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Sustaining native pollinator populations and reversing declines in species such as the
monarch butter�y (Danaus plexippus) will require enhancing and maintaining habitats
across many regions and land use sectors. Rights-of-way, such as the areas surrounding
roads, have long been regarded as important habitat for pollinators due to their ubiquitous
nature and management for herbaceous species including nectar plants and larval host
plants. With better information regarding the quality of pollinator habitat in roadside
rights-of-way, managers can identify the location of potential habitat and evaluate the
effects of management activities. We conducted a survey of roadside managers to
determine needs and limitations related to assessing and managing rights-of-way as
monarch habitat. Survey results indicated that managers are often limited by time,
funding, and expertise in plant identi�cation. Based on survey results and consultations
with roadside managers, we developed a protocol for rapid assessment of roadside
rights-of-way (hereafter, Rapid Assessment) that can be easily implemented by managers
and is �exible based on the expertise of the observer and the data needs of the roadside
management authority. Using readily available software, the �eld data are automatically
processed through a Roadside Monarch Habitat Evaluator to generate habitat quality
scores that may be used by managers to describe the habitat resources and to inform
management strategies. We �eld-tested the protocol at roadsides in Minnesota and
compared results with a more intensive protocol for monarchhabitat monitoring (the
Integrated Monarch Monitoring Program). We found that the Rapid Assessment provided
similar data as the more intensive protocol regarding milkweed densities, nectar plant
species richness, and monarch use of sites (eggs and larvae,when detection levels were
suf�cient). Observed high habitat values in roadside rights-of-way con�rm the potential
of such habitat for pollinator and monarch conservation.

Keywords: rights-of-way, roadside vegetation management, ha bitat assessment, butter�ies, milkweed, nectar,
host plants, Danaus plexippus
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INTRODUCTION

Monarch butter�ies (Danaus plexippus) are an important
�agship species for insect conservation. Monarchs, insect
pollinators, and indeed most insect species, have experienced
steep population declines in recent decades (National Research
Council, 2007; Cameron et al., 2011; Brower et al., 2012;
Vidal and Rendón-Salinas, 2014; Goulson et al., 2015; Semmens
et al., 2016; Hallmann et al., 2017; Schultz et al., 2017;
Sánchez-Bayo and Wyckhuys, 2019). Multiple factors are driving
monarch declines (Malcolm, 2018), but habitat loss is primary
(Flockhart et al., 2015; Thogmartin et al., 2017a,b) and the
United States, Mexico, and Canada have pledged to reverse
declines by improving and expanding habitat (CEC, 2008;
Pollinator Health Task Force, 2015). Two important components
in monarch habitat are nectar sources for adult monarchs,
provided by a wide variety of blooming plants that bene�t
pollinators in general, and plants for larval development,
provided by plants in the milkweed subfamily (Apocynaceae:
Asclepiadoideae), which are also important nectar plants for
many insect pollinators. Demographic models of the North
American eastern monarch population indicate that the breeding
season is likely the phase of the monarch life cycle that
contributes most to population dynamics (Flockhart et al.,
2015; Oberhauser et al., 2017) and loss of milkweed in the
core of its breeding range is implicated in population declines
(Pleasants and Oberhauser, 2013; Pleasants, 2017; Thogmartin
et al., 2017a,b; Zaya et al., 2017; Stenoien et al., 2018).
This has led to the goal of adding 1.3–1.6 billion stems
of milkweed in the United States to increase the monarch
population to sustainable levels (Pleasants, 2017; Thogmartin
et al., 2017a). To reach this goal, habitat conservation is needed
across all land use sectors (e.g., agriculture, developed areas,
rights-of-ways), not just in lands set aside for conservation
(Thogmartin et al., 2017b).

