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Movement is key to many evolutionary processes



THE GREAT WILDEBEEST MIGRATION

nutrient cycling by sea birds

phytoplankton
ooplankton upwelling

sea s oil
recycling

DECEMBER /
LATE MAY |

PERSAL g " SEED DISPERSAL

TANZANIA

Movement is essential to many ecological processes
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Movement is critical to our major global concerns
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A total of ~26,000 relevant papers in 10 years (1997-2006)
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""Now we must consider in general the common reason
for moving with any movement whatever."

Peri Zoon Kineseos
(De Motu Animalium)
"On the Motion of Animals”
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In Praise of Hard Questions

How do migrating

organisms find their way?

Birds, butterflies, and T B
] :— |

whalesmake annual 7 g |

journeys of thou-  + " Y11 e
sands of kilkbmeaters. ® Fqd,

They rely on cues

such as stars and magnetic

fields, but the details remain unclear.

What determines the repertoire of movement
modes used by an individual/population/species?

What drives the evolution of different
movement phenomena?

How the basic components of movement differ
among major taxonomic groups?




The big opportunity for
Movement Ecology

New technologies enable tracking
movement in unprecedented
detail and duration

New data analysis methods and tools
facilitate new insights into the mechanisms
underlying movement patterns

New transdisciplinary frameworks set
the stage for developing a general
theory of movement



The big opportunity for
Movement Ecology

New technologies enable tracking
movement in unprecedented
detail and duration

New data analysis methods and tools
facilitate new insights into the mechanisms
underlying movement patterns



A golden era of great opportunities
for movement research
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Now we can get rich datasets on free-ranging
wild animals on the move

Wing tag (& leg band) ©

presence data
from observations

Orr Spiegel RFID tag
Automated
presence/absence
data in selected sites

GPS tag
Highly accurate

location, possibly in
high sampling
frequency or over long
T o periods

Rdi ‘Harel

ACC tag

’ . Behavioral mode and
N energy expenditure
Alejandro Centeno-Cuadros Feathers / blood

Sex, relatedness,
with Wayne Getz (UC Berkeley) and Ohad Hatzofe (NPA) source(?), (stress)




The Journal of Experimental Biology 215, 986-996
© 2012. Published by The Company of Biologists Ltd
doi:10.1242/jeb.058602

REVIEW

Using tri-axial acceleration data to identify behavioral modes of free-ranging animals:
general concepts and tools illustrated for griffon vultures

Ran Nathan'-*, Orr Spiegel', Scott Fortmann-Roe?, Roi Harel', Martin Wikelski®>* and Wayne M. Getz?°
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Molecular sex determination
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Total number of
tracked birds:
0 (currently 0)

Female/Male ratio:
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NRWS . com

Thi Middle East's Leading Emglish Language Daily

HOME / SAUDI ARABIA/ VULTURE CAUGHT WITH A TRACKING DEVICE RAISES MANY QUESTIONS

Vulture caught with a tracking device raises many
questions



SET ED]TlON'dS. INTERNATIONAL MEXICO ARABIC

TV: CNN CNNi CNN en Espafiol HLN

Home TV & Video CNNTrends | US. | World | Polit Tech | Health | Li

Entertainment

| Justice

Sudan: Israeli 'spy vulture' nabbed during
reconnaissance mission

By Nick Thompson and Nima Elbagir, CNN
updated 9:41 AM EST, Wed December 12, 2012
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STORY HIGHLIGHTS

Read a version of this story in Arabic.

Sudan: Israeli vulture with GPS-

equipped camera caught by (CNN) -- A vulture captured by Sudanese authorities is actually an
officials in w estern Sudan Israeli spy on a secret reconnaissance mission, a pro-government
Israeli scientists say a number of newspaper in the east African nation has claimed.

vultures tagged with GPS to

study migration routes .
Government sources say the vulture, found in western Sudan, was
Expert: GPS tracking of this sort

h i tagged with a GPS-equipped camera to take and send pictures back
used in hundreds of studies . 3 e
around the world to Israel, according to a December 8 story in the Alintibaha
Griffon vultures are an newspaper.
endangered species in the

Maddle East, Hatzofe says The bird also wore an ankle label reading "Hebrew University
Jerusalem," "Israel Nature Service" and the contact details of an
Israeli avian ecologist.



What explains the rare long-range forays of
adult vultures?

B LRF individuals, LRF commuting flights
B LRF individuals, LRF foraging flights
[__]LRF individuals, foraging flights in home range

[ INon-LRF in home range
g A -% B
=3 1_ o
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k 0 l
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v =
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They travel They eat
much more much less

Nathan et al. 2012 J Exp Biol
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Feeding event




What explains the rare long-range forays of

adult vultures?

