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Presentation Outline

o Defining ecosystem resilience

o Threats to urban forests that require resilience

o Factors that determine tree species resilience

o Selecting resilient tree species

Goal: Improve your knowledge of resilience and 
equip you to make resilience recommendations; 
not going to tell you what to plant, but how to think 
about what to plant
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Defining Ecosystem Resilience
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Source: pubs.er.usgs.gov/publication/ofr20171091

The ability of an ecosystem to withstand and recover 
from disturbances or changes while maintaining its 
essential structure, function, and ability to provide 
goods and services.
Source: Standish, Rachel J., et al. "Resilience in ecology: Abstraction, distraction, or where the action is?." 
Biological Conservation 177 (2014): 43-51.

Characteristics of Resilient Ecosystems:

o Diversity

o Connectivity

o Flexibility

o Resistance and recovery
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Threats to Urban Forests

Climatic

EdaphicBiotic

Anthropogenic

Source: Loarie, Scott R., et al. "The velocity of climate change." Nature 462.7276 (2009): 1052-1055.
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On average, ecosystems will need to shift about 0.42 kilometers per year (about a 
quarter mile per year) to keep pace with changing temperatures across the globe.
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Threats to Urban Forests
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Source: nca2018.globalchange.gov/chapter/6

Source: www.earth.com/news/urban-trees-grow-quickly
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Threats to Urban Forests

Source: earthobservatory.nasa.gov/features/GlobalWarming/page3.php?itid=lk_inline_enhanced-template
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Threats to Urban Forests

Source: nca2018.globalchange.gov/chapter/2/

This figure compares observed change for 1986–2016 (relative to 1901–1960) with projected differences 
in annual average temperature for mid-century (2036–2065) and end-of-century (2070–2099) relative to 

the near-present (1986–2016).
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Threats to Urban Forests

The season length of heat waves in many U.S. cities has increased by 
over 40 days since the 1960s. Hatched bars indicate partially complete 
decadal data.

The average length of the growing season has increased across the 
contiguous United States since the early 20th century, meaning that, 
on average, the last spring frost occurs earlier and the first fall frost
arrives later; this map shows changes in growing season length at the 
state level from 1895 to 2016.Source: nca2018.globalchange.gov/chapter/1/#fig-1-2
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Threats to Urban Forests
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Source: www.washingtonpost.com/climate-
environment/interactive/2023/tree-species-climate-change-north-shift
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Threats to Urban Forests

Source: ucanr.edu/blogs/dirt/blogfiles/37486_original.jpg

Source: www.gardeningplaces.com/heatzonemap
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Threats to Urban Forests
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Threats to Urban Forests

• Photorespiration
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When it gets too hot… 
• Chloroplast instability
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Threats to Urban Forests

Source: nca2018.globalchange.gov/chapter/2
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Threats to Urban Forests
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Source: Grossiord, Charlotte, et al. "Plant responses to rising vapor pressure deficit." New Phytologist 226.6 (2020): 1550-1566.
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Threats to Urban Forests
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Fitzpatrick, M. C., & Dunn, R. R. (2019). Contemporary climatic analogs for 540 North 
American urban areas in the late 21st century. Nature Communications, 10(1), 614.

Source: fitzlab.shinyapps.io/cityapp
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Threats to Urban Forests
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o Range expansion

o Increased reproductive rates

o Altered life cycles

o Weakened tree defenses

o Species interactions

Ways in which climate change can influence 
the dynamics of tree pests in urban areas:

Source: www.cepralandscape.com/news-tree-pests-070920.php
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Threats to Urban Forests
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Source: Dale, Adam G., and Steven D. Frank. "The effects of urban warming on 
herbivore abundance and street tree condition." PloS one 9.7 (2014): e102996.Gloomy Scale on Red Maple

Source: 
content.ces.ncsu.edu/gloomy-
scale-1
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Threats to Urban Forests