Rights-of-way may provide suitable pollinator habitat if
managed in ways that promote and maintain host and nectar
plants (Munguira and Thomas, 1992; Ries et al., 2001; Saarinen
et al., 2005; Hopwood, 2008; Skorka et al., 2013; Halbritter
et al., 2015), although concerns exist about dangers from
roads (Munoz et al., 2015) including collisions (McKenna
et al., 2001; Skorka et al., 2013; Keilson et al., 2018) and
chemical runo� (Kaspari et al., 2010; Snell-Rood et al., 2014). A
growing number of transportation agencies have implemented
pollinator habitat programs (e.g., Iowa Living Roadway Trust
Fund, Illinois DOT Monarch Program, Monarch Highway, Ohio
Pollinator Habitat Initiative), and best management practices
have been developed for pollinator habitat in roadside rights-
of-way (Hopwood et al., 2015, 2016a,b). However, critical
information about the availability of milkweeds and nectar
plants within rights-of-way habitats is largely missing (but
see Hartzler and Buhler, 2000; Kasten et al., 2016; Pitman
et al., 2018), both generally and speci�cally within roadside
management authorities.

Roadside managers need information to decide where
to invest limited resources for maintaining and developing
additional monarch habitat, and data on how various

management actions a�ect the extent and quality of monarch
habitat within their jurisdictions. For example, mowing is
needed to maintain safety strips along road margins and is used
to control woody and invasive species. However, frequently
mowed areas often have fewer species of blooming nectar
plants (Halbritter et al., 2015), and mowing can detrimentally
impact insects using mowed areas (Johst et al., 2006; Cizek
et al., 2012). However, mowing can also stimulate growth
of new milkweed leaves preferred by egg-laying monarchs
(Baum and Mueller, 2015; Fischer et al., 2015; Alcock et al.,
2016; Haan and Landis, 2019; Knight et al., 2019). Many
roadside management authorities are implementing reduced
mowing practices particularly when monarchs are breeding
in their regions to protect habitat for monarchs and other
pollinators. These managers are interested in assessing the
habitat characteristics created by such programs. In addition,
data are needed for landscape-level planning and broad
conservation e�orts such as the Mid-America Monarch
Conservation Strategy (MAFWA, 2018) and the USFWS
Monarch Conservation Database1.

We developed several tools to help rights-of-way managers
develop, assess, and manage monarch habitat. Here we present
a rapid �eld assessment methodology, theRapid Assessment of
Roadside Habitat for Monarchs(“Rapid Assessment”), designed
for quick and easy implementation by rights-of-way vegetation
managers and maintenance operators. The data from the Rapid
Assessment automatically feeds into a habitat calculator that
generates a habitat quality score for each site; the package
together is theRoadside Monarch Habitat Evaluator.

To guide the design of the Rapid Assessment, we surveyed
transportation managers to learn about their interest in pollinator
habitat programs, their information needs, and the personnel
resources that may be dedicated to habitat assessment. To
calibrate the new Rapid Assessment, we collected data from the
same roadside sites using both our rapid assessment protocol
and a more intensive protocol from the national Integrated
Monarch Monitoring Program2 (CEC, 2017; Cariveau et al.,
2019; IMMP). Speci�cally, we compared results from the Rapid
Assessment to those from the IMMP for milkweed densities,
nectar plant species richness, indices of nectar plant abundance,
and monarch observations (eggs and larvae). We were interested
in whether both protocols would yield similar estimates for
these key metrics, and in the correlation of measures from the
two protocols.

In this paper, we explain features of the Rapid Assessment
that facilitate its use by roadside managers in transportation
departments. We relate these �ndings to other studies and discuss
the results in the context of managing rights-of-way as pollinator
habitat. We additionally provide, asSupplemental Material,
the Rapid Assessment protocol and datasheet. The User Guide
for the Roadside Monarch Habitat Evaluator that enables
roadside practitioners to run it with standard Esri products is
provided online3.

1https://www.fws.gov/savethemonarch/MCD.html
2https://monarchjointventure.org/immp
3https://monarchjointventure.org/roadsidehabitat
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MATERIALS AND METHODS

Survey of Managers
We created a 30-question survey about desired management
tools in Qualtrics4 that we distributed to a network of roadside
management authority representatives via email. The surveywas
reviewed by the Institutional Review Board at the University
of Minnesota and determined not to constitute human subjects
research, therefore not requiring IRB approval. It included
questions about existing pollinator habitat programs; what types
of information would be helpful for planning or implementing
these programs; the availability of data about factors that could
in�uence pollinator habitat quality, including noxious weeds, salt
applications, mowing regimes, and herbicide applications; and
manager interest in tracking management practices. The survey
captured information about personnel resources available for
conducting habitat assessments, including the number of people
and number of days they could spend assessing habitat, and the
expected skill levels of the personnel relative to assessing habitat.
Answers were mostly categorical with some free response.

