nutrients and bare patches may favour the establishment of competing grass species (Barker et al. 2004).
In addition species like Deschampsia in the first year after a fire can set seed whereas dwarf shrubs like Calluna only rarely produce second generation plants within three years post fire (Mallik et al. 1984). This can mean that dwarf shrubs are outcompeted; however the retention of an intact seed bank can mean that dwarf shrubs can germinate from already existing seeds beneath the burnt surface.
Irregularities on the surface of burned heath can provide shelter from fire and as a consequence often dense aggregations of seedling can be found there (Whittaker & Gimingham 1962).

1.3.4 Afforestation 

The main cause of net loss of the moorland landscape has been attributed to this process of afforestation (Holden et al. 2007). When a coniferous forest is planted it begins to change not only the soil surface conditions but the soil chemistry thus affecting other flora in the area. As the trees grow and light availability decreases moorland flora begins to change to that of a forest understorey. Calluna and Eriophorum vaginatum decrease in over to be replaced by greater numbers of ferns and lichens (Holden et al. 2007). Also if fertiliser is applied to the coniferous plantation this can decrease the cover of Sphagnum (Gunnarsson & Rydin 2000). Fertilisation also increases nutrient concentrations in upper soil profile and the litter layer thus accelerating the rate of nutrient cycling (Finer 1996). 

The digging of narrow drainage channels to facilitate the growth of trees can cause additional complications in the former moorland landscape as it changes the hydrology of the area. Drains lower the water table of the peaty subsoil which initiates subsidence due to shrinkage and compression (Holden et al. 2004). When canopy closes the peat surface can dry out further due to the interception of precipitation by the trees themselves (Pyatt et al. 1992). This process can also occur some distance away and is expressed by the cracking of the peat surface and increased hydraulic conductivity (Holden et al. 2004).

1.3.5 Grazing
Upland heath in the UK is often used for grazing pasture for cattle, and horses. Overgrazing in these sensitive areas has resulted in the replacement of Calluna by grasses (Hartley & Mitchell 2005). Erosion by livestock is expressed in areas of vegetation where animals rub and shelter themselves which causes scars in the surface cover to form (Holden et al. 2007). These scars can facilitate soil to move down slope and often can be deposited directly into water channels and this causes water quality issues for humans (Evans et al. 2005). Grazing is also linked to trampling and livestock tracks often have reduced infiltration capacities through compaction and hence provide a channel for both water and sediment movement down slope causing erosion of the landscape (Holden et al. 2007). Although trampling can also generate areas of bare ground which can increase Calluna establishment.
 Vegetation dynamics are directly affected as a result of grazing pressure. A positive consequence of grazing for upland heath communities is that livestock can act as a method of seed dispersal particularly for Juniperus species (Thompson et al. 1995). The grazing of heath can also maintain a low nutrient status which is beneficial for the growth of dwarf shrubs (Britton et al. 2000). In addition hoof prints left by livestock create micro sites suitable for the germination of Calluna seeds (Mitchella et al. 2008). Browsing keeps the sward short which is advantageous for Calluna which is averse to shading and requires light for germination (Britton et al. 2000). However there are also negative effects of grazing on vegetation communities. The grazing process can also kill plants through damage or defoliation and heavy grazing is a major cause of heather moorland loss (Shaw et al. 1996). Despite these changes that are said to be associated with grazing it is difficult to account for the role that environmental stresses may play in these processes. 

1.4 Factors affecting upland heath in the Belfast Hills 
Upland heath in Northern Ireland is a habitat under threat from mismanagement through overgrazing, changing land use and uncontrolled burning. As such it requires conservation efforts to prevent further decline of this important habitat. Dry heath mosaic accounts for less than 0.5% of the habitat make up of Northern Ireland (Hammond & Cooper 2005). This heath type is predominately found in upland areas of the eastern counties. This important habitat has decreased by 27% (1,690 ha) and there has also been a loss of 20% in upland wet heath mosaic (5,001 ha) (Cooper et al. 2002). Large-scale and too frequent burning reduces the quality of upland heath by causing a simplification of the vegetation structure, loss of lower plant assemblages and erosion of peat (Environment and Heritage Service Northern Ireland 2003). Upland heath covers approximately covers 12,500ha (0.9%) of Northern Ireland (Cooper & McCann 2002), 368ha of which covers the Belfast Hills (McEvoy et al. 2008).
Unlike the rest of the UK, burning is not a widely prescribed management technique in Northern Ireland. In the case of the Belfast hills one of the most pronounced threats to the upland heath habitat is accidental or malicious fires. Unlike prescribed burning accidental or malicious fires are uncontrolled and hence can cover wide expanses of the habitat and they can generate an intense burn. This may result in a substantial loss of nutrients from the system (Muirburn Working Party 1977). Although managed fire can often create a favourable habitat for seedling establishment this is not true after a bad burn (Whittaker & Gimingham 1962).

 An intense uncontrolled burn can create temperatures which ignite the underlying peat (Hammond & Cooper 2003). As the seed bank is concentrated in the top 50mm of the soil a deep burn could potentially eradicate the whole seed bank and other vegetation regeneration structures (Legg et al. 1992).This presents a problem for some species regeneration post fire (Putwain & Gillham 1990). As mentioned earlier grasses can flower and generate seed immediately after fire whereas Calluna relies on the provision of seeds from the seed bank to regenerate or from vegetative structures (Mallik et al. 1984). 
This may present unfavourable seed beds and as a result Calluna will be out competed and this would be of serious concern for upland heath condition (Whittaker & Gimingham 1962).
The condition of the heath pre-fire is also important as periods of drought will make the substratum ignite more easily. Also a cover of older stands of heather (mature stage or degenerate stage – see figure below) regenerate more slowly after fire, as regeneration has to come predominately from seed rather than resprouting (Miller & Miles 1970). This will mean the seedling establishment under former old stands of Calluna post burn will be inhibited again creating an opportunity for competing species to dominate. 
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Figure 2 Diagram illustrating the four life stages in Calluna lifecycle after Watt (Specht 1979).
The grazing of livestock on heath takes place on the Belfast Hills and the livestock is predominately cattle on all four management units, with horses turned out on Divis and Black Mountain. Divis and Black mountain are under the management of the National Trust and have the same management regimes. For the purpose of the analysis of this study they will be referred to as two separate management units. Cave hill and Slievenacloy are under different grazing regimes are referred to in this study as two separate management units.  In the table below figures for the management units of Divis and Black Mountain are combined as this area does not have the same distinct boundary delineation as Cave hill or Slievenacloy. Therefore cattle can roam over the combined area of 660 ha in Divis and Black Mountain. 
	
