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Chaparral

• A mediterranean-type climate region shrubland

• Evergreen leaves and thick hard leaves

• Fire-adapted (many species seed and resprout post-fire)

• Most-extensive vegetation type in California

Map Credit: Parker, Pratt, and Keeley, 2016
Photo Credit: Pratt
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California (coastal) sage scrub - CSS
• A mediterranean-type climate region shrubland

• Seasonally dimorphic leaves; Seasonal leaf shedding

• Soft aromatic leaves

• Common in areas of higher disturbance and aridity

Wet season

Dry season



“Contemporary vegetation 
maps show consistent 
trends of increasing grass, 
tree, and other cover types 
and decreasing sage scrub 
and shrubs over time”

Syphard, A.D., Brennan, T.J. and Keeley, J.E., 2018. Chaparral landscape conversion in southern California. 
Valuing chaparral: Ecological, socio-economic, and management perspectives, pp.323-346.
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Obligate SeedersFacultative Seeders

Obligate Resprouter Opportunistic

Life History 
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Strong resprouting          Weak resprouting

Seedling emergence in the post-fire environment
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No canopy; 

Open sites;

Post-disturbance



Vegetation-type conversion

Photo credits: Stephen D Davis

What factors contribute to type-conversion of chaparral?

• Drought

• Drought + Fire 

• Fire + Introduced Species

• Repeated Fire (Short Fire Return Interval)

• Others: Disturbance, N-deposition, Pathogens

Type-conversion results in:

• Loss or reduction of some species and life history types

• Conversion from closed-canopy to an open-canopy community

• Reduction/change in ecosystem function
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Vegetation-type conversion

Can we restore shrubland to type-converted sites?



Study location

Los Padres National Forest



Postfire Restoration Prioritization Tool (PReP) 

Molinari NA, Underwood EC, Sawyer SC, Butz RJ 

(2021) Chapter 5 California chaparral case study. 

Pages 99-122. In: Meyer MD, Long JW, Safford 

HD (eds). Postfire restoration framework for 

national forests in California. General Technical 

Report PSW-GTR-270. Albany: USDA Forest 

Service, Pacific Southwest Research Station. 

Underwood EC, Hollander AD, Molinari NA, Larios 

L, Safford HD (2021). Identifying priorities for post-

fire restoration in California chaparral shrublands. 

Restoration Ecology 30 (3): doi: 

10.1111/rec.13513
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58 plants per restoration plot

19 species (chaparral, CSS, monocots)

Dry season supplemental irrigation (18 species) and non-irrigated (9 species)



Goals and Research Questions
With minimal watering… (planted Jan-Mar, watering withheld after May)
•  What species and traits are associated with high survival/success? 
•  Do chaparral and CSS species differ in their restoration success?

Sources of Variation (Mixed Model)
1. Species (4 chaparral; 5 CSS)
2. 16 plot pairs (16 restoration; 16 control)
3. Time (8 sampling dates)
4. Type (chaparral & CSS)

Responses
1. Survival
2. Height
3. Plant health (stress, leaf shedding, herbivory, flowers, fruit)
4. Dieback
5. Predawn water potential 
6. Dark-adapted fluorescence
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Restoration

Control



Additional Context:

Drought During Experiment

Precipitation

30-year average = 478 mm

Study year (2022) = 335 mm

Standardized Precipitation-Evapotranspiration Index (SPEI) Drought Index

Values lower than zero indicate drought



Mortality: Chaparral > CSS

P < 0.001***

Photo credits: AL Jacobsen and RB Pratt



Chaparral: Drier and more strained

P = 0.030* P <0.001***

Photo credits: AL Jacobsen



Leaves displayed similar stomatal conductance seasonally, but 

fewer leaves were retained on dry-season CSS plants

P >0.05 P <0.001***

Photo credits: AL Jacobsen



CSS grew more and reached early reproductive maturity
(all CSS species except for Baccharis had some individuals set fruit)

Photo credits: AL Jacobsen



The effect of drought on mortality 12% less mortality with irrigation
• % survivorship with and without 

irrigation was not significantly 

different (p=0.09)

• irrigated shrubs had 55% 

survivorship compared to 43% 

survivorship without irrigation









Chaparral restoration was unsuccessful relative to CSS.

The restoration environment is different from typical chaparral 

recruitment environments of…

a) Shaded understory (obligate resprouter LHT)

b) Post-fire (reduced competition and high nutrients) (Seeder LHT)

In contrast, CSS species are often able to recruit into 

disturbed and open environments (opportunistic LHT).

What are the critical factors limiting chaparral survival in 

type-converted sites?

-drought, heat waves, climate change, …

What plant traits predict successful restoration?

-can we use “CSS-like” chaparral?

-broader chaparral functional types (more resistant; 

Arctostaphylos, Ceanothus Cerastes)?

Image credit: modified from Pratt et al. 2008. Journal of Ecology

Opportunistic

No canopy; 

Open sites;

Post-disturbance



Esler, Jacobsen, and Pratt. 2018. The biology of Mediterranean-type ecosystems. Oxford University Press.

What is the goal of restoration?

Specific/threatened species
Species diversity
Ecosystem function
Habitat



SUMMARY & CONCLUSIONS

Photo credit: AL Jacobsen

There are multiple threats to shrub species. Drought-associated mortality, fire, and other 

disturbances can drastically alter community composition leading to type-conversion. 

Shrub restoration potential has, to date, been little studied. Many questions remain 

unanswered.

Chaparral species have low restoration success and active restoration and facilitation to 

increase survival are likely required. In contrast, CSS show higher success, but form a 

functionally different type of shrubland (drought deciduous; many opportunistic LHT).

Identification of species traits associated with restoration success could benefit species 

selection for shrub restoration projects for which facilitation is not possible.
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COMPLETE SPECIES LIST FOR RESTORATION PLOTS
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