Semi-structured interviews with a subset of survey
respondents who indicated that their organizations have
established or were considering establishing pollinator habitat
programs were held to elicit further input, better understandthe
context in which roadside managers make decisions, identify
barriers to establishing habitat programs, and evaluate the
usefulness of tools such as a Rapid Assessment protocol in
managing roadside rights-of-way as habitat.

Design of Roadside Monarch Habitat
Evaluator
We designed a Rapid Assessment protocol to assess rights-
of-way as pollinator habitat, with an emphasis on monarchs.
The protocol includes information on road type, adjacent land
use, management practices, forb species richness and percent
cover, noxious weed presence and percent cover, and milkweed
species richness and abundance (Table 1; �eld data sheet and
protocol instructions provided inSupplemental Material 1). We
developed both a paper data sheet and an electronic data form
that could be �lled using a tablet or smartphone in the �eld.

Secondly, we developed a habitat calculator that automatically
computes habitat quality scores from the data collected in
the Rapid Assessment. Together the Rapid Assessment and
Habitat Calculator form the Roadside Monarch Habitat Evaluator
(hereafter, “Habitat Evaluator”).

When developing the Habitat Evaluator, and in collaboration
with the Rights of Way as Habitat Working Group facilitated
by the Energy Resources Center of the University of Illinois –
Chicago, we reviewed more than a dozen existing assessment
tools including the Monarch Habitat Quanti�cation Tool
(Environmental Defense Fund, 2017), the Solar Site Pollinator
Habitat Planning and Assessment Form (Minnesota Board of
Soil Water Resources, 2016), and Bee Better Certi�ed Farm
Management Assessment Guide (Xerces Society for Invertebrate

4Qualtrics Version 12/17 © 2107; Available online at: https://umn.ca1.qualtrics.
com/

Conservation 2015). While none of these tools were created for
use by transportation managers, they provided examples of ways
in which pollinator habitat attributes were compiled into scores.

We designed the Habitat Evaluator tool in Survey123 for
ArcGIS (Esri), a free product that a�ords several bene�ts for
roadside management authorities. States or other entitiescan
collect, manage, and view their own datasets using their own
Esri Enterprise account. The Habitat Evaluator is installedwithin
each agency's ArcGIS Online platform, when it is populated with
a plant list for their state. Then managers may customize their
assessment by selecting the noxious weeds they wish to track
and set default answers regarding herbicide use and mowing
practices, if desired. Within their own Survey123 website,
transportation managers can view site locations, �eld data,and
monarch habitat quality scores. A User Guide to the Roadside
Monarch Habitat Evaluator is online3.

The electronic form of the Rapid Assessment provides the
�eld user advantages such as the ability to automatically record
the location, date, and time of the assessment. The survey also
provides features such as a searchable drop-down list of plant
species that enables one to type in letters from either the common
name or the Latin name to select the species. It also includes
choices based on genera, such as “Solidago/goldenrod species”
for many groups. The assessment is �exible in that observers
may also tally plant types they cannot identify and choose to
estimate milkweed plant abundance in categories rather than
count individual plants (e.g., depending on the abundance of the
milkweed and time constraints). Observers also specify whether
they are assessing the full right-of-way or just the unmowed areas,
and whether or not they wish to collect optional data regarding
the presence of monarch eggs and larvae. We incorporated
several factors identi�ed as important to roadside managers,
including the need to assess sites quickly and once per growing
or monarch breeding season, the ability to specify weeds of local
or state importance, and the ability to specify the width of the
area to be surveyed with regard to mowed areas, each of which
we describe subsequently.

Given the strong preference of roadside managers for a
protocol that could adequately characterize the habitat quality
of a site in a single visit per year, we required a proxy for the
availability of nectar throughout the growing season. We de�ned
a term “Potentially Blooming Nectar Plants” (hereafter “nectar
plants”) to describe forbs and shrubs that could provide nectarto
pollinators (e.g., excluding grasses), whether or not blooming on
the date of assessment. This broad categorization encompasses
plants that may provide nectar, regardless of their nativity or the
amount or quality of nectar they may provide. The numbers of
nectar plant species may be important because a greater number
of species may represent a greater variety of bloom times and
thereby provision nectar for a greater proportion of a season of
monarch use or use by other pollinators. We identi�ed plants
to species when possible and also estimated the aerial percent
cover of nectar plants as a group. To make the protocol usable
for people with varying skills in identifying plants to species, we
included an option for tallying unidenti�ed types of plants.