VCE Master Gardener College • Blacksburg, VA • June 9, 2023

Bagworm on Thuja spp. Source: 
bygl.osu.edu/node/1439 Source: Dawadi, Sujan, and Clifford S. Sadof. "Urban microclimate warming improves 

overwintering survival of evergreen bagworms." Journal of Urban Ecology 8.1 (2022): juac014.
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Threats to Urban Forests

VCE Master Gardener College • Blacksburg, VA • June 9, 2023

Source: Aukema, J. E. et al. (2010). Historical accumulation of nonindigenous 
forest pests in the continental United States. BioScience, 60(11), 886-897.

Cumulative detections of nonindigenous 
forest insects by guild over time in U.S.

Relationship between growth in international 
trade and pest introductions to U.S.

Source: Lovett, G. M. et al. (2016). Nonnative forest insects and pathogens in the United 
States: Impacts and policy options. Ecological applications, 26(5), 1437-1455.
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Threats to Urban Forests

VCE Master Gardener College • Blacksburg, VA • June 9, 2023

Source: cities4forests.com/lg-urban-forests Source: www.trianglegradingpaving.com/current-projects

1. Pollutants and debris

2. Poor drainage and aeration

3. Altered pH

4. Extreme soil temperatures

5. Interrupted nutrient cycles

6. Dysfunctional soil food web

Urban Soils
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Tree Species Resilience
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Source: en.wikipedia.org/wiki/Universal_adaptive_strategy_theory

Grime’s Universal Adaptive Strategy Theory
Competitors
• Thrive in areas of low intensity stress and 

disturbance and excel in biological competition

Stress Tolerators
• Thrive in areas of high intensity stress and low 

intensity disturbance
• Found in stressful environments such as alpine 

or arid habitats, deep shade, nutrient deficient 
soils, and areas of extreme pH levels

Ruderals
• Thrive in situations of high intensity disturbance 

and low intensity stress
• Found colonizing recently disturbed land

Source: leca-dev.github.io/RFate/articles/fate_tutorial_1_PFG.html
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Tree Species Resilience
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Key Traits of Trees for Resilience

o Heat tolerance

o Drought tolerance

o Pollution tolerance

o Soil hypoxia tolerance

o Pest resistance

o Durable wood

o Decay resistance

Honeylocust
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Tree Species Resilience
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Key Traits of Trees for Resilience

Source: Farrell, C., et al. "Can we integrate ecological approaches to improve plant 
selection for green infrastructure?." Urban Forestry & Urban Greening (2022): 127732.

Source: Hirons, Andrew, and Peter A. Thomas. 
Applied tree biology. John Wiley & Sons, 2018.
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Tree Species Resilience
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Selecting Trees for Resilience

o Look to natural plant communities

Source: www.plantnovanatives.org/plant-communities Source: www.dcr.virginia.gov/natural-heritage/natural-communities/nctoc
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Tree Species Resilience
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Selecting Trees for Resilience

o Look to your local experts

Source: 
www.novaregion.org/DocumentCenter/View/10615
/Northern-Virginia-Native-Plant-Guide---FINAL
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Tree Species Resilience
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Selecting Trees for Resilience

o Look to states further south

Source: 
secure.caes.uga.edu/extension/publications/files/pdf/C%201013_6.PDF
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Tree Species Resilience
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Tree Species Resilience
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Source: www.washingtonpost.com/climate-environment/interactive/2023/tree-species-climate-change-north-shift
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Tree Species Resilience

VCE Master Gardener College • Blacksburg, VA • June 9, 2023

Source: www.fs.usda.gov/nrs/atlas/tree



o Ecosystem resilience is important for 
sustainability of urban forests

o Urban forest resilience relies on tree 
species resilience

o Evolutionary forces have conferred 
survival strategy traits in tree species

o We can select tree species for these traits 
to improve urban forest resilience

29  29

Take Home Messages

Source: unsplash.com/photos/UewgGfZgYj0
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