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7 Impacts for the Central Highlands case study area 
 
 P.M. BERRY, N. BUTT, H.P.Q. CRICK, S. FREEMAN, P.A. HARRISON,                     

J.E. HOSSELL, G. MASTERS, P. SCHOLEFIELD AND N. WARD 
 
Summary 
 
The Central Highlands were selected because of their high potential for change, which could lead to 
the altitudinal upward movement of habitats and species, as well as gains or losses. The former was a 
reason for choosing upland and montane heath. These habitats were represented by bilberry 
(Vaccinium myrtillus) and heather (Calluna vulgaris) as dominants in the upland heath, cowberry 
(Vaccinium vitis-idaea), which is common to both, stiff sedge (Carex bigelowii), as typical of 
montane heath and ptarmigan (Lagopus mutus) as a flagship species. Caledonian pine woodland was 
selected as the other habitat because of its historical and high conservation interest. Scots pine (Pinus 
sylvestris) and silver birch (Betula pendula) were chosen as dominants, sessile oak (Quercus petraea) 
and willow tit (Parus montanus) as recruitment species and hairy wood ant (Formica lugubris) as a 
rare species. 
 
The research showed that: 
 

1. Central Highlands may experience a loss of montane habitat with a corresponding increase in 
the extent of areas classified as upland. 

 
2. The land cover model reflected this well with a significant decline in suitable climate space 

for montane habitats, but also a complete loss of dwarf shrub, whereas neutral grassland 
expands in range.  This is contrary to the SPECIES and dispersal modelling which indicated 
no change in extent for P. sylvestris, B. pendula, C. vulgaris, V. myrtillus and V. vitis-idaea.  
Possible explanations include lack of model sensitivity and the lack of land cover data in 
these models. 

 
3. The dominant species are expected to remain within the Black Wood of Rannoch. P. 

sylvestris is predicted to remain a dominant species in Caledonian pinewoods. However 
climate and disturbance induced changes affecting the canopy and ground-flora will have 
feedbacks that may alter the composition and structure of the species community. 

 
4. The tree species showed limited dispersal, although B. pendula showed the potential to 

disperse greater distances (under 50km by the 2050s) due to its shorter time to reproductive 
maturity. F. lugubris is currently rare in the case study area (and possibly under-recorded) and 
shows considerable potential for dispersal under future climatic scenarios. 

 
5. The dominant and characteristic upland heath species: V. myrtillus and C. vulgaris and V. 

vitis-idaea, show little change, as they are widespread throughout the area. The small changes 
in the dominant species modelled for upland/montane heaths means that there are few direct 
implications for the species communities. 

 
6. Suitable climate space for stiff sedge (C. bigelowii) and ptarmigan (L. mutus), species 

characteristic of montane heaths, remains extensive across the case study area, even under the 
2050s High scenario.  This may be due to the coarse scale of modelling (climatic data at 
5km2) lacking sensitivity to indicate changes in an area of varied altitude. 

 
7. When land cover change was incorporated for stiff sedge, then loss of montane habitat led to 

a decrease in suitable area. 
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7.1 Introduction 
 
The Central Highlands were selected as a case study because of their high change potential (Chapter 2 
and Section 7.2), high conservation interest, range of habitat types, altitudinal variation and potential 
for species loss and gain. The boundaries of the areas were chosen to include the Creag Meagaidh 
National Nature Reserve (NNR) and the Black Wood of Rannoch, which is an important Caledonian 
pine woodland (Figure 7.1). 
 
Creag Meagaidh was designated as a SSSI in 1964 because of its geological interest and subsequently 
a larger area covering almost 7,000 ha was designated as a SSSI due to its botanical interest. It is also 
an SAC due to the presence of Annex 1 habitats: Sub-Arctic Salix spp. scrub, siliceous and alpine 
boreal grasslands and hydrophilous tall herb and fringe communities of montane to alpine level. The 
alpine and sub-alpine grasslands cover 32.5% of the NNR and Carex bigelowii, one of the modelled 
species, is an important component of many of these communities. Part of it is also designated as a 
SPA (2872.64 ha.), because of its assemblage of montane birds. It contains an important breeding 
population of 23 pairs of dotterel (Charadrius morinellus), which represents at least 2.7% of the 
breeding population in Great Britain (8 year mean, 1987-1994) (SPA description, 2001). Many other 
parts of the case study areas, such as Ben Alder, the Drumochter Hills and Aonach Beag, also are 
designated as SAC, SPA and SSSI, mostly because of their montane habitats and species and hence 
the selection of upland heath and montane as one of the habitats for modelling.  
 
7.2 Bioclimatic classification 
 
The Central Highlands case study extends from Creag Meagaidh in the north southwards to 
incorporate the Black Wood of Rannoch.  There are 72 5-km squares within the case study area, 
which was represented in the UKCIP98 data by 18 10-km squares.  Table 7.1 shows the bioclimatic 
classification of the case study area under the Baseline98 classification defined in MONARCH 2.1 
and the percentage of grid squares in each class under the Baseline02 data and 2050s Low and High 
emission scenarios.  It is clear that the reclassification of the UKCIP02 baseline data into the 
Baseline98 classification has caused a shift in the pattern of climate classes across the study area.  
 
Table 7.1: Percentage of grid squares within each of the classes of the bioclimatic classification at the 
10km and 5km baseline and for the 5km 2050s Low and High scenarios. 

Class 
Scenario 

3 6 9 10 11 12 15 20 25 26
Baseline98 10km 50.00 38.89 11.11
Baseline02 5km 66.67 1.39 1.39 22.22 6.94 1.39
2050 Low 44.4 16.67 8.33 4.17 25.00 1.39
2050 High 58.33 8.33 2.78 1.39 1.39 11.11 16.67
 
 
7.2.1 Baseline classification 
 
The distribution of the classes and the relationship between the Baseline98 and Baseline02 
classifications is shown in Figure 7.2.  In the Baseline98 classification, climatic variation across the 
area was defined by just three classes (6, 15 and 26).  These classes represent three of the four coldest 
classes in the Baseline98 classification in terms of absolute minimum temperature.  Figure 2.5 shows 
the gradient of the key climate variables across the 26 classes for the Baseline 98 classification.   
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Figure 7.1: The main features of the case study area. 
 

 

Forestry 

Upland moor (Molinia, Agrostis, Nardus, 
Calluna, ptarmigan, hares, dotterel, etc). 

Blanket bog (Trichophorum spp., 
Eriophorum spp., etc). 

Montane heath/ rocks fields. 
Regenerating birch wood. 
Mixed deciduous woodland. 
Native pine woodland. 

