
 
Provided by the author(s) and University of Galway in accordance with publisher policies. Please cite the

published version when available.

Downloaded 2023-05-19T14:43:59Z

 

Some rights reserved. For more information, please see the item record link above.
 

Title A study of the ecology of the oceanic montane vegetation of
western Ireland and its potential response to climate change

Author(s) Hodd, Rory

Publication
Date 2012-12-03

Item record http://hdl.handle.net/10379/3465

https://aran.library.nuigalway.ie
http://creativecommons.org/licenses/by-nc-nd/3.0/ie/


A study of the ecology of the
oceanic montane vegetation of

western Ireland and its potential
response to climate change

Thesis submitted to the National University of Ireland,
Galway for the degree of Doctor of Philosophy

November 2012

Rory Hodd

Supervisor:

Dr. Micheline Sheehy Skeffington, Botany and Plant
Science, School of Natural Sciences, NUI Galway





Abstract

Within Europe, montane oceanic vegetation is restricted to areas with an

oceanic climate, such as western Ireland. It was found that a wide range of

montane heath and associated vegetation occurs in western Ireland, and can

be dominated by dwarf shrubs, bryophytes or graminoid species. Montane

vegetation dominated by bryophytes, especially the moss Racomitrium

lanuginosum, is particularly restricted to oceanic areas. Much variation

occurs in this vegetation along altitudinal and latitudinal gradients, with

exposure exerting a particularly important influence on the composition of

montane vegetation in Ireland.

The ecology of a community of large leafy liverwort species, known as the

mixed northern hepatic mat, was also studied. This community grows only in

western Ireland and western Scotland and has highly specific climatic

requirements, requiring frequent, high rainfall and a narrow range of

microclimatic conditions. Climatic conditions were measured in hepatic mat

sites using temperature and humidity dataloggers. The habitat preference of

hepatic mat vegetation was found to vary along a latitudinal gradient,

occurring in heath under Calluna vulgaris in the north-west of Ireland, and on

open grassy slopes in the south-west of Ireland.

A particularly pressing threat to these montane plant communities is climate

change. Projections, from species distribution models, suggest that there

may be a future reduction in suitable climate space for the species that make

up these communities in Ireland. Bryophyte species, particularly those of

hepatic mat, are projected to lose climate space in the south of their range

and gain space in the north, which they are unlikely to colonise due to limited

dispersal capacity. Many species of montane heath are projected to lose

space and suitable conditions are projected to occur at only the highest

altitudes in Ireland. Therefore, it is likely that the montane vegetation will be

negatively impacted by climate change in the future.
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1 General Introduction

1.1 Introduction
Ireland is a mainly lowland country, with 5% of Ireland’s land surface above

300m in altitude and 0.25% above 600m (Pochin Mould, 1976). However,

despite the generally lowland geography of Ireland, the west of Ireland, in

particular, contains many mountain ranges that attain altitudes of greater

than 600m, the highest point being at 1,041m. Due to the prevalent oceanic

climate, the higher areas of these mountains can be considered to be truly

montane, and conditions are ideal for the growth of many exclusively

montane plant communities and species. In particular, many communities

rich in bryophytes thrive in the western Irish mountains (Ratcliffe, 1968) and

bryophytes form a prominent and often dominant component of the

vegetation of many montane habitats.

Few studies have been specifically carried out on Irish montane vegetation

or on the bryophytes of montane habitats, although this last has been

partially addressed by the recent work of Lockhart et al. (2012). Many of the

vascular and bryophyte species of montane habitats are highly threatened in

Ireland, and these species, and their associated plant assemblages, may be

particularly threatened by the influence of current and future climate change.

This introductory chapter is adapted from a book chapter entitled ‘Climate

change and oceanic mountain vegetation: a case study of the montane heath

and associated plant communities in western Irish mountains’ (Hodd and

Sheehy Skeffington, 2011; Appendix E). Therefore, the focus is primarily on

the impacts of climate change on montane vegetation in western Ireland.

However all relevant topics are covered (and updated), such that the

background and context for the thesis research are outlined and therefore

provide the basis for the following chapters.
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1.2 Climate change and montane vegetation
It is thought that many species may be unlikely to adapt as fast as the

current accelerated rate of climate change or that predicted for the future

(Berry et al., 2005). There are projected to be major changes in ecosystem

structure and function, species ecological interactions and shifts in

geographical ranges of species, with predominantly negative consequences

for biodiversity and ecosystem goods and services (IPCC, 2007). It is

therefore important to focus on the potential effects of such climate change

on plant and animal communities. Some communities, particularly of the

more sedentary taxa such as plants and less mobile invertebrates, will be

more susceptible than others to climate change, partly due to their

geographical location: they may not be able to migrate to regions with a

compatible climate, either because their dispersal is limited or because the

suitable regions are too far away or non-existent (Walther et al., 2002).

Islands and mountain-tops present these difficult geographical challenges to

the communities that inhabit them. For example, Walther et al. (2005)

concluded that many Alpine plant species have shifted their range upwards

in the past few decades, a trend that has accelerated greatly since 1985.

This upward shift of many species leads, in turn, to increased competition for

plants specifically adapted to higher mountain environments, which also

become restricted in their range, as they may lose already limited climate

space (Gottfried et al., 1999). In order to combat the effects of the current

rapid climate change, organisms must be able to adapt quickly to survive in

their changing environment (Visser, 2008). However, many Alpine and

montane vascular plant species, along with numerous oceanic bryophyte

species, are poor competitors and have limited dispersal ability, and are

therefore unable to adapt rapidly to changes in their environment (Körner,

2003; Porley and Hodgetts, 2006).

In attempting to evaluate the effects of climate change on biodiversity, it is

therefore useful to select habitats that have specific, often localised climatic
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conditions. Plants provide the habitat and food for other species and,

because they are not usually individually mobile, they can be good indicators

of long-term environmental change (Donnelly et al., 2004). Plant

communities of mountain-tops are in an extreme habitat and are vulnerable

to change, specifically to higher temperatures, since many species have an

arctic-montane/arctic-alpine distribution, occurring in regions where

temperatures are low.

The potential changes in climatic conditions that have been predicted for the

near future (IPCC, 2007) may therefore result in corresponding changes in

plant and animal communities. However, in order to interpret these changes

in vegetation, it is important to understand the current climate and its

influence on the present vegetation.

Ireland, on the western fringe of Europe, however, has a climate that is

predominantly influenced by the Atlantic Ocean and therefore represents

another extreme in climate. The mountains in western Ireland, being the first

landfall for weather systems, are particularly subject to constant high

humidity (Sweeney, 1997). Certain plant communities, particularly of

bryophytes (mosses and liverworts) live alongside the arctic-montane

communities, but are dependent on the more equable oceanic climate of the

region. Both communities are therefore potentially useful indicators of climate

change.

Climate change is projected to have a major impact on the phenology,

physiology, distribution, species interactions and community composition of

plants in Western Europe (Walther, 2003; Donnelly et al., 2011). Indeed,

studies over the past 30 years provide evidence that warmer temperatures

have affected these characteristics in organisms (Walther et al., 2002; Jones

et al., 2006). Knowledge of vegetation patterns and distribution provides a

baseline for detecting future change in these patterns and, although species

respond individually to changes in local climate they interact at community
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level; therefore studies of plant and animal communities will give an overview

of the interactive effects of climate change (Duckworth et al., 2000). The

potential effects of climate change on the vegetation in oceanic and coastal

montane areas have been little studied compared to those of continental

areas (Fosaa et al., 2004).

1.3 Oceanic montane climate

1.3.1 The Oceanic climate of western Ireland
The climatic conditions of western Ireland, which are very different from

those even of the midlands and east coast of the country, are among the

principal factors affecting the composition of the vegetation in the region. As

Ireland is located on the Atlantic fringe of Europe, it has a highly oceanic

climate. Oceanicity is a term used to describe conditions of temperature,

humidity and other factors that result from maritime influences and alter the

ecology and environment of oceanic areas (Crawford, 2000). An oceanic

climate does not have extreme high or low temperatures, but does have a

high temperature lapse rate with altitude, high cloudiness, high and frequent

rainfall and humidity, low vapour pressure saturation deficits and often very

high wind speeds (Ratcliffe, 1968; Grace, 1997). The degree of oceanicity

varies locally, and there is a gradient of increasing oceanicity from east to

west, within Britain and Ireland (Ratcliffe, 1968; Brown et al., 1993). Due to

the topography of Ireland, where the uplands are largely coastal, there is a

high climatological contrast between the oceanically influenced maritime

margins and the relatively continental interior of the country (Sweeney,

1997). Climate change is likely to lead to an overall increase in oceanicity in

western European areas that already have an oceanic climate (Crawford,

2000).

Oceanicity can be defined by a number of meteorological methods, most

commonly using the mean annual temperature range and other associated

meteorological and geographical factors. According to the majority of these
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methods of calculating oceanicity, such as Conrad’s index of continentality

(K=[1.7A/sin(φ+10)]-14; K, index of continentality; A=average annual

temperature range; φ=latitude; Conrad, 1946), western Ireland, along with

the Faroe Islands and western Scotland, is classified as hyper-oceanic

(Crawford, 2000). Kirkpatrick and Rushton (1990) calculated the degree of

oceanicity of a number of sites in northern Ireland, using Kotilainen’s index of

oceanicity (K=Ndt/100Δ; N=precipitation in millimetres per year; dt=number

of days with mean temperature between 0 and 10°C; Δ=difference between 

mean temperature of warmest and coldest months; Godske, 1944) and

Conrad’s index of continentality, showing that the most oceanic areas were

in the western montane and coastal parts of that area of Ireland studied.

Averis et al. (2004) also calculated an oceanicity index, based on the mean

annual number of wet days (>1mm of rain) divided by the range of monthly

mean temperatures in °C. An isoline of 20 for this index separates off the

western fringe of Ireland, including the western mountain ranges, from the

rest of the island (Figure 1.1).

Temperatures in Ireland are relatively high for its latitude, due to the warming

influence of the Gulf Stream. As a result there is little frost or snow during the

winters, especially in western coastal areas. However, due to the cooling

effect of the ocean in summer, temperatures do not rise as high as in more

continental areas at similar or higher latitudes (Sweeney, 1997).

Temperatures have a very small range across Ireland between summer and

winter and are strongly influenced by the oceanic climate, especially in the

west. The mean annual temperature in Ireland is about 9°C (www.met.ie);

average daily January temperatures in Kerry, in the south-west, range from 6

- 6.5°C; those for July, from 15 - 15.5°C (Rohan, 1986). The difference in

mean monthly temperature in Connemara (see Figure 1.1 for regions

mentioned in text) between the warmest and coldest month is 8°C, which is

very small compared to elsewhere in Britain and Ireland (Horsfield et al.,

1991). Growth is low below an air temperature of 5°C and the number of

days for the grass growing season in the west of Ireland ranges from 330
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days in the extreme south-west, to 300 days along the Atlantic coast north to

Mayo, but on the Donegal coast, it drops to 270 days (Collins and Cummins,

1996).

Figure 1.1: Irish bioclimatic regions, as defined by the MONARCH project (Berry et

al. 2005). Each group of coloured squares represents a different bioclimatic region.

The mountains of Kerry and Connemara are within a distinct bioclimatic region,

different from that of the mountains of Donegal. The red line represents a value of

20 for the index of climatic oceanicity (after Averis et al. 2004), which increases

west of the line. This is calculated as the mean annual number of wet days (>1mm

of rain) divided by the range of monthly mean temperatures in °C.
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Rainfall and humidity are also strongly influenced by the proximity to the

Atlantic Ocean. The average annual rainfall in the west of Ireland is generally

between 1,000 and 1,250 mm, rising to over 2,000 mm in mountainous areas

(Carruthers, 1998). In general, most areas of western Ireland have over 180

rain days (days on which more than 0.04 mm of rain falls) per year, with

mountainous areas having over 220 rain days per year (Ratcliffe, 1968). The

frequent rainfall contributes to a highly humid atmosphere, especially in

mountain areas of western Ireland. The average relative humidity in western

areas of Ireland is between 70 and 90% (Whilde, 1994; Carruthers, 1998).

The high humidity is further enhanced by high levels of cloudiness, especially

in the west, with complete cloud cover over Ireland for more than 50% of the

year (www.met.ie).

Due to a combination of high rainfall, humidity and cloudiness, and low

sunshine, evapotranspiraton rates are low in western Ireland. Rainfall

exceeds evaporation, so the atmosphere is constantly moist (Whilde, 1994).

This is despite the fact that the oceanic areas of Britain and Ireland are

among the windiest areas in the world (Grace and Unsworth, 1988).

However, the intensity and frequency of strong winds varies greatly across

Ireland; the north-western coastal areas of Ireland are the windiest, with an

average of over 60 days with gales per year (Sweeney, 1997).

1.3.2 The climate of oceanic mountains
The climatic conditions that occur on the mountain summits differ in a

number of ways from the climate at the base of the mountains. Temperatures

decrease with an increase in altitude, with, in oceanic areas, a lapse rate of

about 0.8-1°C per 100 m of altitude gained (Harding, 1978; Crawford, 2000),

and is likely to vary between sites, depending on exposure (Nagy and

Grabherr, 2009). This is significantly higher than the lapse rate in continental

mountain ranges, which is about 0.65°C per 100 m altitude gained (Nagy et
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al., 2005), because of the increased exposure and cloudiness in the oceanic

areas.

Precipitation is higher in mountain areas than in lowland areas. For example,

the mean annual precipitation (1961 – 1990) for the summit of Mangerton

Mountain in Co. Kerry, (altitude 808 m), was 3,230 mm, whereas, for the

same period, this was 1,430 mm at Valentia Island (altitude 9 m), less than

50 km west of Mangerton (Sweeney, 1997). More precipitation falls in the

form of snow and hail at higher altitudes than in the lowlands, but snowfall is

not a significant component of the precipitation regime in western Ireland,

even at higher latitudes or altitudes (Sweeney, 1997).

Humidity is also higher on mountain summits, particularly in areas close to

the sea, as areas above 500-600 m are covered by cloud for most of the

time. This increased cloud cover also results in a reduction in the amount of

sunlight that mountain areas are exposed to (Barry, 1992). Comparing Ben

Nevis (1,344 m) for 1884-1903, with Fort William at its base (53.6 m),

Tansley (1949) lists mean rainfall on the summit (4,084 mm) as more than

double that at Fort William (2,002 mm), temperatures much cooler (mean

July: 5ºC vs 14ºC), and mean sunshine incidence much lower (17% vs 31%).

On the other hand, wind speed increases with altitude, with high winds

frequent at higher altitudes. However, wind speed is more strongly influenced

by topography than altitude (Barry, 1992).

1.3.3 Mountain microclimate and topography
As mountains are topographically complex, a range of topoclimatic and

microclimatic conditions can occur within a small area of a single mountain

depending on altitude, aspect, slope and other factors (Barry, 1992). These

factors, in tandem with the overall climate, geology, soils and land-use,

determine what plant species and communities will grow on a particular area

of a mountain (Barry, 1992). Factors such as temperature, wind and cloud
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cover vary not only with altitude, but with aspect. South-facing slopes receive

more sunshine than north-facing ones (Barry, 1992) and therefore are drier

and warmer than those facing north, where in turn, less evapotranspiration

takes place, resulting in higher humidity (Ratcliffe, 1968). Exposure is

greatest on summits, ridge tops and cols, as wind speeds are higher and

surface temperatures are lower in these places than on the slopes. The

complex effects of high winds and low surface temperatures in exposed

places can result in drier but colder conditions than in more sheltered areas

(Grace and Unsworth, 1989).

Variations in the steepness of slopes also affect the microclimate, as steep

slopes are generally drier than shallower slopes, where moisture is able to

accumulate. The presence of cliffs and corries alters the conditions on the

slopes below the cliffs, as water running off the cliffs accumulates at the cliff

base (Tansley, 1949; Hodd, 2007). There is also less sunlight in corries,

especially those which face north, and are sheltered from strong winds.

These factors all result in less evapotranspiration and, therefore, higher

humidity in corries than on surrounding slopes (Hodd, 2007).

1.4 Montane vegetation

1.4.1 The vegetation of hyper-oceanic mountain areas of north-
western Europe

Oceanic montane vegetation is restricted in Europe to western fringes of

Europe, where a hyper-oceanic climate prevails (Figure 1.2). As western

Ireland, western Scotland and the Faroe Islands all share a hyper-oceanic

climate (Crawford, 2000), these areas have many plant communities in

common. The mountains of these areas are of similar altitude (maximum

altitude ca 800-1350 m), so the main gradient between them is one of

latitude. In all these areas, the montane vegetation is dominated, to varying

degrees, by Calluna heath, moss heath, grassland and blanket bog. The

vegetation of all three regions is highly modified by human activities, such as
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grazing, burning and deforestation (Baxter and Thompson, 1995; Bleasdale

and Sheehy Skeffington, 1995; Fosaa, 2001).

As the Faroes are located considerably further north than Ireland or

Scotland, they have a colder and more severe climate. The vegetation of the

Faroe islands is dominated mainly by grassland at all altitudes, and heath, up

to an altitude of about 400m. At higher altitudes, in the Alpine zone (up to

800-900 m), fell-fields and snow-beds are frequent, with Racomitrium moss-

heath prevalent on many summits (Fosaa, 2001). Calluna vulgaris-Erica

cinerea heath, a vegetation type that is common in a wide range of situations

in more southerly oceanic areas, is restricted in distribution on the Faroes, as

it is at its northern limit here (Fosaa, 2001).

Figure 1.2: The distribution of temperate, oceanic montane vegetation in Europe

(delineated by red line). (After Ratcliffe, 1968; Averis et al., 2004).

The vegetation of the Highlands of Scotland shares some similarities with the

Faroe Islands, with dwarf shrub heath giving way to moss heath and

grassland at higher altitudes and some snow-bed vegetation present on the

higher peaks (Tansley, 1949; McVean and Ratcliffe, 1962; Averis et al.,

2004). Due to a combination of lower altitude and, especially, latitude, snow-
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bed and associated cold-climate vegetation types are completely absent

from the western Irish mountains. There are, however, many similarities in

the vegetation of the heaths, bogs and grassland of these areas.

1.4.2 The vegetation of the western Irish mountains
The mountains of western Ireland are predominantly covered by blanket bog,

rough pasture and heathland (Whilde, 1994; Carruthers, 1998). Blanket bog

vegetation is widespread throughout the Irish mountains, especially on

shallow slopes, where deep peat is able to accumulate. Peatlands are

strongly reliant on the occurrence of oceanic conditions, as they require high

rainfall and low evapotranspiration rates to form (Taylor, 1983; Mitchell and

Ryan, 1997). Grassland also occurs throughout the Irish mountains, often on

more basic rocks and where grazing or exposure prevents or eliminates the

growth of larger shrub species, such as Calluna vulgaris (Bleasdale and

Sheehy Skeffington, 1995; McKee et al.,1998).

Many of the Irish mountains have abundant rocky habitats, mainly in the form

of screes and cliffs. The scree slopes are generally colonised by vegetation

from surrounding stands of grassland and heath and can support rare

oceanic bryophyte species such as Scapania ornithopodioides and

Mastigophora woodsii (Hodd, 2007). The cliffs support fragmentary

vegetation, and where conditions of geology and aspect are suitable, a

number of rare arctic-montane species occur (Praeger, 1934; Roden, 1986).

Although the mountains of Ireland are low in relation to the majority of

mountain ranges in other parts of Europe, the higher areas of these

mountain ranges could be classified as Alpine. Alpine areas are defined as

those above the potential tree-line (the highest altitude at which trees >3 m in

height form distinct groups; Körner, 2003; Nagy and Grabherr, 2009).

However, in Britain and Ireland, it is more appropriate to refer to areas above
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the potential tree-line as montane, and areas above the limits of enclosed

farmland as sub-montane (Ratcliffe and Thompson, 1988).

At Ireland’s latitude, between 51° and 54° north, the tree line would be

expected to be well over 1,000 m (Körner, 2003), higher than most peaks in

Ireland. However, due to the influence of the oceanic climate, the potential

tree-line on the western Irish mountains is depressed, as a consequence of

increased cloudiness and exposure (Crawford, 2000). Grace (1997)

suggests that the factors that control the tree-line are different in oceanic

areas than in areas with a continental climate. Factors such as frost-stress

and temperature limitation that limit the tree line in continental areas (Körner,

2003) are ameliorated by the mild oceanic climate. But in Britain and Ireland,

wind is likely to be the main controlling factor in limiting tree growth at high

altitude (Tansley, 1949; Grace, 1997). Firstly, there is a wind-cooling effect,

which brings the vegetation temperature down close to that of the air. The

second factor is wind-blasting, where small particles lifted from soil and rocks

abrade the plant surfaces and the third factor is the mechanical response of

the plant structure to strong winds (Grace, 1997). Wind-pruning of exposed

coastal trees curtails their growth (Crawford, 2005), as the salt in these winds

inhibits the meristematic growth on the seaward side (Doutt, 1941).

In Ireland, the highest surviving natural forests occur up to an altitude of 330

m (Cross, 2006), but the natural tree-line would be located at a higher

altitude than this. It is not easy to define the potential tree-line, as

anthropogenic impacts, through grazing, burning and felling of natural

forests, coupled with the hyper-oceanic climate, have led to a major

reduction in the extent of Irish woodland (Crawford, 2005), with any

woodland near the potential location of the tree-line having been eradicated.

Once the woodland was felled, it was difficult for it to become re-established,

due to leaching, impoverishment and waterlogging of the soils and it was

replaced by encroaching bog and heath (Mitchell and Ryan, 1997).
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In Britain, it has been estimated that the former Holocene tree-line varies

from less than 500 m in the North-West Scottish Highlands and Islands to

around 800 m in the Cairngorms and Pennines (Birks, 1988). There are no

equivalent estimates for Ireland, but Cross (2006) suggests that montane

Betula pubescens forest, in mosaic with bog and heath, would occur in

Ireland up to an altitude of 700 m, without any anthropogenic impact. Whilde

(1994) notes that the tree-line in Connemara is at 450 m, but the original

source of this observation is not clear. Taking into account differences in

latitude and the hyper-oceanic climate of western Ireland, it is likely that the

potential natural tree-line on the western Irish mountains would be, at its

maximum, between 550 and 650 m, perhaps lower than 500 m in north-west

Donegal (colder and more wind) and lower again in areas exposed directly to

the influence of the ocean. As exposure is the main controlling factor in the

position of the natural treeline in oceanic regions, it is likely that the altitude

of the tree-line would fluctuate greatly, depending on the degree of exposure,

ranging from close to sea level in very exposed areas to relatively high

altitudes in sheltered valleys (Poore and McVean, 1957)

1.4.3 Montane heath in the west of Ireland
Much of the vegetation of the mountains of western Ireland can be classified

as montane heath. In the strictest sense, the term ‘heath’ is used to describe

only areas that are dominated by shrubby, ericaceous species, such as

Calluna vulgaris (Gimingham, 1972). However, in a broader sense,

especially in Britain, heath is used to describe any community occurring on

acidic, podzolised soils and can include lichen, moss and rush heath, among

others (Rodwell, 1992; Averis et al., 2004). There is no clear delineation

between lowland, montane and ‘Alpine’ heath, so montane heath, in Ireland,

will here be taken to mean any heath community (with or without Calluna)

occurring above an altitude of about 400 m. Montane heath has been shown

to be very sensitive to climate change and many species are likely not to be

able to migrate to areas of suitable climate (Harrison et al., 2001).
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There is a variety of heath communities present on the western Irish

mountains, which are similar in many instances to those described for

Britain. The majority of montane heath vegetation in Ireland grows on peat,

so, in many instances, the heath communities intergrade into upland blanket

bog. Heath is generally distinguished from blanket bog by the depth of peat

(greater than 1 m in blanket bog; Rodwell, 1991), the presence of more

ericoid species and less Sphagnum moss. Wet and dry heath are also

distinguished by peat depth (greater than 50 cm in wet heath) and the

species composition, with less Sphagnum and fewer sedge (Cyperaceae)

species in dry heath (Rodwell, 1991). However, in practice, it is often difficult

to distinguish clear boundaries between plant communities in extremely

oceanic areas (Fosaa, 2001). Plant communities that would be described as

dry heath may occur on peat >50 cm depth and wet heath and blanket bog

communities may grow on relatively shallow peat.

Montane heath communities in the west of Ireland are dominated by dwarf

shrubs, bryophytes, rushes (Juncaceae) and sedges. The most frequent type

of montane heath is characterised by the dwarf shrub Calluna vulgaris, which

occurs in most montane heath vegetation types and at all altitudes

(Gimingham, 1972). On slopes at lower altitudes and in sheltered corries free

from overgrazing, Calluna can form a canopy of up to 1 m, under which a

luxuriant understory of bryophytes often occurs (Plate 1). This can either

consist of large pleurocarpous mosses or a rare liverwort community (hepatic

mats), where conditions are right (Averis et al., 2004). Other dwarf shrubs

often associated with Calluna vulgaris include Vaccinium myrtillus,

Empetrum nigrum and, mainly in northern areas of the country, the arctic-

montane species Arctostaphylos uva-ursi and Vaccinium vitis-idaea The

dwarf willow Salix herbacea is also frequent on Irish mountain-tops. Calluna

vulgaris grows up to an altitude of over 1,000 m, but at altitudes of over

about 600-700 m, generally does not grow taller than 5-10 cm, and is often

sub-dominant to other species, depending on the degree of exposure and
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grazing (Tansley, 1949; McKee et al., 1998). Heaths of central and eastern

Irish mountains tend to be more frequently dominated by Calluna vulgaris

and, though bryophytes can be abundant, they are less species-rich and

dominated mainly by mosses (Tansley, 1949; Moore, 1960).

Grass, rush and sedge heaths occur at all altitudes in Ireland, although it

could be argued that these communities should not be strictly classified as

heath vegetation (sensu Gimingham, 1972), but rather as grassland. These

communities are often derived from ericaceous heath communities, as a

result of overgrazing and are usually dominated by the grass Nardus stricta

and the rush Juncus squarrosus (Bleasdale and Sheehy Skeffington, 1995).

Sedge heath, dominated by Carex bigelowii, is infrequent, but widespread, in

Ireland (Perrin et al., 2011). C. bigelowii is often a component of snow-bed

communities in Scotland, where there is a range of vegetation types

restricted to areas where snow lies late in the spring (McVean and Ratcliffe,

1962; Averis et al., 2004).

Bryophyte heath is a highly oceanic vegetation type (thriving in the almost

continuously moist climate), and, as such, is frequent in the mountains of

western Ireland, but is not abundant in central and eastern parts of Ireland.

The most widespread and well-documented type of bryophyte heath is

Racomitrium heath, which is dominated by the large acrocarpous moss,

Racomitrium lanuginosum (Plate 2). It occurs mainly at higher altitudes, on

exposed summits and ridges (Averis et al., 2004) and usually grows in

association with Calluna. Another type of bryophyte heath, defined by Mhic

Daeid (1976), is dominated by the liverwort Herbertus hutchinsiae without a

tall Calluna vulgaris canopy. This community occurs mainly, but not

exclusively, on east- to north-facing slopes and corries. It often contains

many oceanic species, where it becomes known as a mixed northern hepatic

mat.
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1.4.4 Arctic-montane species
Arctic-montane species are species that are distributed mainly north of the

Arctic timber line and in moderate-to-high altitude areas further south. They

differ from arctic-alpine species in that they can be found below the tree line

in southern areas, and can grow at sea level in oceanic areas (Dahl, 1998).

In comparison to the Scottish Highlands, and especially continental mountain

ranges, Ireland has a small and much reduced arctic-montane flora, due to a

combination of the low altitude of the Irish mountains and the lack of

suitability of oceanic mountains in general for the growth of many arctic-

montane plant species (Crawford, 2008). In general the Irish arctic-montane

flora is restricted to either north-facing montane cliffs and corries, with some

calcareous bedrock present (Roden, 1986) or montane heath on mountain

summits and ridges.

These species are considered to be relicts and are believed to have survived

since early post-glacial times (Pearsall, 1950). The majority only grow in

areas with little or no plant competition or grazing and with the right aspect,

altitude and geology. Therefore, these species grow in scattered localities

throughout the west of Ireland (Preston et al., 2002) and are often restricted

to isolated patches where all of the conditions are right for their growth.

Although there are a number of relatively large areas of high ground in

coastal areas of eastern Ireland, especially in Wicklow and the Mourne

Mountains, fewer arctic-montane species occur there than in the west of

Ireland. This is possibly because the eastern Irish mountain ranges are less

montane than mountain ranges in the west of Ireland, as they are less

oceanic. Therefore, the exposure is less severe, resulting in increased

competition from more vigorous species. Hart (1891) also notes the lack of

suitable habitat for these species in the Wicklow mountains. The potential

reduced distribution and loss of arctic-montane species may also be of use

as indicators of climate change in Ireland (Donnelly et al., 2004).
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In general, more arctic-montane species occur in the north-west of Ireland

than elsewhere in the country (Praeger, 1950). These species also occur in

greater abundance and at lower altitudes in the north-west of the country

(Hart, 1891), suggesting that temperature is a major control on the

distribution of these species in Ireland, as has been recorded in other parts

of Europe (Dahl, 1998). However, geology also has a strong influence on the

distribution of Arctic-montane species, as there is more suitable montane

ground on calcareous bedrock in the north-west of Ireland than in other

montane parts of Ireland (Praeger, 1950). Competition and disturbance also

limit the distribution of arctic-montane and Alpine species, as these species,

in response to relatively harsh montane conditions, are generally very slow-

growing and low in habit (Körner, 2003), so have a low tolerance of changes

in their environment or invasion of species of more temperate

(micro)climates (Crawford, 2008). Many, indeed, may only set seed on

occasion (Hart, 1891). The arctic-montane bryophyte communities are poorly

represented in Ireland but Watson (1925) lists over 30 bryophyte species as

occurring almost exclusively above 600 m in Britain. Such species are

adapted to extremes in climate and also may not frequently reproduce

sexually (Watson, 1925).

1.4.5 Mixed northern hepatic mats
Leafy liverworts (or hepatics) are particularly thin-leaved, weak, plants that

require almost constant moisture to grow and photosynthesise, and are

dormant in the absence of water (Porley and Hodgetts, 2005). Therefore,

liverworts abound only in the most constantly wet regions of the world. Areas

with a highly oceanic climate in Europe, specifically Macaronesia, Ireland,

Scotland, the Faroe Islands and western Norway are considered to be

European centres of diversity for bryophytes (Hodgetts, 1996). Due to the

equable climate of south-western Ireland, conditions are extremely suitable

for the growth of oceanic bryophyte, and species of both southern and

northern Atlantic distribution grow in close proximity to each other, with
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southern species, such as Adelanthus decipiens and the fern Trichomanes

speciosum, able to grow at relatively high altitudes and northern species,

such as Scapania nimbosa and Bazzania pearsonii, descending to relatively

low altitudes at some sites in Kerry (Ratcliffe, 1968).

One distinct liverwort community is the mixed northern hepatic mat, or

liverwort heath, a community of large leafy liverwort species, of highly

oceanic distribution (Ratcliffe, 1968). It is confined primarily to western

Scotland and western Ireland, with some outlying, less species-rich, stands

in Wales, northern England, the Faroe Islands and southern Norway (Averis,

1994). Many of the species of this community have their European

stronghold in these hyper-oceanic areas and are of disjunct distribution,

growing elsewhere only in north-western North America, the Himalayas and

China (Averis, 1994). Liverwort heath communities, similar in composition to

Irish and Scottish hepatic mats, have been recorded from various parts of the

Himalayas and other Asian mountain ranges, such as by Long (2008), on the

Gaoligong Shan mountains on the Sino-Burmese border.

Within Ireland, this community grows only in upland areas of Donegal, Mayo,

Connemara and Kerry (Preston et al., 1991; Holyoak, 2003). Its distribution is

controlled primarily by two factors; climate and topography. Hepatic mats

require constant high humidity and therefore are confined mainly to areas

with more than 220 rain days (days with more than 0.01 mm of rain) per year

(Ratcliffe, 1968; Hobbs, 1988). However, topography is equally important, as

hepatic mats favour north- to east-facing slopes, which are cooler and more

shaded than other aspects, as well as receiving less sunlight, resulting in an

increase in atmospheric humidity (Averis, 1992). The reduction in sunlight

also results in an increase in the growth and competitiveness of bryophyte

species (Poore and McVean, 1957).

These communities form pure mats, rich in bryophytes, in a number of

habitats in mountain areas (Plate 5). In Scotland, hepatic mats most
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frequently occur in Calluna vulgaris - Vaccinium myrtillus - Sphagnum

capillifolium heath (Averis et al., 2004), under a moderately open canopy of

tall heather. Stands of hepatic mat vegetation, of varying species richness,

also occur on rocky, grassy slopes and inaccessible cliffs in corries, as well

as occasionally in woodland (Ratcliffe, 1968).

Hepatic mats are particularly vulnerable to any disturbances to their habitat

or changes in conditions, as, apart from having specific climatic

requirements, they also have low dispersal ability, being restricted almost

exclusively to vegetative reproduction (Rothero, 2003). Only one of the

principal liverwort species of this community, Anastrophyllum donnianum,

which does not occur in Ireland, has been known to produce sporophytes in

Britain, on one occasion (Averis, 1992). Currently, the main threats to hepatic

mats in Scotland and Ireland are burning, grazing (Porley and Hodgetts,

2005; Holyoak, 2006) and climate change.

The effects of overgrazing on hepatic mats are clearly visible in many parts

of western Ireland, especially Connemara, where sheep overstocking has

lead, at one of the few European sites for the rare liverwort Adelanthus

lindenbergianus, to the complete loss of Calluna cover in many places, along

with nearly all of the hepatic mat vegetation (Holyoak, 2006). The hepatic

mat vegetation is in better condition in parts Kerry, Mayo and Donegal, but

degradation due to grazing has occurred in all these areas, to varying

extents (Holyoak, 2006). Climate change is a threat to the survival of hepatic

mat vegetation, as hepatic mats are highly dependant on suitable climatic

conditions for growth (Averis, 1992; Porley and Hodgetts, 2005), as will be

discussed in section 1.5.

1.4.6 Human impact on mountain vegetation in Ireland
In assessing climate effects on vegetation, it is important to consider other

environmental impacts, especially anthropogenic, that might mask climatic
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effects. The main human impact on montane vegetation in Ireland is through

the grazing of sheep. Increases in the number of sheep over the past 25

years have led to overgrazing in many parts of the Irish uplands, especially in

Connemara and Mayo (Bleasdale and Sheehy Skeffington, 1995; Sheehy

Skeffington et al., 1996).

The severity of grazing varies depending on topography and soils, with less

grazing generally occurring on steeper slopes and cliffs. Overgrazing can

lead to changes in vegetation type and cover, with grassland replacing

heath, for example, and in severe cases can result in the erosion of the

majority of vegetation and soil from a slope (Bleasdale, 1998). It has been

shown that the distribution and extent of montane heath in England and

Wales has been severely reduced by the impacts of overgrazing (Britton et

al., 2005b). Rare bryophytes of the mixed northern hepatic mat community

are particularly vulnerable to the effects of overgrazing, and many stands of

hepatic mat have been severely damaged and destroyed in Ireland (Plate 8;

Holyoak, 2006). Forestry is planted over large areas of the uplands in

western Ireland, but not usually above 400-500 m in altitude. Other human

impacts are minor, with leisure activities such as hill-walking and rock

climbing restricted to a few more popular mountains. (MacGowan and Doyle,

1998).

Nitrogen deposition, due to various human activities, such as fossil fuel

combustion and intensive agriculture, has been shown to have a major effect

on the composition of upland vegetation, as mountain areas are particularly

vulnerable to N-deposition (Britton et al., 2005a). At high levels of N-

deposition, montane heath can be replaced by grassland (Leith et al., 1999).

Oceanic bryophyte species, especially the frequent and important

Racomitrium lanuginosum, are particularly vulnerable to the deposition of

nitrogen (Pearce et al., 2003). However, as western Ireland is located far

from any major industrial centres and the prevailing winds are from the

Atlantic Ocean, the effects of nitrogen deposition are less pronounced.
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1.5 The conservation status of montane habitats and species in
Ireland

Heath, in general, is of conservation significance and nine different heath

habitats are listed in the EU Habitats Directive (Council Directive

92/43/EEC). Northern Atlantic wet heaths (4010), Alpine heaths (4060) and

European dry heaths (4030) are present in Ireland, but the characteristics

listed for these (European Communities, 2007) do not fully correspond to

those of the upland oceanic heaths of the west of Ireland, especially as they

are all characterised by small shrubs. Due to the location of Ireland on the

hyper-oceanic fringe of western Europe, the vegetation of the montane

heaths is different from more continental mountains and as such, is rare and

of high conservation importance.

Since the arctic-montane species in Ireland are on the edge of their climatic

range, they may disappear with climate change. This is particularly likely, as,

since they are on mountain summits, they cannot migrate further up in

altitude. They may shift their distribution to the more northerly mountains in

Ireland, but this depends on their dispersal ability (Sætersdal and Birks,

1997). Many vascular species potentially threatened by climate change are

montane.

The hepatic mats specifically and oceanic bryophyte communities in general,

are confined to western Scotland and Ireland and are therefore of

international importance, yet they have little protective legislation (Holyoak,

2006). Ireland, as a European stronghold for hepatic mat vegetation, has a

special responsibility for their conservation, The Habitats Directive Manual

(European Communities, 2007) does not refer to any bryophyte community

under the Heath category and therefore hepatic mats and Racomitrium heath

still require international recognition. However, in Ireland, many mountains

are designated as Special Areas of Conservation (SACs) under the Habitats

Directive for their rare or unusual plant communities, which therefore receive

some protection and international recognition. The high altitude plant
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communities in particular need to be maintained in good condition to

maximise their resilience to climate change (Trivedi et al., 2008). However,

their conservation is hampered by heavy grazing in many uplands

(Bleasdale, 1998; Sheehy Skeffington et al., 1998). The inclusion of plant

species in a red data list (Curtis and McGough, 1988) highlights their

vulnerability to any habitat change and currently about 14 arctic-montane

vascular plants are listed as endangered. Only 18 species of bryophyte are

listed in the Irish Flora (Protection) Order, 1999, but a new red list of Irish

bryophytes (Lockhart et al., 2012) has recently been published, which is

likely to improve the protection status of Irish bryophytes.

1.6 Potential climate change and its effects on western Irish montane
vegetation

1.6.1 Temperature effects on oceanic montane vegetation
It is predicted that the climate of western Ireland will change in a number

ways as a result of global climate change. In Ireland, as a whole, average

temperatures are predicted to rise by up to 3-4 degrees by the end of the

century (McGrath and Lynch, 2008). This rise is expected to be greater in the

south and east of the country and, by the middle of the century, winters in the

north of Ireland are projected to become similar to the winters experienced in

Cork and Kerry, in the south-west, during the period 1960-1991 (Sweeney

and Fealy, 2002). These rises in winter temperatures may result in a

reduction in the frequencies of frost, especially in oceanic mountain areas.

As the length of the growing season is controlled primarily by the occurrence

of frost, plant growth may be able to continue year-round (Pepin, 1997).

These rises in temperature and associated changes may have a number of

effects on the biodiversity of montane habitats in western Ireland. Montane

species are particularly vulnerable to rises in temperature, as they are

adapted in a number of ways to colder conditions (Trivedi et al., 2008). The

most likely species to be affected are the arctic-montane vascular plant

species, due to their adaptation to cold conditions and low growth rates.
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Temperature rises may have an indirect, rather than direct, effect on these

species (Sætersdal and Birks, 1997), in that rises in temperature may cause

lowland species to expand their range to higher altitudes, thus coming into

direct competition with arctic-montane species (Grabherr et al., 1994,

Gottfried et al., 1999, Walther et al., 2005). As these latter species are

limited in range and slow-growing, often reproducing vegetatively, their ability

to compete or, alternatively, adjust their range to higher altitudes, is likely to

be minimal. Many are stress-tolerators and are poor competitors (sensu

Grime, 1979). A number of oceanic bryophyte communities are also likely to

be affected, including Racomitrium heath and hepatic mat vegetation, which

may lose cover and growth space as a result of increased competition from

vascular plants (Porley and Hodgetts, 2005, Trivedi et al., 2008).

The possible drier summers may also inhibit their growth throughout a longer

period of the year. The changes in competitive balance may lead to an

upward altitudinal shift in the distribution of montane vegetation, resulting in

possible major changes in plant community structure and a significant loss of

climate space for many species (Berry et al., 2003). Temperature rises and

warmer winters also affect phenological changes in plants (Jones et al.,

2006), leading to early budburst. This could be especially detrimental to plant

growth and survival in mountain areas, where relatively cold, severe periods

can still occur into spring, with possible consequent damage to young

foliage.

1.6.2 Rainfall changes and effects on montane oceanic vegetation
Precipitation in Ireland is expected to increase overall, with larger variations

between seasons. By the end of the century, rainfall in Ireland is expected to

increase by about 15-20% in winter and autumn, but to decrease in the

summer by up to 25% (Sweeney and Fealy, 2002, McGrath and Lynch,

2008). It is the potential decrease in summer precipitation that is likely to

result in the greatest changes for oceanic vegetation. Even the smallest
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change in summer water balance can change the conditions for plant growth,

with peatlands being regarded as particularly vulnerable to change (Jones et

al., 2006).

The mixed northern hepatic mat bryophytes, which have very specific

climatic requirements are also likely to be vulnerable to decreases in summer

precipitation. Although species of the hepatic mat community have been

shown to be moderately resistant to prolonged drought (Averis, 1994),

liverworts require abundant moisture to grow and survive in the long-term. In

the event of prolonged drought, the liverworts’ growing season would be

interrupted and their already limited dispersal capacity is likely to become

further reduced. This would make them more vulnerable to competition from

other species and any disturbance, such as that provided by grazing, would

have an even more detrimental effect, when combined with climate change.

Temperature rises may also negatively affect hepatic mats, as the species

are mainly of northern and montane distribution and are not tolerant of very

high temperatures (Averis, 1994). A combination of decreases in summer

precipitation and increases in temperatures may result in a marked

contraction of the range of hepatic mat vegetation, especially at the edges of

its range, on more open slopes and in south-western Ireland.

1.6.3 Other potential impacts on montane biodiversity
Due to the uncertainty involved with applying climate models, especially in

oceanic and montane areas (Coll et al., 2005; Trivedi et al., 2008), it is likely

that changes other than those discussed above may occur. It is possible that

the proximity of Ireland to the Atlantic Ocean may have a buffering effect,

with the ocean mitigating the effects of climate change, to a certain extent.

Climate change may also result in an increase in oceanicity (Crawford,

2000), which may be favourable to the growth and survival of Atlantic

bryophyte species. Precipitation changes may not occur as projected, due to
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a large amount of uncertainty in modelling patterns of precipitation,

particularly in topographically diverse oceanic areas (Coll et al., 2005).

Temperature changes may also not occur as projected, as some models

predict a weakening of the Gulf Stream which keeps winter temperatures

high along the Atlantic coast of Europe (Sweeney, 1997). If temperatures

were to drop as a consequence of the weakening of the Gulf Stream, certain

species, especially those of arctic-montane distribution, may migrate

downwards to lower altitudes, leading to an expansion in range (Fosaa,

2004). Even in the event of temperatures rising in the west of Ireland,

lowland species may not be able to colonise mountain summits and ridges.

In oceanic areas especially, temperature is not the only limiting factor for

plant growth on mountains. Wind speed is also a major factor controlling the

distribution of plant species in oceanic areas (Crabtree and Ellis, 2010) and

may limit the spread of lowland species up mountains. Therefore, the plant

communities of mountain tops and ridges may not change significantly, as

many lowland species would be unable to cope with high winds and

exposure (Sætersdal and Birks, 1997). Although there are substantial

uncertainties involved in projecting the exact impact of changes in the

climate on the plant communities of the mountains of western Ireland, it is

likely that the composition and distribution of these communities will undergo

great change in response to the changing climate.

1.7 Conclusions
The unique oceanic montane plant communities of the west of Ireland are

extremely vulnerable and highly threatened, especially by climate change

which is mostly beyond human control. It is vital to establish the current

composition and condition of these plant communities in Ireland and produce

further insight into their ecology and climatic requirements and tolerances.

This will inform conservation bodies regarding potential conservation

measures for the habitats and their species. Little climatic data from montane



Chapter 1

28

areas in Ireland exist, so it is necessary to collect these data from the

habitats in which these species and communities occur. In particular,

montane vegetation containing either mixed northern hepatic mat liverwort

species or arctic-montane vascular species is of very high conservation

importance and both have very specific climate requirements. Therefore the

documentation of their distribution and of the factors that affect this is a

primary requirement in order to initiate conservation measures. It is also vital

to ascertain how these species and communities may respond to any

potential future changes in their environment caused by climate change. This

study will address some of the gaps in the knowledge of these species and

will thus assist in the effective conservation of Irish montane vegetation.

Layout of thesis

The chapters that follow will be laid out in the form of papers, each with an

introduction, methodology, results and discussion sections. Chapter 2 is

concerned with classifying the montane vegetation which occurs in western

Ireland, and which factors determine its composition. Chapter 3 will detail the

mixed northern hepatic mat vegetation of western Ireland, and the

microclimatic conditions which it requires to grow. Chapter 4 is a short

chapter, describing climate data collected from a weather station located at

700m altitude in Co. Kerry. Chapter 5 describes the results of species

distribution modelling carried out on montane species, under future climate

change scenarios. The results of these chapters will then be discussed in

relation to each other and in a wider context.
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2 Classification of Irish oceanic montane heath and associated
vegetation, in relation to topography, climate and exposure

2.1 Introduction
The term ‘montane’ can be applied to any area above the potential tree-line

of a mountain within Britain and Ireland. This vegetation zone is analogous to

the low- to mid-Alpine zone of continental European mountain ranges

(Thompson and Brown, 1992). It would not be appropriate to use the term

‘Alpine’ in Ireland, as a true Alpine zone is absent. The lower limit of this

zone is not easy to define, as it is dependent on the position of the potential

tree-line, which is absent from most parts of these islands, as a result of

anthropogenic impacts. It is also likely that the tree-line would vary greatly

with aspect and latitude, depending on the degree of exposure (Hodd and

Sheehy Skeffington, 2011a).

The proximity of the western regions of Europe to the Atlantic Ocean results

in a highly oceanic climate, which has a major impact on the vegetation of

these areas. The main features of this climate are: a small range of

temperatures throughout the year, a high lapse rate (decrease in

temperature with increasing altitude), high cloudiness, high, frequent rainfall,

high humidity, low vapour saturation deficits and high wind speeds (Grace,

1997; Crawford, 2000). A major effect of oceanicity is a decrease in the lower

limit of the montane zone, and the limit of the occurrence of montane

species, as a result of depression of the tree-line through increased

cloudiness and high exposure (Crawford, 2000). Based on its latitude,

Ireland would be expected to have a tree-line at well in excess of 1000m

(Körner, 2003). However, evidence suggests that the tree-line in oceanic

areas would reach a maximum of 550 to 650m altitude and much lower in

areas with direct exposure to the ocean or the prevailing winds (Grace 1997;

Crawford, 2000; Hodd and Sheehy Skeffington, 2011a; Chapter 1).

Another consequence of the oceanic climate is that the vegetation of these

areas is rich in bryophytes, particularly those with an Atlantic distribution
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(Ratcliffe, 1968). Additionally, the frequent, high rainfall and high humidity

lead to the widespread formation of peat, resulting in a high cover of bog and

wet heath vegetation (Goodwillie, 1980).

2.1.1 Oceanic montane vegetation in Europe
Within Europe, Oceanic montane vegetation is restricted to the far west, with

elements of this vegetation occurring in Norway, the Faeroe Islands, Britain

and Ireland. The mountains of these areas support a range of vegetation,

including grassland, bog, wet and dry heath and rocky habitats. However,

many of these plant communities are also to be found in many situations, at

a range of altitudes, and are not exclusively montane. The term montane

vegetation (heath) can be used to describe vegetation occurring at high

altitudes (usually over 400m in Ireland, but lower in exposed areas),

characterised by the presence of low, wind-clipped vegetation and species

that are indicative of higher altitudes (Perrin et al., 2011). Racomitrium

lanuginosum is abundant in much oceanic montane heath and sedge or rush

species can dominate locally (Perrin et al., 2011). Snow-bed communities

are well represented in northern areas of the oceanic regions of Europe, but

are absent from southern montane areas, where long-term snow-lie is

infrequent. Sparse vegetation of open, rocky ridge-tops and plateaux can

also be included in the category of montane vegetation in Europe.

2.1.2 Classification of British montane vegetation
Many classifications have been carried out of British montane vegetation at

both local and regional scale (e.g. Poore and McVean, 1957; Ratcliffe, 1959;

McVean and Ratcliffe, 1962; Birks, 1973; Birks and Ratcliffe, 1980). These

classifications were succeeded by, and synthesised into, the British National

Vegetation Classification (NVC; Rodwell, 1991, 1992, 2000; Averis et al.,

2004). Under the NVC scheme, the majority of montane vegetation falls

within three broad groups: heaths, grasslands and montane communities.
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The NVC recognises a wide range of montane heaths, all of which are

dominated by either or both of the dwarf shrubs Calluna vulgaris and

Vaccinium myrtillus. Within Britain, montane heath occurs in Scotland,

Northern England and the Snowdonia region of Wales, but reaches its

greatest frequency and diversity only in the highlands of Scotland. Within

Scotland, there is a gradient from lichen-rich montane heaths in the east to

Racomitrium lanuginosum-dominated montane heaths near the west coast

(Averis et al., 2004). A number of other dwarf shrub species, including

Arctostaphylos uva-ursi, A. alpinus, Juniperus communis ssp. nana and

Rubus chamaemorus, are characteristic of different montane heath

communities. In addition, a number of dry heath types, such as the Calluna

vulgaris – Erica cinerea, Calluna vulgaris – Vaccinium myrtillus and Calluna

vulgaris – Vaccinium myrtillus – Sphagnum capillifolium communities have

high altitude variants, which can also be classified as montane heath. The

only British habitats for a rich variety of oceanic liverwort species are the

Mastigophora woodsii – Herbertus aduncus ssp. hutchinsiae sub-community

of Calluna vulgaris – Vaccinium myrtillus – Sphagnum capillifolium heath and

the Bazzania tricrenata – Mylia taylorii sub-community of Vaccinium myrtillus

– Racomitrium lanuginosum heath (Averis et al., 2004).

