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• Urban areas are expanding at an unprecedented speed
• Gradual growth in the proportion of people inhabiting cities (UN. 2014. World urbanization prospects)

• Transitions from the countryside to cities

1920

60%
200880%

2000

55%

Urbanization: a big challenge
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• Currently, urban areas cover only 5% of Earth’s surface, BUT…
• 50% of the world’s population lives in cities (70% by 2050) (UN. 2014. World urbanization prospects)
• 80% in Europe
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San Paulo, Brasil

Dehli, India

Sala et al. 2000. Science 

Urbanization: a big challenge
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Panama City, Panama. 1930s vs Present day. (Image Source: SkyscraperCity & MagnificTravel)

5

http://www.skyscrapercity.com/showthread.php?t=499618
http://magnifictravel.com/bestemmingen/panama/panama-voorbeeldreis


But…
• Cities are the habitat where we (humans) 

live, work, socialize and reproduce
• Most of the knowledge are form the N-

hemisphere
• We have an increasing responsibility toward 

nature conservation in cities

Urbanization: effects

Major effects
• Deep changes in space and time
• Habitat loss and fragmentation
• Strong environmental filtering
• Biotic homogenization
• Heat island
• …



• Hotspot of biodiversity (Seto et al. 2012, PNAS) 
• Endemic species (Ives et al. 2016, Global Ecology and Biogeography)
• To some taxonomic groups are favoured, e.g. bees (Hall et al. 2017, Conservation Biology)

Cities are also associated to:

[…] Cities also need to play their part in conserving 
global biodiversity, as urban growth is increasingly 
concentrated in biodiversity hotspots. 
That in addition to the various ecosystem services for 
urban populations.

Urban biodiversity conservation

Strategy Biodiversity Switzerland
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Goals of the talk 

Try to understand some of the mechanisms that drive biodiversity and species 
assemblages in cities and possible effects on ecosysem functions.

I’ll try to answer the following questions: 
• Which biodiversity?
• For whom? 
• For what? 
• How?

I’m going to start with few theories/concepts -> examples -> perspectives
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Species assembly rules

Götzenberger et al. 2012 Biol Rev 87, 111

How do species assemble in cities?

9



Species assembly rules

Brousseau et al. 2017 J Anim Ecol 87, 1209

How do species assemble in cities?
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Species assembly rules

•Historical legacy
•Microclimate
•Habitat loss
•Fragmentation

How do species assemble in cities?

adapted from Aronson et al. 2016. Ecology, 97, 29523
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Fournier et al. 2020 J Biog 47, 615

How do species assemble in cities?

- Body size
- Mobility
- Phenology
- Feeding preferneces
- Reproduction
- Abiotic tolerance
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Bees 
 

 
 Trait  Value SES P-value 

ACTIVITY TIME Phenology start -3.17 0.001 
Phenology duration 5.81 1.000 

BODY SIZE Inter-tegula distance 1.48 0.930 
FEEDING 
PREFERENCES 

Oligolectic -1.83 0.026 
Polylectic 4.12 1.000 

TONGUE LENGTH Long -2.03 0.026 
Short 2.03 0.975 

NESTING MODE Renter 3.70 1.000 
Mason -1.22 0.006 
Parasite -2.85 0.001 

VOLTINISM Polymorph 3.73 1.000 
SOCIAL STATUS Parasitic  -2.85 0.001 

Polymorphic 1.94 0.950 
Social 5.97 1.000 

NICHE BREATH  7.72 1.000 
FUNCTIONAL DIVERSITY -0.57 0.269 

 

Bees  
Trait  
ACTIVITY TIME Earlier 

 Longer 
BODY SIZE Larger 
FEEDING PREFERENCES Generalist 
TONGUE LENGTH Shorter 
NESTING MODE Renter 
 Mason 
 Parasite 
VOLTINISM Polymorph 
SOCIAL STATUS Social 
 Polymorph 
NICHE BREATH Larger 
FUNCTIONAL DIVERSITY n.s. 
 

Regional 
species pool

(535 spp)

Fournier et al. 2020 J Biog 47, 615

How do species assemble in cities?

(164 spp; 31%)
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Carabid beetles  
Trait   
ACTIVITY TIME n.s. 
BODY SIZE n.s. 
FEEDING PREFERENCES Omnivore 
OVER-WINTERING Imago 
MOBILITY Macropter 
ABIOTIC TOLERANCE Xerophil 
NICHE BREATH Larger 
FUNCTIONAL DIVERSITY Lower 
 

Fournier et al. 2020 J Biog 47, 615

How do species assemble in cities?

