
 

 
 Climate change vulnerability assessment for the Santa Cruz Mountains Climate Adaptation Project 

Copyright EcoAdapt 2021 
1 

ChaƉaƌƌal 
Climate Change Vulnerability Assessment for the Santa Cruz Mountains Climate Adaptation Project 

This document represents an initial evaluation of mid-century climate change vulnerability for chaparral 
in the Santa Cruz Mountains region based on expert input during an October 2019 vulnerability 
assessment workshop as well as information in the scientific literature. 

 

Habitat Description 
Chaparral habitats are dominated by sclerophyllous ;͞hard-leaǀed͟Ϳ evergreen shrubs and small trees 
that are well-adapted to fire and drought1,2. Dominant chaparral species are typically categorized by 
mode of post-fire regeneration: obligate seeders require fire for germination from stored seedbanks, 
while obligate resprouters have seeds that are easily killed by fire, so they resprout following fire and 
recruit from seed during fire-free intervals3. Facultative seeders utilize both vegetative resprouting and 
seed germination following fire-induced topkill, and can also recruit from seed in the absence of fire3.  

Within the Santa Cruz Mountains region, characteristic chaparral species include chamise (Adenostoma 
fasciculatum), manzanita (Arctostaphylos spp.), ceanothus (Ceanothus spp.), gooseberries/currants 
(Ribes spp.), buckthorn (Rhamnus spp.), hollyleaf cherry (Prunus ilicifolia), toyon (Heteromeles 
arbutifolia), and knobcone pine (Pinus attenuata). Chaparral generally occupies drier sites on south- 
and west-facing slopes, and can occur on both serpentine and non-serpentine soils1,2. 

 

Vulnerability Ranking 
             

Chaparral habitats are sensitive to climate stressors that impact the timing and amount of available 
water, which affects survival and recruitment of both native and non-native plant species. Climate-
driven changes in wildfire regimes may also drive shifts in species composition, reduced biodiversity, 
and habitat loss of chaparral due to type conversion. Non-climate stressors such as development, 
roads/highways, invasive species, and fire suppression or fuel reduction activities can further 
exacerbate habitat sensitivity by increasing habitat loss and fragmentation, invasive species expansion, 
and human ignitions.  

Although chaparral is widespread, habitat continuity and integrity has been significantly impacted by 
land-use conversion to agriculture and development in many areas. Degraded sites are significantly 
more vulnerable to invasion by exotic annual grasses and subsequent changes in the fire regime 
(including possible type conversion). Thus, management activities are likely to focus on facilitating 
appropriately-timed disturbance intervals and supporting post-fire recovery, as well as maintaining 
connectivity to allow potential range shifts in response to climate change. 
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As part of this project, Pepperwood Preserve modeled how major vegetation types in five landscape 
units of the Santa Cruz Mountains region are projected to shift in response to climate change.1 For 
chaparral shrublands, they found that chamise chaparral is expected to increase across all landscape 
units, while mixed chaparral and mixed montane chaparral are likely to undergo moderate declines in 
the majority of units.  
 

Vegetation Type 
San 

Francisco 
Santa Clara 

Valley 
Santa Cruz 

Mtns. North Santa Cruz Sierra Azul 

Chamise chaparral △ △ △ △ △ 

Mixed chaparral ▽ △ ▽ ▽ ▽ 
Mixed montane 
chaparral 㸫 ▽ ▽ ▽ ▽ 

Table 1. Projected trends in vegetation distribution (increase, relatively stable, moderate decline, 
or dramatic decline) by mid-century within five landscape units of the Santa Cruz Mountains 
region. 

 

Sensitivity and Exposure 
             

Sensitivity is a measure of whether and how a habitat is likely to be affected by a given change in 
climate and climate-driven factors, changes in disturbance regimes, and non-climate stressors. 
Exposure is a measure of how much change in these factors a resource is likely to experience. 

Sensitivity and future exposure to climate and climate-driven factors         
Chaparral habitats are sensitive to climate stressors that reduce plant survival and recruitment, 
increase wildfire frequency, and contribute to invasion by non-native plant species. 
 