The majority of the remainder of British montane vegetation (i.e. not heaths)

is dominated by species of grass, sedge, rush or moss. A range of

calcareous and siliceous grasslands, grass-heaths and dwarf-herb

communities have been identified from montane areas of Britain. These

communities are generally dominated by the grasses Festuca ovina, Agrostis

capillaris or Nardus stricta. Stands of grass-heath and dwarf herb

communities in base-rich situations, primarily in Scotland, support a wide

range of calcicolous dwarf herb species including Thymus polytrichus,

Alchemilla alpina, Silene acaulis, Persicaria vivpara and Sibbaldia

procumbens. Dwarf herbs characteristic of less calcareous stands of

montane grassland include Galium saxatile and Potentilla erecta. Festuca

ovina and Agrostis capillaris are characteristic of both base-rich and acidic
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grasslands, while Nardus stricta occurs primarily in communities growing on

acidic and peaty soils. Juncus squarrosus can also dominate species-poor

montane grasslands growing on acidic and peaty soils. At higher altitudes,

many grass-heaths contain a range of Arctic-montane species, such as

Carex bigelowii and Cetraria islandica (Averis et al., 2004).

Montane vegetation dominated by moss, sedge and rush species is

generally restricted exclusively to high altitudes, exposed places or where

snow lies for much of the year. Carex bigelowii – Racomitrium lanuginosum

moss-heath is widespread on exposed mountain summits throughout Britain,

but has little R. lanuginosum present south of the Highlands of Scotland,

where species characteristic of upland grassland are prominent. This seems

to be due to the adverse effects of acid deposition, which has a detrimental

effect on the growth of R. lanuginosum (Jones et al., 2002; Pearce et al.,

2003), and interacts with grazing impacts to lead to the overall degradation of

montane heath vegetation (Van Der Wal et al., 2003). Juncus trifidus –

Racomitrium lanuginosum rush-heath is also found only on exposed

mountain summits, and is restricted to high, inhospitable summits in the

Scottish highlands (Averis et al., 2004).

Where snow lies late in the year, primarily in the Scottish Highlands, a range

of snow-bed communities occur. While vascular plant species, including

Carex bigelowii, Salix herbacea, Alchemilla alpina and Sibbaldia procumbens

are characteristic of some snow-bed communities, a range of bryophyte

species are particularly characteristic of these snow-beds. These

characteristic bryophytes include Polytrichastrum alpinum, Polytrichum

sexangulare, Kiaeria starkei and Racomitrium heterostichum. These snow-

beds are the only habitat of a range of rare montane vascular plant and

bryophyte species, and are particularly rich in liverworts. Fern dominated

snow-beds also occur throughout the Scottish Highlands, with Crypogramma

crispa and Athyrium distensifolium characteristic (Averis et al., 2004).
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2.1.3 Classification of Irish montane vegetation
The vegetation of the Irish mountains is less diverse than that found in

Scotland, as Ireland lacks many of the true Arctic-Alpine and Arctic-montane

species of Scotland. These include key species such as Juncus trifidus and

Arctostaphylos alpinus, while a number of other montane species, that form

a conspicuous component of Scottish montane vegetation, including

Alchemilla alpina and Rubus chamaemorus are extremely rare in Ireland,

occurring in only one or two sites (Preston at al., 2002). In addition, true

snow-bed vegetation is absent from all parts of Ireland, as the temperate

nature of the climate does not allow snow to remain long and is therefore not

suitable for their formation. Montane dwarf herb communities are also

extremely rare in Ireland. However, in contrast to montane areas of England

and Wales, the Irish mountains do share much of the oceanic element of

Scottish montane vegetation, including a high abundance of Racomitrium

lanuginosum and the presence of mixed northern hepatic mat vegetation

(Hodd and Sheehy Skeffington, 2011a, Horsfield et al., 1991).

Most previous classifications of Irish vegetation (e.g. White and Doyle, 1981;

Fossitt, 2000) do not deal with montane heath vegetation in great detail.

White and Doyle (1981) distinguish three associations within the Vaccinio-

Callunion alliance of the Vaccinio-Genistetalia order. The Lycopodio alpini –

Rhacomitrietum lanuginosi is described as a wind-shorn dwarf shrub-

heathland of mountain summits and ridges, dominated by Calluna vulgaris,

Vaccinium myrtillus and Empetrum nigrum, with Lycopodium (Diphasiatrum)

alpinum, R(h)acomitrium lanuginosum, Salix herbacea and other diagnostic

montane species. The Herberteto – Polytrichetum alpini is differentiated by

the presence of numerous Atlantic bryophytes, foremost among them being

Herberta adunca (Herbertus hutchinsiae), Pleurozia purpurea and other

liverworts of hepatic mat vegetation (Mhic Daeid, 1976). The Arctostaphylo –

Dryadetum is also included within this alliance, but cannot be considered to

be montane vegetation, as it only occurs in the hills of the Burren, which do

not exceed 330m in altitude.
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The provisional classification of Perrin et al. (2011) differentiates montane

heath vegetation, as well as a montane wet heath category, characterised by

Racomitrium lanuginosum, Trichophorum germanicum and Nardus stricta.

Montane (dry) heath vegetation is divided into a number of categories, the

majority of which have the moss Racomitrium lanuginosum prominent. The

true montane heath groups are characterised by varying amounts of the

dwarf shrubs Calluna vulgaris, Vaccinium myrtillus or Juniperus communis,

and may have the rush Juncus squarrosus or Atlantic bryophytes, including

Herbertus hutchinsiae prominent. These communities are included under the

Annex 1 habitat Alpine and boreal heaths (4060). One, non-Annex, category

of montane grass heath, dominated by Nardus stricta, is recognised, and is

thought to be a degraded version of other montane vegetation, brought about

by over-grazing.

A further two categories are described as montane vegetation, and can be

referred to the Annex 1 habitat Siliceous alpine and boreal grasslands

(6150). These vegetation communities have little or no dwarf shrub cover

and are characterised by the presence of one or more Arctic-montane

species, including Carex bigelowii, Salix herbacea, Cetraria islandica and

Diphasiastrum alpinum, in association with Racomitrium lanuginosum or

grass species. The final, non-Annex category can be considered to be a

montane fell-field habitat, and occurs on high altitude, open rock plateau.

This community has a low cover of grassland species, with much open rock

and bare ground (Perrin et al., 2011).

Although the NSUH classification covers montane heath vegetation in a

reasonable amount of detail, comparable to the British NVC, it is very much a

provisional classification scheme and a work in progress. It has been

produced based on a combination of the classification of White and Doyle

(1982), the British NVC classification (Rodwell 1991, 1992) and expert

judgement, supplemented by a limited number of relevés from upland
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habitats in Ireland. Its primary aim is to facilitate the collection of data

towards producing a comprehensive national classification of upland

vegetation (Perrin et al., 2011). Therefore, the classification produced herein,

which was commenced prior to the initiation of the NSUH, will function to

strengthen and refine the NSUH classification and anchor it within an Irish

context.

This chapter aims to (1) Classify the montane heath vegetation present in the

mountains of western Ireland, (2) Investigate how montane heath vegetation

varies throughout the west of Ireland and (3) Explore the factors which

influence the composition and distribution of montane vegetation in these

areas.

2.2 Materials and methods

2.2.1 Site Selection
The study area for this project was chosen to be the mountain areas of

western Ireland, due to the range of topography and climatic conditions that

occur there and the oceanic plant communities that are restricted to these

areas (Figure 2.1). The site selection was further narrowed down to counties

Kerry and Donegal, in the southwest and northwest of Ireland, respectively,

in order to compare sites for differences along a north-south latitudinal

gradient (Figure 2.2).

Aerial photos of the mountains of these areas were consulted, and areas of

high-altitude dry heath and potential montane vegetation were identified.

Four sites were selected in county Kerry and four in Donegal (Figure 2.2), all

of which are located within Special Areas of Conservation (SACs). Both

coastal and inland sites were selected in each region. The sites surveyed

were The MacGillycuddy’s Reeks, Mangerton, Brandon and the Slieve Mish

in Kerry, and Errigal, Muckish, Dooish and Slieve League/Slieve Tooey in

Donegal (Figure 2.2; Table 2.1). Each site was walked to identify areas of

montane heath and associated vegetation for sampling.
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Figure 2.1: Primary areas for the occurrence of oceanic montane vegetation in

Ireland, delineated by the red lines.
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Figure 2.2: Distribution of study sites in the west of Ireland. The sites are as follows:

1. Errigal, 2. Dooish, 3. Muckish, 4. Slieve League Peninsula, 5. Mangerton, 6.

Macgillycuddy’s Reeks, 7. Brandon, 8. Slieve Mish.
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Table 2.1: Location of sites with number of relevés taken at each. All but Slieve League Peninsula and MacGillycuddy’s Reeks are

individual mountains. The maximum height refers to the summit or highest point of the range.

Site County

Number of

relevés SAC

Maximum height

(m)

Distance from ocean

(km)

Errigal Donegal 50 Glenveagh National Park SAC 751 16

Dooish Donegal 33 Glenveagh National Park SAC 652 18

Muckish Donegal 52 Glenveagh National Park SAC 666 10

Slieve League

Peninsula Donegal 24 Slieve League SAC/ Slieve Tooey SAC 595 0

Mangerton Kerry 35

Killarney National Park, MacGillycuddy's Reeks and

Caragh River Catchment SAC 840 12

MacGillycuddy's Reeks Kerry 58

Killarney National Park, MacGillycuddy's Reeks and

Caragh River Catchment SAC 1041 15

Brandon Kerry 24

Brandon Mountain SAC/ Mount Brandon Nature

Reserve 952 0

Slieve Mish Kerry 50 Slieve Mish Mountains SAC 851 1
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2.2.2 Field methodology

Table 2.2: Environmental variables recorded and their parameters. (SE = Standard

Error of the mean). See text for details of grazing intensity scale.

Environmental variables

recorded Unit Range Mean SE

Altitude m a.s.l. 400-1037 605.5 7.61

Aspect ° 0-360 147.7 7.05

Slope ° 0-70 21.4 1.08

Total vegetation cover % 0-100 83.6 0.97

Shrub cover % 0-95 53.2 1.69

Graminoid cover % 0-90 23.1 1.14

Herb cover % 0-45 5 0.35

Bryophyte cover % 0-98 58.5 1.27

Lichen cover % 0-40 4.3 0.27

Rock cover % 0-70 13 0.92

Mean shrub height cm 0-68 8.5 0.55

Mean bryophyte height cm 0-20 3.1 0.11

Soil depth cm 0-60 2.4 0.07

Bare soil cover % 0-45 4.1 0.33

Soil type categorical Peat, mineral - -

Rock type categorical

sandstone, granite,

quartzite, schist -

-

Grazing intensity categorical

1-5, from no grazing

to very heavy grazing -

-

Data for 326 relevés were taken across the eight sites during the summers of

2008, 2009 and 2010. Positioning of the quadrats was carried out using

stratified random sampling (Kent and Coker, 1992). All relevés taken were

above 400m altitude, as true montane vegetation does not frequently occur

below this altitude in Ireland, except in occasional highly exposed situations

(Hodd and Sheehy Skeffington, 2011a). Each site was divided into zones,

based on topography, aspect and altitude, so that the full topographic range

of each site was represented in the relevés. In many cases the defining line
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between dry heath and montane heath was unclear, resulting in a number of

relevés being included that were not eventually classified as strictly montane.

A relevé size of 2m x 2m was selected, following construction of a minimal

area curve (Kent and Coker, 1992). The cover of all species of vascular

plant, bryophyte and non-crustose lichen was recorded using the Braun-

Blanquet cover/abundance scale (Kent and Coker, 1992). Nomenclature

followed Stace (2010) for vascular plants, Smith (2004) for mosses, Paton

(1999) for liverworts and Smith et al. (2009) for lichens. A wide range of

environmental and topographic variables was recorded for each relevé, as

follows: altitude, aspect, slope, % total vegetation cover, % shrub cover, %

herb cover, % graminoid cover, % bryophyte cover, % lichen cover, % bare

rock, % bare soil, shrub height, bryophyte height, rock type, soil type, soil

depth and intensity of grazing (Table 2.2). Grazing intensity was measured

on an incremental scale as follows:

1. No grazing impact: no signs of browsing, grazing or other impacts;

generally inaccessible to grazing animals

2. Low grazing impact: minor signs of grazing observed, with little or no

erosion; area accessible to grazing animals.

3. Moderate grazing impact: clear signs of grazing of vegetation, droppings

present and some erosion (such as sheep paths) observed.

4. High grazing impact: growth of vegetation clearly inhibited by grazing,

droppings frequent and clear signs of erosion present.

5. Severe grazing impact: original vegetation cover highly modified or lost

and erosion widespread in the local vicinity.

These relevé data were entered into a Turboveg database (Hennekens and

Schaminée, 2001).

2.2.3 Data analysis
Analysis of these data was carried out using PC-Ord version 5.0 (McCune

and Mefford, 2006) and JUICE version 7.0 (Tichý, 2002). The dataset was
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analysed for outliers, indicating that 13 relevés were beyond 2 standard

deviations from the mean and could be considered as outliers. However,

these were retained for the analysis, as they all fall within the target

vegetation type. No transformations or relativisations were applied to the

data, as it was desirable to retain the maximum amount of information

(McCune and Grace, 2002).

Before using aspect data in the analysis process, it was necessary to

transform them, as the numerical values are not a suitable representation of

physical position. The use of folded aspect (McCune and Keon, 2002),

whereby the aspect is ‘folded’ around 180° and rescaled from 0-360° to 0-

180°, was considered, but was not deemed suitable, as 22% of the relevés in

this study do not have an aspect, since they were recorded from flat ridge

tops and plateaux, and therefore are not taken into account in the above

scale. A categorical scale was devised with a range of values from 1 for

south, up to a value of 17 for north (Table 2.3). Relevés with no aspect were

assigned an intermediate value of 9, between west and east, as the heat

load of areas with no slope is most similar to that of west- and east-facing

slopes (Buffo et al., 1972). East-facing values were given a higher number

than west-facing samples, as heat load is at its minimum on north-east facing

slopes, which is important for the growth of oceanic bryophytes (Chapter 3;

Hodd and Sheehy Skeffington, 2011b)

Classification of the relevé data into groups was undertaken using

hierarchical, polythetic, agglomerative cluster analysis (McCune and Grace,

2002). This was chosen in preference to other commonly used classification

techniques, including TWINSPAN (Two Way Indicator Species Analysis) and

K-means clustering. TWINSPAN has a number of well-documented failings,

making it unsuitable for use in classifying community data (Perrin et al.,

2006). Primary among these are its inability to satisfactorily handle data with

more than one important gradient and the loss of information from

quantitative data as a result of use of the pseudospecies concept (van
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Grounewoud, 1992; Belbin and McDonald, 1993). K-means clustering is not

suitable for the majority of ecological datasets, as it utilises the Euclidian

distance measure, which is not ideal for use in ecological community

analysis (Legendre and Legendre, 1998). Hierarchical cluster analysis has a

number of other advantages over the above techniques for analysing

heterogeneous community data, as a hierarchical structure is useful for multi-

level classifications and it produces a dendrogram which has no explicit

dimensionality (McCune and Grace, 2002).

Table 2.3: Aspect categories used, see Section 2 for explanation of methodology.

Category Aspect

1 South

2 South-southwest

3 South-southeast

4 Southwest

5 Southeast

6 West-southwest

7 East-southeast

8 West

9 No Aspect

10 East

11 West-northwest

12 East-northeast

13 Northwest

14 Northeast

15 North-northwest

16 North-northeast

17 North

The general procedure for hierarchical cluster analysis is as follows: a

distance matrix of n x n is calculated from a data matrix of n objects

(samples) x p attributes (species). This matrix is calculated by measuring the

dissimilarity between pairs of samples. The two most similar samples are

merged and their attributes combined. This procedure is repeated n – 1
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times, until all samples are combined. The results are displayed as a

dendrogram (McCune and Grace, 2002).

The distance measure selected was quantitative Sørensen (Bray-Curtis), as

it is considered to be one of the most suitable measures for the analysis of

ecological data. This measure is less prone to the exaggeration of the

influence of outliers and retains greater sensitivity with heterogeneous

datasets than other distance measures (McCune and Grace, 2002). A

compatible linkage method was chosen, in this case Flexible Beta, with β = -

0.25 (Lance and Williams, 1967). Flexible Beta is a space-conserving linkage

method, meaning that the properties of the original space are preserved. The

use of a space conserving strategy minimises the problem of chaining, which

is the sequential addition of single items to existing groups, which results

from space-distorting strategies (McCune and Grace, 2002).

In order to determine the optimum number of groups and the point at which

to cut the dendrogram produced by the hierarchical cluster analysis, Indicator

Species Analysis (ISA; Dufrene and Legendre, 1997) was utilised. ISA

calculates Indicator Values (IndVals) for species, based on the concept that

a perfect indicator species for a group of samples will be exclusively found in

that group, as well as occurring in all of the samples of that group. ISA first

calculates the proportional abundance of a species in a group relative to its

abundance in all groups. The proportional frequency of the species is

calculated. The proportional abundance and proportional frequency are then

combined by multiplication to yield an Indicator Value for each species for

each group. The statistical significance of each species as an indicator

species is evaluated by the Monte Carlo method (McCune and Grace, 2002).

The use of ISA to determine the stopping point in clustering is based on the

principle that IndVals will be low when groups are poorly defined, either too

finely or too broadly, with a peak in IndVals occurring at an intermediate level

of clustering, which is likely to be most informative. ISA was applied to the
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output of the hierarchical cluster analysis, from a division into 2 groups up to

a division into 20 groups, with 4,999 randomisations used in the Monte Carlo

test runs. It was not possible to run the ISA beyond 20 groups, as it cannot

be applied to groups with less than one member. The optimum number of

groups was determined as the level with the highest number of significant (p

≤ 0.05) indicator species and the lowest average p-value (Dufrene and

Legendre, 1997).

Multi-Response Permutation Procedure (MRPP) was employed to test the

significance of the groupings produced by the hierarchical cluster analysis

(Perrin et al., 2006). MRPP is a non-parametric multivariate method of

testing the differences between multiple groups (Mielke, 1984; Mielke and

Berry, 2001). Parametric tests, such as Discriminant Analysis (DA) are not

suitable for use with community data, as community data do not usually meet

the normality requirements of these methods (McCune and Grace, 2002).

MRPP produces a p-value expressing the likelihood of occurrence of a delta

(the weighted mean within-group distance) smaller than or equal to the

observed delta. The chance correlated within-group agreement (A) is also

produced. This statistic describes the within-group heterogeneity in

comparison with what is expected from randomised data, and acts a

measure of how distinctly defined the groups are. A = 1 when all samples

within the group are identical, A = 0 when within-group heterogeneity is equal

to expectation by chance and A < 0 when there is less agreement than

expected randomly. In community ecology, values of A are commonly less

than 0.1 and a value of A > 0.3 is high (McCune and Grace, 2002).

As this test is based on species composition and abundance, and it is

statistically inappropriate to test for differences between groups using the

same variables as were used to define them (Perrin et al., 2006), variables

based on species cover, abundance and richness were not used in the test.

A matrix of six environmental variables was used to run MRPP – altitude,
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aspect category, slope, shrub height, bryophyte height and soil depth. The

columns were relativised to standard deviates, which is a highly useful

relativisation for environmental data. This method of relativisation is not

compatible with the Sørensen distance measure, so Euclidian distance was

used (McCune and Grace, 2002).

Ordination of the data was carried out using Non-metric Multi-dimensional

Scaling (NMS).The primary use of NMS is to display the relationship

between relevés and between relevés and environmental variables. The

main advantages of using NMS are that it avoids an assumption of linearity

between variables, it allows the use of any distance measure and is suited to

non-normal data. It is also less prone to the influence of outliers, as it is

based on ranked distances (McCune and Grace, 2002). Therefore, it is the

most suitable ordination technique for ecological community data and is

considered to be preferable to the widely used technique of Detrended

Correspondence Analysis (DCA). DCA has been shown to have erratic

performance and lack of robustness in comparison to NMS and other

ordination methods (Minchin, 1987). This is due to rescaling and detrending

undertaken to correct the errors inherent in DCA’s parent method,

Correspondence Analysis (Beals, 1984).

An initial autopilot run of NMS was carried out, using Quantitative Sørensen

(Bray Curtis) as a distance measure, 250 runs with real data, 250 runs with

randomised data, stepwise reduction in dimensionality, a stability criterion of

1x10-4, standard deviations in stress over last 15 iterations and a maximum

of 500 iterations. Based on the output of this run, the best starting

configuration and optimal number of axes was found. The optimal number of

axes was determined as the number of axes beyond which reduction in

stress was small. The final ordination was run using 3 axes, no stepwise

reduction in dimensionality, a stability criterion of 1x10-4, standard deviations

in stress over last 15 iterations and a maximum of 500 iterations. The

stability of the solution was assessed using a plot of stress vs. iteration.
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Environmental variables were overlain on NMS ordination and the correlation

co-efficient was calculated between the environmental variables and axes of

the NMS plot, to assist in determining the relationship between plant

community composition and environmental factors (McCune and Grace,

2002). Correlations between environmental variables were analysed using

Spearman Correlation, as the variables are primarily non-parametric.

2.3 Results

2.3.1 Plant communities as defined by the cluster analysis
Based on the results of the Indicator Species Analysis, 11 groups was

determined as the optimum number for the cluster analysis, as this level of

division gave a high number of significant indicator species and low average

p-value (Figure 2.3), as well as making ecological sense. A division into 12

groups would have resulted in a small in increase in indicator species and

average p-value, but it was felt that this increase was not significant to

warrant the inclusion of an extra group. The results of the MRPP indicate that

significant differences (p<0.001) between the groups were present in the

environmental matrix and that within-group homogeneity was relatively high

(A = 0.186), suggesting that the classification produced by cluster analysis is

valid. Each group was defined based on the overall dominant species and

the significant indicator species. A number of species had high IndVals for a

number of groups, in which case the indicator species was assigned to the

group for which it had the highest IndVal.

The eleven groups of relevés fall within three broad categories; dry heath,

montane heath and montane vegetation and are divided into 3 synoptic

tables for ease of interpretation; Table 2.4 (dry heath), Table 2.5 (montane

heath) and Table 2.6 (montane vegetation). Although these tables are

presented separately, indicator values were calculated and vegetation

groups defined within a larger table, containing all relevés. Species were

included in the synoptic table if they had a high indicator value for a group or
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a number groups, or if they formed a significant component of the vegetation

across many groups. Mean environmental variables for each group are in

Table 2.8. All species recorded and their frequency in the relevé data are

listed in Appendix A. Rare and notable species, that are not listed as

indicators in Tables 2.4-2.6 are listed in Table 2.7, along with their constancy

across all groups.

Figure 2.3: Number of significant indicators and average p-value of all species at

each level of clustering, which were the criteria to find the optimum number of

clusters. Eleven clusters were selected as the optimum number of groups, based

also on their ecology.

Groups one and two (Table 2.4) are dry heath vegetation, dominated by

Calluna vulgaris, growing in a montane situation. Groups three to seven

(Table 2.5) can be classified as true montane heath, categorised by a high

abundance of dwarf shrubs, primarily Calluna vulgaris and Vaccinium
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myrtillus, as well as montane species, especially Racomitrium lanuginosum.

Groups eight to eleven (Table 2.6) can be classified under the loose term

‘montane vegetation’. Dwarf shrub species are absent, or present only at low

cover. These groups either have a high abundance of Racomitrium

lanuginosum, a high proportion of open, rocky ground, or a relatively high

cover of grass species, particularly Agrostis capillaris and Festuca vivipara.

No notable variation of soil type and geology was observed, especially as the

soils are largely peats and therefore not derived from the underlying (acidic –

Table 2.2) rocks.

Groups 1-2 dry heath (Table 2.4)

Group 1: Calluna vulgaris – Hypnum jutlandicum dry heath

Characterised by a high frequency and cover of Calluna vulgaris and

associated dwarf shrubs, there is an understory composed primarily of

pleurocarpous mosses, including Hypnum jutlandicum, Hylocomium

splendens, Pleurozium schreberi and Rhytidiadelphus loreus, as well as the

acrocarpous moss Dicranum scoparium. Sphagnum capillifolium and large

leafy liverwort species can be present, but are sub-dominant in the bryophyte

layer to the large pleurocarpous moss species.

The relevés in this group have a low mean altitude (481.43m ± Standard

Error = 8.78, Table 2.8), attaining a maximum of 619m and generally occur

on well drained, steep slopes, with only one relevé having no slope.

Vegetation cover is generally high (mean = 94.09% ±0.87), with specifically

high mean cover of dwarf shrubs (81.61% ±1.16) and bryophytes (72.37%

±2.67). This group is also particularly characterised by a high mean shrub

height (25.63cm ±2.27) and soil depth (27.48cm ±2.13) (Table 2.8).

Group 2: Calluna vulgaris – Herbertus hutchinsiae dry heath

Similar to the previous group, these relevés have a tall canopy of Calluna

vulgaris, with other dwarf shrub species, particularly Empetrum nigrum

prominent (Plate 1). These relevés differ from the preceding group in having
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a bryophyte layer dominated by large leafy liverwort species, of highly

oceanic distribution. These include Herbertus hutchinsiae, Pleurozia

purpurea, Bazzania tricrenata, Scapania gracilis, Mylia taylorii and

Anastrepta orcadensis. Sphagnum capillifolium, Racomitrium lanuginosum

and a range of large acrocarpous and pleurocarpous mosses are also

frequent. Lichens form a significant component of this community, with

Cladonia portentosa, C. arbuscula and C. uncialis frequent. A number of

these relevés contain rare oceanic liverworts, including Adelanthus

lindenbergianus and Scapania ornithopodioides (Table 2.7).

In common with the previous group, these relevés have a low mean altitude

(497.9m) and grow on well drained, steep slopes (mean slope = 37.48°

±3.79), primarily facing in a northerly direction (Table 2.8). They also have a

high mean cover of dwarf shrubs (75.14% ±2.37) and bryophytes (76.33%

±3.94) and relatively deep soils (mean = 24.67cm ±3.39); mean lichen cover

is relatively high (9.33% ±2.02), reflecting the prominence of Cladonia

species in this group. The majority of these relevés were taken in Donegal

and are among the most species-rich, with an average of 30.95 ±1.35

species per relevé (Table 2.8).

Groups 3-7 montane heath (Table 2.5)

Group 3: Calluna vulgaris – Hylocomium splendens dry montane heath

Floristically, these relevés are similar to those of the Calluna vulgaris –

Hypnum jutlandicum dry heath (Group 1), but lack many of the indicators of

that group. Calluna vulgaris and Vaccinium myrtillus form a significant dwarf

shrub component, but species characteristic of dry heath, for example

Agrostis canina and Potentilla erecta, as well as the large leafy liverwort

species, are absent or scarce. The indicator species of this group,

Hylocomium splendens, Pleurozium schreberi and Rhytidiadelphus loreus,

are all large pleurocarpous mosses, that are also frequent in dry heath

vegetation. However, a number of Arctic-montane species, including Carex
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bigelowii and Cetraria islandica occur in relevés of this group, but do not

occur in the dry heath groups described above.

Table 2.4: Constancy table of relevés groups 1-2, classifed as dry heath. IndVal is the

indicator value of each species for a group, calculated based on the frequency of the

species in that group, along with its cover value in each relevé. Constancy values are as

follows: I = 0-20%; II = 20-40%; III = 40-60%; IV = 60=80%; V = 80-100%.

Group 1 2

Number of relevés 46 21

Constancy IndVal Constancy IndVal

1.Calluna vulgaris - Hypnum jutlandicum dry heath

Calluna vulgaris V 19 V 17

Hypnum jutlandicum V 15 V 11

Erica cinerea IV 15 III 5

Agrostis canina IV 27 II 6

Hylocomium splendens V 17 V 10

Pleurozium schreberi V 23 IV 10

Kurzia trichoclados III 19 III 10

Pseudoscleropodium purum II 13 I -

2.Calluna vulgaris - Herbertus hutchinsiae dry heath

Herbertus hutchinsiae II 2 V 55

Pleurozia purpurea II 2 V 36

Bazzania tricrenata II 3 V 37

Sphagnum capillifolium IV 24 V 24

Scapania gracilis IV 9 V 21

Deschampsia flexuosa IV 10 V 22

Dicranum scoparium IV 12 V 16

Empetrum nigrum I - V 19

Mylia taylorii I 1 IV 33

Cladonia portentosa I 1 IV 26

Cladonia arbuscula I - IV 27

Anastrepta orcadensis I 2 IV 20

Plagiochila spinulosa I 2 III 15

Odontoschisma sphagni I 1 II 15

Dicranum majus I 2 II 20

Other species

Racomitrium lanuginosum IV 2 V 6

Rhytidiadelphus loreus V 12 V 8

Diplophyllum albicans V 13 V 13

Breutelia chrysocoma III 16 III 16

Carex echinata I 13 - -

Potentilla erecta IV 12 V 9
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Group 1 2

Plagiothecium undulatum IV 14 III 9

Cladonia uncialis ssp. biuncialis II 1 V 17

Vaccinium myrtillus IV 8 V 15

Agrostis capillaris II 1 III 3

Dicranella heteromalla II 2 III 3

Rhytidiadelphus squarrosus III 9 II 2

Bazzania pearsonii I - II 12

Calypogeia muelleriana II 10 II 7

Campylopus flexuosus II 4 II 6

These relevés were located at a higher mean altitude (607.37m ±13.58;

Table 2.8) than the dry heath relevés. The mean dwarf shrub cover is high

(78.24cm ±1.92), as is the mean cover of bryophytes (65.44cm ±2.86) and

mean soil depth (18.17cm ±2.21). The mean shrub height (6.63cm ±0.55) is

considerably lower than the preceding groups, which firmly places these

relevés within the category of montane, rather than dry, heath.

Group 4: Calluna vulgaris – Racomitrium lanuginosum - Cladonia

uncialis montane heath

The relevés of this group are characterised by the presence of the lichen

Cladonia uncialis, in association with the dwarf shrubs Calluna vulgaris and

Erica cinerea and the montane moss Racomitrium lanuginosum (Plate 2).

Large pleurocarpous mosses, such as Rhytidiadelphus loreus and Hypnum

jutlandicum, are present in most of the relevés of this group, but are sub-

dominant to R. lanuginosum. This group is generally rich in lichens, including

Cladonia ciliata, C. portentosa, C. arbuscula and C. subcervicornis. A small

subset of these relevés support oceanic liverwort species including

Herbertus hutchinsiae and the rare Scapania ornithopodioides and

Adelanthus lindenbergianus.

These relevés were from a wide range of altitudes from 400m up to 950m. In

contrast to the aforementioned dwarf shrub-dominated communities, this

community is relatively open, with lower mean shrub (65.45% ±2.27) and
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bryophyte cover (54.56% ±2.63) and generally a relatively higher cover of

bare ground (mean = 5.23% ±0.56) and rock (mean = 11.96% ±1.67; Table

2.8). A sizeable proportion, 28%, of these relevés are located on level

ground with no slope or aspect.

Group 5: Vaccinium myrtillus – Saxifraga spathularis montane heath

This group is characterised by the dominance of bryophyte species,

particularly the moss Racomitrium lanuginosum, in association with the dwarf

shrub Vaccinium myrtillus. Other indicators of this group include Saxifraga

spathularis and the ferns Hymenophyllum wilsonii and Dryopteris dilatata.

The saxicolous bryophytes Gymnomitrion crenulatum and Andreaea rothii

occur in many of these relevés. A number of other bryophyte species were

recorded in many relevés, including the montane Polytrichum alpinum, the

liverworts Scapania gracilis and Lophozia ventricosa and a range of

pleurocarpous moss species. Species characteristic of grassland vegetation

are also represented in these relevés, including Festuca vivipara and Galium

saxatile.

In comparison with the other montane heath groups, these relevés have a

low mean total vegetation cover of 67.95% ±3.5 and a low mean dwarf shrub

cover (34.9% ±4.59) (Table 2.8), most of the vegetation cover being

composed of bryophytes (mean = 55.95 ±3.99). These relevés are from a

relatively high altitude (mean 638.76m ±22.76) and are generally relatively

open and rocky, with a mean rock cover of 33.29% ±3.74 and with shallow

soils (mean = 4.71cm ±0.93; Table 2.8).

Group 6: Calluna vulgaris – Juncus squarrosus montane heath

These relevés all share a high cover of Juncus squarrosus, growing in

association with Calluna vulgaris and other species characteristic of heath,

including Potentilla erecta and Hylocomium splendens (Plate 3). A distinct

group of liverwort species grow among the rosettes of J. squarrosus,

including the montane Ptilidium ciliare and Calypogeia azurea and the more
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widespread Lophocolea bidentata, Scapania gracilis, Lophozia ventricosa

and Calypogeia muelleriana.

These relevés have a high mean vegetation cover of 97.62% ±0.54 (Table

2.8). Mean cover of graminoids is high (56% ±3.14) due to the dominance of

Juncus squarrosus. The mean cover value for bryophytes (57.57% ±2.83) is

similar to that of graminoids and mean cover of shrubs is low, at 47.7 %

±4.19. A large proportion, 43%, of these relevés were recorded from areas

with no aspect, and the mean slope of these relevés is low, at 9.76° ±2.22.

The relevés of this group occur at relatively high altitudes (mean = 696m

±18.67) and occur primarily in county Kerry (Table 2.8).

Group 7: Erica cinerea – Nardus stricta montane heath

This group is characterised by a mixture of montane heath, dry heath, wet

heath and grassland species. Dwarf shrubs, particularly Erica cinerea and

Calluna vulgaris are present in most relevés, as well as heath species,

including Potentilla erecta and Hypnum jutlandicum. Racomitrium

lanuginosum is ubiquitous in these relevés and the grass Agrostis capillaris

is frequent throughout. The presence of the grass Nardus stricta and sedge

Trichophorum germanicum is characteristic of these relevés, along with the

clubmoss Huperzia selago. Species of Carex are also prominent in this

group, including C. binervis, C. panicea and C. pilulifera. The moss Andraea

rothii and lichen Cladonia subcervicornis are indicative of open, rocky

conditions. Two montane species; Antennaria dioica and Diphasiastrum

alpinum were found only in relevés of this group.
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Table 2.5: Constancy table of relevé groups 3-7, classified as montane heath. Indicator and constancy values as per Table 2.4.

Group 3 4 5 6 7

Number of relevés 41 71 21 37 24

Constancy IndVal Constancy IndVal Constancy IndVal Constancy IndVal Constancy IndVal

3.Calluna vulgaris - Hylocomium splendens dry montane heath

Hylocomium splendens V 22 III 3 V 8 V 9 II -

Pleurozium schreberi V 23 III 3 IV 8 IV 11 I -

Rhytidiadelphus loreus V 17 IV 3 V 6 V 13 II -

Dicranum scoparium V 12 III 4 III 4 III 5 II 1

Empetrum nigrum III 15 III 10 II 2 III 7 II 1

4.Calluna vulgaris - Racomitrium lanuginosum - Cladonia uncialis montane heath

Cladonia uncialis ssp. biuncialis III 4 V 17 II 1 III 5 IV 12

Cladonia portentosa II 2 III 12 II 2 I - II 3

Cladonia ciliata - - I 13 - - - - - -

5.Vaccinium myrtillus - Saxifraga spathularis montane heath

Vaccinium myrtillus V 13 V 5 V 23 V 7 IV 3

Saxifraga spathularis - - - - III 30 - - - -

Hymenophyllum wilsonii I - I - III 23 - - - -

Gymnomitrion crenulatum - - - - II 24 - - - -
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Group 3 4 5 6 7

Festuca vivipara II 2 II 1 V 12 I - IV 5

Galium saxatile II 2 II 1 V 15 III 4 IV 4

Dryopteris dilatata - - - - I 16 - - - -

6.Calluna vulgaris – Juncus squarrosus montane heath

Juncus squarrosus I 1 I - - - V 68 II 1

Scapania gracilis III 4 III 3 V 11 V 16 I -

Lophozia ventricosa II 1 I 1 III 8 IV 11 - -

Calypogeia muelleriana I 1 I 1 I 1 III 12 - -

Ptilidium ciliare I - I - - - II 20 - -

Lophocolea bidentata I 1 - - - - II 20 - -

Calypogeia azurea I - I - - - I 16 - -

7.Erica cinerea - Nardus stricta montane heath

Erica cinerea II 3 III 12 I - I 1 V 28

Nardus stricta I - I - I 1 I 2 IV 42

Huperzia selago - - II 3 I 2 I - V 40

Trichophorum germanicum I - I 1 I - I 1 IV 39

Potentilla erecta II 2 IV 6 II 1 IV 10 V 18

Andreaea rothii I - - - III 11 I - IV 20

Carex panicea I - I 1 I 2 - - III 29

Carex binervis II 2 II 3 I - I - III 17
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Group 3 4 5 6 7

Carex pilulifera I - I 1 - - - - II 16

Cladonia subcervicornis I - II 3 II 4 I - III 15

Other species

Calluna vulgaris V 17 V 14 IV 3 V 12 V 10

Racomitrium lanuginosum IV 5 V 13 V 13 IV 5 V 16

Agrostis capillaris III 3 IV 4 IV 7 III 3 V 11

Hypnum jutlandicum V 8 V 10 V 6 V 13 V 14

Deschampsia flexuosa IV 9 IV 10 IV 6 II 1 III 3

Diplophyllum albicans III 3 IV 6 V 12 III 4 III 4

Sphagnum capillifolium II 1 I 1 II 2 III 8 I -

Pleurozia purpurea I 1 II 3 III 9 I - II 2

Bazzania tricrenata I 1 I - III 7 I - - -

Cladonia arbuscula II 7 II 5 I - III 8 - -

Carex bigelowii II 6 I - I - II 1 I -

Dicranella heteromalla II 2 III 6 IV 8 I - III 5

Polytrichastrum alpinum I - I - III 10 I 1 - -

Rhytidiadelphus squarrosus II 2 I - II 4 III 9 I -

Plagiothecium undulatum II 2 I - II 3 III 10 I -

Cetraria islandica I 1 I 2 - - I 6 I -

Luzula sylvatica I 2 - - II 7 II 5 I -
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These relevés were recorded primarily in county Donegal, at moderate

altitudes (mean = 516m ±10.81). In general, these relevés have a relatively

low overall vegetation cover (mean = 69.5% ±3.08), the bryophytes exhibiting

the highest mean cover (55.33% ±4.62) of all the vegetation components

(Table 2.8). They were recorded from shallow soils (mean = 3.93cm ±0.59),

and have a moderately high cover of bare rock (mean = 26.71% ±3.47) and

open soil (mean = 5.63% ±1.05; Table 2.8).

Groups 8-11 montane vegetation (Table 2.6)

In contrast to the preceding groups, these groups do not have a significant

component of ericoid dwarf shrubs.

Group 8: Carex bigelowii – Armeria maritima montane vegetation

Calluna vulgaris and Vaccinium myrtillus are present in many of these

relevés, but only sparingly. Floristically, this and the following group are

similar, but are separated primarily on the cover of Racomitrium

lanuginosum. This group has R. lanuginosum present in most of its relevés,

but it never has high cover and is not dominant. The primary indicators of this

group are the montane specialist Carex bigelowii and Armeria maritima.

Agrostis capillaris and Dicranella heteromalla are present throughout and the

saxicolous lichen Umbilicaria cylindrica also acts as an indicator of this

group. Other frequent species include Polytrichastrum alpinum, Festuca

vivipara and Galium saxatile.

This community occurs at high altitudes, with a mean altitude of 738.19m

±28.27 and a maximum altitude of 1037m, close to the summit of Corrán

Tuathail, the highest mountain in Ireland. 8% of these relevés are located on

flat ground and have a low mean slope of 8.58° ±2.12. Mean overall

vegetation cover is generally low (66% ±3.39), and mean rock cover (28.69%

±3.43) and bare soil cover (5.62% ±1.17) are correspondingly relatively high.

The majority of vegetation cover is composed of graminoid and bryophyte

species, although both groups have a mean cover of less than 40% (35.38%
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Table 2.6: Constancy table of relevé groups 8-11 classified as montane vegetation. Indicator and constancy values as per Table 2.4.

Group 8 9 10 11

Number of relevés 26 26 9 4

Constancy IndVal Constancy IndVal Constancy IndVal Constancy IndVal

8.Carex bigelowii - Armeria maritima montane vegetation

Carex bigelowii III 27 III 6 II 2 - -

Armeria maritima III 31 II 5 I 1 - -

Agrostis capillaris V 17 V 16 V 15 IV 5

Dicranella heteromalla IV 17 IV 6 V 13 II 1

Cladonia subcervicornis III 13 II 3 II 4 - -

Umbilicaria cylindrica II 12 - - - - - -

9.Racomitrium lanigunosum - Polytrichastrum alpinum montane vegetation

Racomitrium lanuginosum V 8 V 17 IV 2 IV 5

Polytrichastrum alpinum IV 18 IV 21 II 1 II 3

Festuca vivipara IV 7 V 19 V 15 V 19

10.Agrostis capillaris - Salix herbacea montane vegetation

Salix herbacea II 11 I - IV 33 - -

Nardia scalaris I 1 I 1 IV 60 - -

Solidago virgaurea I 2 - - IV 33 - -
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Group 8 9 10 11

Oligotrichum hercynicum I - - - III 41 - -

Koeleria macrantha - - - - II 22 - -

Carex viridula ssp. oedocarpa I - I 1 II 17 II 7

Thymus polytrichus I 1 I 1 II 18 - -

11.Anthoxanthum odoratum - Galium saxatile montane vegetation

Galium saxatile IV 8 V 17 III 5 V 18

Anthoxanthum odoratum - - II 10 II 2 IV 21

Poa pratensis II 2 III 9 - - V 65

Euphrasia officinalis agg. - - - - I 1 IV 58

Thuidium tamariscinum I - I 2 I 1 IV 25

Festuca rubra - - - - - - IV 75

Peltigera canina - - - - - - IV 75

Trichostomum tenuirostre - - - - - - IV 75

Rumex acetosella I 1 I 1 - - IV 50

Hymenophyllum wilsonii I - I - - - IV 32

Hylocomium splendens II 1 III 3 - - V 15

Rhytidiadelphus loreus III 2 IV 6 I - V 21

Rhytidiadelphus squarrosus I - II 2 - - V 29
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Group 8 9 10 11

Other species

Calluna vulgaris IV 2 II - III 1 - -

Deschampsia flexuosa III 6 I - II 2 - -

Cladonia uncialis ssp. biuncialis IV 7 II 1 - - - -

Potentilla erecta III 3 III 4 II 2 - -

Juncus bulbosus I 4 II 13 - - - -

Vaccinium myrtillus V 6 V 6 II 1 III 1

Diplophyllum albicans V 10 IV 4 III 3 IV 6

Lophozia ventricosa IV 13 II - - - III 6

Hypnum jutlandicum V 5 V 6 I - IV 4

Herbertus hutchinsiae I - I - - - III 5

Sphagnum capillifolium - - - - - - III 4

Pleurozia purpurea I - I 1 - - III 6

Bazzania tricrenata I - I - - - III 8

Scapania gracilis II 1 II 2 - - IV 9

Dicranum scoparium III 3 III 4 - - IV 8

Plagiochila spinulosa - - I - - - III 13

Andreaea rothii I 2 I 1 - - III 12

Luzula sylvatica I - I 1 - - III 11

Epilobium brunnescens I - - - I 2 III 38

Heterocladium heteropterum - - - - - - III 50

Viola palustre - - - - - - III 50

Plagiomnium undulatum - - - - - - III 50
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Group 8 9 10 11

Jasione montana - - I 2 - - III 38

Pellia epiphylla - - I - - - III 38

Scapania ornithopodioides - - - - - - III 36

Oxalis acetosella - - - - - - III 44

Tritomaria quinquedentata I 1 I - - - III 15
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±4.31 and 38.31% ±4.3, respectively). Mean cover of the herb layer is higher

than the other groups, at 13.92% ±2.52. The mean vegetation height, of both

shrubs and bryophytes, is low, at 2.85cm ±0.28 and 2.15cm ±0.2,

respectively (Table 2.8).

Group 9: Racomitrium lanuginosum – Polytrichastrum alpinum

montane vegetation

Racomitrium lanuginosum is the key species in this group, attaining relatively

high cover values in all relevés. Dwarf shrubs and heath species are absent,

or present at low cover. Upland grassland species are prominent, including

Festuca vivipara, Agrostis capillaris and Galium saxatile. The montane moss

Polytrichastrum alpinum is frequent and a number of other highly montane

species occur, including Carex bigelowii and Cetraria islandica (Table 2.7).

This group has the highest mean altitude of all the groups, at 783m ±21.96,

and occurs up to an altitude of 1000m. In comparison to the preceding group,

this community grows on steeper slopes and only 4% of relevés were

recorded in flat areas. Mean vegetation cover is relatively high, at 79.46%

±2.64, the majority of which is bryophyte cover, at 61% ±3.69. Mean shrub

cover is low at 6.96% ±1.93 and mean graminoid cover is 39.88% ±3.69.

Mean shrub height is low, at 2.92cm ±0.33, less than the mean bryophyte

height, which therefore sometimes forms the canopy at 3.35cm ±0.33. The

majority of these relevés were recorded in Kerry (Table 2.8).

Group 10: Agrostis capillaris – Salix herbacea montane vegetation

This group lacks ericoid dwarf shrub and large bryophyte species, whereas

species of upland grassland and open ground are more prominent. The

grasses Agrostis capillaris and Festuca vivipara are present throughout and

Koeleria macrantha occurs only in this group. The dwarf shrub component of

this group is represented by the Arctic montane species, Salix herbacea.

Two small bryophytes characteristic of open ground; Nardia scalaris and

Oligotrichum hercynicum; are frequent in these relevés. The herb species
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Table 2.7: Notable species recorded, but not used as indicators, and their constancy

across all 11 groups
1 2 3 4 5 6 7 8 9 10 11

Vascular plants

Antennaria dioica - - - I - - I - - - -

Arctostaphylos uva-ursi I - - I - - - - - - -

Deschampsia cespitosa subsp. alpina - - - - - - - - - I -

Diphasiastrum alpinum - - - - - - I - - - -

Juniperus communis I - - - - - I - - - -

Listera cordata I - I I - I - - - - -

Persicaria vivipara - - - - - - - - - I -

Poa alpina - - - - - - - - - I -

Plantago maritima - - - - - - - - - I -

Saxifraga rosacea - - - - - - - - - - I

Saxifraga stellaris - - - - - - - - - - I

Vaccinium vitis-idaea - I I - - I - I - - -

Bryophytes

Adelanthus decipiens - I - - - - - - - - -

Adelanthus lindenbergianus I I - I - - - - - - -

Andreaea alpina - - - - I - - I - - -

Anthelia julacea - - - - I - - - - - -

Barbilophozia floerkei I I I I I I - - - - -

Bazzania pearsonii I II - I - - - - - - II

Campylopus setifolius - - - I I - - - - - -

Gymnomitrion crenulatum - - - - II - - - - - -

Hypnum callichroum - - - - - - - - - - I

Jungermannia gracillima - - - - - - - I - I -

Lejeunea cavifolia I - - - - - - - - - -

Lepidozia pearsonii I I - - - - - - - - -

Marsupella emarginata I I - - II I I I - - II

Mastigophora woodsii - - - - - - - - - - I

Microlejeunea ulicina I - - - - - - - - - -

Plagiothecium succulentum - - - - - - - - - - I

Racomitrium ellipticum - - - - I - - - - - -

Racomitrium ericoides - - - - - - - - - - I

Racomitrium sudeticum - - - - - - I - - - I

Saccogyna viticulosa II II I I I I - - - - II

Scapania nimbosa - - - - - - - - - - I

Scapania ornithopodioides I II - I - - - - - - II

Tritomaria exsectiformis I - - - - - - - I - -

Tritomaria quinquedentata I II I I I II - I I - II

Lichens

Cetraria aculeata - - - I - I - - I - -

Cetraria islandica - - I I I I I I I - -

Cladonia rangiferina - - - I - - - - - - -
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Solidago virgaurea and Thymus polytrichus also act as indicators of this

group. Two rare montane species; Persicaria vivipara and Deschampsia

caespitosa ssp. alpina; occur only in these relevés (Table 2.7).

This community occurs either in areas with no slope, or on very shallow

slopes (<5°). All of the relevés are very open, with low vegetation cover

(mean = 36.11% ±2.47; Table 2.8) and high bare rock (mean = 44.44% ±4.2)

and bare soil (mean = 22.78% ±5.14) cover. The majority of vegetation cover

consists of graminoid species (mean = 21.33% ±4.29), while cover of dwarf

shrubs, herbs and bryophytes is low, at 12.11% ±3.5, 10% ±3.17 and 9.33%

±1.43, respectively. All vegetation heights are low, the mean bryophyte

height and mean shrub height are both less than 2cm, at 1.11cm ±0.11 and

1.56cm ±0.24, respectively. Soil in these relevés is extremely shallow, or

absent. These relevés are relatively species poor, having a mean species

number of 14.22 ±2.07 per relevé. This is an open community primarily of

exposed ridges and plateaux (Plate 4).

Group 11: Anthoxanthum odoratum – Galium saxatile montane

vegetation

This group is dominated by upland grassland species and pleurocarpous

mosses. Grass species are abundant, and include Anthoxanthum odoratum,

Poa pratensis, Festuca rubra, Festuca vivipara and Agrostis capillaris. A

range of species often associated with humid upland grassland also occur

frequently, including Galium saxatile, Euphrasia officinalis and Rumex

acetosella. A wide range of pleurocarpous mosses also grow in these

relevés, the most abundant of which are Rhytidiadelphus loreus,

Hylocomium splendens, Thuidium tamariscinum and Rhytidiadelphus loreus.

A number of these relevés contain oceanic leafy liverwort species, including

the rare Bazzania pearsonii, Mastigophora woodsii, Scapania nimbosa and

S. ornithopodioides (Table 2.7). A large number of species were identified as

significant indicators of this group, due to the small size of the group (n = 4)

and the presence of many species not found in the other groups. However,
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only species with greater than 3 occurrences in the dataset were considered

when defining this group.

These relevés were all recorded in county Kerry, within a narrow altitude

range between 710 and 763m. All were taken from aspects ranging between

east and north, on moderately steep slopes. Vegetation cover (mean =

87.5% ±5.2) is high, and consists mainly of bryophyte (mean = 70% ±8.9)

and graminoid (mean = 52.5%±11.27) cover. Species richness is high in

these relevés, the mean species number being 36.5 ±10.6 per relevé (Table

2.8).
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Table 2.8: Mean environmental variables recorded from the relevés of each group (1-11). SE = Standard Error of the mean.

