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Biodiversity and ecosystem services at risk




Climate change

Global temperature increase in last 100 years: +0.7C
(IPCC 4th Assessment Report, 2007)
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SOURCE: Photo: Field WO (1941), Molnia BF (2004). Muir Glacier, Alaska CENTRE FOR
From the Online glacier photograph databasg. Bould'er', Colorgdo USA: National Snow and ENVIRONMENTAL
Ice Data Center/World Data Center for Glaciology. Digital media. RESEARCH - UFZ
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Alien species
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ALARM

Assessing LArge scale Risks for biodiversity
with tested Methods

EU FP6 “Integrated Project”

2004 — 2009

Co-ordinator: Josef Settele, UFZ

josef.settele@ufz.de
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ALARM was an Integrated Project!

SERI
socio-economy

cutting
research

biological invasions g GAUG
° oss of pollinators/
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ot Biodiversity Risk

Edited by
Joset Settele, Lyubomir Penev, Tecdor Georgiev, Ralf Grabaum, Vesna Grobelnik,
Volker Hammen, Stefan Klotz & Ingolf Kihn







MACIS

Minimisation of and Adaptation to Climate change
Impacts on biodiverSity

EU FP6 “Scientific Support to Policy project”
2006 — 2008

Co-ordinator: Ingolf Kuhn, UFZ
ingolf.kuehn@ufz.de
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COCONUT

Understanding effeCts Of land use Changes
ON ecosystems to halt loss of biodiversity due
to habitat destrUction, fragmenTation and
degradation

EU FP6 “Scientific Support to Policy project”
2006 — 2009

Co-ordinator: Riccardo Bommarco, SLU

riccardo.bommarco@entom.slu.se
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Climate change




Climate change
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IPCC 4th Assessment Report, 2007
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Effects on all levels of biodiversity

Individual level (behavioural patterns)

Population genetic level (rapid evolution)

Species level (phenology, range shifts,
extinction)

Community level (composition, functioning)
Species interactions

Ecosystem services
ﬁ HELMHOLTZ

CENTRE FOR
ENVIRONMENTAL
RESEARCH - UFZ




Effects on all levels of biodiversity

Individual level (behavioural patterns)

Population genetic level (rapid evolution)

Species level (phenology, range shifts,
extinction)

Community level (composition, functioning)
Species interactions

Ecosystem services
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Shock — Scenarios, Wild Cards
BAMBU-CANE

BAMBUSEL

BAMBU: Business
as Might Be Usual

GEREAS: Growth
Applied Strategy




Ecological niche modelling

e Climate envelope modelling
e Species distribution modelling
e Habitat modelling

Mathematical relationship between a species’
distribution and environmental factors

Assess aspects of a species’ ecological niche
Understand current distribution patterns

Project future risks of changes
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Engler & Guisan 2009, Diversity and Distribution)




The overarching aim of the atlas Is to communicate the
potential daks of climatlc change to the fulure of European
butterflies. The maln objectives are fo: (1) prowide a visual ald to
discussions on climate change risks and Impacis on blodiversity
and thus confribute to risk commiunication as. a core

slement of sk assessment; (2) presant crucial data on a large
group of species which could help to prioritise conservation
efforts In the face of climatic change; (3) reach a broader
audlence through the combimation of new sclentific results with
photegraphs of all treated specles and some siralight forward
Information about the species and thair ecology.

The results of this atlas show that cimata change Is likely to
have a profound effect on European butterfiiea. Ways to mitigate
somis of the nagative Impacts are to (1) malntaln largs populs
flons In civerse habitats; (2) encourage mobllity across the
landscape; (2) reduce emissions of greenhouse gasses; (4) alow
madmuim time for species adaptation; (4) conduct further
reesarch on climats change and iis Impacts on biodivarsity.

The book [s & result of long-tarm regsarch of & large

Internati onal team of sclentlsts, working at research Instiutes
end non-gowernmental organ kzatlons, many within the frame
work of projects funced by the European Commisslon. It is

published as Speclal lssue 1 of BloRlsk, a new open-acceas
|ournal of blodiversity and environmental sclences. it addresses
conservationsts working In research andfor policy making,
scologlsts, climatologlsts, blogeographers, entomologlsts, and
members of the public sodlety who care about the worrying
trervds In changes to the world's climate and neture.

