
Ecosystem-based Management

Critical evaluation of 
the concept and its 
application in marine 

ecosystems



 Protect species roles in ecosystems:                     
fish, turtles, birds, pinnipeds, cetaceans                   
(Brander 1981, Croxall & Gales 1997, Roberts & Hawkins 1999)

 Protect habitats and ecosystem functions:  
coral reefs, salt marshes, mangroves                      
(Agardy 1994, Murray et al. 1999)

 Accommodate natural variability into 
management: stocks, habitats and oceanography 
(Dizon et al. 1991, Forney 2000, Polovina et al. 2000)

 Balance economic, cultural, ecological costs / 
benefits.  Follow precautionary management                
(Dayton 1998, Carr & Raimondi 1999)

Ecosystem Management: A New Paradigm



Group Activity

Break – up in pairs and define:

Each person writes 5 attributes defining their term

Boil down your list to 5 attributes with your partner

ecosystem



Ecosystem – early definition

The term coined in 1930 by Roy Clapham to denote the 
physical and biological components of an environment 
considered in relation to each other as a unit. 

Arthur Tansley later refined the term, describing it as:

"The whole system,… including not only the organism-
complex, but also the whole complex of physical factors 
forming what we call the environment". The spatial extent 
of ecosystems was later defined using the term "ecotope". 

Tansley, AG (1935) The use and abuse of vegetational  
terms and concepts. Ecology 16, 284-307. 



Ecosystem – refined definition

Eugene Odum, later stated: 

"Any unit that includes all of the organisms (ie: the 
"community") in a given area interacting with the physical 
environment so that a flow of energy leads to clearly 
defined trophic structure, biotic diversity, and material 
cycles (ie: exchange of materials between living and 
nonliving parts) within the system is an ecosystem."

Odum, EP (1971) Fundamentals of ecology,                         
third edition, Saunders New York



Ecosystem – A Developing Definition



Group Activity

Break – up in pairs and define: 

Each person writes 5 attributes defining their term

Boil down your list to 5 attributes with your partner

management



Management

The act of getting people and resources organized and 
coordinated to accomplish some desired goals

• Actions taken to reach one's intended goal

• Measuring a quantity on a regular basis 

• Making and adjusting to some initial plan



Management – A developing definition



Ecosystem-Based Management

(Grumbine 1994)

Literature Review:                  
10 dominant                
EBM themes 

Hierarchical 
Context:  many 
linked scales

Ecological 
Boundaries: 
spatially-explicit 
domains 

Ecological 
Integrity: 
interactions,  
processes, 
emergent 
properties

ECOLOGICAL 
PRINCIPLES



(Ruckelshaus et al. 2008)

Marine EBM - Opportunities & Challenges



1. Ecological Boundaries and Large Management Zones:

Defined in terms of large-scale physical and biological 
properties (oceanography, species ranges) (Sherman 1995) 



2. Develop Clear Management Goals and Metrics

MPA design and implementation (Allison et al. 1998) 

3. Include Humans in Ecosystem Attributes (Component) 
and Indicators (Subject to Change and Impacts)

Quantify ecological and economic results (Klein et al. 2008) 

4. Use strategies to buffer against uncertainty

“monitoring”, “best” estimates, “insurance”

5. Use spatially-explicit approaches to manage all sectors 
Zoning, Marine Spatial Planning (Norse & Crowder 2008)

6. Link management scales to ecosystem scales                       
stocks, EEZs, international agreements, RFMOs  



Ecologically-Explicit  EBM Approaches

“Ecosystems are 
places, so marine 
spatial planners 
and managers must 
understand the
heterogeneity of”:

(i) biological communities

(ii) the key components (e.g., top predators, habitats)            
and processes (e.g., connectivity, interaction webs) 
that maintain them, and 

(iii) human uses (costs / benefits and potential impacts)



EBM successes:  Protected Species

Bycatch Mitigation: 

- Targeting specific areas / habitats (horizontal / vertical)

- Use selective fishing gear to exclude protected species



EBM successes:  Habitats

Protection of benthic 
habitats and 
communities from 
destructive trawling 

(NOAA images)



EBM Management: 
Processes and Interactions 

Indirect effects

A B C

Direct Effects



Observations: 

Trophic Level

Size / Age     

Fishing Down Marine Food Webs

(Pauly et al. 1998)



Direct & Indirect Effects

Negative

Positive

Negative

Negative



 Abundances of 11 great            
sharks that consume smaller 
rays, skates, and sharks fell  
over the past 35 years

 12 of 14 prey species 
increased in NE Atlantic

 Effects of community 
restructuring have cascaded 
downward: from cownose ray          
to the bay scallop (fishery)

Evidence of Cascading Effects

(Myers et al. 2007)



Widespread Cascading Effects

Big Sharks

Skates

Scallops



Community-level Impacts of Predation



Indirect Effects of Predation

 Keystone Predators 

• Species that play a vital role structuring communities 
beyond what would be anticipated from their abundance

• The presence / absence of                                            
keystone predators      
impacts community                                                    
structure through both       
direct and indirect effects

• These effects permeate                                                           
through the community                                   
and affect a multitude                                                                       
of trophic levels



Alternate Stable States

(Estes et al., 1998)

Presence / 
Absence of 
the otters 
causes 
shifts in 
primary 
producers 
and grazers

 Some marine 
communities            
“flip – flop” 
between two 
distinct states 

 “Switches” 
related to large 
scale climatic 
variability or     
extirpation of  
keystone species



Trophic Cascades 

(Springer et al., 2003)

Populations of seals, 
sea lions, and sea    
otters sequentially
collapsed over large 
areas of the northern 
North Pacific Ocean 
and southern Bering 
Sea during the last 
several decades.