A) Dry heath (Calluna - Vaccinium (some 
bracken)). 
B)Lowland and upland acid grassland 
(Festuca spp. (including Festuca alpina), 
Deschampsia flexuosa, Agrostis spp.). 
C) Wet heath (e.g. Erica tetralix, 
Myrtillus, Calluna). 
Very species rich grassland on steep slopes. 
Includes all sorts of rarities.. 
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Figure 7.2: The relationship between the Baseline98 and Baseline02 classifications.  Symbols within 
the 5km grid squares relate to the Baseline02 classification and symbols at the intersection of grid 
squares relate to the Baseline98 classification. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
At the 5-km scale of the Baseline02 classification, two of these classes are still represented but the 
increased data resolution also enables four further classes to be differentiated and the proportions of 
the classes represented changes greatly.  The majority of the classes in the Baseline 98 dataset 
belonged to the high mountain class 6, which has both the shortest growing season and the lowest 
growing degree-day total of all the 26 classes.  Class 6 represents an extreme bioclimatic type that is 
significantly different from the other 25 classes (see Table 2.15).  Under the Baseline02 classification, 
the proportion of the area in this class increases as the classification successfully picks out the high 
mountain tops of Creag Meagiadh, Ben Alder and the Aonach and Grey Corries to the east of Ben 
Nevis (on the western edge of the case study area).  Figure 7.2 shows the pattern of Baseline02 class 
membership within the pattern provided by the Baseline98 classification across the study area.   
 
The more moderate climate of the valley edges and bottoms through Glen Spean and along Loch 
Laggan is picked up by the classification of these squares into classes 9, 15 and 20.  The low-lying 
area to the south of the case study area is Loch Rannoch, which runs west to east and is classified into 
classes 12, 15 and 20.  By comparison, the UKCIP98 data seem to overestimate the altitude of the 
area, and this is reflected in the low temperatures and short growing season of the UKCIP98 climate 
data for this area (Table 7.2 and Figure 7.3).   
 
Examination of the squared Mahalanobis distances for the Baseline02 dataset (which are an indication 
of the distance of a grid cell’s climate from the centre of its class) shows 38 of the 72 squares may be 
considered to be beyond the bounds of the Baseline98 classification.  This would indicate that the 
UKCIP02 baseline climate is sufficiently different from the classes defined under the Baseline98 
classification as to warrant the creation of new classes.  The inability to correctly assign these squares 
to a class under the Baseline02 climate means that it is also not possible to predict their sensitivity to 
the UKCIP02 scenarios, as the starting position against which they are being measured is incorrect.  



 MONARCH 2 Report – Chapter 7 
___________________________________________________________________________ 
 

 

152 

Table 7.2: Comparison of mean values of key variables averaged over the Central Highlands case 
study area from each of the data sets.  The variables selected represent those related to the first four 
components of the PCA in the derivation of the bioclimatic classification. 

 Spring 
precipitation 
Total (mm) 

Growing Degree 
Days >5°C 

January wind speed 
(m/s) 

July Potential 
Evapotranspiration 

(mm/day) 
Baseline98 10km 194.63 712.41 7.00 2.62 
Baseline02 5km 166.28 724.45 9.28 3.15 
2050 Low 154.67 985.80 9.70 3.30 
2050 High 147.83 1153.74 9.71 3.53 
 
Figure 7.3: Comparison of bioclimatic variables between the UKCIP98 and UKCIP02 baseline 
climate data. Symbols within the 5km grid squares relate to the Baseline02 classification and symbols 
at the intersection of grid squares relate to the Baseline98 classification. 
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The cut off for the squared Mahalanobis distance taken is relatively generous (1347), since it 
represents the greatest distance between the centres of any two classes plus the distance of the furthest 
square from its class in the Baseline98 classification.  Figure 7.4 shows the pattern of squared 
Mahalanobis distances for the Baseline02 data.  All squares with a squared Mahalanobis distance 
greater than 1347 should be considered to lie beyond the limits of the Baseline98 classification.  The 
greatest distances are for those squares in the highest mountain regions of the study area.  The average 
climatic values for these squares, when compared to the national or local average for their class at the 
10km classification, indicates a much cooler and more exposed climate (Table 7.3). 
 
Table 7.3: Average climate conditions for squares in each class for key variables under the 
Baseline98 (local =average of squares in the study area, national=average for the class across Britain 
and Ireland), Baseline02 and 2050s Low and High emission scenarios. 

Class Scenario 
Spring 

Rainfall Total 
(mm) 

GDD >5°C 
Mean Jan 

wind speed 
(m/s) 

Mean July 
PET (mm/day) 

Number of 
Squares 

Baseline98 National 141.03 1393.63 8.07 2.72 113 3 
2050 High 160.14 1139.02 10.08 3.57 42 
Baseline98 National 187.58 599.84 7.11 2.63 33 
Baseline98 Local 192.08 663.86 7.04 2.59 9 
Baseline02 166.75 622.88 10.55 3.21 48 
2050 Low 163.42 795.38 12.19 3.42 32 

6 

2050 High 151.92 722.07 15.51 3.77 6 
Baseline98 National 169.34 1125.69 6.10 3.04 139 
Baseline02 143.28 1067.66 4.74 2.78 1 
2050 Low 167.52 1173.70 7.69 3.15 12 

9 

2050 High 140.64 1315.12 7.16 3.20 2 
Baseline98 National 112.50 1514.99 5.45 3.50 794 10 
2050 High 116.01 1293.20 7.12 3.62 1 
Baseline98 National 213.84 1300.55 7.26 2.91 82 11 
2050 High 185.48 1364.78 7.38 3.49 1 
Baseline98 National 144.46 1424.56 5.24 2.64 425 
Baseline02 140.85 1119.19 4.86 3.13 1 
2050 Low 128.10 1384.33 5.59 3.24 6 

12 

2050 High 130.69 1518.92 5.92 3.44 8 
Baseline98 National 197.77 861.92 6.53 2.75 76 
Baseline98 Local 206.07 748.95 7.06 2.61 7 
Baseline02 174.01 916.82 6.96 3.05 16 

15 

2050 Low 207.78 1012.90 9.29 3.09 3 
Baseline98 National 138.77 1025.85 6.04 3.00 116 
Baseline02 131.93 912.78 6.56 3.07 5 
2050 Low 130.25 1068.63 7.87 3.23 18 

20 

2050 High 114.83 1121.55 8.90 3.42 12 
Baseline98 National 281.40 730.90 7.48 2.51 16 25 
Baseline02 240.51 842.59 8.24 3.09 1 
Baseline98 National 157.70 801.95 6.61 2.88 41 
Baseline98 Local 166.05 803.02 6.61 2.80 2 26 
2050 Low 160.14 861.01 12.93 3.05 1 

 
 
7.2.2 Climate change scenarios – 2050s Low and High 
 
Figures 7.5 and 7.6 show the pattern of bioclimatic classes for the future climate change scenarios.  
The pattern indicates a further distancing of the climate of the area from the Baseline98 conditions 



 MONARCH 2 Report – Chapter 7 
___________________________________________________________________________ 
 

 

154 

(Tables 7.1 and 7.2).  All the squares under future scenario conditions lie beyond the Baseline98 
classification based on the squared Malhanobis distance measure.  This is not surprising for the 2050s 
High emissions scenario, given the fact that this area was chosen for its sensitivity to this scenario 
using the UKCIP98 data.  But even under the 2050s Low emission conditions the classification shows 
that the future pattern of climate is considerably different from either the Baseline02 or the Baseline98 
conditions. 
 
