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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 unpublished): 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?



Complex ecological networks

Body size affects food-web structure

Cohen & Newman 1985 PRSLB

Cascade model

Feeding hierarchy amongst species

Neubert et al 2000 

Oecologia

Feeding hierarchy and 

body size

Williams & Martinez 2000

Niche model

Interval feeding ranges on niche 

axis
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Body size affects food-web structure

Warren & Lawton 1987 Oecologia
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Body size affects food-web structure
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Body size affects food-web structure
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Body size affects food-web structure

Petchey et al. 2008 PNAS



Complex ecological networks

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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Biomass change ~ growth – metabolism + consumption – being consumed 

Complex ecological networks

Dynamic network model

Yodzis & Innes 1992 Am Nat



Allometric scaling of biological rates

Complex ecological networks

¾ power-law scaling of metabolism, and production

ln body mass ln body mass

ln
m

et
ab

o
li
c

ra
te

ln
p
ro

d
u
ct

io
n

ra
te

Brown et al 2004 Ecology



Complex ecological networks

Allometric scaling of consumption rates
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body mass

Persson & Leonardsson 1998 TPB
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Random parameters
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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

ln body mass

ln
re

sp
ir
at

io
n

ra
te

ln
p
ro

d
u
ct

io
n

ra
te

Randomly sampling a respiration rate 

implies a first body mass

Randomly sampling a production 

rates implies a second body mass

A population cannot have several 

body masses!

� Independent random samples are 

nonsense
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Allometric scaling

ln body mass

ln
re

sp
ir
at

io
n

ra
te

ln
p
ro

d
u
ct

io
n

ra
te

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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Allometric scaling constraints

parameters to restricted space
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Complex ecological networks

Metabolism
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Body mass

Collapsing dimensions by allometric scaling functions

Random parameters:

� huge parameter space 

to be explored;

� theoretically possible 

dynamics

Allometric parameters:

� body masses constrain 

parameter space;

� empirically possible 

dynamics



Allometric scaling: is it important for 

complex food webs?

Complex ecological networks



Complex ecological networks

� 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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Predator-prey body-mass ratio

1) Body masses affect 

population dynamics;

2) Coexistence only in a 

limited domain of 

body masses.

Food-chain simulations
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Food-web stability
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e.g. Skipwith Pond

Warren 1989, Oikos

Empirical food web isolate food chains

top-inter

inter-basal

Calculate body-

mass ratios 

Compare to model predictions 
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Complex ecological networks

Otto et al. 2007 Nature

Food-web stability
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Complex ecological networks

Otto et al. 2007 Nature

Food-web stability
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Complex ecological networks

Otto et al. 2007 Nature

Food-web stability



log10 body-mass ratio intermediate-basal
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Complex ecological networks

Otto et al. 2007 Nature

Food-web stability



Complex ecological networks

De Ruiter et al. 1995, Science

Body-mass structures of food webs might drive 

interaction strength patterns
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Body-mass structure:

Without With

Simulations of complex food webs

Body-mass structure

• stabilizes food webs;

• converts negative into 

neutral diversity-

stability relationships.

Brose et al. 2006, Ecology Letters



Complex ecological networks

� Dynamic allometric network

model

�How do all these species coexist?

� What are the consequences

of species extinctions?
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Removed Species

Target Species

Intact community Manipulated community 

per capita I= (BT+ -BT-)/NR

R

T

X
-

T biomass increases 

after removal of R

� negative effect 

of R on T  (in intact 

community)

Complex ecological networks

Berlow et al. submitted



R

T

Removed Species

Target Species

Intact community Manipulated community 

per capita I= (BT+ -BT-)/NR

T biomass decreases 

after removal of R

� positive effect of 

R on T  (in intact 

community)

R

T

X
+

Complex ecological networks

Berlow et al. submitted
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prey predator

predator prey
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-

Complex ecological networks

Berlow et al. submitted
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Complex ecological networks

Berlow et al. submitted
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T

Predicting the consequences of species loss in complex networks 

is intractable (Yodzis 1988, Ecology) 

prey predator

predator prey

+

-

Negative or 

positive effect? 

Complex ecological networks

Berlow et al. submitted
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Input parameter: each feeding 

interaction scales with (body size)0.75

Result: interaction strength scale with 

(body size)1.39
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R2 = 0.45

Slope = 1.39

Summary:

(1) 3/4 scaling disappears in complex networks,

(2) strongest per capita I: large bodied, low biomass R effects on 

high biomass T, R² = 0.88 Berlow et al. submitted



How can it be so simple?

Complex ecological networks
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Complex ecological networks

Berlow et al. submitted



Does it apply to natural ecosystems?

Complex ecological networks



Berlow 1999 Nature 398:330

Complex ecological networks
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Complex ecological networks

Berlow et al. submitted
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Complex ecological networks

Where does species identity (size) matter the most?

Body size

Food web 

structure

Population traits: 

respiration, …

Population 

dynamics

Interaction 

strengths

Ecosystem 

functions
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