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Aʙsᴛʀᴀᴄᴛ 

         Plants of the Asclepias genus, commonly known as milkweed, serve an important role as 

the larval host of the monarch butterfly (Danaus plexippus). In this study, we examined the 

effectiveness of two herbivory deterrents on the survival of four Asclepias species (A. syriaca, A. 

tuberosa, A. verticillata, and A. incarnata) in four plots of restored Iowa tallgrass prairie, each 

differing in aspect and plant community. A. syriaca ultimately experienced the heaviest 

herbivory. The chicken wire fence was most effective at preventing herbivory, which was lowest 

overall in the least speciose plot. Our findings suggest that future conservation efforts for both 

Asclepias and D. plexippus should utilize fencing as an herbivory deterrent, and balance the 

habitat needs of both species. 

Iɴᴛʀᴏᴅᴜᴄᴛɪᴏn 

As we continue to develop and alter the natural landscape of the midwestern United 

States, we must also preserve and protect the native vegetation that remains. These native plant 

communities are home to incredible biodiversity, and their continued destruction threatens some 

of our most charismatic species. One such species is the monarch butterfly. D. plexippus is a 

migratory species that winters in Mexico and migrates north during the spring to feed on nectar 

plants and lay eggs on members of the genus Asclepias. The first generation of D. plexippus 

migrates to the southern United States to reproduce during the spring months. The second 

generation then migrates throughout the northern United States, east of the Rocky Mountains 
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(Howard & Davis 2015). It is this group of individuals that relies heavily on the historically 

nectar and milkweed-rich tallgrass prairies of the Midwest. The advent of Roundup Ready® corn 

and soy, among other herbicide resistant genetically modified crops, has led to the indiscriminate 

application of herbicides across agricultural fields. As a result, the milkweed population in Iowa 

has declined significantly over the past decade (Pleasants & Oberhauser 2012). As these 

populations continue to decline, maintaining and augmenting milkweed grown beyond the reach 

of pesticides is essential to monarch conservation. An understanding of both host species 

preference of the insect itself and the interactions of Asclepias with its natural environment is 

necessary to preserve this species. 

The importance of mammal herbivory to tallgrass prairie ecosystems has been well 

documented. Herbivory by large mammals enhances species richness and promotes 

heterogeneity at the community level (Knapp et al. 1999) These species can have a tremendous 

impact on community structure by limiting the growth of dominant species, thereby increasing 

access to soil and sunlight resources for other plant species. Since the extirpation of Bison bison, 

however, small mammals dominate the herbivory scene in prairie landscapes.Small mammal 

herbivory tends to reduce species richness (Howe & Brown 1999). They selectively feed on fobs, 

reducing the density of these species and increasing the dominance of grasses. Many small 

mammals also preferentially feed on nutrient-dense seedlings in prairie and grassland 

ecosystems, especially in areas where reproduction via seeds is low (Hulme 1994). Research 

shows that a number of factors influence whether herbivory will occur, and at what intensity. 

Hulme (1994) found that among mollusc, arthropod, and rodent herbivores, rodents had the most 

profound impact on seedling loss from grasslands, and that seedlings have a lower chance of 
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regrowth after rodent herbivory. Small mammals, however, are less likely to frequent areas with 

low cover (Klass et al. 1998).  

Plant response to herbivory varies. Many plants, once consumed, will send out new 

shoots. This strategy actually increases the potential for repeated herbivory, as the young shoots 

are more tender and palatable (Sullivan & Howe 2011). In other species, including members of 

the Asclepias genus, herbivory triggers a chemical response that heightens the plant’s defenses 

against future herbivory (Rasmann and Agrawal 2011). Though response to small mammal 

herbivory is not well documented, Asclepias species have evolved multiple toxic defenses to 

protect against insect herbivores. These include latex, which seeps out from damaged areas of the 

leaf to gum up insects’ jaws and potentially prevent further damage, and the toxic cardenolide 

compounds produced within the plant, which disrupt cellular ATPase (Ali & Agrawal 2014). 

While these defenses may be enough to deter most generalist herbivores, several more 

specialized insect species have evolved methods of circumventing those defenses, and even use 

them to their own advantage. In particular, the larvae of D. plexippus are capable of sequestering 

cardenolides produced by Asclepias within its own body as a defense mechanism against 

predators (Petschenka & Agrawal 2015).  