B LRF individuals, LRF commuting flights

B LRF individuals, LRF foraging flights

[__]LRF individuals, foraging flights in home range
[ INon-LRF in home range
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The big opportunity for
Movement Ecology

New technologies enable tracking
movement In unprecedented
detail and duration

New data analysis methods and tools
facilitate new Insights into the mechanisms
underlying movement patterns

New transdisciplinary frameworks set
the stage for developing a general
theory of movement



Movement Ecoloqy

A proposed unifying paradigm for studying the movement of organisms of all kinds
(1)  Stimulate the development and sharing of research tools
(11) Promote understanding of the causes, consequences, mechanisms and patterns of movement

(111) Set the stage for the development of a unifying theory of organismal movement

NEWS

I NC h'i N g Towa rd With ever more data coming out on migration, dispersal,
and other movements, a few researchers say it’s time for

Movement Ecology some synthesis

>roceedings of the National Academy

Mov uz}t eu)h() .y?'“ ﬂﬁ

= '#‘ :/.\,

The First International Conference on

Movement Ecology

Organizers: Ran Nathan, Marcel Holyoak, and David Saltz

10-12 June, 2007

11 AUGUST 2006 VOL 313 SCIENCE PNAS | December9,2008 | vol. 105 | no.49



The four basic components
of Movement Ecology

ég 1. Internal state (why?) %%F

o & 2. Motion mechanisms (how?)

étg 3. Navigation mechanisms
(when and where?)

{g}; 4. External factors



A movement ecology paradigm for unifying organismal
movement research

Ran Nathan®!, Wayne M. Getz®, Eloy Revilla¢, Marcel Holyoak9, Ronen Kadmon?, David Saltz®, and Peter E. Smousef

Y
External
Y factors
“1 R
The focal individual
: aV|gat_|on : —> fy(navigation process)
capacity :
D : —> fj(motion process)
: Where tamaver P —> f, (movement propagation process)
17 !
Internal Motian
state : Movement
capacity
Q path
Why move? How to move? U
A The environment

—> f,, (internal state dynamics)

----- » [ (external factors dynamics)
19052-19059 | PNAS | December9, 2008 | vol. 105 | no. 49



A movement ecology paradigm for unifying organismal
movement research

Ran Nathan®!, Wayne M. Getz®, Eloy Revilla¢, Marcel Holyoak9, Ronen Kadmon?, David Saltz®, and Peter E. Smousef

cognitive

movement |

. The focal individual
ecology

Ui w —> f,, (nhavigation process)

External Navigation
i i —> fy (motion process)
R

Where to move?

‘!‘l = Movement —>» [, (movement propagation process)
: th
/ = i

Int-ernal ‘ 5

Motion
( e 0 ‘ capacity k
Q
Why move? How to move?

. : The environment
biomechanical

—> f,, (internal state dynamics)
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19052-19059 | PNAS | December9, 2008 | vol. 105 | no. 49
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Seed dispersal by wind

Traits determining the timing of seed
release in relation to establishment
opportunities in time and space

External
Y factors

Navigation
capacity
()

Where to move?

1

“Internal Mo{ion

 state capacity Movement
[0 path

. Why move? How to move? U

A
Selection to find
establishment
opportunity in
time and space 19084-19089 | PNAS | December9, 2008 | vol.105 | no.49




Mechanistic models of seed dispersal by wind

complexity

2 p

Wald Analytical Long-distance Dispersal model (WALD) o= ] 70

Katul et al. 2005 Am Nat

Ballistic (WINDISPER)
Nathan et al. 2001 Ecology, Nathan et al. 2002 CABI

Coupled Eulerian-Lagrangian Closure Model (CELC)

Nathan et al. 2002 Nature, Soons et al. 2004 Ecology,
Nathan & Katul 2005 PNAS, Wright et al. 2008 PNAS

RAMS-based Forest Large Eddy Simulation (RAFLES)
Bohrer et al. 2008 J Ecol




THE AMERICAN NATURALIST SEPTEMBER 2005

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®'™

|y y(p—p)
Fras(P) =[5 P{ z }
\27p 21 p
Yo, Euclidean distance from the seed source

u(p.h)’ hu
shape = L2.M) scale =2

2xh.o, v,
h, Mean tree height
D, Proportional height of seed release
v, Mean seed terminal falling velocity
u Mean horizontal windspeed
o, Standard deviation of vertical wind velocity

K Turbulence coefficient



Forecasting plant response to climatic changes

Atlas Flora Europaea Suitable climate 2000 Suitable climate B1 2 100 Suitable climate A2

Required minimum spread rate for
tracking the potential range shift:

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

From: Skov & Svenning (2004), Ecography




The velocity of climate change

NATURE|Vol 462|24/31 December 2009

Scott R. Loarie', Philip B. Duffy'?, Healy Hamilton’, Gregory P. Asner’, Christopher B. Field' & David D. Ackerly®

1. Tropical and subtropical coniferous forests, 0.08

2. Temperate coniferous forests, 0.11

3. Montane grasslands and shrublands, 0.11

.