Climate Stressor Trend Direction Projected Future Changes 

Precipitation ▲▼ x Shorter winters and longer, drier summers likely, with higher 
interannual variability4,5 

Soil moisture ▼ x Reduced soil moisture likely due to increased evaporative 
demand4,6 

Drought ▲ x Increased frequency of drought years, including periods of 
prolonged and/or severe drought4,7 

 

x Changes in patterns of precipitation (e.g., amount and timing) and soil moisture may affect 
chaparral recruitment and community composition1,8,9, with greater impacts likely in obligate-

 
1 Information about the methods used to generate these projections can be found on the project page 
(http://ecoadapt.org/programs/awareness-to-action/santa-cruz-mountains). 
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seeding and obligate-resprouting species compared to facultative seeders8. In general, 
increased precipitation contributes to higher chaparral species richness and facilitates shrub 
growth and regeneration, particularly for obligate-seeding species3,10. However, increased 
precipitation and associated increases in non-native annual grasses may also enhance fire risk 
in subsequent years, exacerbating climate-driven changes in wildfire regimes11ʹ13. Drier 
conditions are likely to limit seedling recruitment and can reduce plant survival1,9,14. Reduced 
fuel moisture also increases wildfire risk and rate of spread13,15. Finally, shifts in the timing of 
precipitation may affect chaparral phenology16 and/or the distribution of sensitive species17. 

x Increases in the severity and length of future droughts can lead to significant shrub dieback 
and mortality, with higher observed mortality among obligate-seeding species due to their 
shallower root systems10,18ʹ20. Seedlings are also significantly more sensitive to drought because 
they have not yet developed root systems; the presence of exotic grasses further increases 
drought-related mortality in seedlings due to increased competition for near-surface soil 
moisture21. Within burned landscapes, persistent drought can significantly impair post-fire 
recovery, particularly among resprouting shrubs22,23. Over time, drought-related mortality and 
reduced post-fire recruitment may affect community composition and structure19,20,23. 

Sensitivity and future exposure to climate-driven changes in disturbance regimes         
Wildfire is the key disturbance regime in chaparral habitats within the Santa Cruz Mountains region 
due to its strong influence on vegetation dynamics. Climate-driven changes in wildfire regimes may 
cause shifts in species composition, reduced biodiversity, and habitat loss due to type conversion.  
 

Disturbance Regimes Trend Direction Projected Future Changes 

Wildfire ▲ 
x Slight to moderate increase in wildfire risk, particularly in 

areas of higher rainfall24,25 
 

x While chaparral is generally well-adapted to the severe crown fires that characterize the fire 
regime1,15, climate-driven increases in wildfire frequency can inhibit regeneration by killing 
sprouts and seedlings before they mature and reproduce, decreasing biodiversity and shifting 
relative dominance towards facultative-seeding species8,14,26,27. This can result in local 
extirpation of species with limited distributions, particularly obligate-seeding shrubs whose soil 
seedbanks may become depleted1,8,14,26. Reduced regeneration of native shrubs as fires become 
more frequent is likely to facilitate the establishment and eventual dominance of invasive 
species1,14,26ʹ28. Multiple fires in quick succession (i.e., within five years of one another) have 
also been known to facilitate vegetative type conversions from chaparral to non-native annual 
grasslands26ʹ30. 

Sensitivity and current exposure to non-climate stressors         
Non-climate stressors can exacerbate habitat sensitivity to changes in climate factors and disturbance 
regimes by increasing habitat loss and fragmentation, invasive species expansion, and human ignitions. 

x Residential and commercial development in the region has resulted in significant habitat loss 
and fragmentation1,2, which may limit species migration and dispersal in response to climate 
change17. Continued expansion of the wildland-urban interface (WUI) is also associated with 
increased anthropogenic fire ignitions12,31ʹ33, enhancing the risk of shifts in species composition 
and/or type conversion following frequent fires28,30,32. 
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x Roads, highways, and trails fragment existing habitat areas34 and act as a barrier to the 
movement of small mammals and other wildlife35,36, including those that act as seed dispersers 
for chaparral vegetation. Transportation corridors also facilitate the spread of invasive species34 
and are associated with increased fire ignitions33. Finally, vehicular travel promotes nitrogen 
deposition that facilitates invasive species establishment following canopy-opening 
disturbances27,28, especially in serpentine habitats37. 

x Invasive species can become established in chaparral ecosystems following canopy 
disturbances such as fire, displacing understory vegetation and increasing competition for soil 
moisture and other resources1,27,28. Because they increase the availability and continuity of fine 
fuels, invaded habitats experience more frequent fire and increased likelihood of type 
conversion27,28. 

x Fire suppression and fuel reduction activities (e.g., fuelbreak construction, mastication) 
physically alter stand structure and can contribute to the expansion of invasive species2,38ʹ40. 
These activities may also have negative impacts on species that are rare and/or have very 
narrow ranges41. 

