
  Name_________________ 

 
Data Nuggets developed by Michigan State University fellows in the NSF BEACON and GK-12 programs 

1 

 
How milkweed plants defend against monarch butterflies 

Featured scientist: Anurag Agrawal (He/Him/His) from Cornell University 
 

Research Background:  
 
For millions of years, monarch butterflies have 
been antagonizing milkweed plants. Although 
adult monarchs drink nectar from flowers, their 
caterpillars only eat milkweed leaves, which 
harms the plants. This is an ecological 
interaction called herbivory. The only food for 
monarchs is milkweed leaves, meaning they 
have evolved to be highly specialized, picky 
eaters. But their food is not a passive victim. 
Like most other plants, milkweeds fight back 
with defenses against herbivory.  
 

Monarch butterflies lay their eggs on the underside of 
milkweed leaves. After eggs hatch, caterpillars start to feed 
and quickly meet the plant’s first defense. Milkweed leaves are 
covered in thousands of tiny hairs, called trichomes, that the 
caterpillar needs to shave off before they can take a bite. The 
next challenge happens when the caterpillar takes a bite of the 
leaf. They get a mouthful of latex, which is sticky like Elmer’s 
glue. The caterpillars have to be very careful in how they feed. 
They cut the veins in the leaf to drain out the latex before 
continuing to feed on the leaf. Even after monarch caterpillars 
make it past the trichomes and latex, there’s another defense 
they need to overcome. Milkweed leaves have chemical toxins 
called cardiac glycosides, which are poisonous to most 
animals. As they feed, monarchs eat some of this poison. 
 
 

Anurag is a scientist who has long been fascinated by plants and their defenses. He 
thinks this comes from the fact that his mother was such an avid gardener. She would 
grow food, such as peppers, squashes, and tomatoes. He looks back and has 
memories that are associated with garden plants and their defenses. For example, he 
remembers eating a bitter cucumber as a kid and spitting it out. He also can still recall 
the bitter aroma on his hand after brushing against the sticky tomato leaves. And plants 

Monarch caterpillar chewing around the 
latex from a milkweed plant. 

Monarch caterpillar shaving 
the trichomes off of a 
milkweed plant. 
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that are tough and stringy, like kale, are 
not as tasty to eat. These traits are 
examples of plant defenses in action, 
making them harder or less enjoyable to 
eat, reducing herbivory.  
 
Anurag first started studying milkweeds 20 
years ago, based on a recommendation 
from a friend. His friend told him of the 
bitter, sticky, and furry leaves that were 
treasured by the monarch butterfly 
caterpillars. This led him to study the 
paradox of coevolution. The milkweed 
and monarch have such a tight 
relationship that over time, milkweeds 
have evolved multiple ways to defend 

themselves against their herbivores. In response, monarchs have evolved to overcome 
those defenses because they need to eat the milkweed. This arms race may continue to 
shift back and forth over the course of evolutionary time. 
 
This back-and-forth battle between caterpillar and plant intrigued Anurag. He wanted to 
know whether milkweed’s defensive traits are still effective against monarchs, or have 
monarchs evolved in ways that make them unaffected by the defenses? Because each 
defense trait might be at a different phase in the coevolution process, perhaps some 
would be effective defenses to herbivory, but others would not be effective. He 
predicted that monarchs would be harmed by all three milkweed defense traits 
(trichomes, latex, and cardiac glycosides), but that some would cause more harm than 
others. 
 
To test his ideas, Anurag and his collaborators grew monarch caterpillars on 24 different 
North American milkweed species. They put a single newly hatched caterpillar on each 
plant and had five replicate plants per 
milkweed species. They recorded each 
caterpillar’s growth over the course of 5 days 
to see how healthy it was. They also 
measured the amount of trichomes, latex, and 
cardiac glycosides in each plant to determine 
their level of defense. Once they had their 
data, they looked for a relationship between 
caterpillar growth and plant defense traits to 
determine which made the best plant 
defenses. The better the defense, the less 
caterpillars would grow. 
 

Anurag collecting data on milkweed plants. 

Anurag placing a monarch caterpillar on a 
milkweed plant in the lab. 
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Scientific Question: To what extent do different herbivory defense traits of milkweed 
reduce the growth of monarch caterpillars? 
 
What is the hypothesis? Find the hypothesis in the Research Background and underline 
it. A hypothesis is a proposed explanation for an observation, which can then be tested 
with experimentation or other types of studies. 
 
Scientific Data:  
 
Use the data below to answer the scientific question:  
 

Notes about the variables: the number of trichomes was counted along 3-millimeter transects on 
milkweed leaves; the cardiac glycoside toxins were standardized by dividing the weight of the toxin by the 
weight of the dry leaf; latex levels were measured after clipping the top of the leaf. 
 
 

Milkweed species

Average # of 
trichomes on 

leaves
Average latex 

levels (mg)

Average 
amount of  toxin 

(mg/g)

Average mass 
of caterpillar 

(mg)
A. amplexicaulis 1.7 1.5 1.4 5.4
A. boliviensis 1.5 0.4 2.1 7.7
A. californica 44.3 3.5 4.9 3.4
A. candida 0.1 0.6 4.0 9.1
A. cordifolia 2.5 1.6 3.5 7.0
A. eriocarpa 31.3 1.3 4.4 6.1
A. erosa 12.2 3.0 2.3 7.5
A. hallii 1.5 0.6 1.6 10.1
A. hirtella 0.2 0.5 3.3 7.5
A. humistrata 0.2 0.6 5.2 9.0
A. incarnata 2.9 0.3 0.4 9.2
A. lanceolata 0.2 0.2 0.4 8.6
A. lemmonii 4.7 4.3 3.2 1.2
A. nivea 3.1 0.0 4.4 12.9
A. obovata 32.8 0.8 0.6 7.7
A. pumila 0.4 0.4 0.5 7.4
A. purpurascens 7.2 0.3 0.3 10.6
A. solanoana 20.7 1.4 2.7 11.2
A. speciosa 6.9 1.6 1.1 8.6
A. sullivantii 1.7 1.7 2.4 8.2
A. syriaca 9.5 0.4 1.5 9.8
A. tuberosa 6.4 0.2 0.1 7.6
A. verticillata 0.4 0.1 0.1 7.2
A. viridis 3.0 0.7 3.5 9.6

Notes about the variables: the number of trichomes were counted along 3-millimeter 
transects on milkweed leaves, the cardiac glycoside toxins were standardized by dividing 
the weight of the toxin by the weight of the dry leaf
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Which data will you graph to answer the question?      
                
  Independent variable(s): __________________________________ 
   

_______________________________________ 
   

_______________________________________ 
 
 
Dependent variable(s): ___________________________________ 
 
_______________________________________ 
 

 
 
Below are graphs of the data: Identify any changes, trends, or differences you see in 
your graph(s). Draw arrows pointing out what you see and write one sentence 
describing what you see next to each arrow. 
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Interpret the data:  
 
Make a claim that answers the scientific question. 
 
 
 
 
 
 
 
 
What evidence was used to write your claim? Reference specific parts of the table or 
graphs. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Explain your reasoning and why the evidence supports your claim. Connect the data 
back to what you learned about the tight relationship between monarch butterflies and 
milkweed plants. 
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Did the data support Anurag’s hypothesis? Use evidence to explain why or why not. If 
you feel the data are inconclusive, explain why. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Your next steps as a scientist: Science is an ongoing process. What new question(s) 
should be investigated to build on Anurag’s research? How do your questions build on 
the research that has already been done? 
 
 
 
 


