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Urban ecology

Designing urban 

ecological infrastructures



Plan

1. A crash course in wildlife ecology

• The area & isolation paradigm

• Metapopulation dynamics

• Seral stages

• The two sides of disturbances

• Spatial heterogeneity

2. A diagnostic toolkit

• The guild approach

• The ecological infrastructure framework

3. Keys to restoring an ecological infrastructure

• Consolidating core areas

• Restoring conectivity

• A centrifugal approach

• Do’s and don’t’s

4. Take-home message



The area & isolation paradigm



The area & isolation paradigm



Reducing connectivity kills metapopulations



Habitat fragmentation and edge effects

Haddad et al. Sci Adv 2015



Habitat loss and extinction debt

Kuussaari et al. 2009. Trends in Ecology and Evolution



Succession, seral stages and climax

• Primary succession begins with bare rock (no soil)

• Secondary succession starts after disturbances (soil present)

• Climax is rarely reached (unstable environments) and climate change shifts climatic climax



Intermediate disturbance hypothesis

• Species richness (and diversity) at the local scale peaks at:
– intermediate values of disturbance frequency, 

– intermediate times after a disturbance, and 

– at intermediate spatial extents of disturbance 

Connell 1978. Science



Community resilience and invasions

Diez et al. 2012. Frontiers in Ecology and the Environemnet
Midgley 2012. Science

Hubbell 2005. Functional Ecology



Connectivity + diversity = resilience

Perino et al. 2019. Science



Cascading effects & ecological interactions

Harvey et al. 2016. Journal of Applied Ecology



Urban sprawl as a radiating wave of disturbance

Urbanization can be modeled by looking at the 

probability that a given patch might undergo a 

transition over time, based on its location along 

a gradient from rural to urban. 

Generally the probability of change in the rural 

environment is relatively low; change is most 

likely along the urban fringe; and the city 

center is more stable than the fringe but more 

likely to experience change than the rural 

environment. 

In a typical city, a wave of high disturbance 

radiates through time outward from the initial 

city edge.

Collins et al. 2000. Am. Scient.



Liestal 

1984-2004



Spatial heterogeneity:

single large or several small?

Heidrich et al. 2020. Nature



Spatial heterogeneity



Diagnostic toolkit

• Acknowledge that urban habitats are secondary habitats

Primary habitats

Alternative habitats



Diagnostic toolkit: the guild approach
Forest Hedgerows Grasslands Wastelands Ponds /streams

There are multiple ecological networks ... in interaction!



The "green" guild: 

tree, forest & hedgerow species

Core area

Corridor



The "blue" guild: 

lake, ponds & streams species

Core area

Corridor



The "orange" guild: 

mesophilic grasslands & ruderal/pioneer species

Core area

Corridor



Core areas + corridors  = ecological infrastructure



How to promote an ecological infrastructure (EI)?

• The ecological diagnosis is mostly based on: 

– Size of core areas (quantity, sources v. sinks of propagules), 

– Naturalness of the species community (quality), 

– Degree of disturbance (quality),

– Connectivity. 

• The consolidation of the EI follows this order:

1. Strengthen and secure core areas (buffer or extension zones)

2. Improve connectivity in a centrifugal manner (steppingstones and corridors)

3. Develop new reservoirs of biodiversity



Planning examples at different scales (REN, 1990’s)



Planning examples at different scales (REC, 2000’s)



Planning examples at different scales (PALM, 2000’s)



Planning examples at different scales (Nyon)



Planning examples at different scales (SDHE)



Green EI

• Preserve old or senescent trees

• Increase the amount of dead wood on the ground

• Reduce artificial lights at night on the forest edges

• Replace single species hedgerows 

of exotic species with natural diversified hedges

• Promote canopy continuity, especially along streams

29



Blue EI

• Avoid waterproofing and promote infiltration



• Creation of new natural ponds (first) & streams 

(second) – see Red Lists

• Think about the hydroperiod and the requirements of 

species

• Be ready to adress the mosquito issue

Blue EI



Orange EI

• Promote natural vegetation 

(without biocides or fertilizer)

• Maintain uncut refuge areas

• Restore orchard and hedgerows 

(interface between the forest and grassland network)

• Add small structures such as drystone wall, 

pile of wood, pile of stone, etc.