	Divis & Black Mt.
	Cave hill
	Slievenacloy

	Total area (hectares)
	660
	140
	15.4

	No. of cattle
	200
	23
	8

	No. of horses
	20
	0
	0

	Stocking rate (livestock units/ha)
	0.3
	0.16
	0.51

	Annual grazing period
	April-September
	April-September
	 June- August


Table 1 Table showing the grazing management regimes for each of the management units (after McMahon 2006).

In addition to this information on the grazing regimes of each management unit as a whole, more detailed information can be provided for the Slievenacloy site. As an ASSI the stocking rates are highly regulated to maintain the vegetation communities of the nature reserve. The stocking rates are recorded per field as much of the reserve is divided up by fencing. As such an agricultural letting agreement has to be drawn up with restrictions on such grazing by livestock (Ulster Wildlife Trust 2006). The agreement stipulates that the cattle species must be native, light and hardy and that there is to be no supplementary feeding (Ulster Wildlife Trust 2006). The information provided by the Ulster Wildlife Trust has been used to specifically calculate the area in hectares and the stocking rate (livestock units/ha) of the individual sample sites used in the seed bank and vegetation surveys. This information is displayed in table 2.
	
	Sample site code: SNC
	Sample site code: DUMP

	Total area (hectares)
	6.4
	9.4

	No. of cattle
	2
	2

	Stocking rate
(livestock units/ha)
	0.31
	0.21

	Annual grazing period.
	June 15th-August 31st 
	June 15th-August 31st


Table 2 Table showing the grazing management regime for each of the two sample sites within the management unit of Slievenacloy (Ulster Wildlife Trust 2006).
Grazing and accidental or malicious burning are the two main management issues affecting the upland heath in the Belfast hills are the main focus of this study. Erosion will only be considered in this project in the form of soil loss post fire creating bare patches. Some of the other factors that effect upland heaths in the UK are not relevant to this study, such as drainage or afforestation are not widely used in the four management units in the Belfast hills. Factors such as atmospheric deposition and climate change are beyond the remit of this study.
1.5 Aims and objectives 
The focus of this project is on four management units in the Belfast hills including Slievenacloy owned and managed by the Ulster Wildlife Trust, Cave hill Country Park owned and managed by Belfast City Council and Divis and Black Mountain owned and managed by the National Trust (which for the purpose of this study are referred to as two separate management units) (McEvoy et al. 2008).

The aims of the project were to:

1 Survey upland heath vegetation in the four management units;

2 Assess the composition of the vegetation of emergent flora and the seed bank;
3 Assess the role of management and environmental factors play in the floristic composition in the four management units;
4 Provide recommendations for continued management of the Belfast Hills with a view to protect and enhance the existing upland heath.
2. Materials and Methods
2.1 Survey sites 

This study took place in County Antrim’s Belfast Hills, Northern Ireland. The hills lie at the southern end of the Antrim Basalt plateau surrounded by the urban areas of Belfast, Newtownabbey and Lisburn (Annett 2005). They are broad, rounded hills and their upland regions are mostly covered in heathland with mosaics of blanket bog (Annett 2005). The Belfast Hills Partnership Trust was established in 2004 and is a body representative of Councils, statutory bodies, community interests, environmental and landowning bodies who have an interest in the Belfast Hills and it is within their management boundary that this study takes place (see figure 3).
Cave Hill Country Park (115ha) at its summit is over 350m above sea level and consists of heath dominated by heather  which covers 40ha (Mc Evoy et al. 2008). The site is managed by Belfast City Council and the upland portion of the site was selected for this study as it represents an important habitat which is frequently under threat by malicious or accidental fires (Mc Evoy et al. 2008). This site was also selected as it was extensively grazed by cattle up to 1994 but stocking densities have decreased to 0.14 units per ha (McMahon 2006). In addition a portion of the upland heath was also burnt in the summer of 2008 in a malicious fire.
Divis and Black Mountain cover an area of 808ha in the Belfast Hills of which 314ha is upland heath and blanket bog (Mc Evoy et al. 2008). The summit of Divis rises to 478m above sea level with Black Mountain at its summit is 390m above sea level (Mc Evoy et al. 2008). During the period 1953 to 2005 the site was owned by the Ministry of Defence (MOD) who built a significant infrastructure of dwellings and telecommunications which still stands today (Annett 2005). Currently the site is managed by the National Trust and is grazed by 20 horses and 200 cattle (McMahon 2006). This area of upland heath is also at risk from malicious fires; the most extensive fire for 2008 took place during this study and covered an area of 16ha.
Slievenacloy Nature reserve is at the southerly end of the Belfast Hills and covers an area of 124ha of which 14ha is upland heath and the area sampled for this study (McEvoy 2008). 
The site is also listed as an Area of Scientific Interest (ASSI) as it provides a habitat for rare fungi, orchids and birds like the Meadow pipit (Annett 2005). This area has also been grazed but it is strictly regulated under the terms of the ASSI designation and the Management of Sensitive Sites (MOSS) agreement. There is currently only 20 cattle grazed on the site and the last recorded accidental fire took place in 1999 (McMahon 2006).
The figure below shows a map the Belfast Hills Partnership management Boundary and the three study sites for this project.
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Figure 3 Map of the Belfast Hills Partnership management boundary (grey) and the three study sites (red) examined during the current project (Reid, Kessopersadh, & Montgomery, 2008)
2.2 Field and Laboratory Work
2.2.1 Seed bank Sampling 
The seed bank was sampled via soil cores taken during late Spring 2008 from the four heath land sites in the Belfast Hills; Divis, Black Mountain, Cave hill and Slievenacloy. At each location samples were taken along coded transects 15 to 30 m in length which transected any significant features such as the burn boundary (if present) (Table 3 below shows the transect codes with respect to the four heath land sites). Along each transect the soil cores were taken in 10 paired evenly spaced samples (Pakeman & Hay 1996). Soil was removed by a 5cm diameter soil corer to a depth of 10cm, giving each core a volume of 196.25cm³. Each of the ten pairs exact location along the transect was recorded using a handheld Garmin e-trex GIS. Each pair of cores was placed in a labelled sealed bag and refrigerated for further processing in the laboratory. 
	Heath land site
	Number of transects
	Transect codes