(86 spp; 19%)

Regional 
species pool

(447 spp)
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Urban
species pool

How do species assemble in cities?
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Species assembly rules

adapted from: Aronson et al. 2016. Ecology, 97, 29523

•Historical legacy
•Microclimate
•Habitat loss
•Fragmentation

How do species assemble in cities?
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Species assembly rules

adapted from: Aronson et al. 2016. Ecology, 97, 29523

•Historical legacy
•Microclimate
•Habitat loss
•Fragmentation

How do species assemble in cities?
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18Swan et al. 2011. In Niemela J. (ed.) 
Handbook of Urban Ecology

Socio-economic aspects

Ecological aspects

Regional species pool (γ)

β

The urban ecosystem

Strong 
environmental 

filtering

Low High

Self-assembly of 
the local 
community (α)

Facilitated 
assembly of local 

community (α)
Dispersal limitation, 

environmental filtering

Dispersal &
environmental 
facilitation

Social investment in ecological
community composition
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What are the factors 
influencing gardeners’ 
behavior?

Policy and regulations?

Social norms, attitudes?
Perceived behavioral control? 

Outcomes for biodiversity

Species richness,
pollination, pest-control etc.

Outcomes for gardeners

Restoration, well-being, 
social cohesion etc.

Outcomes for soil quality

Soil quality, physical and 
chemical properties etc.

www.bettergardens.ch



City of Zurich

Urban gardens as a model system

Domestic gardens (N=42)

Allotment gardens (N=43) 

 Allotment gardens
 Domestic  gardens 20



Increasing amount of green within 250 m radius

Local (garden) scale: high vs. low management intensity

Laser scan data (LiDAR) as measure of the vertical woody structure 
(St.Dev. of the laser reflection height)

Landscape scale: amount impervious area within 250 m radius
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Min: 35%
Mean: 56%
Max: 83%

Proportion on indigenous plants

N
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Melampyrum arvense

Schoenoplectus mucronatus

Viola elatior

Herniaria hirsuta

85 gardens (allotments + domestic gardens) 

Plants (spontaneous & cultivated)
• N species: ca. 1’100 
• Mean: 119
• Max: 204
• Min: 52

Frey 2019 PhD thesis

How much biodiversity did we find?
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Frey 2019 PhD thesis

85 gardens (allotments + domestic gardens) 

Plants (spontaneous & cultivated)
• N species: ca. 1’100 
• Mean: 119
• Max: 204
• Min: 52

How much biodiversity is over there?
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Invertebrates (13 weeks)
• N species: ca. 1’200
• N individuals: ca. 147’000
• Mean: 142
• Max: 201
• Min: 53

85 gardens (allotments + domestic gardens) 

Plants (spontaneous & cultivated)
• N species: ca. 1’100 
• Mean: 119
• Max: 204
• Min: 52

How much biodiversity is over there?

Frey 2019 PhD thesis
24



Plants (spontaneous & cultivated)
• N species: ca. 1’100 
• Mean: 119
• Max: 204
• Min: 52

Invertebrates (13 weeks)
• N species: ca. 1’200
• N individuals: ca. 147’000
• Mean: 142
• Max: 201
• Min: 53

Frey 2019 PhD thesis

85 gardens (allotments + domestic gardens) 
How much biodiversity is over there?

Domestic gardens vs Allotments 
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Plant Species 
richness

Management 
intensity

25



Frey 2019 PhD thesis

Do human factors influence the number of invertebrate species 
and how?

positive signif.
negative signif.
n.s.
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PRS= Perceived Restorativeness
(restorative = capable of restore)

0.567

0.184

0.362 -0.127

-0.167

Young et al. 2020 Land Urb Plan, 198, 103777

But why people care about biodiversity in garden?
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Since biodiversity is important to people, can people quantified it?

Young et al. 2019 Land Urb Plan 185, 222

Lawn Meadow Flower bed Vegetable bed





Structure item
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www.biodiverCity.ch

What type of green do people prefer?
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What type of green do people prefer?

www.biodiverCity.ch30



www.biodiverCity.ch

What type of green do people prefer?
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www.biodiverCity.ch

What type of green do people prefer?
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What type of green do people prefer?



Most preferred

What type of green do people prefer?



Most preferred

Least preferred

What type of green do people prefer?



What type of green do people prefer?



What type of green do people prefer?



Moretti et al., Sinergia project, in prep. 

Plants and People in Urban Systems [PAPPUS]
“How human and biophysical factors jointly shape biodiversity and nature’s contributions to people in cities”

…

Marcel Hunziker, WSL

Social science

Angela Bearth, ETHZ

Consumer behaviourMarco Moretti, WSL

Community ecology

Bertrand Founier
Univ. Potsdam, D 

Landscape ecology 
and modelling

Project partners
- Nicolas Mouquet, CNRS, F 
- Terry Hartig, Uni Uppsala, S
- Jaboury Ghazoul, ETH Zurich
- Michael Siegrist , ETH Zurich 
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1) Urbanization is growing at an unprecedented rate.
We need to understand how urbanization affect biodiversity and 
integrate it into biodiversity conservation strategies

2) Integrating social-ecological aspects will allow us to improve our 
understanding of urban biodiversity

3) Human factors play a primary role in the assembly of species and 
effects on urban ecosystem functioning

4) The use of integrated approaches based on functional traits 
sensitive to biophysical and human factors can lead us toward 
a more predictive urban ecology

What have we learned?
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