To accommodate variation in the list of invasive species,
weeds, or non-native species of management concern from
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TABLE 1 | Habitat components (and data collected) for roadside right-of-way habitats using the Rapid Assessment.

Habitat component Signi�cance Measure Categories

Road Exposure to collisions, road salt, and chemicals from cars Road Type 2 lane, 4 lane,> 4 lane

Landscape Exposure to pesticides, proximity to existing habitat Adjacent Land Use Type (within 30.5 m
or 100 ft)

CROPa, HCR, DEV, HDE, WOOD, DIV,
NDI, WET

Milkweed Required host plants for monarch eggs and larvae Milkweed Abundance (count plants or
choose category)

0, 1–5, 6–10, 11–25, 26–50, 51–250,
> 250

Species richness may increase seasonal availability Milkweed Number of Species

Nectar Required for adult monarch foraging Potential Blooming Nectar Plantb

(PBNP) % Cover
0, 1–5, 6–10, 11–25, 26–50, 51–75, and
> 75%

Species richness increases seasonal availability of nectar PBNP Number of Species

Native species may have higher resilience, sustainability,
and provide habitat to pollinators and other native
organisms

Native PBNP Number of Species

Weedsc Threatens native milkweed and nectar plants; may require
management that could temporarily remove habitat

Weed % Cover 0, 1–5, 6–10, 11–25, 26–50, 51–75, and
> 75%

Greater species richness of weeds may require more
and/or multiple control effort (s)

Weed Number of Species

Herbicide Use frequency of use Herbicide use on site None, spot treat noxious weeds, spot treat
woody species, treat grass to stimulate
forbs, broadleaf applied in clear zone
1x/yr; broadleaf applied in clear zone
> 1x/yr; broadleaf applied throughout the
ROWd

Mowing Mowing, at least temporarily, reduces nectar availability
and destroys eggs and larvae; the width of frequently
mowed areas impacts the amount of available habitat

Mowed width (ft)

Frequent mowing of the full width of the ROW reduces
nectar availability and survival of egg and larval monarchs

Frequency of mowing full ROW width never, every few years, 1x/yr, 2x/yr, > 2x/yr,
don't know

aCROP, cropland, no barrier; HCR, Crop with woody barrier or hedgerow; DEV, Developed, lawn, or paved; HDE, Developed with woody barrier or hedgerow; DIV, Diverse
grassland/natural habitat; NDI, Not diverse grassland with few forbs;WOOD, Woody habitat; WET, Wetland habitat.
bPotential Blooming Nectar Plants (PBNP) are forbs and shrubs that can provide nectar for monarchs or other pollinators, whether or not blooming on the survey date.
cWeeds we de�ne to be of management interest by the transportation authority; may include noxious weeds and other invasive species under active surveillance or management.
dROW, right-of-way.

state to state, we created a customizable weed list. When
transportation managers initially set up the protocol for their
organization, they can list the weed species they want to include
in the assessment. Observers will then report whenever those
species are present on the assessment areas and estimate aerial
cover for those species as a group to describe their prevalence.

Our survey of roadside managers indicated that the frequency
and widths of mowing in the rights-of-way were highly variable;
some routinely mow the full right-of-way width multiple times
per growing season, while others mow the full right-of-way only
once every several years. Some mow a safety strip (e.g., �rst10–
12 feet) monthly during the growing season, while others mow
the strip only once per year (and some do not mow from May-
July for wildlife and pollinators). Furthermore, some roadside
managers expressed interest in using the Rapid Assessment to
gain information about the e�ects of their mowing practices on
pollinator habitat. In the �rst year of the project, we collected data
across the entire right-of-way. In the second year, we focused our
estimates of cover on the unmowed area for qualitative measures
(such as percent cover) and collected milkweed and nectar plant
richness in both the mowed and unmowed areas, which we sum
in these analyses. The �nal Rapid Assessment protocol allows
surveyors to choose whether to conduct their assessments in

full rights-of-way, unmowed areas, or in mowed and unmowed
areas separately.