BloRlsk 1 (S pecial lesue) www.pensofton line.netiblorisk

#

# HELMHOLTZ

_ A
European Environment Agency %,:5} nl.lﬂﬂ'l'fi-';\]

COMSERVATION EUROPE

IEEN 575-054 542-454.0 [paperback]
SEN 579-05.4 B42-456-8 (hardhack)
ISBN 975954 24563 (s-hook)

fasag8a 74849

On the front covars

Thymesbors fneols: (Hasperiidas),
#ctual and modeled [2060] detributians,
Phuote: by Chis vam Swamy

sarreyng ueadoinyg Jo

Se[1y YS!

onewI|)

E.Kihn

| vary Hal der

K.Valing

A.Vilegenthart

I. Wynhoft

0. Schwelger

B

Climatic Risk Atlas

of European Butterflies

-

1

http://pensoftonline.net/biorisk

Josel Setlale
Otakar Kudma
Alexander Harpke
Ingolf Kihn
Chris van Swaay
Aud| Varownlk
Martin Warren
Martin Wiemers
Jan Hanspach
Thomas Hickler
Elisabath Kihn
Inge van Halder
Kars Veling
Albert Vilegenthart
Irma Wynhaoti
Oliver Schwelgar

BioRisk 1

Special Issus




Climatic risks
for European butterflies

Climate envelope models (~ 300 species)

 Accumulated growing degree days
e Soil water content
 Ranges in annual temperature

Ranges in annual precipitation
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Climatic risks
for European butterflies

e Three future scenarios (ALARM)
« SEDG (SRES B1): moderate change; 2.4T until 2080
« BAMBU (SRES A2): intermediate change; 3.1T until 2 080
 GRAS (SRES A1lFIl): maximum change; 4.1<C until 2080

« 2050 and 2080
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Growing degree days
2000



Growing degree days
BAMBU 2050



Growing degree days
BAMBU 2080



Winners and losers ...
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WINNER!
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Scarce Swallowtail (Iphiclides podalirius) © Chris van Swaay
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LOSER!

Dusky Large Blue (Phenmsithous) © Josef Settele
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Climatic risks
for European butterflies

More losers than winners

/0-80% reduced range
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Butterfly diversity across Europe
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Current richness

180

93

37




GRAS 2050

9 33 78

-22

-100



GRAS 2080

100 52 9 33 78



e Plants




Consistent loss across organisms

* Plants
 Amphibians
* Reptiles

Araujo et al. 2006, J. Biogeogr. 33:1712-1728



Consistent loss across organisms

Plants
Amphibians
Reptiles
Birds

Araujo et al. 2005, Global Ecol Biogeogr. 14:17-30



Consistent loss across organisms

Plants
Amphibians
Reptiles
Birds
Mammals

Araujo et al. 2005, Global Ecol Biogeogr. 14:17-30



Community level

Climate change will ultimately lead to
generation of novel communities

EXxisting species interactions disappear

Potential for novel interactions emerges

Sustainable provision of ecosystem services?
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Polliation

|




Pollination efficiency
depends on ecological matching

Spatio-temporal matching
Morphological matching

Ecophysiological matching

Many drivers: land-use change, climate change or
alien species

Affects spatial and temporal occurrence, individual
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Species composition
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Schweiger et al. 2010, Biol Rev




Species composition

a) Present
] |

Sp 3

od
©
L
o
i
0]
=
o
o]
E
O

c) Present

Climate variable 2

Climate variable 1 Climate variable 1
Schweiger et al. 2010, Biol Rev




Species composition

Generation of novel communities

EXisting species interactions disappear

Potential for novel interactions emerges

New functional strucuture
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* K %
* *
* *

Land use — pollinator functional aspects *+*

Butterflies ' Butterflies

Large Small Large Small High Low High Low
Generalists Specialists Generalists Specialists

Ockinger et al. 2010, Ecol Lett
Habitat loss affects ecological groups differently

Community structure £ weLumolrz
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* K %
* *
* *

Land use — pollinator functional aspects *+*

Butterflies

Large Small Large Small

Generalists Specialists e
specialists

Ockinger et al. 2010, Ecol Lett Bommarco et al. 2010, Poc. R. Soc. B

Habitat loss affects ecological groups differently

large

i lists

Community structure

Different responses among taxonomical groups




Extinction debt

= number of species not yet extinct following

habitat loss

Habitat loss
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Current area, current richness
Weak or no relationship

0
LF)
@
-
=
O
=
%
@
O
D
Q
w)

ﬁ HELMHOLTZ

CENTRE FOR
ENVIRONMENTAL
Kuussaatri et al. 2009 TREE RESEARCH - UFZ




HELMHOLTZ
CENTRE FOR
ENVIRONMENTAL
RESEARCH - UFZ

Krauss et al. 2010, Ecol Lett




Plants

Partial residuals

Fartial residuals

100

Past landscape area in ha

Butterflies

Partial residuals

1000

100

Past patch area in ha

Krauss et al. 2010, Ecol Lett

1000

Partial residuals

Plants

100
Current landscape area in ha

Butterflies

1000

10 100

Current patch area in ha




Habitat loss New equilibnum
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Kuussaari et al. 2009 TREE
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Temporal mismatching

Winter moth
egg hatch date
has advanced
more than bud
burst data of
pedunculate
oak

timing difference

1975 1980 1985 1990 1995 2000

Temporal

IS nEES
have severe
HIGES
consequences

y ﬁHELMHOLTZ

—-60 40 =20 0 20 40 60 80 100 120
Time from bud burst (dd) CENTRE FOR
ENVIRONMENTAL