	Divis
	4
	MAST, SUMBURN, SS, BB*

	Black Mountain
	4
	LW, CR, BM, TR

	Cave hill
	4
	CV, MCF, MCFB, CVB

	Slievenacloy
	2
	SNC, DUMP


*The site of this transect was taken from within a recent burn site, as there was no vegetation a vegetation survey could not be completed.
Table 3 Table showing transect codes for each of the four management units.
The bulk reduction method was used in the laboratory to concentrate the seed bank samples (ter Heerdt et al. 1996). The soil cores were first sieved through a 4.0 mm sieve to remove stones, roots and other debris. The sieved soil was then washed onto a 212 μm sieve which captured any seeds and allowed soil particles to be washed out. This bulk reduction method is considered to be the best for the rapid and successful germination of the majority of species (ter Heerdt et al. 1996).  
The soil samples were then taken to the glass house where they were placed into prepared trays in their pairs and labelled accordingly. 
Each tray was lined with newspaper for water retention and then layered with sharp sand and compost 2cm deep. Then each tray was then divided in half using plastic stakes so that the boundary of each of the pairs could be clearly defined.  
The seed bank samples were then kept in the glass house without supplementary lighting or heating for three months (Pakeman & Hay 1996). During these three months the trays were watered regularly to prevent drying out. After 12 weeks of growth the emerging seedlings were identified and subsequently removed and counted (Pakeman & Hay 1996). As the time period allowed for germination was relatively short it was not possible to identify the seedlings to species level. They were instead recorded under five functional categories; woody shrubs, forbs, grasses, sedges and rushes. 
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Figure 4 Photograph showing seed trays germinating in glasshouse.
2.2.2 Vegetation Survey 

During the early summer of 2008 the field sites were visited again and the transects located using the hand held Garmin e-trex GIS. Along each transect at each of the ten coring points a 2m² quadrat was constructed using bamboo canes. The relative cover of each species found rooted within the quadrat was recorded for each of the 2m² quadrats on a recording sheet. Also the presence of additional species was noted using 4m² quadrats. 
Other variables were also recorded on these sheets such as height of Calluna vulgaris, peat depth, percentage (%) bare ground, percentage (%) dead heather, percentage (%) rock and density of dung (%). This data was then entered into Excel spreadsheets for computational analysis.
2.3 Computational Data Analysis 
2.3.1 C S R Analysis 
Disturbance such as grazing or burning can cause a plant community to regress to an earlier successional stage (Crawley 1983) and allow colonization by other plant species (Canham & Loucks 1984). Grime (1974, 79) developed a model of succession based on these theories called a C-S-R model. Plants with different characteristics are predicted to be more or less common during different successional stages (Myers & Bazelly 2003). Below shows the matrix model of C-S-R theory, Plant attributes evolve depending on the strength of competition (C), stress (S) and disturbance (ruderal) (R) characteristics and will be on separate axes. 
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Figure 5 C-S-R Model modified from Grime (1979) (Myers & Bazelly 2003)
For example a species which has a high S-value are tolerators of stress, like blanket bog species which grow in an acidic environment with a high water table.

The dataset that had been compiled from the vegetation survey was used to run the C-S-R model, however this model can only analyse higher plants and so mosses, lichens and the environmental variables were not included in this analysis. The computational C-S-R model was from UCPE Sheffield (v1.2). The model was run for all higher plants in each quadrat and this produced a C, S and R value for every quadrat in each coded transect sampled from within the four heath sites of Cave hill, Black Mountain, Divis and Slievenacloy respectively. 
Once this simulation had been run the C, S and R values for each quadrat per coded transect were entered into an Excel spread sheet. The mean and standard deviation for every C, S and R value per coded transect was also calculated in Excel.
The data was further analysed by running an Analysis of Variance (ANOVA) to see if there was any difference between sites. The ANOVA computational model provided by Vasserstats was used to calculate an ANOVA for data sets which had four variables. SPSS was used to calculate the ANOVA for the dataset which had thirteen groups. This allowed the variation between all the C, S and R values respectively for each coded transect to be examined as well as the variation between all the C, S and R values for each of the four management units. 
2.3.2 Simpson’s Diversity Index 
Simpson’s Diversity Index is frequently used to evaluate trends in plant diversity (Reich et al. 2001). For this study a Simpson’s Species Diversity Index was generated for all the higher plant species in each quadrat in the data set through a function in the C-S-R model. These values were then pasted into Excel as arranged according to their respective coded transect. The mean and standard error of the Simpson’s Species Diversity Index for each coded transect were then calculated. In addition the mean Simpson’s (s) values for the four management units in the Belfast hills was also calculated. The Simpson’s Species Diversity Index for each of the coded transects were then analysed using ANOVA to see if there were any differences between sites. 
The Simpson’s Species Diversity Index for each of the four management units was also analysed using ANOVA to see if there were any differences between units. 
2.3.3 Canonical Correspondence Analysis 
Canonical Correspondence Analysis (CCA) is a multivariate technique which tests the relationship between species (in this study) and external predictor variables by means of different types of Monte Carlo permutation tests (ter Braak & Šmilauer 1998). In order to run CCA a table of environmental parameters was produced. This data was modified from an investigation run parallel to this study by Quercus of Queen’s University Belfast. The environmental parameters for the Belfast hills had been gathered using a geographic information system (GIS) using remotely-sensed data and from field survey. For example peat depth at each sample point was measured using a bamboo cane driven into the peat and the subsequent depth of insertion was recorded. The landscape variables displayed in Table 4 were chosen for the analyses based on their likelihood to influence upland heath species (McEvoy et al. 2008). The management variables for each coded transect site were also included in this analysis.  
However as burning within the last 12 months was recorded as ‘presence/absence’ for each site, it is therefore a categorical variable which can not be directly computed by CCA. Presence or absence of burning within the last 12 months is displayed through colour coding in the CCA triplot by site (± s.e.) (Figure 15).
	Management/
Environmental factors
	Description

	X
	Extent to which a sample point lay North.

	Y
	Extent to which a sample point lay east.

	Altitude
	Mean altitude (metres above sea level) - derived from Digital Elevation Model (DEM) of Northern Ireland.

	Slope
	Mean gradient (percentage slope) – calculated using the ‘slope’ function of the spatial analyst tool in ArcGis v9.2 using Digital Elevation Model (DEM) of Northern Ireland.

	Solar
	An index of mean solar radiation (light and heat) reaching the ground calculated using the ‘solar radiation’ function of the spatial analyst tool in ArcGis v9.2 using Digital Elevation Model (DEM) of Northern Ireland.

	Peat Depth
	Maximum depth (cm) of peat at each sample point 

	Grazing
	Stocking density of livestock (units/hectare)


Table 4 Management/Environmental variables included in CCA (modified from McEvoy et al. 2008).