The classification of squares using the 2050s Low emission scenario data results in a shift towards a 
number of the classes associated with upland rather than mountain top climatic conditions.  So for 
example, squares classified as 15 or 20 in the Baseline02 are reclassified to class 9 with the 2050s 
Low emissions data.  Class 9 is associated with moderately high areas of the north-west Highlands 
under the Baseline98 classification. 
 
 
Figure 7.4: Pattern of squared Mahalanobis distances for the Baseline02 data. 
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Figure 7.5: The pattern of bioclimatic classes for the 2050s Low scenario. 
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 Figure 7.6: The pattern of bioclimatic classes for the 2050s High scenario. Symbols within the 5km 
grid squares relate to the Baseline02 classification and symbols at the intersection of grid squares 
relate to the Baseline98 classification. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The map of the Mahalanobis distance differences (Figure 7.7) between the Baseline98 and the 2050s 
High emissions scenario shows that the squares whose climate moves furthest from the Baseline98 
values are at higher altitudes, particularly the square containing Creag Meagaidh itself.  These squares 
are classified as class 6 in the Baseline02.  The persistence of several squares within class 6 under all 
scenarios is an indication of the extreme climate conditions within these squares even given climate 
change.  The squares have very low growing degree-days, absolute minimum and low July PET 
values, such that even with warming of 1-1.5°C under the 2050s Low and 2.5°C under the 2050s High 
scenarios the values remain well below the class mean.  However, the squared Mahalanobis distance 
of these squares from the class centre is extremely high due to the difference between the Baseline98 
class mean wind speed and that Baseline02 and 2050s emission scenario data (see Table 7.3).   
 
The assignment of squares to classes under the 2050s High emissions scenario becomes increasingly 
unreliable as the level of climate change increases.  For example most squares fall into Class 3 under 
the 2050s High emissions scenario, which may be seen as a “catch-all” class for this area, with 
relatively high wind speed but moderate levels of the other variables being the primary discriminating 
features.  Its main location under the Baseline98 classification is on the west coast of Scotland and the 
northern tip of Ireland.   
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Figure 7.7: The pattern of bioclimatic classes for the 2050s High scenario and the Mahalanobis 
distances. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 7.8 shows the mean canonical score of the first seven of the 25 discriminant functions or 
canonical roots against each of the classes.  This shows how the functions relate to each class.  Table 
7.4 shows which climate variables are related most strongly to each of the first 7 roots.  The functions 
for class 3 all cluster around zero, with the roots associated with wind speed, 5 and 6, showing 
greatest difference from the others and having negative scores, and root 7 having a positive score.  
The wind speeds in the Baseline02 are higher across the study area than the in the Baseline98 dataset.  
Although they do not increase for the future scenario data, as the low temperatures are moderated and 
become less of a distinctive feature of the climate of these squares, so the wind speed becomes more 
significant in assigning the squares to classes.  The high wind speeds provided by the UKCIP02 
dataset may be more realistic than those within the UKCIP98 data.  In the latter dataset, the average 
altitude for the area is 522m, whereas in reality much of the area is above 800m, with some summits 
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above 1000m.  Though it should also be noted that microclimatic variations do also occur e.g. due to 
sheltering effects of vegetation and topography but such variation is beyond the resolution of the 
bioclimatic classification to detect. 
 
Figure 7.8: The mean canonical score of the first seven of the 25 discriminant functions against each 
of the classes.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 7.4: Association of climatic variables with the first 7 discriminant functions.  (Whilst 25 roots 
are created in the discriminant function analysis, the interpretation of each of these in relation to the 
climate variables becomes increasingly difficult as the power of the root declines.  Hence only the 
first 7 were examined for the analysis.) 

Discriminant 
Functions 

Positive canonical scores (>0.2) Negative canonical scores (<-0.2) 

1 Rainfall, HER, Spring rain total Mean & min T, sun, GDD, GSL, Abs min, 
Max T 

2 Winter Mean T, Min T, GSL, Abs Min  
3  Nov, Dec, Jan mean T & min T, GSL, Apl 

sunshine 
4 Rainfall, HER (except May & Jun), 

Spring Rainfall 
May-Aug Mean T, Jun-Aug Min T, PET, June 
HER, Jun-Aug Sun, GDD, Max T 

5 Jun, Jly Mean T, Apl rain, Nov, Dec sun, 
Max T 

Wind speed 

6 March-Sep Mean T, June HER, Nov, Dec, 
Jan Sun, Max T, GDD 

Jan, Mch, Sep-Dec rain, Feb, Sep-Dec HER, 
Wind, Mch Sunshine 

7 May, Aug-Oct Min T, Jan-Jun, Sep-Oct 
PET, Jan, Feb, Jun, Aug-Nov Wind, Feb, 
May Sunshine 

May HER 
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7.3 Land cover changes 
 
Figure 7.9 shows the Land Cover Map 2000 percentage coverage, the presence and absence using a 
5% cutoff and the modelled presence and absence for montane habitats across the case study area.  
The habitat type is widespread across the area and the model prediction of its suitable climate space 
shows a moderate agreement with its location across Scotland as a whole and moderate to good across 
the case study area.  Under the future change scenarios, there is a slight redistribution of the habitat 
within the study areas under the 2020s scenarios (Figure 7.10) and a slight loss in the south and east 
of the area.  By the 2050s low scenario further habitat area is lost in the south.  But, the greatest 
change is under the 2050s High scenario when all but 14 of the 72 squares lose the climate space 
suitable for this land cover type.  The remaining squares are around the Grey Corries and Creag 
Meagaidh. 
 
Several other land cover types show significant change between the baseline and the 2050s High 
emissions scenarios.  Figure 7.11a shows the modelled baseline presence/absence of dwarf shrub land 
cover.  The match between the modelled and Land Cover Map data is moderate for this class in 
Scotland and the land cover occurs in around 1/3rd of the study area, largely in the east.  By the 2050s 
High emissions scenario there is no suitable climate space identified for this land cover type within 
the study area. 
 
In contrast, neutral grassland occurs in few squares within the study area under the modelled baseline 
climate, but by the 2050s, there are large areas of the region that have a climate suitable for this land 
cover type (Figure 7.11b).  The areas identified are those lower altitude squares that represent the 
valleys running through the Creag Meagaidh region around Glen Spean, Glen More and Loch 
Rannoch.  However the results of the neutral grassland model should be treated with caution as its 
predictive power is low (see Chapter 3.4). 
 
7.4 Caledonian pine woodland 
 
The area of native woodland in the Scottish Highlands is 210,754 hectares, composed of equal 
proportions of native and planted native woodland, with Betula spp. being the most common in the 
latter, followed by P. sylvestris, then Quercus spp. (MacKenzie and Callender, 1995). A review of the 
state of P. sylvestris woods between 1975 and 1994 suggests that their decline has been halted, but 
that there has been little of the desired improvement in their extent and condition (Callender, 1994).  
 
