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Ecosystems: species + interactions + environment  

Ecology: discipline that studies species, environment, and 

interactions. Biology of the ecosystems

Biodiversity:  from the mere number of species to the 

interactions among them and their functional role

2



Ecosystems: species + interactions + environment  

Ecology: discipline that studies species, environment, and 

interactions. Biology of the ecosystems

Biodiversity:  from the mere number of species to the 

interactions among them and their functional role

3



Long-term debate on the processes governing ecosystems: 

Bottom-up, top-down, combinations 
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Hairston et al. (1960) Green World hypothesis
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Predators maintain global plant biomass by limiting herbivore densities

Effect of predators regulating ungulates (e.g. Elton 1927); 

Ungulate eruption following the loss of predators (Leopold et al. 1947) 
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• “Bottom-up”: productivity determines vertebrate population growth 
(e.g. Sinclair and Krebs 2002)

• Importance of all interactions to understand, manage and conserve 

wildlife populations

• Top-down + bottom-up

(e.g. Elmhagen et al. 2010)



Prevalence of top-down regulation in boreal ecosystems:

productivity not controlled by hervibory (Krebs et al 2003)

7



8

Far south (Serengeti): predation and limited resources 

regulate ungulate populations (Sinclair et al. 2003)



Europa: el bosque de Bialowieza
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Bialowieza (Poland)



Europa: el bosque de Bialowieza
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• 100 years of dynamics of predators (wolf, lynx) and prey (bison, moose, red 

deer, roe deer).

Jedrzejewski & Jedrzejewska 2005



Europa: el bosque de Bialowieza
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• Larger effect of predation on red and roe deer.  With wolves, reaching red 

deer carrying capacity took longer time

• Larger effect of productivity for bison and moose

• Combination of relevant effects on the dynamics of prey species, and 

potentially on the regulation of the ecosystem (Jedrzejewski & Jedrzejewska 2005)



Ripple & Beschta 2012
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The discussion is still open …



• Increasing relevance to the role of predators in recent times

• Trophic cascades: progression of indirect effects of predation 

through lower steps (Estes et al. 2001) 

• Increasing importance in terrestrial systems (e.g Terborgh & Estes 2010)

• The concept of keystone species is a solid argument for the 

conservation of large carnivores (Hebblewhite et al. 2005)
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• Top, Apex predators: 

• Most dominant members of carnivore guilds

• Virtually free of predation
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Ecological position is context dependent
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¿How do LC play their role? 

• Numerically: reducing prey through 

predation

• Trough behavioral changes of their 

prey, which try to be less vulnerable

• The latter may drive trophic cascades 

(e.g. Schmitz et al. 2004; Peckarsky et al. 2008) 

• Prey dynamics affected by direct 

predation and behavioral changes

• Herbivore prey eat seeds and plants. 

Therefore predation may modify the 

structure of vegetation
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Beschta & Ripple 2009



Interactions: mesopredator control
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From Prugh et al. 2009

From Ritchie et al., in press (Trends in Ecology and Evolution)



Habitat selection by elk before and after the wolves 

Mao et al 2005       Fortin et al 2005

The return of wolves to Yellowstone restores important 

ecosystem processes
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Beschta & Ripple 2009

• Invertebrates communities

• Soil nutrients 

• Buffer climate change 

• Increasing evidence in the 

scientific literature (Nature, 

Science, etc.)



Oso 2
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• In boreal areas bears feed largely on ungulates 
(Swenson et al. 2006) 

• Most important cause of moose calves’ 

mortality (Boertje et al. 2010)

• Example of predation as selective force (Genovart 

et al. 2010)

• Ecosystem efficiency and relation between 

ecosystems, transferring nitrogen from ocean 

to terrestrial systems (Soulé et al. 2003)
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Guild conservation: 

Bears alone appear insufficient to 

preclude cervid irruptions; bears + 

wolves much more efficient

The guild must be complete for LC to provide their 

ecological role as keystone species (Dalerum et al. 2008)

From Melis et al. 2009
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Large carnivores and humans

• We have always been in conflict with LC...
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Humans have been killing large carnivores for a long time 

• Competition for prey

• Protection of human life

• Protection of livestock from predation

• Disease control 

• Sport hunting

• Trade with fur and other body parts…

Most LC are killed to remove a nuisance

rather than for consumption (Frank & Woodroffe 2001)    
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What are the consequences of human persecution for large carnivores?

• Demography

Most large carnivore mortality is human induced

Even in protected areas  (Woodroffe & Ginsberg 1998) 

Wolves 83%        Brown bears 89%
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Ecosystem-level consequences

Strong modifications in terrestrial ecosystems after eliminating LC
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What are the consequences of human persecution for large carnivores?

• Demography

Most large carnivore mortality is human induced

Even in protected areas   Woodroffe & Ginsberg 1998 

Wolves 83%        Brown bears 89%

• Behavioral consequences?

