Forecasting changesin the distribution
and abundance of plantsin responseto
climate change
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Climatic control of biomes
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Variations of the Earii's surface temperature: year 1000 to year 2100
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How climate changes affect world’s biota?

Evolutionary level

Selection for/against life-history traits, speciation, extinction

Community/Ecosystem leve

Changes 1n diversity patterns, ecosystem processes

\

i Species/Population level

Changes 1n distribution and abundance
. J




Climatic changes alter plant distribution:
evidence from the past
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From: Davis & Shaw (2001), Nature
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Climatic changes alter plant distribution:
contemporary evidence

articles letters to nature

A globally coherent fingerprint of climate ~ Fingerprints of global warming on
change impacts across natural systems Wild animals and plants

Terry L. Root*, Jeff T. Price{, Kimberly R. Hall:;, Stephen H. Schneiders,
Cynthia Rosenzweig|| & J. Alan Pounds

CGamille Parmesan* & Gary Yohe+

e e NATURE | VOL 421 | 2 JANUARY 2003

Type of Analysis Changed as Changed opposite P-value

predicted to prediction

Phenological changes Based on data for 1598

Earlier timing of spring events -13 1
Significant changes = 484/678 (71%) 87% 13% <10 SpeCIeS Of trees’. herbs’
shrubs, marine

Distributional changes 0 0
Polewar d/upward range shift 80% 20% zooplankton &
Cold-adapted speciesdecliningand | 8596 150 invertebrates, butterflies,
warm-adapted speciesincreasing fish, amphibians, reptiles,
Significant changes = 460/920 (50%) 81% 19% <10™ birds and mammals

Based on:
Parmesan & Yohe (2003), Nature



Forecasting plant response to climatic changes:
sour ces of uncertainty

Journal of ESSAY REVIEW
Ecology 2003 . . A . .
91, 341347 Forecasting plant migration rates: managing uncertainty

for risk assessment

S. 1. HIGGINS,J. S. CLARK*, R. NATHAN+, T. HOVESTADT?, F. SCHURR,
J. M. V. FRAGOSO§, M. R. AGUIARY, E. RIBBENS** and S. LAVOREL

Model Uncertainty

Key underlying processes are missing in the model

Parameter Uncertainty

Parameter estimate 1s likely across a wide range of values,
often due to limited sampling

Inherent Uncertainty

The variance in the response variable induced by stochastic
processes that 1s inexplicable by other uncertainty sources.



Forecasting plant response to climatic changes:
modeling appr oaches

Bioclimate Envelope Models (BEM s)

Actual distribution map Observations Predictive map




Forecasting plant response to climatic changes:
modeling appr oaches

Bioclimate Envelope M odels (BEM s)

(also called Bioclimatic M odels, Niche-Based
Models, Climate Equilibrium Models and alike)
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From: Segurado& Araujo (2004), Journal of Biogeography



Forecasting plant response to climatic changes:
modeling approaches

Bioclimate Envelope M odels (BEM s)

letters to nature
I

Making mistakes when
predicting shifts in
speciesrangein

response to global warming

Andrew J. Davis*, Linda S. Jenkinson*, John H. Lawtonft,
Bryan Shorrocks* & Simon Wood+i

NATURE|VOL 391|19 FEBRUARY 1998

Major model uncertainty problems:
BEM s do not account for
1. System Dynamics
2. Biotic Interactions
3. Evolutionary Change

4 [Dispersal




Forecasting plant response to climatic changes:
modeling appr oaches

Bioclimate Envelope Models (BEM s)
The importance of disper sal

ECOGRAPHY 27: 366380, 2004

Potential impact of climatic change on the distribution of
in Europe

Two climate change scenarios
The Bl scenario - constant or gradually declining

Flemming Skov and Jens-Christian Svenning

Climatic variables: human population, rapid change toward a service

Growing Degree Days (GDD) and information economy, reduced use of natural

— heat requirements resources and the use of clean and resource-
Absolute minimum temperature efficient technologies (* optimistic”).