Environmental variable Unit 1 SE 2 SE 3 SE 4 SE 5 SE 6 SE

Number of relevés 46 21 41 71 21 37

Mean altitude m 481.43 8.78 497.90 14.34 607.37 13.58 565.14 13.99 638.76 22.76 696.00 18.67

Minimum altitude m 400 - 400 - 444 - 402 - 430 - 444 -

Maximum altitude m 619 - 650 - 840 - 950 - 795 - 896 -

Mean aspect category1 - 12 0.67 13 0.59 9 0.73 7 0.58 12 0.96 9 0.67

Mean slope ° 35.87 2.25 37.48 3.79 22.15 2.59 21.48 2.51 28.00 4.28 9.76 2.22

Mean vegetation cover % 94.09 0.87 91.43 1.69 95.41 1.13 83.62 1.64 67.95 3.50 97.62 0.54

Mean shrub cover % 81.61 1.16 75.14 2.37 78.24 1.92 65.45 2.27 34.90 4.59 47.70 4.19

Mean herb cover % 3.00 0.28 1.90 0.25 1.80 0.30 2.52 0.42 9.19 1.59 4.19 0.42

Mean grass cover % 10.67 0.94 12.05 2.19 16.29 2.19 10.65 1.03 18.86 2.78 56.00 3.14

Mean bryophyte cover % 72.37 2.67 76.33 3.94 65.44 2.86 54.56 2.63 55.95 3.99 57.57 2.83

Mean lichen cover % 2.24 0.58 9.33 2.02 3.37 0.64 6.86 0.56 2.29 0.49 3.51 0.59

Mean rock cover % 3.20 0.67 4.05 1.23 3.02 0.98 11.96 1.67 33.29 3.74 1.16 0.35

Mean shrub height cm 25.63 2.27 13.14 1.72 6.63 0.55 5.85 0.39 7.19 1.23 5.46 0.34

Mean bryophyte height cm 3.93 0.23 3.86 0.33 3.20 0.15 3.03 0.29 4.10 0.85 2.65 0.15

Mean soil depth cm 27.48 2.13 24.67 3.39 18.17 2.21 8.61 0.94 4.71 0.93 18.00 2.12

Mean bare soil cover % 2.74 0.56 5.00 0.76 1.61 0.47 5.23 0.56 1.62 0.48 1.22 0.36

County2 - -0.39 0.14 0.90 0.10 0.02 0.16 0.41 0.11 -0.33 0.21 -0.78 0.10

Mean species number - 25.54 0.74 30.95 1.35 19.00 0.62 18.83 0.48 26.62 1.99 21.57 0.68

Mean grazing category - 2.37 0.13 2.90 0.19 2.93 0.08 3.14 0.08 2.71 0.16 3.11 0.08

1See Table 2.3 for aspect categories
2Index of how much the occurrence of the relevés of a group tends towards each county; -1 is Kerry, 1 is Donegal, 0 is identical amount in each county
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Table 2.8 (cont.)

Environmental variable Unit 7 SE 8 SE 9 SE 10 SE 11 SE

Number of relevés 24 26 26 9 4

Mean altitude m 516.38 10.81 738.19 28.27 783.85 21.96 636.11 35.81 727.00 12.17

Minimum altitude m 460 - 511 - 510 - 510 - 710 -

Maximum altitude m 653 - 1037 - 1000 - 850 - 763 -

Mean aspect category1 - 9 0.88 9 0.77 8 1.06 11 1.17 14 1.41

Mean slope ° 13.54 3.86 8.58 2.12 17.27 3.21 1.11 0.61 36.25 6.57

Mean vegetation cover % 69.50 3.08 66.00 3.39 79.46 2.64 36.11 2.47 87.50 5.20

Mean shrub cover % 42.50 3.78 13.00 2.68 6.96 1.93 12.11 3.50 0.50 0.29

Mean herb cover % 5.21 0.90 13.92 2.52 8.96 1.33 10.00 3.17 7.25 1.65

Mean grass cover % 22.04 1.89 35.38 4.31 39.88 3.69 21.33 4.29 52.50 11.27

Mean bryophyte cover % 55.33 4.62 38.31 4.30 61.00 3.69 9.33 1.43 70.00 8.90

Mean lichen cover % 5.00 0.69 4.23 0.65 2.23 0.44 1.56 0.65 1.00 0.41

Mean rock cover % 26.71 3.47 28.69 3.43 17.46 2.93 44.44 4.20 10.75 4.78

Mean shrub height cm 4.42 0.39 2.85 0.28 2.92 0.33 1.56 0.24 1.50 0.50

Mean bryophyte height cm 2.75 0.17 2.15 0.20 3.35 0.33 1.11 0.11 3.75 0.48

Mean soil depth cm 3.92 0.59 4.85 1.04 4.27 0.65 3.78 1.19 4.00 2.04

Mean bare soil cover % 5.63 1.05 5.62 1.17 3.92 0.92 22.78 5.14 1.75 0.63

County2 - 0.83 0.12 0.00 0.20 -0.85 0.11 0.33 0.33 -1.00 0.00

Mean species number - 21.04 1.02 21.50 1.26 19.35 0.93 14.22 2.07 36.50 10.60

Mean grazing category - 2.38 0.20 3.19 0.12 3.27 0.09 3.89 0.11 3.25 0.25
1See Table 2.3 for aspect categories
2Index of how much the occurrence of the relevés of a group tends towards each county; -1 is Kerry, 1 is Donegal, 0 is identical amount in each county
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2.3.2 Non-metric multidimensional Scaling
NMS presented a 3-dimensional solution as the best solution, with a stress

value of 17.769. This is a relatively high value for stress, and is likely to be

due in part to the large size of the dataset (McCune and Grace, 2002).

However, it was considered to be within an acceptable range (< 20; McCune

and Grace, 2002) and the results interpretable. The three axes represent a

total of 81.8% of variance in the dataset. Axis 1 explains 27.2%, axis 2

explains 27.8% and axis 3 explains 26.7% of the variance.

Figure 2.4: NMS plot of all relevés, grouped by community (see Tables 2.4-2.6).

Lines show direction of significant environmental variables: the longer ones are

more significant (see Table 2.9).
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The NMS was plotted for axes 2 and 3 (Figure 2.4) as there was little

difference in variance between the axes, and the plot between these two

axes was the most ecologically interpretable. The vegetation groups, as

defined by the cluster analysis are well-differentiated. There is a particularly

strong differentiation between relevés of dry and montane heaths, dominated

by Calluna vulgaris (clusters 1-7), in the top right quadrant of the graph and

relevés of more open situations, dominated by species other than C. vulgaris

(clusters 8-11), mainly towards the bottom left-hand corner. Altitude and %

rock cover define these more grassy communities, compared to the more

shrubby heath communities on deeper soils. Altitude has the strongest

(negative) correlation with Axis 2, while % shrub cover is equally positively

correlated with axes 2 and 3 (Table 2.9). Axis 1 is likely to primarily indicate a

gradient of increasing exposure, as this axis is significantly negatively

correlated with vegetation cover, shrub cover and height and soil depth

(Table 2.9).

The two dry heath groups, groups 1 and 2, are well differentiated from each

other, but there is substantial overlap between these and the montane heath

groups 3 and 4. This is likely to be due to the sharing of a number of key

species between these groups, particularly Calluna vulgaris, Hypnum

jutlandicum, Hylocomium splendens and Rhytidiadelphus loreus. The relevés

of group 4 are widely spread on the plot reflecting larger variability in this

group, possibly as a consequence of the group’s large sample size. Many of

the relevés of group 6 plot as a homogenous group, clear of the other

relevés. This is likely to be due to the high cover of Juncus squarrosus in

these relevés. The relevés of group 7 plot close to the dwarf shrub-

dominated relevés, while the relevés of group 5 show an affinity with the

groups with little or no shrub cover. This may reflect the varying amounts of

Calluna vulgaris and Racomitrium lanuginosum, and associated species, in

these groups.
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Table 2.9: Pearson correlation co-efficient (r2) between each axis of the NMS plot

and environmental variables (correlations r2 > 0.2 are in bold). As the values for r

are not given, it is also indicated whether the correlation is positive or negative.

Axis 1 2 3

r2 r2 r2

Altitude (+) 0.048 (-) 0.551 (-) 0.09

Aspect (-) 0.006 (-) 0 (+) 0

Slope (-) 0.135 (+) 0.098 (+) 0.039

Total vegetation cover (-) 0.237 (+) 0.01 (+) 0.591

Shrub cover (-) 0.209 (+) 0.438 (+) 0.475

Graminoid cover (+) 0.002 (-) 0.324 (-) 0.011

Herb cover (+) 0.015 (-) 0.179 (-) 0.237

Bryophyte cover (-) 0.144 (+) 0.011 (+) 0.21

Lichen cover (+) 0.01 (+) 0.164 (+) 0

Rock cover (+) 0.18 (-) 0.012 (-) 0.5

Shrub height (-) 0.223 (+) 0.083 (+) 0.123

Bryophyte height (-) 0.027 (+) 0.007 (+) 0.034

Soil depth (-) 0.248 (+) 0.045 (+) 0.293

Bare soil cover (+) 0.106 (+) 0 (-) 0.173

Number of species (-) 0.288 (+) 0.008 (-) 0

Groups 8 and 9 plot close to the centre and overlap with a number of the

relevés of open montane heath. The majority of the relevés of group 10 form

a distinct cluster separate from the relevés of the other groups, likely to be

due to the high proportion of bare ground in these relevés. The relevés of

group 11 are scattered among the relevés of other groups and do not form a

distinct cluster, between any of the axes.

The NMS plot also shows a strong pattern of differentiation when the relevés

are grouped by the county they were taken from (Figure 2.5). Relevés taken

from Kerry generally plot towards the left-hand side of the plot and those

from Donegal primarily plot in the right-hand and upper section of the plot.

This suggests that there are significant differences between the montane

vegetation of these regions.
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The Pearson correlation coefficients (r2) between the environmental

variables and each of the three axes (Table 2.9) show that all of the axes

have a number of environmental variables significantly correlated with them.

In general, shrub cover and height and soil depth were correlated with the

axes in a diametrically opposite way to variables such as altitude, graminoid

cover and rock cover (see Figure 2.4).

Figure 2.5: NMS plot of all relevés grouped by site. Blue relevés were taken from

County Kerry and red from County Donegal (see Fig 2.2 for location of sites).
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2.3.3 Relationship between topography and vegetation structure
The results of the correlation tests (Table 2.10) showed many statistically

significant relationships between environmental variables, particularly

between topography variables and vegetation height and cover. Altitude is

highly significantly (p < 0.01) negatively correlated with shrub and bryophyte

height, shrub, bryophyte and lichen cover and total species number and is

highly significantly (p < 0.01) positively correlated with herb and graminoid

cover. Figure 2.6 displays the general trend of decreasing shrub and lichen

cover and increasing graminoid and herb cover with increasing altitude, while

bryophytes contribute the largest amount of cover at higher altitudes. Aspect

category is highly significantly (p < 0.01) positively correlated with shrub

height, cover of bryophytes and lichens and total species number, meaning

that species richness is higher and bryophytes and lichens attain greater

cover on north-facing slopes. Slope is highly significantly (p < 0.01) positively

correlated with shrub and bryophyte height, total vegetation cover, shrub and

bryophyte cover and total species number. Slope is highly significantly (p <

0.01) negatively correlated with graminoid and herb cover. Grazing intensity

is highly significantly (p < 0.01) positively correlated with altitude and highly

significantly (p < 0.01) negatively correlated with slope.
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Figure 2.6: The relationship between altitude and the cover of each vegetation

component, i.e. shrub, graminoid, forb, bryophyte and lichen.
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Table 2.10: Correlations between topographic variables and vegetation attributes, calculated using Spearman Correlation (significant

correlations in bold).

Total

cover

Shrub

cover

Herb

cover

Graminoid

cover

Bryophyte

cover

Lichen

cover

Rock

cover

Shrub

height

Bryophyte

height

Soil

depth

Bare

soil

Species

number

Grazing

category

Altitude Correlation

Coefficient

-.066 -.566** .356** -.150** -.186** .469** .103 -.590** -.290** -

.146**

-.132* -.231** .190**

Sig. .235 .000 .000 .007 .001 .000 .064 .000 .000 .008 .017 .000 .001

Aspect

category

Correlation

Coefficient

.017 .021 .079 .191** -.141* .014 -.046 .181** .125* .092 .010 .371** -.091

Sig. .761 .709 .153 .001 .011 .799 .405 .001 .024 .098 .857 .000 .102

Slope Correlation

Coefficient

.142* .367** -.212** .301** -.049 -.280** -

.189**

.462** .341** .272** .037 .317** -.168**

Sig. .010 .000 .000 .000 .377 .000 .001 .000 .000 .000 .503 .000 .002

Species

number

Correlation

Coefficient

.061 .123* .109* .174** .012 .065 -.051 .349** .265** .164** -.068 1.000 -.204**

Sig. .274 .026 .049 .002 .830 .238 .357 .000 .000 .003 .218 . .000

Grazing

category

Correlation

Coefficient

-.163** -.260** .077 -.274** .164** .200** .045 -.337** -.118* -

.309**

.372** -.204** 1.000

Sig. .003 .000 .168 .000 .003 .000 .415 .000 .033 .000 .000 .000 .

**. Correlation is significant at the 0.01 level (2-tailed).

*. Correlation is significant at the 0.05 level (2-tailed).
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2.4 Discussion

2.4.1 The plant communities in a wider context
The plant communities defined above compare well with those described in

the UK National Vegetation Classification (NVC; Rodwell, 1991; 1992; 2000;

Averis et al., 2004) and the provisional Irish National Survey of Upland

Habitats (NSUH; Perrin et al., 2011).

The Calluna vulgaris – Hypnum jutlandicum community is similar in

composition and ecology to the NVC community H10, Calluna vulgaris –

Erica cinerea heath. The primary difference between the described

community and H10 is the occurrence in many stands of damp-requiring

species, such as Sphagnum capillifolium and Scapania gracilis, resulting in

these stands also being similar in composition to H21 Calluna vulgaris -

Vaccinium myrtillus - Sphagnum capillifolium heath. However species

indicative of H21 do not usually form a major component of this vegetation

and occur throughout much dry heath vegetation in western Ireland, due to

the highly oceanic climate. The relevés of this group would mainly be

classified as DH3, Calluna vulgaris – Erica cinerea dry heath under the Irish

NSUH classification.

The Calluna vulgaris – Herbertus hutchinsiae group has strong affinities with

the NVC community H21, Calluna vulgaris – Vaccinium myrtillus –

Sphagnum capillifolium heath, in particular the Mastigophora woodsii –

Herbertus aduncus ssp. hutchinsiae sub-community, with which it shares the

rich mats of oceanic liverworts. Within the NSUH classification, these relevés

fall within the category of DH4, Calluna vulgaris – Sphagnum capillifolium dry

heath, with the hepatic mat component specifically classified as HM2,

Calluna vulgaris – Herbertus aduncus hepatic mat. A number of relevés may

be classified as H16, Calluna vulgaris – Arctostaphylos uva-ursi heath under

the NVC, but, aside from the presence of A. uva-ursi, there was little

difference between these and other relevés in the classification.
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The Calluna vulgaris – Hylocomium splendens dry montane heath does not

fit fully within the NVC. It is closest to H14, Calluna vulgaris – Racomitrium

lanuginosum heath, but lacks a significant component of R. lanuginosum or

other montane species. Floristically, it is similar to H10, Calluna vulgaris –

Erica cinerea heath, but the component woody species have a prostrate

growth form. Prostrate Calluna heaths with little R. lanuginosum occur

through the British uplands, but have no obvious place in the current NVC

scheme (Averis et al. 2004). Within the Irish NSUH classification, the relevés

of this group would be classified as MH1, Calluna vulgaris – Racomitrium

lanuginosum montane heath, due to the prostrate growth form of the shrub

layer, despite the lack of R. lanuginosum (Perrin et al., 2011).

The Calluna vulgaris - Racomitrium lanuginosum - Cladonia uncialis

montane heath is closest in composition to the NVC category H14, Calluna

vulgaris – Racomitrium lanuginosum heath, where the prostrate dwarf shrub

layer and significant component of R. lanuginosum are noted. There are also

affinities with H13 Calluna vulgaris – Cladonia arbuscula heath, primarily due

to the presence of Cladonia species in many stands. However, these

Cladonia species are rarely present at high cover, as occurs in stands of H13

in Scotland (Averis et al., 2010). Under the NSUH classification, the relevés

of this group would be classified unequivocally as MH1, Calluna vulgaris –

Racomitrium lanuginosum montane heath.

The Vaccinium myrtillus – Saxifraga spathularis montane heath community is

similar in composition to the NVC H20, Vaccinium myrtillus – Racomitrium

lanuginosum heath. However, it differs in the presence of the oceanic

species Saxifraga spathularis and Hymenophyllum wilsonii, the former of

which does not occur as a native species in Britain (Preston et al., 2002).

This community corresponds most closely within the Irish NSUH scheme

with MH3, Vaccinium myrtillus - Rhytidiadelphus loreus - Anthoxanthum

odoratum montane heath. Stands with oceanic liverwort species, such as

Bazzania tricrenata and Pleurozia purpurea may be referable to the NVC
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H20 Bazzania tricrenata – Mylia taylorii sub-community and MH2 Vaccinium

myrtillus - Racomitrium lanuginosum - Herbertus aduncus montane heath

within the NSUH scheme.

The Calluna vulgaris – Juncus squarrosus community does not fit well in the

NVC, but is similar to U6, Juncus squarrosus – Festuca ovina grassland,

differing significantly in the key role of Calluna vulgaris in the Irish

community. Stands of this community rich in bryophyte species bear some

similarity to the Carex nigra – Calypogeia azurea sub-community of U6. A

heathy form of Juncus squarrosus vegetation which resembles the

Sphagnum sub-community of U6, but differs in the presence of much C.

vulgaris or Vaccinium myrtillus, does occur in Britain (Averis et al. 2004) and

is likely to be similar in composition to some of the relevés in this Calluna –

Juncus group. Under the provisional NSUH classification, these relevés fall

within the Juncus squarrosus sub-community of MH1, Calluna vulgaris –

Racomitrium lanuginosum montane heath.

The Erica cinerea – Nardus stricta montane heath bears some similarity to

the NVC Racomitrium lanuginosum sub-community of U5, Nardus stricta –

Galium saxatile grassland, due to the presence of Nardus stricta as a

characteristic species. However, the prominent component of Trichophorum

germanicum, Erica cinerea and Calluna vulgaris result in strong affinities with

heath vegetation, being closest to the Cladonia sub-community of M15,

Trichophorum cespitosum – Erica tetralix wet heath. Within the Irish NSUH

classification, this community is most similar to WH5, Trichophorum

germanicum - Nardus stricta - Racomitrium lanuginosum montane wet heath,

and also shares some characteristics with MH5, Nardus stricta - Carex

binervis - Racomitrium lanuginosum montane grass heath.

It is appropriate to deal with the Carex bigelowii – Armeria maritima and

Racomitrium lanuginosum – Polytrichastrum alpinum montane vegetation

groups together, as they are similar in composition and have similar affinities
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with other classifications. Within the NVC, both groups are most similar to

U10, Carex bigelowii – Racomitrium lanuginosum moss-heath. They also

have some affinities with U8, Carex bigelowii – Polytrichastrum alpinum

sedge-heath, particularly higher altitude stands of the Carex bigelowii –

Armeria maritima montane vegetation. However, U8 is primarily a snow-bed

community in Britain and snow-beds are absent in Ireland. Within the NSUH

classification, both groups are referable primarily to MH6, Carex bigelowii –

Racomitrium lanuginosum montane heath. More open stands, which lack any

Arctic-montane species, may be referable to MH8, Festuca vivipara –

Thymus polytrichus – Galium saxatile montane vegetation.

The Agrostis capillaris – Salix herbacea montane vegetation group does not

fit within the current NVC classification. It shares some characteristics with

U4, Festuca ovina – Agrostis capillaris – Galium saxatile grassland and U10,

Carex bigelowii – Racomitrium lanuginosum moss-heath. It differs from both

of these categories in the low vegetation cover and open nature of the

habitat. Therefore, it is closest in composition to the proposed Festuca

vivipara – Oligotrichum hercynicum fell-field community (Rodwell et al.,

2000). Within the NSUH classification, stands of this group would be

classified as either MH6, Carex bigelowii – Racomitrium lanuginosum

montane heath or MH8, Festuca vivipara – Thymus polytrichus – Galium

saxatile montane vegetation, depending on the presence or absence of

specialist montane species.

Unlike the preceding groups, the Anthoxanthum odoratum – Galium saxatile

montane vegetation group has more affinities with grassland than heath

communities. In the NVC, it is closest to a bryophyte-rich form of U4, Festuca

ovina – Agrostis capillaris – Galium saxatile grassland. Within the NSUH

classification, it would also be classified as grassland, under the category of

UG1a, Agrostis capillaris – Festuca ovina upland grassland. Stands of this

vegetation containing oceanic liverwort species, can be classified as
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containing an element of HM2, Calluna vulgaris – Herbertus aduncus hepatic

mat.

In summary, the plant communities described here are very similar to those

described for Britain (Rodwell, 1991; 1992; Averis et al., 2004), but there are

notable differences, probably due to the more oceanic climate of Ireland. The

Irish NSUH classification (Perrin et al., 2011) will be a more appropriate

regional classification when it is completed, and will more adequately

represent the variation within Irish upland vegetation and highlight the unique

status of many elements of this vegetation.

2.4.2 Environmental influence on vegetation
From these results, it is clear that topography strongly influences the

composition and structure of montane vegetation in Ireland. The

characteristics of the main plant communities will be outlined, before

discussing the underlying causes of these patterns.

When grouped into the broad categories of dry heath, montane heath and

montane vegetation, there is a well-defined altitudinal gradient in the plant

communities. Dry heaths occur at altitudes only up to 650m, and are found

mainly below 500m, transitioning into montane heaths above this altitude.

Montane heaths do occur up to the highest altitudes, of over 900m, and were

recorded as low as just over 400m, but these communities primarily occur at

altitudes between 500 and 700m. The montane vegetation communities

occur at the highest altitudes, all recorded at altitudes greater than 500m, the

mean altitudes of these groups being generally between 700 and 800m.

Vegetation height and cover of shrubs and bryophytes decrease with

altitude, with a contrasting increase in the cover of graminoid and herb

species. This pattern of zonation of vegetation has been recorded in other

oceanic areas, such as the Faroe Islands (Fosaa, 2001) and Scotland

(McVean and Ratcliffe, 1962).
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In general, the dry heath groups and the montane vegetation of group 11,

which is closest to upland grassland in composition, were recorded from the

steepest slopes and also were mainly of a northerly aspect. The montane

heath groups 3, 4 and 5 were also primarily recorded from relatively steep

slopes, while the montane heath and montane vegetation groups 6 to 10

were primarily recorded from gentle slopes and level ground. Shrub and

bryophyte height and cover of bryophytes are higher on northerly aspects

and with increasing angle of slope.

It is probable that these variations in vegetation structure and composition

are primarily controlled by microclimatic variation. Foremost among these

microclimatic factors is the effects of exposure. Exposure is a combination of

low relative temperatures and high relative wind speed, along with a

consequential decrease in humidity and increase in evapotranspiration,

compared to more sheltered areas. This results in harsh conditions for the

growth of plants, particularly dwarf shrubs and many bryophyte species

(Crawford, 2000). It is difficult to quantify and measure the degree of

exposure, as it is controlled by the interaction of a number of factors, but it is

possible to use topographic variation as a proxy for exposure. Exposure

increases with altitude, and is greatest on slopes which face towards the

direction of the prevailing winds (Barry, 1992), which in the west of Ireland is

the south-west. Exposure is also greatest on mountain summits, ridges and

plateaux (Grace and Unsworth, 1988), where there is little or no slope, as the

presence of a slope provides a certain degree of shelter, depending on wind

direction (Barry, 1992).

Therefore it is likely that the effects of exposure account for much of the

variation between the vegetation groups. The dry heath groups grow in the

least exposed locations, where a reasonable depth of soil or peat has

accumulated and the shrubs and bryophyte layer can develop without strong

wind or desiccation acting to inhibit their growth. These dry heaths transition

into montane heaths where exposure becomes greater, as the shrubs
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become wind-clipped and vegetation cover becomes sparser. The most

exposed locations are generally occupied by the montane vegetation groups,

which have low cover of dwarf shrubs, with a large proportion of rocky or

bare ground, and the vegetation dominated either by bryophytes, herbs or

graminoids. Within the montane vegetation groups identified, there is

variation between those of exposed slopes and those of summit ridges and

plateaux, as stands of vegetation on summit ridges and plateaux generally

have lower vegetation cover than those on slopes at higher altitudes. This is

demonstrated on Muckish in the Derryveagh Mountains of Donegal, which

has a broad, level summit plateau at an altitude of 650-670m and supports

sparse vegetation, the majority of which was classified within the montane

vegetation group 8-10. In contrast, the nearby peak of Errigal, which attains a

greater altitude of 750m, has a very narrow summit ridge, and only small

areas of level ground. There is very little montane vegetation comparable to

that of Muckish, with montane dwarf shrub heath prevalent at all altitudes,

except on the narrow summit ridge.

In general, stands of vegetation from exposed locations are less species rich

than those from sheltered locations, as many species are not sufficiently

adapted to survive the stress caused by exposure (Körner, 2003). The

general decrease in species richness with altitude and exposure has also

been detected in many other montane regions (Bruun et al., 2006; Grytnes,

2003; Nagy and Grabherr, 2009). However, it would be incorrect to assume

that there is a monotonic relationship between species richness and altitude,

as many other factors interact to determine the species richness of an area

(Rahbek, 1995).

In relation to aspect, exposure is not the only factor which has a strong

influence on vegetation composition. Bryophytes, particularly Atlantic

species, such as Herbertus hutchinsiae, Bazzania tricrenata and other

species of the mixed northern hepatic mat, are at their greatest diversity and

have the greatest cover and height on slopes facing from north-east to north,
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particularly in corries. This is due to the highly humid environment, with low

rates of evapotranspiration (Ratcliffe, 1968). Lack of exposure is an

important factor, as there is less wind, which results in less drying out

(Chapter 3). Another key factor is low levels of sunlight (Averis, 1994), which

reaches its greatest intensity on south-facing slopes. Therefore, the

desiccating power of sunlight is at its weakest on slopes with a northerly

aspect, resulting in the enhancement of the humid microclimate (Barry,

1992).

2.4.3 Effects of grazing
As heavy grazing in the past has severely affected the vegetation in some

regions of the west of Ireland (McKee et al.,1998; Holyoak, 2006), it is of

note that there was little variation between these plant communities with

regard to intensity of grazing. It was of moderate intensity across all groups.

Intensity of grazing does vary with topography, as plots taken from steep

slopes were less heavily grazed than those from gentle slopes, as livestock

will not graze steeper slopes unless necessary. There is also a trend of

increasing grazing impact with increasing altitude. This is possibly due to the

increased fragility of vegetation at higher altitudes (Bleasdale and Sheehy

Skeffington, 1995), rather than an actual increase in the intensity of grazing.

As much of the vegetation at higher altitudes is already fragmentary and

inhibited by exposure, it is difficult to confidently disentangle the impacts of

grazing from the effects of exposure. Therefore, it is possible that grazing

impact per se was over-estimated, as the scale used was based on

subjective judgement. However, it is clear that grazing and exposure interact

in these areas, with grazing likely to enhance the impacts of exposure.

2.4.4 Geographical variation in montane vegetation
A number of the plant communities distinguished show a strong preference

for either Kerry or Donegal. The two regions share the same oceanic climate,

but Donegal is colder year-round and has higher wind speeds (Met Éireann,
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2012), so exposure is consequently greater. The mountains of Donegal (max

750m) do not reach the high altitudes of those in Kerry (max 1040m), so

many of the montane communities and species of higher altitudes would be

expected to be absent from Donegal. However, the greater exposure

resulting from its northerly latitude results in these communities being

represented in both regions, although they do occur with greater frequency in

Kerry, being primarily restricted to the most exposed summit plateaux in

Donegal.

In general, dwarf shrub heath is more prevalent in Donegal than Kerry, with

dwarf shrubs growing in all but the most exposed situations. Oceanic

bryophytes, particularly those of the mixed northern hepatic mat, were more

or less equally represented in both regions, although their habitat preference

varies between regions (this will be dealt with in greater detail in Chapter 3).

A number of the strongly montane vegetation types, particularly those

dominated by graminoids, such as Juncus squarrosus, Carex bigelowii and

Agrostis capillaris show a strong preference for the Kerry mountains, over

Donegal. These differences are likely to be due to a combination of altitude

differences, climatic factors and grazing history.

2.4.5 Comparison with British montane vegetation
In general, the montane vegetation of western Ireland shares many

similarities to that of Britain, particularly western Scotland, but also varies in

a number of ways, such that the NVC classification cannot be fully applied to

Irish montane vegetation. These differences are likely to be primarily due to

Ireland’s more southerly and westerly position than most British upland

areas.

Primary among these differences is the lack of snow-bed vegetation in Irish

montane vegetation, and a consequential lack of many montane species that

grow in these habitats (Averis et al., 2004). A number of Carex bigelowii
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dominated stands of montane vegetation recorded in this study have some

affinities with Scottish snow-bed vegetation, but lack any other snow-bed

specialist species, and are not likely to receive long-term snow cover, except

during the coldest winters. Ireland also lacks many montane species, and

associated communities, of Scotland, as a result of its less severe climate

(Chapter 1).

The oceanic climate also results in many differences between Irish montane

vegetation and that of Britain, as, within Britain, only the far west of Scotland

shares the hyper-oceanic climate of western Ireland. Oceanicity in Ireland is

likely to be marginally greater than in western Scotland, due to its more

westerly position (Horsfield et al., 1991), which results in a stronger oceanic

element to its vegetation. Therefore, liverwort species are frequent and

bryophyte cover is high in all but the most exposed sites. Species of wet

heath, for example Trichophorum germanicum, can grow in relatively dry,

well-drained locations, with the oceanic climate likely to compensate for the

drier habitat. There are a number of vegetation types, not widespread or

frequent enough in Britain to be included in the NVC (Averis et al., 2004),

that, in the Irish montane areas studied, form a consistent, prominent

component. An example of this is the Calluna vulgaris – Juncus squarrosus

heath, which is particularly widespread in Kerry.

2.5 Conclusions
It is evident that the range of montane vegetation present in the west of

Ireland is distinct and the factors which influence the variation are a function

of the specific climate of the highly oceanic mountains. This oceanicity is

coupled with the relatively low altitude –and latitude- of the mountains of the

west of Ireland and suggests that, though some of the rarer snow-bed

communities and species are absent from Ireland, the plant communities of

montane heath are unique and therefore require attention for conservation.

Although broadly similar examples of oceanic montane vegetation are
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relatively widespread in Scotland and a small number of other oceanic areas

(Fosaa, 2001; Averis et al., 2004), this vegetation is rare and extremely

restricted in distribution within Europe as a whole. Therefore, Ireland has a

major role to play in the conservation of oceanic montane vegetation in

Europe, as well as the oceanic element of the vegetation of all habitats and

communities (Lockhart et al., 2012).

Furthermore, it may be thought that Irish vegetation is similar to that of

Britain, and the British National Vegetation Classification can be applied in

Ireland, but these results show that application of the NVC would lead to

much confusion and difficulties in classifying many stands of Irish montane

vegetation. This classification will complement the work of the Irish National

Survey of Upland Habitats, and offer finer detail and more specific focus than

the data collected by that survey. Fine scale and focused data such as these

also add much important information when assessing the impact of

environmental and climatic changes on these vulnerable and highly restricted

habitats, and will help to inform future policy with regards to the conservation

and management of montane vegetation in Ireland.
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3 The ecology of mixed northern hepatic mat, and its relationship
with environmental and climatic factors

3.1 Introduction

3.1.1 Background
While carrying out the montane heath vegetation research (Chapter 2), it was

observed that liverwort species formed a highly conspicuous component of

many stands of montane vegetation. This was particularly true on sheltered

north-facing slopes, where extensive stands of mixed northern hepatic mat

occurred in many sites. Some of the species recorded were rare on both an

Irish and, particularly, European scale. Although these communities were

recorded in the relevés, the scale (2 x 2m) on which sampling was being

carried out did not reveal specific information on these hepatic communities

beyond species’ presence/ absence and general environmental conditions,

as these stands are usually highly fragmentary. Therefore, in order to

examine the ecology and geographical variation of this community in Ireland,

this study was initiated, at a scale of detail appropriate for small liverwort

species.

3.1.2 Distribution and composition of hepatic mat vegetation in Britain
and Ireland

The term ‘hepatic mat’ may be loosely applied to any community of liverworts

forming a continuous, tightly structured turf, and many consist almost entirely

of a single species, such as one of the relatively common, oceanic species

Scapania gracilis, Plagiochila spinulosa or Diplophyllum albicans (Averis,

1994). Hepatic mats may also consist of a specific assemblage of species of

similar ecology and distribution. These mats grow in a range of habitats, from

snow-bed communities on mountain summits, composed entirely of

liverworts, to communities of liverworts growing together in humid western

oak woodlands or in humid, sheltered ravines (Averis, 1994). The mixed

northern hepatic mat is, therefore, one of a number of types of hepatic mat,

and may be more appropriately called ‘hepatic heath’, as it frequently grows

in association with heath vegetation. However, it is not strictly restricted to
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heath vegetation and does not grow on a landscape scale, usually occurring

as distinct patches within a broader habitat, and is often fragmentary (Hodd

and Sheehy Skeffington, 2011a,b).

Within Britain and Ireland, mixed northern hepatic mat vegetation is at its

most frequent and species-rich in the North-west Highlands of Scotland.

Hepatic mats also grow well in many other parts of the Scottish Highlands,

and have been recorded as far east as the Cairngorms (Averis, 1992). Less

species-rich mixed northern hepatic mat vegetation has been recorded from

the Lake District of England and Snowdonia in northern Wales (Averis,

1994). Outside of Britain and Ireland, species-poor hepatic mat vegetation

has been recorded from Norway (Jordal and Hassel, 2010) and the Faeroe

Islands (Averis, 1994), but does not attain the same richness and frequency

in these areas as it does in Scotland and Ireland. Within Ireland, hepatic mat

vegetation has been recorded primarily in the counties of Donegal, Mayo,

Galway and Kerry (Figure 3.1), with the commoner constituent species

recorded from less oceanic mountain ranges, for example, in the Galtee

Mountains of County Tipperary and Comeragh mountains of County

Waterford (Hill et al., 1991, 2008), where they form what can be considered

as species-poor hepatic mats (personal observation).

The species composition of mixed northern hepatic mat vegetation varies

geographically, but all stands have a similar community structure and are

dominated by species of a group of large leafy liverworts (Plate 5). Ratcliffe

(1968) included seventeen species in this group (now eighteen, after

taxonomic changes (Long et al., 2006)), of which twelve are either restricted

to hepatic mat vegetation or a frequent key component of the community

(Table 3.1). All of these core hepatic mat species are of northern Atlantic

distribution in Europe, with the exception of Bazzania tricrenata, which can

be classified as being of western Atlantic distribution (Ratcliffe, 1968).

Herbertus hutchinsiae, Pleurozia purpurea and Bazzania tricrenata are

frequent throughout the range of mixed northern hepatic mat in Scotland and



Chapter 3

107

Figure 3.1: The number of hepatic mat species, as in Table 3.1, recorded in each

10x10km grid cell of Ireland (data obtained from NPWS, 2010). The red line

represents a value of 20 on the index of climatic oceanicity, west of which the

climate can be termed ‘hyperoceanic’ (after Averis et al., 2004).

<Null>

1

2

3

4

5

6

7

8

Number of species



Chapter 3

108

Ireland. Scapania ornithopodioides and Bazzania pearsonii also grow

throughout the range of hepatic mat vegetation in Scotland and Ireland, but

are not as frequent or widespread as the aforementioned species.

Mastigophora woodsii has been found in most of the core regions that

contain hepatic mat vegetation, from Kerry in the south to Sutherland in the

north, but is curiously absent from Donegal in the north-west of Ireland,

despite an abundance of suitable habitat (Hill et al., 1991; 2008; Paton,

1999).

Scapania nimbosa and Plagiochila carringtonii are widely distributed in the

Scottish Highlands, but are very rare in Ireland, being restricted to two and

one extant sites, respectively. S. nimbosa was previously more widespread

in Ireland, but has not been seen recently outside of Kerry (Holyoak, 2003).

Three species of Anastrophyllum; A. donnianum, A. joergensenii and A.

alpinum, are not uncommon, and sometimes dominant, in Scotland, but are

unknown as yet from Ireland (Hill et al., 1991; 2008). The rarest hepatic mat

species are Adelanthus lindenbergianus (Plate 6), which is restricted in

Europe to seven known sites throughout the range of hepatic mat vegetation

in Ireland and one site on Islay in Scotland, and Herbertus borealis, which is

endemic to Beinn Eighe in Wester Ross. The recently described H. norenus

grows only in hepatic mat vegetation on the Shetland Islands in Scotland

(Bell et al., 2012; Bell and Long, 2012). A number of other liverwort species,

that are not strictly characteristic of hepatic mat vegetation, frequently grow

in this community and can also be considered as hepatic mat species. These

are Anastrepta orcadensis, Mylia taylorii, Scapania gracilis, Plagiochila

spinulosa and Lepidozia pearsonii (Ratcliffe, 1968; Averis, 1994). The

oceanic fern Hymenophyllum wilsonii also frequently grows in hepatic mat

vegetation (Averis et al., 2004). In general, Irish stands of hepatic mat can be

considered to have a less diverse liverwort flora and more homogenous,

smaller stands than those which occur in Scotland (Horsfield et al., 1991).
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3.1.3 Habitats of hepatic mats in Britain and Ireland
Stands of hepatic mat vegetation have been identified as growing in a range

of habitats in the United Kingdom, as defined by the National Vegetation

Classification (NVC; Rodwell, 1991, 1992). The primary habitat identified for

the growth of hepatic mats is Calluna vulgaris – Vaccinium myrtillus –

Sphagnum capillifolium heath (H21). This is a damp heath type, with a rich

carpet of bryophytes. Stands of this vegetation containing hepatic mat

species are specifically referable to the Herbertus hutchinsiae –

Mastigophora woodsii sub-community (Averis et al., 2004). Hepatic mats

have also been recorded from the montane Vaccinium myrtillus –

Racomitrium lanuginosum heath (H20), within the Bazzania tricrenata –

Mylia taylorii sub-group. Snow-bed vegetation can form an important habitat

for hepatic mat vegetation, particularly in the east of the range of these

species, in the Cairngorms (Averis et al., 2004). Stands of hepatic mat have

also been recorded from boulder fields, upland grassland, cliffs, ravines and

rocky woodland (Averis, 1994).

In the catalogue raisonné of Irish vegetation (White and Doyle 1981), a

montane heath association, the Herberto-Polytrichetum alpini is

distinguished based on the presence of hepatic mat liverworts (Mhic Daeid,

1976). In the provisional classification of the Irish National Survey of Upland

Habitats (NSUH), hepatic mats are identified as a distinct element within the

vegetation, that can occur in a range of vegetation types. The NSUH

classification distinguishes two subtypes of hepatic mat vegetation, stands

characterised by Herbertus hutchinsiae, with the characteristic northern

Atlantic species dominant, and stands dominated by Scapania gracilis,

without the characteristic northern Atlantic species, usually growing at lower

altitudes (Perrin et al., 2011).
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Table 3.1: The British, Irish and worldwide distribution of the main hepatic mat species (adapted from Hodd and Sheehy Skeffington,

2011b; Appendix F), and altitude range at which they grow in Britain and Ireland (B and I) (data from Paton, 1999, Long et al., 2006 for

Anastrophyllum alpinum and A. joergensenii; taxonomy of Herbertus species in brackets after Bell et al., 2012a,b). Irish threat status

after Lockhart et al. (2012). Liverwort species also regarded as part of the hepatic mat community by Ratcliffe (1968), but not included

in this table, as they generally occur inconsistently in this community, are Anastrepta orcadensis, Mylia taylorii, Scapania gracilis,

Plagiochila spinulosa and Lepidozia pearsonii.

Hepatic mat species
Worldwide distribution outside Britain
& ireland British and Irish distribution

Frequency in
Ireland

Threat status
in Ireland

Altitude range
in B & I

Adelanthus
lindenbergianus

tropical Africa, southern Africa, C and S
America, Antarctica SW, W & NW Ireland, Islay

Widespread but rare Vulnerable
380-800m

Anastrophyllum alpinum
Himalaya, W China, Alaska NW Scotland

Absent N/A
700-950m

Anastrophyllum
donnianum

SW Norway, Tatra mountains, Faeroes,
W Canada, Alaska, Himalaya Cairngorms, NW Scotland

Absent N/A
300-1060m

Anastrophyllum
joergensenii Norway, W China Cairngorms, NW Scotland

Absent N/A
700-950m

Bazzania pearsonii
E & SE Asia, Himalaya, NW N. America

SW, W & NW Ireland, Cairngorms, NW
Scotland

Occasional in all
areas

Vulnerable
300-1000m

Bazzania tricrenata montane Europe, Faeroes, N. America,
Guatemala, Asia

S, W & N Ireland, Scotland, N England, N
Wales

Frequent Least concern
0-1220m

Herbertus borealis
Scottish endemic NW Scotland

Absent N/A
380-550m

Herbertus norenus
SW Norway Shetland

Absent N/A
175-350m

Herbertus hutchinsiae
W Norway, Faeroes

S, W & N Ireland, W Scotland, N England, N
Wales

Frequent Least concern
0-1040m

Mastigophora woodsii
Faeroes, NW N. America, C and E Asia SW & W Ireland, W Scotland

Occasional, absent
from Donegal

Near
threatened 100-1000m

Plagiochila carringtonii
Faeroes, Nepal W Ireland, Cairngorms, W Scotland

Very rare Endangered
300-1070m

Pleurozia purpurea SW Norway, Faeroes, Jan Mayen,
Alaska, Himalaya, Guadeloupe SW, W, C & N Ireland, W&C Scotland

Frequent Least concern
0-915m

Scapania nimbosa
SW Norway, E Himalaya, W China

SW, W & NW Ireland, Cairngorms, W Scotland,
N Wales

Very rare, only seen
in Kerry recently

Endangered
400-1070m

Scapania
ornithopodioides Norway, Faeroes, Himalaya, Asia, Hawaii

SW, W & NW Ireland, Cairngorms, W Scotland,
N England, N Wales

Occasional in all
areas

Vulnerable
300-1000m
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3.1.4 Worldwide distribution of hepatic mat species
Many of the core constituent species of hepatic mat are of disjunct

distribution (Table 3.1), and are all, with the exception of Bazzania tricrenata,

restricted within Europe to the Hyper-oceanic regions of Ireland, Britain, the

Faeroe Islands and Norway. Outside North-western Europe, most of these

species occur in North-western North America, the Himalayas and western

China, and isolated Oceanic islands. Of the specialist hepatic mat species,

Anastrophyllum alpinum, A. donnianum, A. joergensenii, Bazzania pearsonii,

Mastigophora woodsii, Plagiochila carringtonii, Pleurozia purpurea, Scapania

nimbosa and S. ornithopodioides also grow in the Himalayas, but do not

occur in the intervening regions of Eurasia (Paton, 1999; Long et al., 2006).

In many parts of the Himalayas, the British and Irish species, or closely

related species, often grow together, forming hepatic mats, such as in the

Gaoligong Mountains of China (Long, 2008). However, in the Sino-Himalaya,

the species are associated with other similar liverworts which do not extend

to Europe, such as several other large Scapania species (D. Long, pers.

comm.).

A number of these species also have disjunct distributions with western

North America. They are Anastrophyllum alpinum, A. joergensenii, Bazzania

pearsonii, Mastigophora woodsii and Pleurozia purpurea. Adelanthus

lindenbergianus does not follow the same distribution pattern as the other

constituent hepatic mat species, being primarily a species of tropical and

southern regions. A. lindenbergianus has been recorded from tropical and

southern Africa, South and Central America and Antarctica (Paton, 1999). It

has been recorded in the Falkland Islands as occurring in hepatic mats,

similar in structure to those found in North-western Europe, but with a very

different species composition, consisting of mainly southern hemisphere taxa

(Duckett et al., 2012).
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The three Herbertus (H. borealis, H. norenus and H. hutchinsiae) species are

endemic to North-western Europe (Bell et al., 2012; Bell and Long, 2012).

Until recently, H. hutchinsiae was considered to be a subspecies of H.

aduncus, which grows in North America and Asia (Paton, 1999). However,

recent work by Bell et al. (2012) has shown H. hutchinsiae to be a distinct

species, based on DNA barcoding results.

3.1.5 Origin of the distribution of these species
It is not possible to be certain of the origin of the current disjunct distribution

of these species. Distribution and dispersal patterns of bryophytes are quite

different to those of vascular plants, as vascular plants are less mobile and

evolve faster than bryophytes (Preston and Hill, 1999). There are two

hypotheses which are generally put forward to explain disjunct distributions

in bryophytes (Schofield and Crum, 1972; Shaw, 2001; Frahm, 2008; Medina

et al., 2011). The first of these is that these species may previously have had

a continuous distribution between their current centres of population, but due

to changes in the climate, extinctions have occurred, and they have retracted

to areas where conditions are suitable for their growth. Continental drift,

coupled with slow rates of evolution, is also often cited as a contributing

factor in creating many relict bryophyte populations (Schofield and Crum,

1972). The other hypothesis for the origin of disjunct bryophyte distributions

is the long-range dispersal of spores by wind (Muñoz et al., 2004). It is not

possible to infer a general pattern of origin of all disjunct distributions in

bryophytes, and the origin of their disjunct distribution is likely to vary

between species, different hypotheses being valid for different species and

groups of species (Medina et al., 2011)

There is little habitat that is currently climatically or ecologically suitable for

the constituent hepatic mat species in the intervening areas between, for

example, north-western Europe and the Himalaya, but it is possible that

climatic conditions were suitable in the past. These populations may be
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relicts of a once continuous distribution, that are now surviving only where

conditions are suitable, having survived in ice-free refugia during the last ice-

age (Averis, 1994). Continental drift is not likely be a contributing factor, as

the areas of current occurrence of these species were never in close

proximity.

The most likely potential origin of their disjunct distribution is through long-

range dispersal of spores from other populations in the Himalayas, North

America or Africa (Schofield and Crum, 1972). Genetic work on Herbertus

species in the southern hemisphere suggest that the intercontinental

disjunctions in that genus arose as a result of a combination of rare long-

distance dispersal events, short-distance dispersal and local extinction and

colonisation as a result of climatic changes (Feldberg et al., 2007). A similar

pattern is possible among the hepatic mat species of the northern

hemisphere.

The main problem with the theory that British and Irish populations of these

species originated from long-distance dispersal is that few of these species

have been known to produce sporophytes, or even gemmae, anywhere in

the world (Averis, 1994). In Britain and Ireland, the only hepatic mat species

known to produce sporophytes is Anastrophyllum donianum, which has been

recorded with sporophytes on one occasion in Scotland (Averis, 1994).

Therefore, in order for long-distance dispersal to be likely, these species

must have been more widespread in the past, and produced sporophytes

more frequently, both assumptions which could conceivably have been

fulfilled during past climatic conditions. Hooker (1816) contains drawings of

Herbertus hutchinsiae collected in the late 18th or early 19th century, with

sporophytes, though the species has not been observed with sporophytes

present since. A further barrier to their long-distance dispersal is the

preference of these species to grow in humid, and therefore, by definition,

low-wind environments (Schofield and Crum, 1972).
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However, some of these species are found on the Faeroe Islands, which

have not been connected to mainland Europe since the early post-glacial.

This suggests that these species would have been capable of long distance

dispersal since the end of the last ice age (Averis, 1994), lending support to

the theory that these species originated in north-western Europe by long-

distance dispersal. Due to the lack of solid evidence and plausibility of

conflicting theories, it is not possible to be sure of the true origin of this

community of liverworts. Evidence from genetic studies indicate that long-

distance dispersal is the most likely origin of many disjunct distributions in

bryophytes, but further work in this area is still required (Heinrichs et al.,

2007).

3.1.6 Ecological requirements of northern hepatic mats
The core areas for the growth of hepatic mat vegetation in Europe have a

hyper-oceanic climate, which results in, among other things, a lack of

extreme high or low temperatures, a high temperature lapse rate, high

cloudiness, high, frequent rainfall and low vapour pressure saturation deficit

(Crawford, 2000). There is a gradient of oceanicity from east to west,

resulting in a high climatological contrast between the maritime western

fringe of Britain and Ireland and the relatively continental interior of these

islands (Sweeney, 1997), which lead to hepatic mat vegetation being

restricted to the hyper-oceanic far west of these islands.

Frequency, rather than overall amount of rainfall appears to be the main

controlling factor in the distribution of hepatic mats, since their distribution

has been shown to be closely associated with areas where there are more

than 220 rain days (days with more than 1mm of rain) per year (Ratcliffe,

1968; Hobbs, 1988). This high frequency of rain results in a constantly humid

atmosphere and low evapotranspiration, particularly in mountain areas.

Hepatic mats also show better growth in areas with cool summers and mild

winters (Averis, 1994).



Chapter 3

115

The local microclimate is of particularly high importance for hepatic mat

species and is determined primarily by topography (Barry, 1992), providing

the conditions that many hepatic species depend on. The most important

environmental factor which limits the growth of hepatic mat species is the

rate of evaporation from the surface of the bryophyte cushion. Thus, in most

sites, hepatic mats are confined to areas that have a specific combination of

altitude, aspect, slope and shelter that provides the most humid conditions;

criteria which are best met in mountain areas (Averis, 1994). Hepatic mats

generally do not grow below about 300m, and can grow up to altitudes of at

least 1000m, in areas where snow cover protects the species from winter

frosts (Ratcliffe, 1968). Hepatic mats primarily grow and reach their full

composition on north-east to north-facing slopes, where there is less sunlight

and lower rates of evapotranspiration. They prefer steep, well-drained

slopes, but can also occasionally occur on deep blanket peat. Degree of

exposure also plays a role in determining where hepatic mats will grow,

meaning that deep corries, with high humidity and low sunlight are the

favoured habitat, along with areas shaded by boulders (Ratcliffe, 1968;

Averis, 1994). High levels of cloudiness, which is provided particularly in

mountain areas is also very important for the growth of these species, as it

increases humidity and minimises fluctuations in temperature (Ratcliffe,

1968; Jordal and Hassel, 2010). All of these factors combine to greatly

restrict the area of suitable habitat for the growth of hepatic mat bryophytes

in Britain and Ireland. However, even areas fulfilling all of the environmental

criteria listed above, and containing rich stands of mixed northern hepatic

mats, must not be under the perfect conditions for the growth of these

species, as they rarely reproduce sexually (Averis, 1994).

3.1.7 Threats to hepatic mat conservation
A number of threats exists to the survival of hepatic vegetation in good

condition, most of which are anthropogenically driven (Lockhart et al., 2012).
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Hepatic mats are vulnerable to disturbance and change, as they are

extremely restricted to areas of very specific climatic and topographic

conditions and currently have very few means of long-distance dispersal

(Averis, 1994). Spread is primarily by vegetative fragmentation, making the

establishment of new populations slow and unpredictable (Rothero, 2003).

Their tendency to form large mats on steep slopes also makes them

particularly vulnerable to erosion (Hodd and Sheehy Skeffington, 2011b).

