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Complex ecological networks

The Weddell Sea food web Antarctica
(Jacob et al. unpublished):

492 species, 16137 trophic interactions

Does body size matter?
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Body size affects food-web structure

Proe. R. Soc. Lond. B 224, 421-448 (1985)
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Body size affects food-web structure

Invertebrate predator-prey body size relationships:

an explanation for upper triangular food webs and patterns
in food web structure?

p.H. Warren and J.H. Lawton
Department of Biology. University of York, Heslington, York YO1 5DD, UK
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Warren & Lawton 1987 Oecologia
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Body size affects food-web structure

Journal of Animal - Body sizes of animal predators and animal prey in food
Ecology 1993,

62, 67-78 WebS

JOEL E.COHEN*, STUART L.PIMM+, PETER YODZISi and
JOAN SALDANAS
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Body size affects food-web structure

Ecology, $7(10), 2006, pp. 2411-2417
@© 2006 by the Ecological Society of America
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Body size affects food-web structure

Size, foraging, and food web structure

Owen L. Petchey*f, Andrew P. Beckerman*, Jens O. Riede*, and Philip H. Warren*

Petchey et al. 2008 PNAS
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Dynamic food webs:

Where does body size matter?

Methodology:
Dynamic allometric network model

Questions:

= How do all these species coexist
(food-web stability)?

—> What are the consequences of
species extinctions
(interaction strengths)?
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Dynamic network model

Bioma‘synge 7wth ’?etabolism n:/consumption — being consumed
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Growth Metabolic Maximum
rate rate consumption rate

Yodzis & Innes 1992 Am Nat
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Allometric scaling of biological rates
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Allometric scaling of consumption rates
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Complex ecological networks

Random parameters

In many population dynamic
models:

Parameters of respiration,
production and consumption
are sampled randomly and
independently

—>_huge parameter space to
be explored;

—> theoretically possible
dynamics
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Allometric scaling

Randomly sampling a respiration rate
implies a first body mass
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Allometric scaling

Assigning a respiration rate implies
1) a body mass

2) a production rate

3) a consumption rate

—> parameters are not independent
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B
y=071x+C

Allometric scaling constraints
parameters to restricted space

o endotherms AC =19.50)
o fish %C_= 18.47)

a amphibians (C = 18.05)
+ reptiles (C =18.02)

x inverts (C=17.17

¢ unicells (C = 15.85)

v plants (C= 16.35)

O
=
av]
—
-
o
oy
=
av]
—
o
Q,
@)
O
=
=
pm—

y=0.76x +25.22
=099 n=747

Ig production

plant O
mammal O
bird
bat +
zooplankton X
insect
fish ¥
T T 1 T

-10 0 10 20
In(mass)

In production rate

In body mass




Complex ecological networks

>

Consumption

Metabolism

Random parameters:

—>_huge parameter space
to be explored;

—> theoretically possible
dynamics

>
Body mass
Allometric parameters:

—> body masses constrain
parameter space;

—> empirically possible
dynamics
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Allometric scaling: is it important for
complex food webs?
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—> Dynamic allometric network

model

—>How do all these species

coexist (food-web stability)?
—> What are the consequences of

species extinctions (interaction
strengths)?
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Food-chain simulations
Body masses affect
population dynamics;

Coexistence only 1n a
limited domain of
body masses.
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Food-web stability
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Food-web stability

Empirical food web 1solate food chains Compare to model predictions
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Food-web stability

Empirical food web Compare to model predictions

e.g. Skipwith Pond
Warren 1989, Oikos

Otto et al. 2007 Nature
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Food-web stability

Empirical food web Compare to model predictions

e.g. Skipwith Pond
Warren 1989, Oikos

Otto et al. 2007 Nature




Complex ecological networks

Food-web stability

empirical restricted random
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Energetics, Patterns of Interaction Strengths,
and Stability in Real Ecosystems

Peter C. de Ruiter,” Anje-Margriet Neutel, John C. Moore

Ecologists have long been studying stability in ecosystems by looking at the structuring
and the strengths of trophic interactions in community food webs. In a series of real

food webs from native and agricultural soils, the strenth§ of the interactions were
found to be patterned in a way that is important to ecosystem stability. The patterning

consisted of the simultaneous occurrence of strong ““top down”’ effects at lower trophic
levels and strong “‘bottom up” effects at higher trophic levels. As the patterning
resulted directly from the energetic organization of the food webs, the results show that

energetics and community structure govern ecosystem stability by imposing stabilizing
patterns of interaction strengths.

Body-mass structures of food webs might drive
interaction strength patterns

De Ruiter et al. 1995, Science
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Complex ecological networks
Simulations of complex food webs

Body-mass structure:
Without With

uniform

Body-mass structure
stabilizes food webs;

converts negative into
neutral diversity-
stability relationships.

Brose et al. 2006, Ecology Letters
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—> Dynamic allometric network
model

- How do all these species coexist?

- What are the consequences

of species extinctions?
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Intact community Manipulated community

T biomass increases
after removal of R

Removed Species

\ —> negative effect
&b ° of RonT (in intact

Target Species community)

—~—
per capita I= (B, - B;.)/N,

Berlow et al. submitted
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Intact community Manipulated community

T biomass decreases
after removal of R

Removed Species

\ \ —> positive effect of

D Ron T (in intact
Target Species community)

—~—
per capita I= (B, - B;.)/N,

Berlow et al. submitted
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’ » predator
.. predator—» prey
Positive effect

Berlow et al. submitted
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Lol predator
predator—» prey

Negative effect

Berlow et al. submitted
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Negative or *.» predator
positive effect? predator—»  prey

Predicting the consequences of species loss in complex networks
1s intractable (Yodzis 1988, Ecology)

Berlow et al. submitted




Input parameter: each feeding
interaction scales with (body size)0-75

R2=0.90
Slope =.74

-
(7))
c
(o]
(&)
=
Q
(1]
(&)
|
()]
2
o)
(o]
|

Berlow et al. submitted




Input parameter: each feeding
interaction scales with (body size)0-75

R2=0.90
Slope =.74

Log (per capita cons.)

Result: interaction strength scale with
(body size)1-39
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R2=0.90
Slope =.74

Log (per capita linear /)
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Summary:
(1) 3/4 scaling disappears in complex networks,
(2) strongest per capita I: large bodied, low biomass R effects on
high biomass T, R?>=0.88 Berlow et al. submitted
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How can it be so simple?
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Multiple pathways cancel out More Complex is More Simple
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Does it apply to natural ecosystems?




Berlow 1999 Nature 398:330
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Berlow et al. submitted
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predicted
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Ecosystem
functions

Food web Population
structure dynamics

Body size

Population traits:

Interaction respiration, ...
strengths
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