The management and environment variables were compiled in Excel with the data gathered from the vegetation survey. This dataset was then analysed by CCA (ter Braak & Šmilauer 1998), using PC-ORD Version 4 computational software (McCune & Mefford 1995). The results of this analysis in the form of a table and two triplots can be seen in figures 14 and 15.
2.3.4. Seed bank analysis
The number of seedlings that had germinated after the 12 week growing period were recorded accordingly under five functional categories; woody shrubs, forbs, grasses, sedges and rushes. In Excel the mean percentage over of the five functional categories was calculated for each coded transect. A composite bar chart was produced to show the functional group proportions for each coded transect within each distinct management unit.
For comparison with the data obtained from the vegetation survey, the vegetation data was organised according to the same functional groups and was displayed on the same composite bar charts for each distinct management unit. 
In addition, to examine if there was any significant difference between the vegetation survey and the germinated seed bank samples in the five functional groups respectively, t-tests were preformed. The number of plants recorded in the five functional groups from the vegetation survey and the number of seedlings counted from the seed bank in five functional groups were tested using Vasserstats t-test. This involved comparing per site each of the five functional groups for the vegetation survey data and seed bank data (for example, t-test for site: SNC, Group: forbs – vegetation survey data vs. seed bank data). 
3. Results

3.1 C S R Analysis for the 13 transects
Using the ANOVA results and the plant strategy theory analysis (CSR analysis) the mean C-values for the thirteen coded transects revealed that the within group variation for the Slievenacloy, Black mountain and Divis management units was not significantly different (p>0.05). However within the Cave hill management unit the two burnt sites, CVB and MCFB, displayed significant levels of difference in their mean C-values (p<0.001 and p<0.005 respectively). The highest mean C-value was found at CVB (0.31) this would indicate a high presence of competitor species. The lowest was found at Dump (0.18) this would indicate a low presence of competitors. The other 11 coded transects mean C-values fell within range between the highest mean C-value and the lowest (Figure 6).
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Figure 6 Bar chart showing the mean C-values for the thirteen coded transects. 
Letter denotes statistical significance (A &B) colour coded per management unit.
The ANOVA of the mean S-values of the thirteen coded transects also showed that the within group variation for the Slievenacloy, Black mountain and Divis management units was not significantly different (p>0.05). Again the within group variation for the Cave hill management unit was significantly different (p<0.001). The un-burnt sites of CV and MCF were not significantly different from one another (p>0.05). The burnt site CVB was significantly different from both the un-burnt sites (p<0.001) as was the burnt site MCFB but this site was also significantly different from CVB, thus labelling with the significance code AB (p<0.005). The highest mean S-value was found at MCF (0.72) this means that this location has the most stress-tolerator species out of the thirteen coded transect locations. The lowest was found at CVB (0.61); this would indicate that this area has a low presence of stress-tolerator species. The other 11 coded transects mean S-values fell within range between the highest and the lowest mean S-value (Figure 7).
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Figure 7 Bar chart showing the mean S-values for the thirteen coded transects.
Letter denotes statistical significance (A &B) colour coded per management unit.

In the case of the ANOVA of mean R-values of the thirteen coded transects, the same pattern of within group variation being non-significant for the management units Slievenacloy, Black mountain and Divis was revealed (p>0.05). The within group variation was significantly different within the Cave hill management unit (p<0.005). The un-burnt sites of CV and MCF were not significantly different from one another (p>0.05). The significance lay in the mean R-values for both the burnt sites CVB and MCFB (p<0.001 and p<0.005 respectively). The burnt site MCFB was significantly different from both the un-burnt sites as was the burnt site CVB but this site was also significantly different from MCFB, thus labelling with the significance code AB. The highest mean R-value was found at DUMP (0.11) i.e. the most disturbance hence a high presence of ruderals. The lowest mean R-value was found at MCF (0.013) this low value would indicate an area of little disturbance or abandonment as there is a low ruderal score .The other 11 coded transects mean S-values fell within range between the highest and the lowest mean R-value (Figure 9). 
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Figure 8 Bar chart showing the mean R-values for the thirteen coded transects.
Letter denotes statistical significance (A &B) colour coded per management unit.
3.1.1 C S R Analysis for the four management units
Using the ANOVA results and the plant strategy theory analysis (CSR analysis) the mean C-values for the four management units revealed that the group variation between the Cave hill, Black mountain and Divis management units was not significantly different (F=8.66 d.f.=3 p>0.05). The mean C-value for the Slievenacloy management unit was significantly different as it was significantly lower than the other units (p<0.001) (Figure 9).
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Figure 9 Bar chart showing mean C-values for the four management units in the Belfast hills (Letters A & B denote statistical significance).

Using the ANOVA results and the plant strategy theory analysis (CSR analysis) the mean S-values for the four management units revealed that the group variation between all four units was not significantly different (F=2.57 d.f.=3 p>0.05). The mean C-values for the four units range between 0.68 (Cave hill) and 0.708 (Black mountain) (Figure 10).
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Figure 10 Bar chart showing mean S-values for the four management units in the Belfast hills (Letters A & B denote statistical significance).

Using the ANOVA results and CSR analysis the mean R-values for the four management units revealed that the group variation between the Cave hill, Black mountain and Divis management units was not significantly different (F=3.56 d.f.=3 p>0.01). The mean R-value for the Slievenacloy management unit was significantly different as it was significantly higher than the other units (p<0.05) (Figure 11). 
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Figure 11 Bar chart showing mean R-values for the four management units in the Belfast hills (Letters A & B denote statistical significance).
3.2 Simpson’s Diversity Index for the thirteen coded transects
Using the ANOVA results and the plant strategy theory analysis (CSR analysis) the mean Simpsons (s) values for the thirteen coded transects revealed that only the within group variation for the Divis management unit was not significantly different (p>0.05). The three other management units did display significant differences in within group variation. Within the Cave hill management unit the two burnt sites (CVB and MCFB) were not significantly different in their mean C-values (p>0.05). The un-burnt sites (CV and MCF) were also not significantly different in their mean C-values however the two groups were significantly different from each other (p<0.05). 
Within the Black mountain management unit TR and BM were significantly different from each other (p<0.01), whereas LW and CR were not significantly different to each other but were not significantly different from BM or TR (p>0.05). The two sites within the Slievenacloy management unit were significantly different from each other in their mean Simpson’s (s) value (p<0.001).
The highest mean Simpson’s (s) value i.e. the highest level of diversity was found at MCF (0.69) and the lowest i.e. the lowest level of diversity was found at TR (0.17), the other 11 coded transects mean C-values fell within this range (Figure 12).
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Figure 12 Bar chart showing the mean Simpsons (s) values for the thirteen coded transects. Letter denotes statistical significance (A &B) colour coded per management unit.
3.2.1 Simpson’s Diversity Index for the four management units
Using the ANOVA results and the plant strategy theory analysis (CSR analysis) the mean Simpsons (s) values for the four management units revealed that the group variation between the Black mountain and Divis management units was not significantly different (p>0.05). The mean Simpson’s (s) value for the Cave hill management unit was significantly different from Divis, Black mountain and Slievenacloy (p<0.05). Slievenacloy was also significantly different from the first two management units as well as being significantly different from Cave hill also (p<0.01). The Cave hill management unit also displayed the highest mean Simpson’s (s) value which would indicate that this unit overall had the highest level of species diversity. Slievenacloy displayed the second highest mean Simpson’s (s) value (Figure 13).
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Figure 13 Bar chart showing mean Simpsons (s) values for the four management units in the Belfast hills (Letters A & B & C denote statistical significance).
3.3 Canonical Correspondence Analysis 

The total variance (amount of variability explained) of the heath vegetation assemblages as determined by CCA was 15.1. The first three correlations between the botanical data set, the sites and the management/environmental variables data set were 0.82, 0.673 and 0.836 respectively. The first three Axes account for 15.1% of the variation of the heath vegetation assemblage. After 998 randomized runs of Monte Carlo simulations it demonstrated that the first three axes were significant (Table 5).