Currently, the most pressing and widely recognised threat to hepatic mats is

overgrazing by sheep. Burning is also a threat in some areas, especially in

Scotland (Rothero, 2003). Overgrazing has had the largest negative impact

in parts of Ireland, particularly in parts of counties Galway and Mayo, where

overstocking of sheep has led to severe degradation of the vegetation cover

of the mountains (Bleasdale, 1998; McKee at al., 1998). This has led to

widespread loss of the cover of hepatic mat bryophytes in many sites where

they were previously frequent (Holyoak, 2006; Lockhart et al., 2012). The

most well-documented losses have occurred in the Twelve Bens of

Connemara, where hepatic mats were once abundant and rich, under a tall

canopy of heather (Ratcliffe, 1962), but are now mainly restricted to

occasional small, depauperate patches, with little healthy heather in the

vicinity (Holyoak, 2006). Plagiochila carringtonii is presumed lost here from

one of only two known Irish sites (Plate 8), while Adelanthus

lindenbergianus, which was once abundant and plentiful throughout the

Twelve Bens, is now restricted to one small patch on Binn Gabhar (Long,

2010). Stocking densities have been reduced throughout western Ireland in

the last decade, but it is unlikely that already damaged or lost stands are

likely to recover in the near future, due to the widespread loss of vegetation

cover and soil erosion, making restoration nearly impossible (Long, 2010). It

is also thought that future changes in the climate are likely to have an impact

on northern hepatic mat species (Porley and Hodgetts, 2005; Chapter 5).
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The primary aims of this chapter are (1) to investigate the habitats and

ecology of the hepatic mat community at a scale relevant to these species

and (2) to determine the relationship between climate and the distribution of

hepatic mat vegetation in the west of Ireland.

3.2 Materials and Methods

3.2.1 Site selection
Sampling was carried out throughout the range of hepatic mat vegetation in

Ireland, in counties Donegal, Mayo, Galway and Kerry. Sites were selected

based on records of hepatic mat species in the National Parks and Wildlife

Service (NPWS) Rare and Threatened Bryophyte Database (NPWS, 2010)

and observations while carrying out fieldwork in montane heath vegetation in

sites in Kerry and Donegal (see Chapter 2).

Table 3.2: Details of sites from which relevés were taken, and the known previous

occurrence of the three rarest Irish hepatic mat species in these sites.

County Site
Max.
altitude (m)

Number
of
relevés Rare species previously recorded

Donegal Errigal 751 10 Adelanthus lindenbergianus, Scapania nimbosa
Donegal Muckish 666 5 -

Donegal
Slieve
League 595 5 -

Mayo Slievemore 672 6 Adelanthus lindenbergianus, Scapania nimbosa
Mayo Corraun 541 4 Adelanthus lindenbergianus
Mayo Mweelrea 814 6 Plagiochila carringtonii, Scapania nimbosa

Galway Benbaun 725 2
Adelanthus lindenbergianus, Plagiochila
carringtonii

Kerry Brandon 952 14 Adelanthus lindenbergianus, Scapania nimbosa
Kerry Slieve Mish 851 4 -
Kerry Reeks 1041 12 Scapania nimbosa

Sampling was carried out in 10 sites overall; three in Donegal; three in Mayo;

one in Galway and three in Kerry (Table 3.2). The Donegal sites were

Errigal, Muckish and Slieve League; the Mayo sites were Slievemore on

Achill Island, Corraun and Mweelrea; the site in Galway was Benbaun in the
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Figure 3.2: Sites selected for sampling. Sites from which relevés and climatic data

were collected are denoted by a triangle and sites from which relevé data only were

collected are denoted by a circle. Sites are as follows: 1. Errigal, 2. Muckish, 3.

Slieve League, 4. Slievemore, 5. Corraun, 6. Mweelrea, 7. Benbaun, 8. Brandon, 9.

Slieve Mish, 10. MacGillycuddy’s Reeks. The red line is as in Figure 3.1.
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Twelve Bens and the Kerry sites were Brandon, Slieve Mish and the

MacGillycuddy’s Reeks (Figure 3.2). Extensive sampling was not possible in

the Twelve Bens in County Galway, as the impacts of severe overgrazing

has led to stands of hepatic mat being highly fragmentary and in poor

condition. Within these sites, sampling was further narrowed down to areas

where hepatic mats were well-represented and conditions were optimum for

their growth. Sampling within these areas was not completely random, as it

was necessary to include at least two species characteristic of hepatic mat in

each relevé, and an effort was made to include all of the key hepatic mat

species in at least three relevés, which led to a loss of randomness

particularly for relevés containing the extremely rare species Scapania

nimbosa and Plagiochila carringtonii. The fragmentary nature of stands of

hepatic mat also restricted the randomness of the placing of relevés.

A total of 68 relevés were taken, from quadrats 25 x 25cm in size, in line with

other studies of hepatic mat vegetation (Averis, 1994; M. Flagmeier, pers.

comm.). A larger sized quadrat, would not have enabled homogenous stands

of hepatic mat vegetation to be adequately sampled, as there is rarely a

continuous cover of hepatic mat bryophytes over large areas, and detail of

cover and abundance of individual bryophyte species would have been lost.

Cover and abundance of each species was recorded using the Braun-

Blanquet scale (Kent and Coker, 1992). A wide range of environmental

variables were recorded, as follows: altitude, aspect, slope, cover of shrubs,

herbs, grasses, bryophytes and lichens, shrub and bryophyte height, bare

rock and soil cover, soil depth, rock type and grazing intensity (on a scale of

1-low to 5-high, based on a subjective assessment at time of relevé taking).

It was necessary to transform the aspect data, due to the adjacency of 0 and

360 degrees. As all of the relevés were taken from aspects north of west and

east, an ordinal scale was devised, centred on north, ranging from a value of

1 for west up to a value of 9 for east, with a value of 5 for due north.
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3.2.2 Collection of climate data
Climate data were collected using 23 TinyTag Plus 2 TGP-4500 temperature

and humidity dataloggers (Gemini Dataloggers Ltd., Chichester) located in

sites in Donegal, Mayo, Galway and Kerry (Figure 3.2). The aim of these

loggers was two-fold; firstly, they were located in order to record the

geographic variation in climatic conditions in montane habitats between the

regions of western Ireland and secondly, within a single site, they were

placed to record the differences between north and south-facing slopes and

between sheltered corries and exposed ridges.

The 23 temperature and relative humidity dataloggers were deployed across

eight sites, throughout the geographical spread of the western Irish

mountains, the majority of which have good stands of hepatic mat

vegetation. The pattern in which these loggers were deployed at most sites

was to locate one on a north-facing slope, one on a south-facing slope and a

third on an exposed, open ridge-top. However, many of these dataloggers

were lost, most likely due to the activity of corvids, specifically ravens

(Corvus corax). The majority of lost dataloggers were from open ridge-tops at

higher altitudes, and many of the dataloggers from sheltered corries were

recovered (they are bright yellow).

Data from eight loggers in six sites, across the geographical range of this

study, were used for this analysis (Table 3.3). Due to differing initiation and

collecting dates and operating errors, it was only possible to use data from

the period of time covered by the records of all loggers, meaning that it was

not possible to use the full range of data available. Data from north-facing

sites, five of which contain extensive stands of hepatic mat, were compared,

alongside data from a north-facing site on an open slope in the

MacGillycuddy’s Reeks in Co. Kerry. It was possible to compare data from

north- and south-facing slopes, at similar altitudes and in close geographic

proximity, on Mount Brandon. Data, from a relatively short period of time,
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Table 3.3: Details of dataloggers from which data were utilised, and sites in which they were deployed.

County Site Location
Altitude
(m) Habitat Aspect Period of data utilised

Donegal Errigal Corrie of Errigal 430 Hepatic mat under Calluna N 06/07/2010 - 12/04/2011

Donegal Muckish Northern corrie of Muckish 450 Hepatic mat under Calluna N 06/07/2010 - 12/04/2011

Mayo Achill Corrie of Slievemore 400 Hepatic mat on grassy slope N 06/07/2010 - 12/04/2011

Mayo Mweelrea Coire Dubh, Mweelrea 450 Hepatic mat on grassy slope N 06/07/2010 - 12/04/2011; 28/04/2011 - 14/11/2011

Mayo Mweelrea Summit of Ben Bury 790 Open summit ridge - 28/04/2011 - 14/11/2011

Kerry Brandon L. Dubh corrie, Brandon 650 Hepatic mat on grassy slope N 06/07/2010 - 12/04/2011; 06/10/2010 - 23/03/2011

Kerry Brandon Main corrie of Brandon 720 Boulder scree S 06/10/2010 - 23/03/2011

Kerry Reeks Knockbrinnea 410 Calluna heath N 06/07/2010 - 12/04/2011
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were retrieved from an exposed ridge on Mweelrea, in Mayo, and were

compared with data from the nearby north-facing corrie.

3.2.3 Analysis of vegetation data
Analysis of the relevé data was carried out following the same procedure as

was used in Chapter 2. Therefore, the methodology will only be briefly

described in this section. Analysis of these data was carried out using PC-

Ord version 5.0 (McCune and Mefford, 2006) and JUICE version 7.0 (Tichý,

2002). Analysis for the presence of outliers indicated only one outlying

relevé, which was retained, as it was a moderate outlier (within 3 standard

deviations) and very much within the target vegetation. No relativisations or

transformations were applied to the data.

The relevés were classified into groups using hierarchical, polythetic,

agglomerative cluster analysis (McCune and Grace, 2002), for the reasons

outlined in detail in Chapter 2. Quantitative Sørensen (Bray-Curtis) was used

as the distance measure, and flexible Beta, with β = - 0.25, was selected as

the linkage method. The appropriate number of groups and cutting point of

the dendrogram was determined using Indicator Species Analysis (ISA;

Dufrene and Legendre, 1997). ISA was run on the output of the hierarchical

cluster analysis, from a division into two groups up to a division into 10

clusters. However, as one of the groups contained only one relevé beyond a

division into six clusters, that group had to be excluded when running the ISA

at higher levels of division. The optimum number of groups was determined

as the level with the highest number of significant (p ≤ 0.05) indicator species

and the lowest average p-value, or the level closest to fulfilling those criteria

(Dufrene and Legendre, 1997).

The significance of the groupings, as defined by the cluster analysis, was

tested using Multi-Response Permutation Procedure (MRPP; McCune and

Grace, 2002; Perrin et al., 2006). MRPP was run using a matrix of six
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environmental variables: altitude, aspect, slope, shrub height, bryophyte

height and soil depth. These data were relativised to standard deviates, and

Euclidian distance was used as the distance measure, as Sørensen (Bray-

Curtis) is not compatible with data relativised to standard deviates, as it

cannot be used with negative values (McCune and Grace, 2002). In order to

investigate whether the composition of the vegetation is significantly

influenced by geographical location, an MRPP was carried out on the relevé

data, using the county from which they were collected as the grouping

variable.

Non-metric Multidimensional Scaling (NMS) was used to carry out an

ordination of the data and display the relationship between relevés and

between relevés and environmental variables. An initial autopilot run of NMS

was carried out, using Quantitative Sørensen (Bray Curtis) as a distance

measure, 250 runs with real data, 250 runs with randomised data, stepwise

reduction in dimensionality, a stability criterion of 1x10-4, standard deviations

in stress over last 15 iterations and a maximum of 500 iterations. Based on

the output of this run, the best starting configuration and optimal number of

axes was found. The final ordination was run using 3 axes, no stepwise

reduction in dimensionality, a stability criterion of 1x10-4, standard deviations

in stress over last 15 iterations and a maximum of 500 iterations.

Environmental variables were overlain on NMS ordination and the correlation

co-efficient was calculated between the environmental variables and axes of

the NMS plot, to assist in determining the relationship between plant

community composition and environmental factors (McCune and Grace,

2002).

3.2.4 Analysis of climate data
The data from each of the dataloggers were extracted using the TinyTag

Explorer software (Gemini Dataloggers Ltd., Chichester). The data were

recorded at 30 minute intervals and mean daily temperature, maximum daily
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temperature, minimum daily temperature, daily temperature range, mean

daily humidity, maximum daily humidity, minimum daily humidity and daily

humidity range for each logger for the required period were calculated from

these values. Significant differences between the data collected by the

dataloggers were tested using the Wilcoxon signed rank test (R development

core team, 2010). The climate data were related to the relevé data by

assigning each relevé the overall mean values of temperature and humidity

(mean, max, min and range) of the nearest datalogger, either geographically

or in environmental attributes. In a number of cases, this is likely to result in

values being assigned to a relevé that are not fully accurate for the

conditions that actually exist there, limiting the interpretability of the

relationship between the climate and relevé data. However, the overall

trends shown in the data can be interpreted with sufficient confidence to be

of use. An MRPP was run using the climate data, to see whether the

groupings defined by the cluster analysis are climatically significant.

3.3 Results

3.3.1 Groups within the vegetation data
The indicator Species Analysis (ISA) results suggested the optimum number

of groups to be five. Despite not meeting the criteria of highest number of

indicators and lowest average p-value (Figure 3.3), five was taken as the

optimum number of groups, based on the size and structure of the dataset,

and the fact that any greater number of groups would have resulted in one

group containing only one relevé. Within-group homogeneity, using

environmental variables, as measured by MRPP, is reasonably high (A =

0.134) and there are significant differences (p<0.001) between the groups

within the environmental matrix. There are also significant differences

(p<0.001) between the groups within the climate data, and within-group

homogeneity is high (A = 0.295); values of A greater than 0.3 are considered

high in ecological data (McCune and Grace, 2002).
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Overall, these relevés were taken at altitudes ranging from 320m up to 888m

with a mean altitude of 570m. They were taken from a narrow range of

aspects, ranging from west-northwest to east, all but 10 of the relevés

occurring between north-northwest and northeast. The relevés occurred on a

wide range of slopes, ranging from 2° to 90°, but were primarily taken from

steep slopes, with a mean of 47°. By definition, bryophyte cover was

consistently high in all relevés (mean = 85%), the only other significant

vegetation cover being contributed by shrubs and grass, at a mean of 17%

and 10% respectively. Soil depths ranged from 1cm up to 80cm, but were

generally relatively shallow, with a mean of 11cm. Considering the small

quadrat size, species richness is high, with a mean of 17 species per relevé.

Figure 3.3: Number of significant indicators calculated using ISA and average p-

value of all species at each level of clustering, which were the criteria to find the

optimum number of clusters.. Five clusters were selected as the optimum

number of clusters.
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These relevés are clearly defined into two distinct groups (Table 3.4) – those

from heath habitats (1a & 1b) and those from open grassy habitat (2a - 2c), a

difference that was clearly noticeable in the field and was well-defined in the

cluster analysis. The cluster analysis divided the heath relevés into two sub-

groups and the relevés from open, grassy habitats into three sub-groups.

The liverworts Herbertus hutchinsiae, Scapania gracilis and Diplophyllum

albicans, and the moss Racomitrium lanuginosum, are ubiquitous throughout

the majority of these relevés, across all groups. All species with greater than

3 occurrences (>5% frequency) were included in the constancy table, along

with any other oceanic or montane species. All species recorded and their

frequencies are listed in Appendix B.

Group 1: Calluna vulgaris heath group (Table 3.4)

This group can be described as heath and is defined by the presence of a

low canopy consisting of the dwarf shrubs Calluna vulgaris, Vaccinium

myrtillus and Erica cinerea. The rare hepatic mat liverwort Adelanthus

lindenbergianus is characteristic of these relevés, along with two other

bryophytes Odontoschisma sphagni and Sphagnum tenellum and the lichen

Cladonia portentosa.

Group 1a: Pleurozia purpurea sub-group

The mat-forming liverworts Pleurozia purpurea and Mylia taylorii are the

strongest indicators of this group, with Potentilla erecta and Cladonia uncialis

also acting as significant indicators. The grass Agrostis capillaris is frequent

in these relevés, but does not form as significant a part of the vegetation as

the dwarf shrub species, particularly Calluna vulgaris and Vaccinium

myrtillus. Two liverwort species, Bazzania tricrenata and Scapania gracilis,

which are frequent in the other vegetation groups, are infrequent in these

relevés.

These relevés were taken from relatively low altitudes (mean = 453.83m ±

Standard Error = 16.82) and shallow slopes (mean = 25° ±8.47) (Table 3.5).
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Although shrub cover is not particularly high (mean = 24.17% ±5.23), it is

high in relation to the relevés of the Agrostis capillaris group. Cover of bare

rock is relatively high (mean = 12.5% ±7.93). Grazing intensity is high in

relation to the other groups, with the

majority of these relevés recorded from areas with high to very high grazing

intensity, with much evidence of heavy browsing and high levels of trampling

and dung present. Species richness is low (mean = 16.33 ±1.2 species per

relevé) in these relevés in relation to the other relevés within the Calluna

vulgaris group. Richness of hepatic mat species is also low, with a mean of 4

±0.52 hepatic mat species (as defined by Ratcliffe, 1968) per relevé.

Group 1b: Deschampsia flexuosa sub-group

Calluna vulgaris is the strongest indicator of this subgroup, along with two

other typical dry heath species, Deschampsia flexuosa and Pleurozium

schreberi. The dwarf shrub Empetrum nigrum, montane lichen Cladonia

arbuscula and the oceanic liverwort Lepidozia pearsonii are also indicative of

this sub-group. The hepatic mat liverworts Scapania ornithopodioides and

Bazzania pearsonii are moderately frequent in this sub-group, as is the

oceanic liverwort Anastrepta orcadensis, which is recognised as a frequent

associate of hepatic mat species.

Similar to the previous sub-group, these relevés were recorded from

relatively low altitudes (mean = 475.47m ±17.71) and shallow slopes (mean

= 29.8° ±7.11) (Table 3.5). Although all of these relevés are from vegetation

dominated by Calluna vulgaris, mean shrub cover is only 51.33% ±3.6.

However, this is considerably more than for the relevés of the other groups.

Herb (mean = 0.33% ±0.21) and graminoid cover (mean = 4.2% ±0.84) are

very low. Mean shrub height (16.13cm ±3) and soil depth (24.53cm ±4.93)

are considerably higher than in the other groups. Mean species number

(18.8 ±1.06) and number of hepatic mat species (5.87 ±0.42) per relevé are
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Table 3.4: Constancy table of relevés taken from hepatic mat vegetation. IndVal is the

indicator value of each species for a group, calculated based on the frequency of the

species in that group, along with its cover value in each relevé. Constancy values are as

follows: I = 0-20%; II = 20-40%; III = 40-60%; IV = 60=80%; V = 80-100%.

Group 1a 1b 2a 2b 2c

Number of relevés 6 15 20 18 9

Calluna vulgaris group IndVal IndVal IndVal IndVal IndVal

Calluna vulgaris V 32 V 66 I - I - - -

Vaccinium myrtillus V 16 V 27 IV 19 IV 9 II 4

Erica cinerea II 20 II 16 - - - - - -

Adelanthus

lindenbergianus II 11 II 16 I 1 I - - -

Odontoschisma sphagni II 19 I 9 - - - - - -

Cladonia portentosa II 18 I 6 I 1 - - - -

Sphagnum tenellum II 19 II 12 - - - - - -

Pleuroza purpurea sub-group

Pleurozia purpurea V 37 III 6 IV 12 V 20 V 16

Mylia taylorii IV 47 I - I 3 I 1 - -

Potentilla erecta III 38 I 3 - - - - I 1

Cladonia uncialis IV 38 III 18 I - - - - -

Deschampsia flexuosa sub-group

Deschampsia flexuosa III 15 V 47 I 2 - - I 1

Empetrum nigrum II 11 III 39 - - I - - -

Pleurozium schreberi I 4 III 34 - - - - - -

Cladonia arbuscula - - II 27 - - - - - -

Lepidozia pearsonii - - II 27 - - - - - -

Agrostis capillaris group

Agrostis capillaris V 30 II 1 V 16 V 27 II 6

Galium saxatile - - - - IV 25 V 33 IV 21

Anthoxanthum odoratum I 1 - - II 6 II 11 III 27

Polytrichum commune - - - - II 8 II 10 III 26

Bazzania tricrenata sub-group

Bazzania tricrenata I 1 IV 16 V 33 IV 10 IV 14

Plagiochila carringtonii - - - - I 15 - - - -

Scapania ornithopodioides sub-group

Scapania ornithopodioides - - III 11 I - IV 43 III 8

Festuca vivipara II 5 - - III 12 V 33 IV 21
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Group 1a 1b 2a 2b 2c

Hymenophyllum wilsonii - - I - III 17 IV 28 II 3

Thuidium tamariscinum - - - - I - III 28 I 3

Polytrichastrum alpinum - - - - II 16 III 26 I 1

Mastigophora woodsii sub-group

Mastigophora woodsii - - - - I 2 II 1 V 77

Hylocomium splendens I 1 II 8 I - II 4 V 53

Isothecium myosuroides - - I 2 - - - - II 24

Tritomaria quinquedentata - - I 3 - - I 2 II 22

Hepatic mat liverworts

Herbertus hutchinsiae V 17 V 27 V 26 V 18 IV 9

Bazzania pearsonii I 3 III 12 I 1 III 23 II 3

Scapania nimbosa - - - - - - I 8 I 6

Scapania gracilis III 4 V 29 V 19 V 27 V 18

Anastrepta orcadensis I 1 III 24 I 3 III 13 II 3

Plagiochila spinulosa - - I 8 I 1 II 8 II 8

Other notable species

Racomitrium lanuginosum V 28 IV 13 V 15 V 18 V 17

Diplophyllum albicans V 18 IV 15 IV 15 V 17 V 19

Sphagnum capillifolium III 12 IV 22 II 6 IV 13 III 5

Hypnum jutlandicum IV 14 V 24 IV 19 IV 16 III 5

Rhytidiadelphus loreus IV 16 IV 16 III 11 IV 15 III 6

Dicranum scoparium II 4 III 12 II 5 IV 21 III 9

Breutelia chrysocoma I 2 I 5 I 5 I 1 II 9

Campylopus flexuosus II 14 I 2 II 11 I - - -

Saccogyna viticulosa - - I 4 I 3 I 7 - -

Cladonia furcata - - II 19 I 1 I 1 - -

Lepidozia cupressina I 10 - - I 2 - - - -

Saxifraga spathularis - - - - - - I 3 II 16

Lophozia ventricosa - - - - I 1 II 13 I 3

Campylopus setifolius - - - - I 1 I 1 I 6

Carex bigelowii - - I 7 - - - - - -

Ptilidium ciliare - - I 7 - - - - - -

Cladonia rangiferina - - - - I 5 - - - -

Dicranodontium uncinatum - - - - I 5 - - - -

Huperzia selago - - - - - - I 6 - -

Saxifraga rosacea - - - - - - I 6 - -

Trichostomum tenuirostre - - - - - - - - I 11
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relatively high. All of the relevés of this group were recorded from County

Donegal.

Group 2: Agrostis capillaris grassland group (Table 3.4)

The relevés of this main group were taken from upland grassland and

associated montane vegetation, and the group is defined by the presence of

typical grassland species. The primary indicators of this group are the

grasses Agrostis capillaris and Anthoxanthum odoratum, Galium saxatile and

the damp-loving moss Polytrichum commune. Calluna vulgaris is absent

from the majority of these relevés, while Vaccinium myrtillus, though present

throughout many of them, does not contribute significant cover.

Group 2a: Bazzania tricrenata sub-group

This sub-group only has one indicator species, Bazzania tricrenata. Although

B. tricrenata is present throughout most groups, it is not as frequent as in the

relevés of this group. Herbertus hutchinsiae is the dominant species in many

of these relevés, but does not qualify as an indicator species, as it is

ubiquitous throughout most groups, although rarely at such high frequency or

cover. Plagiochila carringtonii, currently known from only one Irish site

(Mweelrea), occurs only in the relevés of this group. In general, this group is

defined by a lack of species such as Scapania ornithopodioides, Bazzania

pearsonii, Sphagnum capillifolium and Anastrepta orcadensis, which define

the other sub-groups and can be considered as similar to the following

subgroup, but less species-rich.

These relevés were primarily recorded at moderate altitudes (mean =

542.55m ±31.56) and on a wide range of slopes. Mean cover of shrubs

(6.55% ±1.7), graminoids (7.35% ±1.14), herbs (3.45% ±0.74) and lichens

(0.75% ±0.41) are all relatively low in cover, with the main cover being

provided by bryophytes (mean = 87% ±1.87). The mean soil depth (8.3cm

±1.53) is deep in relation to the other sub-groups of the Agrostis capillaris

group. This is the least species-rich of all the groups, with a mean of 15.1
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±0.64 species per relevé. Richness of hepatic mat species is relatively low,

at a mean of 4.8 ±0.3 species per relevé (Table 3.5).

Group 2b: Scapania ornithopodioides sub-group

The hepatic mat liverwort Scapania ornithopodioides is the primary indicator

of this sub-group. Other indicators of this sub-group are the grass Festuca

vivipara, the small fern Hymenophyllum wilsonii and the mosses Thuidium

tamariscinum and Polytrichastrum alpinum. The hepatic mat specialist

Bazzania pearsonii occurs in a number of the relevés of this sub-group, and

the very rare Scapania nimbosa was recorded only in relevés of this and the

following group.

These relevés were recorded at high altitudes (mean = 661.94m ±36.8) in

relation to the preceding groups (Table 3.5). They were also recorded

primarily on steep slopes (mean = 58.06° ±3.96). Cover of grass is relatively

high (mean = 14.67% ±3.24), when compared with the preceding groups.

There relevés were primarily recorded in County Kerry, with a number

recorded from County Mayo. This is the most species-rich of the groups, with

a mean of 18.89 ± 0.46 species per relevé and 6.44 ±0.34 hepatic mat

species per relevé.

Group 2c: Mastigophora woodsii sub-group

This group is defined by the presence of the hepatic mat specialist

Mastigophora woodsii and the pleurocarpous moss Hylocomium splendens.

The moss Isothecium myosuroides and the liverwort Tritomaria

quinquedentata are also characteristic of these relevés. Herbertus

hutchinsiae and Agrostis capillaris are noticeably less frequent in this group

than in preceding groups.

These relevés were generally recorded at relatively high altitudes (mean =

677m ±14.77) and on steep slopes (mean = 68.33° ±8.42); a number of

relevés having slopes of 80-90°. Graminoid cover is relatively high (mean =
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13% ±2.91) and the mean bryophyte height is generally higher than in the

relevés of the preceding groups (mean = 6.11cm ±1.23). These relevés

have a low mean soil depth (2.67cm ±0.82) and were primarily recorded from

habitats with little or no grazing impact evident. These relevés were all

recorded from Co. Kerry (Table 3.5).

Table 3.5: Mean values for environmental data recorded from each group. SE =

Standard Error of the mean.

1a SE 1b SE 2a SE 2b SE 2c SE

Number of relevés 6 15 20 18 9

Altitude 453.83 16.82 475.47 17.71 542.55 31.56 661.94 36.80 677.00 14.77

Aspect category 7.00 0.00 6.07 0.33 5.40 0.32 5.44 0.47 5.89 0.42

Slope 25.00 8.47 29.80 7.11 48.60 6.45 58.06 3.96 68.33 8.42

Total cover (%) 97.00 2.45 98.33 0.85 96.25 1.56 98.89 0.46 95.56 3.38

Shrub cover (%) 24.17 5.23 51.33 3.60 6.55 1.70 4.00 1.54 2.56 1.61

Herb cover (%) 4.50 2.43 0.33 0.21 3.45 0.74 2.83 0.45 3.89 0.82

Graminoid cover

(%) 10.00 3.19 4.20 0.84 7.35 1.14 14.67 3.24 13.00 2.91

Bryophyte cover

(%) 87.00 3.51 86.27 4.34 87.00 1.87 82.67 3.23 82.00 5.18

Lichen cover (%) 2.33 0.61 2.60 1.01 0.75 0.41 0.11 0.11 0.22 0.22

Shrub height

(cm) 7.67 1.52 16.13 3.00 2.65 0.44 2.50 0.56 1.11 0.65

Bryophyte height

(cm) 3.83 0.60 4.20 0.24 3.85 0.38 4.50 0.29 6.11 1.23

Rock cover (%) 12.50 7.93 0.00 0.00 4.85 3.82 0.50 0.31 3.00 3.00

Soil depth (cm) 14.00 2.73 24.53 4.93 8.30 1.53 5.78 1.02 2.67 0.82

Bare soil (%) 3.00 2.45 1.67 0.85 3.75 1.56 0.56 0.38 0.89 0.61

County index1 0.33 0.21 1.00 0.00 -0.20 0.16 -0.78 0.10 -1.00 0.00

Grazing

category 4.50 0.34 2.93 0.12 3.65 0.31 3.28 0.24 1.89 0.35

Species number 16.33 1.20 18.80 1.06 15.10 0.64 18.89 0.46 17.11 1.58

No. of hep. mat

spp. 4.00 0.52 5.87 0.42 4.80 0.30 6.44 0.34 5.44 0.61

1Mean value; relevés taken from Kerry assigned value of -1, relevés from Mayo and Galway assigned value of 0

and relevés taken from Donegal assigned value of 1



Chapter 3

133

3.3.2 Habitat preferences of hepatic mat species
The constituent hepatic mat species show a range of habitat preferences, as

defined by the plant communities presented in Table 3.4. Herbertus

hutchinsiae, Scapania gracilis, Pleurozia purpurea and Bazzania tricrenata

occur throughout all of the sub-groups, in both heath and grassland

vegetation, with a few minor variations in preference between groups, as

detailed above, but other, less ubiquitous species are more localised and

appear to have more specific habitat requirements.

Of the primary hepatic mat species, only Adelanthus lindenbergianus shows

a strong preference for heath vegetation, although it was also found

occasionally in a grassland situation. Bazzania pearsonii and Scapania

ornithopodioides were recorded from both heath and grassland sites, but

were generally restricted to more intact and species-rich sites. Mastigophora

woodsii was restricted primarily to relevés taken from grassland habitats, and

was recorded mainly on damp, rocky slopes or cliff ledges, where it was

often abundant. Scapania nimbosa and Plagiochila carringtonii were also

recorded exclusively from relevés taken from upland grassland habitats, with

S. nimbosa recorded exclusively from altitudes of greater than 700m, as its

two known sites are at 715m, and between 870-890m, respectively.

Of the other, less specific, hepatic mat species, Lepidozia pearsonii was

restricted exclusively to the relevés of group 1b and would appear to prefer

heath with a relatively high canopy; Plagiochila spinulosa was recorded

primarily from grassland relevés, and Anastrepta orcadensis was recorded

scattered throughout all groups (Table 3.4). The liverwort Odontoschisma

sphagni, which is not regarded as a hepatic mat species by Ratcliffe (1968)

or Averis (1994) was an important component of hepatic mats in a number

relevés in the Calluna heath group.

3.3.3 Non-metric Multidimensional Scaling (NMS) results
The NMS results indicated a 3-dimensional solution as best. This solution

had a stress value of 18.89, which is relatively high, but within acceptable
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limits (i.e. < 20; McCune and Grace, 2002). The three axes cumulatively

account for 71.1% of variance. Axis one has the strongest influence on the

plot, accounting for 38.5% of variance. Axes two and three account for

19.2% and 13.3% of variance, respectively and therefore results are plotted

for Axes 1 and 2 (Figure 3.4). Relevés from the Calluna vulgaris-dominated

heath are clearly differentiated from those taken from grassland vegetation

on the NMS plot (Figure 3.4), with no overlap between the groups of relevés.

The Calluna vulgaris heath relevés plot towards the top right of the plot, with

high values on both axes, and the relevés of the Agrostis capillaris grassland

group plot towards the bottom left of the plot, with relatively low values on

both axes. The two sub-groups of the Calluna group are also mostly well-

differentiated. The sub-groups of the Agrostis capillaris group are generally

well-distinguished on the plot, although there is a certain degree of overlap

between the Bazzania tricrenata and Scapania ornithopodioides sub-groups.

The relevés of the Mastigophora woodsii sub-group cluster together, towards

the bottom right of the plot.

As axis 1 exerts the greatest influence on the NMS plot, it has the most, and

strongest, significant correlations with the second matrix, as measured using

the Pearson Correlation Co-efficient (r2) (Table 3.6). Altitude, grass cover,

shrub height and soil depth are significantly negatively correlated with axis 1.

Slope is significantly negatively correlated and shrub cover is significantly

positively correlated with axis 2. A number of climatic variables are also

significantly correlated with axes 1 and 2. Mean maximum daily humidity and

mean daily humidity range are significantly negatively correlated with axis 1;

mean minimum daily temperature is significantly negatively correlated and

mean daily temperature range is significantly positively correlated with axis 2.

No variables are significantly correlated with axis three.

In summary, the heath hepatic mats are associated with deeper soils and

possible consequent larger canopy cover; the grassland communities are at
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higher altitudes, on steeper slopes and associated with higher ambient

humidity and lower temperatures (Figure 3.4; Table 3.6).

Figure 3.4: NMS plot of relevés, grouped by community, as determined by cluster

analysis. Environmental and climatic variables which are significantly correlated with

the axes are also plotted.
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Table 3.6: Pearson correlation co-efficient (r2) between each axis of the NMS plot

and environmental variables (correlations r2 > 0.2 are in bold). As the values for r

are not given, it is also indicated whether the correlation is positive or negative.

Axis: 1 2 3

r2 r2 r2

Altitude (-) 0.381 (-) 0.016 (-) 0

Aspect (-) 0.013 (-) 0.03 (+) 0.007

Slope (-) 0.123 (-) 0.226 (+) 0.054

Total vegetation cover (+) 0.021 (+) 0.002 (-) 0.006

Shrub cover (+) 0.591 (+) 0.258 (-) 0.046

Herb cover (-) 0.152 (-) 0 (-) 0.02

Grass cover (-) 0.223 (+) 0.003 (+) 0.014

Bryophyte cover (+) 0.072 (-) 0.057 (+) 0.043

Lichen cover (+) 0.11 (+) 0.16 (-) 0.021

Shrub height (+) 0.395 (+) 0.135 (-) 0.004

Bryophyte height (-) 0.007 (-) 0.071 (+) 0.013

Rock cover (-) 0.002 (+) 0.032 (-) 0.012

Soil depth (+) 0.353 (+) 0.067 (-) 0.011

Bare soil cover (+) 0.003 (-) 0.007 (-) 0.001

Species number (+) 0.001 (+) 0.071 (+) 0.09

Hep. mat species number (-) 0.017 (-) 0 (+) 0.111

Mean daily temperature (-) 0.13 (-) 0.031 (+) 0.008

Min daily temperature (-) 0.32 (-) 0.203 (+) 0.098

Max daily temperature (+) 0.044 (+) 0.097 (-) 0.064

Daily temperature range (+) 0.193 (+) 0.199 (-) 0.113

Mean daily humidity (-) 0.19 (-) 0 (+) 0.001

Min daily humidity (-) 0.031 (+) 0.044 (-) 0.021

Max daily humidity (-) 0.381 (-) 0.033 (+) 0.024

Daily humidity range (-) 0.415 (-) 0.052 (+) 0.035
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3.3.4 Variation in hepatic mat vegetation between counties
All but three relevés that were taken from County Donegal were classified

within the Calluna vulgaris heath group, while all relevés taken from County

Kerry were classified in the Agrostis capillaris group. The relevés taken from

Counties Mayo and Galway were spread between the groups. The NMS plot

(Figure 3.5) illustrates this strong distinction between the regions, changing

primarily along axis 1. Relevés from Kerry are plotted to the left, those from

Donegal to the right, and relevés from Mayo and Galway are intermediate,

with a small amount of overlap with both. The results of the MRPP, using the

county from which each relevé was taken as the grouping variable, indicate

that significant differences (p<0.001) between the counties are present in the

relevé data, and within-group homogeneity is greater than that expected by

chance (A = 0.117).

The mean altitude of hepatic mat relevés was considerably higher in Kerry

(705.73m ±15.39) than in Mayo/Galway (441.28m ±14.57) or Donegal

(479.95m ±14.88; Table 3.7). Relevés from Kerry also had a high mean

slope (59.17° ±3.8). Mean shrub cover in Donegal was high (44.5% ±3.94)

and mean graminoid cover was low (4.3% ±0.69), while the relevés from

Kerry showed the opposite trend, of low mean shrub cover (3.37% ±0.96)

and relatively high graminoid cover (13.23% ±2.1). Similarly mean shrub

height (13.4cm ±2.52) and soil depth (23.05cm ±3.82) were high in Donegal

and low in the other areas, particularly Kerry. The relevés taken from Mayo

and Galway were from more intensively grazed sites than those in Kerry or

Donegal, with the relevés from Kerry generally being taken from sites with

low grazing. Consequently, the relevés from Mayo have high mean bare rock

cover (8.78 ±1.18) and low mean number of species per relevé (16.5 ±0.72),

in comparison to the relevés from the other counties (Table 3.7).



Chapter 3

138

Table 3.7: Mean environmental variables recorded from hepatic mat sites in each of

the primary counties in which they occur. SE = Standard Error of the mean.

Kerry SE Mayo/Gal. SE Donegal SE

Number of relevés 30 18 20

Altitude 705.73 15.39 441.28 14.57 479.95 14.88

Aspect Category 5.40 0.31 5.94 0.34 6.15 0.28

Slope 59.17 3.80 37.61 6.95 38.85 6.78

Total vegetation cover 98.03 1.05 96.11 1.73 97.55 0.95

Shrub cover 3.37 0.96 8.33 2.49 44.50 3.94

Herb cover 3.67 0.40 3.33 0.91 0.85 0.61

Graminoid cover 13.23 2.10 9.33 1.70 4.30 0.69

Bryophyte cover 83.90 2.35 85.89 2.55 85.95 3.33

Lichen cover 0.23 0.18 0.78 0.35 2.55 0.79

Shrub height 1.90 0.36 3.94 0.79 13.40 2.52

Bryophyte height 4.70 0.47 4.50 0.28 3.85 0.24

Rock cover 1.03 0.90 9.83 4.83 0.00 0.00

Soil depth 4.23 0.60 8.78 1.18 23.05 3.82

Bare soil 0.73 0.31 3.61 1.74 2.45 0.95

Grazing category 2.63 0.14 4.44 0.36 3.05 0.11

Species number 17.37 0.55 16.50 0.72 17.90 0.91

No. of hep. mat species 5.63 0.22 5.44 0.44 5.30 0.40
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Figure 3.5: NMS plot of relevés grouped by county from which they were taken.

Environmental and climatic variables which are significantly correlated with the axes

are also plotted.

3.3.5 Relationship between climate data and vegetation
Mean temperature and humidity values obtained from each logger are listed

in Table 3.8. The majority of the daily temperature and humidity values were

significantly (p < 0.001) different from each other between sites, with a

number of exceptions (Table 3.9). The values recorded for mean daily

temperature were not significantly different between Errigal, Slievemore and

Brandon and the mean daily humidity was not significantly different between

Muckish and Brandon. However, though the datalogger from Brandon was

considerably further south than the Donegal loggers, it was located 200-
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250m higher in altitude than the Donegal loggers, which suggests that the

influence of altitude may compensate for the impact of latitude on climatic

conditions.

Comparing all loggers in hepatic mat sites, there is a general increase in

mean daily temperature from north to south, with the exception of the logger

from Brandon, as it was located at a significantly higher altitude. Daily

humidity values show little pattern between sites, although the datalogger

from Muckish shows consistently low humidity values in comparison to the

loggers from other sites. When the values from the loggers from hepatic mat

sites are compared with the datalogger from Knockbrinnea in the

MacGillycuddy’s Reeks, which was on an unsheltered north-facing slope,

outside a corrie, with few hepatic mat species nearby, a number of

differences become apparent (Table 3.8a). For the purpose of these figures,

the data from Errigal were used, as it is closest in altitude and aspect to the

location of the logger from Knockbrinnea. Although the logger on Brandon

was closer geographically to that on Knockbrinnea, the altitude was ca.

250m higher, meaning that the sites are less comparable. The datalogger

from the unsheltered slope shows considerably higher mean daily

temperature, daily maximum temperature and temperature range than all

loggers from sheltered hepatic mat sites (Figure 3.6a). Although the

unsheltered logger has a higher mean daily humidity than the other loggers,

it has a far greater mean range of humidity throughout the day (Figure 3.6b).

A comparison of values collected from loggers at similar altitudes on the

north and south side of the same ridge on Brandon (Table 3.8b), showed

generally similar patterns as that between the above logger from an

unsheltered slope and those from sheltered corries. Although mean daily

temperature is similar between both loggers, the mean daily temperature

range is almost twice as great on the south-facing slope as on the north-

facing slope (Figure 3.7a). Similarly, although mean daily humidity is higher

on the south-facing slope, the north-facing slope has a smaller mean daily
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range of humidity (Figure 3.7b), indicating that there is less stress imposed

on the plants growing on the north facing slope than those growing on a

south facing slope. Few hepatic mat species were found on south-facing

slopes of Brandon.

Comparison of data collected from Mweelrea, between a sheltered corrie and

an exposed ridge-top (from which hepatic mats were absent) (Table 3.8c),

indicates that mean daily temperatures are higher in the corrie than on the

ridge-top (Figure 3.8a), as well as higher daily maximum and minimum

temperatures. However, mean daily humidity is also higher in the corrie

(Figure 3.8b), although values for daily minimum, maximum and range of

humidity are similar between the corrie and ridge-top.

Although the direct relationship between the climate data and relevé data

can only be tentatively inferred, a number of differences in conditions of

temperature and humidity between the vegetation groups can be defined

(Table 3.10). In general, the relevés of the sub-groups of the Calluna vulgaris

group show a higher mean daily temperature range than those of the

Agrostis capillaris group. Mean daily humidity is marginally higher in the

relevés of the Agrostis group, as is mean daily maximum humidity. The mean

daily humidity range increases consistently across the five sub-groups

defined, and is considerably higher in the sub-groups of the Agrostis group

than in the Calluna groups.
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Table 3.8: Mean daily values of temperature and humidity recorded by TinyTag dattaloggers in 8 locations. (a) Dataloggers located on

sheltered north-facing slopes, throughout the range of hepatic mat vegetation; data were utilised from 06/07/2010 – 12/04/2011. (b)

Dataloggers located on contrasting north and south-facing slopes on Brandon in Co. Kerry; data were utilised from 06/10/2010 –

23/03/2011. (c) Dataloggers located in a sheltered corrie and exposed ridge on Mweelrea; data were utilised from 28/04/2011 –

14/11/2011. The mean values for each datalogger are derived as the mean of all the 30-minute interval readings collected during the

respective recording periods. H = Humidity; RH = Relative Humidity.

( a ) Mean temp.

Mean daily

Min. temp.

Mean daily

Max. temp.

Mean daily

Temp. range Mean H

Mean daily

min. H

Mean daily

max. H

Mean daily H

range

Donegal °C °C °C °C %RH %RH %RH %RH

Errigal 5.78 3.93 8.13 4.19 32.60 6.03 65.10 59.07

Std Error 0.26 0.24 0.33 0.17 1.53 0.97 2.32 2.44

Muckish 5.88 4.10 8.08 3.98 11.53 1.68 30.36 28.68

Std Error 0.26 0.23 0.32 0.15 1.10 0.45 2.00 1.97

Mayo

Slievemore 6.46 4.12 9.46 5.34 33.51 8.08 65.89 57.81

Std Error 0.29 0.27 0.37 0.19 1.23 0.82 2.08 2.26

Mweelrea 6.70 5.37 8.13 2.75 22.95 2.68 63.41 60.72

Std Error 0.25 0.25 0.27 0.10 1.03 0.37 2.19 2.26

Kerry

Brandon 6.08 4.64 7.78 3.13 32.99 5.16 75.31 70.15

Std Error 0.24 0.23 0.29 0.17 1.25 0.73 1.95 2.12

Knockbrinnea 7.81 4.72 13.31 8.59 46.79 2.92 94.87 91.95

Std Error 0.32 0.28 0.55 0.38 1.12 0.73 0.83 1.13
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Table 3.8 (cont.)

( b ) Mean temp.

Mean daily

Min. temp.

Mean daily

Max. temp.

Mean daily

Temp. range Mean H

Mean daily

min. H

Mean daily

max. H

Mean daily H

range

°C °C °C °C %RH %RH %RH %RH

Brandon S-

facing 3.28 1.73 5.87 4.13 51.55 8.95 91.38 82.42

Std Error 0.26 0.25 0.43 0.34 1.20 1.32 1.54 2.43

Brandon N-

facing 3.48 2.39 4.59 2.20 33.71 6.75 72.99 66.24

Std Error 0.22 0.21 0.24 0.09 1.58 0.96 2.58 2.83

( c ) Mean temp.

Mean daily

Min. temp.

Mean daily

Max. temp.

Mean daily

Temp. range Mean H

Mean daily

min. H

Mean daily

max. H

Mean daily H

range

°C °C °C °C %RH %RH %RH %RH

Mweelrea

corrie 9.85 7.62 12.50 4.89 51.45 3.88 96.38 92.50

Std Error 0.15 0.15 0.20 0.17 1.09 0.95 0.89 1.43

Mweelrea

ridge 7.53 5.61 9.97 4.35 40.86 2.25 96.20 93.95

Std Error 0.16 0.15 0.24 0.19 1.16 0.65 0.85 1.11
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Table 3.9: Significant differences in (a) mean daily temperature and (b) mean daily

humidity between dataloggers on north-facing slopes, measured using Wilcoxon

signed rank test. * signifies loggers are significantly different (P<0.01), NS = Not

Significant.

Temperature
Errigal

Muckish * Muckish
Slievemore NS * Slievemore
Mweelrea * * * Mweelrea
Brandon NS * NS * Brandon
Knockbrinnea * * * * *

Humidity
Errigal

Muckish * Muckish
Slievemore * * Slievemore
Mweelrea * * * Mweelrea
Brandon * NS * * Brandon
Knockbrinnea * * * * *
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(a)

(b)

Figure 3.6: Comparison of (a) daily temperature range and (b) daily humidity range

between a north-facing open slope, Knockbrinnea, MacGillycuddy’s Reeks, Co.

Kerry and a north-facing slope in a corrie on Errigal, Co. Donegal, between July

2010 and April 2011. The daily range, for this and proceeding figures is calculated

as the difference between the highest and lowest values recorded during the day.
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(a)

(b)

Figure 3.7: Comparison between (a) daily temperature range and (b) daily humidity

range values on a south and north facing slope on Mount Brandon, Co. Kerry,

between October 2010 and March 2011.
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(a)

(b)

Figure 3.8: Comparison of (a) mean daily temperature and (b) mean daily humidity

between a sheltered corrie and exposed ridge on Mweelrea, Co. Mayo, between

April and November 2011.
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Table 3.10: Mean values of temperature and humidity for each hepatic mat group

(as per Table 3.4). Values were assigned to each relevé, based on the value

recorded at the closest temperature and humidity datalogger. SE = Standard Error

of the mean.

1a SE 1b SE 2a SE 2b SE 2c SE

Number of relevés 6 15 20 18 9

Mean daily temp 6.27 0.12 5.81 0.01 6.31 0.07 6.19 0.05 6.08 0.00

Mean min daily temp 4.12 0.00 3.99 0.02 4.68 0.12 4.67 0.07 4.64 0.00

Mean max daily temp 9.00 0.29 8.11 0.01 8.26 0.14 8.00 0.13 7.78 0.00

Mean daily temp range 4.88 0.29 4.12 0.03 3.59 0.22 3.33 0.17 3.13 0.00

Mean daily humidity 26.18 4.63 25.58 2.66 26.86 1.80 31.94 0.77 32.99 0.00

Mean min daily humidity 5.95 1.35 4.58 0.55 4.48 0.51 5.21 0.31 5.16 0.00

Mean max daily humidity 54.05 7.49 53.52 4.38 63.11 3.36 72.94 1.08 75.31 0.00

Mean daily humidity range 48.10 6.14 48.94 3.83 58.63 3.10 67.73 1.11 70.15 0.00

3.4 Discussion

3.4.1 Factors influencing variation in the hepatic mat vegetation
The sites where hepatic mats were located have a relatively narrow range of

conditions. All stands were recorded from montane sites, primarily within

sheltered, humid north-facing corries (Plate 7), and generally on relatively

steep slopes. This illustrates the extremely restricted range of this hepatic

community and its constituent species. Within this restricted habitat

requirement, the range of habitats from which relevés were taken was

surprisingly broad, since mixed northern hepatic mat is primarily considered

to be a community of damp dry heath vegetation, and occasionally in snow-

beds (Averis et al., 2004), of which the latter do not occur in Ireland (Chapter

1; Hodd and Sheehy Skeffington, 2011a). However, the stands of hepatic

mat recorded in this study were far from restricted to heath vegetation, and

were most frequently recorded from rocky upland grassland. Stands of

hepatic mat were also recorded occasionally from montane heath, cliff faces,

montane blanket bog, scree and in the shelter of boulders. Within the

classification, relevés from montane heath and blanket bog were closer in
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species composition to the heath relevés, while those of cliffs, scree and

under boulders generally were most similar to those from upland grassland.

The results also demonstrate that there is a strong latitudinal gradient in the

habitat preference of hepatic mats in Ireland, from Donegal in the north,

where they grow predominantly in heath habitats to Kerry in the south, where

they mostly occur in upland grassland habitats. This gradient is inherently

linked to the difference in occurrence of the supporting plant community in

each area. Many of the corries which have hepatic mats in Kerry, have little

or no heath vegetation, and the majority of corries in Donegal support

primarily heath vegetation, with little grassland or other vegetation present.

Heath vegetation is not infrequent in Co. Kerry (see Chapter 2), but generally

does not grow in corries and therefore where it occurs, it does not have

suitable microclimatic conditions for the growth of hepatic mat bryophytes.

Hepatic mat vegetation was observed on one occasion growing in heath

vegetation near Brandon in Co. Kerry, but was not sampled. Upland

grassland tends to be relatively infrequent in Co. Donegal as a whole and

wet, montane and dry heath and blanket bog tend to be dominant in upland

habitats there. This is illustrated in Chapter 2, as a large proportion of relevés

containing montane and dry heath vegetation were recorded from Donegal,

whereas the majority of relevés without heather were recorded from Kerry.

One other possible explanation for the differences in habitat preference of

hepatic mat vegetation between Kerry and Donegal is that suitable corries for

the growth of hepatic mat vegetation tend to be at higher altitudes in Kerry

than those in Donegal, as the mountains of Kerry reach an altitude 300m

greater than those of Donegal. The relevés of the Agrostis grassland have a

higher mean altitude (at least 542m) than those taken from Calluna heath (up

to 475m), indicating that altitude may play a role. Thus dry heath transitions

to montane heath and related montane vegetation at altitudes of 500-600m,

depending on the degree of exposure (see Chapter 2). This, then, affects the

type of vegetation that hepatic mats will occur in.
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There is little evidence at present of different grazing intensities between the

regions, but it is also possible that past grazing or burning events may have

led to a loss of dwarf shrub cover. In Britain, this type of grassland is often

indicative of at least moderate grazing intensity, and is usually derived from

dwarf shrub or woodland vegetation (Averis et al., 2004). The presence of a

wide range of hepatic mat species suggests that the habitats in either region

have not been recently subjected to heavy grazing or fire, as hepatic mats

are very vulnerable to disturbance caused by burning and sheep trampling,

as has been observed in Connemara (Holyoak, 2006; Long, 2008).