 

Adaptive Capacity 
         

Adaptive capacity is the ability of a habitat to accommodate or cope with climate change impacts with 
minimal disruption. 

Habitat extent, integrity, continuity, and barriers to dispersal         
Chaparral is the most abundant vegetation type in California2. It is extensive from Baja California north 
into south-central Oregon, and occurs in disjunct patches as far north as Washington and as far east as 
Arizona1. Within the study area, chaparral is patchier than in areas further south, and primarily occurs 
along the coast and on the eastern slopes of the Santa Cruz Mountains42. Serpentine chaparral is much 
less widespread because it occurs in small and spatially isolated areas of suitable substrate, which is 
likelǇ to limit serpentine species͛ abilitǇ to track climate changes43. 

Habitat continuity and integrity has been significantly impacted by land-use conversion to agriculture 
and development, particularly at the wildland-urban interface1,2. These factors have resulted in habitat 
degradation (i.e., through increased wildfire ignitions and spread of invasive species), fragmentation, 
and loss30. Because chaparral species tend to exhibit slow growth rates and limited seed dispersal 
distances3, continued expansion of development and associated infrastructure (e.g., roads) are likely to 
further reduce post-disturbance recovery and constrain opportunities for range shifts in response to 
climate change30,41. 

Habitat diversity         
Chaparral habitats have high species diversity as a result of variable topographies, disturbance 
histories, and soil types1,44. Additionally, both Ceanothus and Arctostaphylos exhibit high rates of 
speciation, contributing to the development of endemics such as Santa Cruz manzanita (Arctostaphylos 
andersonii)14,44. Serpentine sites are also important contributors to overall species diversity within this 
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habitat type, as these sites are generally dominated by specialized plants with stress-tolerant 
functional traits that allow them to successfully compete in unproductive soils43,45. Chaparral habitats 
also support a variety of wildlife, including many rare or specialized migratory birds and pollinators as 
well as diverse mammal, reptile, and invertebrate communities14,36. 

Resistance and recovery         
Chaparral habitats are well-adapted to many stressors and disturbances, including drought, wildfire, 
and non-native species invasion1,10. For example, component shrub species feature adaptations that 
allow them to resist seasonal drought stress (e.g., waxed leaf coatings, recessed stomata)1,9,18, and 
recent studies have found that shrub growth rebounded rapidly following the conclusion of a severe, 
multi-year drought10. Chaparral species have a variety of regeneration strategies that allow them to 
survive and/or rapidly recover from fire1,3,46, and shrublands with intact canopies are also relatively 
resistant to invasion by annual grasses27. In serpentine shrublands, lower productivity is associated 
with greater resistance to invasive species27 and an open habitat structure that decreases fuel 
availability and connectivity1,45,47. However, post-fire recovery is also slower on serpentine sites, likely 
due to low nutrient availability for regenerating vegetation47. Across all sites, both resistance and 
recovery are lower where invasive species have become established, driving more frequent fires and 
increasing risk of post-fire type conversion to non-native annual grassland1,27,30. 

Management potential         
Chaparral habitats provide many critical ecosystem services, including flood and erosion control, water 
filtration for plant communities within the lower watershed, carbon sequestration, wildlife habitat, and 
recreation2,14,48ʹ50. However, chaparral has low public value compared to most other vegetation types, 
largely because it is perceived as a fire risk for adjacent human communities and cannot be utilized for 
grazing or timber production2.  