The Biodiversity Action Plan (Biodiversity: UK Steering Group Report, 1995) for native pine 
woodlands aims: 

• to maintain the current “core areas” of pinewoods and improve their condition; 
• to expand their area by 5600 ha by 2005 predominantly through natural regeneration; 
• to create conditions for a further 5600 ha to be naturally regenerated over the next 20 years; 
• to establish 25,000 ha of new native pinewoods on suitable sites within the natural range of 

pinewoods. 
 
This, however, needs to take the potential impacts of climate change into account, especially when 
thinking about the future range of the species.  This is discussed in Section 7.4.2.1. 
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Figure 7.9: Land Cover Map 2000 percentage coverage, the presence and absence using a 5% 
presence cutoff and the modelled presence and absence for montane habitats. 
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Figure 7.10: Montane habitat under the UKCIP02 climate change scenarios. 
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Figure 7.11: The baseline and future modelled presence/absence of (a) dwarf shrub, and (b) neutral 
grassland. 
 
(a) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

(b) 
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7.4.1 Species modelling 
 
In the Caledonian pine woodland, none of the species were chosen for their sensitivity, but Formica 
lugubris was selected as a rare species. The SPECIES model trained well at the European scale for the 
Caledonian pine woodland species, with the independent AUC statistic greater than 0.9 for all species, 
indicating very good discrimination ability (Table 4.3).  The plants have a maximum Kappa statistic 
greater than 0.85, indicating excellent agreement between observed distribution and simulated climate 
space, and for F. lugubris it is just above 0.7, indicating very good agreement. The lower agreement 
for this species is because in Europe it is found in montane (Alps, Pyrenees, Carpathians) and 
northern parts of Europe (Figure 7.12) and while the model picked up the general pattern, it tends to 
over-predict occurrences (false positives). The simulated climate space also includes the coast of 
northern Spain and France, suggesting that moisture may be a factor in its distribution. 
 
Figure 7.12: The European observed distribution (a) and, simulated climate space (b) for Formica 
lugubris.  
 
(a) (b) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
In the downscaled modelling, the model continues to show very good discrimination ability for Pinus 
sylvestris showing that by the 2050s its distribution in the area may hardly alter in response to climatic 
change (Table 3.5).   However, the AUC for the other three species is lower. This may partly be due 
to the presence of broad-leaved woodland in most grid squares, thus making it difficult for the model 
to discriminate on the basis of land cover; climate suitability being widespread for the two trees 
(Figures 7.13 and 7.14). For F. lugubris it is more a function of its low prevalence and very scattered 
observed distribution (Figure 7.15). The model outputs show that there is little change in the future 
suitable space, although for Q. petraea there is a loss of climate space in East Anglia, but some of this 
loss is masked in the downscaled model results by the land cover (Figure 7.16). 
 
Nevertheless, unlike many of the species in other habitats, there is a poorer match between the 
simulated current suitability surface and the observed distribution when land cover is included. In the 
case of Betula pendula, which is found almost throughout Britain, there is little change and some 
Highland areas are simulated as unsuitable. For Q. petraea, the addition of land cover restricts the 
climate suitability surface, such that areas where it does occur in southern England and northern 
Scotland are simulated as unsuitable. In the case of the latter area, it could partly be a function of 
slightly lower climate suitability (Figure 7.13). The suitability surface for F. lugubris is still far too 
widespread compared with its actual distribution (Figure 7.15). 
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Figure 7.13: Model outputs for Quercus petraea: (a) climate suitability surface from the European-
trained network, (b) observed 10km distribution, (c) climate and land cover suitability surface from 
the downscaled model, and (d) presence/absence surface from the downscaled model. 
 
(a) (b) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(c) (d)



MONARCH 2 Final Report – Chapter 7 
___________________________________________________________________________ 

 

165

Figure 7.14: Model outputs for Betula pendula: (a) climate suitability surface from the European-
trained network, (b) observed 10km distribution, (c) climate and land cover suitability surface from 
the downscaled model, and (d) presence/absence surface from the downscaled model. 
 
(a) (b)  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(c) (d) 
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Figure 7.15: A comparison of the observed distribution with current simulated climate suitability 
surface and simulated climate and land cover suitability surface for Formica lugubris. 
 

   
Observed distribution Current simulated climate 

suitability surface 
Current simulated climate and land 
cover suitability surface 

 
 
Figure 7.16: Presence/absence suitability surfaces for Quercus petraea: (a) climate suitability surface 
for 2050s High, (b) climate and land cover suitability surface for current climate, and (c) climate and 
land cover suitability surface for 2050s High. 
 
(a)         (b)                (c) 
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The 1-km distributions for the trees were derived from the 5-km distributions supplied by Scottish 
Natural Heritage and it was assumed that the species were present in every 1-km grid square of each 
5-km square with “presence”, and, which was not completely covered by water. This will give an 
over-estimate of the presence of the tree species, especially native Pinus sylvestris. F. lugubris is 
recorded as present in two 10-km squares, one of which lies at the southern edge of Black Wood of 
Rannoch. Scottish Natural Heritage suggested that the 1-km square closest to the centre of this 10-km 
square was used, together with the 12 (1km) squares in the other 10km square where broad-leaved 
woodland occurred, to provide the 1km distribution. The trees show a very limited dispersal, due to 
their longer time to reproductive maturity, than herbaceous plants. The dispersal model shows a 
slightly wider potential area for colonisation for B. pendula than for the other trees, because of the 
shorter time to reproductive maturity and longer dispersal distance (Figure 7.17).  
 
F. lugubris, however, shows considerable potential for dispersal in future in this area (Figure 7.18), 
although it must be remembered that its precise current distribution is unknown. Also a study in 
southern Finland found that the monogynous  (colonies only have one queen and inhabit one nest) F. 
lugubris was more common in young forests and in small old-forest fragments, while polygynous F. 
aquilonia was more common in old forests and in larger old-forest fragments (Punttila, 1996). 
Competition, therefore, allied to the structure of the landscape, may be a factor affecting the future 
abundance of F. lugubris. 
 
In MONARCH 1, another species associated with pine woodland, twinflower (Linnaea borealis), was 
modelled, using the UKCIP98 scenarios. In Scotland, suitable climate space all but disappeared in the 
Southern Uplands by the 2050s High, when it is also very much more restricted to the higher 
elevations in the north-west Highlands and Grampians (Berry et al., 2001). Similar modelling work, 
also using the UKCIP98 scenarios showed that other important pine woodland species: dwarf birch 
(Betula nana), creeping lady’s-tresses (Goodyera repens), one-flowered wintergreen (Moneses 
uniflora), and Scottish crossbill (Loxia scotica) lose suitable climate space dramatically, while pine 
marten (Martes martes) and red squirrel (Sciurus vulgaris) showed little change (Ogawa, 2002).  
 