In Scotland, hepatic mats tend to grow in more open habitats, particularly

snow-beds, at higher altitudes (Averis et al., 2004), where winter snow cover

would protect the hepatic species from the worst effects of exposure (Averis,

1994). Hepatic mat vegetation is also slightly less restricted to northerly

aspects at higher altitudes in Scotland, possibly due to higher cloudiness

resulting in higher humidity and less solar radiation (Averis, 1994). It is

possible that, as the mountains are higher in Kerry, they attract and hold

more cloud and mist than those in Donegal, resulting in a more stable, humid

atmosphere, which compensates for the lack of shrub cover. It is also

possible that the higher cloud cover would act to depress the altitude to

which the dwarf shrub species will grow, as has been observed with tree-

lines in oceanic areas (Crawford, 2000). This is illustrated on Mweelrea in

Co. Mayo, where species-rich hepatic mats occur at altitudes between 300 -

450m, similar to altitudes at which they grow in Donegal. However, there is

no canopy of Calluna vulgaris in this site. The adjacent ridge is over 800m in

altitude, and directly exposed to the coast, so it attracts a high proportion of

cloud, which would make the climate, even at lower altitudes, more humid,

less sunny, and therefore more suitable for the growth of hepatic mat

vegetation.

Within the relevés recorded from heath vegetation, the main factor

influencing the difference between the sub-groups is likely to be grazing



Chapter 3

151

intensity. The relevés of the Pleurozia purpurea sub-group were primarily

from sites that showed signs of overgrazing, resulting in a conseential loss in

species richness and increase in graminoid cover. These relevés were

primarily from the northern part of County Mayo, an area which suffered

severe habitat degradation through the 1990s, due to the negative impacts of

overgrazing (Bleasdale, 1998). The Deschampsia flexuosa sub-group

relevés, taken exclusively from Co. Donegal, would represent less heavily

grazed and more intact heath, more species-rich and similar in composition

to hepatic-rich heath in Scotland (Averis, 1994; Averis et al., 2004).

The differentiation between the groups of relevés within the Agrostis

capillaris grassland group is less clear-cut. It is likely that the difference

between the Bazzania tricrenata and Scapania ornithopodioides sub-groups

is primarily due to altitude, as there is a ca. 100m difference in mean altitude

between the groups. It is possible that, as it was recorded at higher altitudes,

the Scapania ornithopodioides sub-group grows in a more humid and more

stable environment than the Bazzania tricrenata sub-group, and its

consequent more frequent cloud cover is a more suitable habitat for hepatic

mat liverworts, resulting in a higher species-richness. Grazing intensity may

also account for a reduction in species richness in the Bazzania tricrenata

sub-group, as a number of these relevés were recorded from heavily grazed

sites, particularly Ben Bán in the Twelve Bens.

The relevés of the Mastigophora woodsii sub-group are likely to be

distinguished primarily based on topography. The majority of these relevés

were recorded from cliff ledge habitats, where two factors may have an

influence. Firstly, there is little evidence of grazing in these sites, as they are

inaccessible to sheep, and the bryophytes can grow without disturbance, the

mats reaching greater depth than in the relevés of the other groups. The

second factor is the likelihood of water seeping down the cliff-face and into

the bryophyte cushion, resulting in the vegetation being moist more

frequently that elsewhere. Although it is not specifically demonstrated in
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these data, it was observed that the primary characteristic species of these

relevés, Mastigophora woodsii, often grows in wetter situations than the

other hepatic mat species, and may be more tolerant of (or require), though

is not restricted to, damper conditions than other hepatic mat species.

3.4.2 Comparison with Scottish stands of hepatic mats
The habitat in which hepatic mats most frequently grow in the northern part

of their range in Ireland is similar to that in which they frequently grow in

Scotland; the damp Calluna vulgaris – Vaccinium myrtillus – Sphagnum

capillifolium heath (H21) (Rodwell, 1991; Averis et al. 2004). The main

habitat for their growth in the southern part of their range, particularly in

Kerry, is likely to be closest in composition to the Festuca ovina – Agrostis

capillaris – Galium saxatile grassland (U4) of the British NVC (Rodwell, 1992;

Averis et al., 2004). However, though Averis (1994) occasionally recorded

stands of hepatic mat in Nardus stricta – Galium saxatile and Deschampsia

cespitosa – Galium saxatile grasslands in Scotland, upland grassland is not

recognised as a primary habitat of hepatic mat vegetation in Scotland,. There

is no record of hepatic mat being recorded in Britain from Festuca ovina –

Agrostis capillaris – Galium saxatile grassland, despite this grassland type

being frequent and widespread throughout the Scottish highlands (Averis et

al., 2004), in similar situations to those which contain hepatic mat vegetation

in Ireland.

The species composition of Irish stands of hepatic mat differs from that of

Scottish stands in a number of ways, mostly due to the absence of species in

Ireland. The most obvious difference is the absence in Ireland of the three

species of Anastrophyllum; A. donnianum, A. joergensenii and A. alpinum. In

Scotland, these species grow primarily in the north-west of the country, as

well as in snow-beds in the Cairngorms, usually at higher altitudes than

many of the other hepatic mat species (Averis, 1994) and higher than most

of the Irish mountains. Therefore, it is likely that climatic conditions are not
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suitable for these species in Ireland, as temperatures are too high at the

lower altitudes and latitudes. Scapania nimbosa has a similar distribution and

habitat preferences in Scotland to the Anastrophyllum species, but is found

in Ireland, albeit extremely rarely. It is likely that where S. nimbosa is found in

Ireland, it experiences cooler temperatures, more similar to conditions in its

Scottish sites, as it has been found so far in Ireland only at altitudes above

700m, with the higher altitudes compensating for the effects of southerly

latitudes on temperature. Therefore, it is possible that the most widespread

of the Anastrophyllum species, A. donnianum, may be present in small

quantities on the higher Irish mountains, but has gone undetected due to lack

of recording.

Plagiochila carringtonii is one of the commonest and most widespread of the

hepatic mat liverworts in Scotland (Averis, 1994), but has only ever been

found in Ireland in two sites, within 15km of each other, in Mayo and Galway,

one of which is now lost as a consequence of overgrazing (Long, 2008). The

reason for its rarity in Ireland is unclear, as two species that are more

restricted in range than P. carringtonii in Scotland, Scapania

ornithopodioides and Bazzania pearsonii, are both relatively widespread in

Ireland. It is possible that, during past short or long distance dispersal

events, P. carringtonii did not colonise as wide an area as other hepatic mat

species, and missed out on colonising suitable habitat in Donegal and Kerry.

This element of random failure to colonise some regions may also explain

the absence of Mastigophora woodsii from Donegal, when it is locally

widespread in suitable areas both to the north (Scotland) and south (Kerry

and Mayo) of Donegal. Habitat differences do not seem to be a factor in the

absence of M. woodsii in Donegal, as, although it grows primarily in non-

heath habitats in Ireland, it is widespread in heath vegetation in Scotland

(Averis, 1994).

Although Adelanthus lindenbergianus is rare in Ireland, it is far more

widespread and frequent than it is in Scotland. There it only occurs in one
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site, on the island of Islay, to the south-west of the Highlands (Averis, 1994).

In Ireland it has been found in scattered localities in all four counties where

hepatic mat vegetation is most abundant. As A. lindenbergianus has a

worldwide distribution which is centred on the Tropics and Southern

Hemisphere, as opposed to the Himalayan or North American distribution of

many of the other species, it is likely that, in direct contrast to the

Anastrophyllum species, it prefers mild temperatures and little snow-cover.

The absence of A. lindenbergianus in the north of Scotland, and at altitudes

above 650m in Ireland, also indicates that this species may be relatively

more thermophilous than other hepatic mat species.

A number of differences also exist in the relative abundance of species and

community composition between Ireland and Scotland, as was also

recognised by Horsfield et al. (1991). Herbertus hutchinsiae is the dominant

species in most stands of hepatic mat in this study and is also frequent

throughout the range of hepatic mat in Scotland (Averis, 1994), though it is

not as abundant there as it is in Ireland (Horsfield et al., 1991). In both

Ireland and Scotland, H. hutchinsiae does not grow in the highest altitude

stands of hepatic mat vegetation (Averis, 1994). This may indicate that it is

marginally more thermophilous than many of the other hepatic mat species,

and is the strongest competitor when low temperature is not a limiting factor.

Irish stands, partly as a result of the absence or rarity of the above-

mentioned more montane species, are generally less heterogeneous and

species-rich than Scottish stands of hepatic mat species. In Scotland, it is

common for ten or more hepatic mat species to co-occur in a 25cm2 quadrat

(Horsfield et al., 1991). In this study, the maximum recorded in a quadrat was

nine hepatic mat species, and the mean number of species was less than

six, out of a possible eighteen species. In Scotland, the mean number of

species in quadrats on north to north-east facing slopes on Beinn Eighe in

Wester Ross, has been recorded as seven to eight (Averis, 1994). The lower

number of hepatic mat species within a community is likely to be as a result
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of the milder winters in Ireland in relation to Scotland, meaning that the

species that require colder conditions cannot compete equally with more

dominant species, like H. hutchinsiae (Horsfield et al., 1991). The general

warmer conditions of Irish hepatic mat sites is also illustrated by the rarity of

montane species of bryophyte and vascular plant in these relevés, which are

mainly restricted to more exposed habitats in Ireland (Chapter 2). The

implications of the effects of warmer temperatures will be discussed in more

detail in Chapter 5.

The associated vegetation of most stands of hepatic mat sampled showed a

strongly oceanic character, which was better represented than in most

Scottish stands of hepatic mat vegetation, as was also noted by Horsfield et

al. (1991), in Connemara. For example, the oceanic fern, Hymenophyllum

wilsonii is a regular associate, while the liverwort Odontoschisma sphagni,

which is most frequently a component of bogs and wet heath (Paton, 1999),

forms a characteristic component of some stands of hepatic mat. A number

of oceanic species, that usually require a moist conditions to grow in, were

also present in a number of relevés, most notably Breutelia chrysocoma,

Trichostomum tenuirostre and Saxifraga spathularis. Two oceanic liverworts

species, that are most often associated with woodland and are rarely found

in heath in Scotland, Lepidozia cupressina and Saccogyna viticulosa

(Horsfield et al., 1991), occurred in a number of relevés recorded in this

study, both under Calluna and in the open. The occurrence of these species

indicates that the climate of western Ireland is marginally more oceanic than

western Scotland; the higher temperatures possibly enabling more sensitive

species to grow beyond their preferred habitat.

3.4.3 Climatic requirements of mixed northern hepatic mat in Ireland
A number of conclusions on the general climatic conditions that are preferred

by hepatic mat species and differences between regions can be inferred from

the climate data collected. However, it is not easy to relate this to general
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meteorological data and data from other studies, due to the relatively short

period during which recording was carried out and the manner in which

recording is carried out by TinyTag dataloggers (i.e. position close to the

ground, recording interval, instrument sensitivity etc.). In general, the values

recorded by the datalogging equipment cannot be considered to be

completely accurate, with temperature and humidity values showing greater

extreme values, and daily ranges of values, than would be expected. Mean

humidity values are also lower than would be expected. This is likely due to

external factors influencing the temperature and humidity sensors during the

recording of the data. However, the general pattern of the data is likely to be

accurate, and it is possible to compare the datasets collected by this method

with each other.

As would be expected, there is a gradient of increasing temperature in

hepatic mat sites recorded by loggers from north to south. However, this

pattern is not shown in data from Brandon in Kerry, which would be expected

to have higher temperatures than the loggers from Mayo and Donegal, but

has a lower mean temperature for the recorded period than both Mayo

dataloggers, probably as it is ca. 200-250m higher in altitude than the Mayo

and Donegal loggers. If the temperature value is corrected for altitude,

assuming a temperature lapse rate of 0.8°C per 100m altitude, the mean

value obtained would be higher than any of the other loggers and thus fit in

with the general southerly increase in temperature. This suggests that the

generally higher altitude of Kerry stands of hepatic mat vegetation may be

because higher temperatures occur at lower altitudes than where they occur

further north. It is likely that the temperature conditions at the highest altitude

sites in Kerry, on Corrán Tuathail, at up to 890m altitude, would be closer to

those in Scotland than those recorded at the predominantly low-altitude sites

in Donegal. Indeed, this would account for the presence of Scapania

nimbosa at this site. As this is the highest mountain in Ireland, should climate

change result in higher temperatures occurring in Ireland, these are likely to
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affect habitats at even the highest altitudes, resulting in the hepatic mats on

Corrán Tuathail possibly running out of climate space (see Chapter 5).

A comparison of the results for sites with hepatic mat vegetation with sites

either outside of corries or on south-facing slopes, which do not support the

mats suggests that, rather than high humidity per se being the primary

requirement for growth of hepatic mats, it is the constant low variation of both

humidity and temperature, that is key to their survival. Indeed, a number of

the dataloggers placed in hepatic mat vegetation recorded surprisingly low

humidity values, even as low as a mean of 11.5% RH on Muckish, far lower

than any dataloggers from non-hepatic mat sites. Despite this, the site still

exhibited lower daily ranges of humidity than loggers from non-hepatic mat

sites.

These results imply that hepatic mat species require constant, moderately

high humidity, with few events where humidity is low enough to cause any

significant drying out of the liverwort species, which they cannot tolerate (as

per Ratcliffe, 1968 and Averis, 1994). Similarly, hepatic mat sites also show

a relatively low range of temperatures, which is likely to be a result of little

exposure to either the heating element of direct sunlight, or the cooling

element of high windiness, both of which would lead to relatively regular

drying events.

On Brandon, the logger from a south-facing slope showed a higher

temperature range and daily maximum temperature, than the logger from the

north side of the same ridge. It would receive greater and more intense heat

from the sun, meaning that temperatures would reach higher values.

However, this slope would cool down quicker when not exposed to the sun,

as it is exposed to the prevailing south-westerly wind, which would reduce

temperatures at a greater and faster rate than on the north-facing slope.

Therefore, vegetation on the south-facing slope is subjected to a higher

degree of stress than that on a north-facing slope and its vegetation must be
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able to deal with a greater range of conditions, which these hepatic mat

species are unable to do, so these are therefore restricted to north-facing

slopes.

Based on these results, and the findings of Ratcliffe (1968) and Averis

(1994), it is possible to summarise the climatic conditions required by hepatic

mat species. The primary condition which these species need is almost

constant moderate to high humidity, in order to avoid drying out of the

surface of the bryophyte mat. Factors which lead to drying out include direct

sunlight, high temperatures, strong winds and hard frost. The highest

temperatures and most direct sunlight occur on south-facing slopes (Buffo et

al., 1972). In Ireland, the prevailing wind is from the south-west (Sweeney,

1997), meaning that slopes facing in this direction are most exposed to

desiccation. Windiness and exposure are also very high on mountain ridges

and summits (Grace, 1997). Therefore, these bryophytes are almost entirely

restricted to north-east to north-facing slopes, almost always in sheltered

corries in mountain areas. On a broader scale, the distribution of this

community and its constituent species is governed by the frequency and, to a

lesser extent, amount of rainfall. This results in these species growing only in

the most oceanic areas of Europe, meaning that they are restricted only to

far western areas. Therefore, the suitable area for the growth of this

community is extremely small, meaning that this community is highly

vulnerable to any changes in local and overall conditions. Chief among the

factors that may affect this community in the future is climate change

(Lockhart et al., 2012), which will be discussed in Chapter 5.

It is clear from these data that mixed northern hepatic mat vegetation is

highly restricted in distribution to areas where microclimatic conditions are

ideal. These conditions are determined by the interaction of overall climate

and local topography. The presence of specific microclimatic conditions are

of greater importance in dertermining where hepatic mat vegetation grows

than the presence of any specific vegetation type, as is demonstrated by
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these data. It is precisely the highly restricted climatic requirements of the

constituent species of this community that results in the high level of

vulnerability of hepatic mat vegetation to changes in its enivronment, such as

increase in grazing pressure and changes in climate. As this community and

its constituent species are of such great rarity within Europe, it is essential to

conserve hepatic mat vegetation in best possible condition in the face of the

challenges posed by these threats.
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4 Summary of weather station data, collected from Mangerton
Mountain, Co. Kerry

4.1 Introduction and methodology
This chapter will act as a brief summary of climate data collected from a

weather station deployed on Mangerton Mountain in the Killarney National

Park, Co. Kerry, which was intended to act as a comparison with a weather

station deployed on Dooish, Glenveagh National Park, Co. Donegal.

However, a series of equipment malfunctions and operational issues resulted

in a large loss of data particularly in the case of the Donegal weather station,

and made it difficult to effectively use the data collected either in relation to

each other, or to the vegetation data. Therefore, the data collected from

Mangerton will be used to summarise the climate in this location, and relate it

to that at the nearest Met Éireann weather station on Valentia Island. The

aim of collecting these data was to obtain information on the climatic

conditions in montane areas of western Ireland, otherwise unavailable, in

order to further explore the relationship between climatic conditions and the

growth of montane plant species and communities.

Two Delta-T WS-GP1 weather stations (Delta-T Devices, Cambridge) were

deployed during Spring 2008. These weather stations had the capability to

measure temperature, relative humidity, solar radiation, wind speed, wind

direction, rainfall and soil moisture and temperature, and were considered to

be the most suitable instrumentation, due to their portability and supposed

robustness. The weather station on Dooish, in Co. Donegal, was located at

an altitude of 640m, 12m below the summit (652m) of the mountain and with

a south-west aspect (Plate 9). The weather station on Mangerton was

located on a south-western running spur of the mountain (Plate 10), at an

altitude of 690m, approximately 1.2km from the summit of the mountain

(843m) (Figure 4.1). In order to be as comparable with the Donegal weather

station as possible, it was also located with a south-westerly aspect. Both

weather stations were located in close proximity to extensive stands of
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montane heath vegetation, although there was also much blanket bog

vegetation in the vicinity of the Mangerton weather station.

Figure 4.1: Approximate location (red diamond) of weather station on Mangerton

mountain (scale = 1:50,000; grid square = 1km2). Map courtesy Ordnance Survey of

Ireland (OSI).

Within six months of deployment, both weather stations had ceased

operating, as water had infiltrated the datalogging units of both weather

stations, due to a defective seal, resulting in the loss of all data collected up

to that point. Once repaired and redeployed, the weather stations developed

numerous further faults, including the loss the wind vane on both weather

stations, as a result of strong winds, and the failure of many instruments, as

well as inexplicable loss of power a short period after replacing the batteries.

These problems were exacerbated by the remote location of the weather

stations, which were both located at a two hour walk from the nearest road,

over rough terrain, and 500km distant from each other, making regular visits

for maintenance and data collection impractical.
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The data collected from Dooish were sporadic and amounted to a few

disparate periods of collection, with no more than three consecutive months’

data, meaning that detecting patterns in the data or comparing with other

data was not possible. However, the weather station on Mangerton was

more productive and yielded a range of data for long periods. Temperature

data were recorded for 24 consecutive months, from March 2009 to February

2011. Humidity data were recorded for 22 consecutive months, from March

2009 to December 2010. Rainfall data were recorded for 15 consecutive

months, from March 2009 to May 2010. Solar radiation data were recorded

for 24 consecutive months, from March 2009 to February 2011. Wind speed

and direction were recorded for 12 consecutive months, from March 2009 to

February 2010. No usable data were obtained from the soil moisture and

humidity probes.

4.1.1 Data collation
Data were collected at hourly intervals and mean and total daily values were

calculated. These data were then summarised as mean or total monthly data

and the total number of rain days (days with greater than 0.01mm of rain)

and wet days (days with greater than 1mm) calculated per month. An

oceanicity index value (Ratcliffe, 1968; Averis et al., 2004) was calculated,

based on the period between March 2009 and February 2010, as the annual

number of wet days divided by the range of monthly mean temperatures

(Averis et al., 2004).

The temperature and rainfall data for a period of one year, from March 2009

to February 2010, were compared with data from the closest lowland Met

Éireann weather station (Met Éireann, 2010), on Valentia Island. This

weather station is located approximately 50km west of Mangerton, in a

coastal location, at the western end of the Iveragh peninsula (Figure 4.2), at

an altitude of 9m above sea level. Solar radiation was compared between the



Chapter 4

170

same period as above from Mangerton and the mean monthly solar radiation

between 1981 and 2000 (Met Éireann, 2010).

Figure 4.2: Location of Valentia and Mangerton weather stations in the southwest of

Ireland.

N
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4.2 Results
The data collected from the Mangerton weather station are summarised by

month in Table 4.1. Correlation tests indicate that temperature is significantly

positively correlated with solar radiation (Spearman’s correlation coefficient =

0.695, p<0.001) and humidity is significantly negatively correlated with solar

radiation (Spearman’s correlation coefficient = 0.739, p<0.001). There are no

further significant correlations between variables. The oceanicity value for

the location of the weather station was calculated as 20.95, which can be

considered to be ‘oceanic’ (Ratcliffe, 1968; Averis et al., 2004).

4.2.1 Temperature
The mean temperature over the 24 months recorded was 5.8°C (Table 4.1;

Figure 4.3). The maximum temperature recorded was 20.5°C and the

minimum -7.4°C. The warmest month was July 2010, with a mean

temperature of 10.73°C and the coldest month was December 2010, with a

mean temperature of -0.63°C. The maximum temperature fluctuates more

relative to the mean than the minimum (Figure 4.3).

A comparison of the temperature data (Table 4.2; Figure 4.4) collected from

Mangerton and Valentia between March 2009 and February 2010 shows that

the mean monthly temperature on Valentia is consistently higher than that on

Mangerton, the difference varying between 4.3°C and 5.5°C per month. The

annual mean temperature on Valentia is 10.6°C and 5.7°C on Mangerton

(Table 4.2). If a temperature lapse rate of 0.8°C per 100m were presumed

(Chapter 1), the temperature differential between Valentia, at close to sea

level, and Mangerton, at ca. 700m, would be 5.6°C. The actual mean

temperature difference is 4.9°C, indicating a lapse rate of 0.7°C per 100m.

However, as the Valentia station is in a coastal situation, and Mangerton is

relatively inland, there are factors other than altitude affecting changes in

temperature.
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Figure 4.3: Mean, maximum and minimum monthly temperatures recorded on

Mangerton between March 2009 and February 2011.

Figure 4.4: Mean monthly temperatures at Mangerton and Valentia between March

2009 and February 2010.
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Table 4.1: Monthly means of all data collected from the weather station on Mangerton, divided into two 12-month periods. Where no

data are given, this is due to equipment malfunctions.

Year 2009 2010

Month March April May June July Aug Sept Oct Nov Dec Jan Feb 12 months

Mean temp (°C) 3.51 4.52 6.52 10.47 9.99 10.43 9.32 8.49 4.09 1.05 0.29 -0.03 5.7

Max temp (°C) 12.00 10.20 17.50 20.50 14.80 16.60 19.00 14.00 10.50 8.40 7.90 6.00 20.5

Min temp (°C) -3.40 -0.60 1.40 2.00 5.70 5.80 4.80 2.90 -1.70 -6.00 -7.40 -3.90 -7.4

Temp range (°C) 15.40 10.80 16.10 18.50 9.10 10.80 14.20 11.10 12.20 14.40 15.30 9.90 27.9

Mean humidity (%RH) 95.55 98.17 94.57 91.42 98.67 99.23 94.82 98.48 99.85 99.66 99.84 97.30 97.3

Min humidity (%RH) 41.90 63.00 47.00 41.90 70.00 71.90 37.20 39.00 84.30 70.10 88.20 54.40 37.2

Mean wind direction (degrees) 221.82 176.82 189.91 170.51 206.35 200.59 204.44 178.33 279.38 211.87 206.74 316.34 213.6

Mean wind speed (m/s) 7.27 7.03 6.85 5.96 6.24 6.63 4.77 6.53 8.29 6.30 1.73 4.45 6.0

Max wind speed (m/s) 16.50 18.70 17.20 16.10 17.00 18.60 17.10 18.50 24.60 21.00 14.30 19.50 24.6

Mean hrly. solar radiation (W/m2) 79.16 92.82 129.28 171.78 109.98 86.33 106.87 45.69 21.51 19.77 31.54 53.61 79.0

Max solar radiation (W/m2) 583 613 747 841 662 604 740 535 280 217 331 432 841

Tot solar radiation (W/m2) 58894 66829 96187 123678 81822 64226 76948 33996 15485 14709 23467 36028 692269

Total rainfall (mm) 80.80 224.40 161.40 122.20 343.40 298.40 147.40 285.20 501.20 169.80 66.40 38.20 2439

Max hrly rainfall (mm) 3.40 7.80 7.00 7.40 11.60 9.80 9.40 10.80 9.20 4.40 3.00 2.00 11.6

Mean daily rainfall (mm) 2.61 7.48 5.21 4.07 11.08 9.63 4.91 9.20 16.71 5.48 2.14 1.36 6.7

Max daily rainfall (mm) 11.60 53.60 22.80 45.60 50.40 49.60 39.00 63.20 66.40 24.20 15.40 8.60 66.4

Rain days (>0.01mm) 21 25 24 19 28 30 16 22 28 21 20 15 269

Wet days (>1mm) 15 23 21 11 28 27 11 18 27 16 14 9 220
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Year 2010 2011

Month March April May June July Aug Sept Oct Nov Dec Jan Feb 12 months

Mean temp (°C) 2.35 5.20 7.25 10.48 10.73 10.15 9.80 7.49 2.66 -0.63 1.22 3.95 5.9

Max temp (°C) 8.20 15.60 19.90 17.70 17.00 18.10 16.30 17.70 11.80 9.20 8.70 9.20 19.9

Min temp (°C) -3.00 -1.80 -1.30 5.40 6.10 4.70 2.00 0.70 -7.00 -7.10 -5.70 -2.00 -7.1

Temp range (°C) 11.20 17.40 21.20 12.30 10.90 13.40 14.30 17.00 18.80 16.30 14.40 11.20 27.0

Mean humidity (%RH) 75.78 76.95 83.12 93.79 97.71 97.60 96.35 99.68 98.48 98.27 - - 91.8

Min humidity (%RH) 8.10 1.90 4.90 6.70 85.10 15.20 21.60 66.40 26.70 8.90 - - 1.9

Avg wind direction (degrees) - - - - - - - - - - - - -

Avg wind speed (m/s) - - - - - - - - - - - - -

Max wind speed (m/s) - - - - - - - - - - - - -

Mean hrly. solar radiation (W/m2) 83.54 144.76 168.82 160.29 111.31 119.40 84.58 58.15 26.48 26.74 28.15 31.03 86.9

Max solar radiation (W/m2) 574 791 884 891 670 782 639 538 367 299 289 403 891

Tot solar radiation (W/m2) 62153 104224 125600 115409 82815 88836 60896 43264 19069 19897 20940 20852 763955

Total rainfall (mm) 153.20 96.40 59.00 - - - - - - - - - -

Max hrly rainfall (mm) 6.80 4.20 3.80 13.80 - - - - - - - - -

Mean daily rainfall (mm) 4.94 3.21 1.90 - - - - - - - - - -

Max daily rainfall (mm) 47.40 21.60 11.40 79.80 - - - - - - - - -

Rain days (>0.01mm) 19 13 15 - - - - - - - - - -

Wet days (>1mm) 15 13 11 - - - - - - - - - -
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Table 4.2: Comparison of temperature, rainfall and solar radiation between the lowland weather station at Valentia and the upland
weather station on Mangerton, for a 12-month period between March 2009 and February 2010.

Year 2009 2010

Month March April May June July Aug Sept Oct Nov Dec Jan Feb

Mean temperature (°C) Mean

Valentia 8.8 10 11.6 15 15.2 14.9 13.6 13.1 9.5 5.9 4.9 4.8 10.6

Mangerton 3.5 4.5 6.5 10.5 10.0 10.4 9.3 8.5 4.1 1.0 0.3 0.0 5.7

Difference 5.3 5.5 5.1 4.5 5.2 4.5 4.3 4.6 5.4 4.9 4.6 4.8 4.9

Total rainfall (mm) Total

Valentia 82.8 162.5 107.7 94.2 255.5 270 92.9 205.1 360.3 198.7 161.5 65.5 2056.7

Mangerton 80.8 224.4 161.4 122.2 343.4 298.4 147.4 285.2 501.2 169.8 66.4 38.2 2438.8

Difference 2.0 -61.9 -53.7 -28.0 -87.9 -28.4 -54.5 -80.1 -140.9 28.9 95.1 27.3 -382.1

Tot solar radiation (W/m2) Total

Valentia* 67194 111709 150304 146064 138278 119462 84615 48143 25096 15562 19632 34344 960405

Mangerton 58894 66829 96187 123678 81822 64226 76948 33996 15485 14709 23467 36028 692269

Difference 8300 44880 54117 22386 56456 55236 7667 14147 9611 853 -3835 -1684 268136

*monthly mean 1981-2010
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4.2.2 Humidity and rainfall
Values of humidity are consistently high for all months recorded (Figure 4.5).

Throughout the period of 22 months, humidity reached its lowest levels

during the Spring and early Summer, the lowest mean humidities being

recorded for March and April 2010, at 75.78% RH and 76.95% RH,

respectively (Table 4.1). The mean humidity for the entire period was over

90% RH, indicating that the sensor was saturated for the majority of the

recording period. Although no statistically significant correlation is present, a

weak trend is apparent whereby mean humidity is lowest in months where

rainfall is low and highest in months in which high rainfall was recorded

(Figure 4.6).

Figure 4.5: Mean relative humidity (%RH) from Mangerton between March 2009 and

February 2011.
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Figure 4.6: Monthly rainfall and mean monthly humidity on Mangerton for the period

from March 2009 to May 2010.

The pattern of rainfall (Figure 4.6) indicates that Spring/early Summer and

Winter were the driest periods. The driest month was February 2010, with

38.2mm of precipitation recorded throughout the month and the wettest

month was November 2009, with 501.2mm of precipitation recorded (Table

4.1). For a period of one year, from March 2009 to February 2010, there

were a total of 269 rain days and 220 wet days (Table 4.1). The number of

wet and rain days per month generally followed the same pattern as rainfall

(Figure 4.7), although the months with the most wet and rain days were often

not those with the highest rainfall. The most rain days were recorded in

August 2010, with greater than 0.01mm of precipitation recorded on 30 out of

31 days. Rainfall for this month was 298.4mm, considerably less than that

recorded in November 2010, which had 28 rain days and 27 wet days (Table
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4.1). The most wet days were recorded in June 2010, with 28 out of 30 days

receiving greater than 1mm of rain (Table 4.1).

Figure 4.7: Number of rain days (days with >0.1mm of rain) and wet days (days with

>1mm of rain) per month between March 2009 and May 2010 on Mangerton.

Overall rainfall on Mangerton for the one year period from March 2009 to

February 2010 was 2438.8mm, 382.1mm greater than that recorded from

Valentia, at 2056.7mm (Table 4.2). Both weather stations show a broadly

similar pattern of monthly variation, with Mangerton showing greater rainfall

during most months (Figure 4.8). However, during December 2009, January

2010 and February 2010, more rainfall was recorded from Valentia (Table

4.2; Figure 4.8). This may be an error, as much of the precipitation during

those months would have fallen as snow, especially on Mangerton, which

may have been blown away before it could melt and be recorded by the rain

gauge, also resulting in an underestimation of the total annual rainfall.
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Figure 4.8: Comparison of monthly rainfall totals on Mangerton and Valentia

between March 2009 and February 2010.

4.2.3 Solar radiation
Solar radiation levels showed a strong fluctuation between seasons, with the

lowest sunshine levels occurring during the winter months and the highest

during spring and early summer (Figure 4.9). The sunniest month recorded

was May 2010, in which 125,600 W/m2 (kilowatt hour per m2) were recorded

and the month with least sunshine was December 2009, at 14,709 W/m2

(Table 4.1). In comparison to the average for Valentia (Figure 4.10), sunlight

levels recorded on Mangerton are low, with the mean for the 12 months from

March 2009 and February 2010 recorded as 692,269 W/m2, compared to

960,405 W/m2 recorded as the mean for Valentia (Table 4.2). This indicates

the higher cloudiness on Mangerton, with the summer months of July and

August particularly far below the mean at Valentia. The months of January

and February were recorded as having higher levels of sunshine than the
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Figure 4.9: Monthly total solar radiation on Mangerton between March 2009 and

February 2011.

Figure 4.10: Monthly solar radiation recorded at Mangerton between March 2009

and February 2010 and the mean of that recorded at Valentia between 1981 and

2000.
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mean recorded for Valentia (Figure 4.10), which may just be an indication

that these were exceptional for Mangerton, where the mean, if measured

over the same period of time as for Valentia might not be as high.

4.2.4 Wind speed and direction
Mean wind speed during the period in which the anemometer was

functioning correctly was 7 m/s and ranged from a mean of 1.73 m/s in

January 2010 to 8.29 m/s in November 2009 (Table 4.1; Figure 4.11). The

maximum wind speed recorded was during the windiest month, November

2009, with a speed of 24.6 m/s was recorded (Table 4.1). The mean wind

direction over 12 months was recorded as 213.6°, which is close to the

recorded prevailing wind direction in Ireland of southwest (225°). It is of note

that the period of high wind speed (November-December 2009) does not

coincide with the period of lowest %RH (Figure 4.5), indicating that wind

speed, as a measure of incidence of wind, appears not to greatly control

atmospheric humidity fluctuation.

Figure 4.11: Mean and maximum wind speed per month on Mangerton between

March 2009 and February 2010.
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4.3 Discussion
Although these data are incomplete and difficult to compare with other data,

due to the operational problems encountered, it is possible to infer a number

of things about the climate at 700m altitude in Co. Kerry. These data clearly

indicate that the weather station was situated in a highly oceanic location, as

is shown by high value of oceanicity calculated from these data, which

places the location of the weather station in the category of ‘oceanic’

(Ratcliffe, 1968; Averis et al., 2004). The high rainfall, with a high number of

wet and rain days, high humidity, small annual range of temperatures, with

relatively few extremes, low levels of solar radiation, caused by high

cloudiness and relatively high wind speeds all indicate a highly oceanic

climate (Chapter 1; Grace, 1997; Crawford, 2000). The lapse rate calculated

from these data, of 0.7°C per 100m, is similar to that recorded from other

oceanic montane areas (Harding, 1978; Crawford, 2000; Nagy and Grabherr,

2009), and higher than that generally recorded from continental mountain

areas (Nagy et al., 2005).

The high levels of cloudiness inferred from these data, as well as the

relatively low temperatures, high rainfall and high windiness are indicative of

higher altitudes, specifically in oceanic regions (Barry, 1992). These patterns

of variation with altitude become particularly apparent when the data are

compared to that obtained from the nearest lowland meteorological station at

Valentia. A number of these trends are accounted for by the increase in

cloudiness with altitude. High cloudiness acts to decrease the amount of

solar radiation, suppress temperatures, increase humidity and increase the

amount and frequency of precipitation (Barry, 1992). Temperatures are also

decreased as a result of the increase in windiness with altitude, the effect of

the two factors combining under the overarching factor of exposure (Chapter

1). Therefore, local topography plays an important role in determining

temperature, humidity and other climatic parameters at a location (Barry,

1992). This weather station was located in neither a highly exposed or

sheltered location, so is likely to be representative of the overall conditions
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prevalent at 700m altitude in the mountains of Kerry. These data provide a

small, but important, insight into the climate of the high mountain

environment of western Ireland and the differences that are present between

the lowlands and montane areas of Ireland.

The conditions indicated by these weather station data show that many of

the requirements for the growth of montane and oceanic species are met at

higher altitudes. The lower temperatures and high wind speeds facilitate the

formation of montane heath vegetation and provide favourable conditions for

the growth of arctic-montane plant species, primarily by lowering the levels of

competition for space (Chapter 1; Körner, 2003; Crawford, 2008). The

enhancement of the oceanic climate at higher altitudes, through high

cloudiness, high, frequent rainfall and high humidity favours the growth of

oceanic species, such as those of mixed northern hepatic mat vegetation

(Chapter 3; Ratcliffe, 1968). Therefore, these weather station data, although

incomplete and lacking an extensive time period, highlight the suitability of

the western Irish mountains for the growth of montane and oceanic plant

communities.
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5 The potential response of montane oceanic vegetation in Ireland to
climate change

5.1 Introduction
It is now widely accepted that global climate is rapidly changing, as a result

of human activity, with average temperatures rising at an unprecedented

rate, by more than 0.7°C, over the past century (IPCC, 2007). Global surface

temperatures are projected to increase by between 1.1°C and 6.4°C by 2100

(IPCC, 2007). Mountain areas in particular are vulnerable to the effects of

climate change (Diaz et al., 2003), with the rate of warming in these areas

over the next century projected to be two to three times higher than that

recorded in the 20th century (Nogúes-Bravo et al., 2007). Climatic changes in

oceanic, upland areas are particularly hard to predict and quantify, but are

likely to be significantly different to changes occurring in the lowlands (Burt

and Holden, 2010; Coll et al., 2010). Differences detected include greater

changes to minimum temperatures, greater increase in winter rainfall and an

extended growing season in upland areas (Burt and Holden, 2010).

These changes in climate are projected to have far-reaching impacts on

biodiversity and may lead to widespread changes in species distribution and

community composition among a variety of taxa throughout the world

(Walther et al., 2002; Parmesan and Yohe, 2003; Root et al., 2003; Walther,

2003; Parmesan, 2006). Evidence from the past has shown that changes in

the climate can cause rapid changes to community distribution and

composition, leading to major biodiversity loss, within a matter of decades

(Tinner and Kaltenreider, 2005). A wide range of evidence for impacts due to

climate change have already been detected, including changes in phenology

(Roy and Sparks, 2000; Donnelly et al., 2006), species altitudinal (Grabherr

et al., 1994; Parolo and Rossi, 2008) and geographical range (Araújo et al.,

2006; Lenoir et al., 2008), population density, community structure and

species genetics and evolution (Rodrígues-Trellez and Rodriguez, 1998;

Thomas et al., 2001).
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Of particular importance from a conservation viewpoint are the changes in

species distribution and range under climate change (Hannah et al., 2002).

As climatic conditions become unsuitable for the growth of a species, the

species either adapts to and tolerates the changes to its environment, moves

its range to track suitable climate, or faces a high extinction risk (Jump and

Peñualas, 2003; Engler, 2009). The species may not be directly affected by

the change in climatic conditions, but may not be able to compete with

species whose expansion is facilitated by the changing climate (Engler et al.,

2011). When confronted by warming temperatures, the distribution of

vulnerable species either contracts to occupy areas of higher altitudes, or

moves its range northwards, becoming extinct in the south of its range

(Walther et al., 2002). The ability of a species to move its range in response

to changes in the climate is dependant on a number of factors, including

dispersal ability and the availability of suitable habitat. Species migration with

climate change is also determined by the presence of natural barriers and

habitat fragmentation and loss due to human impacts (Pearson and Dawson,

2003). Therefore, it is likely that many species will be unable to adapt in a

timely manner to the rapidly changing climatic conditions (Berry et al., 2005).

It has been found that montane species and communities are particularly

vulnerable to climate change (Thuiller et al., 2005b), and have already

undergone many changes in distribution and species composition, including

an increase in the abundance of generalist species, at the expense of

specialised Arctic-montane and Arctic-Alpine species (Guisan and Theurillat,

2000; Klanderud and Birks, 2003; Pauli et al., 2007; Parolo and Rossi, 2008;

Britton et al., 2009). This is due to their poor competitive and dispersal ability,

meaning that these species, in particular, will encounter difficulties in

adapting rapidly and efficiently to changes affecting their environment

(Körner, 2003). Montane species, particularly those of Arctic-montane

affinities, are adapted in a number of ways, both ecological and

physiological, to grow in harsh, cold conditions (Trivedi et al., 2008b). These

adaptations include low growth rates, low-growing habitat and frequently
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vegetative, rather than sexual, reproduction (Körner, 2003). As well as being

unable physiologically to deal with effects of climate change, these species

are particularly vulnerable to competition, due to the aforementioned traits,

and are not likely to be able to move to areas with lower competitive

pressure. Therefore, species of montane habitats have a high extinction risk

(Bassler et al., 2009).

This extinction risk is particularly high in oceanic mountain ranges, due to a

combination of the risk of early bud-burst and warm winter-induced

carbohydrate consumption, leading to a higher susceptibility to late frost and

post-anoxic stress and a consequential decrease in competitive ability

(Crawford, 2000). The oceanic mountain ranges of Europe also tend to be

lower than those in more continental areas, and therefore have no nival zone

to accommodate the upward migration of vulnerable species (Crawford,

2001). However, competition from lowland species may not be a major factor

for montane species of exposed habitats, as high wind speeds and exposure

play an important role in limiting the growth of many lowland species

(Saetersdal and Birks, 1997). Relatively few studies have been carried out

into climate change effects on vegetation in oceanic and coastal montane

areas (Fosaa et al., 2004).

As a group, bryophytes often react rapidly to changes in the climate, as

many species can disperse easily and efficiently by spores, as well as

vegetatively (Frahm and Klaus, 2001; Frahm, 2008). Many bryophyte

species also have extremely specific climatic requirements, meaning that the

climate does not have to change significantly to affect these species.

Therefore, they are ideal taxa for use as predictors and indicators of past,

present and future climate change (Gignac, 2001; 2011). A number of

changes have already been detected in the range and occurrence of

bryophyte species in Europe in response to climate change (Frahm and

Klaus, 2001; Bergamini et al., 2009; Pócs, 2011). Bryophytes require almost

constant moisture to grow and photosynthesise, and are dormant in the
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absence of water (Porley and Hodgetts, 2005), meaning that the frequency,

rather than overall amount, of rainfall is key to their growth and survival

(Proctor, 2011). Therefore any changes in the frequency, intensity, amounts

and seasonal distribution of rainfall are likely to have an impact on their

growth and competitive ability (Mulao and Alatolo, 2003). Many bryophyte

species have a high desiccation tolerance (Proctor, 2003), but this varies

greatly between species (Slack 2011).

The distribution of suitable habitats for bryophytes also tends to be patchy,

meaning that their survival is strongly dependant on their ability to disperse

(Söderström, 1998). However, many rare bryophyte species are unable to

become established in suitable areas, as they are limited by more

competitive species (Hutsemékers et al., 2008). The climate change impacts

on the distribution of bryophytes, along with other lower plant groups, such

as lichens, algae and fungi, are poorly studied for a number of reasons,

arising mainly from a lack of knowledge of the distribution and ecology of

these taxa (Ellis et al., 2007). It is also difficult to disentangle the effects on

bryophytes resulting from climate change from the effects of other factors,

which is exacerbated by the lack of physiological information on bryophyte

species’ response to climatic and other factors (Bates and Preston, 2011).

The oceanic areas of Europe are particularly favourable for the growth of

bryophytes, as they provide ideal conditions for their growth, such as high,

frequent rainfall, high cloudiness, high humidity and lack of extreme high or

low temperatures (Chapter 1; Hodd and Sheehy Skeffington, 2011a ). These

oceanic bryophytes reach their optimum occurrence and greatest diversity in

the hyper-oceanic areas of western Scotland and western Ireland (Fig. 1),

with south-western Ireland having the highest diversity and abundance of

Atlantic bryophytes in Europe (Ratcliffe, 1968). Therefore, the western areas

of Ireland and the UK have assemblages of bryophytes that are not found

elsewhere in Europe, with bryophytes playing an essential role in plant

community structure and composition in these regions (Hodd and Sheehy
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Skeffington, 2011a). Many of these oceanic species of bryophyte are

particularly vulnerable to changes in the climate, as they are not known to

produce sporophytes in these areas and spread only by vegetative means,

resulting in a slow and unpredictable establishment of new populations

(Rothero, 2003), in contrast to many widespread lowland bryophyte species

(Frahm, 2008). Many oceanic bryophyte species are likely to benefit from

warmer winters, but drier summers are likely to have an adverse effect on

these species (Bates and Preston, 2011).

In Ireland and Britain, montane vascular and oceanic bryophyte species form

a highly important component of montane and upland heath and moorland

habitats. This is a highly sensitive and vulnerable landscape, which is mainly

restricted to upland, temperate regions of the world (Holden et al., 2007).

Ireland and the UK in particular have a responsibility under the EU Habitats

Directive to conserve montane heath, particularly that which supports rare

assemblages of oceanic bryophytes (Hodd and Sheehy Skeffington, 2011a).

Examples of these oceanic bryophyte assemblages include montane moss

heath, dominated by Racomitrium lanuginosum and the mixed northern

hepatic mat, which is restricted to shady north-facing mountain slopes in

western Scotland and western Ireland (Chapter 3; Hodd and Sheehy

Skeffington, 2011b). Montane species and habitats, in particular, are thought

to be more vulnerable to the effects of climate change than any other habitat

in Britain and Ireland (Berry et al., 2003). However, these climate change

effects may be masked in these habitats by other anthropogenic impacts,

which have already led to much loss and damage of montane habitats.

Primary among these are Nitrogen (N) deposition (Pearce et al., 2003) and

damage caused by overgrazing of livestock (Bleasdale, 1998; Holyoak,

2006).

The most commonly used method to assess the impacts of projected climate

change on the distribution of biodiversity are species distribution models

(SDM) which statistically relate current species distributions with climatic
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variables enabling projections of distributions under future climate change

scenarios (Pearson and Dawson, 2003; Thuiller et al., 2005). Species

distribution modelling is a useful aid in determining the potential impact of

climate on species and communities and plays an important role in informing

conservation strategies (Midgley et al. 2003, Carroll, 2010).

Key advantages of using SDM include rapid analysis of high numbers of

species and identification of key factors governing species distributions

(Pearson and Dawson, 2003). Knowledge of the physiological factors

governing the distribution of many species is low, but SDM can use broad

climatic and environmental variables as proxies to a variety of

ecophysiological processes to provide important insight into potential climate

change impacts on these species.

It is clear that many factors other than climate influence species distributions

(Hampe, 2004). In particular the predictive performance of SDM has been

shown to vary with modelling technique used (Heikkinen, et al., 2006;

Syphard and Franklin, 2009; Virkkala et al., 2010), geographic distribution

(Marmion et al., 2008), species traits (Syphard and Franklin, 2009; Hanspach

et al., 2010), and the environmental variables included in the models

(Syphard and Franklin, 2009; Ashcroft et al., 2010; Virkkala et al., 2010). A

key challenge for the future research is to incorporate factors such as

ecology of the species, land-use, CO2 effects, biotic interactions, and

dispersal mechanisms, to account for some of the uncertainties that are

associated with SDM (Heikkinen, et al., 2006). Their application can best be

made when users fully appreciate their limitations and uncertainties

(Heikkinen, et al., 2006).

This study aims to (1) investigate the effect of the addition of topographical

variables on model predictive capacity for upland bryophyte and vascular

plant species, (2) project the changes in the distribution of upland bryophyte

and vascular plant species under future climate change scenarios and
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assess the potential implications for oceanic montane plant communities, (3)

discuss the results of these model projections in the context of future

conservation management of European protected montane habitats.

5.2 Materials and methods

5.2.1 Study area
The study area consists of the island of Ireland, including both the Republic

and Northern Ireland. Ireland is located in the Atlantic Ocean, on the north-

western fringe of Europe (Chapter 1) and stretches between 51°25´N and

55°25´N and 5°26´W and 10°37´W, with an area of 84,421km2. Ireland has a

temperate oceanic climate, with mean monthly temperatures ranging from 6-

6.5°C in January to 15-15.5°C in July (Rohan, 1986) and relatively high (from

less than 1000mm per annum to greater than 2500mm per annum (Met

Éireann, 2011)) and frequent rainfall (from 150 to greater than 220 days per

annum (Met Éireann, 2011). The altitude ranges from sea-level to 1041m in

the Macgillycuddy’s Reeks in the south-west of the island. Much of the island

is lowland, with most of the mountain areas occurring in coastal areas,

around a large central plain. Global climate change is projected to alter the

climate of Ireland in a number of ways. Temperatures are predicted to rise by

3-4°C by the end of this century, while there is projected to be an increased

seasonal variation in rainfall amounts, leading to lower summer precipitation

and higher winter precipitation (Sweeney and Fealy, 2002; McGrath and

Lynch, 2008).

5.2.2 Species data and selection criteria
The species used in this study are either confined to montane habitats or are

dominant in, or form an important component of, montane vegetation. Thirty-

two species of plant (14 bryophyte and 18 vascular plant species) were

selected (Table 5.1), representing four groups: species that are characteristic

of, or restricted to, montane heath vegetation; species characteristic of

montane cliffs; species characteristic of mixed northern hepatic mat; and
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oceanic bryophyte species that frequently grow in association with hepatic

mats, but also occur in a wider range of upland habitats than hepatic mat

species, henceforth referred to as ‘oceanic montane bryophytes’. Species

were selected based on analysis of ecological data collected from montane

vegetation in western Ireland (Chapter 2).

The species were also grouped by a number of other categories: species

with a wide, narrow or disjunct distribution; higher plant or bryophyte species

of exposed or sheltered habitat; species associated with a particular

biogeographical element, divided into biome and eastern limit categories

(after Hill et al., 2004 for higher plants and Hill et al., 2007 for bryophytes)

and maximum and minimum altitude (Preston et al. 2002 for higher plants;

Smith, 2004 for mosses and Paton, 1999 for liverworts).

The data for most species were obtained from the National Biodiversity

Network (NBN) Gateway (NBN Gateway, 2008) and the data for a number of

rare oceanic bryophyte species were obtained from the National Parks and

Wildlife Service (NPWS), Dublin (NPWS, 2010). The species distribution

data are on a 10 x10 km grid level. Presence-absence data were used during

the construction of the models, as the distribution of these species was

considered to be sufficiently well known in Ireland; i.e. the majority of

absences in the data are true absences. Models using presence-absence

data have been shown to perform better than models using presence only

data (Brotons et al., 2004).



Chapter 5

195

Table 5.1: Species modelled and their main attributes (biome, eastern limit category and altitude range after Hill et al., 2004 and Hill et

al., 2007).

