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Movement – change in spatial position over time



Movement is key to many evolutionary processes



Movement is essential to many ecological processes



Movement is critical to our major global concerns

http://upload.wikimedia.org/wikipedia/commons/a/aa/Global_Warming_Predictions.png
http://maps.grida.no/library/files/storage/invasive_vectors_001.png


A total of ~26,000 relevant papers in 10 years (1997-2006)

Holyoak et al. 2008 PNAS



Aristotle 

(384 – 322 BC)

"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"



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 transdisciplinary frameworks set 

the stage for developing a general 

theory of movement 

New data analysis methods and tools 

facilitate new insights into the mechanisms 

underlying movement patterns
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7 km  

8 Nov 2009

Feeding event 

A golden era of great opportunities 

for movement research



Orr Spiegel

Roi Harel

Wing tag (& leg band)

presence data 

from observations

RFID tag 

Automated 

presence/absence 

data in selected sites

GPS tag 

Highly accurate 

location, possibly in 

high sampling 

frequency or over long 

periods

Now we can get rich datasets on free-ranging 

wild animals on the move

ACC tag 

Behavioral mode and 

energy expenditure

Feathers / blood

Sex, relatedness, 

source(?), (stress)

Alejandro Centeno-Cuadros

with Wayne Getz (UC Berkeley) and Ohad Hatzofe (NPA)





Molecular sex determination

Pedigree analysis

Long-Range Foray

(LRF) birds





Long Range Forays (LRF)

6 different tags: 5 Females, 1 Male (brother of…)
+ 1 additional bird… (Female)
Female ratio :
• Entire population: 50% (N=242)







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

They travel 
much more

They eat 
much less They expand 

more energyNathan et al. 2012 J Exp Biol
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What explains the rare long-range forays of 
adult vultures?

They travel 
much more

They eat 
much less

They expend 
more energy

Nathan et al. 2012 J Exp Biol



The big opportunity for 
Movement Ecology

New technologies enable tracking 

movement in unprecedented 

detail and duration

New transdisciplinary frameworks set 

the stage for developing a general 

theory of movement 
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Movement Ecology

A proposed unifying paradigm for studying the movement of organisms of all kinds 

(I) Stimulate the development and sharing of research tools

(II) Promote understanding of the causes, consequences, mechanisms and patterns of movement

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



The four basic components 

of Movement Ecology

1. Internal state (why?)

2. Motion mechanisms (how?)

3. Navigation mechanisms 

(when and where?)

4. External factors







Movement research at the



Traits determining the timing of seed 

release in relation to establishment 

opportunities in time and space

Seed dispersal by wind

Selection to find 
establishment 
opportunity in 
time and space

the 
seed



Mechanistic models of seed dispersal by wind

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

complexity

Wald Analytical Long-distance Dispersal model (WALD) 

Katul et al. 2005 Am Nat



shape                              scale



From: Skov & Svenning (2004), Ecography

2100

Required minimum spread rate for 

tracking the potential range shift:

B1 scenario: 2.1 km/year

A2 scenario: 3.9 km/year

Forecasting plant response to climatic changes
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FACE experiment at Duke Forest, NC, USA

1. Atmospheric CO2 enrichment →

two-fold increase in fecundity 

Features of future (~2060) 

environments:

cf. S. Sultan, yesterday



FACE experiment at Duke Forest, NC, USA

2. Atmospheric CO2 enrichment →

7% earlier maturation 

Elevated

Ambient

Features of future (~2060) 

environments:



Proportional change in 

mean surface windspeed 

Canadian Regional Climate 

Model version 4 driven by 

the third generation 

Canadian Global 

Circulation Model under 

the A2 emissions scenario

Features of future (~2060) 

environments:

3. Increase or reduction in surface windspeed
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Acer rubrum





Movements of bats and their role in seed dispersal

Asaf Tsoar
with Nachum Ulanovsky, Weizmann Inst

The Egyptian Fruit Bat

Rousettus aegyptiacus

© Fenton

© Amram 

Tsabari

The seed

The bat



Movements of bats and their role in seed dispersal

Asaf Tsoar
with Nachum Ulanovsky, Weizmann Inst

The Egyptian Fruit Bat

Rousettus aegyptiacus

© Fenton

© Amram 

Tsabari

The bat

Fruits and trees



Tsoar et al. (2011) In: Fifty years of invasion ecology: the legacy of Charles Elton

A  movement ecology twofold nested design for 
animal-dispersed plants



Asaf Tsoar







Total mass on bat 

6.9-11.1 g

(~3-10% of an adult 

Body mass)









Commuting flight of bat 079, 21 May 2008      





Non Commuting flight

Mean Speed (km/hr)

Statistics of commuting flights

Straightness index: 0.94

Median speed: 31.3 km/hr

Median travel displacement: 13.1 km

Median altitude above ground: 141 m

P<0.001

t-test

P=0.002

t-test
Synopsis of commuting flights

5 km

Commuting flight was observed in 95.8% of all foraging bats



Dispersal kernel
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Tsoar et al. (2011)



Bat roosts (colonies) at Britain Park, Judean lowlands, ISRAEL

Sgafim roost

Ashdod

- Permanent Roost

5 Km

- Temporal roost

- Radio Telemetry data

Luzit roost

Morus seeds

under a bat colony 

within a cave

5 cm



2

3

3

4

3

50 meters

Overlapping seed shadow

Mean number of trees 

visited by a bat per night: 

4.8 2.4

Number of  

different trees 

contributing to

the seed rain

Seeds 

originated  

from other 

trees

Seeds 

from this 

tree

Legend

Non fruiting tree

Fruiting tree

Seed deposition site

Bat flight path

Most seeds deposited 

near the canopy of 

a fruit tree are from 

other fruit trees  

Seeds from many 

trees are also 

deposited near 

non-fruiting trees

Seeds from many trees 

are deposited near the 

canopy of each fruit tree  

3

Tsoar et al. (2011)
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