The results for the Caledonian pine forest suggest that climate change will only have a minor impact 
in the next 50 years or so. The dominant species modelled are predicted to remain within the 
community, although if Q. petraea is able to establish itself, then it could have significant 
implications for Caledonian pine forest relict species. Other modelling work suggests that some of the 
associated ground flora species could lose suitable climate space in the future, although not 
necessarily in this case study area (Ogawa, 2002). 
 
Another issue that has become apparent is the possible sensitivity of the modelling results to the use 
of different scenarios. For example, suitable climate space was predicted as becoming available for P. 
montanus in the Central Highlands under the UKCIP98 climate change scenarios and thus the species 
was selected as a possible recruit to Caledonian pine woodland. Under the UKCIP02 scenarios the 
climate space does not quite reach this area, due to the different patterns of temperature and 
precipitation change (Figure 7.19). 
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Figure 7.17: Betula pendula dispersal model outputs. 
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Figure 7.18: Formica lugubris dispersal model outputs. 
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Figure 7.19: Suitable climate space for Parus montanus: (a) 2020s Low, (b) 2020s High, (c) 2050s 
Low, and (d) 2050s High. 
 
(a) (b) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(c) (d) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
7.4.2. Implications for the composition of species communities 
 
Caledonian pine forest is represented in this case study area, by the Black Wood of Rannoch, in the 
southeastern section. This wood contains both Pinus sylvestris and Betula species (Betula pendula is 
modelled in this study) as dominants, and has a ground flora, dominated by ericoid sub-shrubs 
including Vaccinium myrtillus, Vaccinium vitis-idaea and Calluna vulgaris (Table 7.5). The ground 
flora is also moss dominated, bracken dominated or grass dominated in places.  
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Table 7.5: Summary of the dispersal model results. 

Species Category Predicted space change 
Pinus sylvestris Scots pine Dominant  No change 
Betula pendula silver birch Dominant  No change 
Calluna vulgaris ling Dominant No change 
Vaccinium myrtillus bilberry Dominant No change 
Vaccinium vitis-idaea cowberry Dominant No change 
Formica lugubris hairy wood ant Flagship Increase 
Quercus petraea sessile oak Recruitment No change 
Parus montanus willow tit Recruitment Absent 

 
 
7.4.2.1 Climate change and the pinewood species 
 
7.4.2.1.1 Quercus petraea  
Quercus (oak) is present in the vicinity of the Black Wood of Rannoch, but not yet in the actual 
pinewoods themselves (Steven and Carlisle, 1959). However, the dispersal model indicates that 
Quercus petraea will continue to encounter suitable climate space in this area, but that expansion of 
range is likely to be slow (as shown in Figure 7.16). If Q. petraea arrives in the habitat, it is probable 
that some of the associated species will also enter the community, including fungi, mycorrhizae, 
mosses, lichens and invertebrates, The exact nature of this Q. petraea associated community will be 
dependent on numerous factors including local climate, soil type, and proximity to ponds and streams 
as well as tree age. Young trees, such as those which may establish at the Black Wood of Rannoch, 
will support a smaller number of associated species, as much of the structural diversity, and therefore 
niches, will not have had time to develop. 
 
However, whether Q. petraea will establish from near-by stands will be dependent on whether it is 
able to regenerate in the pine wood community. In contrast to P. sylvestris and Betula, Q. petraea is 
able to tolerate both high levels of shading (roughly to the same extent as V. myrtillus) and better able 
to compete with the ground flora, allowing it to establish in closed vegetation (Jones, 1959). For 
example, seedlings of Q. petraea are sometimes able to grow and persist surrounded by P. aquilinum, 
but again smothering by dead fronds in the autumn is a problem (Jones, 1959). Grazing has been 
identified as a major factor limiting the regeneration of native pinewoods in Scotland (Palmer and 
Truscott, 2003a). In the Black Wood of Rannoch densities of deer have been estimated to be about 15 
km-2 (Baines et al., 1994) and this is too high for successful regeneration of P. sylvestris to occur 
(Palmer and Truscott, 2003b). However, for Q. petraea, where the sub-shrub canopy is vigorous, 
seedlings often have yellow leaves and do not increase in height, although they are still able to persist 
under such conditions (Jones, 1959). In addition, grazing may affect the survival and growth of 
seedlings and saplings, especially as browsing of the tip may remove all foliage, as this is usually 
present as a single whorl at the top of the stem. Furthermore, a study of five Atlantic oakwoods, found 
that Q. petraea suffered the worst effects of browsing when compared to Betula, Corylus avellana 
(hazel), and Sorbus aucuparia (rowan) (Palmer et al., 2004). Therefore, it seems as if Q. petraea may 
have difficulty in regenerating within the pine woodland. Furthermore, even if it does enter the 
community it will, over the time scale of interest in this study, remain a relatively small tree, devoid 
of a large proportion of its associated flora and fauna.  
 
7.4.2.1.2 Formica lugubris  
The dispersal model predicts that F. lugubris, will gain rather than lose suitable climate space, within 
the Black Wood of Rannoch and its vicinity (Table 7.5). Wood-ants can have far-reaching effects on 
the pinewood community in general, through selective foraging, competition, as a food source and 
through the creation of habitats. It has been suggested that wood-ants, including F. lugubris act as 
keystone species (Fowler and Macgarvin, 1985), and therefore on the basis of the Arriver model, 
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colonisation by F. lugubris into new areas, may have large implications for the structure of the species 
community (as shown in Figure 7.20).  
 
However, Formica aquilonia, is also present in the Black Wood of Rannoch (Edwards and Telfar, 
2001). Therefore, invasion of F. lugubris into areas already occupied by this second wood ant species 
which is of the same functional type is likely to have little effect on the species composition and 
structure of the community (Figure 7.20).  
 
 
Figure 7.20: A possible outcome on the composition of the species community of the colonisation of 
Formica lugubris, based on Fowler and Macgarvin’s (1985) suggestion that this species is a keystone 
species. 
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 7.5 Montane/upland heath 
 
Upland heath is a BAP priority habitat and is also listed under the EU Habitats Directive. It often 
grades into montane heath, and so while two of the plants chosen (Vaccinium myrtillus and Calluna 
vulgaris) can be considered dominants in the former, they could form recruitment species in the latter 
habitat, while V. vitis-idaea is found widely in all heathland types within its geographical areas.  
Montane heath is found on the higher parts of mountains, along with grassland and Carex bigelowii is 
a typical component species. It is currently affected by grazing, atmospheric pollution and fires, but 
under climate change its composition and diversity could be affected by species dispersing to higher 
latitudes.  
 
7.5.1 Species modelling 
 
The SPECIES model trained well at the European scale for the upland heath and montane species, 
with the independent AUC statistic greater than 0.9 for all species, indicating very good 
discrimination ability (Table 3.3).  C. vulgaris, V. myrtillus and V. vitis-idaea are widespread in 
Europe and have a maximum Kappa statistic greater than 0.85, indicating excellent agreement 
between observed distributions and simulated climate space, C. bigelowii and Lagopus mutus 
(ptarmigan) have very good agreement (e.g. C. bigelowii has a 0.7 threshold). In the case of C. 
bigelowii, the simulated climate space is too wide in Scandinavia, Britain and Ireland, and the Alps 
are also simulated as having suitable climate space (Figure 7.21). 
 