Species Name Bryophyte/Vascular

plant

Distribution Community Habitat

exposure

Biome Eastern limit Altitude range

Anastrepta orcadensis Bryophyte Disjunct Oceanic montane Sheltered Boreal montane Suboceanic 60-1300

Andreaea alpina Bryophyte Disjunct Oceanic montane Exposed Boreal montane Oceanic 0-1170

Anthelia julacea Bryophyte Disjunct Montane cliff Sheltered Arctic montane Circumpolar 0-1340

Armeria maritima Vascular plant Narrow Montane heath Exposed Wide boreal Circumpolar 0-1290

Asplenium viride Vascular plant Disjunct Montane cliff Sheltered Boreal montane Circumpolar 0-975

Bazzania pearsonii Bryophyte Disjunct Hepatic mat Sheltered Boreal montane Oceanic 300-1000

Bazzania tricrenata Bryophyte Disjunct Hepatic mat Sheltered Boreal montane European 0-1220

Campylopus setifolius Bryophyte Disjunct Oceanic montane Sheltered Temperate Hyperoceanic 0-800

Carex bigelowii Vascular plant Disjunct Montane heath Exposed Arctic montane Circumpolar 15-1305

Cystopteris fragilis Vascular plant Wide Montane cliff Sheltered Wide boreal Circumpolar 0-1220

Diphasiastrum alpinum Vascular plant Disjunct Montane heath Exposed Arctic montane Circumpolar 0-1220

Empetrum nigrum Vascular plant Wide Montane heath Exposed Boreo-arctic montane Circumpolar 0-1250

Herbertus hutchinsiae Bryophyte Disjunct Hepatic mat Sheltered Boreal montane Oceanic 0-1040

Huperzia selago Vascular plant Wide Montane heath Exposed Boreo-arctic montane Circumpolar 0-1310

Juncus squarrosus Vascular plant Wide Montane heath Exposed Temperate Suboceanic 0-1040

Mastigophora woodsii Bryophyte Disjunct Hepatic mat Sheltered Boreal montane Oceanic 300-1000

Mylia taylorii Bryophyte Disjunct Oceanic montane Sheltered Boreal montane Suboceanic 0-1226

Oxyria digyna Vascular plant Disjunct Montane cliff Sheltered Arctic montane Circumpolar 150-1240

Pleurozia purpurea Bryophyte Narrow Oceanic montane Sheltered Boreal montane Oceanic 0-915

Polystichum lonchitis Vascular plant Disjunct Montane cliff Sheltered Boreal montane Circumpolar 600-1065

Polytrichastrum alpinum Bryophyte Disjunct Montane heath Exposed Boreo-arctic montane Circumpolar 0-1335

Racomitrium lanuginosum Bryophyte Wide Montane heath Exposed Boreo-arctic montane Circumpolar 0-1340

Salix herbacea Vascular plant Disjunct Montane heath Exposed Arctic montane European 600-1310
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Saussurea alpina Vascular plant Disjunct Montane cliff Sheltered Arctic montane Eurasian 0-1207

Saxifraga oppositifolia Vascular plant Disjunct Montane cliff Sheltered Arctic montane Circumpolar 300-1211

Saxifraga stellaris Vascular plant Disjunct Montane cliff Sheltered Arctic montane European 200-1340

Scapania gracilis Bryophyte Narrow Oceanic montane Sheltered Southern temperate Hyperoceanic 0-850

Scapania ornithopodioides Bryophyte Disjunct Hepatic mat Sheltered Boreal montane Oceanic 230-1000

Sedum rosea Vascular plant Disjunct Montane cliff Sheltered Arctic montane Circumpolar 300-1166

Thalictrum alpinum Vascular plant Disjunct Montane cliff Sheltered Arctic montane Circumpolar 300-1209

Vaccinium myrtillus Vascular plant Wide Montane heath Exposed Boreal montane Eurosiberian 0-1300

Vaccinium vitis-idaea Vascular plant Disjunct Montane heath Exposed Boreo-arctic montane Circumpolar 30-1095
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5.2.3 Climate data
Climate data from the 1961-1990 baseline period were obtained for the

whole island of Ireland (Sweeney and Fealy, 2002; 2003). These 10 x 10 km

grid cell (Irish National Grid) resolution data were derived from daily climate

data from 560 precipitation stations and 70 stations for temperature, spatially

interpolated using a polynomial regression method with an inbuilt adjustment

for elevation. Variables used included mean, minimum and maximum

monthly temperatures, and mean monthly precipitation. Various derived

bioclimatic variables were also used in the analyses (e.g. net annual rainfall,

mean winter temperature, continentality index, etc).

The future climate change data used were obtained as a statistically

downscaled output from the HadCM3 Global climate model, and includes the

mean value of A2 and B2 scenario outputs (Sweeney and Fealey, 2003). A

climate scenario is a description of the possible conditions in the world in the

future, presented in a coherent, consistent and plausible manner (Carter et

al., 1994) and incorporates potential future trends in factors including

demographics, energy prices and greenhouse gas emissions (Hulme and

Dessai, 2008). The A2 scenario represents high levels of CO2 emissions in

the future, with corresponding temperature increases, of ca. 3.4°C by the

period 2090-2099. The B2 scenario represents low to moderate CO2

emissions in the future, and corresponding less extreme temperature

increases of ca. 2.4°C by the period 2090-2099. Therefore, the climate

change data utilised in this study incorporates the high temperature

increases of the A2 scenarios with the conservative assumptions of the B2

scenarios (Nakicenovic, 2000).

5.2.4 Topographic data
Topographical data were extracted from the GTOPO30 digital elevation

model (DEM) (U.S. Geological Survey) with data at a 30-arc seconds

(approximately 1 km2) resolution projected to the Irish National Grid. A range
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of topographical variables were extracted from the DEM based on the habitat

and ecological requirements of the selected species, including mean,

maximum and minimum elevation, area greater than 350 m, area greater

than 500 m, mean slope, area occupied by aspects facing north west, north

and north east, and various combinations of these variables. Data were

extracted for each 10 x 10 km grid cell. Data processing was undertaken in

ArcGIS v9.3 (ESRI, Redlands, CA, USA). Hawth’s Tools, an extension to

ArcGIS was used to carry out the polygons in polygon analysis (Beyer,

2004).

5.2.5 Variable selection
A conceptual model (theoretical underpinning of model) is crucial to good

model building and good prediction of species distributions (Austin and Van

Niel, 2011). Plant growth and distribution are controlled by both

environmental and biological variables and can simplistically be summarised

by the equation below:

Species distribution/abundance = f (light, temperature, nutrients, water,

CO2, disturbance, biota)

To build the best possible models, it is therefore essential to relate chosen

variables to the ecophysiological process they are intended to represent, and

to identify what assumptions have been made about those variables not

included (Austin and Van Niel, 2011). In particular the absence of light

variables is noticeable from many previous modelling studies. Importance of

incorporating slope and aspect variables in the current study is assessed. By

incorporating these topographic variables, the light requirements of these

models is met and the ability of the model to identify potential climatic refugia

is increased (Austin and Van Niel, 2011).
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A large range of climatic and topographic variables were initially considered

for use in this study. All of these variables were analysed for collinearity and

selected to avoid this. Variance inflation factors (VIFs) were calculated

between the variables. The variables with highest VIFs were eliminated until

the VIFs for all variables were below a value of 5, which is sufficiently low

(Zuur et al., 2007). Knowledge of the species’ ecological requirements

informed the final selection of the most ecologically important variables.

Models were run using a wide range of combinations of variables until

ecologically significant, non-collinear variables, which produced the best

models, were found.

Table 5.2: Current mean, minimum, maximum and range values for climatic and

topographic variables and projected climate variables for 2055. It is also indicated

which variable is used for oceanic bryophyte (hepatic mat and oceanic montane

species), montane heath and cliff species (denoted as Montane heath in table) or all

species.
Climate variables Units Used for Mean Min Max Range

May maximum temperature °C Oceanic bryophytes 14.12 12.17 15.09 2.92

July maximum temperature °C Montane heath 18.36 15.77 19.63 3.85

December minimum temperature °C All species 2.39 -0.57 4.87 5.44

Mean winter precipitation (December-February) mm Montane heath 124.10 63.82 224.99 161.17

Mean summer precipitation (June-August) mm Oceanic bryophytes 83.84 49.64 127.90 78.27

Climate variables – 2055

Mean

2055

Min

2055 Max 2055

Range

2055

May maximum temperature °C Oceanic bryophytes 15.75 13.11 15.09 3.43

July maximum temperature °C Montane heath 22.61 16.37 19.63 7.85

December minimum temperature °C All species 3.48 0.12 4.87 5.81

Mean winter precipitation (December-February) mm Montane heath 137.67 62.34 224.99 181.99

Mean summer precipitation (June-August) mm Oceanic bryophytes 61.10 26.11 127.90 97.77

Topography variables Mean Min Max Range

Area with aspect northeast to northwest, above

500m altitude m2 Oceanic bryophytes 140104 0.00 20922465 20922465

Area with aspect northeast to northwest, above

350m altitude m2 Montane heath 464862 0.00 24300724 24300724

Area of slope >10% m2 Oceanic bryophytes 1660414 0.00 40502996 40502996

Mean slope ° Montane heath 1.18 0.00 5.02 5.02
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For species of montane heaths and cliffs the variables used were December

minimum temperature, July maximum temperature, mean winter precipitation

(December – February), mean slope and area of cell above 350m, with an

aspect of north to north-east. The variables used for hepatic mat and oceanic

bryophyte species were December minimum temperature, May maximum

temperature, mean summer precipitation (June – August), area of cell with

slope >10% and area of cell above 500m, with an aspect of north to north-

east (Table 5.2).

5.2.6 Statistical analyses
We predicted the distribution of the 32 species using an ensemble of

modelling techniques, namely Artificial neural networks (ANN-NE) available

in Neural Ensembles (O’Hanley, 2009) and five additional modelling

techniques available in the BIOMOD framework (Thuiller et al., 2009).

Modelling techniques implemented in BIOMOD were Generalized Linear

Models (GLM), Random Forests (RF), Generalized Boosting Models (GBM),

Artificial Neural Networks (ANN) and Generalized Additive Models (GAM)

(Thuiller et al., 2009). All models were calibrated using the R environment

software (R Development Core Team, 2010) and followed the default

settings of Neural Ensembles and BIOMOD (O’Hanley, 2009; Thuiller et al.,

2009). The goodness of fit of the models was evaluated using the AIC

(Akaike Information Criterion). The data were split 80/20 to provide 20%

independent data for evaluating and testing model accuracy (Thuiller et al.,

2009).

Models were created using climatic variables only or climatic and

topographic variables. This was to establish the effects of topography on the

distribution of these species and to investigate the effects on predictions of

disregarding topography (Virkalla et al., 2010). Validation of model

performance was considered to be important (Araujo et al., 2005). The

predictive performance of these models was measured using Cohen’s Kappa
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statistic (K) and the area under the curve (AUC) of the receiver operating

characteristic (ROC) (Appendix C). Model performance was considered to be

excellent when K >0.75, good when 0.40> K <0.75 and poor when K <0.40

(Landis and Koch, 1977), while values of AUC >0.90 were considered to be

excellent, 0.80> AUC <0.90 was good, 0.70> AUC <0.80 was fair, 0.60>

AUC <0.70 was poor, and 0.50> AUC <0.60 was considered a fail (Swets,

1988).

The simulated current and future distributions of the species were compared

for the models using both climate and topography variables and the %

decrease or increase in range for each species was calculated. Central to

possible range changes of species under changing climate is the ability of

those species to colonise new potentially suitable areas. For vascular plants

and bryophytes, this is mostly a consequence of the species’ dispersal

ability. However, detailed dispersal distances are not available for most

species in this modelling and therefore two extreme scenarios were

examined:

1. Unlimited dispersal, where the entire projected future range of the species

corresponds with the actual future distribution.

2. Limited or no dispersal, where the future distribution results solely from the

overlap between current and projected future range of the species.

The change in range between groups of species was compared, according to

the various grouping categories. The significance of the relationships

between groups was calculated using the Wilcoxon signed-rank test, as the

data were not normally distributed (R Development Core Team, 2010).

5.3 Results

5.3.1 Model performance
A comparison of model performance statistics produced using climate

variables only and those produced using both climate and topography,
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(a)

(b)

(c)

(d)
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Figure 5.1: Box plots comparing values of Kappa and AUC for species distribution

models of 32 species, produced using (a) ANN in Neural Ensembles and (b) ANN,

(c) GAM, (d) GBM, (e) GLM and (f) RF in BIOMOD. Models produced with both

climate and topography variables are compared with those for climate only

variables, for each species distribution model technique.

revealed that Kappa (p <0.05) and AUC (p <0.05) were significantly higher

for most species, across all modelling techniques, when topography was

added to the models (Figure 5.1). For example, results for ANN-NE show

that the mean Kappa for all species increased from 0.3 (± standard error

0.02) to 0.48 (± 0.02) and the mean AUC for all species increased from 0.84

(± 0.01) to 0.9 (± 0.01) upon the addition of the topographic variables (Table

5.3). Model performance for species limited by factors such as microclimate,

for example the rare oceanic liverwort, Mastigophora woodsii, greatly

increased. When modelled using ANN-NE, Kappa values for M. woodsii rose

from 0.22 to 0.73 when topographic variables were added, whereas

generalist species did not show a comparable performance increase, as with

(e)

(f)
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Table 5.3: Kappa and AUC values for all species using artificial neural networks in Neural

Ensembles (ANN-NE), from models created using both climate and topography variables

and climate variables only (see Appendix C for performance statistics from other modelling

techniques).

Kappa AUC

Climate and

topography

Climate only Climate and

topography

Climate only

Anastrepta orcadensis 0.38 0.28 0.95 0.90

Andreaea alpina 0.40 0.20 0.89 0.80

Anthelia julacea 0.54 0.30 0.95 0.87

Armeria maritima 0.52 0.52 0.85 0.84

Asplenium viride 0.28 0.14 0.86 0.79

Bazzania pearsonii 0.50 0.24 0.98 0.95

Bazzania tricrenata 0.51 0.34 0.92 0.88

Campylopus setifolius 0.52 0.30 0.91 0.83

Carex bigelowii 0.53 0.21 0.93 0.80

Cystopteris fragilis 0.39 0.24 0.77 0.71

Diphasiastrum alpinum 0.42 0.25 0.90 0.79

Empetrum nigrum 0.51 0.46 0.83 0.80

Herbertus hutchinsiae 0.66 0.44 0.95 0.91

Huperzia selago 0.50 0.32 0.80 0.74

Juncus squarrosus 0.62 0.53 0.87 0.82

Mastigophora woodsii 0.73 0.22 0.99 0.95

Mylia taylorii 0.37 0.23 0.80 0.75

Oxyria digyna 0.52 0.24 0.96 0.85

Pleurozia purpurea 0.39 0.32 0.82 0.79

Polystichum lonchitis 0.30 0.21 0.89 0.84

Polytrichastrum alpinum 0.43 0.23 0.92 0.81

Racomitrium lanuginosum 0.49 0.39 0.84 0.80

Salix herbacea 0.55 0.29 0.95 0.85

Saussurea alpina 0.44 0.21 0.96 0.88

Saxifraga oppositifolia 0.38 0.20 0.90 0.86

Saxifraga stellaris 0.65 0.38 0.96 0.88

Scapania gracilis 0.41 0.32 0.80 0.77

Scapania ornithopodioides 0.49 0.25 0.97 0.94

Sedum rosea 0.53 0.38 0.93 0.88
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Thalictrum alpinum 0.42 0.13 0.93 0.83

Vaccinium myrtillus 0.38 0.29 0.78 0.69

Vaccinium vitis-idaea 0.50 0.43 0.93 0.90

Mean for all species 0.48 0.30 0.90 0.83

Juncus squarrosus, where Kappa values increased only slightly from 0.53 to

0.62 (Table 5.3). The mean Kappa for all species using climate only

variables, produced in Neural Ensembles using ANN (ANN-NE), was 0.3

(standard error (± 0.01) and the mean Kappa using climatic and topographic

variables was 0.477 (± 0.01).

Using climate only variables, Kappa values for 5 species were in the ‘good’

categories, 27 were in the ‘poor’ category, while using climate and

topographic variables, 24 species were in the ‘good’ categories and 8 were in

the ‘poor’ category. The mean AUC for all species, using climate only

variables, was 0.84 (± 0.01); when topographic variables were added, the

mean AUC was 0.89 (± 0.01). Using only climatic variables, the AUC of 5

species could be categorised as ‘excellent’; 17 as ‘good’; 9 as ‘fair’ and 1 as

‘poor’. When climate and topographic variables were used, 16 species were

categorised as ‘excellent’; 11 as ‘good’ and 5 as ‘fair’, with no species

categorised as ‘poor’. Performance statistics for models produced by ANN,

GAM, GBM, GLM and RF, in the BIOMOD framework, showed similar

distribution between these categories (Table 5.4).
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Table 5.4: Comparison of performance of species models, by modelling technique, using climate data only and climate and topography

data,. Two measures of performance were used: (a) the Kappa statistic and (b) Area Under the Curve (AUC) of a receiver operating

characteristic plot. The numbers indicate how many species, out of 32, fall into each category of performance, according to Landis and

Koch (1979) for AUC and Swets (1988) for Kappa.

Climate only Climate and topography

Excellent Good Fair Poor Excellent Good Fair Poor

(a) Kappa

Neural Ensembles

ANN 0 5 - 27 0 24 - 8

BIOMOD

ANN 0 21 - 11 0 26 - 6

GAM 0 19 - 13 0 27 - 5

GBM 0 21 - 11 1 26 - 5

GLM 0 19 - 13 0 28 - 4

RF 0 17 - 15 1 23 - 8

(b) AUC

Neural Ensembles

ANN 5 17 9 1 16 11 5 0

BIOMOD

ANN 11 10 10 1 15 12 5 0

GAM 14 11 7 0 16 13 3 0

GBM 9 16 6 1 17 10 5 0

GLM 14 10 8 0 15 12 5 0

RF 5 17 7 3 12 14 6 0
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5.3.2 Projected species range changes
Analysis of the range changes projected by each modelling technique

(Appendix D) showed that there was no significant difference in range

change between modelling techniques, except for those projected by GBM

(mean change for all species + 0.91 (± 10.61)) and by RF (mean -26.04 (±

8.01)) which were significantly different (p < 0.01) from one another. Only

range changes projected by ANN-NE are described here, as they are

considered representative of the modelling techniques. Of the 32 montane

species used for modelling under a scenario of unlimited dispersal, most (21)

showed a projected future decrease in suitable climate space, 2 showed no

change and 9 showed a potential increase in climate space (Table 5.5).

Table 5.6 summarises the potential future % range change of groups of

species, by plant type, community, biome and eastern limit category.

As a group, bryophytes showed less projected decrease in range under

future climate change than higher plant species (Figure 5.2a) – bryophyte

species had a mean decrease of 5.97% (± 6.50); higher plant species a

mean decrease of 28.74% (± 7.8). Under a scenario of limited dispersal

(Figure 5.2b), with species unable to move to new areas, the mean decrease

for higher plant species is similar to that under a scenario of unlimited

dispersal, at 36.78% (± 7.03). However, when no dispersal is possible,

bryophyte species are projected to lose a mean of 25.3% (± 5.62) of their

suitable climate space, with a number species projected to lose a large

proportion of their climate space. For example, under conditions of unlimited

dispersal, the hepatic mat liverwort, Scapania ornithopodioides, shows no

change in the area of suitable climate space. However, if no dispersal is

possible, a 62.5% decrease in suitable area for this species is projected.

The projected range changes of the representative species of the different

plant communities (Figure 5.2c) show that the only group of species

projected to show an increase in range is the montane oceanic group of
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Table 5.5: Range changes, derived from artificial neural networks in Neural

Ensembles (ANN-NE), for all species under conditions of unlimited and limited

dispersal (see Appendix D for range changes under unlimited dispersal derived by

the other modelling techniques).

Species Name Range change – Unlim. disp. Range change – Lim. disp.

Anastrepta orcadensis 21.15 -26.92

Andreaea alpina 29.41 -2.94

Anthelia julacea -48.89 -48.89

Armeria maritima -2.72 -57.59

Asplenium viride -50.00 -52.94

Bazzania pearsonii -33.33 -50

Bazzania tricrenata -6.10 -19.51

Campylopus setifolius 5.63 -11.27

Carex bigelowii -10.00 -14.29

Cystopteris fragilis -4.29 -7.98

Diphasiastrum alpinum -37.93 -43.68

Empetrum nigrum -74.72 -78.65

Herbertus hutchinsiae 10.45 -22.39

Huperzia selago -13.26 -13.81

Juncus squarrosus 0.00 -0.84

Mastigophora woodsii -53.33 -60

Mylia taylorii 3.88 -3.88

Oxyria digyna 25.00 0

Pleurozia purpurea 10.00 -9.47

Polystichum lonchitis -18.87 -18.87

Polytrichum alpinum -12.90 -16.13

Racomitrium lanuginosum -7.55 -8.27

Salix herbacea -44.30 -49.37

Saussurea alpina -78.05 -78.05

Saxifraga oppositifolia -65.71 -68.57

Saxifraga stellaris 10.39 -2.6

Scapania gracilis -2.00 -12

Scapania ornithopodioides 0.00 -62.5

Sedum rosea -76.54 -77.78

Thalictrum alpinum -31.58 -31.58

Vaccinium myrtillus 11.86 -1

Vaccinium vitis-idaea -56.67 -64.44
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Figure 5.2: Boxplots of the change in range (%) of species (a) under conditions of

unlimited dispersal, grouped by plant type (bryophyte (n = 14) or vascular plant (n =

18)) (b) under conditions of limited dispersal, grouped by plant type (c) under

conditions of unlimited dispersal, grouped by community (1: montane heath (n =

11), 2: montane cliff (n = 10), 3: hepatic mat (n = 5), 4: oceanic montane bryophyte

(n = 6) (d) under conditions of limited dispersal, grouped by community.
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bryophytes (mean increase of 11.35% ± 4.8). The greatest decrease in

suitable range is shown by the species that are characteristic of montane cliff

habitats (mean decrease 33.85% ± 11.45), while species of montane heath

(mean decrease 22.56% ± 8.11) and hepatic mat (mean decrease 16.46% ±

11.72) also show a substantial decrease in potential range. Under a scenario

of limited dispersal (Figure 5.2d), all of the groups show a greater decrease

than with unlimited dispersal. With limited dispersal, the hepatic mat group

shows the greatest decrease in climate space, with a mean decrease of

42.88% (±9.21), significantly higher than the decrease under conditions of

limited dispersal.

Many of the species used in this study are of the arctic-montane, boreo-

arctic-montane or boreal-montane biome. Species of arctic-montane and

boreo-arctic-montane affinities showed the greatest mean decrease in range

of 35.76% (± 11.11) and 33.02% (± 13.68), respectively (Figure 5.3a).

Species of the boreal-montane element show a relatively small mean

decrease, of 6.24% (± 7.81). If dispersal is limited (Figure 5.3b), the species

of boreal-montane affinity are projected to show a relatively large mean

decrease in suitable climate space, of 27.45% (± 6.62), while the decrease in

suitable climate space for arctic-montane and boreo-arctic-montane species

is similar under scenarios of both limited and unlimited dispersal.

The other biogeographical element taken into consideration was the eastern

limit category. Species of circumpolar distribution, greatest in number,

exhibited the greatest loss in potential climate space (Figure 5.3c), with a

mean decrease of 29.11% (± 7.36) under conditions of unlimited dispersal. A

mean increase in range of 8.34% (± 6.5) was projected for suboceanic

species, while species of oceanic and European distribution recorded a

mean decrease of 6.13% (± 12.65) and 13.34% (± 16.2), respectively. Under

conditions of limited dispersal (Figure 5.3d), oceanic species show a

significant mean decrease, in comparison to conditions of unlimited

dispersal, of 34.55% (± 10.71).
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Table 5.6: Mean range changes, under conditions of unlimited and limited dispersal,

for each of the major groups, under the categories of plant type, community, biome

and eastern limit.

No. of species Range change -

Unlimited dispersal

Range change -

Limited dispersal

Bryophyte 18 -5.97 -25.30

Vascular plant 14 -28.74 -36.78

Community

Montane heath 11 -22.56 -31.64

Montane cliff 10 -33.85 -38.73

Oceanic montane bryophytes 6 11.35 -11.08

Hepatic mats 5 -16.46 -42.88

Biome

Arctic-montane 10 -35.76 -41.48

Boreo-Arctic-montane 5 -33.02 -36.26

Wide boreal 2 -3.51 -32.79

Boreal-montane 12 -6.24 -27.54

Temperate 2 2.82 -6.06

Southern temperate 1 -2.00 -12.00

Eastern Limit category

Hyperoceanic 2 1.82 -11.64

Oceanic 6 -6.13 -34.55

Suboceanic 3 8.34 -10.55

European 3 -13.34 -23.83

Eurosiberain 1 11.86 -1.00

Eurasian 1 -78.05 -78.05

Circumpolar 16 -30.41 -37.72

Overall mean change 32 -18.78 -31.76
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Figure 5.3: Boxplots of the change in range (%) of species (a) under conditions of

unlimited dispersal, grouped by biome (Hill et al., 2004; Hill et al., 2007) (1: Arctic-

montane (n = 10), 2: Boreo-arctic-montane (n = 5), 3: wide Boreal (n = 2), 4: Boreal

montane (n = 12), 5: Temperate (n = 2), 6: southern Temperate (n = 1)). (b) under

conditions of limited dispersal, grouped by biome. (c) under conditions of unlimited

dispersal, grouped by eastern limit category (Hill et al., 2004; Hill et al., 2007) (1:

hyperoceanic (n = 2), 2: oceanic (n = 6), 3: suboceanic (n = 3), 4: European (n = 3),

5: Eurosiberian (n = 1), 6: Eurasian (n = 1), 7: circumpolar (n = 16)). (d) under

conditions of limited dispersal, grouped by eastern limit category.

(a) (b)

(c) (d)
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5.3.3 Patterns of distribution change
A number of potential patterns and trends can be identified from the spatially

extrapolated model outputs as shown in the species distribution maps in

Figure 5.4. A summary of the number of grid cells gained, lost or retained

and pattern of range change is presented in Table 5.7. Oceanic bryophyte

species, of hepatic mats and the oceanic montane species group, such as

Anastrepta orcadensis and Scapania ornithopodioides, lose space in the

south of the country and gain space in northerly areas, suggesting a

northward shift of the distribution of these species (assuming unlimited

dispersal). This trend is not shared by the species of montane heath and

montane cliffs, many of which are of circumpolar arctic-montane distribution.

A number of these species, for example Sedum rosea and Salix herbacea

show a contraction in range to core areas of high altitude. A small group of

species, including Diphasiastrum alpinum and Empetrum nigrum, lose cells

in the west of their distribution and make small gains in eastern areas of

Ireland.

Table 5.7: Summary of direction and pattern of range change for all species under

future climate change. ↑ denotes northward movement of range, → denotes 

eastward movement of range, ↔ denotes expansion of range and ›‹ denotes 

contraction of range.

No. of grid cells:

Species Name Gain Stable Loss

Not

present

net

gain/loss

direction of

movement

Anastrepta

orcadensis 25 38 14 886 + ↑

Andreaea alpina 11 33 1 918 + ↔

Anthelia julacea 0 23 22 918 - ›‹

Armeria maritima 141 109 148 565 - →

Asplenium viride 1 16 18 928 - ›‹

Bazzania pearsonii 1 3 3 956 - ↑

Bazzania tricrenata 11 66 16 870 - ↑
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Campylopus

setifolius 12 63 8 880 + ↑

Carex bigelowii 3 60 10 890 - ›‹

Cystopteris fragilis 6 150 13 794 - →

Diphasiastrum

alpinum 5 49 38 871 - →

Empetrum nigrum 7 38 140 778 - →

Herbertus

hutchinsiae 22 52 15 874 + ↑

Huperzia selago 1 156 25 781 - -

Juncus squarrosus 4 475 4 480 -

Mastigophora

woodsii 1 6 9 947 - ↑

Mylia taylorii 10 124 5 824 + ↑

Oxyria digyna 6 24 0 933 + ↔

Pleurozia purpurea 37 172 18 736 + ↑

Polystichum lonchitis 3 78 15 867 - ›‹

Polytrichastrum

alpinum 0 43 10 910 - ›‹

Racomitrium

lanuginosum 2 255 23 683 - -

Salix herbacea 4 40 39 880 - ›‹

Saussurea alpina 0 9 32 922 - ›‹

Saxifraga

oppositifolia 1 11 24 927 - ›‹

Saxifraga stellaris 10 75 2 876 + ↔

Scapania gracilis 10 88 12 853 - ↑

Scapania

ornithopodioides 15 9 15 924 ↑

Sedum rosea 1 18 63 881 - ›‹

Thalictrum alpinum 0 13 6 944 - ›‹

Vaccinium myrtillus 90 693 7 173 + ↔

Vaccinium vitis-idaea 7 32 58 866 - →
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(a) Armeria maritima (b) Carex bigelowii

(c) Diphasiatrum alpinum (d) Empetrum nigrum

Figure 5.4

Gain
Stable
Loss
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(e) Huperzia selago (f) Juncus squarrosus

(g) Polytrichastrum alpinum (h) Racomitrium lanuginosum

Figure 5.4

Gain
Stable
Loss
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(i) Salix herbacea (j) Vaccinium myrtillus

(k) Vaccinium vitis-idaea (l) Anthelia julacea

Figure 5.4

Gain
Stable
Loss
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(m) Asplenium viride (n) Cystopteris fragilis

(o) Oxyria digyna (p) Polystichum lonchitis

Figure 5.4

Gain
Stable
Loss
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(q) Saussurea alpina (r) Saxifraga oppositifolia

(s) Saxifraga stellaris (t) Sedum rosea

Figure 5.4

Gain
Stable
Loss
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(u) Thalictrum alpinum (v) Bazzania pearsonii

(w) Bazzania tricrenata (x) Herbertus hutchinsiae

Figure 5.4

Gain
Stable
Loss
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(y) Mastigophora woodsii (z) Scapania ornithopodioides

(a.1) Anastrepta orcadensis (b.1) Andreaea alpina

Figure 5.4

Gain
Stable
Loss
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(c.1) Campylopus setifolius (d.1) Mylia taylorii

(e.1) Pleurozia purpurea (f.1) Scapania gracilis

Figure 5.4: Species distribution maps, showing the projected change in spatial

distribution of the 32 modelled montane species under the HadCM3 climate

scenario for 2055. Species (a)-(k) are species of montane heath (not all coastal

occurrences of Armeria maritima are included); species (l)-(u) are species of

montane cliff habitats; species (v)-(z) are species of hepatic mat and species (a.1)-

(f.1) are species of oceanic montane habitats. Not all patterns of distribution change

were interpreted to be meaningful, but three patterns were repeated among a

Gain
Stable
Loss
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number of species of similar distribution. A number of species of montane heath and

cliff habitats show a trend of contracting to higher altitudes, as demonstrated by,

e.g. (i) Salix herbacea, (l) Anthelia julacea and (q) Saussurea alpina. A pattern of

northward shift in range was shown by a number of species of hepatic mat and

oceanic montane habitats, for example (x) Herbertus hutchinsiae, (z) Scapania

ornithopodioides and (a.1) Anastrepta orcadensis. The third pattern apparent

among a number of species is that of an eastward shift in range, as shown by (c)

Diphasiastrum alpinum and (d) Emptetrum nigrum. Range changes calculated using

models produced by Artificial Neural Networks in Neural Ensembles.

5.4 Discussion

5.4.1 Model performance
Species distributions are governed by a range of biotic and abiotic factors

found at a range of spatial scales (Trived et al., 2008a). At large continental

scales, species distributions are shaped by macroclimate whereas at smaller

local or regional scales, factors such as topography modify the macroclimate

to produce a complex pattern of species distribution and diversity(Bruun et

al., 2006). Species were modelled here at a regional scale and the inclusion

of ecologically relevant topographic variables along with climatic variables

improved model performance for nearly all species and all modelling

techniques.

Other studies have also shown the benefits of including topography (Virkkala

et al., 2010) where significant increases in model performance were shown

for some modelling techniques (e.g. RF, GAM, GLM), but not all. In the

current study significant improvements for nearly all species and all

modelling techniques were shown, highlighting the importance of topography

when predicting the distribution of montane plant species. Further refinement

of the models to include factors such as dispersal capacity, land use

changes and biotic interactions, would likely improve the predictive capacity

of the models, helping identify their realised niche. The inclusion of
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topographic variables indirectly accounts for some of these factors (Austin

and Van Niel, 2011).

These results also indicate that the extent of the distribution of a species and

the degree to which a species is restricted to areas with specific

microclimatic conditions influence how well the species model performs

when climate variables only are used. Therefore, oceanic bryophyte species,

for example those of hepatic mat vegetation, that require specific topographic

conditions to create the humid microclimate they require, and are restricted

to a very narrow and often disjunct distribution, do not perform well when

topography is not considered when modelling them. Similarly, many Arctic-

montane species do not model well when modelled with only climatic

variables, as they are strongly dependant on altitude and other topographic

factors to create the required conditions for their growth. The species that

exhibit the highest performance statistics when climate variables only are

used are generally widely distributed, and also occur outside of montane

areas. Therefore, they are generally not restricted by altitude, aspect or other

topographic variables and their distribution is more strongly controlled by

overall climatic factors.

5.4.2 Range Changes
By applying an ensemble approach, using a range of modelling techniques in

this study, it was possible to take the variation between modelling techniques

into account. Although the specific amount of range change for individual

species varied between modelling techniques, the majority of techniques

showed the same trends and magnitude of changes, indicating that there

was general agreement between the outputs produced by each technique.

As the majority of species modelled show a decrease in suitable climate

space under future climate change scenarios, it is likely that the composition
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of these communities will change fundamentally. Many stands of oceanic

montane vegetation may lose specialised montane species, and possibly

become dominated by widespread species expanding from lowland areas,

leading to a homogenisation of this vegetation, as has been observed from

Scotland by Britton et al. (2009). This may also result in less altitudinal

variation in community composition. Many Arctic-montane and specialised

montane oceanic bryophyte species are reliant on very specific climatic

conditions for their survival (Chapter 1), so projected changes in

temperatures and rainfall patterns are not likely to favour their continued

survival in many areas where they currently occur. However, many of the

Arctic-montane vascular species, in particular, grow in very exposed

habitats, with high windspeeds and low temperatures. This may ameliorate

the effects of climate change and reduce the impact of competition,

minimising the impact of any future changes in the climate on these species

(Hodd and Sheehy Skeffington, 2011a).

These results indicate that bryophyte and vascular plant species are likely to

respond in different ways to climate change, and initially suggest that

oceanic bryophyte species may be more able to tolerate the effects of

climate change than montane vascular plant species. However, on analysis

of the projected range changes, the majority of the oceanic bryophytes are

projected to lose a large proportion of their climatically suitable area in the

south of their range and gain climatically suitable area in the north, so would

only be able to adapt successfully if there were no barriers to their dispersal.

In contrast, many of the vascular plants of montane heaths and cliff ledges

are projected to lose space in areas of lower altitude and become restricted

to the areas of highest altitude, with little or no gain of potential climate

space. Most species that showed this contraction in range are of arctic-

montane distribution, while species of temperate and southern distribution

generally showed a projected increase, or minor decrease, in suitable space.

Both of these patterns are likely to be in response to temperature changes.
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These patterns of distribution change are also likely to be influenced by

changes in rainfall patterns, particularly for the oceanic bryophytes. The

other, less well-defined, pattern of range change that was detected in the

data was the tendency of a small group of species to lose suitable climate

space in the west and northwest of their range and gain a small amount of

climatically suitable space in the east. This may possibly be in response to

changes in oceanicity or an increase in winter precipitation amounts.

In general, species that are adapted to cold conditions, mainly of Arctic-

montane distribution, showed the greatest decrease in climate space, while

species which grow primarily in temperate or southern regions showed an

increase or only minor decrease in climate space under future climate

change. These results also indicate that the degree of oceanicity of a

species’ distribution is likely to influence its response to climate change.

Species of hyperoceanic, oceanic and suboceanic distribution mainly show a

pattern of northward shift in range. The specific cause of these shifts in range

is not clear.

When considering the changes in the range of these species, it is essential

to take dispersal capacity into account (Brooker et al., 2007). Neither

dispersal scenario used in this study are likely to reflect the true dispersal

capacity of these species (Engler et al., 2009), as species are unlikely to

have the capacity to colonise every area that may become suitable for their

growth in the future, but may be able to shift their range to some extent in

response to changes in the climate. The limited dispersal scenario is likely to

be closer to the true response of these montane species, as most of the

species studied have poor dispersal capacity. The majority of these species

are of disjunct distribution and are limited to relatively isolated mountain

ranges, creating a further barrier to their dispersal. However, little is known

about their true dispersal capacity, particularly of the bryophyte species. For

example, liverworts of the hepatic mat community are not known to produce

sporophytes in Ireland, spreading only vegetatively, primarily by means of
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fragmentation (Chapter 3; Hodd and Sheehy Skeffington, 2011b). There is a

possibility that the Irish populations of these species may have arisen from

spores spread through the atmosphere from centres of population in other

areas, such as the Himalaya (Schofield and Krum, 1972). Therefore, spores

of these species may already be present in areas that will become suitable

for their growth in the future, or may be able to colonise these areas with

more ease than expected.

Biotic interactions are likely to have a major influence on future composition

of montane vegetation, as the interactions between species in these habitats

are likely to change as a result of climate change. Temperature rises are

likely to lead to increased competition in montane habitats (Parolo and Rossi,

2008; Pauli et al., 2007), with less cold-tolerant species able to expand their

niche upward in altitude and other species, that are already present in these

habitats, able to grow more efficiently and outcompete specialised montane

species (Crawford, 2000). It is possible that this indirect effect of temperature

rises may have a greater negative impact on the range of montane species

than other consequences of climate change (Sætersdal and Birks, 1997).

However, the impact of competition may not be as great as expected in

exposed montane heath, as, in this habitat, exposure and wind strength are

likely to limit the growth of many species, negating the impact of rising

temperatures, and enabling the survival of adapted Arctic-montane species

(Crabtree and Ellis, 2010). In contrast, oceanic bryophyte species of

sheltered habitats, particularly those of the mixed northern hepatic mat, may

face a greater threat from increased competition. It is likely that a

combination of decreased rainfall at key periods of the year and temperature

rises will favour the growth of large acrocarpous and pleurocarpous mosses

and vascular plant species, to the possible exclusion of hepatic mat

liverworts (Hodd and Sheehy Skeffington, 2011b).
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5.4.3 Conservation of montane vegetation in response to climate
change

Hyper-oceanic plant communities are highly restricted in distribution in

Europe, to the western fringes of Ireland, the UK, Norway and the Faeroe

islands, with those communities which are dominated by bryophytes

exhibiting an even more restricted distribution (Averis, 1994; Crawford,

2000). However, there is little specific protection of these bryophyte-

dominated communities at a European level. As Ireland is at the south-

western limit of the range of occurrence of many of these communities and

their constituent species, climate change poses a greater threat to their

future survival than in other parts of their range.

These results suggest that there will be a reduction in the area of all true

montane habitats in Ireland, as defined by their characteristic species. Many

of the habitats under threat are listed under Annex 1 of the EU Habitats

Directive (European Communities, 1992), and include Alpine and boreal

heaths (4060) and siliceous Alpine and boreal grassland (6150), as well as

significant elements of siliceous rocky slope vegetation (8220), calcareous

rocky slope vegetation (8210) and hydrophilous tall herb vegetation (6430)

(Perrin et al., 2011). Other Annex habitats, which are currently integral parts

of montane vegetation in oceanic areas of Europe, including wet heath

(4010), dry heath (4030) and active blanket bog (*7130), may also be placed

under considerable threat by climate change.

A number of the modelled species, as well as a number of further species of

these habitats that could not be modelled due to their occurrence in too few

grid cells, are listed in the Irish Red Data Books for vascular plants and

bryophytes (Curtis and McGough, 1988; Lockhart et al., 2012) and are

already highly threatened in Ireland. It is likely that the further threat of

climate change may preclude the future survival of these species. Climate

change, in combination with other factors, especially overgrazing and habitat

fragmentation, will make it extremely difficult to keep these Annex habitats in
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a favourable conservation condition in Ireland, and elsewhere in Europe, as

is required under the EU Habitats Directive (European Communities, 1992).

Mixed northern hepatic mat vegetation does is not under any specific Annex

habitat, but may grow in association with a number of them. Due to its

extremely restricted distribution to climatically suitable sites in western

Ireland and western Scotland, and its uniqueness within Europe, it is of high

international conservation importance (Chapter 3; Hodd and Sheehy

Skeffington, 2011b). A number of bryophyte species grow exclusively in this

vegetation type in Ireland, including the liverwort Adelanthus

lindenbergianus, which, in Europe, only grows in one site outside Ireland,

and seven within Ireland. Another two species of hepatic mat; Scapania

nimbosa and Plagiochila carringtonii; are restricted to two and one sites in

Ireland, respectively, and are highly restricted in range outside Ireland. A

further number of species of hepatic mat are infrequent both in Ireland and

Europe as a whole (Chapter 3; Hodd and Sheehy Skeffington, 2011b).

Therefore, Ireland has a major role to play in conserving the European

populations of these species. If the range of these species were to move

northwards, it would also increase the role of Scotland, Norway and the

Faeroe Islands in the conservation of this vegetation (sensu Harrison et al.,

2006).

It is likely that factors relating to land-use will interact with climate change to

strongly influence the future response of montane species and communities

to climate change (Trivedi et al., 2008b) and present a further obstacle to

their conservation. Therefore, it is essential to consider land-use factors

when assessing the vulnerability of these plant communities to climate

change (de Chazal and Rounsevell, 2009). In many oceanic areas, intensity

of grazing has had a major impact on montane vegetation in the past, and is

likely to have a similarly important impact in the future. Many of the species

used in this study have previously suffered major damage and losses due to

the impacts of overgrazing, particularly the hepatic mat bryophytes (Holyoak,
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2006; Long, 2010). It is also likely that many Arctic-montane species would

be present in a wider range of habitats than they currently are, but as a result

of grazing impacts, are now restricted to rocky, cliff habitats, where they are

out of the reach of most grazing animals (Chapter 1; Hodd and Sheehy

Skeffington, 2011a). Therefore, the current distribution of these species is

not in equilibrium with the climate, but is a result of long term interactions

between the vegetation, climate, topography, land-use and a range of other

environmental factors.

5.5 Conclusions
This study demonstrates the need to include ecologically relevant

topographic variables when projecting species distribution in relation to

climate change on a regional scale, in particular for those species whose

distribution is strongly linked with topography and the resultant microclimate.

Many species of oceanic montane plant communities, particularly

bryophytes, have been little studied, and further autecological information is

needed before it will be possible to determine appropriate conservation

measures for montane species and habitats (Ellis and Good, 2005). Further

information on biotic and abiotic interactions, dispersal ability and

physiological responses of these species to climatic stimuli would enable a

greater understanding of mechanism of these species’ and communities’

response to climate change and facilitate appropriate conservation

measures.

It is precisely due to the marginal position of oceanic regions within Europe

that the indigenous plant communities and species are of high conservation

value, with a richness and diversity of oceanic bryophyte species not seen

elsewhere in Europe. The threat to the conservation of these plant

communities from climate change within Europe is particularly high,

especially so for examples of these communities in Ireland. The relatively

small extent and low altitude of Ireland’s mountain areas means that the
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constituent species of these communities have very little chance of adapting

there range in response to climate change, altitudinally or otherwise.

Currently, a major control on the distribution of these communities is grazing

intensity. It is likely that future climate change, in conjunction with other

pressurising factors, in particular overgrazing, will lead to widespread loss

and degradation of montane oceanic vegetation in Europe, especially in

marginal areas of its range. The challenge facing policy makers and

conservation organisations is recognising the uniqueness and value of

oceanic vegetation and ensuring the maximum robustness of this vegetation

in response to the effects of climate change and other threats.
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6 General discussion

6.1 Introduction
Western Ireland is at the southern limit of the range of temperate oceanic

vegetation in Europe that also includes Scotland, Southern Norway and the

Faroe Islands (Fosaa, 2001; Averis et al., 2004). As Ireland’s climate is

warmer and has equally high or higher humidity than any of the other

regions, conditions are highly favourable for the growth of a wide range of

oceanic vegetation (Ratcliffe, 1968). The montane vegetation recorded

shows a strongly oceanic character, and lacks some of the more northern

elements of this vegetation type, especially snow-bed vegetation and a range

of montane species (Averis et al., 2004). However, the highly oceanic

elements of the vegetation are particularly well-represented on Irish

mountains, particularly oceanic bryophytes, for which western Ireland and

western Scotland are their most important centres of population (Ratcliffe,

1968).

Little of this vegetation is completely natural, and can rather be considered

as semi-natural, having been highly modified throughout oceanic parts of

Europe by a long history of human activity, including grazing, burning and

deforestation (Thompson, 2002). The natural vegetation of the Irish

mountains would consist of woodland up to altitudes of about 700m, above

which it would be replaced by heath vegetation (Cross, 2006). A small

proportion of Irish montane vegetation could be considered as near-natural,

particularly in highly exposed areas or inaccessible steep slopes, although

grazing is still likely to have had some impact in these areas.

6.2 Factors influencing montane vegetation in Ireland
The results of this study show that montane vegetation in these areas is

strongly influenced by a range of climatic, geographic and topographic

factors. The most influential of these factors are latitude, altitude and aspect,

and the variations in climate and microclimate that are associated with



Chapter 6

246

changes in these physical parameters. Both the general montane heath and

hepatic mat relevés varied along a latitudinal gradient, with a strong

altitudinal gradient present particularly in the montane heath relevés. Aspect

is particularly important for oceanic bryophytes, with hepatic mat vegetation

virtually restricted to north-east to north north-west facing slopes.

Along an altitudinal gradient, the heath and montane vegetation studied

shows a general trend of transitioning from dry heath, through prostrate

montane heath to open montane vegetation with few shrubs and either little

vegetation cover or high cover of Racomitrium lanuginosum or graminoid

species. There is a general decrease in species richness as altitude is

gained, a pattern that is repeated in montane areas throughout the world

(Rahbek, 1995; Grytnes, 2003; Nagy and Grabherr, 2009). Bruun et al.

(2004) reported that diversity of graminoid and bryophyte species peak at

higher altitudes than dwarf shrub species. As altitude increases, the climate

changes in a number of ways, which has a consequential effect on

vegetation structure and composition. With increasing altitude, temperature

decreases and rainfall, cloudiness and windiness increase (Grace and

Unsworth, 1988; Barry, 1992; Nagy and Grabherr, 2009).

These altitudinal changes are enhanced in oceanic areas, and change at a

greater rate than in areas with a continental climate (Crawford, 2000).

Therefore, shrub growth is suppressed and cover and height of shrub

species decreases with increasing altitude, allowing other species groups,

particularly graminoids and bryophytes to become dominant. This sequence

of succession from closed dwarf shrub communities to more open bryophyte

and graminoid-dominated communities is present in other oceanic montane

regions of Europe (McVean and Ratcliffe, 1962; Wilson et al., 1987; Fosaa,

2001; Averis et al., 2004).

The angle of a slope also influences the vegetation which grows on it. In

sheltered locations, peat accumulates and wet heath and blanket bog
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vegetation will develop on shallow slopes, precluding the formation of

montane heath and other montane vegetation (Averis et al., 2004). In

general, steep slopes are drier than shallow slopes, as there is more

drainage (Tansley, 1949), so many of the sampled stands of montane heath

were recorded from moderate to steep slopes. The exception to this was on

exposed summits and ridges, where formation of deep peat is prevented by

strong winds (Averis et al., 2004), and open montane vegetation forms in

preference to peatland vegetation, even where there is no slope. The most

open, sparsely vegetated stands of montane vegetation are generally

restricted to open summit plateaux, as the presence of a slope provides

some shelter (Barry, 1982), meaning that conditions are more favourable for

the establishment of more closed vegetation on slopes.

Aspect is an important factor, particularly with regard to oceanic bryophytes

(Ratcliffe, 1968; Averis, 1994). All stands of mixed northern hepatic mat were

recorded from aspects north of west and east, with the majority occurring at

an even smaller range of aspects, from north-north-west to east. Although

the commoner hepatic mat species, such as Herbertus hutchinsiae, were

recorded at a wider range of aspects, including on slopes facing south, the

most specific hepatic mat species are restricted to north-facing slopes. Two

colonies of Adelanthus lindenbergianus were recorded on the south-facing

slope of Errigal in Donegal. However, they were located within a hollow,

where it is likely that scree had accumulated and stabilised, and the colonies

were facing north, although the slope they were on was no more than 2m in

height. It is likely that the prevalent humid climate had allowed the necessary

microclimate for the growth of A. lindenbergianus to occur even in such a

small hollow. In Scotland, hepatic mat vegetation has been recorded growing

at a range of aspects, including south, although this is primarily in areas

where the hepatic mats are sheltered by boulders (Averis, 1994).

The primary factors which govern the difference in suitability of north and

south-facing slopes for the growth of bryophyte species are the lower levels



Chapter 6

248

of sunlight on north-facing slopes (Buffo et al., 1972; Barry, 1992) and the

lack of exposure to the prevailing wind on north-facing slopes, which is

south-westerly in Ireland (Sweeney, 1997). Therefore, the microclimate is

considerably more humid where the slope faces northwards, as the drying

effects of wind and intense sunlight are minimised (Ratcliffe, 1968; Averis,

1994). The results obtained from the temperature and humidity dataloggers

(Chapter 3) indicate that it is not necessarily essential to have conditions of

very high humidity for these species to grow, but rather, that constant

moderately high humidity is required, with little fluctuation, which is provided

for on north-facing slopes.

Much of the variation in montane vegetation is influenced by the overarching

factor of exposure. Exposure comprises a combination of factors, primarily

temperature extremes and wind-speed, which interact to affect the growth

and composition of vegetation, particularly at high altitudes and in oceanic

areas (Crawford, 2000; Crabtree and Ellis, 2010). The clearest effects of

exposure are seen with altitude. The vegetation within the studied sites

generally transitioned from closed dry heath, through montane heath to open

montane vegetation, with a corresponding decrease in shrub height and

cover and an increase in rock and grass cover, as the higher wind-speeds

and lower temperatures suppress shrub growth and prevent soil

accumulation, while decreasing the overall stability of the substrate.

Exposure also plays a major role in determining the lower limit of occurrence

of montane vegetation, as the degree of exposure determines the height of

the potential natural tree-line, which varies between sheltered and exposed

areas (Poore and McVean, 1957; Grace, 1997). As was illustrated by the

data collected using the temperature and humidity dataloggers, exposure

also varies between steep slopes and flat mountaintops and based on

aspect, between south and north-facing slopes.

Although high levels of exposure create a high stress environment for many

plant species, precluding the growth particularly of many bryophyte species
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(Ratcliffe, 1968), exposure creates favourable conditions for the survival of

many Arctic-montane species. These species are adapted to cold and

inhospitable environments (Körner, 2003; Trivedi et al., 2008), and have low

competitive ability as a result. Exposure limits the growth of lowland species

(Saetersdal and Birks, 1997), minimising the impact of competition on Arctic-

montane species in exposed habitats.

