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Outline

1. What are (trait-based) higher-order interactions?

2. A review of trait-based model results without higher-order
effects

3. Understanding how trait-based higher-order interactions
affect coexistence



Higher-order interactions

3rd species modifies interaction between 2 others
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Schmitz et al. (1998 Ecology)



Higher-order interactions

3rd species modifies interaction between 2 others
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Trait-based pairwise effects

Schenk (2006 J Ecol)



Trait-based pairwise effects
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Trait-based higher-order effects




Coexistence in pairwise models

Average spacing between adjacent species ~ width of kernel
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Coexistence in pairwise models

Average spacing between adjacent species ~ width of kernel
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Coexistence in pairwise models

Average spacing between adjacent species ~ width of kernel
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Coexistence in pairwise models

Average spacing between adjacent species ~ width of kernel
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Coexistence in higher-order models?

Strategy: higher-order model —> pairwise model with effective
Interaction kernel

Effective kernel ~ pairwise kernel + higher-order kernel



Effective interaction kernel

f/ﬁaﬁy, z)dydz

Define « eff /,8 T2
Then: r(xz) = b(x) —/ (2, y)N(y) dy

—> Shape of (pairwise + higher-order) drives coexistence?



Increasing higher-order width without
pairwise effects
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How kernel widths interact

Pairwise width > higher-order width: no effect on diversity

150 +

Density

50

Pairwise

|

|

10.50

-0.25 0.00

Trait value

0.25

0.50

Competitive effect

_—
Mo
(4]

ey

(=)

o
i

=
~J
o

o

o

o
1

5

na

o
I

=
o
o

Kernel

o ——

e ——

10 -05 00
Trait distance

== Total

Pairwise === HOI

0.5

1.0

Higher-order
150 4
100 4
=
@
@
0
50 4
Gu T T T T T
050 -0.25 0.00 025 0.50
Trait value



How kernel widths interact

Pairwise width < higher-order width: reduces diversity
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How kernel widths interact

Pairwise width << higher-order width: again, no effect

150 o

Density

50 4

Pairwise

-0.50 -0.25 0.00 025 0.50

Trait value

Competitive effect

\o)
a1

_—
o
o

o

=~

4]
1

O

ot

o
1

o

na

4]
1

O

o

o
1

Kernel

-1.0 -0.5

0.0 0.5

Trait distance

- Total

Pairwise = HOI

1.0

Density

90 -

60 -

30

Higher-order

-0.50

-0.25 0.00

Trait value

D.:?S

0.50



How kernel widths interact
Pairwise width > higher-order width: promotes diversity
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How kernel widths interact (height)

Pairwise width > higher-order width: no effect on diversity
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How kernel widths interact (height)

Pairwise width < higher-order width: reduces diversity
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How kernel widths interact (height)

Pairwise width << higher-order width: again, no effect
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How kernel widths interact (height)

Pairwise width =>> higher-order width: promotes diversity
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Summary

e Effect of trait-based higher-order interactions on coexistence
could be anything

e But we can predict the effect by analyzing the relative
widths of the pairwise and higher-order interaction kernels
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