— cold tolerance The A2 scenario - continuously increasing human
Water balance population, economic development primarily

— moisture requirements regionally and fragmented (“ business-as-usual”)

IPCC (2001)

Applied to 26 European forest herb species




Examples of distribution maps

Atlas Flora Europasa Suitable climate 2000 Suitable climate B 2100 Suitable climate A2
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Required minimum spread rate for
tracking the potential range shift:

S Sl
.44 Can plant species
v S spread so fast?

1= i B From: Skov & Svenning (2004), Ecography

B1 scenario: 2.1 km/year
A2 scenario: 3.9 km/year




Can plant species spread so fast?

Reid’s Paradox of Rapid )
Plant Migration

Dispersal theory and interpretation of paleoecological records

17 ka 1:15|5.-i3

7 ha Modern [III Eka)

James S. Clark, Chris Fastie, George Hurtt, Stephen T. Jackson, Carter Johnson,
George A. King, Mark Lewis, Jason Lynch, Stephen Pacala, Colin Prentice
Eugene W. Schupp, Thompson Webb III, and Peter Wyckoff

BioScience Vol. 48 No. 1 January 1998
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Location(x) the last post-glacial!
From: Clark et al. (1998), BioScience
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Forecasting plant response to climatic changes:
modeling appr oaches

Alternativeto BEMs— Dynamic Global
Vegetation Models (DGVM )

— Major model uncertainty
p——— problems of BEMS;

v 1. System Dynamics
v 2. Biotic Interactions

IIIIIIIIII
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2/ 3. Evolutionary Change

EEEEEEEEEEEEEEEEEEE months to years .
X 4 Dispersal
days fo weeks

From: Cramer et al. (2001), Global Change Biology



—0r ecasting plant response to climatic changes:
Dynamic Global Vegetation Models (DGVMSs)

Required modifications

Forecasting Regional to Global Plant Migration in
Response to Climate Change: Challenges and Directions

R.P. Neilson, L.F. Pitelka, A.M. Solomon, R. Nathan,
G.F. Midgley, J.M.V. Fragoso, H. Lischke & K. Thompson

BioScience (In Press)

Major model uncertainty challenges.

1. Dispersal and long-distance dispersal (LDD) in particular
2. Scale-dependency and landscape heter ogeneity
3. Economic classification of Plant Functional Types (PTPs)
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Major model uncertainty challenges.

1. Dispersal and long-distance dispersal (LDD) in particular

letters to nature
Mechanisms of long-distance
dispersal of seeds by wind

Ran Nathan*, Gabriel G. Katult, Henry S. Horn:, Suvi M. Thomas,
Ram Orenf, Roni Avissars$, Stephen W. Pacala: & Simon A. Levin::

NATURE | VOL 41825 JULY 2002
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From: Nathan et al. (2002), Nature



Major “model uncertainty” challenges:

1. Dispersal and long-distance dispersal (LDD) in particular

Mechanistic Analytical Models for

Long-Distance Seed Dispersal by Wind

G.G. Katul, A. Porporato, R. Nathan, M. Siqueira,
M.B. Soons, D. Poggi, H.S. Horn and S.A. Levin

The American Naturalist (In Press)

0ol Liriodendron
tulipifera
081
Pinus -
Standar dized taeda g &
mean height - =
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Wald Analytical
L ong-distance

Dispersal
(WALD) model

From: Katul et al. (In Press), The American Naturalist



Colonization success fragmented landscape (%)

Major “model uncertainty” challenges:

2. Scale-dependency and landscape heter ogeneity

L arge-Eddy Simulation (LES) of
wind dispersal in a heter ogeneous
landscape (Avissar, Bohrer and Otte)

S - T ..?'_,-"__*._p-'.—_.'. x -
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Colonization success high connectivity landscape (%) = =

From: Honnay et al. (2002), Ecology Letters From: Nathan et al. (2005), Diversity & Distributions



Major “model uncertainty” challenges:

3. Economic classification of Plant Functional Types (PTPs)

TABLE 1. The assignment of eastern North American taxa to plant functional iypes (PFTs). These assignments follow the work of Prentice er al.
{1996) with the addition of Tsuga, Carya, Celtis, and Liguidambar, which are eastern North American taxa not present in Europe

Taxa

Plant functional types

Cool
Tempe-
rate
Conifer

Eury-
thermic
Conifer

Boreal
Ever-
green
Conifer

Boreal
Summer-
green

Cool
Tempe-
rate
Summer-
green

Steppe Desert
Forbs Forbs

Arctic
Alpine
Shrub

Warm
Temp.
Broad-
Lvd.
Evergrn.

Warm Sedge
Tempe-
rate
Summer-
green

Tempe-
rate
Summer-
green

Picea

Abies

T suga

Finus

Betula

Alnus
Populus
Utmus
Fagus
Ostrva-Carp.
Corylus
Acer
Quercus
Carya
Fraxinus
Castanea
Tilia

Celtis
Juglans
Platanus
Liguidambar
Cyperaceac
Prairie Forbs

b
xx

® oA A

HXE XK K

PFT Classification

1. Growth form

2. Leaf form

3. Phenology

4. Climatic requirements
? 5. Capacity for LDD

HAAA A AKX

b

From: Williams et al. (1998), Quaternary Science Reviews



Major “model uncertainty” challenges:

3. Economic classification of Plant Functional Types (PTPs)

Ecology, 84(8), 2003, pp. 1045-1956
@© 2003 by the Ecological Society of America

ARE LONG-DISTANCE DISPERSAL EVENTS IN PLANTS USUALLY
CAUSED BY NONSTANDARD MEANS OF DISPERSAL?

S. I. Hicgins, 4 R. NATHAN,? AND M. L. CaN?

PFT Classification

— the relationship between morphologically-
defined dispersal syndrome and long-distance  |1. Growth form

dispersal 1s poor, because multiple processes 2. Leaf form
often move seeds in a complex way. 3. Phenology

4. Climatic requirements
— aretheredifferencesamong <5 - ity for LDD

PTPsin thedistribution of
dispersal capacity?




Forecasting changesin the distribution
and abundance of plantsin responseto
climate change

1. Recognize different levels of uncertainty.

2. Reduce model uncertainty by investigating and
Incor por ating the key underlying mechanisms.

3. Incorporate system dynamics, evolutionary change,
piological interactions and long-distance dispersal.

4. Reduce parameter uncertainty by utilizing advances
In modeling, computing and monitoring technigues.

5. Examinethe potential of DGVMs (or modify BEMYS)
for forecasting plant response to climate change.
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Annual precipitation trends: 1900 to 2000
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Indicators of the human influence
on the atmosphere during the Industrial era
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Comparison between modeled and observations of temperature rise
since the year 1860
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| nter-relationships among different
levels of response

1

higher amplitude of
climatic fluctuations

less

2.
more dynamics in

size and location of
species ranges

specialization
Ba.  higher
extinction rate
4. per species
higher vagility
8b. lower
* extinction rate
5. fewer per species

isolates persisting

until speciation is
completed

larger lower gradual

speciation rate

range-sizes X
per species

7.
proportion of species

higher

formed by abrupt
speciation

From: Dynesius & Jansson (2000), PNAS



How climate changes affect world’s biota?
Evolutionary level

Selection for/against life-history traits, speciation, extinction

letters to nature ...we predict, on the basis of
Extinction risk from climate change mid-range climate-warming
Chris D. Thomas', Alison Cameron', Rhys E. Green’, Michel Bakkenes’, scenar I 0S for 2050; that 15— 37%
inda J. 4, . Colli 5, .M. o ..
Marinex Forraira de Skuoire’, Alan Gvaingor, Loo Harmght’, of speciesin our sample of
Lesley Hughes’, Brian Huntley’, Albert S. van J 1d', " .
e regions and tava will be
A. Townsend Peterson'”, Oliver L. Phillips® & Stephen E. Williams'* ¢ Commi tted to eth nCti On’ _

NATURE | VOL 427 | 8 JANUARY 2004

Community/Ecosystem level

Changes 1n diversity patterns, ecosystem processes

7

.

