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A stochastic community theory

Biology of individuals: Community patterns:

Mortality Competition
Reproduction > Diversity

Growth Abundance

Dispersal Spatial patterns
Speciation Species-area rglationship

Community properties of broad
iInterest emerge from the model
without any direct assumptions

(le, no assumption about diversity
required to produce diversity, etc.)



Importance of the neutral theory is not neutrality

Stochastic & individual-based community theory:

» stochastic individual demography
e species input (an open community)



The Voter Model
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Basic results

Stochastic model without speciation leads to a
a monodominant community (Gause’s principal)

In 3D model, not so!

Diversity is maintained despite no niche differences,
as long as there is speciation
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Global Forest Observatory Network (GFON)

~ 8,200 species
~ 3 million trees monitored globally

i i Wytham, UK
WESEUL S . Huai Kha Khaeng, Thailand
Ontario, Canada \
Wind River, USA / Xishuangbanna, China
Edgewater, USA i
T 9 Khao Chong, Thailand Changbai,China
Yosemite, USA —— Gutian, China
Mudumalai, India /onghu, China
Luquillo, Puerto Rico \ "\\—q:..ehgn Taiwan
b - .
BCI, Panama—= Korup, Carigieel \Palanan, Philippines
' \ ¥ . .
La Planada, Colombia/ Sinharaja, Sri Lanka «——Lambir, Sarawak, Malaysia
Yasuni, Ecuador Pasoh, Malaysia /

, Ituri, Dem. Rep. of Congo
Amacayacu, Colombia

Manaus, Brazil




Global Forest Observatory Network (GFON)

~ 8,200 species
~ 3 million trees monitored globally

] F Wytham, UK
Yvisconsin, USA V.4 y | e e A s
10,
Wind River, USA / \- J\/ Xishuangbanna, China
Edgewater, USA i
3 g \/ Khao Chong, Thailand //Changbai,China
Yosemite, USA — Gutian, China
\/ Mudumalai, India ./\/Donghu, China
\/ Llj}uillo, Puerto Rico \ wp..ehgn Taiwan

> - .
N BCI, Panama —=e v Korup, Cameroon\ \Palanan, Philippines

\/ La Planada, Colombia—"_
\/ Yasuni, Ecuador// /

Amacayacu, Colombia
Manaus, Brazil

\/ inharaja, Sri fank% .—A,LLambir, Sarawak, Malaysia

Pasoh, Malaysia
\/ Ituri, Dem. Rep. of Congo




Global Forest Observatory Network (GFON)

~ 8,200 species
~ 3 million trees monitored globally
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Dipteryx oleifera



Barro Colorado 50 ha plot (Panama)

301 species, 213000 individuals in full census =1 cm dbh

®* Tabebuia guayacan
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BCI species vary over ...

® [richilia tuberculata
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Equilibrium species abundance distribution

The neutral stochastic model with speciation leads to
a log-series abundance distribution

The log-series has a rare tail, with singletons always
the most frequent category

The dominance of singletons is driven by speciation

...abundance distributions...



Recent advances in theory

Volkov, |., et al. 2003. Neutral theory and relative species abundance in ecology.
Nature 424: 1035-1037.
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diversity in tropical forests. Nature 438: 658-661.

Etienne. R. 2005. A new sample formula for neutral biodiversity.
Ecology Letters, 8: 253-260.

Zillio, T., and Condit, R. 2007. The impact of neutrality, niche differentiation
and species input on diversity and abundance distributions. Oikos,
doi: 10.1111/j.2007.0030-1299.15662.x



Summary |: Abundances in a stochastic community

Neutral theory predicts abundance distribution correcily ...
... but it's not neutrality, it's species input & stochastic demography
Nevertheless, species differences may sometimes be irrelevant

In understanding abundances because of dominating influence
of species turnover



Spatial patchiness in the stochastic community
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Rare long-distance dispersal and range

10-m dispersal (plus 1 in 1000 100-m dispersal)




dispersal & range




Pedigree + dispersal = range

8 dispersal events @
separate most
distant relatives
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Proportion of recruits dispersing various distances from their parents

species
Chamguava schippii
Prioria copaifera
Cecropia obtusifolia
Eugenia coloradoensis
Talisia princeps
Inga marginata
Chrysophyllum argenteum
Pterocarpus rohrii
Hampea appendiculata
Calophyllum longifolium
Inga acuminata

