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Host plants of  golden paintbrush 

influence its suitability as a food 

source for checkerspot butterfly 

larvae 
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Figure: Smith et al. 2003  
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Otter: Michael L. Baird, creative commons. Kelp: Stef  Maruch, creative commons  
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Host Plants 

Paintbrush! 

Checkerspots! 



Golden paintbrush (Castilleja levisecta) 

• Orobanchaceae 

(Scrophulariaceae) 

• Facultative 

hemiparasite 

• Host generalist 

 

 



Taylor’s checkerspot  

(Euphydryas editha taylori) 

Eggs Second instar Fourth instar 



Fifth instar Pupa Adult 

Taylor’s checkerspot  

(Euphydryas editha taylori) 



Surrogate species: E.e. colonia  

E.e. taylori E.e. colonia 



The checkerspot diet 

• Orobanchaceae, 

Plantaginaceae, a 

few other families 

• In South Sound: 

– Castilleja hispida 

– Castilleja levisecta 

– Plantago lanceolata 

• Iridoid glycosides  

aucubin  catalpol 

Molecular structure illustrations: Dobler et al. 2011 

Bowers 1980, 1983; Gardner & Stermitz 1988, Bowers & 

Williams 1995, Bowers 1991, Dobler et al. 2011. 



Host species identity 
• Achillea millefolium  

• Eriophyllum lanatum  

• Festuca roemeri  

• Deschampsia caespitosa  

• Plantago lanceolata  

• Lupinus lepidus  

• (none)  

Paintbrush traits 
• Size 

• Leaf  Nitrogen 

• Iridoid glycoside 

production 

Larval performance 
• Survival 

• Mass 

• Iridoid glycoside 

sequestration 



Experimental setup 

• In the greenhouse: Castilleja levisecta grown with one of  

six host species or a no-host control 

• Five caterpillars released on each C. levisecta in a cage and 

monitored until diapause 

Host species: 
• Achillea millefolium  

• Eriophyllum lanatum  

• Festuca roemeri  

• Deschampsia caespitosa  

• Plantago lanceolata (mesh exclusion) 

• Lupinus lepidus  

• (none)  



 



 



 





 



Measurements 

• Paintbrush 
– Length of  each stem 

– Aboveground mass 

– Leaf  nitrogen 

• CHN analyzer 

– Leaf  iridoid glycosides 
• Gas chromatography in  

     Bowers lab, U. Colorado 
 

 

• Checkerspot larvae 
– Survival 

– Mass 

– Iridoid glycosides 



Direct effects of  hosts on golden 

paintbrush 

Festuca roemeri Achillea millefolium 
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Direct effects of  hosts 

on C. levisecta 

No significant difference among hosts.  



Indirect effects of  

host identity on 

checkerspot larvae 
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(preliminary) 



Different hosts have different 

(indirect) effects on checkerspot 

larvae 

Host Species Castilleja 

size 

Castilleja 

iridoids 

Larval 

survival 

Larval 

mass 

Larval 

iridoids 

 

 

Achillea Large Variable High High Low 

Plantago Small Variable Medium-

high 

High High 

Deschampsia Small Low Low Low na 

Eriophyllum Medium Low Medium-low Medium-

high 

Medium-

low 



Some basic conclusions 

• Practical stuff 
– Castilleja hosts influence its suitability as a food 

plant! 
• Different size 

• Different nutrition 

• Different chemical profile 

– Effects are mixed – no silver bullet host 

 

• Theoretical ecology stuff 
– Strong bottom-up indirect effects mediated by a 

hemiparasite 

– Parasitic plants do interesting things to food webs 

 



Relevance and next steps 

• Greenhouse ≠ prairie 

 

• We don’t know which hosts are 
being parasitized in a field setting 
– But maybe we can guess based on 

what’s growing nearby 

 

• Paintbrush probably parasitize 
multiple species simultaneously 
in natural settings 
– Indirect effects of  host community 

on larvae? 