CCA demonstrated that variables such as X (extent North) and Y (extent East) were strongly positively correlated with the first Axis, solar was also positively correlated with this axis. Whereas; altitude, slope, peat depth were negatively correlated with Axis 1, grazing was strongly negatively correlated with Axis 1. All of the management/variables analysed were positively correlated with Axis 2. Axis 3 was positively correlated with altitude, slope, solar and strongly positively correlated with peat depth; whereas X, Y and grazing were negatively correlated with this Axis.
	CCA 
	Axis 1 
	Axis 2 
	Axis 3 

	Eigenvalue 
	0.216** 
	0.187** 
	0.156** 

	Variance in species data 

	% of variance explained 
	5.8 
	5.0 
	2.2 

	Cumulative % explained 
	5.8 
	10.9 
	15.1 

	Pearsons correlation 
	0.820** 
	0.673** 
	0.836** 

	"intra-set correlations" 
	Axis 1 
	Axis 2 
	Axis 3 

	X
	0.531
	0.299 
	-0.278 

	Y
	0.574 
	0.219 
	-0.169 

	Altitude
	-0.362 
	0.257
	0.017 

	Slope
	                           -0.201 
	0.381
	0.059 

	Solar
	0.291 
	0.274 
	0.663 

	Peat depth
	-0.207 
	0.068 
	0.243 

	Grazing
	-0.721
	0.038
	-0.247 


Table 5 Result of CCA for vegetation, environmental and management data collected from the four management units of the Belfast hills, Northern Ireland.
A CCA triplot of species plotted on Axis 1 and 2 (Figure 14) shows three sets of clustering which have been identified using colour coded ovals. They show that the species data gathered from the 130 quadrats in the four management units does exhibit clustering of certain species. The presence of certain species within each of the clusters has enabled the labelling of these according to the predominant habitat type they could be indicative of. For example the green oval cluster could be described as movement towards successional scrub with higher levels of solar radiation and a more north westerly aspect. In contrast the blue ovals’ species would indicate a wet heath/blanket bog habitat and has a greater depth of peat and is more heavily grazed. Along Axis 1 there is a graduation from wet habitat to dry habitat along Axis 2 there is a graduation from low altitude to high altitude.
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Figure 14 CCA triplot for 130 quadrats from the four management units of the Belfast hills, Northern Ireland.
Another representation of the data can be seen in Figure 15, where sites have be plotted by taking mean values (± s.e.) of quadrats. They have been labelled according to their transect code and lettered according to their management unit. The sites that have been burnt are also differentiated from the rest of the sites by using red points to indicate burning within the last 12 months or black to indicate an absence of burning in the last 12 months.

Figure 15 also shows a clustering of sites corresponding to their management unit. This can be most clearly seen with the Cave hill sites (management code C) which are also correlated with low levels of grazing, high levels of solar radiation and are the most north westerly of the four management units. In contrast the sites corresponding to the Black mountain management unit experience higher levels of grazing, greater peat depth and lower levels of solar radiation.
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Figure 15 CCA triplot by site (± s.e.)
3.4 Seed Bank Analysis 
The comparison of the vegetation survey and seed bank data for the sites within the Divis management unit did display significant differences in composition in the five functional groups at some sites (t-test p<0.01). The vegetation survey and seed bank data for the site coded SS displayed significant differences in two of the five functional groups. The percentages of the group’s woody shrubs (p<0.001) and grass (p<0.01) were significantly different between the vegetation survey and seed bank data. The former having higher percentages of both groups than the seed bank. 

For the site coded MAST the t-tests for the comparison of the vegetation survey and seed bank data revealed that only the percentage composition of grass was significantly different (p<0.001). The percentage of grass present in the seed bank data was higher in proportion compared with the vegetation survey.

The comparison of the vegetation survey and seed bank data between the five functional groups for the site coded SUMBURN also displayed significance difference in the composition of some groups (this site has been burnt within the last 12 months) (t-test p<0.001) . The functional groups percentages of sedges (p<0.001) and grass (p<0.001) present in the vegetation survey were higher and significantly different from those of the seed bank survey. In contrast the functional groups percentage of woody shrubs (p<0.001) and rushes (p<0.05) had a higher representation in the seed bank survey than that of the vegetation survey which was significantly different. 
The site coded BB is also a site which had been burnt during the last 12 months, no vegetation survey was taken for this area as it was burned before this sampling phase started. However when its seed bank composition is compared with the other sites within the same management unit it appears to have a higher representation (%) of woody shrubs. 
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Figure 16 Bar chart showing the vegetative composition of field survey and seed bank data for the management unit Divis.

	site
	
	woody
	forbs
	grass
	rush
	sedge

	SS
	T
	6.0900
	-0.3300
	4.4800
	-1.1400
	2.2200

	
	P
	0.0002
	0.7490
	0.0015
	0.2838
	0.5356

	MAST
	T
	0.5200
	-1.2800
	6.0000
	-3.7600
	4.7800

	
	P
	0.6156
	0.2320
	0.0002
	0.0045
	0.0010

	SUMBURN
	T
	-3.0500
	4.7100
	1.5800
	-1.9800
	4.8400

	
	P
	0.0010
	0.4550
	<0.001
	0.0362
	0.0008

	BB
	T
	NA
	NA
	NA
	NA
	NA

	
	P
	NA
	NA
	NA
	NA
	NA


Table 6 Table showing results of t-test comparison of vegetation survey and seed bank data according to functional group per site for the management unit Divis

(df = 9, T = t-value, P= significance level).

The comparison of the vegetation survey and seed bank data for the sites within the Black mountain management unit also displayed significant differences in composition in the five functional groups at some sites (t-test p<0.05). The vegetation survey and seed bank data for the site coded BM displayed significant differences in two of the five functional groups. The percentages of the group’s woody shrubs (p<0.05) and grass (p<0.01) were significantly different between the vegetation survey and seed bank data. The former having higher percentages of both groups than the seed bank. 