Nectandra lineata

<30 m

0.383
0.287
0.186
0.256
0.045
0.132
0.041
0.034
0.089
0.006
0.023
0.027

> 100 m

0.224
0.242
0.237
0.591
0.494
0.645
0.712
0.770
0.714
0.842
0.848
0.861




Summary ll: Spatial patchiness in a stochastic community

Poor dispersal creates very patchy distribution ...
... the degree of patchiness is simply related to dispersal distance

Most tree species are widely distributed across 50 hectares ...
... and match simulations with ~ 200 m or better dispersal distances

Independent data on dispersal distances also suggest that most
species dispersal well at the scale of 50 hectares
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Korup plot

Belonophora wernhaiif
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Korup 50 ha plot (Cameroon)

494 species,329000 individuals in full census =21 cm dbh

® (Cola semmecarpophviia
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Korup plot

® Proformegabaria sftapfiana

200 300 400 200 600 700 800 900 1000

100



Fig. 6.1

D R A I R R I R R I R R R R R R I I R R R I R I R I R R I I I A S A AP R A A A A A Y

R R R I R I I I R R R A I I R R R R R R R R R I R I I A T A A A PR R AR R AP Y

© 6 6 0 6 6 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 G 0 0 0 6 6 0 G 60 0 G 00 e S 00 e S 00 s 00 e 000 e 000 s 00000 e 00 e eeeeeeeesees e e e o0

R I R R R R R R I R I R I I R T I R I R R R R T R R R I I I IR R R

© 6 6 0 6 6 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 6 0 0 0 6 6 0 G 0 0 0 0 00 e s 00 e s e e s e e e 000 e 000 s 00 e 000 e 00 e e eeeeee e e e e o0

D R I R R I T R I R R R R R R R I R R e R R R R I R T R R I R R R e I I I I A A A PR NP AR R NP

@ 6 6 o 6 6 0 e 6 0 0 e a0 e a0 e e a0 0 s s 0 0 s 0 0 s s 0 0 a6 0 e a0 e e s 0 e e e e e s 0 e e s 0 e e 0 e s 00 s s 0 e e e e 0 e eseeeeeeseeeseceoeoe

D R I I R I R R I R I R R I N I R R R I I I R R R R R R R N N A A N AT A
R R O I I R I R R R R R R R T T R I R R R R R I I I RN AT A A A AR AP A A PR N TR P Y
© 6 6 0 6 6 0 0 0 0 0 0 0 0 0 0 0 0 0 s 0 0 0 0 0 0 s 0 0 0 6 0 0 e S0 0 6 00 e 0 0 e e 0 00 s 0 0 e s 0 e e 000 s 00 e 000 e 00 e 00 e eeeeeees e e e o0

D R I R R R I R I I R R R R R I R I R R A R R R R A A A I B R N B SRR NP

R R R I R R R R R R I I R R R I R R I R R I R R R R R R R R R R R A A R )

D I R R R R R R I R R R I R I I R R R R A I I NI R N AR R N

© 6 6 0 6 6 0 0 0 0 0 0 8 0 0 0 0 0 0 0 0 0 e 0 0 0 s 0 0 0 6 8 0 6 0 0 0 6 8 0 e 0 0 e e s 0 e s e 0 e s 00 e 000 s 00 e 000 e 00 e e e e eesees e e e o0

R R R R R I R N R R R R I R R R R R O I I B I R R I R I R R I I R I R I N B T A A A ST R N PR R NP Y

© 6 6 0 6 6 0 0 8 0 0 0 8 0 0 6 0 0 0 s 0 0 e 0 0 0 s 6 0 0 6 0 0 s 6 0 0 6 0 0 e s 0 e e s 0 e s 0 0 e s 0 e e s 0 0 s 0 0 e e 00 e 0 e e e e e e e e e s e e e e o0

D R I R I I I R R R I R T R I R R I I I R R R I I R R R R S e N N R N N N A A I I AT

© 6 6 0 6 6 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 G 6 0 0 6 00 G 60 0 G 00 0 G 00 0 000 s 0 00 s 00 e 000 e 00000 e 000 eeeeeeeeeees e e e o0

S 8 8 o o o o o s o e s o o e s o 0 s s o e s e
DD
R I A A
I I R R e R R I RO Y

R R R I I B R R SR TR

e e e 00000 e 000000000000 e

e e e e e s e e s 00 e 000 s 000 e

D I R N N R A I R A

D R I R R R R R R R
D R I R R R R R A R NI SR A
P R R A A R A AR A A A I
o 0000000000 s 00 s e e e e s e 0 s e 00 s e