Management activities focused on reducing vulnerability to climate change are likely to emphasize 
minimizing the impacts of altered fire regimes and associated risk of type conversion. For example, 
planting in recently burned areas may hasten recovery following severe and/or short-interval fires41, 
and limiting development adjacent to chaparral could reduce the risk of anthropogenic ignitions and 
limit the need to manage chaparral for fuel reduction objectives30. Prescribed fire may be used to 
restore natural fire regimes and maintain ecosystem benefits for wildlife, though site-specific factors 
must be considered to prevent detrimental impacts on chaparral recruitment, recovery, and 
vulnerability to invasive species as climate stressors continue to increase39,40. Managers could also 
consider identifying and protecting potential migration routes to allow range shifts in response to 
climate change41. 

 

Recommended Citation 
EcoAdapt. 2021. Chaparral: Climate Change Vulnerability Assessment Summary for the Santa Cruz 
Mountains Climate Adaptation Project. Version 1.0. EcoAdapt, Bainbridge Island, WA. 

Further information on the Santa Cruz Mountains Climate Adaptation Project is available on the project 
page (http://ecoadapt.org/programs/awareness-to-action/santa-cruz-mountains). 

 

http://ecoadapt.org/programs/awareness-to-action/santa-cruz-mountains


 

 
 Climate change vulnerability assessment for the Santa Cruz Mountains Climate Adaptation Project 

Copyright EcoAdapt 2021 
6 

Literature Cited 
1. Keeley, J. E. & Davis, F. W. Chaparral. in Terrestrial vegetation of California (eds. Barbour, M. G., Keeler-Wolf, T. & 

Schoenherr, A. A.) 339ʹ366 (University of California Press, 2007). 
2. Parker, V. T., Pratt, R. B. & Keeley, J. E. Chaparral. in Ecosystems of California (eds. Mooney, H. A. & Zavaleta, E.) 479ʹ

507 (University of California Press, 2016). 
3. Keeley, J. E. Seed germination and life history syndromes in the California chaparral. The Botanical Review 57, 81ʹ116 

(1991). 
4. Pierce, D. W., Kalansky, J. F. & Cayan, D. R. Climate, drought, and sea level rise scenarios for the Fourth California 

Climate Assessment. (2018). 
5. Swain, D. L., Langenbrunner, B., Neelin, J. D. & Hall, A. Increasing precipitation volatility in twenty-first-century 

California. Nature Climate Change 8, 427 (2018). 
6. Thorne, J. H., Boynton, R. M., Flint, L. E. & Flint, A. L. The magnitude and spatial patterns of historical and future 

hǇdrologic change in California͛s ǁatersheds͘ Ecosphere 6, 1ʹ30 (2015). 
7. Cook, B. I., Ault, T. R. & Smerdon, J. E. Unprecedented 21st century drought risk in the American Southwest and Central 

Plains. Science Advances 1, e1400082 (2015). 
8. Cornwell, W. K. et al. Climate change impacts on California vegetation: physiology, life history, and ecosystem change. 

(2012). 
9. Jacobsen, A. L., Pratt, R. B., Davis, S. D. & Tobin, M. F. Geographic and seasonal variation in chaparral vulnerability to 

cavitation. Madroño 61, 317ʹ327 (2014). 
10. Small, E. E., Roesler, C. J. & Larson, K. M. Vegetation response to the 2012ʹ2014 California drought from GPS and 

optical measurements. Remote Sensing 10, 630 (2018). 
11. Williams, A. P. et al. Observed impacts of anthropogenic climate change on wildfire in California. Earƚh͛s FƵƚƵre 7, 892ʹ

910 (2019). 
12. Keeley, J. E. & Syphard, A. D. Different fireʹclimate relationships on forested and non-forested landscapes in the Sierra 

Nevada ecoregion. International Journal of Wildland Fire 24, 27ʹ36 (2015). 
13. Jin, Y. et al. Identification of two distinct fire regimes in Southern California: implications for economic impact and 

future change. Environ. Res. Lett. 10, 094005 (2015). 
14. Halsey, R. W. & Keeley, J. E. Conservation issues: California chaparral. (2016) doi:10.1016/B978-0-12-409548-9.09584-

1. 
15. Keeley, J. E. & Safford, H. D. Fire as an ecosystem process. in Ecosystems of California (eds. Mooney, H. A. & Zavaleta, 

E.) 27ʹ45 (University of California Press, 2016). 
16. Willis, K. S., Gillespie, T., Okin, G. S. & MacDonald, G. M. Climatic impacts on phenology in chaparral-and coastal sage 

scrub-dominated ecosystems in southern California using MODIS-derived time series. 
http://adsabs.harvard.edu/abs/2013AGUFM.B43C0507W (2013). 

