
Frontiers in Ecology and Evolution

OPEN ACCESS

EDITED BY

Jay E. Diffendorfer,
United States Department of the Interior,
United States

REVIEWED BY

Christie Bahlai,
Kent State University, United States
David James,
Washington State University, United States

*CORRESPONDENCE

Karen R. Klinger

kklinger@fieldmuseum.org

RECEIVED 05 June 2024
ACCEPTED 08 July 2024

PUBLISHED 31 July 2024

CITATION

Klinger KR, Hasle AF and Oberhauser KS
(2024) Characteristics of urban milkweed
gardens that influence monarch butterfly egg
abundance.
Front. Ecol. Evol. 12:1444460.
doi: 10.3389/fevo.2024.1444460

COPYRIGHT

© 2024 Klinger, Hasle and Oberhauser. This is
an open-access article distributed under the
terms of the Creative Commons Attribution
License (CC BY). The use, distribution or
reproduction in other forums is permitted,
provided the original author(s) and the
copyright owner(s) are credited and that the
original publication in this journal is cited, in
accordance with accepted academic
practice. No use, distribution or reproduction
is permitted which does not comply with
these terms.

TYPE Original Research

PUBLISHED 31 July 2024

DOI 10.3389/fevo.2024.1444460
Characteristics of urban
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monarch butterfly
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The eastern population of monarch butterflies (Danaus plexippus) has

dramatically declined in the last few decades, which is largely attributed to a

loss of milkweed habitat in agricultural areas. Residential land in metropolitan

areas has the potential to provide a significant source of the milkweed needed to

support the monarch population. To examine if and how urban milkweed

patches can support monarch butterflies, we worked with community

scientists in the Chicago metropolitan area to monitor monarch eggs and

caterpillars in yards and community gardens. We hypothesized that the largest

numbers of eggs (i.e. gardens that were most attractive to monarchs) would be

observed in patches that were older, had a high abundance of milkweed,

contained more than one species of milkweed including Asclepias syriaca

(common milkweed) and/or A. incarnata (swamp milkweed), and had a large

diversity of nectar plants. All patches were assessed at their peak egg count each

year, which ranged from zero to 170 eggs in a given observation. To determine

which characteristics were most influential to egg presence, we examined

patches where eggs were present or absent during this peak observation. For

abundance, we divided these peak observations into whether or not the egg

counts were in the top 20% in a given year, excluding patches where eggs were

absent, and assessed their patch characteristics. Our results show that patch age

and presence of A. syriaca affected whether patches contained eggs or not. We

also found that patches with the largest number of eggs observed tended to have

A. syriaca, more milkweed plants, and a higher diversity of blooming plant

species. The data we collected from community scientists in the Chicago area

has enhanced our understanding of how urban gardeners can create effective

breeding habitats for monarch butterflies. By planting Asclepias syriaca within its

natural range, along with other nativemilkweed species and a diverse selection of

flowering plants, individuals can create gardens that serve as excellent habitats

for monarchs and other pollinators.
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1 Introduction

The eastern North American population of monarch butterflies

(Danaus plexippus) has dramatically declined in the last few decades

(Semmens et al., 2016). In the Midwest, a major contributor to this

decline was the loss of milkweed plants (Asclepias spp.), the host

plants for monarch larvae, in agricultural areas because of increased

use in glyphosate herbicide (Pleasants and Oberhauser, 2013;

Thogmartin et al., 2017). This loss was especially significant,

because agricultural fields provided the largest area of habitat for

milkweed in the monarch’s breeding range (Oberhauser et al., 2001).

As a result, researchers and government officials have called for the

planting of more milkweed across all sectors of the landscape

(Thogmartin et al., 2017).

Our research (Johnston et al., 2019) has shown that in many

metropolitan areas, single-family homes made up the second largest

source of potential plantable space for milkweed after agricultural

areas. Although smaller in size, their cumulative area means that

even at low milkweed densities, they can provide significant habitat.

Further, we found that residents were enthusiastic about supporting

monarchs by planting milkweed. Because of the generally small size

of most urban gardens, residents frequently have to figure out how

to make the best use of their plantable space. While a variety of

resources are available to guide gardeners (e.g., Redlinski and Diaz,

2021), many questions remain on how best to attract monarchs to

urban yards.