– Interesting but complicated 



I’m picking up notes of  yarrow 

with a fescue finish  



Thanks 
Funding: UW Royalty Research Fund 

Committee members 

Jonathan Bakker, School of  Environmental and Forest Sciences, University of  Washington 

M. Deane Bowers, Department of  Ecology and Evolutionary Biology, University of  Colorado 

Peter Dunwiddie, Center for Natural Lands Management, Olympia, WA 

Jennifer Ruesink, Biology Department, University of  Washington 

Christian Torgerson , School of  Environmental and Forest Sciences, University of  Washington 

 

Logistical guidance 

Oregon Zoo Taylor’s Checkerspot captive rearing program 

Sustainability in Prisons Program 

Mary Linders, Washington Department of  Fish and Wildlife 

Ann Potter, Washington Department of  Fish and Wildlife 

Cheryl Schultz, Washington State University, Vancouver 

Jessica Zemaitis, Washington State University, Vancouver 

David James, Washington State University 

David Nunallee 

 

Laboratory analyses 

Bowers lab, Ecology and Evolutionary Biology, University of  Colorado 

Dongsen Xue, School of  Environmental and Forest Sciences, University of  Washington 

Amanda Bidwell, School of  Environmental and Forest Sciences, University of  Washington 

 
Plant and larval care, experimental setup 

Loretta Fisher, School of  Environmental and Forest Sciences, University of  Washington 



Contact 

nhaan@u.washington.edu 



References I 

• Adler, L. S., Karban, R., & Strauss, S. Y. (2001). DIRECT AND INDIRECT EFFECTS OF ALKALOIDS 
ON PLANT FITNESS VIA HERBIVORY AND POLLINATION. Ecology, 82(7), 2032–2044. 

• Bowers, M. D. (1980). Unpalatability as a Defense Strategy of  Euphydryas phaeton ( Lepidoptera : 
Nymphalidae ). Evolution, 34(3), 586–600. 

• Bowers, M. D. (1983). The role of  iridoid glycosides in host-plant specificity of  checkerspot butterflies. Journal 
of  Chemical Ecology, 9(4), 475–493. 

• Bowers, M.D. (1991). The iridoid glycosides. In: G. Rosenthal & M. Berenbaum (eds.). Herbivores: Their 
Interaction with Plant Secondary Metabolites (2nd ed.). pp. 297-325. 

• Bowers, M. D., & Williams, E. H. (1995). Variable chemical defence in the checkerspot butterfly Euphydryas 
gilettii. Ecological Entomology, 20, 208–212. 

• Candia, A.B., R. Medel, and F.E. Fonturbel. 2014. Indirect positive effects of  a parasitic plant on host 
pollination and seed dispersal. Oikos 123:1371-1376. 

• Davies, D. M., & Graves, J. D. (1998). Interactions between arbuscular mycorrhizal fungi and the 
hemiparasitic angiosperm Rhinanthus minor during co-infection of  a host. New Phytologist, 555–563. 

• Dobler, S., Petschenka, G., & Pankoke, H. (2011). Coping with toxic plant compounds--the insect’s perspective 
on iridoid glycosides and cardenolides. Phytochemistry, 72(13), 1593–604. 
doi:10.1016/j.phytochem.2011.04.015 

• Ehrlich, P.R., and I. Hanski. 2004. On the wings of  checkerspots: a model system for population biology. Oxford 
University Press, Oxford, UK. 

• Ewald, N. C., John, E. a., & Hartley, S. E. (2011). Responses of  insect herbivores to sharing a host plant with 
a hemiparasite: impacts on preference and performance differ with feeding guild. Ecological Entomology, 36(5), 
596–604. doi:10.1111/j.1365-2311.2011.01304.x 

• Fernández-Aparicio, M., García-Garrido, J. M., Ocampo, J. a, & Rubiales, D. (2010). Colonisation of  field 
pea roots by arbuscular mycorrhizal fungi reduces Orobanche and Phelipanche species seed germination. Weed 
Research, 50(3), 262–268. doi:10.1111/j.1365-3180.2010.00771.x 

• Gomez, J.M. 1994. Importance of  direct and indirect effects in the interaction between a parasitic angiosperm 
(Cuscuta epithymum) and its host plant (Hormathophylla spinosa). Oikos 71:97-106. 

