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A.ls Scotland’s climate really changing?

B. What impacts of climate
change have already bee /
observed on wildlife? '

C. What does the future hold?



Live TV Shows Categories News

Your area ~ Topics Sport

Scotland’s famous wildlife faces
catastrophic damage from climate
change: report

3 lanuary 2019 at 12:03am

could be at risk from climate change

The rep

Photo: handout/PA

Rising temperature could mean |-

Ercaillie and the

RISING Sea LEIperglUies COUg Mmeall CoLld WaLel specles, such as te white Deaked dolphin, are

Salmon rivers may lose fish as temperatures rise

O3 INDEPENDENT

NEWS POLITICS VOICES SPORT

P -

L

Climate ‘apocalypse’ to leave Scotland with abandoned
villages, doomed forests and no birdsong within decade

ures pulting country at risk of severe degradation, Scottish Matural Heritage war

and Scottish Environment LINK, added. |
Tl ° °
5[ the impact climate change could have

SeOLang laces numerous catastrophic impacts from the climate crisis

which could leave the cd
dying forests and few re

the climate crisis which could ...

environment agency is

Y - TEE S T




e basic
problem

‘.r
»CO,

o




PARTS PER MILLION

400

380

360

340

320

Atmospheric CO, at Mauna Loa Observatory

||||||

CHARLES DAVID KEELING

Climate Science Pioneer

----------------------------

CO, still
accelerating| -

=
JdE
>
F

1960

1980 1990
YEAR

2000

2010

2020



3.5

Ry Cape Grim/Antarctica
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Some sunlight that hits carbon dioxide

the earth is reflected. 2.5

l’ 4 % % Somebecomes heat.
‘ il ~ €O:and other gases

in the atmosphere

trap heat, keeping
the earth warm.

radiative forcing (W m?)
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Over the past century human activities have increased
atmospheric concentrations of greenhouse gases — CO, is the
most important. It has caused about 65% of the warming.
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Where Is greenhouse warmth going?

% of Global Warmth
Is In the oceans -
NOT

the atmosphere
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Surface Temperature Change (°C)
Last 50 Years (1968-2018) 0.92°C




Emperor Dragonfly (Anax imperator)



The Big Trek Northwards:

Recent Changes in the
European Dragonfly Fauna

JURGEN 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.
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Figure 1. Range expansion of Mediterranean and African Odonata in Europe — some examples.
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Four southern species of dragonfly shov ¢
n into Scotland since 1€ |

® First recorded
before 1995

After 1995
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Treelines

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.




Routledge

Pine regeneration
on Meall
a'Bhuachaille in
the Cairngorms.

Climate change or
reduced grazing
pressure (red
deer < 3.5/km?)?




5.1. Rao / Conservation Evidence (2017) 14, 22-26

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/km?.

t 8. Photos illustrating the tree seedling growth within two quadrats between 2005 (left) and 2016 (right).
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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

T




productivity at 250m resolution.

Using the enhanced vegetation index (EVI)
as obtained from satellite imagery to study
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Altitudinal
gradients

are among the most
powerful ‘natural
experiments’ for testing
ecological responses to
geophysical influences,
such as air temperature.

Typically 6.5 °C per 1000m
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Oecologia (2010) 162:217-225

221

Fig. 1 The relationship
between altitude and a deer
abundance index, b mountain
hare abundance index, ¢ red
grouse abundance index,

d Nymphs of Ixodes ricinus
ticks per blanket drag

Eastern Cairngorms
altitudinal patterns of
host abundance of

tick-borne diseases.
Gilbert, 2010
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LOCHNAGAR WATER-TEMPERATURES,CLIMATE AND WEATHER. Thompson et al. 2007

“Reconstructions of
summer water-temperatures,
open-season water-temps, &
ice-free period all show
increasing trends over
recent decades.”

Montage of four digicam
photographs taken on
6th, 18th, 2ond & 2Qth
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.

In N.L. Rose (ed.), Lochnagar: The
Natural History of a Mountain Lake
Developments in Paleoenvironmental
Research, 63—91. © 2007 Springer.




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 gained Subularia aquatica in 2009
becoming its highest altitude site in the UK
Lo \ -

Marsupella emanginata : - -
Pledlocalea obovata 3 " M E

E E*

Madiscompressa 3, e lls B 5 ® § B = E.
Scapaniaundulas FRAANL B 0 B 0 u B 1 E

¥
Sphagnum (aquatcundet) AANAAL 0 L L L B 0 1 0 E,
= =L

Cephalozia connivens 2~ =

3 %
lsoeteslacusts s mmmmnm =m 5 =m u 0 0 | 1k

Filamentousgreenalgae U ] B e e B = = 0 = & | | ';
JuncusDulhnsusvar.t‘:uilan&i..... = 1 1 1 I | l l i

Fonlinalis antipyretica 3 T I T, . ,l_.l._l;.

=i

Racomitrium aciculare 3
Hygrohyprium ochraceum 3

Subularia aguatica 3

T 1 T T T T T T T
1988 1900 1552 1964 1606 1008 2000 2002 2004 2008 2008200




Thresholds

Moaralmsee 12°C summer
warming this century?