Characteristics that are thought to influence where monarchs

lay their eggs include the quality, configuration, and species of

milkweed as well as the diversity of nearby nectar flowers. In the

Midwest, monarchs lay the most eggs on Asclepias incarnata

(swamp milkweed) and Asclepias syriaca (common milkweed)

(Ladner and Altizer, 2005; Baker and Potter, 2018; Pocius et al.,

2018a, Pocius et al., 2018b). In addition, patches with both

milkweed and nearby nectar plants tend to contain more eggs,

since nectar resources provide the necessary fuel needed by adult

monarchs for flying, reproduction, and migration (Kral-O’Brien

et al., 2020; Nestle et al., 2020).

We sought to examine which garden characteristics most

influence where monarch butterflies lay their eggs. We conducted

a community science project in which participants collected data on

the number of monarch eggs and larvae observed on each species of

milkweed present in a patch of plants (Hasle et al., In Press). Our

expectations were that more monarch butterfly eggs would be

observed in patches that were older, had a high abundance of

milkweed, contained more than one species of milkweed including

A. syriaca and/or A. incarnata, and had a large diversity of

neighboring nectar plants.
2 Materials and methods

2.1 Data collection

The Field Museum’s monarch community science project ran

from May through September from 2020 through 2022 in the

Chicago metropolitan area. Each participant chose one or more
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sites to monitor: at their homes, public and community gardens,

street medians, and nature preserves. At a given site, a participant

could choose to monitor anywhere from one to six patches of plants

that included at least one species of milkweed. Patches were

separated by enough distance or non-habitat (e.g., concrete

sidewalk) such that it was unlikely that caterpillars would move

from one to another in search of food (Figure 1). Participants were

not required to monitor every patch of milkweed at their site,

however they were asked to observe all of the milkweed plants

within the patches they were monitoring.

As part of the initial site survey, participants provided

information about the site and patches they planned to monitor.

Site information included a unique site name, the address or

location of the site, and what type of garden maintenance

occurred. Patch information included when the patch was

planted, whether more than half of the plants were located in

pots, and the species of milkweed in the patch.

During weekly data collection, participants examined milkweed

plants in their patch(es) and recorded the number of milkweed plants

searched, the number of monarch eggs, and the number of each larval

instar found for each milkweed species present. During monitoring,

participants could also choose to record the number of adult

monarch butterflies observed, other insects and pollinators seen, as

well as the different species of plants that were blooming. In addition

to weekly monitoring, participants were asked to provide the shape of

their patch and measure the appropriate dimensions (e.g., length and

width or radius) in inches during the month of July. A full description

of the project methodology can be found in Hasle et al., In Press.
2.2 Data preparation

Our analysis primarily focused on the characteristics of

individual milkweed patches located within sites. Each patch in a

given year was treated as an independent record, because patches

were monitored as separate units and had distinct characteristics
FIGURE 1

Garden site with four patches of plants. Photo credit: Abigail
Derby Lewis.
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that often changed each year. In order to account for shared

characteristics, a site’s name was used to group patches that

occurred at the same location.

Participants monitored their patches anywhere from one to 18

weeks, which meant that there was a greater chance of eggs being

observed in patches that were monitored more frequently. We sought

to limit the influence of the amount of monitoring on egg observations

by focusing only on patches where there were at least three monitoring

observations between June and August, the primary months when

surveying occurred. From each patch’s monitoring records during this

period, we identified the single observation when the maximum

number of eggs were observed. This allowed us to examine the

characteristics of patches at their highest egg production.

This approach is similar to that used by Stenoien et al. (2015),

which examined the maximum egg density observed at a site during

two-month periods for sites with at least four sampling events and

more than 10 plants. Our analysis focused on the maximum number of

eggs observed rather than maximum egg density, because a significant

portion of patches had less than 10 milkweed plants and these smaller

patches of milkweed are known to have abnormally high egg densities

(Stenoien et al., 2015). If a patch had multiple observations with the

samemaximum number of eggs, then the monitoring observation with

the maximum number of plants was used. If there were still multiple

observations, the monitoring record with the latest date was used.

In addition to only including patches with at least three

observations, this analysis only included records where both patch

measurements and the number of blooming flowers observed were

recorded. Patch size was calculated using the provided measurements

for the patch’s dimensions and converted from square inches to square

meters. If there was no number of blooming flowers provided during

the selected observation, the number of blooming species for the closest

week within a month was used. As a result, all patches had the same

variables available for analysis.