17. Beltrán, B. J. et al. Effects of climate change and urban development on the distribution and conservation of vegetation 
in a Mediterranean type ecosystem. International Journal of Geographical Information Science 28, 1561ʹ1589 (2014). 

18. Jacobsen, A. L., Pratt, R. B., Ewers, F. W. & Davis, S. D. Cavitation resistance among 26 chaparral species of southern 
California. Ecological Monographs 77, 99ʹ115 (2007). 

19. Paddock, W. A. S. I. et al. Factors determining mortality of adult chaparral shrubs in an extreme drought year in 
California. Aliso: A Journal of Systematic and Evolutionary Botany 31, Article 8 (2013). 

20. Jacobsen, A. L. & Pratt, R. B. Extensive drought-associated plant mortality as an agent of type-conversion in chaparral 
shrublands. New Phytologist 219, 498ʹ504 (2018). 

21. Park, I. W. & Jenerette, G. D. Causes and feedbacks to widespread grass invasion into chaparral shrub dominated 
landscapes. Landscape Ecol 34, 459ʹ471 (2019). 

22. Keeley, J. E., Fotheringham, C. J. & Rundel, P. W. Postfire chaparral regeneration under Mediterranean and non-
Mediterranean climates. Madroño 59, 109ʹ127 (2012). 

23. Pratt, R. B. et al. Mortality of resprouting chaparral shrubs after a fire and during a record drought: physiological 
mechanisms and demographic consequences. Glob Change Biol 20, 893ʹ907 (2014). 

24. Flint, L. E. & Flint, A. L. California Basin Characterization Model: a dataset of historical and future hydrologic response to 
climate change (Ver. 1.1, May 2017). https://doi.org/10.5066/F76T0JPB (2014). 

25. Flint, L. E., Flint, A. L., Thorne, J. H. & Boynton, R. Fine-scale hydrologic modeling for regional landscape applications: 
the California Basin Characterization Model development and performance. Ecological Processes 2, 25 (2013). 



 

 
 Climate change vulnerability assessment for the Santa Cruz Mountains Climate Adaptation Project 

Copyright EcoAdapt 2021 
7 

26. Haidinger, T. L. & Keeley, J. E. Role of high fire frequency in destruction of mixed chaparral. Madroño 40, 141ʹ147 
(1993). 

27. Keeley, J. E. & Brennan, T. J. Fire-driven alien invasion in a fire-adapted ecosystem. Oecologia 169, 1043ʹ1052 (2012). 
28. KeeleǇ͕ J͘ E͕͘ Franklin͕ J͘ Θ D͛Antonio͕ C͘ Fire and inǀasiǀe plants on California landscapes͘ in The landscape ecology of 

fire (eds. McKenzie, D., Miller, C. & Falk, D. A.) 193ʹ221 (Springer, 2011). 
29. Lenihan, J. M., Bachelet, D., Neilson, R. P. & Drapek, R. Response of vegetation distribution, ecosystem productivity, 

and fire to climate change scenarios for California. Climatic Change 87, 215ʹ230 (2008). 
30. Syphard, A. D., Brennan, T. J. & Keeley, J. E. Chaparral landscape conversion in southern California. in Valuing 

chaparral: ecological, socio-economic, and management perspectives (eds. Underwood, E. C., Safford, H. D., Molinari, 
N. A. & Keeley, J. E.) 323ʹ346 (Springer International Publishing, 2018). 

31. Syphard, A. D. et al. Human influence on California fire regimes. Ecological Applications 17, 1388ʹ1402 (2007). 
32. Syphard, A. D., Keeley, J. E., Pfaff, A. H. & Ferschweiler, K. Human presence diminishes the importance of climate in 

driving fire activity across the United States. Proceedings of the National Academy of Sciences 114, 13750ʹ13755 
(2017). 

33. Syphard, A. D. & Keeley, J. E. Location, timing, and extent of wildfire varies by cause of ignition. International Journal of 
Wildland Fire 24, 37ʹ47 (2015). 