The downscaled SPECIES modelling results are particularly good for all the plant species (Table 3.5), 
with the AUC statistic dropping below 0.9 only for C. vulgaris and this is due to an over-restriction of 
suitable space in southern England, compared with its observed distribution (Figure 7.22). The Best 
Available Match for L. mutus is high at 98.7% (Table 3.4), but as it has the most restricted range of 
any bird species considered in this study, being a strictly montane species restricted in Europe to the 
high Arctic, the Alps and Pyrenees and the Scottish highlands, it is not surprising that networks on 
neither a European or British scale prove entirely successful in reproducing this (Figure 7.23).  The 
addition of land cover does improve the simulated suitability surface for all the plants when compared 
with the actual distribution by restricting it in lowland England, although, as noted above, this is too 
severe for C. vulgaris (Figure 7.24). The climate change scenarios showed that both V. myrtillus and 
V. vitis-idaea could lose suitable climate space; the former in East Anglia and the latter in parts of 
southern and central England. The results from the downscaled SPECIES model does not pick up all 
of this loss, thus giving a wider suitability surface than would be suggested by climate alone. 
 
Figure 7.21: The European observed distribution (a) and simulated climate space (b) for Carex 
bigelowii. 
 
(a) (b) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 MONARCH 2 Report – Chapter 7 
___________________________________________________________________________ 
 

 

174 

 
Figure 7.22: Model outputs for Calluna vulgaris: (a) climate suitability surface from the European-
trained network, (b) observed 10km distribution, (c) climate and land cover suitability surface from 
the downscaled model, and  (d) presence/absence surface from the downscaled model. 
 
(a) (b) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(c) (d)  
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Figure 7.23: The European observed distribution (a) and simulated climate space (b) for Lagopus 
mutus. 
 
(a) (b) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 7.24: A comparison of the observed distribution with current simulated climate suitability 
surface and simulated climate and land cover suitability surface for Calluna vulgaris. 
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The fact that none of the species selected showed major changes in terms of availability of suitable 
space in the case study area could be a consequence of several factors. Firstly, they may not be 
sufficiently sensitive to the climate changes predicted for the area, this is particularly likely to be the 
case for species with a wide distribution, such as C. vulgaris and V. myrtillus. Nevertheless, they were 
important choices as it is essential to ensure that habitat dominants are not going to be directly 
adversely affected and potential changes in their abundance. Secondly, little change could be a result 
of not using land cover change scenarios in the downscaled SPECIES model, which would have fed 
through to the dispersal model. This was shown to have an influence in the case of C. bigelowii 
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(Figure 7.25) and could have been important for L. mutus, which is particularly associated with the 
montane habitat. 
 
Figure 7.25: A comparison of the suitability surfaces for Carex bigelowii, with and without land 
cover change. 
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2020s High scenario 2020s High scenario 
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The 1-km distributions of all the plants were derived from the 5-km distribution with all 1-km squares 
in a 5-km square recording a presence also deemed to contain the species, except the 1-km squares 
exclusively covered with water. In the case of C. bigelowii, squares of a mean altitude lower than 
600m also were excluded. Most of the case study area is predicted as suitable for C. bigelowii, so this 
altitudinal restriction on current distribution leads to most lower altitudes being colonized under the 
future scenarios (Figure 7.26). This then is an artefact of the method used to derive the current 
distribution, if the 600m restriction is applied then there is little change in its distribution, although 
Beinn Eilde is progressively colonised under the dispersal model (Figure 7.27). 
 
C. vulgaris and V. myrtillus occur throughout the case study area but the higher parts are simulated as 
unsuitable both now and in future and so there is no change when the dispersal model is run (Figure 
7.28). V. vitis-idaea occurs and also has suitable space throughout the case study area, but under the 
2050s High scenario it starts to be lost from some squares in the southern part of the area (Figure 
7.29). Although the dispersal model results do not indicate any changes in the distribution in the 
species within montane areas of the case study area, it is suggested that in all areas there will be a 
reduction in late-snowbed vegetation. 
 
The modelling work has shown that none of the upland heath or montane species investigated are 
likely to lose suitable space in this area, but the impacts of climate change allied to other 
environmental factors, such as nitrogen deposition, mean that their inter-relationships may well 
change and this will be explored in Section 7.5.2. 
 
Some data limitations have been identified in that 1-km distributions were not available and thus 
surrogates had to be developed, based on presence in all the 1-km squares not covered by water of the 
10-km distribution in the case of C. vulgaris, V. myrtillus and V. vitis-idaea or by the imposition of an 
artificial altitudinal limit in the case of C. bigelowii. The former led to a discrepancy between the 
supposed distribution and the simulated distribution, with a number of the squares at higher altitudes 
being predicted as unsuitable by the downscaled SPECIES model. The latter resulted in dispersal 
below the artificially imposed cut off altitude. In any future fine-scale modelling work distributional 
data at an appropriate resolution is a key requirement. 
 
7.5.2 Implications for the composition of species communities 
 
7.5.2.1 Upland heath  
 
The dispersal model does not predict any change in the distribution of the upland heath species, C. 
vulgaris and V. myrtillus, and the generally more arctic alpine species V. vitis-idaea. No obvious 
visual change in upland heath would therefore be expected before the 2050s. However, the model is 
solely predicting the presence or absence of a species in each particular kilometre square and does not 
give any indication of abundance. In addition, many different communities may be represented in a 
single square of the model, especially in the Central Highlands where substantial changes in altitude 
and hence climatic conditions and probably plant abundances will occur over the area of a single 
square.  
 
The SSSIs within the study area, support a number of heaths ranging from dry heaths containing C. 
vulgaris and bell heather (Erica cinerea) as the dominant species through to wet heaths, where C. 
vulgaris, cross-leaved heath (Erica tetralix) and purple moor grass (Molinia caerulea) may all be 
abundant. Therefore, any changes in the soil moisture regime due to climate change may result in 
shifts in these species. Future climate scenarios predict a slight decrease in summer precipitation of up 
to 20% by the 2050s, although winter rainfall is expected to be similar to the present day (Hulme et 
al., 2002). In addition, it is predicted that summer cloud cover will be reduced and with wind speeds 
remaining similar, plants may suffer from increased rates of evapo-transpiration, during the summer 
months. 
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Figure 7.26: Carex bigelowii dispersal outputs, without an elevation mask. 
 

