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Coral Reefs in Hawaii and across the globe continue to decline in health due to intensifying climate 
change, resource extraction, and pollution. Although the future looks bleak, some corals and reefs 
are not only surviving but also thriving in conditions that kill others. Dr. Gates, a world renowned 
coral expert, unveils the complex biology that underpins this natural variation in response. She then 
discusses how this knowledge can be harnessed to develop tools that build resilience on reefs and 
arrest and improve the prognosis for coral reefs.

Dr. Ruth Gates
Gates Lab, Hawaii Institute  
of Marine Biology 
University of Hawaii at Manoa

The Wonderful World  
of Corals: Harnessing  
Basic Science to Address  
an Ecological Crisis
Wednesday, 25 February, 7:00 p.m. 
Bob Wright Centre, Room B150

Distinguished Women Scholars Lecture
The Distinguished Women Scholars Lecture series was established by the Vice-President Academic and Provost  

to bring distinguished women scholars to the University of Victoria.

Sponsored by the Department of Biology

Free and open to the public  l  Seating is limited  l  Visit our online events calendar at www.uvic.ca/events 
Persons with a disability requiring accommodation for this lecture should call 250-721-7091 at least 48 hours in advance.  

For more information on this lecture phone 250-721-7091.

Travel Green: UVic is accessible by many modes of sustainable transportation including Regional Transit, cycling, walking and taxi.  
Should you choose to drive, pay parking is in effect for a $2.50 evening rate.
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http://conservationmagazine.org/
2015/02/to-ensure-reef-survival-
hack-the-corals/



Week 7:���
Food Chains and Food Webs

Recommended Reading for this Week:  

Mittelbach 2012 Community Ecology – Ch. 11
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The “World is Green Hypothesis”
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(1)  In the absence of higher level predation, carnivores should be limited by competition for their 
food (herbivores)

(2) Herbivore populations should be held below their carrying capacity and have little impacts on 
their food (plants)

(3)  In the absence of control by herbivores, plants should be dense and limited by competition
Conclusion: ‘Populations in different trophic levels are expected to differ in their methods of control’

-HSS (Hairston, Smith, Slobodkin) 1960
Community structure, population, control, and 

competition. American Naturalist. 



What determines abundances at different trophic levels?
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Okansen et al. applied consumer-resource 
equations to interacting trophic levels. 
They modeled food chains as linked 
consumer-resource interactions.

1. Model predicts: positive correlation between 
potential primary productivity and # of 
trophic levels 

2.  Model predicts: that whether a trophic 
level responds to an increase in potential 
productivity depends on the number of 
trophic levels in the system, and that 
adjacent trophic levels will show an 
alternating pattern of response (ODD vs 
EVEN). 

3.  Appears to support HSS’s argument of 
different control by trophic level, but in 
fact the equilibrium biomass at each level 
below the top trophic level reflects the 
balance between the effects of predation 
and competition…. 



Effects of Predator and Resource (competition) Limitation 
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Although Oksanen et al.’s stepped response pattern appears to support HSS’s hypothesis that competition 

and predation alternate in importance in controlling trophic levels, a more accurate assessment is that 
each trophic level below the top one is simultaneously limited by competition and predation. 

Initial attempts to characterize regulation as top-down versus bottom-up presented a false dichotomy;      
the relative strengths of predator limitation and resource exploitation may vary with trophic level and 
ecosystem productivity.

Top-down and Bottom-up Control



Testing Model Predictions
1. Effects of productivity on trophic level abundances:  
An increase in primary productivity will increase abundance 
of the top trophic level and at alternating trophic levels below 
the top level
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A Laboratory Microcosm Test:
§  microbial Communities w. 1 and 2 trophic levels
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A Field Test:
§  experimental enclosures in Eel River, California
§  predators (small fish, dragonflies) – herbivores (mayfly 

nymphs, snails) – basal resource (algae)
§  trophic level biomass in enclosures responded as 

predicted:  

Testing Model Predictions
1. Effects of productivity on trophic level abundances:  
An increase in primary productivity will increase abundance 
of the top trophic level and at alternating trophic levels below 
the top level
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Testing Model Predictions
1. Effects of productivity on trophic level abundances:  
An increase in primary productivity will increase abundance 
of the top trophic level and at alternating trophic levels below 
the top level

Many empirical results do NOT match 
the model predictions
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Testing Model Predictions
1. Effects of productivity on trophic level abundances:  
An increase in primary productivity will increase abundance 
of the top trophic level and at alternating trophic levels below 
the top level

Why? Examine which types of species respond to increases in 
productivity and which do not: 



Diamond Shaped Food Web:
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Implication: Heterogeneity in species 
composition within a trophic level 
coupled with a trade-off between 
competitive ability and vulnerability 
to predation can lead to: 

1)  Species replacements along 
productivity gradients (from good 
competitors to good predator 
resistors)

2)  Increases in Ns of all trophic 
levels with increases in primary 
productivity

Evidence of such species turnover 
from ponds, lakes, streams, grasslands 
– more predator-resistant species 
predominate in more productive 
systems.