Finally, because some departments of transportation were
interested in monarch breeding activity in their roadside areas,
we included optional �elds for recording monarch eggs, larvae,
and adults. This section also includes a place to record the species
and number of milkweed plants searched.

We �eld-tested the Rapid Assessment protocols with
representative users from the Illinois, Minnesota, and Wisconsin
Departments of Transportation at sites that depicted high
quality conditions, such as prairie remnants, as well as sites
where restoration activities had been completed, to gain further
feedback and re�ne the protocols and data forms.

Design of the Habitat Calculator
The Habitat Calculator is derived from the Monarch Habitat
Quanti�cation Tool (Monarch HQT, Anderson et al., 2017).
The Monarch HQT is based on a modi�ed Habitat Evaluation
Procedure (HEP, seeUS Fish Wildlife Service, 1981) in
which habitat characteristics (e.g., milkweed density) are
translated to quality scores using suitability indices. Suitability
indices approximate the relationship between a given habitat
characteristic at a location and the location's suitability for
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monarchs. Suitability indices are weighted and summed to
develop a Habitat Suitability Index (HSI), or habitat quality
score. Habitat characteristics identi�ed for important functional
components of monarch habitat include breeding habitat
(milkweed), foraging habitat (nectar plants) and factors that
in�uence monarch habitat, including threats such as pesticide
drift from agricultural �elds.

For the Roadside Monarch Habitat Evaluator, the habitat
characteristics evaluated were modi�ed to match the data
collected through the Rapid Assessment and expanded to include
factors relevant to roadside rights-of-way. For example, the
Rapid Assessment uses ocular estimates of cover of potentially
blooming nectar plants whereas the Monarch HQT captures
frequency of blooming nectar plants. The suitability indices were
adapted as necessary based on expert opinion. In addition, the
Habitat Evaluator includes additional indices of threats speci�c
to roadside rights-of-way, including risk of collision with vehicles
and chemical runo� and invasive weeds that may displace
vegetation contributing to habitat quality. Finally, the Habitat
Evaluator also incorporates vegetation management, including
mowing and herbicide use. Measures of each variable are
weighted and summed to produce a habitat quality score (see the
online User Guide to the Monarch Roadside Habitat Evaluator3).

Rapid Assessment Field Technique
Rapid Assessments are completed for a 45.7 m (150 ft) length
of roadway, implemented at random locations or systematically
(e.g., every km or ten km) in a road system (see protocol in
Supplemental Material 1). Upon arrival at a location of interest,
the observer walks parallel to the road, toward tra�c, pacing the
45.7 m distance (Figure 1). Next, the width of the vegetated right-
of-way (perpendicular to the road) is measured or estimated (e.g.,
paced). These two distances bound the rectangular assessment
area that extends from the road to the back of the right-of-way.
The observer walks back through the right-of-way to the starting
point, systematically zigzagging back and forth throughoutthe
roadside habitat, while recording data. The observer records the
number of milkweed plants by species, where stems separated
by soil are counted as plants regardless of whether they are
clonal or genetic individuals (followingKasten et al., 2016; CEC,
2017), the species or number of nectar plants (and notes for
each species if it is blooming or not), and the presence of
weeds (as de�ned by their roadside organization). Percent aerial
cover is also estimated by classes for potential nectar plant
species collectively (regardless of whether currently blooming)
and for weeds of concern. In 2018 observers also estimated the
percent cover by �owers for comparison to the IMMP blooming
plant frequency. The observer records the dominant adjacent
land use and mowing and herbicide application information. As
an option, observers may examine milkweed plants by species
for monarch eggs and larvae, recording the number of plants
searched, and number of eggs and larvae detected. To maintain
e�ciency when milkweed is abundant, observers may choose
to monitor every 2nd, 3rd, or 5th milkweed plant encountered
to gain a sample size of 50–100 milkweed plants searched
per site.

