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Meanings of resilience

Growing popularity in science, policy, 
practice and society (200 million  hits on 
Google in less than a second)
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100k 

references



Getting practical



From Mladenoff D.J., 2004.  Ecological Modelling: 180,7-19 (modified) 

Landis-II model structure 



Lucash M.S., Scheller R.M., Creutzburg H. M., 2014. Century Succession. LANDIS-II Meeting. April 2014. Harvard Forest, MA.

Landis-II Net Ecosystem Carbon and 
Nitrogen Succession



Field surveys

• 223 survey plots (0.25 ha)
• In each plot collected data on:

− Dbh trees >10 cm
− No of sapling
− No of seedling

• Additional plots:
− Soil data, ground flora, lichen, 

fungi, recreational and 
aesthetics values

50 m



New Forest resilience

1. No-disturbances
2. Browsing
3. Heathland burning
4. Fire + browsing
5. Fire + browsing + protection from 

herbivores by spiny shrubs

300 years simulations

+175 %

+70 %



Remarkably resilient as a socio-ecological system, 
having withstood many mega-disturbances over 
the past 900 years

New Forest resilience

Newton A. C., 2011. Ecology and Society

Deer

Ponies

Cattle

Deer 
Removal 

Act



New Forest stands die-back



‘Pulse’ and ‘Pulse+Press’ design

Pulse: One-off disturbance 
applied to 0%, 20%, 
40%, 60%, 80%, and 
100% of the area
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Press disturbance

Pulse+Press: One-off 
disturbance applied to 0%, 
20%, 40%, 60%, 80%, 
and 100% of the area,
followed by press 
disturbance

Harvesting of beech and 
oak>10 cm dbh. Browsing 
based on current levels



• Resistance - Measured as the magnitude of 
change of each variable (i.e. ecosystem 
service or biodiversity measure) caused by 
the disturbance.

• Recovery time - Measured as the time 
taken for each variable to return to the pre-
disturbance value.

• Net change - Measured by comparing each 
variable at the end of the simulation with the 
pre-disturbance value.

Resilience properties
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Recovery



Net change



1. When the New Forest as a whole is considered, 
woodland area is resilient to heathland burning 
and browsing combined

2. When only the woodlands are considered, the 
majority of the ecosystem services and 
biodiversity measures are resilient to a one-off 
disturbance (the black dots)

3. When only the woodlands are considered, the 
majority of the ecosystem services and 
biodiversity measures are NOT resilient to a 
one-off disturbance, followed by a continuous 
disturbance (the red triangles) – in other words 
‘When browsing is combined with a pulse disturbance 
that causes tree mortality, such as a windthrow event 
or pathogen attack, the forest displays a threshold 
response - resilience of the forest declines a lot more 
rapidly’

Take home messages



• Total carbon stock, soil nitrogen stock and tree 
species richness were calculated from the Century 
Extension of LANDIS-II, which common to all 
ecological models is subject to a number of 
limitations and assumptions.

• AGB was used as indicator for the remaining of 
the ecosystem services and biodiversity measures.

Limitations



In the case study examined here, specific 
recommendations to enhance resilience in the 
short-medium term could include:
• (i) protecting tree regeneration from high 

herbivore pressure, which limits recruitment 
of trees;

• (ii) limiting the current management practice 
of tree cutting and heathland burning outside 
the woodland units, so that trees might 
colonise nearby grassland and heathland and 
adapt to the new environmental conditions. 

Implications for management



Thank you for your 
attention


	Resilience of multiple ecosystem services and biodiversity�in a temperate forest (UK)
	Slide Number 2
	Meanings of resilience
	Getting practical
	Slide Number 5
	Landis-II Net Ecosystem Carbon and Nitrogen Succession
	Slide Number 7
	Slide Number 8
	New Forest resilience
	New Forest stands die-back
	‘Pulse’ and ‘Pulse+Press’ design
	Resilience properties
	Slide Number 13
	Resistance
	Recovery
	Net change
	Take home messages
	Limitations
	Implications for management
	Thank you for your attention