D. plexippus is a migratory insect, and encounters several species of Asclepias as it 

travels north from its overwintering grounds in Mexico, which it uses as a host plant for its 

larvae. According to the Preference-Performance Hypothesis, offspring are more likely to 

succeed on plants preferentially selected by the adult female (Gripenberg et al. 2010). Therefore, 

an accurate assessment of which Asclepias plants are most likely to be chosen for oviposition in 

the field could be crucial for future conservation efforts. Our study of monarch preference and 

milkweed herbivory addressed two important questions. First, what factors influence or predict 
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D. plexippus oviposition on Asclepias species? Are certain species preferred, or do other factors, 

such as plant height or soil quality, influence oviposition preference? Second, what are the most 

effective methods of limiting herbivory by non-target herbivores, in order to increase monarch 

food plant availability? 

Mᴇᴛʜᴏᴅs 

Site 

The experiment was conducted 

from June through August 

2016, at the Conard 

Environmental Research Area 

(CERA) in Kellogg, Iowa, 

USA. CERA is owned by 

Grinnell College and consists 

of 148 hectares of remnant and 

restored native tallgrass prairie. Differing abiotic conditions and management practices have 

created variation in community composition and structure across the site.   

Experimental Design 

The experiment was planted in four 33x18m plots, installed at different locations throughout 

CERA and oriented in the east-west direction. The Perley prairie plot was a high diversity, flat 

plot. Big Basin prairie was lower diversity and also flat. Dam and Lab prairies were located on 

south-facing slopes, and Lab contained higher plant diversity than Dam. Each plot was divided 

into three 12x18m treatments. The “Fence” treatment, designed to limit herbivory from both 

small and large mammals, involved a chicken wire fence and a PlotSaverTM ribbon sprayed with 
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PlotSaverTM Deer Repellent. The 

“Stink” treatment consisted solely 

of the PlotSaverTM ribbon and 

repellent. The “Open” treatment 

was without any herbivory 

deterrent. Within each treatment, 

there were six clusters of plants. 

Each cluster contained two 

individuals of each species, for a 

total of eight plants per cluster. The position of the plants within each cluster was randomized 

using a random number generator. 

Milkweed Plants 

We outplanted the four most common species of milkweed found at CERA and native to the 

Midwest to include in our study: Asclepias incarnata, A. syriaca, A. tuberosa, and A. verticillata. 

All plant plugs were first-year plants, with the exception of A. verticillata (whorled milkweed) 

which was in its second year. A. incarnata (swamp milkweed) was grown on-site. Because of 

low on-site germination, the other three species were native-stock seedlings purchased from 

Diversity Farms, in St. Dedham, Iowa, USA. The four species selected for the experiment all 

require high amounts of sunlight, but require varying levels of soil moisture (USDA NRCS 

National Plant Data Team 1999). A. verticillata and tuberosa (butterfly milkweed) prefer sandy 

soils with lower amounts of water.  A. incarnata prefers high levels of soil moisture, and is often 

found in more wet environments. A. syriaca (common milkweed) requires higher soil moisture 

but can still be found in sandy, well-drained soil. Malcolm (1992) identified A. incarnata, A. 
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tuberosa, and A. verticillata as containing low cardenolide concentrations. A. syriaca (common 

milkweed) contains moderate levels of cardenolides. Plants were watered upon being introduced 

into the plots, and plots were watered again as necessary to prevent death from drought stress. 

Herbivory 

Each plant was examined for damage weekly. Damage was categorized as “light” if the majority 

of the leaves still remained undamaged, and “heavy” if the majority of the leaves were damaged 

or missing, or if the stem of the plant had been broken. Plants that had wilted or been completely 

eaten were replaced weekly through July 28. 

Oviposition Preference 

Weekly egg and larvae surveys started June 28. We examined the underside of the leaves on 

each plant for eggs and larvae of monarchs as well as other species that utilize Asclepias as a 

host plant. We also noted the presence of monarch larvae, milkweed bug larvae, and other 

insects.  

Leaf Area Index (LAI) 

Canopy cover for each plot was assessed by determining the Leaf Area Index (LAI) using a LAI-

2200C Plant Canopy Analyzer. Measurements were taken with one sensor, following the 

recommended protocol for small plots (LI-COR 2016). Using the 90° lens cap, four 

measurements were taken at each planting cluster, one at each cardinal direction. Plot LAI was 

the average of these measurements. 

Soil Moisture and Temperature 

Soil temperature (°C) and soil moisture (m³/m³) data were recorded weekly from July 15 to 

August 9. Temperature was recorded using a soil thermometer, and soil moisture was recorded 
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using a soil moisture sensor. Each week, we sampled from two random coordinate positions from 

each treatment area, a total of six per plot.  