• Develop extensive green roofs



Orange EI



Brown EI (living soils)

• No soils, no biodiversity

• Become an earthworm and map the urban soil continuity



Priorization at the national scale

1 2 3



Common mistakes when planning an EI

• "Too little, too late": restoring ecological connectivity requires ambitious 

investments and long-term planning.

• General measures, not specific enough. The diagnostic stage is crucial, it defines 

the measures necessary to restore the EI. It requires a biological eye. 

• Measures too focused on one or a few target and charismatic species, not on the 

restoration of ecological processes.

• Greenwashing. No real understanding of what is at stake (e.g. anecdotical tree 

planting, honeybee hives, very temporary ponds that act as ecological traps...) 



Adressing sever disturbances: ALAN



Adressing traps (for terrestrial species)



BiodiverCity: people want more!

22% 20% 20%

1% 1% 2%

http://www.biodivercity.ch/



Take home message

• Identify and preserve the structuring elements of the ecological infrastructure 

(core areas, biodiversity reservoirs, steppingstones and corridors)

• Improve connectivity by identifying obstacles, traps and disturbances, focusing 

on small terrestrial animals (e.g., hedgehog, snails, salamanders, beetles…)

• Plan ecological networks as you would any transportation system, with hubs 

and different lines.


	Diapositive 1 ENV-462  Urban ecology
	Diapositive 2 Plan
	Diapositive 3 The area & isolation paradigm
	Diapositive 4 The area & isolation paradigm
	Diapositive 5 Reducing connectivity kills metapopulations
	Diapositive 6 Habitat fragmentation and edge effects
	Diapositive 7 Habitat loss and extinction debt
	Diapositive 8 Succession, seral stages and climax
	Diapositive 9 Intermediate disturbance hypothesis
	Diapositive 10 Community resilience and invasions
	Diapositive 11 Connectivity + diversity = resilience
	Diapositive 12 Cascading effects & ecological interactions
	Diapositive 13 Urban sprawl as a radiating wave of disturbance
	Diapositive 14 Liestal  1984-2004
	Diapositive 15 Spatial heterogeneity: single large or several small?
	Diapositive 16 Spatial heterogeneity
	Diapositive 17 Diagnostic toolkit
	Diapositive 18 Diagnostic toolkit: the guild approach
	Diapositive 19 The "green" guild:  tree, forest & hedgerow species
	Diapositive 20 The "blue" guild:  lake, ponds & streams species
	Diapositive 21 The "orange" guild:  mesophilic grasslands & ruderal/pioneer species
	Diapositive 22 Core areas + corridors  = ecological infrastructure
	Diapositive 23 How to promote an ecological infrastructure (EI)?
	Diapositive 24 Planning examples at different scales (REN, 1990’s)
	Diapositive 25 Planning examples at different scales (REC, 2000’s)
	Diapositive 26 Planning examples at different scales (PALM, 2000’s)
	Diapositive 27 Planning examples at different scales (Nyon)
	Diapositive 28 Planning examples at different scales (SDHE)
	Diapositive 29 Green EI
	Diapositive 30 Blue EI
	Diapositive 31 Blue EI
	Diapositive 32 Orange EI
	Diapositive 33 Orange EI
	Diapositive 34 Brown EI (living soils)
	Diapositive 35 Priorization at the national scale
	Diapositive 36 Common mistakes when planning an EI
	Diapositive 37 Adressing sever disturbances: ALAN
	Diapositive 38 Adressing traps (for terrestrial species)
	Diapositive 39 BiodiverCity: people want more!
	Diapositive 40 Take home message

