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Biological diversity over a region

α (local) diversity :=  
average richness of a patch

Thompson et al, Ecology Letters (2020) 
Ronco et al., Nature (2021) 
Illustration of the fishes by Julie Johnson

α =
3 + 3 + 5

3
= 3.67

ɣ (regional) diversity :=  
total richness across patches

γ = 6
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Beta diversity is a bridge from local to regional scale
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Variation among patch 
compositions in a region

α (local) diversity :=  
average richness of a patch

ɣ (regional) diversity :=  
total richness across patches
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Multiplicative beta βtral: the most used definition in the literature

Thompson et al, Taxon (1972)

β𝗍𝗋𝖺𝖽 :=
γ
α
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1.33

β𝗍𝗋𝖺𝖽(I) > β𝗍𝗋𝖺𝖽(II)
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Axiom satisfied by all traditional measures of beta diversity: 
Beta diversity is maximized when each patch has one distinct species

Legendre et al, Ecology Letters (2013)
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Ecology of this patch is unique!

β𝗍𝗋𝖺𝖽(I) > β𝗍𝗋𝖺𝖽(II)

! diversity should measure variation 
among patch compositions in a region

β(I) < β(II)

2 unique patch 
compositions

3 unique patch 
compositions
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Goal: we want to design a measure of beta diversity that does this

Beta diversity
0 2
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β𝗏𝗈𝗅 := d × (𝗏𝗈𝗅(𝖯))1/d

Geometric

embedding
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A geometric approach to beta diversity

0 0Ghost 
patch

Embedded 
dimension

Hypervolume

Rescaling of 
hypervolume

Example
0≤ ≤d

β𝗏𝗈𝗅 = 2 × (
1
2

)1/2 = 1.4
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Hypervolume beta βvol for all metacommunities with ɣ = 3 species
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Temporal change 
of beta diversity

Duplications in 
presence/absence data

Patch-level contribution 
to beta diversity

Species similarity and 
functional complementarity

Nestedness-turnover 
decomposition
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Temporal change of beta diversity
�

�
�

�

�

�

$��WLPH� �W %��WLPH� �W����

YRO W�� �

&��WLPH� �W����

3DWFK��

6SHFLHV�$

6
SH

FL
HV

�%

3DWFK��

YRO� ����

$ %
�

�
3DWFK��

6SHFLHV�$

6
SH

FL
HV

�%

3DWFK��

YRO� ����

$ %
�

�

3DWFK��

6SHFLHV�$

6
SH

FL
HV

�%

3DWFK��

YRO� �����

$ %
�

�

Orientation of hypervolume (synchronization direction):  
Patch 1 → Patch 2 → Origin → Patch 1

�
�

�

�

�

�

$��WLPH� �W %��WLPH� �W����

YRO W�� �

&��WLPH� �W����

3DWFK��

6SHFLHV�$

6
SH

FL
HV

�%

3DWFK��

YRO� ����

$ %
�

�
3DWFK��

6SHFLHV�$

6
SH

FL
HV

�%

3DWFK��

YRO� ����

$ %
�

�

3DWFK��

6SHFLHV�$

6
SH

FL
HV

�%

3DWFK��

YRO� �����

$ %
�

�

�
�

�

�

�

�

$��WLPH� �W %��WLPH� �W����

YRO W�� �

&��WLPH� �W����

3DWFK��

6SHFLHV�$

6
SH

FL
HV

�%

3DWFK��

YRO� ����

$ %
�

�
3DWFK��

6SHFLHV�$
6
SH

FL
HV

�%

3DWFK��

YRO� ����

$ %
�

�

3DWFK��

6SHFLHV�$

6
SH

FL
HV

�%

3DWFK��

YRO� �����

$ %
�

�

�
�

�

�

�

�

$��WLPH� �W %��WLPH� �W����

YRO W�� �

&��WLPH� �W����

3DWFK��

6SHFLHV�$

6
SH

FL
HV

�%

3DWFK��

YRO� ����

$ %
�

�
3DWFK��

6SHFLHV�$

6
SH

FL
HV

�%

3DWFK��

YRO� ����

$ %
�

�

3DWFK��

6SHFLHV�$

6
SH

FL
HV

�%

3DWFK��

YRO� �����

$ %
�

�

�
�

�

�

�

�

$��WLPH� �W %��WLPH� �W����

YRO W�� �

&��WLPH� �W����

3DWFK��

6SHFLHV�$

6
SH

FL
HV

�%

3DWFK��

YRO� ����

$ %
�

�
3DWFK��

6SHFLHV�$

6
SH

FL
HV

�%

3DWFK��

YRO� ����

$ %
�

�

3DWFK��

6SHFLHV�$

6
SH

FL
HV

�%

3DWFK��

YRO� �����

$ %
�

�

A. time = t B. time = t + 1

vol t+1 t vol t

C. time = t + 2

Community 2

Species A
Sp

ec
ie

s
B Community 1

vol = 0.5

A B
1

2

Species A

Sp
ec

ie
s

B

vol = 0.5 Species A

Sp
ec

ie
s

B

vol = -0.5

A B
1

2

Community 1

Community 1Community 2

Community 2

A. time =t

B. time =t + 1

vol
t+1

t
vol

t

C. time =t + 2

Community2

SpeciesA

Species B

Community1

vol = 0.5

A
B

1
2

SpeciesA
Species B

vol = 0.5

SpeciesA

Species B

vol = -0.5

A
B

1
2

Community1

Community1

Community2

Community2

2 ×



Unified framework Link to classic measure Empirical applicationMotivation Geometric approach

17

Species similarity should affect beta diversity

Metacommunity II

Patch 1 Patch 2Patch 1

Metacommunity I

Patch 2

Species are very dissimilar

Higher beta diversity

Species are very similar

Lower beta diversity
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Species similarity as compressing hypervolume
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Information theory Variance measure
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Linking βvol to variance-based measure 
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Linking βvol to variance-based measure 
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BetaVolume: An R package to compute βvol efficiently 
Unified framework Link to classic measure Empirical applicationMotivation Geometric approach
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BetaVolume: An R package to compute βvol efficiently 

β
BetaVolume

github.com/clsong/BetaVolume
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Beta diversity along latitudinal gradient 
Nightmare with ɣ diversity

Kraft et al., Science (2011)
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Beta diversity along latitudinal gradient 
βvol reveals a unimodal pattern

Kraft et al., Science (2011)

ɣ diversity Variation of 
α diversity
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Sampling effects of beta diversity 
Sampling sites

Gilbert and Lechowicz, PNAS (2004)

Mont St. Hilarie Koffler Scientific Reserve

More homogeneous More heterogeneous
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Sampling effects of beta diversity 
Traditional beta diversity always increases with sampling efforts

Bennett and Gilbert, GEB (2015); Xing and He, MEE (2020)

Koffler Scientific Reserve Mont St. Hilarie 
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Sampling effects of beta diversity 
βvol reveals the spatial differences between the two sites

1. More sampling does not 
provide more information 

2. Fail to distinguish the 
levels of spatial variations
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Thank you!
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Beta diversity in a nutshell 
a geometric approach to measure 
community composition variations

http://clsong.com