In many stands of montane vegetation, the relative importance of the impacts

of grazing and exposure are difficult to ascertain. Grazing by ungulates,

particularly sheep, is widespread in the Irish mountains, and has led to

severe degradation of montane vegetation in many areas of western Ireland

(Bleasdale, 1998; McKee et al., 1998; Holyoak, 2006). Therefore none of this

vegetation can be considered to be natural in origin and is modified to a

certain degree in all areas. Grazing intensity appeared to increase with

altitude. However, it is possible that the effects of increasing exposure

enhanced the impacts of grazing, whereby the amount of grazing was equal

at all altitudes, but the growth limiting impacts of exposure prevented the

recovery of the original vegetation, once grazing had its initial impact.

Overall, grazing has modified all of the vegetation studied to a certain extent,

but has not led to widespread damage to montane vegetation in these areas.

However, little sampling was carried out in Galway and Mayo, where

overgrazing has had a major impact (McKee et al., 1998). It is likely that, in

these areas, much modification and damage of montane heath would have

occurred, as has been recorded for hepatic mat vegetation (Long, 2010).

6.3 Differences between montane vegetation of Kerry and Donegal
The physical environment varies in a number of ways from north to south in

the west of Ireland, resulting in differences in the composition of the

vegetation which grows there. Comparing climatic data between weather
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Figure 6.1: Comparison of monthly temperatures recorded at Valentia and Malin

between the period 1960-1991.

Figure 6.2: Comparison of monthly rainfall totals between Valentia and Malin,

between the period 1960-1961.
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stations at Valentia Island in Kerry and Malin Head in Donegal (Met Éireann,

2011), neither of which are in montane locations, but are in similar coastal

locations, close to sea level, a number of differences between regions are

apparent. These differences are likely to also apply to montane areas,

although temperatures would be lower and rainfall amounts would be higher,

as outlined in previous chapters.

Temperatures recorded from Malin are consistently lower than those

recorded from Valentia (Figure 6.1), as would be expected, due to the more

northerly latitude of Malin. Rainfall shows a similar pattern (Figure 6.2), with

Valentia consistently receiving more rainfall per annum than Malin. A mean

total of 1430.3mm of rain per annum was recorded from Valentia and 1060.5

mm per annum was recorded from Malin, between 1961 and 1990 (Met

Éireann, 2011). It is likely that Valentia receives higher rainfall as it is located

in the south-west of Ireland and would receive any weather fronts before

Donegal, as it is in the path of the prevailing south-westerly wind (Sweeney,

1997). The south-west also receives less frost and snow than the north-west,

while the north-west is the windiest and most exposed part of Ireland

(Sweeney, 1997). As a result of these and other factors, the south-west of

Ireland also has a far longer growing season than the north-west, with 330

growing days per annum, as opposed to 270 growing days in the north-west

(Collins and Cummins, 1996). Variations in topography also influence

differences in the vegetation between Kerry and Donegal, as Kerry reaches a

higher altitude (high point of 1041m) than Donegal (high point of 751m).

Kerry also has a wider range of topography, with more glacial corries and

high ridges than occur in Donegal (personal observation).

The differences in montane vegetation between Kerry and Donegal are

primarily represented by differences in the proportion of dwarf shrub and

graminoid species. In general, relevés recorded from Kerry had a higher

proportion of graminoids than those recorded from Donegal, which generally

contained a high proportion of dwarf shrub species. The most montane
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vegetation types are generally more widespread in Kerry than Donegal,

which is likely to result from the higher altitude and more montane

topography of these mountain ranges. The other major difference between

the regions was in the habitat in which hepatic mat vegetation primarily

occurs. In Donegal, hepatic mat vegetation was recorded exclusively from

dry or montane heath, as is the primary habitat of this community in Scotland

(Averis, 1994; Averis et al., 2004). In contrast, the majority of Kerry stands of

hepatic mat were recorded from open grassy vegetation, usually in rocky

areas and close to cliffs at the headwalls of corries.

The difference between Kerry and Donegal may be due to the higher altitude

from which the hepatic mats were recorded in Kerry, enabling them to

colonise a habitat that is not present in Donegal. However, there is much

similar vegetation in Scotland, at similar altitudes, that does not frequently

contain hepatic mat vegetation (Averis et al., 2004), suggesting that altitude

is not the only reason for this difference. Although there is little direct

evidence, it is possible that this difference may have originated from past

land-use. Heavy grazing or burning in the past may have removed much of

the shrub layer from these areas of the Kerry mountains, and the hepatic mat

species may have found refuge on the most humid slopes, where moisture is

retained by the presence of rocks and cliffs.

6.4 Climate change impacts on montane vegetation
Many species that are characteristic of, or restricted to, montane habitats are

likely to be greatly affected by future climate change and are projected to

change their distribution within Ireland in response to changes in the climate.

Two major patterns of change in distribution were detected among these

species using species distribution modelling, with differing responses from

the most specialised groups of species investigated in this study; Arctic-

montane species of vascular plant and hyperoceanic liverwort species of

mixed northern hepatic mat vegetation. The projected pattern of range
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change exhibited by many of the Arctic-montane and associated species of

montane heath and cliffs is a contraction in range to areas of high altitude,

with no strong latitudinal pattern of change detected. In contrast, the range

change projected for many of the oceanic bryophytes investigated was along

a latitudinal gradient, with a loss of suitable climate space projected in the

south-west of Ireland, and a gain in suitable climate space projected in the

north-west of the country.

Projected changes in temperature and rainfall patterns under future climate

change scenarios are likely to have a number of consequences which will

both directly and indirectly impact montane plant communities and species

(Thuiller et al., 2005). It is likely that changes in climate will lead to a

homogenisation of montane vegetation, as has been observed in Scotland

(Britton et al., 2009), resulting partially from the reduction in distribution of

specialised montane species. Increased competition from lowland and non-

specialist montane species, whose spread is facilitated by changes in

climatic conditions, particularly rises in temperature may also result in the

loss of specialised montane species (Parolo and Rossi, 2008; Pauli et al.,

2007; Crawford, 2000). Many specialised montane species are particularly

vulnerable to changes in their environment, as they have low growth rates

and poor dispersal capacity (Körner, 2003; Trivedi et al., 2008). It is thought

that the indirect effects of competition may have a greater effect on montane

species than the direct impact of temperature increases and other climate

consequences of climate change (Sætersdal and Birks, 1997). However, due

to the exposed location of the oceanic mountain areas of Europe, which

results in high wind speeds and inhospitable conditions for plant growth

(Grace and Unsworth, 1988; Crawford, 2000), the impacts of competition

may not be as great as first assumed, particularly for species of montane

heath on exposed ridges and plateaux (Crabtree and Ellis, 2010).

In contrast to the species of exposed montane heath, it is possible that

competition may have a significant detrimental impact on mixed northern
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hepatic mat bryophytes. These species require a constant humid

environment and frequent rainfall to grow successfully (Ratcliffe, 1968;

Averis, 1994), and would therefore be highly sensitive to any changes to the

pattern or seasonality of rainfall, as are projected for Ireland under future

climate change scenarios (Sweeney and Fealy, 2002). These changes would

be likely to lead to a reduction in the competitive ability and growth rates of

sensitive bryophyte species (Mulao and Alatolo, 2003). Oceanic species of

bryophyte, including all hepatic mat species, are particularly vulnerable to the

impacts of climate change, as sporophytes are extremely rare in these

species and they spread almost exclusively by vegetative propagation,

meaning that dispersal is limited and unpredictable (Rothero, 2003).

Therefore, although the species distribution models produced indicate that

previously unsuitable climate space would become suitable for these species

in the north, as the climate became unsuitable in the south of the country, it

is unlikely that species of hepatic mat liverwort would be able to adapt its

range in response to climatic changes. Therefore, these species may be

more vulnerable to the impacts of climate change than first though, and at

greater risk than many Arctic-montane species.

6.5 Conservation of oceanic montane vegetation
Ireland has a responsibility, under the EU Habitats Directive (European

Communities, 1992) to maintain all Annex habitats, including those of

montane areas, in good condition. That responsibility is particularly strong

with regard to the oceanic element of the vegetation, as it is restricted to only

a small area on the western fringe of Europe (Ratcliffe, 1968), of which

Ireland is within the core area. The majority of Irish habitats and plant

communities, many of which are widespread in Ireland, are highly oceanic

and are rare on a global scale (Lockhart et al., 2012), including the montane

vegetation covered by this study. Irish montane vegetation falls primarily

within two Annex habitats; alpine and boreal heath (4060) and siliceous

alpine and boreal grasslands (6150); and contains certain elements of
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European dry heath (4030) (European Communities, 2007). These montane

habitats are also the main habitat for a number of species on both the Irish

vascular (Curtis and McGough, 1988) and bryophyte (Lockhart et al., 2012)

red data lists. The threats to these montane habitats and species come from

a variety of sources, but foremost among them are the impacts of

overgrazing and climatic change, both of which have been discussed above.

It could be argued that the arctic-montane element of the Irish flora is of low

conservation priority, as Ireland has a much reduced arctic-montane flora,

with small populations of these species, in comparison to other montane and

alpine areas of Europe. This is due to the relatively low altitude of Irish

mountains and the general unsuitability of oceanic mountain ranges for true

montane vegetation (Crawford, 2008). However, it is precisely because of

the marginal oceanic position of Ireland, that its montane vegetation, i.e. its

plant species composition and not its individual species, is of high

conservation importance, since the oceanic conditions create vegetation

different to that of most parts of Europe. Vegetation and plant communities

dominated by bryophytes require particular conservation attention, and are

extremely well represented in the western, montane areas of Ireland

(Holyoak, 2006; Lockhart et al., 2012). Bryophytes form a significant

component of all of the montane vegetation studied here, and are dominant

in some montane habitats, particularly Racomitrium lanuginosum-dominated

heath and mixed northern hepatic mat, both of which are highly restricted to

hyperoceanic montane areas.

Mixed northern hepatic mat vegetation is not listed under any specific Annex

habitat, but may grow in association with a number of them. Due to its

extremely restricted distribution to climatically suitable sites in western

Ireland and western Scotland, and its uniqueness within Europe, it is of high

international conservation importance (Chapter 3; Hodd and Sheehy

Skeffington, 2011). A number of bryophyte species grow exclusively in this

vegetation type in Ireland, including the liverwort Adelanthus
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lindenbergianus, which is restricted in distribution to western Ireland and a

small area of Scotland. Another two hepatic mat species; Scapania nimbosa

and Plagiochila carringtonii, are restricted to two and one sites in Ireland,

respectively and are highly restricted in range outside Ireland (Paton, 1999).

A further number of species of hepatic mat are infrequent both in Ireland and

Europe as a whole (Chapter 3; Hodd and Sheehy Skeffington, 2011). In total,

five species that grow exclusively in hepatic mat vegetation are listed as

vulnerable or endangered on the Irish Red Data list and five species are

considered to be rare or vulnerable in Europe as a whole (Lockhart et al.,

2012). Therefore, Ireland has a major role to play in conserving the

European populations of these species.

6.6 Conclusions
This study has shown that Ireland has well-developed stands of montane

vegetation, that are highly oceanic in character and are similar in

composition to those found in Scotland and a small number of other

hyperoceanic areas, but have a number of unique features, not found in

other areas of Europe. These communities require very specific climatic and

topographic conditions to grow, with those dominated by bryophytes or

containing arctic-montane species, having particularly specific requirements

of altitude, aspect and other variables. Therefore, these communities and

species are restricted in distribution to locations where these requirements

are met and are highly vulnerable to any changes in their environment.

Therefore, climate change is likely to have a major impact on montane

vegetation in Ireland, resulting in changes to the composition of vegetation in

montane areas and a loss or reduction in range of a number of montane

species. As these montane communities, especially those rich in oceanic

bryophytes, are highly restricted and infrequent in Europe, it is essential to

ensure that these communities and species are conserved within Ireland, in

the best possible condition.
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6.7 Further research
 The results of Chapter 2 indicate that the composition of montane

heath vegetation is strongly influenced by altitude. A modelling

approach could be used to explore how the composition of montane

vegetation changes with altitude.

 This study has shown that montane heath varies in composition from

north to south in Ireland. There is also a strong climatic gradient

between east and west in Ireland, of increasing oceanicity. If a range

of vegetation were sampled from mountain ranges along this gradient,

understanding of how oceanicity effects montane vegetation would be

increased.

 The results of Chapter 5 indicate that montane vegetation in the west

of Ireland may undergo a number of compositional changes under

future climate change conditions. Using the vegetation data collected

in the preparation of Chapter 2, it would be possible to monitor how

this vegetation changes in response to climate change, and whether

projected models are accurate. It would also be of interest to set up

permanent plots in montane heath vegetation at a number of sites,

and investigate how the vegetation of the plots changes over time.

 As the mixed northern hepatic mat is highly restricted in distribution,

as well as potentially highly threatened, it is of great importance to

investigate methods of preserving the species of this community ex-

situ, as is currently being carried out for a number of bryophyte

species (Lockhart et al., 2012).

 Many stands of hepatic mats have been lost, and much suitable

hepatic mat habitat has been heavily damaged, particularly in the

Connemara area, by the effects of overgrazing. Although it is likely

that much of this damage is irreversible, careful management of

degraded hepatic mat sites, and transplantation of liverwort mats from

less damaged sites, may result in the recovery of hepatic mat

vegetation in overgrazed areas.
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 Although the species distribution modelling carried out in Chapter 5

provides information on how arctic-montane and hepatic mat species

may change their distribution under future climate change, many

questions remain unanswered on how these species may respond

physiologically to climate change. It would be of great interest to grow

these species in controlled conditions, at a range of temperatures and

humidities, simulating the potential impacts of climate change.

 A major uncertainty when interpreting the results of species

distribution models is the dispersal capacity of the species modelled.

Many of the species whose distributions were modelled have few

effective means of dispersal in Ireland, particularly the liverwort

species of hepatic mat. Therefore, knowledge of how effectively they

are able to disperse would be highly useful when interpreting species

distribution models.

 The oceanic bryophyte species used when carrying out the species

distribution modelling are only a small fraction of the Irish oceanic

bryophyte flora, of which many species are threatened in both Ireland

and Europe as a whole. It would be of great interest to model the

distribution of a wide range of oceanic bryophyte species in Ireland,

and investigate whether they are projected to show the same pattern

of distributional change as were shown by the species modelled in

Chapter 5, and whether climate change will pose a significant threat to

the unique oceanic bryophyte flora of western Ireland.
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Plate 1: Calluna vulgaris – Herbertus hutchinsiae dry heath, on Errigal, Co.

Donegal, supporting mixed northern hepatic mat vegetation.

Plate 2: Calluna vulgaris – Racomitrium lanuginosum - Cladonia uncialis montane

heath on Masatiompan, Brandon, Co. Kerry.
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Plate 3: Calluna vulgaris – Juncus squarrosus montane heath, Caherconree, Slieve
Mish, Co. Kerry.

Plate 4: The summit plateau of Muckish, Co. Donegal, supporting extensive stands
of Agrostis capillaris – Salix herbacea montane vegetation.
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Plate 5: Hepatic mat vegetation, with Bazzania pearsonii, Herbertus hutchinsiae and
Pleurozia purpurea prominent, in Derrymore Glen, Slieve Mish, Co. Kerry.

Plate 6: The liverwort Adelanthus lindenbergianus, which is restricted within Europe
to western Ireland and western Scotland, Errigal, Co. Donegal.
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Plate 7: The eastern corrie of Mt. Brandon, Co. Kerry, where hepatic mat vegetation
grows among grass-dominated vegetation.

Plate 8: Severely overgrazed slope, Binn Bhán, Twelve Bens, Connemara, Co.
Galway, which was previously one of only two Irish sites for Plagiochila carringtonii.
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Plate 9: Weather station located on Dooish, Glenveagh, Co. Donegal, Errigal is
visible in the background.

Plate 10: Weather station on Mangerton, Co. Kerry, from which two years’
data were obtained.
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Appendix A: List of all species recorded in montane heath relevés (n = 326; Chapter
2), and their frequency and range of cover in those relevés.

Species
No. of

relevés
Frequency

(%)
Range of

cover

Hypnum jutlandicum 296 90.80 (+-5)
Calluna vulgaris 284 87.12 (+-5)

Racomitrium lanuginosum 283 86.81 (+-5)
Vaccinium myrtillus 276 84.66 (+-5)
Rhytidiadelphus loreus 251 76.99 (+-5)
Diplophyllum albicans 231 70.86 (+-3)

Hylocomium splendens 224 68.71 (+-4)
Agrostis capillaris 222 68.10 (+-3)
Deschampsia flexuosa 195 59.82 (+-2)
Potentilla erecta 195 59.82 (+-1)

Dicranum scoparium 194 59.51 (+-1)
Scapania gracilis 189 57.98 (+-3)
Cladonia uncialis 176 53.99 (+-2)
Pleurozium schreberi 170 52.15 (+-2)

Galium saxatile 165 50.61 (+-3)
Festuca vivipara 159 48.77 (+-3)
Dicranella heteromalla 154 47.24 (+-2)
Erica cinerea 133 40.80 (+-4)

Empetrum nigrum 119 36.50 (+-4)
Sphagnum capillifolium 107 32.82 (+-5)
Lophozia ventricosa 106 32.52 (+-1)
Rhytidiadelphus squarrosus 99 30.37 (+-1)

Pleurozia purpurea 95 29.14 (+-3)
Cladonia portentosa 92 28.22 (+-3)
Plagiothecium undulatum 89 27.30 (+-2)
Juncus squarrosus 82 25.15 (+-5)

Cladonia arbuscula 81 24.85 (+-2)
Herbertus hutchinsiae 74 22.70 (+-4)
Agrostis canina 73 22.39 (+-2)
Cladonia subcervicornis 72 22.09 (+-1)

Polytrichum alpinum 70 21.47 (+-2)
Cladonia sp. 65 19.94 (+-1)
Bazzania tricrenata 63 19.33 (+-2)
Breutelia chrysocoma 63 19.33 (+-2)

Huperzia selago 62 19.02 (+-1)
Carex binervis 61 18.71 (+-2)
Calypogeia muelleriana 56 17.18 (+-1)
Carex bigelowii 56 17.18 (+-5)

Kurzia trichoclados 52 15.95 (+-2)
Anastrepta orcadensis 51 15.64 (+-2)
Luzula sylvatica 48 14.72 (+-1)
Poa pratensis 44 13.50 (+-4)

Thuidium tamariscinum 43 13.19 (+-2)
Tritomaria quinquedentata 42 12.88 (+)
Andreaea rothii 41 12.58 (+-1)
Campylopus flexuosus 40 12.27 (+-1)

Nardus stricta 40 12.27 (+-2)
Mylia taylorii 39 11.96 (+-2)
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Polytrichum commune 39 11.96 (+-3)
Trichophorum germanicum 37 11.35 (+-2)
Plagiochila spinulosa 34 10.43 (+-2)

Saccogyna viticulosa 30 9.20 (+-2)
Campylopus sp. 28 8.59 (+-1)
Cetraria islandica 28 8.59 (+-1)
Anthoxanthum odoratum 27 8.28 (+-2)

Armeria maritima 27 8.28 (+-3)
Carex pilulifera 27 8.28 (+-2)
Cladonia gracilis 27 8.28 (+-1)
Carex panacea 26 7.98 (+-3)

Cladonia furcata 26 7.98 (+)
Racomitrium sp. 26 7.98 (+-1)
Lophocolea bidentata 25 7.67 (+-1)
Salix herbacea 25 7.67 (+-3)

Solidago virgaurea 25 7.67 (+-1)
Sphagnum tenellum 24 7.36 (+)
Eriophorum vaginatum 23 7.06 (+-1)
Hymenophyllum wilsonii 23 7.06 (+-1)

Pseudoscleropodium purum 22 6.75 (+-2)
Saxifraga spathularis 20 6.13 (+-2)
Cephalozia bicuspidata 19 5.83 (+)
Blechnum spicant 18 5.52 (+-2)

Frullania tamarisci 18 5.52 (+)
Odontoschisma sphagni 18 5.52 (+)
Molinia caerulea 17 5.21 (+-2)
Hypnum cupressiforme s.s. 16 4.91 (+-1)

Pseudotaxiphyllum elegans 16 4.91 (+)
Ptilidium ciliare 16 4.91 (+-1)
Scapania sp. 16 4.91 (+-1)
Nardia scalaris 15 4.60 (+-1)

Listera cordata 14 4.29 (+)
Marsupella emarginata 14 4.29 (+)
Rumex acetosella 14 4.29 (+-1)
Sphagnum subnitens 14 4.29 (+-2)

Campylopus atrovirens 13 3.99 (+-2)
Calypogeia fissa 12 3.68 (+-1)
Stereocaulon vesuvianum 12 3.68 (+)
Carex echinata 11 3.37 (+-1)

Cladonia asahinae 11 3.37 (+)
Dicranum majus 11 3.37 (+-1)
Juncus bulbosus 11 3.37 (+-1)
Lepidozia reptans 11 3.37 (+)

Mnium hornum 11 3.37 (+-1)
Umbilicaria cylindrica 11 3.37 (+)
Barbilophozia floerkei 10 3.07 (+-1)
Brachythecium sp. 10 3.07 (+-1)

Scapania ornithopodioides 10 3.07 (+-1)
Vaccinium vitis-idaea 10 3.07 (+-2)
Bazzania pearsonii 9 2.76 (+-1)
Calypogeia azurea 9 2.76 (+-1)
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Cladonia ciliata 9 2.76 (+-2)
Polytrichum sp. 9 2.76 (+-2)
Aulacomnium palustre 8 2.45 (+-2)

Marsupella sp. 8 2.45 (+)
Pycnothelia papillaria 8 2.45 (+)
Scapania umbrosa 8 2.45 (+)
Carex viridula subsp. oedocarpa 7 2.15 (+-1)

Cephaloziella sp. 7 2.15 (+)
Euphrasia officinalis agg. 7 2.15 (+)
Jungermannia sp. 7 2.15 (+-1)
Melampyrum pratense 7 2.15 (+-1)

Polytrichum piliferum 7 2.15 (+-1)
Sphagnum sp. 7 2.15 (+-2)
Arctostaphylos uva-ursi 6 1.84 (1-4)
Carex flacca 6 1.84 (+)

Dryopteris dilatata 6 1.84 (+)
Jasione montana 6 1.84 (+)
Pellia epiphylla 6 1.84 (+)
Rumex acetosa 6 1.84 (+)

Thymus polytrichus 6 1.84 (+-2)
Cetraria aculeata 5 1.53 (+)
Dactylorhiza maculata 5 1.53 (+)
Gymnomitrion crenulatum 5 1.53 (+)

Isothecium myosuroides 5 1.53 (+)
Oligotrichum hercynicum 5 1.53 (+)
Polytrichum juniperinum 5 1.53 (+)
Adelanthus lindenbergianus 4 1.23 (+)

Antennaria dioica 4 1.23 (+-2)
Campylopus introflexus 4 1.23 (+)
Cladonia rangiferina 4 1.23 (+)
Epilobium brunnescens 4 1.23 (+)

Lepidozia pearsonii 4 1.23 (+)
Lophozia incisa 4 1.23 (+)
Oxalis acetosella 4 1.23 (+)
Sorbus aucuparia 4 1.23 (+)

Sphagnum palustre 4 1.23 (+-2)
Campylopus setifolius 3 0.92 (+)
Carex nigra 3 0.92 (+-1)
Cephaloziella divaricata 3 0.92 (+)

Danthonia decumbens 3 0.92 (+)
Festuca rubra 3 0.92 (+-1)
Hedwigia stellata 3 0.92 (+)
Juniperus communis 3 0.92 (1)

Lophozia sp. 3 0.92 (+)
Peltigera canina 3 0.92 (+)
Polygala serpyllifolia 3 0.92 (+)
Racomitrium fasciculare 3 0.92 (+)

Sphaerophorus globosus 3 0.92 (+)
Trichostomum tenuirostre 3 0.92 (+)
Tritomaria exsectiformis 3 0.92 (+)
Andreaea alpina 2 0.61 (+)
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Carex pulicaris 2 0.61 (+-1)
Cephalozia sp. 2 0.61 (+)
Ctenidium molluscum 2 0.61 (+)

Dactylis glomerata 2 0.61 (+)
Erica tetralix 2 0.61 (1)
Eriophorum angustifolium 2 0.61 (+)
Fissidens sp. 2 0.61 (+)

Heterocladium heteropterum 2 0.61 (+)
Hypochaeris radicata 2 0.61 (+)
Ilex aquifolium 2 0.61 (+)
Jungermannia gracillima 2 0.61 (+)

Koeleria macrantha 2 0.61 (1)
Lejeunea sp. 2 0.61 (+)
Narthecium ossifragum 2 0.61 (+)
Nowellia curvifolia 2 0.61 (+)

Pellia sp. 2 0.61 (+)
Plagiomnium undulatum 2 0.61 (+)
Racomitrium sudeticum 2 0.61 (+)
Riccardia chamedryfolia 2 0.61 (+)

Riccardia sp. 2 0.61 (+)
Viola palustris 2 0.61 (+)
Viola riviniana 2 0.61 (+-1)
Adelanthus decipiens 1 0.31 (+)

Andreaea rupestris 1 0.31 (+)
Anthelia julacea 1 0.31 (+)
Bellis perennis 1 0.31 (+)
Blindia acuta 1 0.31 (+)

Calliergonella cuspidata 1 0.31 (1)
Calypogeia arguta 1 0.31 (+)
Campanula rotundifolia 1 0.31 (+)
Campylium stellatum 1 0.31 (+)

Campylopus fragilis 1 0.31 (+)
Cardamine hirsuta 1 0.31 (+)
Cardamine pratensis 1 0.31 (+)
Cerastium fontanum 1 0.31 (+)

Deschampsia caespitosa 1 0.31 (+)
Deschampsia caespitosa subsp.
alpina 1 0.31 (1)
Dicranum sp. 1 0.31 (+)

Digitalis purpurea 1 0.31 (+)
Diphasiastrum alpinum 1 0.31 (2)
Hylocomium brevirostre 1 0.31 (+)
Hypnum callichroum 1 0.31 (+)

Kindbergia praelonga 1 0.31 (+)
Lejeunea cavifolia 1 0.31 (+)
Leucobryum glaucum 1 0.31 (+)
Mastigophora woodsii 1 0.31 (+)

Microlejeunea ulicina 1 0.31 (+)
Parmelia saxatilis 1 0.31 (+)
Pedicularis sylvatica 1 0.31 (+)
Persicaria vivipara 1 0.31 (1)

Plagiothecium succulentum 1 0.31 (+)
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Plantago maritima 1 0.31 (+)
Poa alpina 1 0.31 (+)
Pogonatum urnigerum 1 0.31 (+)

Pohlia nutans 1 0.31 (+)
Pohlia sp. 1 0.31 (+)
Polytrichum formosum 1 0.31 (+)
Pteridium aquilinum 1 0.31 (1)

Racomitrium ellipticum 1 0.31 (+)
Racomitrium ericoides 1 0.31 (+)
Ranunculus repens 1 0.31 (+)
Rhizomnium punctatum 1 0.31 (1)

Saxifraga rosacea 1 0.31 (+)
Saxifraga stellaris 1 0.31 (+)
Scapania nimbosa 1 0.31 (+)
Scapania undulata 1 0.31 (+)

Sedum anglicum 1 0.31 (2)
Splachnum sphaericum 1 0.31 (+)
Stereocaulon sp. 1 0.31 (+)
Succisa pratensis 1 0.31 (+)

Tortula sp. 1 0.31 (1)
Warnstorfia sarmentosa 1 0.31 (+)
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Appendix B: List of species recorded in relevés taken from hepatic mat vegetation
(n = 68; Chapter 3) and their frequency and range of cover in those relevés.

Species
No. of

relevés
Frequency

(%) Range of cover

Herbertus hutchinsiae 66 97.06 (+-5)
Scapania gracilis 64 94.12 (+-2)

Racomitrium lanuginosum 60 88.24 (+-3)
Diplophyllum albicans 56 82.35 (+-1)
Pleurozia purpurea 56 82.35 (+-3)
Hypnum jutlandicum 53 77.94 (+-1)

Bazzania tricrenata 49 72.06 (+-2)
Vaccinium myrtillus 49 72.06 (+-2)
Agrostis capillaris 46 67.65 (+-3)
Rhytidiadelphus loreus 43 63.24 (+-1)

Galium saxatile 38 55.88 (+-1)
Sphagnum capillifolium 38 55.88 (+-2)
Festuca vivipara 37 54.41 (+-1)
Dicranum scoparium 34 50.00 (+-1)

Scapania ornithopodioides 27 39.71 (+-3)
Anastrepta orcadensis 25 36.76 (+-1)
Bazzania pearsonii 25 36.76 (+-3)
Calluna vulgaris 24 35.29 (+-4)

Hymenophyllum wilsonii 24 35.29 (+-1)
Hylocomium splendens 22 32.35 (+)
Deschampsia flexuosa 21 30.88 (+-1)
Anthoxanthum odoratum 20 29.41 (+-2)

Polytrichastrum alpinum 18 26.47 (+-1)
Polytrichum commune 18 26.47 (+-2)
Mastigophora woodsii 16 23.53 (+-4)
Breutelia chrysocoma 13 19.12 (+-1)

Plagiochila spinulosa 13 19.12 (+-3)
Cladonia uncialis 12 17.65 (+)
Empetrum nigrum 12 17.65 (+-2)
Campylopus flexuosus 11 16.18 (+)

Mylia taylorii 11 16.18 (+-1)
Adelanthus lindenbergianus 10 14.71 (+-2)
Thuidium tamariscinum 10 14.71 (+-1)
Erica cinerea 8 11.76 (+-2)

Pleurozium schreberi 8 11.76 (+)
Potentilla erecta 7 10.29 (+-1)
Saccogyna viticulosa 7 10.29 (+)
Tritomaria quinquedentata 7 10.29 (+-1)

Cladonia furcata 6 8.82 (+)
Cladonia portentosa 6 8.82 (+-1)
Lophozia ventricosa 6 8.82 (+)
Sphagnum tenellum 6 8.82 (+)

Odontoschisma sphagni 5 7.35 (+-1)
Campylopus sp. 4 5.88 (+)
Cladonia arbuscula 4 5.88 (+-1)
Lepidozia pearsonii 4 5.88 (+-1)

Isothecium myosuroides 4 5.88 (+-1)
Saxifraga spathularis 4 5.88 (+-1)
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Scapania nimbosa 4 5.88 (+-1)
Calypogeia muelleriana 3 4.41 (+)
Campylopus setifolius 3 4.41 (+)

Festuca rubra 3 4.41 (+)
Jasione montana 3 4.41 (+)
Nardus stricta 3 4.41 (+)
Plagiochila carringtonii 3 4.41 (1-2)

Plagiothecium undulatum 3 4.41 (+)
Agrostis canina 2 2.94 (+-1)
Dicranum majus 2 2.94 (+)
Eriophorum vaginatum 2 2.94 (+)

Juncus squarrosus 2 2.94 (+)
Lepidozia cupressina 2 2.94 (+-1)
Mnium hornum 2 2.94 (+)
Polytrichum sp. 2 2.94 (+-1)

Riccardia sp. 2 2.94 (+)
Sphagnum sp. 2 2.94 (1)
Calliergonella cuspidata 1 1.47 (+)
Carex bigelowii 1 1.47 (1)

Carex panicea 1 1.47 (+)
Cladonia rangiferina 1 1.47 (1)
Cladonia sp. 1 1.47 (+)
Conocephalum conicum 1 1.47 (+)

Ctenidium molluscum 1 1.47 (+)
Dicranella heteromalla 1 1.47 (+)
Dicranodontium uncinatum 1 1.47 (+)
Epilobium brunnescens 1 1.47 (+)

Frullania tamarisci 1 1.47 (+)
Huperzia selago 1 1.47 (+)
Hypochaeris radicata 1 1.47 (1)
Juncus bulbosus 1 1.47 (+)

Kurzia trichoclados 1 1.47 (+)
Oxalis acetosella 1 1.47 (+)
Pellia sp. 1 1.47 (+)
Peltigera canina 1 1.47 (+)

Poa pratensis 1 1.47 (+)
Pseudotaxiphyllum elegans 1 1.47 (+)
Ptilidium ciliare 1 1.47 (+)
Racomitrium sp. 1 1.47 (+)

Saxifraga rosacea 1 1.47 (+)
Trichophorum germanicum 1 1.47 (+)
Trichostomum tenuirostre 1 1.47 (1)
Viola riviniana 1 1.47 (+)
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Appendix C: Performance statistics (Kappa and AUC) of models applied within the BIOMOD framework, using the
techniques of ANN, GAM, GBM, GLM and RF (Chapter 5). Performance is shown for models constructed using both
climate and topography and climate only variables.

BIOMOD - ANN GAM

Kappa AUC Kappa AUC
Climate
and
topography

Climate
only

Climate
and
topography

Climate
only

Climate
and
topography

Climate
only

Climate
and
topography

Climate
only

Anastrepta orcadensis 0.404 0.282 0.887 0.894 0.477 0.243 0.964 0.887

Andreaea alpina 0.369 0.087 0.806 0.686 0.458 0.198 0.858 0.717

Anthelia julacea 0.474 0.403 0.912 0.943 0.541 0.515 0.951 0.942

Armeria maritima 0.668 0.425 0.886 0.783 0.632 0.369 0.886 0.757

Asplenium viride 0.341 0.32 0.828 0.869 0.496 0.348 0.937 0.883

Bazzania pearsonii 0.708 0.264 0.993 0.762 0.729 0.205 0.991 0.937

Bazzania tricrenata 0.556 0.323 0.908 0.868 0.544 0.303 0.899 0.863

Campylopus setifolius 0.58 0.314 0.932 0.775 0.631 0.376 0.947 0.843

Carex bigelowii 0.554 0.534 0.932 0.909 0.557 0.54 0.952 0.911

Cystopteris fragilis 0.423 0.422 0.794 0.79 0.449 0.402 0.811 0.794

Diphasiastrum alpinum 0.454 0.425 0.866 0.868 0.449 0.455 0.866 0.898

Empetrum nigrum 0.518 0.493 0.832 0.825 0.541 0.517 0.864 0.841

Herbertus hutchinsiae 0.656 0.48 0.925 0.868 0.589 0.461 0.919 0.919

Huperzia selago 0.471 0.469 0.796 0.776 0.476 0.476 0.794 0.796

Juncus squarrosus 0.611 0.66 0.873 0.884 0.608 0.66 0.875 0.882

Mastigophora woodsii 0.487 0.299 0.908 0.933 0.646 0.197 0.902 0.912

Mylia taylorii 0.303 0.322 0.764 0.743 0.367 0.227 0.766 0.731

Oxyria digyna 0.386 0.53 0.861 0.848 0.514 0.516 0.937 0.936

Pleurozia purpurea 0.42 0.359 0.812 0.799 0.482 0.333 0.819 0.78

Polystichum lonchitis 0.249 0.364 0.831 0.785 0.211 0.336 0.813 0.803

Polytrichastrum alpinum 0.432 0.405 0.929 0.935 0.482 0.559 0.946 0.95

Racomitrium lanuginosum 0.512 0.453 0.844 0.8 0.525 0.48 0.848 0.809

Salix herbacea 0.619 0.607 0.92 0.962 0.635 0.635 0.952 0.959

Saussurea alpina 0.502 0.587 0.967 0.974 0.38 0.441 0.941 0.958
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Saxifraga oppositifolia 0.281 0.421 0.887 0.848 0.297 0.543 0.828 0.885

Saxifraga stellaris 0.676 0.673 0.966 0.953 0.629 0.659 0.967 0.957

Scapania gracilis 0.409 0.346 0.763 0.754 0.401 0.329 0.771 0.755

Scapania ornithopodioides 0.572 0.652 0.909 0.955 0.491 0.346 0.955 0.944

Sedum rosea 0.522 0.461 0.92 0.915 0.523 0.492 0.924 0.922

Thalictrum alpinum 0.426 0.517 0.92 0.939 0.399 0.554 0.89 0.951

Vaccinium myrtillus 0.463 0.488 0.794 0.825 0.484 0.472 0.808 0.812

Vaccinium vitis-idaea 0.574 0.512 0.946 0.921 0.579 0.529 0.953 0.927

GBM GLM RF

Kappa AUC Kappa AUC Kappa AUC
Climate
and
topography

Climate
only

Climate
and
topography

Climate
only

Climate
and
topography

Climate
only

Climate
and
topography

Climate
only

Climate
and
topography

Climate
only

Climate
and
topography

Climate
only

Anastrepta orcadensis 0.594 0.213 0.969 0.876 0.465 0.247 0.965 0.893 0.53 0.155 0.96 0.827

Andreaea alpina 0.491 0.15 0.893 0.706 0.458 0.157 0.885 0.734 0.441 0.106 0.854 0.643

Anthelia julacea 0.592 0.519 0.938 0.943 0.521 0.478 0.936 0.948 0.615 0.487 0.937 0.898

Armeria maritima 0.666 0.441 0.908 0.794 0.626 0.389 0.891 0.763 0.66 0.483 0.898 0.8

Asplenium viride 0.416 0.423 0.899 0.867 0.492 0.346 0.935 0.88 0.381 0.371 0.885 0.865

Bazzania pearsonii 0.821 0.197 0.992 0.932 0.595 0.2 0.988 0.937 0.821 0.243 0.992 0.923

Bazzania tricrenata 0.555 0.31 0.918 0.859 0.491 0.315 0.885 0.86 0.539 0.299 0.912 0.851

Campylopus setifolius 0.611 0.367 0.907 0.822 0.559 0.337 0.942 0.833 0.645 0.411 0.919 0.805

Carex bigelowii 0.582 0.509 0.929 0.893 0.54 0.552 0.951 0.914 0.547 0.376 0.9 0.851

Cystopteris fragilis 0.451 0.429 0.803 0.789 0.464 0.427 0.808 0.794 0.408 0.34 0.766 0.742

Diphasiastrum alpinum 0.354 0.404 0.876 0.88 0.471 0.425 0.866 0.894 0.331 0.318 0.846 0.87

Empetrum nigrum 0.537 0.518 0.86 0.842 0.513 0.53 0.852 0.841 0.507 0.508 0.85 0.818

Herbertus hutchinsiae 0.615 0.418 0.916 0.904 0.568 0.461 0.915 0.919 0.611 0.355 0.916 0.867

Huperzia selago 0.468 0.488 0.793 0.807 0.477 0.488 0.788 0.799 0.465 0.436 0.784 0.785

Juncus squarrosus 0.622 0.65 0.88 0.887 0.607 0.66 0.868 0.877 0.604 0.625 0.871 0.864

Mastigophora woodsii 0.346 0.172 0.964 0.879 0.555 0.147 0.748 0.914 0.346 0.051 0.876 0.624

Mylia taylorii 0.426 0.271 0.802 0.765 0.357 0.222 0.77 0.719 0.396 0.231 0.775 0.706

Oxyria digyna 0.41 0.477 0.798 0.898 0.53 0.573 0.951 0.936 0.426 0.491 0.801 0.853
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Pleurozia purpurea 0.448 0.361 0.824 0.791 0.469 0.323 0.819 0.782 0.43 0.312 0.809 0.775

Polystichum lonchitis 0.221 0.224 0.782 0.699 0.355 0.331 0.84 0.783 0.27 0.254 0.828 0.674

Polytrichastrum alpinum 0.527 0.53 0.94 0.948 0.442 0.546 0.928 0.949 0.513 0.497 0.94 0.938

Racomitrium lanuginosum 0.527 0.499 0.846 0.809 0.527 0.477 0.836 0.806 0.52 0.47 0.825 0.797

Salix herbacea 0.665 0.586 0.956 0.957 0.595 0.629 0.947 0.957 0.603 0.55 0.946 0.945

Saussurea alpina 0.455 0.475 0.962 0.963 0.415 0.456 0.951 0.96 0.39 0.437 0.948 0.952

Saxifraga oppositifolia 0.345 0.48 0.74 0.857 0.278 0.566 0.777 0.906 0.304 0.427 0.759 0.896

Saxifraga stellaris 0.628 0.635 0.961 0.956 0.636 0.692 0.966 0.951 0.652 0.577 0.969 0.953

Scapania gracilis 0.379 0.358 0.754 0.762 0.392 0.341 0.774 0.756 0.318 0.34 0.728 0.756

Scapania ornithopodioides 0.545 0.21 0.953 0.923 0.421 0.236 0.945 0.931 0.539 0.187 0.923 0.852

Sedum rosea 0.538 0.461 0.918 0.888 0.553 0.445 0.922 0.914 0.53 0.431 0.896 0.862

Thalictrum alpinum 0.497 0.463 0.916 0.864 0.467 0.519 0.834 0.9 0.573 0.573 0.875 0.868

Vaccinium myrtillus 0.488 0.481 0.811 0.824 0.455 0.467 0.801 0.809 0.449 0.471 0.798 0.809

Vaccinium vitis-idaea 0.593 0.485 0.946 0.906 0.565 0.518 0.94 0.919 0.602 0.484 0.935 0.893
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Appendix D: Projected range changes of all species under future climate change
scenarios, derived from models constructed in BIOMOD, using the techniques of
ANN, GAM, GBM, GLM and RF (Chapter 5).

Species Name ANN GAM GBM GLM RF Mean
Anastrepta orcadensis -68.75 -42.22 -40.74 -3.23 -31.82 -37.35
Andreaea alpina -49.02 -33.33 8.11 -47.73 -57.58 -35.91
Anthelia julacea -46.94 45.00 64.52 10.26 31.58 20.88
Armeria maritima -11.16 4.89 2.74 5.14 3.64 1.05
Asplenium viride 44.74 -56.36 -14.00 -28.13 -48.84 -20.52
Bazzania pearsonii -45.45 10.00 -61.11 36.84 14.29 -9.09
Bazzania tricrenata 60.66 -25.76 -11.11 -51.79 10.53 -3.49
Campylopus setifolius 71.43 54.55 -24.00 59.09 -4.35 31.34
Carex bigelowii -7.58 70.21 133.33 -7.02 35.71 44.93
Cystopteris fragilis -7.64 40.00 150.56 -29.90 117.89 54.18
Diphasiastrum alpinum -25.00 -40.00 24.32 -64.58 -58.70 -32.79
Empetrum nigrum -78.39 -85.33 -50.80 -86.34 -43.43 -68.86
Herbertus hutchinsiae -38.24 -27.54 4.84 9.09 31.03 -4.16
Huperzia selago -14.07 76.00 45.85 -18.06 -54.39 7.07
Juncus squarrosus 8.30 60.82 52.26 47.40 38.61 41.48
Mastigophora woodsii -6.67 -57.14 -76.47 -18.18 -76.92 -47.08
Mylia taylorii 6.61 -9.09 38.95 -18.64 -28.57 -2.15
Oxyria digyna 50.00 14.29 -52.50 14.29 -54.55 -5.69
Pleurozia purpurea 63.50 50.00 18.92 40.37 -56.77 23.20
Polystichum lonchitis -67.74 -92.31 -86.67 -100.00 -100.00 -89.34
Polytrichastrum alpinum -18.52 105.00 62.07 -20.00 -53.33 15.04
Racomitrium lanuginosum 297.75 54.07 77.23 90.78 -52.79 93.41
Salix herbacea -34.69 -69.49 -50.00 -50.00 -39.06 -48.65
Saussurea alpina -90.57 -100.00 -77.78 -97.06 -65.00 -86.08
Saxifraga oppositifolia -42.86 -47.06 -77.27 -15.79 -77.27 -52.05
Saxifraga stellaris -29.73 -3.45 -12.90 19.30 -23.73 -10.10
Scapania gracilis 28.44 114.96 61.54 44.64 -2.30 49.46
Scapania ornithopodioides 35.71 6.67 -74.07 0.00 -35.29 -13.40
Sedum rosea -82.43 -83.52 8.22 -80.72 -60.27 -59.75
Thalictrum alpinum -45.45 -68.18 0.00 -69.70 -26.09 -41.88
Vaccinium myrtillus 36.21 48.07 39.26 34.11 16.33 34.80
Vaccinium vitis-idaea -41.14 -49.52 -54.32 11.59 -81.82 -43.04
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Appendix F: Book chapter published in Hodkinson, T.R., Jones, M.B., Waldren, S.
and Parnell, J.A.N. (eds.) (2011) Climate Change, Ecology and Systematics.
Cambridge University Press, Cambridge.

Climate change and oceanic mountain vegetation: a case
study of the montane heath and associated plant
communities in western Irish mountains
Hodd, R.L. & Sheehy Skeffington, M.J.
Department of Botany, National University of Ireland, Galway

Abstract
Plant communities in montane regions are useful for studying the potential
effects of climate change. Many mountain species have affinities with colder
climates and may not survive local temperature rises. Though the Irish
mountains are not of high altitude and are influenced by the tempering effect
of the Atlantic Ocean, they support some species of arctic-montane affinity.
In Ireland, the climate termed hyper-oceanic, with its constant moisture and
mild temperatures, prevails on western mountains. There it benefits the
growth of bryophyte communities, which are more abundant due to the
higher cloud cover and precipitation as well as lower evapotranspiration. As
these bryophyte communities occur up to ca. 1,000 m, alongside the arctic-
montane higher plant species, they can be complementary as climate
change indicators, as they respond differently to such change. There is little
systematic information on the distribution of these scarce montane plant
communities. Their distribution on mountains of the west of Ireland is being
mapped and data gathered on the local climate of selected mountains. This
will supply useful case study material for climate change modelling,
specifically providing information on regions that have little precise climatic
information and on plant communities that are likely to be very vulnerable to
aspects of climate change.

1.1 Introduction
It is thought that many species may be unlikely to adapt as fast as the
current accelerated rate of climate change or that predicted for the future
(Berry et al., 2005). There are projected to be major changes in ecosystem
structure and function, species ecological interactions and shifts in
geographical ranges of species, with predominantly negative consequences
for biodiversity and ecosystem goods and services (IPCC, 2007). It is
therefore important to focus on the potential effects of such climate change
on plant and animal communities. Some communities will be more
susceptible than others to climate change, partly due to their geographical
location: they may not be able to migrate to regions with a compatible
climate, either because their dispersal is limited or because the suitable
regions are too far away or non-existent (Walther et al., 2002).

Islands and mountain-tops present these difficult geographical challenges to
the communities that inhabit them. For example, Walther et al. (2005)
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concluded that many Alpine species have shifted their range upwards in the
past few decades, a trend that has accelerated greatly since 1985. This
upward shift of many species leads, in turn, to increased competition for
plants specifically adapted to higher mountain environments, which also
become restricted in their range, as they may lose already limited climate
space (Gottfried et al., 1999). In order to combat the effects of the current
rapid climate change, organisms must be able to adapt quickly to survive in
their changing environment (Visser, 2008). However, many Alpine and
montane vascular plant species, along with numerous oceanic bryophyte
species, are poor competitors and have limited dispersal ability, and are
therefore unable to adapt rapidly to changes in their environment (Körner,
2003; Porley and Hodgetts, 2006).

In attempting to evaluate the effects of climate change on biodiversity, it is
therefore useful to select habitats that have specific, often localised climatic
conditions. Plants provide the habitat and food for other species and,
because they are not usually individually mobile, they can be good indicators
of long-term environmental change (Donnelly et al., 2004). Plant
communities of mountain-tops are in an extreme habitat and are vulnerable
to change, specifically to higher temperatures, since many species have an
arctic-montane/arctic-alpine distribution, occurring in regions where
temperatures are low.

The potential changes in climatic conditions that have been predicted for the
near future (IPCC, 2007) may therefore result in corresponding changes in
plant and animal communities. However, in order to interpret these changes
in vegetation, it is important to understand the current climate and its
influence on the present vegetation.

Ireland, on the western fringe of Europe, however, has a climate that is
predominantly influenced by the Atlantic Ocean and therefore represents
another extreme in climate. The mountains in western Ireland, being the first
landfall for weather systems, are particularly subject to constant high
humidity (Sweeney, 1997). Certain plant communities, particularly of
bryophytes (mosses and liverworts) live alongside the arctic-montane
communities, but are dependent on the more equable oceanic climate of the
region. Both communities are therefore potentially useful indicators of climate
change.

Climate change is projected to have a major impact on the phenology,
physiology, distribution, species interactions and community composition of
plants in Western Europe (Walther, 2003; and Chapter X, X and X this
volume). Indeed, studies over the past 30 years provide evidence that
warmer temperatures have affected these characteristics in organisms
(Walther et al., 2002; Jones et al., 2006). Knowledge of vegetation patterns
and distribution provides a baseline for detecting future change in these
patterns and, although species respond individually to changes in local
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climate they interact at community level; therefore studies of plant and
animal communities will give an overview of the interactive effects of climate
change (Duckworth et al., 2000). The potential effects of climate change on
the vegetation in oceanic and coastal montane areas have been little studied
compared to those of continental areas (Fosaa et al., 2004).

1.2.1 The Oceanic climate of western Ireland
The climatic conditions of western Ireland, which are very different from
those even of the midlands and east coast of the country, are among the
principal factors affecting the composition of the vegetation in the region. As
Ireland is located on the Atlantic fringe of Europe, it has a highly oceanic
climate. Oceanicity is a term used to describe conditions of temperature,
humidity and other factors that result from maritime influences and alter the
ecology and environment of oceanic areas (Crawford, 2000). An oceanic
climate does not have extreme high or low temperatures or a high
temperature lapse rate, but does have high cloudiness, high and frequent
rainfall and humidity, low vapour pressure saturation deficits and often very
high wind speeds (Ratcliffe, 1968; Grace, 1997). The degree of oceanicity
varies locally, and there is a gradient of increasing oceanicity from east to
west, within the British and Irish isles (Ratcliffe, 1968; Brown et al., 1993).
Due to the topography of Ireland, where the uplands are largely coastal,
there is a high climatological contrast between the oceanically influenced
maritime margins and the relatively continental interior of the country
(Sweeney, 1997). Climate change is likely to lead to an overall increase in
oceanicity in western European areas that already have an oceanic climate
(Crawford, 2000).

Oceanicity can be defined by a number of meteorological methods, most
commonly using the mean annual temperature range and other associated
meteorological and geographical factors. According to the majority of these
methods of calculating oceanicity, such as Conrad’s index of continentality
(K=[1.7A/sin(φ+10)]-14; K, index of continentality; A=average annual
temperature range; φ=latitude; Conrad, 1946), western Ireland, along with
the Faroe Islands and western Scotland, is classified as hyper-oceanic
(Crawford, 2000). Kirkpatrick and Rushton (1990) calculated the degree of
oceanicity of a number of sites in northern Ireland, using Kotilainen’s index of
oceanicity (K=Ndt/100Δ; N=precipitation in millimetres per year; dt=number
of days with mean temperature between 0 and 10°C; Δ=difference between 
mean temperature of warmest and coldest months; Godske, 1944) and
Conrad’s index of continentality, showing that the most oceanic areas were
in the western montane and coastal parts of that area of Ireland studied.
Averis et al. (2004) also calculated an oceanicity index, based on the mean
annual number of wet days (>1mm of rain) divided by the range of monthly
mean temperatures in °C. An isoline of 20 for this index separates off the
western fringe of Ireland, including the western mountain ranges, from the
rest of the island (Fig. 1.1).
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Temperatures in Ireland are relatively high for its latitude, due to the warming
influence of the Gulf Stream. As a result there is little frost or snow during the
winters, especially in western coastal areas. However, due to the cooling
effect of the ocean in summer, temperatures do not rise as high as in more
continental areas at similar or higher latitudes (Sweeney, 1997).
Temperatures have a very small range across Ireland between summer and
winter and are strongly influenced by the oceanic climate, especially in the
west. The mean annual temperature in Ireland is about 9°C (www.met.ie);
average daily January temperatures in Kerry, in the south-west, range from
6- 6.5°C; those for July, from 15- 15.5°C (Rohan, 1986). The difference in
mean monthly temperature in Connemara (see Fig. 1.1 for regions
mentioned in text) between the warmest and coldest month is 8°C, which is
very small compared to elsewhere in Britain and Ireland (Horsfield et al.,
1991). Growth is low below an air temperature of 5°C and the number of
days for the grass growing season in the west of Ireland ranges from 330
days in the extreme south-west, to 300 days along the Atlantic coast north to
Mayo, but on the Donegal coast, it drops to 270 days (Collins & Cummins,
1996).