Integrated Monarch Monitoring Program
Methods
IMMP sampling employs a total of 100 quadrats placed along ten
transects arrayed diagonally from the road edge to the back of the
right-of-way along a 400–500 m length of roadway (seeFigure 2).
Transects are 50 m in length and quadrats are placed every 5 m
(however, in 2017, we placed quadrats every 2 m along 25 m
transects, with 25 m between each transect). Quadrats consist
of a 1.0 m by 0.5 m sampling frame placed to either side of the
transect line for a 2.0 m by 0.5 m or 1 m2 quadrat area. Within
each quadrat, observers count milkweed plants (same de�nition
as above) to estimate milkweed density (milkweed plants/ha).All
blooming plants are identi�ed to species and assigned to the �rst
subplot (area within the quadrat) in which they occur (�rst 0.5 x
0.5 m, 1.0 x 0.5 m, or 2.0 x 0.5 m) to generate a frequency score
(proportion of subplots occupied). Plants that are not blooming
on the date of the assessment are not recorded. The IMMP
protocol is available on its website2.

Field Trials to Compare Habitat
Assessment Techniques
For 2017 �eld trials, we chose 14 sites from a set of randomly
selected roadside sites in Minnesota that had been surveyed
for milkweed and monarchs in 2015 (Figure 3; Kasten et al.,
2016). We selected sites that contained milkweed in 2015. In
2018, we selected 15 new sites through the IMMP, which uses
generalized random tessellated strati�ed sampling (GRTS) to
identify random 10 x 10 km blocks and random point locations
within them strati�ed by land use sector and prioritized to
accommodate for variable inclusion probability (Cariveau et al.,
2019). Sites in 2018 were randomly selected using the GRTS list of
point locations; 13 sites were within the 15 highest ranked blocks
in Minnesota (with vegetated roadsides at least 4 m wide) plus
two additional sites within the 25 highest ranked blocks, fora
total of 15 sites. Sites in 2018 also needed to have a minimum of
4 m width of vegetation in GIS preview for inclusion. Sites in both
years represented variation in roadway types (except freeways
which were excluded due to safety concerns).

To account for the di�erent sizes of the survey areas for each
protocol, at each of these sites we completed one IMMP survey
and typically three Rapid Assessments spaced 200–250 m apart
within the footprint of the IMMP site (Figure 2). One site in 2017
had four Rapid Assessments and one site had only two; in 2018
three sites had only two Rapid Assessments.

Statistical Analyses
We calculatedmilkweed plants/habased on the number of
milkweed plants counted (all species combined) and the area
searched at each site and converted to hectares. For the IMMP, the
area searched was 100 m2 based on the 100 1-m2 quadrats. For
the Rapid Assessment, the area searched was estimated as 45.7m
(the length of the plot) multiplied by the right-of-way width.

We presentmonarchs/plantas the sum of all monarch eggs
and larvae observed, divided by the number ofmilkweed plants
searched. For the IMMP protocol, the number ofmilkweed
plants searcheddi�ered from the number of milkweed plants in
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FIGURE 1 | The Rapid Assessment of Roadside Habitat for Monarchs, showing an example of how an observer might move from a starting point 45.7 m along a
roadside, then systematically zig-zagging throughout theright-of-way to characterize habitat conditions. The survey area for a Rapid Assessment is the 45.7 m by the
width of the right-of-way (ROW) from the road to the adjacentland at the back of the ROW.

FIGURE 2 | Overlay of Rapid Assessment (RA) and Integrated Monarch Monitoring Program (IMMP) for the comparison of protocols. The IMMP uses ten 50 m long
transects arrayed diagonally 400–500 m along the roadway. Inour comparison trials, 2–4 Rapid Assessments were completed for each IMMP site, typically
established at the ends and middle of each IMMP site.

the density estimate, because observers could search additional
milkweed plants between the quadrats to look for monarch
eggs and larvae. We focused analyses on sites with at least 10
milkweed plants examined by each method to ensure robustness
of our monarchs/plantestimates (10 sites in 2017; 11 sites
in 2018). We also estimatedmonarchs/haby multiplying the
average number of monarchs/plant times the average number of
milkweed plants/ha using the IMMP method.