 

 

Observed 1km distribution  

  
2020s Low scenario 2020s High scenario 

  
2050s Low scenario 2050s High scenario 
 



 MONARCH 2 Report – Chapter 7 
___________________________________________________________________________ 
 

 

180 

Figure 7.27: Carex bigelowii dispersal outputs, with an elevation mask. 
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Figure 7.28:  Calluna vulgaris dispersal model outputs.  
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Figure 7.29:  Vaccinium vitis-idaea dispersal model outputs.  
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Studies on the flora and fauna of heathlands have suggested that a gradient in soil moisture is 
important in determining species assemblages. However the species assemblage of wet heaths 
contains many species not present on drier heaths, such as E. tetralix, the ground beetles Agonum 
ericeti and Carabus nitens and the spiders Pirata piraticus, Antistea elegans and Silometopus elegans, 
together with species present on less wet sites (Usher, 1992). This suggests that drying out of a site 
will lead to a net loss, of at least the invertebrates such as spiders and ground beetles, although some 
species less suited to the wetter conditions may become more abundant. 
 
7.5.2.2 Montane heath 
 
The species modelled as representatives of montane habitats are: Carex bigelowii, Vaccinium 
myrtillus, Vaccinium vitis-idaea, Calluna vulgaris and Lagopus mutus. However, as with the upland 
heath, very little change in distribution of these species is predicted to occur under the future climate 
scenarios, although there may be changes in abundance of these species. 
 
Predictions of climate change suggest that the case study area will become slightly warmer by about 1 
to 2.5ºC by the 2050s, and that additionally summers will become marginally drier (maximum of 20% 
drier under the 2050s High scenario). The amount of rain falling as snow may also decrease, but wind 
speeds are not expected to change (Hulme et al., 2002). 
 
As a result, the bioclimate in the montane areas, is, for the most part, predicted to shift towards one 
more similar to that of upland areas, rather than of mountain tops today (Section 7.2.2). However the 
bioclimatic classification for the case study area also suggests that some areas located on high 
summits will continue to experience extreme conditions, similar to those described in Box 7.A. 
 
Box 7.A: Current environmental conditions in montane habitats in the Central Highlands case study 
area. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Therefore, changes in the topography, slope and microclimate can all have critical effects on the 
composition of the plant community, and as a result of these features, large gradients in key 
environmental factors can occur over fairly short spatial scales, and these can sometimes produce 
vegetation mosaics. The picture is further complicated where disruptions or variations have occurred. 
These may include a year with a shorter or longer snow-lie than usual, and although such disruptions 
often happen (Rodwell et al., 1992), climate change may increase their frequency still further. 
 

Extreme conditions: 
 
• Steep temperature lapse rates lead to low temperatures on the summits reducing growing 

season length and physiological activity of organisms. 
 
• High cloud cover reduces ground temperature through reduction in insulation. 
 
• Exposed areas are subject to severe frosts. In such areas only hardy plants can survive. 
 
• Snow insulates plants from extreme temperature fluctuations, but where it is slow to melt it 

reduces growing season length. 
 
• Winter drought conditions occur as water is frozen (snow and ice). 
 
• Strong winds 1) redistribute snow and 2) increase evapo-transpiration and 3) cause 

mechanical damage to plants in exposed areas. 
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Carex bigelowii  
 
The predicted distribution of C. bigelowii fails to give an indication of possible changes in community 
composition within the montane grass and moss heath communities of the case study area. This 
species appears to be able to tolerate the full range of conditions experienced by montane siliceous 
grassland communities today. It is present in communities typical of exposed situations such as the 
Juncus trifidus – Racomitrium lanuginosum rush heath (U9), although in the harshest of such 
communities, characterised by open areas of shifting gravel (Ingram, 1958) it may only occur as a 
casual component that has dispersed from other communities. It is also a constant species in the 
Nardus stricta – Carex bigelowii grass-heaths (U10), which often surround snowbeds, and in the 
Carex bigelowii – Polytrichum alpinum sedge heath (U11), characteristic of late snowbeds with about 
five months of snow-lie, which finally melt in June. C. bigelowii, may also be present in the very late 
snowbeds which support the Salix herbacea-Racomitrium heterostichum (U12) and Polytrichum 
sexangulare-Kiaeria starkei (U11) communities, albeit at a reduced density and frequency (Rodwell 
et al., 1992 ). Thus whilst there are substantial changes in the associated species with environmental 
gradients, C. bigelowii maintains its presence, and, therefore, changes in community composition as a 
result of climate change are not adequately portrayed. Although changes in the relative abundance of 
C. bigelowii may occur over this gradient, these are not picked up by the dispersal model, which 
solely predicts future distributions on a presence or absence basis. 
 
Although C. bigelowii is tolerant of a wide range of exposures, soil moisture conditions, snow-lie and 
moderate levels of disturbance such as frost heave, changes in tiller production and growth can be 
influenced by shelter and temperature (Brooker et al., 2001). Increases in air temperature, such as 
those predicted for the case study area, have been shown to increase flowering in northern Sweden 
(Brooker et al., 2001). Flower initiation occurs in the summer prior to flowering and is strongly 
positively influenced by temperature. Once a tiller has flowered, apical dominance is removed due to 
the death of the main apical meristem, and this leads to the development of a series of fresh tillers 
from the main tiller (Brooker et al., 2001). In the year after a warm growing season, many tillers will 
flower and this will increase the density of tillers within a clone and increase the relative contribution 
of this species to the community.  However, it is unclear, whether C. bigelowii flowering in the case 
study area is indeed temperature limited.   
 
Vaccinium myrtillus  
 
V. myrtillus is present within the siliceous alpine and boreal grasslands under discussion in this 
section but is never dominant. It attains dominance at slightly lower altitudes where conditions are 
somewhat less extreme. V. myrtillus is limited by exposure on the one hand (Burges, 1951)  and the 
shortness of the growing season on the other hand (Rodwell et al., 1992). In areas of high exposure 
and gales such as those found in the present day Carex-Racomitrium heath, it is often dependent on 
shelter provided by boulders, other plants, and moss clumps (Burges, 1951).   
 
V. myrtillus is entirely absent from the very late snowbed vegetation and occurs only infrequently in 
the snowbeds which melt slightly earlier (i.e. the Carex-Polytrichum sedge-heath). It is limited in 
vigour due to the extreme shortness of the growing season mediated through the long cover of snow, 
and the high moisture content of the soils in the summer as a result of impeded drainage and the 
occurrence of summer melt water (Rodwell et al., 1992).  
 
On the summits of some mountains in the case study area, the conditions are expected to remain 
similarly harsh, although a lengthening of the growing season is predicted and this may be favourable 
to this species. In addition, it is possible that there may be a reduction in the quantity of snow and the 
duration for which it is present, which will also lead to a lengthening of the growing season so that 
these areas may become favourable for Vaccinium growth. 
 
Other areas currently supporting montane communities within the case study area are predicted to 
become less extreme, mirroring conditions presently associated with the uplands as opposed to the 
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mountain tops. Under such conditions, especially in the more sheltered areas, favoured by V. 
myrtillus, it is possible that communities similar to those present at lower altitudes, may find suitable 
space, and that a general shift of communities to higher elevations will take place. 
 