Rainfall and humidity are also strongly influenced by the proximity to the
Atlantic Ocean. The average annual rainfall in the west of Ireland is generally
between 1,000 and 1,250 mm, rising to over 2,000 mm in mountainous areas
(Carruthers, 1998). In general, most areas of western Ireland have over 180
rain days (days on which more than 0.04 mm of rain falls) per year, with
mountainous areas having over 220 rain days per year (Ratcliffe, 1968). The
frequent rainfall contributes to a highly humid atmosphere, especially in
mountain areas of western Ireland. The average relative humidity in western
areas of Ireland is between 70 and 90% (Whilde, 1994; Carruthers, 1998).
The high humidity is further enhanced by high levels of cloudiness, especially
in the west, with complete cloud cover over Ireland for more than 50% of the
year (www.met.ie).

Due to a combination of high rainfall, humidity, cloudiness and low sunshine,
evapotranspiraton rates are low in western Ireland. Rainfall exceeds
evaporation, so the atmosphere is constantly moist (Whilde, 1994). This is
despite the fact that the oceanic areas of the British and Irish Isles are
among the windiest areas in the world (Grace and Unsworth, 1988).
However, the intensity and frequency of strong winds varies greatly across
Ireland; the north-western coastal areas of Ireland are the windiest, with an
average of over 60 days with gales per year (Sweeney, 1997).
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Fig. 1.1 Map of Irish bioclimatic regions, as defined by the MONARCH
project (Berry et al. 2005). Each group of coloured squares represents a
different bioclimatic region. The mountains of Kerry and Connemara are
within a distinct bioclimatic region, different from that of the mountains of
Donegal. The red line represents a value of 20 on the index of climatic
oceanicity (after Averis et al. 2004). This is calculated as the mean annual
number of wet days (>1mm of rain) divided by the range of monthly mean
temperatures in °C.

1.2.2 The climate of oceanic mountains
Ireland is a mainly lowland country, with 5% of Ireland’s land surface above
300 m in altitude and 0.25% of the land surface above 600 m (Pochin Mould,
1976). Despite the scarcity of land above 600 m, there are mountain ranges
in most coastal areas, especially in the west. The highest point in the
country, Corrán Tuathail, in the Macgillycuddy’s Reeks of County Kerry, is
1,041m in altitude.
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The climatic conditions that occur on the mountain summits differ in a
number of ways from the climate at the base of the mountains. Temperatures
decrease with an increase in altitude, with, in oceanic areas, a lapse rate of
about 0.8-1°C per 100 m of altitude gained (Crawford, 2000). This is
significantly higher than the lapse rate in continental mountain ranges, which
is about 0.65°C per 100 m altitude gained (Nagy et al., 2005), because of the
increased exposure and cloudiness in the oceanic areas.

Precipitation is higher in mountain areas than in lowland areas. For example,
the mean annual precipitation (1961 – 1990) for the summit of Mangerton
Mountain in Co. Kerry, (altitude 808 m), was 3,230 mm, whereas, for the
same period, this was 1,430 mm at Valentia Island (altitude 9 m), less than
50 km west of Mangerton (Sweeney, 1997). More precipitation falls in the
form of snow and hail at higher altitudes than in the lowlands, but snowfall is
not a significant component of the precipitation regime in western Ireland,
even at higher latitudes or altitudes (Sweeney, 1997).

Humidity is also higher on mountain summits, particularly in areas close to
the sea, as areas above 500-600 m are covered by cloud for most of the
time. This increased cloud cover also results in a reduction in the amount of
sunlight that mountain areas are exposed to (Barry, 1992). Comparing Ben
Nevis (1,344 m) for 1884-1903, with Fort William at its base (53.6 m),
Tansley (1949) lists mean rainfall on the summit (4,084 mm) as more than
double that at Fort William (2,002 mm), temperatures much cooler (mean
July: 5ºC vs 14ºC), and mean sunshine incidence much lower (17% vs 31%).
On the other hand, wind speed increases with altitude, with high winds
frequent at higher altitudes. However, wind speed is more strongly influenced
by topography than altitude (Barry, 1992).

1.2.3 Mountain microclimate and topography
As mountains are topographically complex, a range of topoclimatic and
microclimatic conditions can occur within a small area of a single mountain
depending on altitude, aspect, slope and other factors (Barry, 1992). These
factors, in tandem with the overall climate, geology, soils and land-use,
determine the species and communities that will grow on a particular area of
a mountain (Barry, 1992). Factors such as temperature, wind and cloud
cover not only vary with altitude, but also with aspect. South-facing slopes
receive more sunshine than north-facing ones (Barry, 1992) and therefore
are drier and warmer than those facing north, where in turn, less
evapotranspiration takes place, resulting in higher humidity (Ratcliffe, 1968).
Exposure is greatest on summits, ridge tops and cols, as wind speeds are
higher and surface temperatures are lower in these places than on the
slopes. The complex effects of high winds and low surface temperatures in
exposed places can result in drier but colder conditions than in more
sheltered areas (Grace & Unsworth, 1989).
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Variations in the steepness of slopes also affect the microclimate, as steep
slopes are generally drier than shallower slopes, where moisture is able to
accumulate. The presence of cliffs and corries alters the conditions on the
slopes below the cliffs, as water running off the cliffs accumulates at the cliff
base (Tansley, 1949; Hodd & Sheehy Skeffington, in prep.). There is also
less sunlight in corries, especially those which face north, and are sheltered
from strong winds. These factors all result in less evapotranspiration and,
therefore, higher humidity in corries than on surrounding slopes (Hodd &
Sheehy Skeffington, in prep.).

1.3.1 The vegetation of hyper-oceanic mountain areas of north-western
Europe
As western Ireland, western Scotland and the Faroe Islands all share a
hyper-oceanic climate (Crawford, 2000), these areas have many plant
communities in common. The mountains of these areas are of similar altitude
(maximum altitude ca 800-1350 m), so the main gradient between them is
one of latitude. In all these areas, the montane vegetation is dominated, to
varying degrees, by Calluna heath, moss heath, grassland and blanket bog.
The vegetation of all three regions is highly modified by human activities,
such as grazing, burning and deforestation (Baxter and Thompson, 1995;
Bleasdale & Sheehy Skeffington, 1995; Fosaa, 2001).
As the Faroes are located considerably further north than Ireland or
Scotland, they have a colder and more severe climate. The vegetation of the
Faroe islands is dominated mainly by grassland at all altitudes, and heath, up
to an altitude of about 400m. At higher altitudes, in the Alpine zone (up to
800-900 m), fell-fields and snow-beds are frequent, with Racomitrium moss-
heath prevalent on many summits (Fosaa, 2001). Calluna vulgaris-Erica
cinerea heath, a vegetation type that is common in a wide range of situations
in more southerly oceanic areas, is restricted in distribution on the Faroes, as
it is at its northern limit here (Fosaa, 2001).

The vegetation of the Highlands of Scotland shares some similarities with the
Faroe Islands, with dwarf shrub heath giving way to moss heath and
grassland at higher altitudes and some snow-bed vegetation present on the
higher peaks (Tansley, 1949; McVean & Ratcliffe, 1962; Averis et al., 2004).
Due to a combination of lower altitude and, especially, latitude, snow-bed
and associated cold-climate vegetation types are completely absent from the
western Irish mountains. There are, however, many similarities in the
vegetation of the heaths, bogs and grassland of these areas.

1.3.2 The vegetation of the western Irish mountains
The mountains of western Ireland are predominantly covered by blanket bog,
rough pasture and heathland (Whilde, 1994; Carruthers, 1998). Blanket bog
vegetation is widespread throughout the Irish mountains, especially on
shallow slopes, where deep peat is able to accumulate. Peatlands are
strongly reliant on the occurrence of oceanic conditions, as they require high
rainfall and low evapotranspiration rates to form (Taylor, 1983; Mitchell &
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Ryan, 1997). Grassland also occurs throughout the Irish mountains, often on
more basic rocks and where grazing or exposure prevents or eliminates the
growth of larger shrub species, such as Calluna vulgaris (L.) Hull (Bleasdale
& Sheehy Skeffington, 1995; McKee et al.,1998).

Many of the Irish mountains have abundant rocky habitats, mainly in the form
of screes and cliffs. The scree slopes are generally colonised by vegetation
from surrounding stands of grassland and heath and can support rare
oceanic bryophyte species such as Scapania ornithopodioides (With.)
Waddell and Mastigophora woodsii (Hook.) Nees (Hodd & Sheehy
Skeffington, in prep.). The cliffs support fragmentary vegetation, and where
conditions of geology and aspect are suitable, a number of rare arctic-
montane species occur (Praeger, 1934; Roden, 1986).

Although the mountains of Ireland are low in relation to the majority of
mountain ranges in other parts of Europe, the higher areas of these
mountain ranges could be classified as Alpine. Alpine areas are defined as
those above the potential tree-line (the highest altitude at which trees >3 m in
height form distinct groups; Körner, 2003). However, in Britain and Ireland, it
is more appropriate to refer to areas above the potential tree-line as
montane, and areas above the limits of enclosed farmland as sub-montane
(Ratcliffe & Thompson, 1988).

At Ireland’s latitude, between 51° and 54° north, the tree line would be
expected to be well over 1,000 m (Körner, 2003), higher than most peaks in
Ireland. However, due to the influence of the oceanic climate, the potential
tree-line on the western Irish mountains is depressed, as a consequence of
increased cloudiness and exposure (Crawford, 2000). Grace (1997)
suggests that the factors that control the tree-line are different in oceanic
areas than in areas with a continental climate. Factors such as frost-stress
and temperature limitation that limit the tree line in continental areas (Körner,
2003) are ameliorated by the mild oceanic climate. But in Britain and Ireland,
wind is likely to be the main controlling factor in limiting tree growth at high
altitude (Tansley, 1949; Grace, 1997). Firstly, there is a wind-cooling effect,
which brings the vegetation temperature down close to that of the air. The
second factor is wind-blasting, where small particles lifted from soil and rocks
abrade the plant surfaces and the third factor is the mechanical response of
the plant structure to strong winds (Grace, 1997). Wind-pruning of exposed
coastal trees curtails their growth (Crawford, 2005), as the salt in these winds
inhibits the meristematic growth on the seaward side (Doutt, 1941).

In Ireland, the highest surviving natural forests occur up to an altitude of 330
m (Cross, 2006), but the natural tree-line would be located at a higher
altitude than this. It is not easy to define the potential tree-line, as
anthropogenic impacts, through grazing, burning and felling of natural
forests, coupled with the hyper-oceanic climate, have led to a major
reduction in the extent of Irish woodland (Crawford, 2005), with any



Appendices

293

woodland near the potential location of the tree-line having been eradicated.
Once the woodland was felled, it was difficult for it to become re-established,
due to leaching, impoverishment and waterlogging of the soils and it was
replaced by encroaching bog and heath (Mitchell & Ryan, 1997).

In Britain, it has been estimated that the former Holocene tree-line varies
from less than 500 m in the North-West Scottish Highlands and Islands to
around 800 m in the Cairngorms and Pennines (Birks, 1988). There are no
equivalent estimates for Ireland, but Cross (2006) suggests that montane
Betula pubescens Ehrh. forest, in mosaic with bog and heath, would occur in
Ireland up to an altitude of 700 m, without any anthropogenic impact. Whilde
(1994) notes that the tree-line in Connemara is at 450 m, but the original
source of this is not clear. Taking into account differences in latitude and the
hyper-oceanic climate of western Ireland, it is likely that the potential natural
tree-line on the western Irish mountains would be, at its maximum, between
550 and 650 m, perhaps lower than 500 m in north-west Donegal (colder and
more wind) and lower again in areas exposed directly to the influence of the
ocean. As exposure is the main controlling factor in the position of the natural
treeline in oceanic regions, it is likely that the altitude of the tree-line would
fluctuate greatly, depending on the degree of exposure, ranging from close to
sea level in very exposed areas to relatively high altitudes in sheltered
valleys (Poore & McVean, 1957)

1.3.3 Montane heath in the west of Ireland
Much of the vegetation of the mountains of western Ireland can be classified
as montane heath. In the strictest sense, the term ‘heath’ is used to describe
only areas that are dominated by shrubby, ericaceous species, such as
Calluna (Gimingham, 1972). However, in a broader sense, especially in
Britain, heath is used to describe any community occurring on acidic,
podzolised soils and can include lichen, moss and rush heath, among others
(Rodwell, 1992; Averis et al., 2004). There is no clear delineation between
lowland, montane and ‘Alpine’ heath, so montane heath, in Ireland, will here
be taken to mean any heath community (with or without Calluna) occurring
above an altitude of about 400 m. Montane heath has been shown to be very
sensitive to climate change and many species are likely not to be able to
migrate to areas of suitable climate (Harrison et al., 2001).

There is a variety of heath communities present on the western Irish
mountains, which are similar in many instances to those described for
Britain. The majority of montane heath vegetation in Ireland grows on peat,
so, in many instances, the heath communities intergrade into upland blanket
bog. Heath is generally distinguished from blanket bog by the depth of peat
(greater than 1 m in blanket bog; Rodwell, 1991), the presence of more
ericoid species and less Sphagnum moss. Wet and dry heath are also
distinguished by peat depth (greater than 50 cm in wet heath) and the
species composition, with less Sphagnum and fewer sedge (Cyperaceae)
species in dry heath (Rodwell, 1991). However, in practice, it is often difficult
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to distinguish clear boundaries between plant communities in extremely
oceanic areas (Fosaa, 2001). Plant communities that would be described as
dry heath may occur on peat >50 cm depth and wet heath type communities
may grow on relatively shallow peat.

Montane heath communities in the west of Ireland are dominated by dwarf
shrubs, bryophytes, rushes (Juncaceae) and sedges. The most frequent type
of montane heath is characterised by the dwarf shrub Calluna vulgaris (L.)
Hull, which occurs in most montane heath vegetation types and at all
altitudes (Gimingham, 1972). On slopes at lower altitudes and in sheltered
corries free from overgrazing, Calluna can form a canopy of up to 1 m, under
which a luxuriant understory of bryophytes often occurs. This can either
consist of large pleurocarpous mosses or a rare liverwort community (hepatic
mats), where conditions are right (Averis et al., 2004). Other dwarf shrubs
often associated with Calluna vulgaris (L.) Hull include Vaccinium myrtillus
L., Empetrum nigrum L. and, mainly in northern areas of the country, the
arctic-montane species Arctostaphylos uva-ursi (L.) Sprengel and Vaccinium
vitis-idaea L. The dwarf willow Salix herbacea L is also frequent on Irish
mountain-tops. Calluna vulgaris (L.) Hull grows up to an altitude of over
1,000 m, but at altitudes of over about 600-700 m, generally does not grow
taller than 5-10 cm, and is often sub-dominant to other species, depending
on the degree of exposure and grazing (Tansley, 1949; McKee et al., 1998).
Heaths of central and eastern Irish mountains tend to be more frequently
dominated by Calluna vulgaris (L.) Hull. and, though bryophytes can be
abundant, they are less species-rich and are mostly mosses (Tansley, 1949;
Moore, 1960).

Grass, rush and sedge heaths occur at all altitudes in Ireland, although it
could be argued that these communities should not be strictly classified as
heath vegetation (sensu Gimingham, 1972), but rather as grassland. These
communities are often derived from ericaceous heath communities, as a
result of overgrazing and are usually dominated by the grass Nardus stricta L
and the rush Juncus squarrosus L (Bleasdale & Sheehy Skeffington, 1995).
It has been found by the first author (RLH) that, although the majority of
grass and rush heaths are relatively species-poor, some stands of rush
heath may contain a relatively large number of bryophyte species. Stands of
this vegetation are most frequent in the South-west of Ireland. Sedge heath,
dominated by Carex bigelowii Torrey ex Schwein is infrequent in Ireland, as it
is mainly a community of snow-beds in Scotland (McVean & Ratcliffe, 1962;
Averis et al., 2004). Vegetation dominated by Carex bigelowii Torrey ex
Schwein occurs sparingly on mountain summits in the north-west of Ireland.

Bryophyte heath is a highly oceanic vegetation type (thriving in the almost
continuously moist climate), and, as such, is frequent in the mountains of
western Ireland, but is not abundant in central and eastern parts of Ireland .
The most widespread and well-documented type of bryophyte heath is
Racomitrium heath, which is dominated by the large acrocarpous moss,
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Racomitrium languinosum (Hedw.) Brid. It occurs mainly at higher altitudes,
on exposed summits and ridges (Averis et al., 2004) and usually grows in
association with Calluna. Another type of bryophyte heath, defined by Mhic
Daeid (1976), is dominated by the liverwort Herbertus aduncus (Dicks.) Gray
subsp. Hutchinsiae (Gottsche) R.M. Schust. without a tall Calluna vulgaris
(L.) Hull canopy. This community occurs mainly, but not exclusively, on east-
to north-facing slopes and corries. It often contains many oceanic species,
where it becomes known as a mixed northern hepatic mat.

1.3.4 Arctic-montane species
Arctic-montane species are species that are distributed mainly north of the
Arctic timber line and in moderate-to-high altitude areas further south. They
differ from arctic-alpine species in that they can be found below the tree line
in southern areas, and can grow at sea level in oceanic areas (Dahl, 1998).
In comparison to the Scottish Highlands, and especially continental mountain
ranges, Ireland has a small and much reduced arctic-montane flora, due to a
combination of the low altitude of the Irish mountains and the lack of
suitability of oceanic mountains in general for the growth of many arctic-
montane plant species (Crawford, 2008). In general the Irish arctic-montane
flora is restricted to either north-facing montane cliffs and corries, with some
calcareous bedrock present (Roden, 1986) or montane heath on mountain
summits and ridges.

These species are relicts, that are believed to have lasted through the
previous ice-age (Pearsall, 1950) and the majority only grow in areas with
little or no plant competition or grazing and with the right aspect, altitude and
geology. Therefore, these species grow in scattered localities throughout the
west of Ireland (Preston et al., 2002) and are often restricted to isolated
patches where all of the conditions are right for their growth. Although there
are a number of relatively large areas of high ground in coastal areas of
eastern Ireland, especially in Wicklow and the Mourne Mountains, fewer
arctic-montane species occur here than in the west of Ireland. This is
possibly because the eastern Irish mountain ranges are less montane than
mountain ranges in the west of Ireland, as they are less oceanic. Therefore,
the exposure is less severe, resulting in increased competition from more
vigorous species. Hart (1891) also notes the lack of suitable habitat in the
Wicklow mountains. The potential reduced distribution and loss of arctic-
montane species may also be of use as indicators of climate change in
Ireland (Donnelly et al., 2004).

In general, more arctic-montane species occur in the north-west of Ireland
than elsewhere in the country (Praeger, 1950). These species also occur in
greater abundance and at lower altitudes in the north-west of the country
(Hart, 1891), suggesting that temperature is a major control on the
distribution of these species in Ireland, as has been recorded in other parts
of Europe (Dahl, 1998). However, geology also has a strong influence on the
distribution of Arctic-montane species, as there is more suitable montane
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ground on calcareous bedrock in the north-west of Ireland than in other
montane parts of Ireland (Praeger, 1950). Competition and disturbance also
limit the distribution of arctic-montane and Alpine species, as these species,
in response to relatively harsh montane conditions, are generally very slow-
growing and low in habit (Körner, 2003), so have a low tolerance of changes
in their environment or invasion of species of more temperate
(micro)climates (Crawford, 2008). Many, indeed, may only set seed on
occasion (Hart, 1891). The arctic-montane bryophyte communities are poorly
represented in Ireland but Watson (1925) lists over 30 bryophyte species as
occurring almost exclusively above 600 m in Britain. Such species are
adapted to extremes in climate and also may not frequently reproduce
sexually (Watson, 1925).

1.3.5 Mixed northern hepatic mats
Leafy liverworts (or hepatics) are particularly thin-leaved, weak, plants that
require almost constant moisture to grow and photosynthesise, and are
dormant in the absence of water (Porley & Hodgetts, 2005). Therefore,
liverworts abound only in the wettest regions of the world. Western Ireland,
and the south-west in particular, is a European diversity hotspot for liverwort
species, especially those which are restricted in Europe to the oceanic areas
of Macaronesia, Ireland, Scotland, the Faroe Islands and western Norway.
Due to the equable climate of south-western Ireland, species of both
southern and northern Atlantic distribution grow in close proximity to each
other, with southern species, such as Adelanthus decipiens (Hook.) Mitt. and
the fern Trichomanes speciosum Willd., able to grow at relatively high
altitudes and northern species, such as Scapania nimbosa Taylor ex Lehm.
and Bazzania pearsonii Steph., descending to relatively low altitudes at
some sites in Kerry (Ratcliffe, 1968).

One distinct liverwort community is the mixed northern hepatic mat, or
liverwort heath, a community of large leafy liverwort species, of highly
oceanic distribution (Ratcliffe, 1968). It is confined primarily to western
Scotland and western Ireland, with some outlying, less species-rich, stands
in Wales, northern England, the Faroe Islands and southern Norway (Averis,
1994). Many of the species of this community have their European
stronghold in these hyper-oceanic areas and are of disjunct distribution,
growing elsewhere only in north-western North America, the Himalayas and
China (Averis, 1994). Liverwort heath communities, similar in composition to
Irish and Scottish hepatic mats, have been recorded from various parts of the
Himalayas and other Asian mountain ranges, such as by Long (2008), on the
Gaoligong Shan mountain on the Sino-Burmese border.

Within Ireland, this community grows only in upland areas of Donegal, Mayo,
Connemara and Kerry (Hill et al., 1991; Holyoak, 2003). Its distribution is
controlled primarily by two factors; climate and topography. Hepatic mats
require constant high humidity and therefore are confined mainly to areas
with more than 220 rain days (days with more than 0.01 mm of rain) per year
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(Ratcliffe, 1968; Hobbs, 1988). However, topography is equally important, as
hepatic mats favour north- to east-facing slopes, which are cooler and more
shaded than other aspects, as well as receiving less sunlight, resulting in an
increase in atmospheric humidity (Averis, 1992). The reduction in sunlight
also results in an increase in the growth and competitiveness of bryophyte
species (Poore & McVean, 1957).

These communities form pure mats, rich in bryophytes, in a number of
habitats in mountain areas. In Scotland, hepatic mats most frequently occur
in Calluna vulgaris-Vaccinium myrtillus-Sphagnum capillifolium heath (Averis
et al., 2004), under a moderately open canopy of tall heather. Stands of
hepatic mat vegetation, of varying species richness, also occur on rocky,
grassy slopes and inaccessible cliffs in corries, as well as occasionally in
woodland (Ratcliffe, 1968). In Irish stands of hepatic mat vegetation, the first
author (RLH) has observed that in Donegal, hepatic mat vegetation usually
grows under a canopy of Calluna vulgaris (L.) Hull, whereas, in Kerry,
hepatic mat vegetation almost exclusively occurs on steep rocky slopes, with
little or no Calluna present.

Hepatic mats are particularly vulnerable to any disturbances to their habitat
or changes in conditions, as, apart from having specific climatic
requirements, they also have low dispersal ability, being restricted mainly to
vegetative reproduction (Rothero, 2003). Only one of the principal liverwort
species of this community, Anastrophyllum donnianum (Hook.) Steph., which
does not occur in Ireland, has been known to produce sporophytes in Britain,
on one occasion (Averis, 1992). Currently, the main threats to hepatic mats
in Scotland and Ireland are burning, grazing (Porley & Hodgetts, 2005;
Holyoak, 2006) and climate change.

The effects of overgrazing on hepatic mats are clearly visible in many parts
of western Ireland, especially Connemara, where sheep overstocking has
lead, at one of the few European sites for the rare liverwort Adelanthus
lindenbergianus (Lehm.) Mitt., to the complete loss of Calluna cover, along
with nearly all of the hepatic mat vegetation (Holyoak, 2006). The hepatic
mat vegetation is in better condition in parts Kerry, Mayo and Donegal, but
degradation due to grazing has occurred in all these areas, to varying
extents. Climate change is a threat to the survival of hepatic mat vegetation,
as hepatic mats are highly dependant on suitable climatic conditions for
growth (Averis, 1992; Porley & Hodgetts, 2005), as will be discussed in
section 1.5.

1.3.6 Human impact on mountain vegetation in Ireland
In assessing climate effects on vegetation, it is important to consider other
environmental impacts, especially anthropogenic, that might mask climatic
effects. The main human impact on montane vegetation in Ireland is through
the grazing of sheep. Increases in the number of sheep over the past 25
years have led to overgrazing in many parts of the Irish uplands, especially in
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Connemara and Mayo (Bleasdale & Sheehy Skeffington, 1995; Sheehy
Skeffington et al., 1996). However, the intensity of the overgrazing is less
severe in other parts of the country, where there are less livestock, such as
in Kerry (Hodd & Sheehy Skeffington, in prep.).

The severity of grazing varies depending on topography and soils, with less
grazing generally occurring on steeper slopes and cliffs. Overgrazing can
lead to changes in vegetation type and cover, with grassland replacing
heath, for example, and in severe cases can result in the erosion of the
majority of vegetation and soil from a slope (Bleasdale, 1998). Rare
bryophytes of the mixed northern hepatic mat community, are particularly
vulnerable to the effects of overgrazing, and many stands of hepatic mat
have been severely damaged and destroyed in Ireland (Holyoak, 2006).
Forestry is planted over large areas of the uplands in western Ireland, but not
usually above 400-500 m in altitude. Other human impacts are minor, with
leisure activities such as hill-walking and rock climbing restricted to a few
more popular mountains. (MacGowan & Doyle, 1998).

Nitrogen deposition, due to various human activities, such as fossil fuel
combustion and intensive agriculture, has been shown to have a major effect
on the composition of upland vegetation, as mountain areas are particularly
vulnerable to N-deposition (Britton et al., 2005). At high levels of N-
deposition, montane heath can be replaced by grassland (Leith et al., 1999).
Oceanic bryophyte species, especially the frequent and important
Racomitrium languinosum (Hedw.) Brid., are particularly vulnerable to the
deposition of nitrogen (Pearce et al., 2003). However, as western Ireland is
located far from any major industrial centres and up-wind of the prevailing
winds, the effects of nitrogen deposition are less pronounced.

1.4 The conservation status of montane habitats and species in Ireland
Heath, in general, is of conservation significance and nine different heath
habitats are listed in the EU Habitats Directive (Council Directive
92/43/EEC). Northern Atlantic wet heaths, Alpine heaths and European
heaths are present in Ireland, but the characteristics listed for these (Anon.,
1999) do not fully correspond to those of the upland oceanic heaths of the
west of Ireland, especially as they are all characterised by small shrubs. Due
to the location of Ireland on the hyper-oceanic fringe of western Europe, the
vegetation of the montane heaths is different from more continental
mountains and as such, is rare and of high conservation importance.

Since the arctic-montane species in Ireland are on the edge of their climatic
range, they may disappear with climate change. This is particularly likely, as,
since they are on mountain summits, they cannot migrate further up in
altitude. They may shift their distribution to the more northerly mountains in
Ireland, but this depends on their dispersal ability (Sætersdal & Birks, 1997).
Many vascular species listed as potentially threatened by climate change
(Wyse Jackson, this volume) are montane.



Appendices

299

The hepatic mats specifically and oceanic bryophyte communities in general,
are confined to western Scotland and Ireland and are therefore of
international importance, yet they have little protective legislation (Holyoak,
2006). Ireland, as a European stronghold for hepatic mat vegetation, has a
special responsibility for their conservation, The Habitats Directive Manual
(Anon., 1999) does not refer to any bryophyte community under the Heath
category and therefore hepatic mats and Racomitrium heath still require
international recognition. However, in Ireland, many mountains are
designated as Special Areas of Conservation (SACs) under the Habitats
Directive for their rare or unusual plant communities, which therefore receive
some protection and international recognition. The high altitude plant
communities in particular need to be maintained in good condition to
maximise their resilience to climate change (Trivedi et al., 2008). However,
their conservation is hampered by heavy grazing in many uplands
(Bleasdale, 1998; Sheehy Skeffington et al., 1998). The inclusion of plant
and animal species in a red data list (Curtis & McGough, 1988;
www.botanicgardens.ie/herb/census/threatnd.htm) highlights their
vulnerability to any habitat change and currently about 14 artic-montane
vascular plants are listed as endangered Only 18 species of bryophyte are
listed in the Irish Flora (Protection) Order, 1999 and work is still ongoing to
create a reliable red list of bryophytes. This is partly due to a lack of in-depth
knowledge of the distribution/abundance of rare bryophytes, including
montane bryophytes, a situation that has been improved by recent survey
work (Holyoak, 2006).

1.5 Potential climate change and its effects on western Irish montane
vegetation
1.5.1 Temperature effects on oceanic montane vegetation
It is predicted that the climate of western Ireland will change in a number
ways as a result of global climate change. In Ireland, as a whole,
temperatures are predicted to rise by up to 3-4 degrees by the end of the
century (McGrath & Lynch, 2008). This rise is expected to be greater in the
south and east of the country and, by the middle of the century, winters in the
north of Ireland are projected to become similar to the winters experienced in
Cork and Kerry, in the south-west, during the period 1960-1991 (Sweeney &
Fealy, 2002). These rises in temperatures may result in a reduction in the
frequencies of frost, especially in oceanic mountain areas. As the length of
the growing season is controlled primarily by the occurrence of frost, plant
growth may be able to continue year-round (Pepin, 1997).

These rises in temperature and associated changes may have a number of
effects on the biodiversity of montane habitats in western Ireland. Montane
species are particularly vulnerable to rises in temperature, as they are
adapted in a number of ways to colder conditions (Trivedi et al., 2008). The
most likely species to be affected are the arctic-montane vascular plant
species, due to their adaptation to cold conditions and low growth rates.
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Temperature rises may have an indirect, rather than direct, effect on these
species (Sætersdal & Birks, 1997). Rises in temperature may cause lowland
species to expand their range to higher altitudes, thus coming into direct
competition with arctic-montane species (Grabherr et al., 1994, Gottfried et
al., 1999, Walther et al., 2005). As these species are limited in range and
slow-growing, often reproducing vegetatively, their ability to compete or,
alternatively, adjust their range to higher altitudes, is likely to be minimal.
Many are stress-tolerators and are poor competitors (sensu Grime, 1979). A
number of oceanic bryophyte communities are also likely to be affected,
including Racomitrium heath and hepatic mat vegetation, which may lose
cover and growth space as a result of increased competition from vascular
plants (Porley & Hodgetts, 2005, Trivedi et al., 2008).

The possible drier summers may also inhibit their growth throughout a longer
period of the year. The changes in competitive balance may lead to an
upward altitudinal shift in the distribution of montane vegetation, resulting in
possible major changes in plant community structure and a significant loss of
climate space for many species (Berry et al., 2003). Temperature rises and
warmer winters also affect phenological changes in plants (Jones et al.,
2006), leading to early budburst. This could be especially detrimental to plant
growth and survival in mountain areas, where relatively cold, severe periods
can still occur into spring.

1.5.2 Rainfall changes and effects on montane oceanic vegetation
Precipitation in Ireland is expected to increase overall, with larger variations
between seasons. By the end of the century, rainfall in Ireland is expected to
increase by about 15-20% in winter and autumn, but to decrease in the
summer by up to 25% (Sweeney & Fealy, 2002, McGrath & Lynch, 2008). It
is the decrease in summer precipitation that is likely to result in the greatest
changes for oceanic vegetation. Even the smallest change in summer water
balance can change the conditions for plant growth, with peatlands being
regarded as particularly vulnerable to change (Jones et al., 2006).

The mixed northern hepatic mat bryophytes, which have very specific
climatic requirements are also likely to be vulnerable to decreases in summer
precipitation. Although species of the hepatic mat community have been
shown to be moderately resistant to prolonged drought (Averis, 1994),
liverworts require abundant moisture to grow and survive in the long-term. In
the event of prolonged drought, the liverworts’ growing season would be
interrupted and their already limited dispersal capacity is likely to become
further reduced. This would make them more vulnerable to competition from
other species and any disturbance, such as that provided by grazing, would
have an even more detrimental effect, when combined with climate change.

Temperature rises may also negatively affect hepatic mats, as the species
are mainly of northern and montane distribution and are not tolerant of very
high temperatures (Averis, 1994). A combination of decreases in summer
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precipitation and increases in temperatures may result in a marked
contraction of the range of hepatic mat vegetation, especially at the edges of
its range, on more open slopes and in south-western Ireland.

1.5.3 Other potential impacts on montane biodiversity
Due to the uncertainty involved with applying climate models, especially in
oceanic and montane areas (Coll et al., 2005; Trivedi et al., 2008), it is likely
that changes other than those discussed above may occur. It is possible that
the proximity of Ireland to the Atlantic Ocean may have a buffering effect,
with the ocean mitigating the effects of climate change, to a certain extent.
Climate change may also result in an increase in oceanicity (Crawford,
2000), which may be favourable to the growth and survival of Atlantic
bryophyte species. Precipitation changes may not occur as projected, due to
a large amount of uncertainty in modelling patterns of precipitation,
particularly in topographically diverse oceanic areas (Coll et al., 2005).

Temperature changes may also not occur as projected, as some models
predict a weakening of the Gulf Stream, which keeps winter temperatures
high along the Atlantic coast of Europe (Sweeney, 1997). If temperatures
were to drop as a consequence of the weakening of the Gulf Stream, certain
species, especially those of arctic-montane distribution, may migrate
downwards to lower altitudes, leading to an expansion in range (Fosaa,
2004). Even in the event of temperatures rising in the west of Ireland,
lowland species may not be able to colonise mountain summits and ridges.
In oceanic areas especially, temperature is not the only limiting factor for
plant growth on mountains. Wind speed also limits the spread of lowland
species up mountains, so the plant communities of mountain tops and ridges
may not change significantly, as many lowland species would be unable to
cope with high winds and exposure (Sætersdal & Birks, 1997). Although
there are substantial uncertainties involved in projecting the exact impact of
changes in the climate on the plant communities of the mountains of western
Ireland, it is likely that the composition and distribution of these communities
will undergo great change in response to the changing climate.

1.6 Conclusions
This paper is a review of current knowledge in relation to climate change and
montane heath communities of western Ireland. As for many species and
their communities, knowledge of the exact current distribution is not
complete. Current research on montane heath communities in the west of
Ireland is focusing on mapping them, with reference to arctic-montane
vascular plants and to oceanic bryophyte communities. This systematic
collection of distribution data will provide specific data to inform on-going
modelling to project the effects of climate change.
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Climate is being monitored (air temperature, relative humidity, rainfall, solar
radiation, wind speed and direction, as well as soil humidity and temperature)
above 600 m on two mountains, one in Co Kerry, the other in Co. Donegal
which have different bioclimatic characteristics (Fig. 1.1), to acquire
information on the climatic range of oceanic mountain-tops in Ireland. A
series of data-loggers measuring temperature and humidity have also been
placed at different aspects of selected mountains in the same counties. Such
data do not exist for Irish mountains and they should provide more precise
information on the climatic requirements of these rare and vulnerable
communities.

The maps will provide specific baseline data on the distribution and
occurrence of these communities that can be monitored in future years. For
example, the northern hepatic mats have been found to be confined to north-
facing mountain slopes in south-west Ireland, but their range of occurrence in
relation to aspect appears to be wider in the north-west. If conditions can
otherwise be maintained favourable for these communities, any changes in
their distribution may be directly attributable to climate change.

Since conservation actions are difficult without precise projection information,
it is recommended that best practice be applied in any habitat that contains
potentially vulnerable plant or animal species (Ellis and Good, 2005). Most of
the sites under study are SACs and some are also in National Parks. The
precise mapping of the plant communities will inform conservation managers
of the location of the rarer ones and conservation action, such as preventing
over-grazing and visitor access, will at least aim to maintain a maximum area
for the occurrence of these communities. Monitoring of any changes in their
distribution may help predict any long-term climate change effects. Future
monitoring also of any migration of species up mountains will enable
projections concerning the degree of threat that these other species will pose
to these vulnerable communities.
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Appendix G: Article published in Field Bryology 104: 2-11, 2011.
Mixed northern hepatic mat: a threatened and unique bryophyte
community
Rory Hodd and Micheline Sheehy Skeffington

The mixed northern hepatic mat, or hepatic heath, is one of the most
beautiful and conspicuous bryophyte communities found in Britain and
Ireland. It forms large, colourful mats of liverworts on mainly north-facing
mountain slopes in western Scotland and Ireland, under heather and in rocky
areas. It is extremely limited in distribution, as it requires very specific
climatic and topographic conditions, which exist on only a handful of oceanic
mountain ranges. For these reasons, this community is extremely vulnerable
to a number of threats, notably overgrazing and climate change.

Hepatic mat and hepatic heath
In the broadest sense of the term, a hepatic mat is a continuous weft of leafy
liverworts, and may be dominated by a range of relatively common species,
including Scapania gracilis, Plagiochila spinulosa and Diplophyllum albicans,
and also refers to a snowbed community that is composed entirely of
liverworts (G. Rothero, pers. comm.). The mixed northern hepatic mat is,
therefore, one of a number of types of hepatic mat, and may be more
appropriately called ‘hepatic heath’, as it frequently grows in association with
heath vegetation. However, as the majority of published literature uses the
term ‘hepatic mat’, that is the term that will be used here when referring to
mixed northern hepatic mat specifically.

Within Britain and Ireland, the most extensive and species-rich stands of
mixed northern hepatic mat are found in the North-west Highlands of
Scotland. This community is also well represented in other parts of the
Scottish highlands and a number of areas of western Ireland. Similar, less
species-rich hepatic mats occur in the Lake District of England and North
Wales (Averis, 1994). Species-poor hepatic mat vegetation has also been
found in Norway (Jordal and Hassel, 2010) and the Faeroe Islands (Averis,
1994).

The species composition of mixed northern hepatic mat vegetation varies
geographically, but all stands have a similar community structure and are
dominated by species of a small group of large leafy liverworts. Herbertus
aduncus ssp. hutchinsiae is a conspicuous species in many areas, forming
red to orange cushions on shady slopes and cliffs, with Pleurozia purpurea
and Bazzania tricrenata also frequent throughout. Scapania
ornithopodioides, Mastigophora woodsii and Bazzania pearsonii are
relatively widespread, but are more confined to areas where conditions are
most suited to their growth. Scapania nimbosa and Plagiochila carringtonii
are widely distributed in western Scotland, but are very rare in Ireland, being
restricted to two and one extant sites, respectively. Three species of
Anastrophyllum; A. donnianum, A. joergensenii and A. alpinum, are not
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uncommon, and sometimes dominant, in Scotland, but are unknown from
Ireland. The rarest hepatic mat species are Adelanthus lindenbergianus,
which is restricted to seven known sites in Ireland and one on Islay in
Scotland, and Herbertus borealis, which has its worldwide headquarters on
Beinn Eighe in Wester Ross.

A further number of species frequently grow in hepatic mats, but cannot be
said to be characteristic of, or confined to, this community. These include the
liverworts, Scapania gracilis, Anastrepta orcadensis, Mylia taylorii,
Plagiochila spinulosa and Lepidozia pearsonii; the mosses, Sphagnum
capillifolium, Racomitrium lanuginosum, Dicranodontium uncinatum and
Campylopus setifolius, and the fern Hymenophyllum wilsonii (Hodd and
Sheehy Skeffington, in prep.). A number of common pleurocarpous and large
acrocarpous moss species also often grow sparingly among the large
hepatic species.

Worldwide distribution
Many of the constituent species of hepatic mat are of disjunct distribution
(Table 1), and are all, with the exception of Bazzania tricrenata, restricted
within Europe to the Hyper-oceanic regions of Ireland, Scotland, the Faeroe
Islands and Norway. Outside North-western Europe, most of these species
occur in either North-western North America or the Himalayas and western
China. The one exception is Adelanthus lindenbergianus, which has also
been found in tropical and southern Africa, South and Central America and
Antarctica (Paton, 1999). In these areas, the British and Irish species, or
closely related species, often grow together, forming hepatic mats, such as in
the Gaoligong Shan Mountains of China (Long, 2008). However, in the Sino-
Himalaya, the species are associated with other similar liverworts which do
not extend to Europe, such as several other large Scapania species (D.
Long, pers. comm.)

Two hypotheses have been put forward for the origin of the current disjunct
distribution of these species: firstly, these species may previously have had a
continuous distribution between their current centres of population, but due
to changes in the climate, have retracted to areas where conditions are
suitable for their growth. The other possible origin of these species in North-
western Europe is through long-range dispersal of spores from other
populations in the Himalayas, North America or Africa (Schofield and Crum,
1972). The latter hypothesis is gaining ground over the former, despite the
fact that they are not known to reproduce sexually in Britain or Ireland.

Ecological requirements
The climate of western Ireland and western Scotland is extremely suitable for
the growth of hepatic mat bryophytes. These areas have a hyper-oceanic
climate, which results in, among other things, a lack of extreme high or low
temperatures, a high temperature lapse rate, high cloudiness, high, frequent
Table 1: The British, Irish and worldwide distribution of the hepatic mat
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species, and altitude range at which they grow in Britain and Ireland (data
from Paton, 1999)

Hepatic mat species British and Irish distribution Worldwide distribution

Altitude
range in B
& I

Adelanthus
lindenbergianus SW, W & NW Ireland, Islay

tropical Africa, southern Africa, C and S America,
Antarctica 380-800m

Anastrophyllum alpinum
NW Scotland Himalaya, W China, Alaska 700-950m

Anastrophyllum
donnianum Cairngorms, NW Scotland

SW Norway, Tatra, Faeroes, W Canada, Alaska,
Himalaya 300-1060m

Anastrophyllum
joergensenii Cairngorms, NW Scotland Norway, W China 700-950m
Bazzania pearsonii

SW, W & NW Ireland, Cairngorms, NW Scotland E & SE Asia, Himalaya, NW N. America 300-1000m
Bazzania tricrenata

S, W & N Ireland, Scotland, N England, N Wales
montane Europe, Faeroes, N. America, Guatemala,
Asia 0-1220m

Herbertus aduncus ssp.
hutchinsiae S, W & N Ireland, W Scotland, N England, N Wales W Norway, Faeroes 0-1040m
Herbertus borealis

NW Scotland SW Norway 380-550m
Mastigophora woodsii

SW & W Ireland, W Scotland Faeroes, NW N. America, C and E Asia 100-1000m
Plagiochila carringtonii

W Ireland, Cairngorms, W Scotland Faeroes, Nepal 300-1070m
Pleurozia purpurea

SW, W, C & N Ireland, W&C Scotland
SW Norway, Faeroes, Jan Mayen, Alaska,
Himalaya, Guadeloupe 0-915m

Scapania nimbosa SW, W & NW Ireland, Cairngorms, W Scotland, N
Wales SW Norway, E Himalaya, W China 400-1070m

Scapania
ornithopodioides

SW, W & NW Ireland, Cairngorms, W Scotland, N
England, N Wales Norway, Faeroes, Himalaya, Asia, Hawaii 300-1000m

rainfall and low vapour pressure saturation deficit (Crawford, 2000). There is
a gradient of oceanicity from east to west, resulting in a high climatological
contrast between the maritime western fringe of Britain and Ireland and the
relatively continental interior of these islands (Sweeney, 1997).

Frequency, rather than overall amount of rain appears to be the main
controlling factor in the distribution of hepatic mats, since their distribution is
closely associated with areas where there are more than 220 rain days (days
with more than 1mm of rain) per year (Ratcliffe, 1968). This high frequency of
rain results in a constantly humid atmosphere and low evapotranspiration,
particularly in mountain areas. Hepatic mats also show better growth in areas
with cool summers and mild winters (Averis, 1994).

Topography is also highly important for hepatic mat species, as the local
topography determines the microclimate that many hepatic species depend
on. Thus in most sites, hepatic mats are confined to areas that have a
specific combination of altitude, aspect, slope and shelter. Hepatic mats
generally do not grow below about 300m, as at higher altitudes there is a
combination of lower temperatures, less solar radiation, higher rainfall and
more moisture, due to the presence of more mist and cloud than at lower
altitudes (Hodd and Sheehy Skeffington, 2011). Hepatic mats can grow up to
altitudes of at least 1000m, in areas where snow cover protects the species
from winter frosts (D. Long, pers. comm.) Hepatic mats generally grow and
reach their full composition on north-east to north-facing slopes, where there
is less sunlight and lower evapotranspiration. They prefer steep, well-drained
slopes, but can also occasionally occur on deep blanket peat. Degree of
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exposure also plays a role in determining where hepatic mats will grow,
meaning that deep corries, with high humidity and low sunlight are the
favoured habitat, along with areas shaded by boulders (Averis, 1994). All of
these factors combine to greatly restrict the area of suitable habitat for the
growth of hepatic mat bryophytes in Britain and Ireland.
.
Hepatic mats are often considered to occur mainly as an understory beneath
an open canopy of heather (Calluna vulgaris) in dwarf shrub heath. However,
they also grow in a wide range of other habitats in the UK, including montane
heath, upland grassland, snow-beds, open rocky birch forest and on
mountain ledges (Averis et al., 2004). It has been found that, in Ireland,
hepatic mats primarily occur in two distinct habitats: under a canopy of
heather in dwarf shrub heath, and in rocky grassland on steep slopes in
corries. Stands of hepatic mat have also been found on the rocky floor of
corries, cliff ledges and in montane heath. The range of primary habitat in
which hepatic mats occur displays a strong gradient from northwest to
southwest Ireland. The majority of stands in Donegal, in the northwest, occur
in dwarf shrub heath, while the Kerry stands in the southwest rarely occur in
association with Calluna vulgaris, growing primarily on rocky, grassy slopes
(Hodd and Sheehy Skeffington, in prep.). There is no evidence for
differences in land-use or grazing intensity between the areas and therefore
it is likely that this gradient is mostly climatically driven.

Threats
Hepatic mats are under threat from a number of sources, which are mostly
anthropogenically driven. Hepatic mats are vulnerable to disturbance and
change for a number of reasons. These species are extremely restricted in
distribution to areas of very specific climatic and topographic conditions.
They also have very few means of long-distance dispersal, as only one
hepatic mat species (Anastrophyllum donnianum; on one occasion (Averis,
1994)) has ever been recorded as producing sporophytes in Britain or
Ireland. Spread is primarily by vegetative fragmentation, making the
establishment of new populations slow and unpredictable (Rothero, 2003).
Their tendency to form large mats on steep slopes also makes them
particularly vulnerable to erosion.

Currently, the most pressing and widely recognised threat to hepatic mats is
overgrazing by sheep. Burning is also a threat in some areas, especially in
Scotland (Rothero, 2003). Overgrazing has had the largest negative impact
in parts of Ireland, particularly in parts of counties Galway and Mayo, where
overstocking of sheep has led to severe degradation of the vegetation cover
of the mountains (Bleasdale, 1998; McKee at al., 1998). This has led to
widespread loss of the cover of hepatic mat bryophytes in many sites where
they were previously frequent (Holyoak, 2006). The most well-documented
losses have occurred in the Twelve Bens of Connemara, where hepatic mats
were once abundant and rich, under a tall canopy of heather (Ratcliffe,
1962), but is now mainly restricted to occasional small, depauperate patches,
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with little healthy heather in the vicinity (Holyoak, 2006). Plagiochila
carringtonii is presumed lost here from one of only two known Irish sites,
while Adelanthus lindenbergianus, which was once abundant and plentiful
throughout the Twelve Bens, is now restricted to one small patch on Binn
Gabhar (Long, 2010).

However, grazing pressure is uneven across the range of hepatic mat
distribution in Ireland and moderately extensive stands, containing
reasonably healthy populations of all of the Irish species, including A.
lindenbergianus, are still present in parts of Mayo, Kerry and Donegal (Hodd
and Sheehy Skeffington, in prep.). Stocking densities have also been
reduced throughout western Ireland in the last decade, but it is unlikely that
already damaged or lost stands are likely to recover in the near future, due to
the widespread loss of vegetation cover and soil erosion, making restoration
nearly impossible (Long, 2010).

Response to climate change
It is thought that future changes in the climate are likely to have an impact on
northern hepatic mat species (Porley and Hodgetts, 2005). The main aspects
of climate change that may affect these species are potentially decreased
summer rainfall and increased year-round temperatures, as well as an
increase in extreme weather events. Work on modelling the future
distribution of a number of hepatic mat species in Ireland (Hodd et al., in
prep.) suggests that suitable climate space for these species will be lost in
the south of their range, and gained in northern areas of Ireland. However,
considering the limited dispersal capacity of these species, they are unlikely
to be able to move their range northwards in time with the climate.
Populations may therefore be lost in southern areas, but no new ones are
likely to be established in the north. Increased competition from other
species able to expand into the hepatics’ niche, as a result of changes in the
climate, may also have a major negative impact on existing populations of
hepatic mat species. Therefore, climate change could provide a significant
future challenge to the survival of these species in Britain and Ireland.

What does the future hold for hepatic mats?
The future of the mixed northern hepatic mat is currently unclear. Much
damage has been caused by overgrazing in certain parts of its range, but
extensive, thriving stands still occur in some areas, particularly in Scotland.
However, if climate change does eventually have a widespread and far-
reaching impact on the distribution and abundance of hepatic mats, they may
become extinct in several regions.

Therefore it is imperative firstly, to establish the current condition,
composition and distribution of this community in these islands, and ensure
that further damage due to grazing and other preventable factors does not
occur. Secondly, long-term monitoring is necessary, to establish what impact
climate change may have on this community, and enable timely conservation
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efforts. Research is currently underway into this community in both Ireland
(Hodd and Sheehy Skeffington, in prep.) and Scotland, which will increase
the understanding of this community. But there is a need for continued
monitoring, as well as addressing the technically difficult and ecologically
problematic issue of potentially transplanting or propagating the component
species. However, despite continued research it may be that the luxuriant,
multicoloured mats of these liverworts will no longer be a prominent feature
of the vegetation of the Scottish and Irish mountains in the future.
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