To represent nectar resource availability, we compared two
indices: species richness and abundance. For species richness,
we compared thenumber of blooming species. For the IMMP
protocol, this is a list of all blooming species encountered inthe
quadrats. For Rapid Assessments, in 2017, we listed all of the
blooming plant species encountered; in 2018, we identi�ed allof
the potentially blooming nectar plants and noted whether or not
plants were blooming. Here we present the blooming subset to
compare to the IMMP data. The nectar plant species lists across
the several Rapid Assessments (RA) for each IMMP site were
combined in two ways. First, the number of blooming species
was determined for each RA, and then the number averaged
across the several RA for each IMMP survey location; we call this
RA averaged. Second, because of known relationships between
species richness and area, we also depict thenumber of blooming
speciesdetermined when summing the species across the RAs
for each IMMP site (removing duplicates), which we callRA
summed. For abundance, we compared thefrequency of blooming
nectar plantsfrom the IMMP (number of quadrats out of 100 in

which at least one blooming nectar plant was present) topercent
cover by �owersfrom the Rapid Assessment, for 2018, the only
year in which we estimated cover (averaged across the multiple
Rapid Assessments per site).

We computed statistics using R version 3.5.1 (R Core
Team, 2018). For milkweed plants/ha,and monarchs/plant,we
compared the mean of the two to four Rapid Assessments to
the IMMP measure for each site. To determine if protocol type
had a signi�cant e�ect on response variables, we ran generalized
linear mixed models with year and protocol type as �xed e�ects
and site as a random e�ect for each of the response variables
of milkweed density, monarchs/plant, and number of blooming
species (“nlme” package;Pinheiro et al., 2018). We report an
interaction term for year and protocol type when signi�cant.
The sample size was 113 visits to 29 sites for the plant data;
because we found no milkweed plants during 17 visits, the
model for monarchs per plant contained 96 visits to 29 sites.
For number of blooming species,we compared the estimates
by the IMMP protocol to theRA averagedand RA summed
in a generalized linear mixed model with year and protocol
type as �xed e�ects, site as a random e�ect, and a year by
protocol type interaction e�ect. For clarity, we also compare
the numbers of blooming species by the IMMP protocol to
the RA averagedand RA summedfor each year separately.
For milkweed density, monarchs/plant, nectar plant richness,
and nectar plant abundance, we also compared the mean of
the Rapid Assessments per IMMP site to the IMMP measure

Frontiers in Ecology and Evolution | www.frontiersin.org 6 October 2019 | Volume 7 | Article 386

https://www.frontiersin.org/journals/ecology-and-evolution
https://www.frontiersin.org
https://www.frontiersin.org/journals/ecology-and-evolution#articles


Cariveau et al. Rapid Assessment of Roadside Monarch Habitat

FIGURE 3 | 29 �eld sampling locations in Minnesota where Rapid
Assessments and Integrated Monarch Monitoring Program protocols were
compared.

with a correlation coe�cient. If variables met the Shapiro-Wilk
normality test for normality, we computed a Pearson correlation;
if they did not, then we used a Kendall rank correlation. We
plotted data in Excel and ggplot2 (Wickham, 2016).

RESULTS

Manager Survey Results
We received 79 responses to the survey; with respondents
representing states (58%), counties (25%), regional or national
entities (8%), local entities (9%), and other entities (5%)
in19 states: Arizona, Arkansas, California, Illinois, Indiana,
Iowa, Kansas, Maryland, Michigan, Minnesota, Nebraska, New
Hampshire, Ohio, Oklahoma, South Dakota, Texas, Virginia,
Washington, and Wisconsin. Respondents from 14 (74%) of
the states from which we received responses indicted that they
had a pollinator program. We asked if managers would like
guidance about where to install or manage monarch habitat,
tools for monitoring that habitat, or both. Of 33 respondentsto
this question, 39% wanted monitoring methods, 12% indicated
that the planning information would be most valuable, and 39%
wanted both (9% had other answers). We report their answers
to questions about capacity for �eld work and management
practices inTable 2.

Field Surveys
In 2017, we assessed 14 sites between June 29 and August
22. All sites were located along paved roads, eleven along

2-lane roads, and three along 4-lane roads. Eight sites were
adjacent to cropland, with two sites each by woodland, grassland,
and developed land. Right-of-way widths from the Rapid
Assessments varied from 3 to 21.5 m (meanD 12.35 m, standard
deviation (SD)D 3.71); widths were not recorded by the IMMP
protocol in 2017.