These declines were          
ascribed to predation 
from killer whales.



Killer Apetites – Dogma or Evidence ?

 Large body size, carnivory,                                          
and endothermic costs lead to high 
demands in mammalian predators 

 High potential impact on prey 
resources, but difficult to 
demonstrate due to mobility, 
sparseness, and cryptic nature 

 Analyses of predator effects 
based on comparative bioenergetics 
and demographic modeling 

 Used this approach to assess 
impact of orcas on sea otters / 
Steller sea lions in Aleutians

(Williams et al. 2004, Estes et al. 2009)



Ghost of Predation Past

 Daily caloric requirements 
of orcas based on allometric
regressions of field metabolic 
rate show that an adult 
requires 51-59 kcal / kg d

 Used prey mass and caloric 
values from bomb calorimetry 
to determine required prey

 Result: Fewer than 40 
orcas could have caused the 
recent Steller sea lion decline 
in the Aleutian archipelago

(Williams et al. 2004)



Summary: Examples of Direct                   
“Top Down” Effects

Big 
Sharks

Skates

Meso (Mid-level) Predator Release

Cascading effects: Propagate Up / Down



 Predation can be very important                                          
structuring communities

 The “landscape of fear”

Laundré et al. 2014 

Hammerschlag, et al. 2015

 Ultimately, effects depend on:

• Predator selectivity for prey

• Predator aggregation response

• Availability of refugia

• Food web structure 

Summary: Impacts of Predation



Indirect Fishery Effects 
(Focus on Marine Birds and Mammals) 



Goal: Mapping Indirect Fishery Effects 
(Beyond Predation)

Energy Flow

Predation (Beverton, 1985) 



Changes in Food:

Discards

+ -

Competition

Abundance, Availability, Distribution, Concentration



Consequences of Indirect Fishery Effects  

Changes in Food: 

Abundance, Availability, 
Distribution, Concentration

Can the Predator Behavior 
Accommodate this Change ?

YES

NO

Change in 
Behavior,
No Change in 
Demography 

Change in 
Behavior,
Change in 
Demography (Cairns,  1992) 



Fisheries Affect            
MBM Distributions

Behavioral Responses of MBMs

(Bartumeus et al., 2010)

Satellite-tagged  
bids search the  
ocean differently



Arctic Tern Productivity                
(number fledged) as a function               

of young-of-the-year sand                   
eels on July 1 (1976 – 1987)

Demographic Responses of MBMs

(Monaghan et al., 1989)

Fisheries Affect            
MBM Demography



Population Responses to Changing Prey

Scavenger and Kleptoparasite Populations 
Increase in Abundance

Number of pairs of Black-legged Kittiwakes (open 
circles) and Northern Fulmars (closed circles) 

breeding in the UK North Sea Coast  (Furness, 1992)

10X 
increase



(Hinke et al.,  2004) 

Challenge I: 

Oceanic Systems                                   
Are Complicated



Challenge II: Poorly Understood Interactions

Reliance on Discards 

Competitive Dominance, Individual specialists

Facilitation and Commensalisms 

Mapping Interaction Strengths Rather than Food Webs

Black-browed albatrosses 
followed killer whales, 
possibly to feed on food 
scraps left by the whale

Images and depth profiles 
showed that birds dived 
when killer whales present

(Sakamoto et al., 2009)



 Fish Trophic Level

Signs of overfishing                                                                  
in Caribbean reef fish                                                           
communities from                                                              
native middens

(Wing and Wing 2001)

Challenge III:  Need Long-term Baselines



CLIMATE

Top-
Down

Bottom
-Up

Challenge IV: Multiple Factors



 Fish Biomass:  3.6 times higher in NWHI

 Community Structure:  Predator Heavy in NWHI

(Birkeland and Friedlander 2002)

Density           
(fish /m 2)

Functional Group

Challenge V:  Need Reference Areas



Challenge VI: There Are Winners & Losers

Who Benefits From Discards ?

Large-bodied species
(e.g., albatrosses, gulls)

Strong sense of olfaction 
(e.g., tubenoses)

Management Complications

Reliance on predictable resources 
(Oro et al., 1996)

Unintended consequences:   
Competition for breeding sites, Predation,…  



Ethical Implications

"What we must do is encourage 
a sea change in attitude, one 
that acknowledges we are a 
part of the living world, not 
apart from it."

Carl Safina Sylvia Earle

"Extending a sea ethic would 
mean recognizing the ocean’s 
importance to the continued 
existence of life on our planet 
and to human futures.”

(Grumbine 1994)

“Ecosystem management is not just about 
science nor is it simply an extension of 
traditional resource management; 
it offers a fundamental reframing of  
how humans may work with nature.”



Toward a Sea-Ethic

- Animal Cruelty (e.g., Whaling)

- Inherent Value of Species 

- Preservation of the Wilderness 

- Management of the Ocean Commons

Ethical Discussions Concerning Marine Conservation

(Dallmeyer 2005)