The variables in this analysis included site name; survey year (2020,

2021, or 2022); age of the patch (which participants selected as either

planted in the current year, one year ago, 2–5 years ago, or more than

five years ago); milkweed species diversity (presence of one milkweed

species or more than one milkweed species); the presence or absence of

A. syriaca, A. incarnata, Asclepias tuberosa (butterfly milkweed), and

Asclepias verticillata (whorled milkweed) (the four most common

species of milkweed observed in patches); number of milkweed

plants; number of blooming flower species; and patch size as

recorded during the month of July. The values for the number of

milkweed plants, number of blooming plant species, and patch size

were divided into four similarly sized categories: Minimum–25th

quartile (low), 25th–50th quartile (low-medium), 50th–75th quartile

(medium-high), and 75th quartile–Maximum (high). By grouping

these variables into categories instead of using their numeric values,

we were able to lessen the impact of small errors in measurements,

reduce the influence of outliers, and examine broader patterns.
2.3 Statistical analysis

We used Chi-square tests of independence and multiple

regression to assess the relationships of monarch egg presence
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and egg abundance with the variables of interest. For all patches

in the analysis, we determined the presence or absence of eggs

during the selected observation. To examine abundance, we used

the same selected observation to determine the patches that were or

were not in the top 20% of egg observations in each survey year,

excluding patches where eggs were absent. We chose not to use the

values for the number of eggs observed, because the significant

variation each year meant that an egg count could be considered

high one year and low the next. All statistical analyses were

performed with RStudio version 2023.06.1 with R version 4.2.2 (R

Core Team 2023; RStudio Team 2023).

We used binomial generalized linear mixed models (GLMMs)

with the lme4 package (Bates et al., 2015) to examine the patch

characteristics that affect the presence of eggs and egg abundance

(whether a patch was in the top 20% of egg observations). Both

models included site name as a random effect to cluster patches into

their respective sites. To assess the effect of survey year on the

presence of eggs, we explored including it as both a random effect

and as a fixed effect. Survey year was not included in the model for

egg abundance, since it was accounted for in calculating the top 20%

of observations. All other variables (age of the patch, milkweed

species diversity, presence of A. syriaca, presence of A. incarnata,

presence of A. tuberosa, presence of A. verticillata, number of

milkweed plants, number of blooming flower species, and patch

size) were included as fixed effects. To ensure that variables were

uncorrelated, we calculated the variance inflation factor (VIF) of

each independent variable in the model (VIF < 3). We calculated R2

values with the r2 function in the performance package (Lüdecke

et al., 2020). Akaike Information Criteria (AIC) values were used to

rank the top supported comparable models.
3 Results

From 2020 to 2022, participants recorded 5,166 observations on

682 patches of milkweed. Between June and August, 450 patches

recorded at least three monitoring observations and provided both

patch size data and number of blooming flower species. During these

three months, 134 patches were monitored from three to six times, 175

were monitored from seven to ten times, and 141 were monitored from

11–25 times. The categorical ranges for number of milkweed plants

within patches included: 1–6 (low), 7–12 (low-medium), 13–26

(medium-high), and 27–498 (high). The categorical ranges for

number of blooming plant species within patches included: 0–2

(low), 3–4 (low-medium), 5–6 (medium-high), and 7–29 (high). The

categorical ranges for patch size included: 0.012–<0.85 square meters

(low), 0.85–<2.7 square meters (low-medium), 2.7–<8.5 square meters

(med-high), and 8.5–4,738 square meters (high).
3.1 Presence/absence of eggs

Of the 450 patches included in this analysis, eggs were observed

in 340 patches, with one to 170 eggs in the selected monitoring

session in these 340 patches. Chi-square tests indicated that survey

year (c2 = 18, df = 2, p < 0.001), patch age (c2 = 35, df = 3, p < 0.001),
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presence of A. syriaca (c2 = 37, df = 1, p < 0.001), and number of

milkweed plants (c2 = 20, df = 2, p < 0.001) had significant

relationships with the presence of eggs in a patch.

