
• There is a conserved trait for serpentine tolerance within E. capitatum serpentine populations possibly linked to heavy 
metal tolerance. More experiments testing populations on other high heavy metal serpentines is needed.

• Serpentine soils are diverse and the variation between exposures should be considered in botanical studies. Therefore, 
conducting experiments including serpentines from varying exposures is important to identifying differing adaptation.
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BACKGROUND

• Seeds collected from E. 
capitatum populations found on 
paired serpentine (n=4) and non-
serpentine soil sites (n=4) across 
CA latitudinal gradient (Fig 3.) 

• Soil was collected from the four 
serpentine sites. 

• Seeds from 6-8 mothers at each 
site were germinated and planted 
into each of the soils plus a 
control sandy loam soil (43 seeds 
x 8 pops x 5 soils =1720 plants).

• Planting occurred in Dec 2022.
• Monthly data collected on longest 

leaf length, leaf count, and 
mortality.

• After 6 months of growth, shoot 
and root biomass were weighed.

• All data analyzed in R.

CONCLUSIONS

QUESTIONS

METHODS

RESULTS

Q1. Are E. capitatum populations growing on serpentine soil 
locally adapted to serpentine soil as compared to nearby non-
serpentine populations?

Q2. Does a serpentine ecotype of E. capitatum exist?

Q3. Do E. capitatum populations experience differential success 
when grown in their home serpentine vs other serpentine soils?

1 Safford, H., and J. E. D. Miller. 2020. An Updated Database of Serpentine Endemism in the California Flora. Madroño 67:85–104.
2 Lazarus, B. E., J. H. Richards, V. P. Claassen, R. E. O’Dell, and M. A. Ferrell. 2011. Species specific plant-soil interactions influence plant distribution on serpentine soils. Plant and Soil 342:327–344.
3Harrison, S., and N. Rajakaruna, editors. 2011. Serpentine : The Evolution and Ecology of a Model System. University of California Press, Berkeley, California, USA.
4 Harrison S, Safford H, Wakabayashi J. 2004. Does the Age of Exposure of Serpentine Explain Variation in Endemic Plant Diversity in California? Int Geol Rev. 46(3):235–242. doi:10.2747/0020-6814.46.3.235. 
5 Sianta SA, Kay KM. 2019. Adaptation and divergence in edaphic specialists and generalists: serpentine soil endemics in the California flora occur in barer serpentine habitats with lower soil calcium levels than 
serpentine tolerators. Am J Bot. 106(5):690–703. doi:10.1002/ajb2.1285.
6 Price, R.A. 1987. Systematics of the Erysimum capitatum alliance (Brassicaceae) in North America. PhDThesis. University of California, Berkeley.
7Kim, E., and K. Donohue. 2011. Demographic, developmental and life-history variation across altitude in Erysimum capitatum. Journal of Ecology 99:1237–1249.

All photos taken by Charlotte Miranda. 

• Serpentine only covers 1.5% of the state but houses ~9% of CA endemics [1].
• Serpentine soil is stressful for plants because it contains heavy metals and is 

high in Mg and low in Ca [2]. 
• It has been used as a model system to study evolution for decades [3].
• Serpentine formations can be highly variable in heavy metals, physical 

properties, and parent material [3] but most studies treat all serpentine as 
homogeneous environments [4, 5].

• Few studies have addressed how differences in serpentines may cause plants 
to locally adapt to their soil of origin [4]. 

• Erysimum capitatum (Brassicaceae) is widespread in western North America, 
categorized as a soil generalist, and found in patchy populations [6, 7].

• E. capitatum occupies numerous distinct serpentine formations with nearby 
populations inhabiting non-serpentine soil. 

• This makes it an ideal system to see if local adaptation is occurring between 
pairs of serpentine and non-serpentine populations and to test if serpentine 
populations are adapted to their specific serpentine soil.

Figure 3. Map of E. capitatum serpentines and non-serpentine field site locations across CA with 
photos of individuals from each serpentine population. Map created using QGIS.

Figure 2. E. capitatum growing in 
serpentine soil in New Idria, CA.
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Figure 1. Serpentinite, the parent material 
for serpentine soil in New Idria, CA.
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Q1 Results: Local Adaptation Found in 2 Serpentine Populations

Q2 Results: No Serpentine Ecotype Q3 Results: No Home Serpentine Advantage

Other Results: Trend on Soil A• All serpentine populations on 
serpentine Soil A outperformed the 
non-serpentine populations.

• Conserved trait shared across 
serpentine populations for 
serpentine tolerance.

• Soil analyses revealed high 
amounts of heavy metals: Fe, Ni, 
Mn, and Co in this soil only. Soil 
parent material dominantly 
Peridotite and Harzburgite.

• Heavy metal tolerance well known 
in other serpentine Brassicaceae.

Figure 7. All E. capitatum populations growing in Serpentine Soil A. Left graph showing longest leaf length 
comparisons and right graph showing root:shoot ratios. Analyzed using Kruskal Wallis rank sum test with post 
hoc Dunn Test. Significant p-values bolded.

Figure 5. E. capitatum populations growing in home serpentine soils and non-serpentine soil. Top row showing 
longest leaf length comparisons and bottom showing root:shoot ratios. Soil C excluded due to total mortality. 
Analyzed using Wilcoxon rank sum test with continuity correction. Significant p-values bolded. Figure 6. Population pairs after 6 months.

• Serpentine populations did not exhibit any preference to growing 
in their home serpentine soil.

• Evidence for an ecotype was not seen because not 
all serpentine populations were locally adapted.