Visser & Holleman 2001, Proc R Soc B RESEARCH - UFZ







Species interactions:
Boloria titania and Polygonum bistorta

Current spatial matching

Plant (P. bistorta)
@ Butterfly (B. titania)
Overlap of both

High level of
spatial mismatch

Butterfly is limited
by both climate
and host plant

Schweiger et al.2008, Ecology




Spatial mismatching
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Schweiger et al. in press, GEB

36 Butterflies
115 host plants

Most butterflies utilise
the range of their hosts
iInefficiently

Most butterflies are
limited by climate

Most changes are
unaffected by host plant

Butterflies with hosts
having small ranges
seriously suffer from
mismatch



Morphological mismatching

y =10.32 + 0.0018x

Average body size in
pollinator communities
Increases with altitude
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600 700 800 900 1000 1100 1200 1300 1400

Altitude (m a.s.l.)
Malo & Bonza 2002, Diversity and Distribution
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Morphological mismatching
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Alien species

Oliver Schweiger




Temporal dynamics of invasions in Europe

Plants Invertebrates

—— Alien to Europe
—=— Alienin Europe

o
@
o
5]
o
a
-
o
o
Z

Mean alien invertebrates per year

1600 1700 1800 1900

Date of introduction

Lambdon et al. 2008, Preslia 80: 101-149 Roques et al. 2009, in Daisie

Number of invasions increases
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Spatial dynamics of invasions in Europe

Level of invasion
< 1%
1-5%

. > 5%

Map of plant invasions in
Europe based on
iInvasibility of EUNIS
habitats (translated to
CORINE land-cover) in
three biogeographical
regions. Based on
vegetation plot data from
Chytry et al., J. Appl. Ecol.
2007

iChytry et al. 2009, Diversity & Distributions
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Invasibility differs across Europe CENTRE FOR
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The native and introduced range of Trachycarpus fortunei




Complex network of disrupted
and novel interactions

Potential buffer mechanisms?

eAdaptation

Network architecture

Novel communities
ﬁ HELMHOLTZ
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Novel communities

Local plants Novel plants

S s | NOVel pollinators

pollinators I
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Novel communities

Local plants Novel plants

. PREESENEN Novel pollinators
pollinators P
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Novel communities

Local plants Novel plants

. PREESENEN Novel pollinators
pollinators P
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Novel communities

Local plants Novel plants

. PREESENEN Novel pollinators
pollinators P
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Novel communities

Local plants Novel plants

. PREESENEN Novel pollinators
pollinators P
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Impacts of adaption and mitigation

Win-L ose-Win Win-L ose-L ose

Wind turbines
Improved building insulation

Afforestation

ow-till cultivation cho -
Mitigation and

Forest conservation .
P, adaptation

WII’]-WII’]-WII’] Forest pest control WII"I-WII"I-LOSE

may be

negative for
LG biodiversity

Species translocation
Sea wall defence

Flood control infrastructure
Ex-situ conservation —
New desalination plants

L ose-Win-Win L ose-Win-L ose

Paterson et al.2010, Conservation Biology f
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BAMBU:
Business-As-Might-Be-Usual

in the EU
are implemented and enforced.

Internationally, there is

Environmental problems and sustainability are

Biodiversity conservation: focus on protected
areas.

Climate: IPCC SRES A2
ﬁHELMHOLTZ
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GRAS: GRowth Applied Strategy

will be policy objectives actively
pursued.

* Environmental policies will focus on

* Sustainability is expected from the

. Climate: IPCC SRES A1FI £ wevwnorz

ENVIRONMENTAL
RESEARCH - UFZ




SEDG: Sustainable European
Development Goal

Enhancing the
by integrated social, environmental & economic

politics.
The policies aim at the

Climate: IPCC SRES Bl

ﬁ HELMHOLTZ

CENTRE FOR
ENVIRONMENTAL
RESEARCH - UFZ




Temporal mismatching
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y = — 0.026x2 + 101.9x — 100427
r2=0.220, p<0.001

1950 1960 1970 1980 1990 2000
Year ﬁHELMHOLTz
CENTRE FOR
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Gordo and Sanz 2005, Oecologia RESEARCH - UFZ




Species interactions:
Boloria titania and Polygonum bistorta

Projected changes in both niche spaces for 2080

No dispersal

Plant
@ Butterfly
Overlap of both

Pronounced
mismatch

Suitable areas
far in the North

No dispersal:
disaster!
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Spatial mismatching

100 200 300
| | |

0
|

-100
|

I I I I I
-100 0 100 200 300 400
Potential climate space (% change)

~~
)
(@)
-
®©
i
&)
S
@
&)
©
o
7))
]
[}
©
£
O
©
@
42
©
)
-
=
o
—
-
()
—
O
al

Schweiger et al. in press, GEB

Most changes are
unaffected by host
plant

Butterflies with hosts
having small ranges
seriously suffer from
mismatch
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Ecophysiological mismatching
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Temperature (°C)
Petanidou & Smets 1996, New Phtol é

Sugar content of Thumus capitatus depends on

—
o1 .

atfire

ENVIRONMENTAL
RESEARCH - UFZ

Pollinator behaviour is affected by sugar content