For the site coded CR the t-test for the comparison of the vegetation survey and seed bank data revealed that there was significant differences between three of the functional groups; forbs (p<0.001), grass (p<0.001) and sedges (p<0.01). The composition of forbs in the seed bank was significantly higher than that of the vegetation survey. The opposite is true of the grass and sedges functional groups both of which are significantly higher in composition for the vegetation survey.

The comparison of the vegetation survey and seed bank data between the five functional groups for the site coded LW also displayed significance difference in the composition of the functional groups woody shrubs (p<0.01) and grass (p<0.0001). Both had a significantly higher representation in the vegetation survey when compared with the seed bank survey. In contrast the functional group rush (p<0.01) had a significantly higher representation in the composition of the seed bank data than in the vegetation survey.
The vegetation survey and the seed bank data for the site coded TR when compared using the t-test results showed that there was significant difference between some of the functional groups (p<0.001). In the case of the vegetation survey for TR the functional groups grass (p<0.001) and sedge (p<0.001) were more significant and had a higher representation than those groups in the seed bank. In contrast the functional groups woody shrubs (p<0.001) and rushes (p<0.05) were more significant and had a higher representation in the seed bank than those groups in the vegetation survey.
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Figure 17 Bar chart showing the vegetative composition of field survey and seed bank data for the management unit Black mountain.

	site
	
	woody
	forbs
	grass
	rush
	sedge

	BM
	T
	2.4700
	1.3500
	2.9200
	-0.3200
	1.0700

	
	P
	0.0350
	0.2099
	0.0170
	0.7560
	0.3120

	CR
	T
	0.1100
	-7.2000
	8.7400
	1.5700
	4.1000

	
	P
	0.9100
	<0.001
	<0.001
	0.1500
	0.0026

	LW
	T
	3.0900
	-1.000
	6.7300
	-3.1000
	1.4300

	
	P
	0.0129
	0.3434
	<0.0001
	0.0127
	0.1865

	TR
	T
	4.7500
	0.7800
	11.0500
	-2.4600
	4.9700

	
	P
	0.0010
	0.455
	<0.001
	0.0362
	0.0008


Table 7 Table showing results of t-test comparison of vegetation survey and seed bank data according to functional group per site for the management unit Black mountain (df = 9, T = t-value, P= significance level).

The comparison of the vegetation survey and seed bank data for the sites within the Cave hill management unit also displayed significant differences in composition in the five functional groups at some sites (p<0.05). The vegetation survey and seed bank data for the site coded CV displayed significant differences in two of the five functional groups. The percentages of the group’s woody shrubs (p<0.001) and sedge (p<0.01) were significantly different between the vegetation survey and seed bank data. The former having higher percentages of both groups than the seed bank. 

For the site coded CVB (burnt within last 12 months) the t-tests for the comparison of the vegetation survey and seed bank data revealed that there were significant differences between two of the functional groups forbs (p<0.05) and grass (p<0.01). The composition of forbs in the vegetation survey was significantly higher than that of the seed bank composition for this group. The same is true for the grass functional group which was significantly higher in composition for the vegetation survey than in the seed bank.

The comparison of the vegetation survey and seed bank data between the five functional groups for the site coded MCF displayed significance difference in the composition of four of the functional groups; woody shrubs, forbs, grass and sedges (p<0.05) . All these functional groups had a significantly higher representation in the vegetation survey when compared with the seed bank survey. 

The vegetation survey and the seed bank data for the site coded MCFB (burnt within last 12 months) when compared using the t-test results showed that there was significant difference between some of the functional groups. In the case of the vegetation survey for MCFB the functional groups grass (p<0.01) and sedge (p<0.05) were more significant and had a higher representation than those groups in the seed bank. In contrast the functional groups woody shrubs (p<0.001) and forbs (p<0.001) were more significant and had a higher representation in the seed bank than those groups in the vegetation survey.
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Figure 18 Bar chart showing the vegetative composition of field survey and seed bank data for the management unit Cave hill.

	site
	
	woody
	forbs
	grass
	rush
	sedge

	CV
	T
	23.2900
	0.0000
	1.4400
	-1.0000
	1.9700

	
	P
	<0.0001
	1.0000
	0.1830
	0.3434
	0.0800

	CVB
	T
	0.8400
	2.6400
	3.4200
	0.8900
	1.5000

	
	P
	0.4220
	0.0269
	0.0076
	0.3966
	0.1670

	MCF
	T
	37.9600
	4.0200
	2.7700
	NA
	1.8700

	
	P
	<0.0001
	0.0030
	0.0217
	NA
	0.0940

	MCFB
	T
	12.4100
	6.6500
	3.3000
	0.6500
	2.6800

	
	P
	<0.001
	<0.0001
	0.0092
	0.5319
	0.0252


Table 8 Table showing results of t-test comparison of vegetation survey and seed bank data according to functional group per site for the management unit Cave hill 

(df = 9, T = t-value, P= significance level).

The comparison of the vegetation survey and seed bank data for the sites within the Slievenacloy management unit also displayed significant differences in composition in the five functional groups at some sites (p<0.05). The vegetation survey and seed bank data for the site coded DUMP displayed significant differences in four of the five functional groups. The percentages of the group’s forbs (p<0.001), grass (p<0.001) and sedge (p<0.001) were significantly different between the vegetation survey and seed bank data. The former having higher percentages of all three groups than the seed bank.  In contrast for the functional group woody shrubs it was significantly different (p<0.001) and had a higher representation in the composition of the seed bank when compared to the vegetation survey.
For the site coded SNC the t-tests for the comparison of the vegetation survey and seed bank data revealed that there were significant differences between three of the functional groups; woody shrubs, grass and rush. The composition of grass (p<0.01) in the vegetation survey was significantly higher than that of the seed bank composition for this groups. The same is not true for the woody shrubs (p<0.001) and rush (p<0.05) functional groups, which were significantly higher in composition in the seed bank than in the vegetation survey.
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Figure 19 Bar chart showing the vegetative composition of field survey and seed bank data for the management unit Slievenacloy.

	site
	
	woody
	forbs
	grass
	rush
	sedge

	SNC
	T
	7.6900
	2.1900
	3.7600
	-2.4500
	2.1500

	
	P
	<0.0001
	0.0563
	0.0045
	0.0367
	0.0600

	DUMP
	T
	7.2500
	4.7600
	9.5400
	-0.5200
	7.1500

	
	P
	<0.0001
	0.0010
	<0.0001
	0.6156
	<0.001


Table 9 Table showing results of t-test comparison of vegetation survey and seed bank data according to functional group per site for the management unit Slievenacloy (df = 9, T = t-value, P= significance level).