North face of the Alps

i - e
-

» Moaralmsee 3



i Oberer nglachsee 1922 m
Moaralmsee | <- | 2067 m
o %) Oberer Landschitzsee
12 C % OSchladr_:_'l_ing
summer | : 21
warming this | ¢
century? |~
Moaralmsee
(9] -
Thompson et al., 2005 e pepbels T L S
29/7/1999 38/1999 1825 m
: 2 3 4 5 6
Day

Fig. 7. Diumnal variation of epilimnion water temperature at Moaralmsee, Oberer Giglachsee and Oberer Landschitzsee n early
summer 1999. Thermustor 1, circles: thermistor 2, squares. The smooth curves emphasise the diurnal cycle. Although the three lakes

are of similar size and altitude, Moaralmsee 1s much colder, 1s cooling rather than warming and has a suppressed, phase-shifted
diurnal temperature cycle.
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Beaune, in the great Cote-d'Or wine region of Burgundy,
provides the world’s longest series of grape harvest covering
the past 664 years.




Past Climate Vadability through Europe and Africa pp 7-248 | Cite a5
Archives and Proxies along the PEP III Transect

Authors

Frank Qldfield, Roy Thompson

Aurthors and affiliations
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The longest homogeneous series of grape harvest dates, Beaune 1354-2018
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During the last 31-years harvests began 13 days earlier

From 1354 to 1987 grapes were on average picked from 28 Sept
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E : - Spend 15 minutes in a sunny spot.

Use this chart to note hc:rw many of Eal:h species you see.
__,..-"'

Y -*} W

Green-veined White Brimstone

Camrmon Blue Holly Blue Small Copper Silver ¥ Moth Six-spot Bumet Moth



Mass digitisation B NHS is currently
of the Museum's A Ea digitising one
80 million specimen every
natural history & 2.9 minutes
specimens. i SO
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Ve Butterﬂy Monitoring Scheme

1981 1986 1981

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.

W/
UKBMS




Contrast warm vs. cold years

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.




The three
warmest
years and
three
coldest
years show
extreme
flowering
dates for
the 66 taxa
monitored.

James McNab’s first flowering dates 1850-1895

1 Apr

7ad

Julian Day

E_
1 Mar

Thompson, 2004
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_.The Isle of Rum is an important

_— s

study site for research in ecology

BT Sl

—_—

Since 1972 a study of red deer has y'iefd"e-'d"a dafabase

for over 4300 individually recognisable deer.




Calving date
vs. Autumn Temp

1 July

1 June

Calf birth date (days fram 1 May) ™y

20
|

45
]

30 35
]

25

[ | [ | | I |
135 140 145 150 155 160 165

Mean maximum temperature (17 Jul-20 Nov)

Weight at birth
vs. Spring Temp

—
o

i
S

Calf birth weight (kg)

7.0

5.5

6.0

55

— Bw within-subject
== Bb between-subject

| | ] |
8 9 10 11

Mean maximum temperature (5 Feb-23 Apr)

7.5 kg

6.5 kg

5.5 kg

FIGURE 3 The relationship between average maximum temperature in the critical window and a) annual average calving date and b)
annual average calf birth weight. Points show averages of raw data for each year (1980-2015).

(Froy et al)




Flight Dates and
Flowering Dates
Respond Differently

to Spring Warming

Time to flowering from 1 March (days)

Peak flowering dates

120

10a

g

Mean (March to May) temperature ("C)

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.

Female flight dates

80

Time to flight from 1 March (days)

e B N - 1]

Mean (March to May)
temperature ("C)




Desynchronisation

Predicting the
impact of
global warming

Clark and Thompson
Int. J. Climatol., 2010

Source: School of Geasciences, Unnersity of Edinburgh

IR [ [ [T [ .
10 20 30 40 50

Colour-coded regions are where plant life will be affected by 2080. Figures
reveal the number of days by which plants will flower earlier than expected
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Policy responses to Climate Chanhge
‘ IGNORE .
CIRCUMVENT

N——y L

SABOTAGE _

yi

| “So business as usual.”




Projected global energy consumption from 1990 to 2040, by energy source (in million
metric tons of oil equivalent)
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Consumption in million tonnes oil equivalent
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Warming (°C rel. to 1850-1900)

Meteo-France high resolution,
2 | 2nd generation Earth system model
Business
- as usual
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Future warming: Winter +7°C, Summer +7°C

Temperature Winter 1981-2010 Temperature Summer 1981-2010
Seasonal Mean Seasonal Mean

© DWD 06/08/2018 © DWD 06/08/2018
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Where are we going: Conservation and climate change?

Jordi Catalan
Josep M. Ninot
M. Merce Aniz Editors

‘ |
:

- Conservation

in a Changing
World

© Jordi Catalan

Fe B
2] Springer Open

Access this book for free

o |ISBN 978-3-319-55982-7

e This book is an open access book,

« “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.”




Summary

Climate change continues to accelerate - despite Rio, Kyoto, Paris.
Global land-temperatures have already risen 1.6°C.

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 8°C rise will not be unusual, locally +12°C.

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



