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The Unified Neutral Theory of
BIODIVERSITY AND BIOGEOGRAPHY

STEPHEN ', HUBBELL

MOMCGRAHS 1% POPULATION RIOLOGY = 42
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Dispersal limitation is widespread in nature

Are plant populations seed-limited? A review of seed sowing
experiments
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Abstrac
R. P. Moore,'* W. D. Robinson,’'
I J. Lovette® and T. R. Robinson’

ies and

A

randy. moore@oreg
C ctng suc
ran_outa_gas.mpg diversity in fragmented tropi




Neutral theory and coalescent



Neutral theory and coalescent

Etienne Ecol. Lett. 2005
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Neutral theory and coalescent

TeTame, Jabot et al. Oikos 2008



. : - - 2 v ,l.-' » !.-m.-_“
e Haliburton Forest, Ganada

; Wytham Woods, UK Xishuangbanna, China
I:l kon Lake, USA Mo Singto, Thail d
ko \ e bl ! Dinghushan, China

- Changbasshan China

w

Wind River, USA - £ "
: = Harvard Forest, USA

Yosemite, USA % | SERC, USA
SCEI, USA

*Hawaii, USA

Tiantong, China

« _Gutianshan, China
Fushan, Taiwan
o, 4§ Lienhuachih, Taiwan
" F Nanjenshan, Taiwan
.Luquillo, Puerto Rico F‘-||_----- -4..-;h.,|-. na
; 4 anal alanan, Philippines

Panama g Danum Valley, Malaysia
1‘ inharaja, Sri Lanka % " Lambir, Malaysia

La Planada, Colombia — °%, [ Somp o - 9

mo - s - 7
Yasuni, Ecuador — & Bablaskon " Pasoh, Malaysia

\ Ituri, Dem. Rep. Congo Bukit Timah, Sin s, ENG
i ) 5 gapore
Amacayacu, Colombia ) Mpala,{Kenya -

Manaus, Brazil - Madagasc: o
«llha do Cardoso, Brazil T <, <
L]

Pl e

E4 The American Naturalist

Lambir

1 5 50 1000 1 5 50 1000

1000
500

Q@
Q
=
]
S
c
=
LD
<

100

50 50

La 10 10

Planada ' > 7 Sinharaja
1

Species rank

Jabot & Chave Am. Nat. /in press



Neutral theory in ecology

Population genetics with one locus
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Phylogenetic information and neutral parameter inference

Science 2005

Neutral Ecological Theory Reveals

Isolation and Rapid Speciation in a
Biodiversity Hot Spot

Andrew M. Latimer,™ John A. Silander jr.,1 Richard M. Ct::n.l\.rling2

Science 2006
Comment on “Neutral Ecological

Theory Reveals Isolation and Rapid

Speciation in a Biodiversity Hot Spot”

Rampal S. Etienne,™ Andrew M. Latimer,” John A. Silander ]r.” Richard M. Cowling®
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Hubbell's model produces a species phylogeny

Species Abundance
Distribution (SAD)
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Regional dynamics




A sampling theory for {SAD & Phylogeny} ?

?
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P(set A ancestors with d,..d, descendants | J individuals)

Ewens 19/72:

P(set S species with a,,..a, ancestors | A ancestors)

Etienne - P(SAD)= Zset A P(set A...) = P(set S...)

— succeeds in factorizing the sum



A sampling theory for {SAD & Phylogeny} ?

OPEN QUESTION
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P(set A ancestors with d,..d, descendants | J individuals)

P(set S species with a,,..a, ancestors | A ancestors)

Etienne - P(SAD)= Zset A P(set A...) = P(set S...)

— succeeds in factorizing the sum



Approximate Bayesian Computation (ABC)
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Approximate Bayesian Computation (ABC)
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- Shannon's index H
- phylogenetic imbalance index B



Approximate Bayesian Computation (ABC)

Shannon's index H Imbalance index B1
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Distance between simulations & data with
summary statistics:
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Approximate Bayesian Computation (ABC)
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- Shannon's index H

- phylogenetic imbalance index B



Why B, ?

O increases



Data: BCI tropical forest tree plot
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Jabot & Chave Ecol. Lett. 2009



Data: 2000 published phylogenetic trees
Source: www.treebase.org
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Neutral theory in ecology

Population genetics with one locus
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trait ?