34. Coffin, A. W. From roadkill to road ecology: a review of the ecological effects of roads. Journal of Transport Geography 
15, 396ʹ406 (2007). 

35. Sauvajot, R. M., Buechner, M., Kamradt, D. A. & Schonewald, C. M. Patterns of human disturbance and response by 
small mammals and birds in chaparral near urban development. Urban Ecosystems 2, 279ʹ297 (1998). 

36. Jennings, M. K. Faunal diversity in chaparral ecosystems. in Valuing chaparral: ecological, socio-economic, and 
management perspectives (eds. Underwood, E. C., Safford, H. D., Molinari, N. A. & Keeley, J. E.) 53ʹ77 (Springer 
International Publishing, 2018). 

37. Fenn, M. E. et al. Nitrogen critical loads and management alternatives for N-impacted ecosystems in California. Journal 
of Environmental Management 91, 2404ʹ2423 (2010). 

38. Potts, J. B. & Stephens, S. L. Invasive and native plant responses to shrubland fuel reduction: comparing prescribed fire, 
mastication, and treatment season. Biological Conservation 142, 1657ʹ1664 (2009). 

39. Potts, J. B., Marino, E. & Stephens, S. L. Chaparral shrub recovery after fuel reduction: a comparison of prescribed fire 
and mastication techniques. Plant Ecol 210, 303ʹ315 (2010). 

40. Wilkin, K. M. et al. Decade-long plant community responses to shrubland fuel hazard reduction. Fire Ecology 13, 105ʹ
136 (2017). 

41. Vuln. Assessment Workshop. Personal communication. (2019). 
42. Davis, F. W. & Borchert, M. I. Central Coast bioregion. in Fire in California͛s ecosǇsƚems (eds. Sugihara, N. G., van 

Wagtendonk, J. W., Fites-Kaufmann, J., Shaffer, K. E. & Thode, A. E.) 321ʹ349 (University of California Press, 2006). 
43. Damschen, E. I., Harrison, S., Ackerly, D. D., Fernandez-Going, B. M. & Anacker, B. L. Endemic plant communities on 

special soils: early victims or hardy survivors of climate change? Journal of Ecology 100, 1122ʹ1130 (2012). 
44. Keeley, J. E. Drivers of chaparral plant diversity. in Valuing chaparral: ecological, socio-economic, and management 

perspectives (eds. Underwood, E. C., Safford, H. D., Molinari, N. A., Keeley, J. E. & Keeley, J. E.) 29ʹ51 (Springer 
International Publishing, 2018). 

45. Anacker, B. L. et al. Ecological strategies in California chaparral: interacting effects of soils, climate, and fire on specific 
leaf area. Plant Ecology and Diversity 4, 179ʹ188 (2011). 

46. Keeley, J. E., Fotheringham, C. & Baer-Keeley, M. Determinants of postfire recovery and succession in Mediterranean-
climate shrublands of California. Ecological Applications 15, 1515ʹ1534 (2005). 

47. Safford, H. D. & Harrison, S. Fire effects on plant diversity in serpentine vs. sandstone chaparral. Ecology 85, 539ʹ548 
(2004). 

48. Bohlman͕ G͘ N͕͘ Underǁood͕ E͘ C͘ Θ Safford͕ H͘ D͘ Estimating biomass in California͛s chaparral and coastal sage scrƵb 
shrublands. Madroño 65, 28ʹ46 (2018). 

49. Safford, H. D., Underwood, E. C. & Molinari, N. A. Managing chaparral resources on public lands. in Valuing chaparral: 
ecological, socio-economic, and management perspectives (eds. Underwood, E. C., Safford, H. D., Molinari, N. A. & 
Keeley, J. E.) 411ʹ448 (Springer International Publishing, 2018). 

50. Wohlgemuth, P. M. & Lilley, K. A. Sediment delivery, flood control, and physical ecosystem services in southern 
California chaparral landscapes. in Valuing chaparral: ecological, socio-economic, and management perspectives (eds. 
Underwood, E. C., Safford, H. D., Molinari, N. A. & Keeley, J. E.) 181ʹ205 (Springer International Publishing, 2018). 


