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A. Is Scotland’s climate really changing?

B. What impacts of climate 

change have already been 

observed on wildlife?

C. What does the future hold?



could be at risk from climate change

Rising temperature could mean

Salmon rivers may lose fish as temperatures rise

the impact climate change could have the climate crisis which could …



The basic 
problem CO2

CO2
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CO2  still 

accelerating



Over the past century human activities have increased 

atmospheric concentrations of greenhouse gases – CO2 is the 

most important. It has caused about 65% of the warming.





Where is greenhouse warmth going?

O                                              o
Boris Johnson holding an Argo float used for

ocean temperature and salinity measurement.
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Emperor Dragonfly (Anax imperator)

Dragonflies



The Big Trek Northwards:

Recent Changes in the 

European Dragonfly Fauna

JÜRGEN OTT, 2010

Dragonflies are one of the best 

groups to document the effects 

of climate change: they are 

mobile generalists, depend on 

aquatic habitats, their biology 

and ecology are well known, 

they are attractive animals and 

easy to identify, many are 

strong fliers, and finally their 

range expansion has been 

studied for a long time.



Four southern species of dragonfly showing range 

expansion into Scotland since 1995

A. mixta A. imperator

S. sanguineum O. cancellatum

● First recorded 

before 1995

● After 1995







Creag Fhiaclach, 

Cairngorms - the UK’s most 

famous natural treeline - a 

pine/juniper-scrub complex on a 

rocky, northwest-facing slope. It 

forms the best natural treeline in 

the whole of Britain.
Photo credit
J Grace

Treelines



Pine regeneration 

on Meall

a'Bhuachaille in 

the Cairngorms.

Climate change or 

reduced grazing 

pressure (red 

deer < 3.5/km2)?

Routledge



Effect of reducing 

red deer density 

on Scots pine 

seedlings in the 

Cairngorms.

Seedling growth 

increased once red deer 

numbers were 

maintained below 

3.5/km2. 



Living on the edge: Scots pine at the 

southern limits of its distribution in Europe
Pine and oak forest and limestone cliffs, Prades Mountains, Spain



Using the enhanced vegetation index (EVI) 

as obtained from satellite imagery to study 

productivity at 250m resolution.



Altitudinal 

gradients 
are among the most 

powerful ‘natural 

experiments’ for testing 

ecological responses to 

geophysical influences, 

such as air temperature.

Typically 6.5 oC per 1000m



.
Eastern Cairngorms 

altitudinal patterns of 

host abundance of 

tick-borne diseases. 
Gilbert, 2010

d Nymphs of Ixodes ricinus

ticks per blanket drag

(d)

.



“Reconstructions of 

summer water-temperatures, 

open-season water-temps, & 

ice-free period all show 

increasing trends over 

recent decades.”

LOCHNAGAR WATER-TEMPERATURES,CLIMATE AND WEATHER. Thompson et al. 2007

In N.L. Rose (ed.), Lochnagar: The 
Natural History of a Mountain Lake 

Developments in Paleoenvironmental
Research, 63–91. © 2007 Springer.

Montage of four digicam

photographs taken on 

6th, 18th, 22nd & 29th

March 2003 illustrate 

how snow cover in 

recent years has been 

rather ephemeral with 

rapid clearing of the 

catchment and  rapid 

demise of ice-cover.



Lochnagar gained Subularia aquatica in 2009 

becoming its highest altitude site in the UK

Shift in species range – an example of a warmth-

demanding species extending its altitudinal range?

30 years of aquatic macrophyte monitoring with the UK Upland Waters Monitoring Network

(Ewan Shilland & Don Monteith)
Lochnagar



Thresholds
Moaralmsee 12oC summer 

warming this century?



Moaralmsee

North face of the Alps



Moaralmsee

12oC 

summer 

warming this 

century?