4. Mediterranean forests, woodlands and scrub, 0.26

- -

5. Tundra, 0.29

A

6. Tropical and subtropical moist broadleaf
forests, 0.33

” Temperate broadleaf and mixed forests, 0.

1

0.001 0.01 01 1 10
Speed (km yr1)

8. Tropical and subtropical dry broadleaf
forests, 0.42

9. Boreal forests/taiga, 0.43

10. Temperate grasslands, savannas and
shrublands, 0.59

11. Tropical and subtropical grasslands, savannas
shrublands, 0.67

12. Deserts and xeric shrublands, 0.71

13. Mangroves, 0.95

14. Flooded grasslands and savannas, 1.26

0.001 001 01 1 10
Speed (km yr)



THE AMERICAN NATURALIST MAY 2001

Invasion by Extremes: Population Spread with Variation in

Dispersal and Reproduction

James S. Clark,"”” Mark Lewis,” and Lajos Horvath’

A) Initial expansion from a population frontier ...

HHII%WW?

B) ... and spread by extremes

i J—
T —

QM PR 9 ¢ q“wa’q 9 >




Ecology Letters, (2011) 14: 211-219
Spread of North American wind-dispersed trees in future

1 . P Yo

Ran Nathan,'* Nir Horvitz, ¥z
Yanping He,? Anna Kuparinen,? Yit-1) Hiitrfégmgm o Seed terminal velocity (v) _

a . seed release Mean horizontal windspeed (U)
Frank M. Schurr® and Gabriel G. Fecundity (8) (P) SD vertical windspeed (o)
Katul® : :

Post-dispersal survival (®,)
Yi 3 N2 A

Maturation age (t,,)

Inter-crop interval (t,c)

13

(Y
V% A
y(tM+1) Y Y h

Time (years)

Yiaty,)

Space (direction of spread)



Ecology Letters, (2011) 14: 211-219
Spread of North American wind-dispersed trees in future

environments

Ran Nathan,'* Nir Horvitz,’
Yanping He,> Anna Kuparinen,?
Frank M. Schurr® and Gabriel G.

Katul® Post.
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Ecology Letters, (2011) 14: 211-219
Spread of North American wind-dispersed trees in future

environments

Ran Nathan,'* Nir Horvitz,’
Yanping He,> Anna Kuparinen,?
Frank M. Schurr® and Gabriel G.

Katul®
Post-
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Ecology Letters, (2011) 14: 211-219
Spread of North American wind-dispersed trees in future

environments
Ran Nathan, ' Nir Horvit, Features of future (~2060)

Yanping He,> Anna Kuparinen,?

Frank M. Schurr® and Gabriel G. e nVi rO n m e ntS i

Katul®

Global Change Biology (2006) 12, 822-833, doi: 10.1111/§.1365-2486.2006.01137.x

Elevated CO, and tree fecundity: the role of tree size,
interannual variability, and population heterogeneity

SHANNON L. LADEAU*and JAMES S. CLARK*} 1 AtmOSpheriC C02 enl‘ichment —>
I two-fold increase in fecundity

(b
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Ecology Letters, (2011) 14: 211-219
Spread of North American wind-dispersed trees in future

environments
Ran Nathan, ' Nir Horvit, Features of future (~2060)

Yanping He,> Anna Kuparinen,?

Frank M. Schurr® and Gabriel G. enVi ron mentS:

Katul®

Global Change Biology (2006) 12, 822-833, doi: 10.1111/§.1365-2486.2006.01137.x

Elevated CO, and tree fecundity: the role of tree size,
interannual variability, and population heterogeneity

SHANNON L. LADEAU*and JAMES S. CLARK*} 2 AtmOSpheriC C02 enrichment —>
b 7% earlier maturation
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Ecology Letters, (2011) 14: 211-219
Spread of North American wind-dispersed trees in future

environments

Ran Nathan, ' Nir Horvit, Features of future (~2060)
Frak M. Sehurt and. Gabre G environments:
Katul®
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Ecology Letters, (2011) 14: 211-219
Spread of North American wind-dispersed trees in future

environments
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Katul®
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Ecology Letters, (2011) 14: 211-219
Spread of North American wind-dispersed trees in future

environments
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Ecology Letters, (2011) 14: 211-219
Spread of North American wind-dispersed trees in future

Seed abscission threshold windspeed

environments

Ran Nathan,'* Nir Horvitz,’
Yanping He,> Anna Kuparinen,?
Frank M. Schurr® and Gabriel G.
Katul®
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Movements of bats and their role in seed dispersal
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movement ecology twofold nested design for
animal-dispersed plants
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Large-scale navigational map in a mammal
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Commuting flight of bat 079, 21 May 2008
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Commuting flight was observed in 95.8% of all foraging bats
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Bat roosts (colonies) at Britain Park, Judean lowlands, ISRAEL
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