4. Discussion

4.1 Interpretation of Results 
4.1.1 C S R Analysis 
According to the CSR analysis performed in this study the four management units in the Belfast hills display the same trend in C, S and R values. All four management units displayed (in descending order) high S values, followed by C values and the lowest value for all four management units is for R. 
Within each management unit more information about the impacts of management (grazing and burning) can be obtained by examining the C, S and R values for each site. Within the Cave hill management unit the recently burnt sites (CVB & MCFB) display the highest R values. This indicates that these areas have been ‘disturbed’ and  this disturbance promotes the growth of ruderals whose vegetative strategy makes them able to rapidly invade and grow in severely disturbed environments (Tow & Lazenby 2001). The ‘disturbance’ in the case of these two sites within the Cave hill management unit is recent burning (within the last 12 months). Burning of the habitat has disrupted the cover of the dominant vegetation and has provided a niche for the growth of ruderal species (Tow & Lazenby 2001). This trend of the most recently burnt sites having the highest R values within the same management unit is also supported by the finding for Divis. The site with the highest R values indicating disturbance is SUMBURN which was burnt within the last 12 months and like the sites on Cave hill the disturbance has created a niche for ruderal species growth.
This trend of the most recently burnt site displaying the highest R value is not true of the Black mountain management unit. The site coded LW has the highest R value and the disturbance at this site which created a niche for ruderals is grazing. However this site was burnt over 12 months ago and it could have been a severe burn from which the vegetation present today is still recovering i.e. stills shows high levels of disturbance. A possible explanation for the recently burnt site (CR) displaying a low R value may be that the burn might have been very superficial and selective. 
The composition of the surface vegetation during this burn event may not have been radically altered i.e. the dominant cover was not sufficiently disturbed to provide a niche for ruderals.
Within the Slievenacloy management unit the site DUMP displayed the highest R value and indicated that it was more disturbed than its counter part SNC within the management unit. No recent burning has taken place in this management unit so the disturbance of the site was provided by grazing cattle. This damage to the dominant cover to provide a niche for ruderals came either directly from the process of defoliation by cattle or indirectly from the effects of treading by livestock (Tow & Lazenby 2001). 

The highest C-values of the respective sites for the Cave hill (CVB), Divis (SS), Black mountain (LW) and Slievenacloy (SNC) management units indicate areas of high resource availability and low disturbance. These types of areas provide the ideal conditions for competitive species which compete aggressively by virtue of their size (Tow & Lazenby 2001). However the site CVB appears to show that it has a matrix of undisturbed habitat and disturbance as it has both a high C value and has a high R. This may be explained by the creation of a heterogeneous community of species through the selective burning of certain areas within the site. The vegetation survey may have contained a mix of both relatively untouched vegetation and burnt areas within the same site, giving this location a mixed habitat. The thirteen sites from the four management units all display similar high S-values which are indicative of habitats with very low productivity. 
Further analysis of the four management units has shown that Divis, Black mountain and Cave hill mean C and R values indicate habitats which are heterogeneous. Meaning that the habitat makeup of the units has areas which experience minimal levels of disturbance and pockets of habitat that are disturbed through the management practices of grazing and/or burning. Out of the four management units mean C and R values Slievenacloy is significantly different as it is the unit which is the most disturbed. This disturbance is through the gazing of livestock.

The mean S-values for each of the management units were analysed and no significant difference between the four was found. As the upland heath of the Belfast hills can be described as nutrient poor and acidic environment this is supports this investigations finding that all four management units are dominated by slow growing ‘stress tolerator’ species (Grime 1979).

The CSR analysis indicates that disturbance is taking place on all management units but the degree of disturbance from both burning and grazing is not negatively effecting the vegetational composition of the Belfast hills upland heath. The management techniques employed at the current time in the Belfast hills are maintaining the dominant cover of stress tolerator species which is to be expected for a low nutrient environment. The management of the habitat by providing elements of disturbance allows ruderal strategists to be maintained alongside the competitor and stress tolerator species and this balance is necessary to maintain the maximum diversity (Smith & Rushton 1994).

4.1.2 Simpson’s Diversity Index 
The results from the analysis of the Simpson’s (s) values for the 13 sites shows that the sites with low levels of disturbance within the four management units have the highest diversity values. This may be because these sites have experienced a period of abandonment which has allowed the infiltration of competitor species such as tall grasses. As there has been low levels of disturbance to disrupt the growth of such species the dominant cover of Calluna may have been disrupted and this has resulted in a variety of species being present and hence a high Simpson’s (s) value.
However these within site variations were masked when the mean Simpson’s (s) values for the four management units were examined. They showed that the management unit Cave hill had the highest diversity value followed by Slievenacloy. Using the mean R-values as a comparison these sites were the most disturbed and hence a disruption in the dominant species cover would have allowed the infiltration of other opportunistic species thus creating a high level of diversity. On Cave hill the disruption is in the form of combined grazing and burning, whereas on Slievenacloy grazing is the only mode of disturbance.
4.1.3 Canonical Correspondence Analysis
In this study Canonical Correspondence Analysis (CCA) was used to test the relationship between species and external predictor variables (management and environmental factors) by means of different types of Monte Carlo permutation tests (ter Braak & Šmilauer 1998). Results from CCA clearly demonstrate that the main drivers of vegetation composition in the Belfast hills are grazing (a form of management negatively correlated with Axis 1), the extent north and east a site is located and the amount of solar radiation a site receives (environmental variables). 