\

Species/Population level

Changes 1n distribution and abundance

J




Forecasting plant response to climatic changes:
sour ces of uncertainty

Seed density

0.08 1
0.06 1
0.04 4
0.02 1
0.00 1,

0.08 4
0.06 -
0.04 1
0.02 1
0.00,

0.15
0.10
0.05 1

0.00 -

Dispersal kernel

Net reproductive
rate

Forecast migration

rate (m/yr)

pcacia salign Uncertainty typesare
2000 represented by 90%
. - confidence intervals of
50- . the forecasts,
R " estimated by
Distance (m) non-parametric
Pinus pinaster .
. 2501 bootstrapping for
. -y Parameter
i by Uncertainty
Distance (m) onc and by maximum-
cacia cyclops ] .
2001 likelihood
. . estimates for
N . Inherent
0. 0! Uncertainty

0 20 40 60
Distance (m)

80 100

From: Higgins et al. (2003), Journal of Ecology



Climatic changes alter plant distribution:
contemporary evidence
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From: Penuelas & Boada (2003), Global Change Biology
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Forecasting plant response to climatic changes:
modeling appr oaches

Bioclimate Envelope M odels (BEM s)

Ecology Letters, (2004) 7: 417-426 doi: 10.1111/j.1461-0248.2004.00598.x 1.00 —

The performance of models relating species

i I

geographical distributions to climate is independent 0.95

1
- s ¢ t
of trophic level 2 ) Granivorous/

: Insectivorous Raptors with
Brian Huntley'*, Rhys E. Green?, 0.90 - passerines carnivorous
Yvonne C. Collingham’, Jane K. prey
Hill"3, Stephen G. willis', Patrick
). Bartlein®, Wolfgang Cramer®,

Ward J. M. Hagemeijer® and 0.85— | [ |
Christopher J. Thomas' 1 2 3 4
Trophic level
. Higher Herbivorous Insectivorous
By showing that such models can be Sl oSeots i
appl.l ed with equgl validity to species from Granivorous Isectivorods
different trophic levels, and that they passerines raptors
generally perform well for species from Raptors with

disparate taxonomic groups, the present
study has provided additional evidence of

therobustness and general
applicability of such models.

herbivorous prey

From: Huntley et al. (2004), Ecology Letters



Forecasting plant response to climatic changes:
modeling appr oaches

Bioclimate Envelope Models (BEM s)
Robust and general apphcabl e?

letters to nature

Making mistakes when
predicting shifts in

species range in

response to global warming

Andrew J. Davis*, Linda S. Jenkinson*, John H. Lawtont,
Bryan Shorrocks* & Simon Wood

NATURE|VOL 391 |19 FEBRUARY 1998

problems:;

2. Evolutlonary Change

3 Dpersa]

/I\/Iajor model uncertal nty\

1. Biotic Interactions =t

J

N O15F

Population size

15F

10

5

0
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5 a N ﬂl

il MY
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From: Davis et al. (1998), Nature



Examples of distribution maps

Atlas Flora Europasa

Suitable climate 2000 Suitable climate B Suitable climate A2
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From: Skov & Svenning (2004), Ecography



Forecasting plant response to climatic changes:
modeling appr oaches

Alternativeto BEMs— Dynamic Global
Vegetation Models (DGVM )