Behavior: the actions and reactions, innate and learned, 

of an animal under specified circumstances

Behavioral consequences may influence the role of LC in the ecosystems
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• Even solitary carnivores live in social systems; stable neighborhoods

• Group-living species are dependent on integrity and stability of groups

• High mortality rates disrupt social stability

• -> changes in activity patterns, reproductive rates, habitat use, etc. 
(Frank & Woodroffe 2001)
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• Wolves: strong links 

among members 

keep group stability
(Boitani 2000) 



Modified from Lindblad et al. 2005
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Behavioral changes of LC - Time scale of persecution:

Europe

Roman emperors founded wolf-hunting corps 1200 years  

ago; In Greece, 2500 years ago
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North America: 

Eradication much faster after the arrival of 

“modern methods” 

Cain et al 1972, in Frank and Woodroffe 2001

Number of animals killed in 30 years



Persecuted carnivores are more nocturnal

Brown bears and wolves are more nocturnal in Europe than in North America

Avoidance of people= survival in areas with high human densities

and with longer persecution   Woodroffe 2000
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Resting

Ordiz et al. 2012, in press (Biological Conservation)
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Predators becoming prey: spatial and temporal

discrimination of human-derived risk by brown bears

(Ordiz et al. 2011)



Reproductive rates and social disruption

Behavioral findings are of special conservation interest

if they affect population growth rates   (Caro 1998)

Scandinavia: Higher cub mortality after the hunting of 

resident males  (Swenson et al 1997)

Lower cub survival decreased λ by 3.4%

34



Predation affected by human presence

35

Ecological functionality must account 

for indirect anthropogenic effects on 

species´ distributions and behavior



Few places left where LC roam without 

human-induced changes

Extinctions and population reductions

Altered activity patterns

social structure

predation patterns

reproductive rates

habitat use 

U. Ghani
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«Landscape of fear» for the LC

(Ordiz et al. 2011; Valeix et al. 2012)



M. Hebblewhite
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More attention must be placed to the social structures and behavior of 

predators, in relation with the dynamics of trophic interactions
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Conservation policy should consider effects of harvesting beyond 

influences on population size
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• General lack of redundancy between hunting and predation (Berger 2005; 

Genovart et al. 2010)

• Predation is an important agent of natural selection, with hunting and 

fishing going often in opposite directions (Darimont et al. 2009)
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¿Can hunting replace predation?
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Hunting is often not functionally equivalent to predation by LC

Intensity and timing of predation

Removal of different prey age and sex classes

Modulation of mesopredator densities

Infrastructure to support human hunting

Manipulation of carrion–scavenger relationships

Modification of intra-guild predation (Berger 2005)

Humans do not replace carnivores in an ecologically functional way 
(Ray et al. 2005) 



• Lynx vs. hunter-killed roe-deer (Andersen et al. 

2007, Norway):

• 151 lynx-killed roe deer: 

• % of males, females, adults and fawns not 

statistically different from the population

• Hunters killed especially males

• Hunting did not replicate natural predation
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From Melis et al. 2009

European scale



Common goals of hunting:

target population level

preventing conflicts 

public support for conservation

Target population level: Not simple… Undetected mortality of offspring

Not clear how hunting prevents property damage:

Difficulty to kill the individuals that provoke damages. Need to protect 

livestock and to impede LC accessing human food.

Risk of disrupting social organization -> increase property damage

Gompper 2002 Robinson et al 2008 Frank 1998          Allen and Gonzales 1998
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Management decisions on large social predators must consider social 

stability to ensure their conservation and ecological functioning

Hunting wolves fractures their social structure:

Changes in age composition, pack size, survival, social behavior… (Haber 1996)

It is the pack that is the top predator, not the individual animal

Beschta and Ripple 2009
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Conservation of large carnivores: Sustainability is not enough

Conservation of biodiversity is facilitated by maintaining

population densities and distributions of strongly

interactive species above thresholds for ecological effectiveness

Soulé et al. 2005

Attention to behavioral responses

Importance of single individuals and social interactions in non-social 

species (Ordiz et al. 2008)

Breeder loss is particularly influential in wolves (Brainerd et al. 2008)
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Conservation Biology perspective:

Ecologically efficient densities (Soulé et al. 2003)
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How about Scandinavian wolves’ conservation and management?

Opportunities: recolonizing population, large availability of prey

Problems: inbreeding, small population (far from carrying capacity)

Conflict with some human uses (e.g. free-ranging livestock)

Favorable Conservation Status (Hansen et al. 2011): 3000-5000 wolves (Swe, Nor, 

Fin and Karelia-Kola). 

Higher population size, lower increase of inbreeding (Hansen et al. 2011)

Ecologically efficient densities 

GYE: «Ecosystem recovery should be a recovery criterion for this unique 

keystone predator» (Bergstrom et al. 2009). 
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