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From Species to Functional Groups

Soil Biodiversity Soil Food Web
m150.000 sp. m 18 functional groups
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Modelling
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feeding rates

Steady state: production of a population balances
the losses through natural death and predation:
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m From feeding rates to interaction strengths
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From feeding rates to interaction

T

Interaction strengths are ‘per capita Substitutions:
effects’, calculated cf. May (1972) as
partial derivatives F i = Cij )(l )(J
a;=[ X,/ K] * B;=X;" and B;=X

Per capita effect of predator j on prey i :

Per capita effect of prey i on predator ; :

— *—
%= ¢ cX; = ¢ Fy/ B,



From feeding rates to interaction strengths
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Patterned interactio

Interaction strengths

Patterned Random
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Summary...

Patterned Random

m  The energetic organization
in soil food webs (feeding
rates, biomasses) generates a
pattern of interaction
strengths that enhances
stability.
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m Trophic interaction loops



Trophlc 1nteract10n loops

m Trophic interaction loops are closed chains of
interactions.

m The loop length is the number of groups in the loop.

m The loop weight 1s the geometric mean of the strengths
of the interactions 1n the loop.

m The loop with the maximum loop weight 1s critical to
food web stability.

[Neutel et al. Science 2002]
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Long loops with many negative effects are
potentially the heaviest loops.



"Food Web stablhtyand the' weiéht _of b
trophic loops

w A

[\

loop weight
S~ ninWind

U

S

Patterned

flE

&
bie.

-

loop length

Random —=Z
E=E
4.5: - —_E_—
- 4 —= =
T 3.5
P 3‘
i 2.5 * .
) ;
1.5
R S S
s §i e
O‘ ; .
0 2 4 6
loop length

[Neutel et al. Science 2002]



Patterned

S 1 .-Q:e.._

trophic loops

Random

bl oL el L _I_I‘
Il' ™M I'I'“ ||'|'| i |||||||

Stability "

3.0

2.57

2.0

1.5

1.0+

0.5

0.0

Maximum loop weight

[Neutel ez al. Science 2002]



Should interaction strengths be at the individual or
species level? ...or at the functional group level?

m Dynamics in species composition

m Energetic structures and stability
Energy budgets and ecosystem processes
Ecosystem processes and food web stability
Food web stability and biomass pyramids in trophic loops

|:> Biomass pyramids and physiological traits
m Dynamics 1n species composition



Blomass pyraiﬁlds and”loop Wélght

&
Predators




Critical values of s

S 1 .-Q:e.._

Pyramldal slope, loop weight and stablllty

0.7
0.6
0.5
0.4
0.3
0.2
0.1

0 0.7

o
’ 8 0.6
. S 0.5
L S 04
© 03

¢ O

d
: = 0.2
I o 0.1
L4 (X 0

0 0.5 1 1.5 2 2.5 3 3.5

Pyramidal slope

1 2 3 4 5 6
Maximum loop weight (yr)

[Neutel ef al. Nature 2007]



Roots

Phytophagous
Nematodes

Saprophytic
Fungi

Detritus

Collembolans

Cryptostigmatic
Mites

Noncrypto-

stigmatic Mites

ungivorous
Nematodes

Bacteria

Enchytraeids

Bacteriophagous

Predaceous
Collembolans

Nematode

Feeding Mites

A

Predaceous

Nematodes

Flagellates

H Amoebae I

Bacteriophagous

Mites

Predaceous
Mites




m Biomass distributions are the outcome of:
d : natural death rate

: assimilation efficiency

a

p : production efficiency
w : preference

m d,a,pandw are functions of body-size:

m  Trends in body-size over trophic levels make that:

Ju

[Neutel in prep]
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Loop Welght llllkS body-e to food Web
stability

m  Body-size related physiological
traits lead to

m  Strong biomass pyramids in
trophic loops

®  alow maximum loop
weight,

m and a high food web
stability

[Neutel in prep]
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trophic height

m Energetic structures

govern stability

provide niches for dynamic species
compositions



