
Week 8:���
Food Webs and Ecological Networks 

Recommended Reading for this Week:  

Mittelbach 2012 Community Ecology – Ch. 10
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•  Interactions among the species in a 
community can be diagrammed as 
ecological networks. 

•  Food webs focus on “typical” 
predator-prey interactions, in which 
consumers are usually larger than 
their prey. 

•  Less commonly studied are:  
- mutualistic webs
- host-parasitoid webs
- roles of parasites and herbivores 

Week 8:���
Food Webs and Ecological Networks 
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Food webs tend to be better resolved at the 
top than at the bottom, in part because:

Food webs often separated into those in which 
basal trophic level is made up of primary 
producers (“green food webs”) vs.  those in 
which the basal trophic level is detritus 
(“brown food webs”).

1.  species richness is greater at lower 
trophic levels 

2. species at lower trophic levels tend to 
be small and difficult to identify

3. have feeding relationships that are hard 
to quantify. 

Food Webs. 1 Connectedness Webs



Food Webs. 1 Connectedness Webs

Are there generalities in the way food webs are constructed? 

Initial work (Pimm, Cohen) suggested general topological 
patterns*:
§  proportions of species at different trophic levels constant 

across webs of different richnesses
§  ratio of total # of links to total # of species roughly 

constant at 2 (each species interacts with ~ 4 species on 
average, independent of total richness)

Recent work with more detailed food webs suggests this is 
not the case
Some properties (connectance, nestedness, modularity) seem 
robust

Connectedness (or structural) webs show presence of an interaction between 
species but do not specify the strength of that interaction.

Jennifer Dunne, Neo Martinez

*Structural properties of networks are known as network topology.



Food Webs. 1 Connectedness Webs

Paine 1980



Food Webs 2. Energy Flow Webs
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Energy flow webs measure amount of energy (biomass) moving between species in a food web.  
Implicit in this approach is the idea that there is a relationship between the amount of energy 
flowing though a pathway and the importance of that pathway to community dynamics. 



Food Webs 2. Energy Flow Webs

7However, energy flow has been shown to be a surprisingly poor predictor of the strength of interactions 
between species or of the impact of removing a particular species from a community. 

Energy flow webs measure amount of energy (biomass) moving between species in a food web.  
Implicit in this approach is the idea that there is a relationship between the amount of energy 
flowing though a pathway and the importance of that pathway to community dynamics. 

ENERGY FLOW WEB

CONNECTEDNESS WEB



Food Webs 3. Functional Webs
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Functional webs:  measure the strength of the interactions between species within a community, 
implicitly recognizing that not all species and interactions are equally important. 

ENERGY FLOW WEB

CONNECTEDNESS WEB

FUNCTIONAL WEB

Measures of interaction strength in model food webs tend to focus on the individual interactions 
between species pairs, whereas measures of interaction strength in empirical food webs tend to focus 
on the impact of one species on the rest of the web, as measured by removal experiments.

“few strong interactions embedded in a 
majority of negligible effects”-Paine 1992

I.S. = (N-D) / Y 
where N = # of prey with predator, normal condition; 
           D = # of prey when predators are ‘deleted’, 
           Y = abundance of predator
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Most food webs contain a few strong and many weak links. 

Food Webs 3. Functional Webs
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Food Webs 3. Functional Webs

Most food webs contain a few strong and many weak links. 



Interaction Strength (IS): the dynamic 
influence of one species on another; 
often measured by energy or biomass 
flux .e.g IS of predator on prey is 
equivalent to the amount of biomass 
consumed by the predator

-Peter Yodzis (1981) showed FWs 
with real IS more stable than 
randomly constructed ones, but 
reason unknown 

-Increasing diversity can increase 
stability under one condition: 
distribution of consumer-resource ISs 
must be skewed towards weak ISs =

-Weakly interacting species stabilize 
community dynamics by dampening 
strong, potentially destabilizing 
consumer-resource interactions.

Recall: Food web structure and stability



Keystone Species
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One whose effect on the community is disproportionately large 
relative to its abundance. 

Examples
•  Pisaster starfish increases species 

diversity by preventing 
monopolization of space by mussels

•  Sea otters limit the abundance of 
grazing urchins, allowing kelp forests 
and associated species to flourish



Keystone Species
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Examples
•  Piscivorous bass control the 

abundance of small fishes in lake, 
resulting in a trophic cascade down 
to grazer and algal trophic levels, 
ultimately affecting water clarity

How do you identify 
keystone species a priori?

How to predict strong vs. 
weak interactions in food 
webs?
	
  

One whose effect on the community is disproportionately large 
relative to its abundance. 



Body Size Relationships
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Many species attributes scale with 
body size. 

“A little consideration will show that size 
is the main reason underlying the 
existence of these food chains, and that 
body size explains many of the 
phenomena connected with the food-
cycle [food web].” – Elton 1927

Q: Do the relative body sizes of 
predators and prey help determine 
who eats whom within food webs?

•  Incorporated size-specific handling 
times for predators along with size- 
based energy content of prey to 
predict trophic links 

•  Correctly predicted up to 65% of 
trophic links in four real world food 
webs

play a major role in determining 
the pattern and strength of 
trophic interactions within food webs



Body Size Relationships
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•  Collection of four food web studies
•  Results: interaction strength was 

positively related to the ratio of prey 
weight to predator weight

•  Relationship may be unimodal rather 
than linear

Q: Is there a connection between the relative 
sizes of predators and prey and the strength 
of their interactions?