Floral Quality Assessment 

We conducted a survey of plant species found in each of the four experimental plots. We then 

calculated an average coefficient of conservatism (CofC), floral quality index (FQI), and an 

adjusted FQI using the CofC values found in the FQA Technique Iowa Database. 

Data Analysis 

Herbivory data were converted to percentages by week, and confidence intervals for percentages 

were calculated using VassarStats. We also ran a binomial logistic regression on three 

categorical predictors, plot, treatment and species. Each subgroup of the main predictors was 

analyzed against the others, to determine if one was correlated with a great chance of herbivory. 

Rᴇsᴜʟᴛs 

The binomial logistic regression demonstrated that plot was a significant predictor of 

herbivory (Table 1, p<0.005). Plants were at least 3.5 times as likely to be eaten in Perley than in 

the other three plots. Plants located in Dam prairie was the least likely to experience death by 

herbivory. Total herbivory was also significantly higher in Perley, and lower in Dam (Figure 1, 

χ², p<0.001). Species was also a significant predictor of herbivory (Table 1, p<0.0005). A. 

syriaca proved to be the most likely to experience herbivory (Figure 2). The presence or absence 

of an herbivory deterrent treatment affected the likelihood of herbivory (Table 1, p<0.005). 

Individuals in “Open” or “Stink” treatments were more likely to be eaten than those in “Fence”, 

however there was no significant difference between the two (Figure 3). The total number of 

plants lost to herbivory was significantly lower in the “Fence” treatment than in “Open” or 

“Stink” (χ², p<0.001).  
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There were also significant differences between canopy cover, soil moisture, and floral 

quality index (FQI) of the four plots. Dam had the lowest diffuse non-interceptance (DIFN), 

followed by Lab, Big Basin, and Perley (Figure 4, p<0.005). The DIFN of all four plots followed 

a similar downward trend over the course of the study period (Figure 5). Soil moisture was 

significantly lower in Lab, but the differences between the other three trial plots were not 

significant (Figure 6, p<0.005). Lab prairie had the highest adjusted FQI of the four, followed by 

Perley, Big Basin, and Dam (adjusted FQI=24.72; 22.06; 21.56; 12.388). 

No monarch eggs or larvae were discovered on any of the Asclepias species planted 

within the experimental plots. Eggs of the swamp milkweed beetle (Labidomera clivicollis) were 

found on all four Asclepias species, but no significant difference in oviposition preference was 

found (χ², p>0.05). 

Dɪsᴄᴜssɪᴏɴ 

Due to the absence of D. plexippus eggs on the Asclepias species in our experimental 

plots, we are unable to draw any conclusions regarding monarch oviposition preference between 

A. syriaca, A. tuberosa, A. verticillata, and A. incarnata. The small size of the plants relative to 

surrounding vegetation could have contributed to this, although the literature is divided as to the 

importance of plant size to attracting D. plexippus for oviposition (Cutting & Tallamy 2015). It 

seems more probable that the lack of eggs was due to an overall decrease in the numbers of D. 

plexippus in the surrounding region. Citizen science organizations, such as the Monarch Larva 

Monitoring Project, have reported fewer eggs and larvae in 2016 than in previous years, and 

have noted an overall lack of adult D. plexippus sightings (MLMP 2016). This dramatic decrease 

in D. plexippus numbers was likely due to the severity of a late winter storm that struck at the 

beginning of their migration north, and subsequent conditions continued to be unfavorable for 
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migration, resulting in delayed arrival to the breeding areas (Taylor 2016). An 18-year study of 

the effect of the changing climate on D. plexippus migration patterns suggests that the arrival of 

adult monarchs shifts later at a rate of approximately one day every four years (Howard & Davis 

2015). The trend we observed this summer may continue if global temperatures continue to 

climb. 

Another threat to D. plexippus survival is loss of new host plants to herbivory. We 

attempted to prevent herbivory of the plants by larger mammals through the use of two different 

herbivory deterrent treatments. One treatment type utilized PlotSaver™ around the perimeter, 

and the other used both PlotSaver™ and chicken wire fencing, while the final area in each plot 

was left without any herbivory deterrent to serve as a control. Based on the total numbers of 

plants lost to herbivory between all collective treatment areas, we can conclude that the chicken 

wire fence acted as the most effective herbivory deterrent. Treatment groups that exclusively 

utilized the PlotSaver™ repellant showed very little difference from the amount of herbivory 

found in the control groups. We can therefore conclude that the primary cause of loss from 

herbivory is due to small mammals that can fit under the PlotSaver™ ribbon but cannot easily 

pass the chicken wire fence. 