Calluna vulgaris  
 
C. vulgaris dominated communities can often occur in mosaics with Vaccinium dominated ones, 
below the siliceous boreal and alpine grasslands, although they are sometimes characteristic of 
slightly lower altitudes. C. vulgaris can withstand higher levels of exposure than V. myrtillus and 
Empetrum hermaphroditum (but still less so than R. lanuginosum). However, it is probably the length 
of snow-lie that determines whether Calluna or Vaccinium is dominant (Metcalfe, 1950). The 
evergreen C. vulgaris is much less tolerant of prolonged snow-lie than V. myrtillus. Thus, with a 
decrease in the duration of snow-lie overall, there may be a shift in dominance in favour of C. 
vulgaris.  
 
In addition, with the improving climatic conditions in at least some montane areas in this case study 
area, C. vulgaris may be able to penetrate further up towards the summits, with the change from C. 
vulgaris dominance to either Vaccinium or R. lanuginosum dominance occurring at progressively 
higher altitudes. Its ability to withstand the increased wind speeds present at greater altitudes, may 
mean that this species responds to climate change more favourably than V. myrtillus. However, C. 
vulgaris is vulnerable to damage from both frosts and winter drought (Gimingham, 1960) and it is 
these factors that may limit its upward expansion. Summer drought on exposed sites may also occur 
and in C. vulgaris this accelerates bud break in the following spring (Gordon et al., 1999), which may 
make the plant more susceptible to dieback. 
 
Lagopus mutus  
 
Although this bird is exclusive to the montane zone, being most abundant at approximately 900 to 
1150m, it is extremely sparse in areas dominated by grassy or mossy vegetation (Watson, 1965), such 
as those under discussion here. Observations have suggested that L. mutus prefers areas of stunted 
heath containing a high abundance of either Vaccinium or Empetrum (Watson, 1965). These areas, in 
contrast to the grassy or mossy heaths, contain high proportions of its main food plants, V. myrtillus, 
crowberry (Empetrum nigrum) and C. vulgaris. Young chicks also eat invertebrates and other plant 
species are eaten in small quantities (Watson et al., 1998). Hence, if with climate change, the cover of 
these ericoid shrubs increases at the expense of grasses, mosses and sedges, this will clearly be 
beneficial to L. mutus. 
 
7.6 Discussion and conclusions 
 
The bioclimatic classification has shown that the case study area is characterised by upland and high 
mountain climates under the Baseline98 classification. There appear to be significant differences 
between the UKCIP98 and 02 baseline data in this area, which results in a number of the Baseline02 
squares no longer fitting into the Baseline98 classification.  The difference seems to be partly due to 
the differences in the wind speed data between the baseline datasets.   
 
The distance of some of the squares in the Baseline02 classification from the Baseline98 classes is a 
reflection of the increased detail that the higher resolution baseline data provides.  For areas of great 
variation in topography, such as the Central Highlands study area, the 10-km UKCIP98 dataset 
smoothes over these disparities.  Hence whilst the 10-km bioclimatic classification is sufficient at a 
national scale to distinguish this mountainous region from other lower lying areas of the country it 
cannot provide the detail necessary to identify the wide range of climatic conditions experienced.  The 
greater extremes of climate detailed at the 5-km resolution mean that even within the baseline data 
there are some squares that lie beyond the “experience” of the Baseline98 classification, so that it does 
not provide an accurate pattern of bioclimate across all parts of the study region.  It is therefore 
difficult to say how sensitive parts of this region are to the climate change scenarios.  However, for 
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those squares that are within the Baseline 98 classification, both the 2050s Low and High scenarios 
result in a significant shift in pattern of climate across the region, so that more squares are associated 
with upland instead of montane conditions.  This is mirrored by the land cover change scenarios, 
which show a significant decrease in suitable climate space for the montane habitat under the 2050s 
High scenario and the dwarf shrub land cover (from LCM2000) loses all suitable climate space in the 
study area under this scenario.  In contrast, neutral grassland shows a large increase in suitable area.  
 
The species and dispersal modelling for the Caledonian pine woodland concluded that: 
 
• The European trained SPECIES model performed very well, although the patchy, upland 

distribution of F. lugubris led to a lower agreement statistic. 
• The downscaled SPECIES model performed slightly less well, due to many of the species being 

associated with broad-leaved woodland, which is found in most squares. This meant that the 
addition of land cover did not always improve the match between simulated and actual 
distribution. It also tended to mask the responses to climate change. 

• The trees showed limited dispersal, although B. pendula was able to disperse further due its 
shorter time to reproductive maturity. F. lugubris also showed considerable dispersal potential. 

• The differences between the UKCIP98 and 02 scenarios were highlighted for P. montanus, whose 
suitable climate space extended into the case study area under the UKCIP98 scenarios, but did not 
under the UKCIP02 scenarios. 

 
The implications for the species communities within the Caledonian pine woodland concluded that:  
 
• The dominant species are expected to remain within the Black Wood of Rannoch. However 

climate and disturbance induced changes affecting the canopy and ground-flora will have 
feedbacks that may alter the composition and structure of the species community. 

 
The species and dispersal modelling for the upland and montane heath concluded that: 
 
• The SPECIES model applied at the European scale led to a good match between the actual and 

simulated distribution for all species. 
• The downscaled SPECIES modelling also produced good results, as the addition of land cover 

restricted the upland heath species’ simulated suitable space in lowland England, although it was 
too restrictive for C vulgaris. For V. vitis-idaea in particular, it masked some of the response to 
the climate change scenarios. 

• The lack of apparent response of species may be a function and/or the method of deriving the 
finer scale resolution data. 

 
The implications for the species communities for the upland heath concluded that: 
 
• There is little change predicted for the upland heath species communities as the dispersal model 

does not predict any change in the distribution of their dominant and characterisitic species (V. 
myrtillus and C. vulgaris and V. vitis-idaea). 

• However the resolution of the modelling and the small number of species modelled means that 
more subtle change within the community has not been picked up. 

 
The implications for the species communities for montane heath concluded that: 
 
• As none of the species modelled was predicted to arrive into or leave the montane community, 

this test area does not provide a good test for the model describing implications for the species 
communities developed. 

• However, as communities form mosaics and as large ranges in altitude and thus environmental 
conditions will occur within 1-km squares, the scale of the modelling, is too coarse to pick up 
these fine scale changes in community composition.  
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• In addition, the species modelled currently grow in a wide range of communities, and this also 
makes the task of discerning changes more difficult. 

 
The Central Highlands case study area has highlighted the high degree of climate change from 
baseline as shown by the bioclimate classification and the difficulty of classifying the climate of the 
2050s High into the Baseline98 classification. This is also reflected in the high potential for loss in the 
montane and dwarf shrub land cover classes, but gain in neutral grassland. These changes are not 
reflected so clearly in the species modelling, partly as a function of few sensitive species confined to 
these habitats being chosen and also because land cover changes were not incorporated into the 
modelling process. Nevertheless, there are a number of potential direct and indirect effects of not just 
climate, but also changes in other environmental variables and management that may impact on the 
future of the species in the selected habitats. 
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