In the best-fit logistic regression model with mixed effects

(Model 1) and in competing models, a patch age of 5 years or

older and the presence of A. syriaca significantly increased the odds

of eggs being present (Table 1). For all top models, the years 2021

and 2022 had a negative relationship with the presence of eggs. The

presence of A. incarnata and the number of plants, especially those

in the high category, increased the likelihood of eggs being present

in a patch.
3.2 Top 20% of egg observations

To examine patches that had a higher abundance of eggs, the

340 patches with at least one egg observation were divided into 2

groups for each year: patches with the top 20% of egg observations

and patches in the bottom 80% of observations. A total of 74

patches were in the top 20%: 31 patches with 18 or more eggs in

2020, 25 patches with 30 or more eggs in 2021, and 18 patches with

10 or more eggs in 2022. Chi-square tests indicated that the

presence of A. syriaca (c2 = 15, df = 1, p < 0.001), the number of

milkweed plants (c2 = 36, df = 3, p < 0.001), and the number of

blooming plant types (c2 = 21, df = 3, p < 0.001), had significant

relationships with the likelihood of a patch being in the top 20% of

egg observations.

In the best-fit logistic regression model with mixed effects

(Model 1), the presence of A. syriaca, more milkweed plants, and

more blooming plant types increased the odds of patches being in

the top 20% of egg observations (Table 2). The model’s intercept,
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which corresponded to no A. syriaca, a low number of plants, and a

low number of blooming flower species decreased the odds of

patches having the top 20% of egg observations.
3.3 Egg density

We also found that as the number of milkweed plants in a patch

increased, the average number of eggs observed increased, while the

average egg density (eggs/plant) decreased (Table 3).
3.4 Blooming flowers

One of the top blooming flower species in participant’s patches

was A. tuberosa, which was present during all three months of the

study period (Table 4). A. syriaca was also observed blooming in a

large number of patches during June and July. Because blooming

flowering plants was an optional field for participants to fill in to the

best of their knowledge, some participants provided the common

name of a plant, while others included the genus and species.

Further, since this data came from planted gardens, it is difficult to

determine whether some of these flowering plants included

cultivars, which can be difficult to distinguish. As a result, purple

coneflower (Echinacea purpurea), coneflower (Echinacea spp.,

Rudbeckia spp.), and black-eyed Susan (Rudbeckia fulgida,

Rudbeckia hirta) were all included in the top five most abundant

plants in both July and August.
TABLE 2 The top three models comparing top 20% of egg observations
against predictor variables.

Model 1 Model 2 Model 3

AIC 306.13 306.66 307.54

R2 0.679 0.672 0.711

Intercept −4.931*** −4.300*** −5.934***

A. syriaca 1.436* 1.580* 1.398*

Plant #: low-med −0.066 −0.157 −0.043

Plant #: med-high 0.225 0.279 0.199

Plant #: high 2.014** 2.269** 2.145**

Blooming plant species: low-med 0.620 – 0.610

Blooming plant species:
med-high

1.014 – 1.153

Blooming plant species: high 1.690* – 1.860*

1 Year – – 1.296

2–5 Year – – 1.148

5+ Year – – 0.207
fr
Site name was included as a random effect for all models. Models are in order of the lowest
AIC values. Hyphens indicate that the variable was absent in the model. Values are
unstandardized coefficients. Significant p value results: * = 0.05, ** = 0.001, and *** = 0.001.
TABLE 1 The top three models comparing egg presence against
predictor variables.

Model 1 Model 2 Model 3

AIC 406.54 407.82 407.98

R2 0.721 0.745 0.726

Intercept 1.068 1.003 1.518*

2021 −0.980* −1.036 −0.904

2022 −1.974*** −2.038 −1.864***

1 Year −0.345 −0.471 −0.380

2–5 Year 0.819 0.608 0.803

5+ Year 2.693** 2.436* 2.580**

A. syriaca 2.097*** 2.016*** 1.908***

A. incarnata 0.743 0.660 –

Plant #: low-med – 0.748 –

Plant #: med-high – 0.135 –

Plant #: high – 1.070 –
Site name was included as a random effect for all models. Models are in order of the lowest
AIC values. Hyphens indicate that the variable was absent in the model. Values are
unstandardized coefficients. Significant p value results: * = 0.05, ** = 0.001, and *** = 0.001.
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4 Discussion

Residential gardens in metropolitan areas have the potential to

provide significant habitat for monarch butterflies. Because urban

gardeners often have limited space in which to plant milkweed and

nectar plants, many questions arise on how they can best attract

monarch butterflies to their yards. These questions include which and

how many species of milkweed to plant, how many milkweed plants

are needed, and the importance of having a diversity of other flowering

plants nearby. We sought to examine which patch characteristics most

influence the presence and abundance of monarch eggs in people’s

milkweed gardens.