D R I R R R R R A I R AR R AP SR ST

© ¢ e 00 0000000000000 0000 0c 000 s e

@ e 6000000000000 s 0000 e e e e e

¢ 60 0000000000000 e e e e e e e s e

P N I R R R R R R )

R R I R R R I R R R R I R R R O I I R N T R I R R R R R R R I I I R I AR R NP

I R R R I R R R R R I R I I I I R R R I R I I R I R I I R I R R R R R R R A R I IR

R I I I R I R R R R I I R I R I I R I R R R R A A NI

© 6 6 0 0 6 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 e 0 0 0 G 0 0 0 6 6 0 G 00 0 G 00 e 0 00 0 S 00 s 000 s 00 e 00000 e 000 e 0000 o0

D R I R R I R R R R R R R R I R N T R R I R R R R R R R e A I I N I AT R R AP Y

© 6 6 0 6 6 0 0 6 0 0 0 0 0 0 s 8 0 0 0 0 0 s 0 0 0 s 0 0 0 6 0 0 s 00 0 s 0 0 e s 0 e s s e e s 0 0 e s 0 0 e 00 e s 00 e 00 e e 00 e eeeeeesees e e e o0

D R R I I I R R R R R I R R R R R I I I R I R R I R R R I RN R R R R R A R R A A A )

© 6 6 o 0 0 0 0 5 0 6 6 8 0 0 s s 0 0 6 0 0 0 0 8 s s e s s 0 0 8 0 0 0 0 6 s e e s e e 0 0 0 08 s e e e e e e 00 00 00 e eeseesee000seessses 00000 e
D I R R I R R R S T R I R R R O I I R R R A R A A A S A A I )
D I I I I I R I R R I R R R I R N R R R R I R I R R R A A R A R A A )
D I I I R I R R R I R I R R R R R R R R I R I R I R R I N I I IR S A AT NP R

D R R I I R R I R I R R N I R R R I R R R R R I I I I N A R AP R R AR A A Y

© 6 6 0 6 6 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 6 6 0 0 6 0 0 G 6 0 0 G 00 0 G 00 e 000 s 0 00 0000 000 e 000000 e 00 e e e e e ees e e e o0

I R R I R I L R R R R I I R I R R I I R N R R R R A A R I

© © 6 0 0 0 0 0 0 0 0 0 8 0 0 0 0 0 0 0 0 0 e 0 0 0 G 0 0 0 6 6 0 e 6 0 0 0 00 0 0 00 S S0 e s e 00 s 00000000 e 000 e 00 e eseeeeeeeees e e e e

D R I R R R I R I R R R R R I R I R I I R R I A I R R N N R I R I R N A N I I AR AR A AP

© 6 6 0 6 6 0 0 8 0 0 0 8 0 0 s 0 0 0 s 0 0 e 0 0 0 s 0 0 0 6 6 0 8 00 0 s 00 e s 0 0 e 8 0 0 s 8 0 e s 0 0 e 00 0 s 00 e e 00 e 00 e e e e e e e e e e e e o0

© 6 6 0 6 6 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 6 0 0 0 6 0 0 e 00 0 G 00 e G 00 e s 00 s 0 0 e s 00 0000 s 00000 e 00 e eeeeseeesees e e o0

R R R R R I R R R I I R R R O I I R R R R R R I R I R R I I I R N R R R R R

R R R I R R R S R R R i R R R R R R R R R R R R I I A A A S R AP R A Y

D R I I R R R R I R R R I R R R R R I R R R R R I R R R R I R R R R R R R A T N N AN N AT A

e e

D I R I R R I N A SR TR

D I IR S R A N A Y

s e e e e s e e 00

0051

000t

009

1500

1000

500



500

400

300

200

100

Incorporating niche differences into the stochastic model
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Simulated species distributions with niche differences

Community has 140 species, one with 17484 individuals ... 45 singletons

more simulations....




Summary lll: Spatial niches in a stochastic community

With species input, many species with the same habitat requirements
CO-occur

Poor dispersal can prevent species from reaching suitable habitat

Good dispersal sends species into unsuitable habitat



* )

An unnamed C

g




	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37
	Slide 38
	Slide 39
	Slide 40
	Slide 41
	Slide 42
	Slide 43
	Slide 44
	Slide 45
	Slide 46
	Slide 47
	Slide 48
	Slide 49
	Slide 50
	Slide 51
	Slide 52
	Slide 53
	Slide 54
	Slide 55
	Slide 56
	Slide 57