The CCA triplot (Figure 14) and the ordination of heath quadrat data simplified in figure 15 allow more detailed observations to be made. Axis 1 shows a gradient of seral succession from the wet heath/blanket bog composition of the management unit Black mountain in the northwest to the successional scrub of Cave hill in the north east. The successional scrub of Cave hill is congruent with the negative correlation of grazing with Axis 1. This is an area of concern as the succession from an upland heath to scrub poses a threat to the important upland heath habitat of the Belfast hills. The lack of grazing in this location may be explained by its high altitude and sloping which may prevent cattle from grazing this location. Also as these sample sites were taken from the summit of Cave hill (an area of tourist interest) the presence of grazing cattle in this location may have been viewed as a health and safety concern. The grazing gradient along Axis 1 is also supported by the finding that dung is positively correlated with this gradient.
A more detailed definition of the habitat types for each of the four management units has been afforded by the CCA. It shows that whilst Cave hill could be classed as successional scrub, Divis and Black mountain can be classed as wet heath/blanket bog and Slievenacloy as wet heath/grassland. The wet/dry gradient present along Axis 1 could be explained in terms of aspect (south or north facing) and drainage. The Cave hill management receives more solar radiation and is more freely drained than the wet heath/ blanket bog Black mountain management unit. Also with increasing peat depth there is a greater presence of Sphagnum species and this occurs within the wet heath/blanket bog habitat cluster. 
4.1.4 Seed Bank Analysis
The interpretation of seed bank studies is problematic as it is not possible to provide the optimum growing conditions for all species present to germinate (Pakeman & Hay 1996). This may explain why when the seed bank data was compared with the vegetation survey data it revealed that in all thirteen sites grasses were under represented. However this may also be due to the transient nature of the seed bank for some species such as Deschampsia flexuosa and Festuca ovina which produce their seeds in autumn (Pakeman & Hay 1996). As the seed bank sampling was carried out in spring this may account for why the functional category ‘grass’ was underrepresented (Tow & Lazenby 2001). Species which regenerate from rhizomes or species which do not regenerate easily from seed such as Vaccinium myrtillus could have also been underrepresented in this seed bank analysis. Despite difficulties such as this the seed bank sampling should give a reliable indication of the seeds present in the seed bank (Pakeman & Hay 1996).

Of particular interest in the seed bank and vegetation survey is the functional group woody shrubs. This category is made up of important heath species such as the heather family and thus its persistence is of concern for the future management of the Belfast hills.

When viewed as a whole management unit the comparison of seed bank data with the vegetation survey for Cave hill showed that on the least disturbed sites (CV and MCF) there were more woody shrubs present in the surface vegetation than in the seed bank. This may be explained by the greater presence of old stands of vegetation, in particular of Calluna on this management unit. As heather enters into the degenerate phase it tends to produce less seeds. As the Belfast hills are dominated by the presence of woody shrubs, particularly heather, this may be an indication that these sites may require more disturbances to encourage the growth of younger seed producing plants. Older stands of heather may have a lower density of viable seeds below them in the seed bank so in the case of a major disturbance, such as an accidental fire, it may prove catastrophic as the regeneration post fire with be hindered by a poor seed bank.  
This underrepresentation of woody shrubs in the seed bank is also repeated in the management unit on Black mountain at sites BM and LW. These sites do experience disturbance through grazing although as cattle are preferential in their grazing this may have created a matrix of old and young stands and it is possible that sampling mainly took place under older less productive heather.
A general trend for the other sites in the four management units is that disturbance through grazing and burning seems largely to be maintaining or actively encouraging the seed bank beneath the surface vegetation. This illustrates that on the majority of sites despite disturbance through grazing and burning the seed bank is not negatively being impacted upon. This is encouraging for future management of the Belfast hills as it indicates that the upland heath healthy and is able to regenerate both seasonally and after major disturbance events (like accidental fires) without needing much human intervention.
4.2 Management Recommendations 
Maintained disturbance of the four management units through grazing is recommended to prevent the successional scrub-over of the Belfast hills upland heath. As burning in the Belfast hills is not an actively practiced management technique (i.e. fires are accidental or malicious) this study cannot recommend that it continue as an uncontrolled burn could completely destroy vast swathes of this habitat and comprise the seed bank. As this is not a practical solution to such a widespread problem however habitat managers should be reassured by the ability of the heaths’ seed bank to regenerate post fire (provided it has not been an intense burn which compromises the seed bank).

This study also recommends further monitoring takes place near the summit of Cave hill as it has identified as an area which could be scrubbed over by successional species such as Salix and that its woody shrubs like Calluna may be old degenerate stands which have low seed productivity. It would be advisable to re introduce some more targeted disturbance through grazing at these key sites whilst maintaining the right of the public to visit this important landscape in the Belfast Hills.
4.3 Issues for further Study
The upland heath vegetation survey and seed bank survey took place during a relatively short time span for this study. Therefore long term monitoring would be recommended for future studies to assess post-management community composition. Also this study identified the preferential nature of grazing livestock, this could be an area for future investigation into the heterogeneous vegetation matrix they create and its implications for future regeneration. A greater insight could also be given through the long term monitoring of different intensities of burn in upland heath vegetation. This could assess in detail the depth of burning into the seed bank and its implications for regeneration in a post burn community. This study also did not investigate the role of climate change or atmospheric deposition on the upland heat vegetation of the Belfast hills and these areas could be investigated in future studies.   
5. Conclusion
Upland heath in Northern Ireland is an important habitat as it is widely recognised in the scientific community that heath land dominated by Calluna and related dwarf shrubs is of high conservation value. It provides an important habitat for breeding birds, rare plant species such as orchids and supports a wider population of invertebrates. This habitat is often under threat from mismanagement through overgrazing, changing land use and uncontrolled burning. As such it requires careful management and monitoring to prevent further decline of this important habitat.
This study has shown that management of the Belfast upland heath through grazing and burning has not negatively affected the quality or composition of the vegetation. It has also shown that environmental factors such as solar radiation and a sites geographical location does effect the surface vegetation by dictating the nature of a site (if it is a wet or dry) and the species that can grow there.

The continued conservation of the Belfast hills upland heath habitat seems assured through the careful management of its sites by its governing bodies and the preservation of a healthy seed bank that will allow vegetation communities to continue to recover from disturbance episodes.
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7 Appendices

7.1 Appendix 1 
	Species code
	Botanical name

	agro can
	Agrostis canina

	agro cap
	Agrostis capillaris

	anth odo
	Anthoxanthum odoratum

	call vul
	Calluna vulgaris

	care bi
	Carex binervis

	care ech
	Carex echinata

	care nig
	Carex nigra

	care pce
	Carex panacea

	desc fle
	Deschampsia flexuosa

	eric cin
	Erica cinerea

	eric tet
	Erica tetralix

	erio ang
	Eriophorum angustifolium

	erio vag
	Eriophorum vaginatum

	fest ovi
	Festuca ovina

	luzu mul
	Luzula multiflora

	moli cae
	Molinia caerulea

	nard str
	Nardus stricta

	nart oss
	Narthecium ossifragum

	pedi syl
	Pedicularis sylvatica

	poly ser
	Polygala serpyllifolia

	pote ere
	Potentilla erecta

	succ pra
	Succisa pratensis

	Tric cesp
	Trichophorum cespitosus

	vacc myr
	Vaccinium myrtillus

	clad por
	Cladonia portentosa

	dicr sco
	Dicranum scoparium

	hypn cup
	Hypnum cupressiforme

	poly com
	Polytrichum commune

	raco lan
	Racomitrium lanuginosum

	Salix spp
	Salix species

	sphag sp
	Sphagnum species


Table 10 Species codes and Botanical names (modified from McCann & Hamill 2001)
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Germinating seed trays (Bradley 2008) 
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