Testing Model Predictions
1. Effects of productivity on trophic level abundances:  
An increase in primary productivity will increase abundance 
of the top trophic level and at alternating trophic levels below 
the top level



A laboratory test of whether food chains (single algal 
species) and food webs (multiple algal species) 
respond differently to increases in productivity:  

12

Overall conclusion: Shifting species composition within a 
trophic level* can prevent predator control and 
maintain the importance of resource limitation, even 
in high-nutrient systems.

Testing Model Predictions
1. Effects of productivity on trophic level abundances:  
An increase in primary productivity will increase abundance 
of the top trophic level and at alternating trophic levels below 
the top level

*or other mechanisms: invulnerable life stages, adaptive foraging, omnivory…
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Testing Model Predictions
2. Trophic Cascades:  A reduction in abundances of populations 
at the top trophic level will lead to an alternating increase and 
decrease in the abundances of population at sequentially lower 
trophic levels. 



Estes & Palmisano 1974; 
Estes et al. 1998
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Trophic Cascade 
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Testing Model Predictions
2. Trophic Cascades:  A reduction in abundances of populations 
at the top trophic level will lead to an alternating increase and 
decrease in the abundances of population at sequentially lower 
trophic levels. 



Estes & Palmisano 1974; 
Estes et al. 1998
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Trophic Cascade Mesopredator Release 
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Crooks & Soulé 1999 



Testing Model Predictions
2. Trophic Cascades:  A reduction in abundances of populations 
at the top trophic level will lead to an alternating increase and 
decrease in the abundances of population at sequentially lower 
trophic levels. 
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Although the weight of the evidence 
suggests top-down effects are 
more pronounced in aquatic than 
in terrestrial ecosystems, trophic 
cascades are commonly found in 
both habitats.

-Some of best terrestrial examples 
not included in the meta-analyses

 Trophic cascades provide strong 
evidence for the importance of 
top-down processes, but the 
existence of a trophic cascade says 
little about the relative importance 
of predator limitation vs. resource 
limitation

Testing Model Predictions
2. Trophic Cascades:  A reduction in abundances of populations 
at the top trophic level will lead to an alternating increase and 
decrease in the abundances of population at sequentially lower 
trophic levels. 
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1. ENERGY LIMITATION HYPOTHESIS: E lost in transfer between trophic levels, thus FCL should be 
ltd by available energy

2. DYNAMIC STABILITY HYPOTHESIS: based on prediction that longer food chains are less resilient 
to disturbance, thus disturbance should limit FCL

3. ECOSYSTEM SIZE HYPOTHESIS: food chains longer in larger ecosystems (greater total area) 
because these support more individuals and hence more species

4. PRODUCTIVE SPACE HYPOTHESIS: ecosystem size X productivity (per unit size)

Testing Model Predictions
3. Food Chain Length:  An increase in potential productivity 
should lead to an increase in the number of trophic levels that 
can be supported in an ecosystem 

What limits the length of food chains in nature? 

Little evidence that resource availability and FCL are positively correlated in nature (minimum threshold)

Minimal support for role of disturbance in determining FCL in natural systems.

Best Supported (lakes and streams, and on islands)
 
Some support



What’s Next: 
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What determines abundances at 
different trophic levels?

21

Okansen et al. applied consumer-resource 
equations to interacting trophic levels. 
They modeled food chains as linked 
consumer-resource interactions. This 
model predicts that whether a trophic 
level responds to an increase in potential 
productivity depends on the number of 
trophic levels in the system, and that 
adjacent trophic levels will show an 
alternating pattern of response. 



Species Composition and Nutrient 
Input
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Shifting species composition within a trophic 
level can prevent predator control and 
maintain the importance of resource 
limitation, even in high-nutrient systems.
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Trophic Cascades and Nonconsumptive (trait-
mediated) Effects

Strong cascading effects result from both the consumptive (density-
mediated) and nonconsumptive (trait-mediated) effects of predators. 
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Trophic Cascades and Nonconsumptive (trait-
mediated) Effects

Strong cascading effects result from both the consumptive (density-
mediated) and nonconsumptive (trait-mediated) effects of predators. 



Link 2002

Marine Food Webs


