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Key Issues 

• Multiple drivers of change; 
Climate (not just temperature; precip/snow, extremes, 

wind) 

N-dep and [CO2] 

Grazing 

Fire 

• Landscape context and complexity; 

• Vulnerability vs resilience; 

• Factors conferring stability. 

 



What do we already 
know/understand? 
• Community and landscape ecology; 

 Fraser Darling (1947), Poore & McVean (1957) 

• Repeat surveying and experiments; 
Species losses (Sydes 2008)? 

Homogenization (Britton et al. 2009; 2017; Ross et al. 
2012) - “The reduction in specialist species, 
homogenization of alpine heaths and declines in forb 
and lichen cover all represent negative changes in the 
biodiversity value of Scottish moorlands” (Britton et al. 
2017) 



Ben Macdui from Beinn Mheadhoin (20 August 2009) 



Poore & McVean (1957) J Ecol 



Poore & McVean (1957) J Ecol 



Ciste Mhearad (20 August 2009) 



Stob Poite Coire Ardair (4 October 2009) 



Ingram (1958) J Ecol 



Climate 
•Temp 
• Precip/snow 
• Extremes 

Landscape 
• Heterogeneity 
• History 
• Geology 

Climate drivers are modulated by 
landscape factors 



Beinn Heasgarnich (15 August 2015) 



Beinn Heasgarnich (15 August 2015) 



Creag Meagaidh (7 October 2007) 



Creag Meagaidh (7 October 2007) 



Creag Meagaidh (7 October 2007) 



What do we already 
know/understand? 
• Repeat surveying and palaeo: 

Grace et al. (2002) “High resolution palynological analysis at 
the treeline in the Cairngorms of Scotland showed a similar 
sluggishness [cf the Alps] over the last 1000 years 
(McConnell, 1996), though photographic evidence over the 
last 20 years suggested that trees are carrying more foliage 
than previously (Fig. 5)” 

“The unresponsiveness of the tree line to environmental 
change in the Alps and in Scotland, compared with Sweden, 
may reflect an increasing intensity of human activities: 
grazing of livestock, fire and, more recently, the increase in 
deer populations due to the elimination of most of their 
natural predators” 

In an account of the lichens of the Ben Lawers-Meall nan 
Tarmachan (Gilbert et al. 1988) noted the “Importance of 
lichen flora (431 species are accepted as having been reliably 
recorded from high ground of which 118 are reported for the 
first time.” 



Grace et al. (2002) Annals of Botany 



A caution about repeat surveys! 

• “All local plant populations must become extinct at 
some stage, by predation or destruction, by chance 
demographic events, by habitat change or, 
ultimately, by geological change. Searching only for 
known populations will inevitably suggest the 
resource is declining, fuelling the argument for 
conservation but not reflecting the true threat to 
the species as long as new populations are 
becoming established elsewhere” (Sydes 2008) 



And a note about our biases  

• “The lichen flora is probably the most out-standing 
feature of the botany of Ben Lawers; this survey 
confirms the international importance of the area” 
(Gilbert et al. 1988) 

• What about endophytes and symbionts? 



So what about the future? 

• Multiple drivers of change; 
Climate (not just temperature; precip, extremes, snow, 

wind) (Trivedi et al. 2007, 2008; Crabtree & Ellis 2010) 
N-dep (Britton & Fisher 2007, 2008) 
Grazing (Britton et al. 2007, 2009, 2017; Miller et al. 

1999, 2010) 
Fire (Britton & Fisher 2007) 

• Landscape context and complexity (Trivedi et al. 
2008; Scherrer & Körner 2011) 

• Vulnerability vs resilience? 

• Factors conferring stability? 

 







Modelling warming effects ... 



‘Low’ = 1.7 °C 
‘High’ = 3.3 

Trivedi et al. (2008) Biol Conservation  



Racomitrium lanuginosum /  
Carex bigelowii – degraded –  
At Meall na Samhna SAC 
(Stirlingshire) 
 
Trivedi et al. (2008) suggest that 
this community ‘could lose 
suitable climate space’ 



Trivedi et al. (2008) GCB  



Trivedi et al. (2008) GCB  



But is there topographic ‘buffering’, and has this been overlooked? 



The potential role of topography 
and wind-speed ... 



Ben Lawers from Ben Chonzie (18 November 2006) 



Trivedi et al. (2007) AAAR  

Topography, aspect and 
snow redistribution 
(wind) play a role 
supplemental to 
temperature. 



Crabtree & Ellis (2010) JVS 
DOI:10.1111/j.l654-1103.2010.01184.x  
 
Species interaction and response to 
wind speed alter the impact of projected 
temperature change in a montane 
ecosystem 



Beinn Mheadhoin (20 August 2009) 



Herbivory, and interactions with 
N-dep ... 



Miller et al. (1999, 2010) – the role of grazing in maintaining arctic/alpine plant 
spp (e.g. Gentiana nivalis) 

• Grazing exclosures on Ben 
Lawers, 1987 to 1996 

• Festuca ovina-Alchemilla 
alpina-Silene acaulis dwarf-
herb community, CG12 
NVC 

• Sheep maintain the 
plagioclimax 

• Vegetation height  
competition 

• Disturbance/bare soil  
recruitment 

 



van der Wal et al. (2003) Ecology Letters 



Gordon et al. (1998) Ambio (http://www.jstor.org/stable/4314744) 



Conclusions 

• We’re doomed? 

• Smaller and increasingly isolated habitat 

• Is environmental heterogeneity sufficient to buffer 
populations against change? 

• Do we know enough about physiological tolerances? 

• Do we know enough about reproductive 
performance/success and dispersal? 

• Grazing management will be essential 

• What about symbionts? Other trophic/species 
interactions 
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• Montane habitats in Scotland are some of the least 
affected by direct human activity in the UK; 

• But grazing pressure is high (32% increase in sheep 
density between 1950-1990; doubling of red deer 
population between 1959-1989, allegedly!); 

• Large mammalian predators extinct; 

• Acidifying pollutant deposition is high (well in excess of 
critical loads); 

• The prognoses for doubling CO2:  200-960 m upwards 
shift in vegetation zones  93% reduction in arctic-
alpine habitat in Scotland (Scottish Biodiversity Forum 
2003); 

• Montane systems not included in the UKBAP ‘Priority 
Habitats’! 

• Aesthetics and cultural identity are important. 

The Scottish montane 



Exceedance of acidity and nutrient N using deposition data 

for 2002-04 (using 1km 5th percentile critical loads) 

Source: CEH and DEFRA; http://www.ceh.ac.uk/sections/er/Critical_loads.htm 





Source: SEPA 2006 



Implications of loss of willow? 
• Associated species (e.g. nesting birds, under-storey 

plant species)? 

• Changes in water balance (interception; transpiration; 
surface run-off; erosion; water chemistry)? 

• Links with grazers (top-down control by sheep and 
deer, or bottom-up control by plant chemistry?); 

• In Norway, migration of willow scrub up-slope is 
considered a threat to mid-alpine systems! 