Based on previous research, we expected that the most successful

patches would be older, have a high number of milkweed plants, would

have A. syriaca or A. incarnata, would have at least two species of

milkweed, and would have a large diversity of neighboring nectar

plants. We found that the presence of eggs was most affected by the

inclusion of A. syriaca and the age of planting. The occurrence of A.

incarnata and the number of milkweed plants also positively affected

whether eggs were observed. We also found that the presence of A.

syriaca, the number of milkweed plants, and the number of blooming

plant species were positively associated with a higher egg abundance.

Asclepias syriaca was present in 60% of patches and in 70% of sites.

While A. syriaca may not be the most garden-friendly plant due to its

ability to spread aggressively and the difficulty in removing it, it has a

key role inmany people’s milkweed gardens and contributes significant

habitat for monarchs. Among patches that contained A. syriaca, 86%
Frontiers in Ecology and Evolution 05
observed eggs, while 60% of patches without A. syriaca observed eggs.

These patches are not unusual; A. syriaca is the most common host

plant for North American monarchs (Agrawal et al., 2015), with one

estimate (Malcolm et al., 1993) suggesting that over 90% of the

monarchs that migrate to Mexico have fed on this species. Because

of its prevalence in our study area, especially within the patches and

sites that were largest in area and quantity of milkweed, we also found

that the presence of A. syriaca was associated with other patch

characteristics including patch age, the number of milkweed plants,

and the size of the patch. Thus, it likely had a confounding effect in the

regression models, although VIF values were acceptable.

Patches that were at least 5 years of age were significantly more

likely to contain eggs than patches in any other age group. Of the 78

patches in this category, 95% contained eggs; this value was only 61%

for patches planted in the current year. We found that patch age was

associated with both patch size and the number of milkweed plants,

which indicates that more established patches tended to havemore area

and more plants available for monarchs to lay their eggs on. While

these patches may have been established at least 5 years ago, it is very

likely that newer plants were added over time. Thus, more research is

needed on the importance of sustaining older milkweed gardens.

Patches in our study came in all shapes and sizes, from a single

milkweed plant to almost 500 milkweed plants. For this analysis, the

number of milkweed plants in a patch was divided into four

approximately even-sized categories: low (1–6 plants), low-medium

(7–12 plants), medium-high (13–26 plants), and high (27–498 plants).

While people with smaller milkweed plantings did observe monarch

eggs, having a larger number of milkweed plants significantly increased

the chances that more eggs were seen. As the number of plants in a

patch increased, the average number of eggs per plant decreased, while

the total number of eggs increased. This is consistent with Kasten et al.

(2016) and Bruce et al. (2022), who found that even though more eggs

were seen per plant in patches with fewer plants, patches with more

plants tended to contain more eggs. We also found that the number of

milkweed plants in a patch was positively correlated with the size of the

patch, which may explain why it did not show up in the top models.

While the number of blooming flower species did not affect the

presence or absence of eggs, it was a significant factor in determining

which patches observed the most eggs. This seems to indicate that

female monarchs will lay eggs when fewer blooming flower species are

present, but they may stay longer and lay more eggs when a larger

diversity of nectar resources is available. Thus, our data support the

recommendation of having a diverse array of blooming flowers as part

of monarch gardens. Since different species bloom at different times,

planting a mix of species ensures that monarchs and other pollinators
TABLE 4 The top five most abundant blooming plants during June, July,
and August.

June July August

1 Spiderwort
(Tradescantia spp.)

Purple coneflower
(Echinacea purpurea)

Black-eyed Susan
(Rudbeckia fulgida,
Rudbeckia hirta)

2 Geranium
(Geranium spp.)

Coneflower
(Echinacea spp.,
Rudbeckia spp.)

Coneflower
(Echinacea spp.,
Rudbeckia spp.)