What is a functiona




What is a functional trait ?

|dea:
species having similar traits
should have similar ecologies

Examples:
Small seeds — ruderal strategies

Thick and waxy leaves — drought tolerant
(Grime 2001, Westoby et al. 2002)




Trait-based assembly rules
Keddy J. Veg. Sci. 1992

A starting example: Engelbrecht et al. Nature 2007/

= Pacific Ocean




Trait-based assembly rules
Keddy J. Veg. Sci. 1992

A starting example: Engelbrecht et al. Nature 2007/
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Trait-based assembly rules
Keddy J. Veg. Sci. 1992

A starting example: Engelbrecht et al. Nature 2007/

Drought Sensitivity



Selection in population genetics = Environmental
filtering in ecology

Traits give additional info on « selection values »
among species
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Challenge: integrating multiple traits in
ecologically-relevant measures

| TraitGJ | Trait?l | Traits:‘ TraitQJ [:Trait10:‘ ‘;Traitﬂi‘




Neutral theory in ecology

Population genetics with one locus
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The field of network ecology
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The field of network ecology

4 Sty 2008 390

Science
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S = -« Stability of Ecological Communities
e e - and the Architecture of Mutualistic
and Trophic Networks

Elisa Thébault?* and Colin Fontaine

Research on the relationship between the architecture of ec cal networks and community stability has
mainly focused on one type of interaction at a time, making difficult any comparison between different

. ‘:":t' ":‘:l_h 3 ’ . " 9 L network types. We used a theoretical approach to show that the network architecture favoring stability

1 and persistence of biodasersity. ) . . . fundamentally differs between trophic and mutualistic networks. A highly connected and nested

) architecture promotes community stability in mutualistic networks, whereas the stability of trophic

networks is enhanced in compartmented and weakly connected architectures. These theoretical
predictions are supported by a meta-analysis on the architecture of a large series of real pollination
(mutualistic) and herbivory (trophic) networks. We conclude that strong variations in the stability of
architectural patterns constrain ecological networks toward different architectures, depending

on the type of interaction.



Which are the determinants of network structure ?

OIKOS 112: 111121, 2006

Size constraints and flower abundance determine the number of
interactions in a plant—flower visitor web

Martina Stang, Peter G. L. Klinkhamer and Eddy van der Meijden

ECO ETTE

Ecology Letters, (2010) 13: 442-452 doi: 10.1111/j.1461-0248.2009.01437.x

The robustness of pollination networks to the loss of
species and interactions: a quantitative approach
incorporating pollinator behaviour
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Size constraints and flower abundance determine the number of
interactions in a plant—flower visitor web
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Ecology Letters, (2010) 13: 442-452 doi: 10.1111/j.1461-0248.2009.01437.x

The robustness of pollination networks to the loss of
species and interactions: a quantitative approach
incorporating pollinator behaviour
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Degree distribution in plant—animal mutualistic networks: forbidden
links or random interactions?

Diego P. Vazquez, National Center for Ecological Analysis and Synthesis, Univ. of Califormia, Santa Barbara, 735
State Street, Suite 300, Santa Barbara, CA 93101, USA (vazquez@nceas.ucsh.edu).




Which are the determinants of network structure ?

Likelihood approach to network determinants
(see also Vazquez et al. Ecology 2009)

Interaction rules




Which are the determinants of network structure ?

Preliminary results:
- missing links cannot be solely explained by

random (non) sampling.

- trait-based rules explain a large part of missing
links, but not all.

- This suggests that interactions (repulsion) among
pollinators/seed dispersers act during network
assembly.



Which are the determinants of network structure ?

Open questions:
- consequences for community dynamics
- adding spatial component



Methods:

Part of the fitness dependent on the interactions

4

Neutral
—

f=1- c te X > interactions

[=1—c +c X} interactions




plant migration rate
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A/ Pollinators — alpha C/ Herbivores — alpha

D/ Pollinators — beta E/ Fungi — beta F/ Herbivores — beta
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Cp : proportion of plant fitness dependent on the interaction



Others areas to explore with neutral approaches
- biogeography
- temporal dynamics
- conservation
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