 



References II 
• Gworgwor, N. A., & Weber, H. C. (2003). Arbuscular mycorrhizal fungi-parasite-host interaction for the 

control of  Striga hermonthica (Del.) Benth. in sorghum [Sorghum bicolor (L.) Moench]. Mycorrhiza, 13(5), 
277–81. doi:10.1007/s00572-003-0238-5 

• Hellström, K., Bullock, J. M., & Pywell, R. F. (2011). Testing the generality of  hemiparasitic plant effects on 
mesotrophic grasslands: A multi-site experiment. Basic and Applied Ecology, 12(3), 235–243. 
doi:10.1016/j.baae.2011.02.010 

• Kuijt, J. 1969. The biology of  parasitic flowering plants. University of  California Press, Berkeley, CA, USA. 

• Li, A.-R., & Guan, K.-Y. (2008). Arbuscular mycorrhizal fungi may serve as another nutrient strategy for 
some hemiparasitic species of  Pedicularis (Orobanchaceae). Mycorrhiza, 18(8), 429–36. doi:10.1007/s00572-
008-0196-z 

• Li, A.-R., Guan, K.-Y., Stonor, R., Smith, S. E., & Smith, F. A. (2013). Direct and indirect influences of  
arbuscular mycorrhizal fungi on phosphorus uptake by two root hemiparasitic Pedicularis species: do the 
fungal partners matter at low colonization levels? Annals of  Botany, 112(6), 1089–98. doi:10.1093/aob/mct177 

• Marvier, M.A. 1996. Parasitic plant-host interactions: plant performance and indirect effects on parasite-
feeding herbivores. Ecology 77:5; 1398-1409. 

• Menge, B. A. (1995). Indirect Effects in Marine Rocky Intertidal Interaction Webs : Patterns and Importance. 
Ecological Monographs, 65(1), 21–74. 

• Prudic, KL, JC Oliver, & MD Bowers. 2005.  Soil nutrient effects on oviposition preference, larval 
performance, and chemical defense of  a specialist insect herbivore.  Journal of  Chemical Ecology 39.  

• Ridenour, W.M., R.M. Callaway, L.A. Cavieres. 2014. Parasitism by Cuscuta chilensis and gender affect how 
the nurse cushion Laretia acaulis increases diversity in Andean alpine communities. Journal of  Vegetation 
Science 25:1474-1483. 

• Rowntree, J. K., Fisher Barham, D., Stewart, A. J. a., & Hartley, S. E. (2014). The effect of  multiple host 
species on a keystone parasitic plant and its aphid herbivores. Functional Ecology, 28(4), 829–836. 
doi:10.1111/1365-2435.12281 

• Salonen, V., Vestberg, M., & Vauhkonen, M. (2001). The effect of  host mycorrhizal status on host plant-
parasitic plant interactions. Mycorrhiza, 11(2), 95–100. doi:10.1007/s005720100104 

• Schädler, M., Roeder, M., Brandl, R., & Matthies, D. (2005). Is palatability of  a root-hemiparasitic plant 
influenced by its host species? Oecologia, 146(2), 227–233. doi:10.1007/s00442-005-0192-3 

• Smith, D.W., R.O. Peterson, and D.B. Houston. 2003. Yellowstone after wolves. BioScience 53: 330-340 

• Watson, D. M. (2009). Parasitic plants as facilitators: more Dryad than Dracula? Journal of  Ecology, 97(6), 
1151–1159. doi:10.1111/j.1365-2745.2009.01576.x 
 



Next steps: relationships between 

hemiparasite traits and larvae 

• Linking herbivore 

variables to 

hemiparasite traits 

is more complicated 

 

 



 