Global Change Biology (2001) 7, 357-373

Global response of terrestrial ecosystem structure and

. . . LIMATE

function to CO, and climate change: results from six ¢ co, M ooronomes

dynamic global vegetation models ( crEvTOR
VEGETATION DYNAMICS

WOLFGANG CRAMER,* ALBERTE BONDEAU,* F. AN WOODWARD,t

I. COLIN PRENTICE,f RICHARD A. BETTS,§ VICTOR BROVKIN,*

PETER M. COX,§ VERONICA FISHER,{ JONATHAN A. FOLEY,q VEGETATION PHYSIOLOGY | N months to years

ANDREW D. FRIEND,**! CHRIS KUCHARIK,{ MARK R. LOMAS,+ BIOI':‘AI-I\I\I\PSICS \

NAVIN RAMANKUTTY,q STEPHEN SITCH,* BENJAMIN SMITH, t+

ANDREW WHITE**2 and CHRISTINE YOUNG-MOLLING \/’

minutes to hours

NUTRIENT CYCLING

Major model uncertainty
problems of BEMSs:
v 1. Biotic Interactions
? 2. Evolutionary Change

X 3}Dispersal .
From: Cramer et al. (2001), Global Change Biology

VEGETATION PHENOLOGY months to years

days to weeks




Forecasting plant response to climatic changes:
Dynamic Global Vegetation Models (DGVMSs)

Plant Functional Types (PTPs)

TABLE 1. The assignment of eastern North American taxa to plant functional types (PFTs). These assignments follow the work of Prentice er al.
(1996) with the addition of Tsuga, Carya, Celtis, and Liquidambar, which are eastern North American taxa not present in Europe

Taxa Plant functional types

Boreal  Cool Eury- Boreal  Cool Tempe- Warm Warm Arctic Sedge Steppe  Desert
Ever- Tempe- thermic  Summer- Tempe- rate Tempe- Temp. Alpine Forbs Forbs
green rate Conifer  green rate Summer- rate Broad-  Shrub
Conifer  Conifer Summer- green Summer- Lvd.

green green Evergrn.

Picea
Abies
Tsuga X

Pinus X X
Betula

Alnus

Populus

Ulmus

Fagus

Ostrya-Carp.

Corylus

Acer

Quercus

Carya

Fraxinus

Castanea

Tilia

Celtis

Juglans

Platanus

Liquidambar

Cyperaceae X

Prairie Forbs X X

> %

B
b3
>

M R R
P
b3

o %

] .. -
-1 -l 1} B0 (Ful -0 - [+ B0 1)

From: Williams et al. (1998), Quaternary Science Reviews

dase SAVENIE mimad lares
grassiand decaiuous fonast avargrean lcrast

From: Cramer et al. (2001), Global Change Biology



Forecasting plant response to climatic changes:
Dynamic Global Vegetation Models (DGVMSs)

MAPSS, 44 PFTs, Global Coverage, 0.5° resolution
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From: Neilson et al. (In Press), BioScience



Major model uncertainty challenges.

1. Dispersal and long-distance dispersal (LDD) in particular

Naturally-regenerated Lodgepole
Pine (Pinus contorta) outliers near
Lake Ohau, New Zealand

Photo by Nick Ledgard. From: Neilson et al. (In Press), BioScience



Major model uncertainty challenges.

1. Dispersal and long-distance dispersal (LDD) in particular

& ~A study of seed dispersal by wind at Duke Forest, NC, USA

O Liriodendron tulipifera
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Major model uncertainty challenges.

1. Dispersal and long-distance dispersal (LDD) in particular

letters to nature

Mechanisms of long-distance
dispersal of seeds by wind

Ran Nathan*, Gabriel G. Katult, Henry S. Horn:, Suvi M. Thomas,
Ram Orenf, Roni Avissars$, Stephen W. Pacala: & Simon A. Levin::

NATURE | VOL 41825 JULY 2002
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Major “model uncertainty” challenges:

2. Scale-dependency and landscape heter ogeneity

Ecology Letters, (2002) 5: 525-530

Possible effects of habitat fragmentation and climate
change on the range of forest plant species
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Major “model uncertainty” challenges:

2. Scale-dependency and landscape heter ogeneity

Wind dispersal in a heter ogeneous landscape smulated

using the Large-Eddy Simulation (L ES) appr oach
(Avissar, Bohrer and Otte)
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