Due to its many sightings in and around our plots, we suspect that the eastern cottontail 

(Sylvilagus floridanus) to be responsible for much of the observed damage. Cottontails feed on 

herbaceous plants during the summer, and are known to clip the stems of the plants when 

feeding (Garry Oak 2003). Additionally, many mammalian herbivores are known to selectively 

graze certain types of plants at a greater frequency than those surrounding them (Nisi et al. 

2015). This would explain much of the herbivory patterns we observed within our plots, 

particularly regarding the A. syriaca plants. Studies have also shown that S. floridanus is not 
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restricted to forested areas, and will graze in prairie areas provided that the surrounding plants 

are tall enough to provide adequate cover (Nisi et al. 2015). This was observed in the Perley 

prairie, a highly denses and speciose plot which had the highest levels of herbivory. The Dam 

plot, conversely, as the least dense and diverse, experienced the lowest levels of herbivory. 

Anecdotal evidence also indicates a higher S. floridanus population near the Perley plot, as many 

were seen along the prairie edges in the latter part of the observational period. To better protect 

against herbivory from S. floridanus, future plantings should erect a mesh perimeter fence with 

one end buried in the ground to better prevent entry to the planting area (Garry Oak 2003).  

To protect themselves against herbivory from S. floridanus, D. plexippus larvae, and 

other herbivorous species, Asclepias have evolved several different lines of defense. Perhaps the 

most well-known is the gooey white latex that seeps from the leaves and stem when they are 

broken, and gives the Asclepias genus its common name of “milkweed.” Many species of 

Asclepias also produce cardenolides, a toxic compound that disrupts cellular ATPase. However, 

the cost of producing these defenses often results in a trade-off in the energy allocation to other 

factors, usually growth (Züst et al. 2015). As D. plexippus has evolved to compensate and even 

benefit from these defenses, many Asclepias species are evolving to become increasing 

herbivory tolerant. This trend could result in decreasing investments in pre herbivory defense. Of 

our study species, A. syriaca stands out as a species that has moved in this direction. A. syriaca 

produces high numbers of underground stem buds relative to other species, which facilitates 

regrowth after incidents of herbivory and results in a higher tolerance (Agrawal et al. 2015). 

Another possible explanation for the high herbivory of A. syriaca is its higher average leaf 

surface area. Herbivores may preferentially graze on it because of higher energy returns. 
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However, a more complete analysis of leaf chemical composition would be necessary before 

definitive conclusions can be drawn.  

The results of this study suggest that milkweed plantings are most likely to survive heavy 

mammalian herbivory when situated in areas of low forb diversity and limited cover. This 

management strategy, however, does not account for the nectar plant needs of D. plexippus and 

other lepidopterans. Flowering plants are an integral aspect of D. plexippus habitat. This 

dynamic illustrates the importance of a balanced approach to managing ecosystems for specific 

species.  Future studies should continue to investigate this dynamic in order to better determine 

locations that will be most beneficial to both Asclepias plants as well as Danaus plexippus. Some 

further factors to consider include the soil composition of the planting areas, such as soil type, 

sand, silt, and clay levels, and the availability of important nutrients, particularly nitrogen.  

Through observation, Roels (2011) categorized different types of herbivory and was able to 

create an herbivory key. Adding a similar component to future study of this topic could also be 

beneficial in designing more effective methods of deterrent. Without an integrated and complete 

understanding of ecosystem dynamics, management for single-species can have adverse effects 

on other actors, and may eventually lead to an unfavorable situation for the species of interest.    
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Fɪɢᴜʀᴇs 

  

Table 1. Odd ratios for categorical predictors. 

 

 

 

   

 Figure 1. Percentage of plants lost to herbivory per week by plot. Bars represent 95% CI.  
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Figure 2. Percentage of plants lost to herbivory per week by species. Bars represent 95% CI. 
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 Figure 3. Percentage of plants lost to herbivory per week by herbivory deterrent treatment. Bars 

represent 95% CI. 

   

Figure 4. Diffuse non-interceptance of four trial plots. P<0.0005. N=18. Error bars represent 1 

S.E. 

 

 

   



Bressoud and Jordan 15 

 Figure 5. Diffuse non-interceptance of four plots over three trials. 

  

 Figure 6. Average soil moisture of four trial plots. P<0.005. N=24. Error bars represent 1 

S.E. 
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