Body Size Relationships
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Q: Is there a connection between the relative 
sizes of predators and prey and the strength 
of their interactions?

SUMMARY: Elton’s intuition was correct: body size does play a 
major role in determining the pattern and strength of trophic 
interactions within food webs.

Developing general foraging models in which parameters (handling 
time) scale with predator and prey body sizes, allows linkages 
between individual behaviours and structure of ecological 
networks 



Indirect Effects
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Evidence suggests that the net effects of 
indirect interactions—when the actions 
of one species influences a second 
species via a third species—are 
important in food webs. Four most 
common:  

•  Exploitative competition (resource 
competition) when a species consumes a 
shared resource that limits its and other 
species’ population growth 

•  Apparent competition – species that share a 
predator may have negative indirect effects 
on each other

•  Cascading effects
•  Keystone predation



Indirect Effects
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Menge 1995:
•  Examined results of perturbation experiments 

in 23 marine rocky intertidal habitats

•  Conclusion: indirect effects are comparable in 
magnitude to direct effects and direct/indirect 
effects take place at similar rates

•  *however this is based on only one habitat

Pathway for an indirect effect is necessarily longer than that for a direct effect, thus 
we might expect:

(1)  Indirect effects will take longer to develop than direct effects
(2)  Indirect effects will be weaker than direct effects



Other types of Ecological Networks: 

Mutualistic Networks
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•  Known as bipartite interaction webs

Mutualistic Interactions depicted as webs of 
links between species with two well-defined 
types of nodes (e.g. plants and their 
pollinators), in which interactions occur 
between, but not within, node types. 



20

Properties:
1.  high level of connectance
2.  high degree of nestedness
3.  relatively low modularity.

1.  Connectance: observed number of links in 
the network

2. Nestedness: specific type of interaction 
structure in which species with many 
interactions (generalists) form a core of 
interacting species and species with few 
interactions (specialists) interact mostly with 
generalists

3. Modularity: groups of species interact more 
among themselves than with species from 
other groups

Other types of Ecological Networks: 

Mutualistic Networks
Mutualistic Interactions depicted as webs of 

links between species with two well-defined 
types of nodes (e.g. plants and their 
pollinators), in which interactions occur 
between, but not within, node types. 
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Fig. 10.17 – How do differences in network topology affect the 
persistence and resilience of mutualistic and trophic networks? 

•  increased nestedness and connectance promoted stability in 
model mutualistic networks

•  increased modularity promoted 
stability in model trophic networks

Other types of Ecological Networks: 

Mutualistic Networks
Properties:

1.  high level of connectance
2.  high degree of nestedness
3.  relatively low modularity.
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Ø  Suggests that food webs and mututalistic webs differ systematically 
in their topologies and these differences differentially affect network 
stability such that each type of network develops a structure that 
tends to stabilize that network. 

Other types of Ecological Networks: 

Mutualistic Networks
Properties:

1.  high level of connectance
2.  high degree of nestedness
3.  relatively low modularity.

Fig. 10.18 – Same properties differed in real-word mutualistic 
and trophic networks:



Parasites & Parasitoids
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Parasites are left out of most food webs because their interactions and 
impacts on other species are difficult to quantify by standard ecological 
methods.

1.  Small, cryptic species and require a level of taxanomic expertise
2.  Complex life cycles and multiple hosts
3.  Feed on, but rarely kill their hosts = measuring energy transfer difficult
4.  Affect the behaviors of their hosts e.g. often making them more 

susceptible to predators

•  ~75% of links in complete connectedness webs involve parasites
•  Total biomass of parasites in food webs may exceed that of top predators (Kuris et al. 2008)
•  Including parasites in food webs increases food chain length and food web connectance (Lafferty et al. 

2006)
•   Ecologists need to find ways to better incorporate parasites and other infective agents into ecological 

networks.

CONCLUSION:  The challenges of incorporating parasites into food webs are qualitatively no 
different from the challenges incurred with other types of consumers, however the sum total of 
these challenges is significant and explains why so few food webs include parasites

Other types of Ecological Networks: 



Are more diverse communities more stable?
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CONCLUSION: Food webs that are more diverse tend to have more weak interactions 
and greater modularity than simpler communities, and thus tend to be more stable.

•  Robert May 1973
o  Suggested more diverse communities tend to be less stable
o  Randomly assigned interaction strengths to different species

•  However, natural communities show a skew in the distribution of species 
interaction strengths.
o  Recent theoretical studies show this skewed distribution strongly 

supports stability.

•  Therefore, diversity may promote stability in food webs if the number of 
weak trophic interactions increases with diversity.

•  Empirical food webs
o  Webs are more modular or compartmentalized
o  Modularity shown to increase food web persistence
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What’s Next:



publications 26



Body Size Relationships
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Body size relationships play a major 
role in determining the pattern and 
strength of trophic interactions 
within food webs. 

Studies of theoretical and empirical 
food webs have shown that most 
food webs contain a few strong links 
and many weak links. 

Key-stone species is one whose effect 
on the community is 
disproportionately large relative to 
its abundance. 

(2) Is there a connection between the 
relative sizes of predators and prey 
and the strength of their 
interactions?
•  Laboratory study using beetles and 

spiders that feed on collembolans, 
crickets or fruit flies

•  Unimodal relationship between 
predation rate and predator/prey 
body mass ratio was found