Thompson et al., 2005

1922 m

2067 m

1825 m



Beaune, in the great Côte-d'Or wine region of Burgundy,
provides the world’s longest series of grape harvest covering 

the past 664 years.





The longest homogeneous series of grape harvest dates, Beaune 1354–2018

Labbé et al., Climate of the Past, 2019; 15 (4)

15 Sep -

Day of 

the year

28 Sep -

During the last 31-years harvests began 13 days earlier

From 1354 to 1987 grapes were on average picked from 28 Sept 





Mass digitisation 

of the Museum's 

80 million 

natural history 

specimens.

NHS is currently 

digitising one 

specimen every 

2.9 minutes



Trends towards 

earlier appearance 

averaged across all 

UK butterfly species.

Mean dates of almost 

47,000 flight periods 

shows a significant trend 

of 5 days / decade for 

both spring and summer 
butterflies.



Environmental Geoscience 

students (Tom Jilbert and Libby 

Eva) record the number of flowers 

on individually tagged stems as 

part of their final year project. 

Their work used flowering records, 

first begun in 1850 by James 

McNab.

Contrast warm vs. cold years



James McNab’s first flowering dates

The three 

warmest

years and 

three 

coldest 

years show 

extreme 

flowering 

dates for 

the 66 taxa

monitored.

Thompson, 2004

1 Mar

1 Apr



The Isle of Rum is an important 
study site for research in ecology

Since 1972 a study of red deer has yielded a database 

for over 4300 individually recognisable deer.



Weight at birth
vs. Spring Temp

Calving date
vs. Autumn Temp

(Froy et al)

1 June

1 July

5.5 kg

6.5 kg

7.5 kg



Climate change exposes the vulnerability of the 

relationship of the sexually deceptive, early spider orchid 

with the solitary mining bee, its sole pollinator in the UK.

Peak flowering datesFlight Dates and 

Flowering Dates 

Respond Differently 

to Spring Warming

Female flight dates



Desynchronisation

Predicting the 

impact of 

global warming

Clark and Thompson 

Int. J. Climatol., 2010



Policy responses to climate change





Historical (1900-2014) and 
future projected (2014-2100) 
warming as simulated by 
CNRM-ESM1 (thin grey line) 
and CNRM-ESM2-1 (bold)

Météo-France high resolution, 

2nd generation Earth system model 

} Business

as usual

Global CO2

emissions cut 

by 1/3 by 

2030, plus 

widespread 

net zero 

technologies 

by 2060

}



Future warming: Winter +7oC, Summer +7oC



Where are we going: Conservation and climate change?

• “Nature reserves were often created with the general 

goal of preserving wildlife and natural landscapes, 

based on the assumption that things would not change 

significantly for many generations.

• “Thus the preserved lands would remain pristine, or 

recover to a state close to that unmodified by humans.

• “Now the situation has drastically changed. National 

Parks and other nature reserves will have to review their 

foundational goals. 

• “Beyond managing their internal problems and 

pressures from their immediate surroundings, they will 

have to deal with atmospheric drivers that will shift their 

natural systems into previously unexpected situations.

• “The larger the expected problem, the sooner the 

reaction should begin.”

© Jordi Catalan 



Summary
• Climate change continues to accelerate - despite Rio, Kyoto, Paris.

• Global land-temperatures have already risen 1.6oC. 

• The environment is changing faster than at any time in recorded history, due to a range 

of factors:- climate change, habitat loss, pollution and over-exploitation of resources.

• Mobile generalists (e.g. dragonflies) respond to warmth with minimal climate deficit.

• Other taxa (e.g. Scots pine) and biome boundaries (e.g. tree-lines) only react slowly.

• Climate change is already causing desynchronisation and disrupting wildlife behaviour.

• Higher temperatures are coming:- heatwaves, extreme highs, changed rainfall patterns.

• By 2100, over land, a 6 to 8oC rise will not be unusual, locally +12oC.

• Conservationists need to be preparing for a much, much warmer world.


