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Some de�nitions



  

Grimm and Wissel. 1997: 
Babel, or the ecological 
stability discussions: an 

inventory and analysis of 
terminology and a guide for 

avoiding confusion



  



  

Myers-Smith, et al. 2012. Resilience: Easy to use but hard to de&ne



  

Ok, never mind. Let's start at 
the beginning

Professor C.S. (Buzz) Holling



  

'Ecological' resilience: “a measure of the 
persistence of systems and of their ability 
to absorb change and disturbance and still 
maintain the same relationships between 

populations or state variables”
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Brocken Inaglory
Linda Pitkin



  

Revolution!

The idea that there is a 'balance of nature' is commonly 
held by biologists. They feel that the organisms in a 

community are harmoniously adjusted to one another so 
that a state of dynamic equilibrium exists. In this 

equilibrium the numbers of individuals of each species in 
the community remain relatively constant and signi�cant 
changes in numbers occur only when something upsets 

the natural “balance”. (Ehrlich and Birch, 1967)



  

Alternative stable states

The theory that ecological systems may exist 
potentially inde�nitely in contrasting states 

under the same external environmental 
conditions



  

Phosphorus levels

E
c
o
s
y
s
te

m
 s

ta
te

: 
W

a
te

r 
c
la

ri
ty



  

Hysteresis



  

'Ecological' resilience – which ecosystems 
are more resilient? Which are less? How do 

we predict?



  

Mechanisms
Ecosystem and disturbance-

speci�c mechanisms

(..resilience of what to what?)

Linda Pitkin

Ed Golden

Patrick Alexander



  

Adaptability

Mechanisms



  

1. Remains at state when 
disturbed or returns after 

disturbance

2. Remains at state either for 
one full generation time for all 
organisms OR a time length 
such that replacement of all 
organisms has ocurred (as 

juveniles)

3. Exists under same physical 
conditions as alternative state



  

Recovery

'Engineering resilience': “How 
fast the variables return towards 

their equilibrium following a 
perturbation. Resilience is not, 
therefore, de�ned for unstable 

systems.

Thomas J. Dolaskie IV Jorn Weisbrodt



  

Mechanisms
Functional redundancy



  

Mechanisms 
Landscape context

Kelly Hays



  

Resistance

the degree to which a 
variable is changed 

following a perturbation

Tasha Eichenseher

myisleofwight.com



  

MechanismsMechanisms
Response diversityResponse diversity



  

Mechanisms
Spatial con�guration



  

Kurt RogersRhett Butler Kurt RogersRhett Butler

Press Pulse



  

BiodiversityBiodiversity



  

Landscape contextLandscape context

Gerry Ellis

http://fineartamerica.com/profiles/animalsandearth.html
http://fineartamerica.com/profiles/animalsandearth.html


  

(Standish et al, in prep)



  

(Scheffer et al. 1993, 
Walker et al. 2004)

The Ol' Ball 
and Cup

(Hirota et al, 2011)



  



  

Engineering resilience

Resistance

Ecological resilience



  



  

Socio-ecological systems: a system 
composed of organized assemblages of 
humans and non-human life forms in a 

spatially determined geophysical setting 
(Halliday and Glaser, 2011)

Ben Kimball

A: Balsam �r forest

reinisp 

B: Spruce/birch 
forest



  

Recap: De�nitions

1) Ecological resilience – the magnitude of 

disturbance that can be absorbed before the system changes 
its structure by changing the variables and processes that 

control behavior (Gunderson and Holling, 2002)

2) Engineering resilience (recovery) – how fast 

the variables return towards their equilibrium following a 
perturbation (Pimm, 1984)

3) Resistance – the degree to which a variable is 

changed following a perturbation (Pimm, 1984)



  

Questions?

Thomas P. Peschak
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These new technologies adversely affected the northern cod population in two important 
ways: by increasing the area and depth that was fished, the cod were being depleted 
until the surviving fish could not replenish the stock lost each year;[7] and secondly, the 
trawlers caught enormous amounts of non-commercial fish, which were economically 
unimportant but very important ecologically: incidental catch undermines the whole 
ecosystem, depleting stocks of important predator and prey species. With the northern 
cod, significant amounts of capelin – an important prey species for the cod – were 
caught as bycatch, further undermining the survival of the remaining cod stock.
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These new technologies adversely affected the northern cod population in two important 
ways: by increasing the area and depth that was fished, the cod were being depleted 
until the surviving fish could not replenish the stock lost each year;[7] and secondly, the 
trawlers caught enormous amounts of non-commercial fish, which were economically 
unimportant but very important ecologically: incidental catch undermines the whole 
ecosystem, depleting stocks of important predator and prey species. With the northern 
cod, significant amounts of capelin – an important prey species for the cod – were 
caught as bycatch, further undermining the survival of the remaining cod stock.

We suggest that lake trout historically may have controlled the lake’s fish community by 
suppressing potential competitors/predators and that fishing-induced biomass reductions 
compromised this function. 

Archived records indicate that sea lampreys reached pest levels of abundance by 1946. 
In northern Michigan waters, catches per unit of effort (CPUEs) of adult lake trout 
aggregated on six spawning reefs declined between 1942 and 1943. Furthermore, poor 
recr uitment of juvenile lake trout from these same waters, evident in 1949, indicated 
that lake trout reproduction was impaired as early as 1944
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Once P enters the lake, it may be taken up by primary 
producers (including the undesirable blue-green algae that 
are symptomatic of eutrophication) or added to the 
sediments. P
in the lake cycles continually among organisms, the
water, and the sediment. Recycling from sediment
to the overlaying water is a key flux that is subject
to nonlinear changes in rate. When P levels in the
water are low, oxygen concentrations stay high
throughout the summer and P remains bound in
iron complexes in the sediment. When P levels in
the water are high, the production of algae is high
and decomposition of sinking algae depletes oxygen
near the surface of the sediment. The iron complexes are 
chemically reduced, releasing the P in soluble form to 
support further algal growth. This
shift between negative and positive feedbacks pro-
duces alternate stable states one with low water
P, low recycling, and high water quality; the other
with high water P, high recycling, and poor water
quality.
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