3 Butterfly milkweed
(Asclepias tuberosa)

Butterfly milkweed
(Asclepias tuberosa)

Purple coneflower
(Echinacea purpurea)

4 Common milkweed
(Asclepias syriaca)

Black-eyed Susan
(Rudbeckia fulgida,
Rudbeckia hirta)

Phlox (Phlox spp.)

5 Daylily
(Hemerocallis spp.)

Common milkweed
(Asclepias syriaca)

Butterfly milkweed
(Asclepias tuberosa)
TABLE 3 Summary of egg observations by number of milkweed plants.

Plant
number category

Number of patches Mean number of
eggs observed

Mean egg density
observed within
the patch

Standard error

Low: 1–6 plants 129 4.8 eggs 1.6 eggs per plant 0.2

Low-Medium: 7–12 plants 103 8.1 eggs 0.9 eggs per plant 0.1

Medium-High: 13–26 plants 96 9.7 eggs 0.6 eggs per plant 0.1

High: 27–498 plants 122 16.6 eggs 0.4 eggs per plant 0.0
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have a stable supply of nectar from spring to fall (Lukens et al., 2020;

Tew et al., 2022). Finally, gardeners should remember that milkweed

species are also good nectar sources, as both A. syriaca and A. tuberosa

were included in the top five most abundant blooming plants between

June and August.

It is important to note that this analysis is based on data collected by

community scientists. While this enabled us to collect a significant

amount of data on sites that would otherwise be difficult to access

(Hasle et al., In Press), there are some concerns about data accuracy,

data consistency, and bias which may have influenced our results. One

of the most significant challenges with community science is the limited

ability to ensure data accuracy. Participants were trained on how to

identify eggs as well as how to record and submit their data during a

two-hour (often-virtual) training session. While some incidents of data

inaccuracies (frommisidentification and mistakes in submissions) were

caught and fixed, there are likely other errors that persisted in the data.

Also, since participants chose when and where to monitor, there was

some variation and bias in data collection and site selection. Participants

monitored anywhere from once to 18 weeks. Because of the significant

variation in the amount of data collected, this analysis focused on one

observation per patch in a given year. As a result, we analyzed a small

fraction of the data that was collected. The amount of time a person

spent searching for eggs may also have influenced their ability to find

eggs. For example, 82% of participants who monitored at least 11 times

between June and August observed eggs, while 71% of participants who

monitored three to six times observed eggs. Finally, because participants

selected their sites to monitor, many likely chose gardens that were

planted with monarchs and other pollinators in mind. Thus, many sites

may have been of much higher quality than is typical of gardens in

metropolitan areas.

Our protocol emphasized monitoring of individual patches rather

than sites as a whole, which meant that a participant could choose not

to monitor all of themilkweed plants at their site and they could choose

to monitor their patches on different days and for a different number of

weeks. A site’s patches could range from being close together to being

on opposite sides of a property (e.g., front and back yard). Patches at

the same site were also unique and could significantly differ in the

number and diversity of milkweed species, number of milkweed plants,

patch age, and patch size. We found that the number of eggs observed

at each patch within a site was highly variable. Thus, for this analysis,

we used the site’s name as a random effect to cluster patches into their

respective sites rather than consolidating the data at the site level to

avoid misrepresenting the collected data and losing the specificity

observed at individual patches. However, analysis examining the data at

the site-level found similar results.
5 Conclusion

The most significant characteristics in determining the success of a

patch in attracting monarch butterfly eggs included the number of

milkweed plants, the presence of A. syriaca (common milkweed), the

diversity of nearby nectar flowers, and the age of the patch. While we

found that gardens with more milkweed plants tended to contain more

eggs, we discovered that even patches with a single milkweed plant had

eggs present. Thus, even very small urban plantings can help to support
Frontiers in Ecology and Evolution 06
monarchs. While A. syriaca was a significant factor in determining the

presence and number of eggs observed, we recognize that it is not

always the most desirable species to plant and encourage gardeners to

plant the species of milkweed that best suits their needs. We also

encourage people to plant a greater diversity of blooming flowers

around their milkweed, which will ensure nectar availability

throughout the season, allowing monarchs to stay in the area longer

and potentially lay more eggs. Finally, we found that older milkweed

patches were more likely to have eggs present and contained the most

eggs. However, milkweed gardens of all ages can support monarchs.
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