In 2018, we surveyed 15 sites between July 23 and August
29; all sampled sites were along two-lane roads; 12 were paved;
and three were dirt/gravel. In 2018, adjacent land uses included:
cropland (7), woodland (3), grassland (2), and wetland (3). The
widths of the rights-of-ways by Rapid Assessments varied from 5
to 52 m (meanD 14.07,SDD 12.79). The average width of IMMP
rights-of-way in 2018 was 9.43 m (SDD 3.70, range 3.5–19.5 m).

Single Rapid Assessments took an average of 22 min in 2017
(SD D 15 min; range 4–88 min) and 20 min in 2018 (SD D
12 min; range 5–59 min). IMMP visits took 134 min on average
(SDD 67 min; range 68–345 min) in 2017 and 167 min in 2018
(SDD 56 min; range 92–274 min). Variation in the duration of
visits was a�ected by the number of nectar plant species present
and the number of milkweed plants counted and examined for
monarch eggs and larvae.

Milkweed Density
We detected milkweed at all sites in 2017 and 14 of the 15
sites (93%) in 2018 using the IMMP protocol. The vast majority
of milkweed wasAsclepias syriaca(common milkweed; 96%);
other species wereA. incarnata (swamp milkweed, 3%),A.
verticillata(whorled milkweed, 0.69%),A. sullivantii (Sullivant's
milkweed, 0.2%), andA. tuberosa(butter�y weed, 0.01%). The
mean milkweed density for all species of milkweed combined
using the IMMP protocol was 1,242 plants/ha (SDD 1,303) in
2017, 2,807 plants/ha (SDD 4,864) in 2018, and for both years
combined: 2,052 plants/ha (SD D 3,639; medianD 800; range
0–18,000) (Figure 4A). Averaging the RAs per site, the mean
milkweed density for all species of milkweed across sites in 2017
was 1,508 plants/ha (SDD 2,082), 1,545 plants/ha (SDD 2,377)
in 2018, and 1,527 plants/ha for years combined (SD D 2,199;
medianD 625; range 0–8,966). Milkweed density did not vary
with year (t27 D 0.415,p D 0.681) or survey type (t83 D � 0.639;
p D 0.524,df D 83). Milkweed density as estimated by the two
protocols was correlated (Kendall's rank correlation tauD 0.568,
z D 4.257,df D 27,p < 0.001; seeFigure 5A).

Monarch Eggs and Larvae
The mean number of milkweed plants searched for monarch eggs
and larvae in 2017 was 40.93 (SDD 47.66) with the IMMP and
76.11 (SDD 91.15) with the RA. In 2018 the mean number of
milkweed plants searched for monarch eggs and larvae was 113
(SDD 134.48) with the IMMP and 36.27 (SDD 44.38) with the
RA. In 2017, using the IMMP method, monarch eggs or larvae
were found at 6 of 14 sites (43%); with the RA monarch eggs or
larvae were found at 7 of 14 sites (50%). In 2018, using the IMMP
method or the RA, monarch eggs or larvae were found in 11 of
15 sites (73%), or in 11 of 14 sites containing milkweed (79%). If
considering RAs independently from one another, then in 2017,
monarch eggs or larvae were found in 11 of 42 (26%) RAs or 11
of 37 (30%) sites with milkweed, and in 2018, monarch eggs or
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TABLE 2 | Responses by roadside managers to questions regarding roadside vegetation assessment and management (N, number of respondents).

Question N Survey results

Do respondents have personnel/interns that could
conduct �eld assessments?

46 Yes (22%) No (26%) Maybe (52%)

How many days per year could their �eld crew(s) allocate
to habitat assessment?

32 > 10 (9%) 6–10 (31%) 1–5 (50%) Other (9%)

Would your �eld crew be able to identify weeds requiring
management?

32 De�nitely (56%) Probably (34%) Maybe (3%) Probably not (6%)

Would your �eld crew be able to learn to identify milkweed? 32 De�nitely (66%) Probably (31%) Maybe (3%) Probably not (0%)

Appropriate length of right-of-way for �eld visits? 64 5C miles (25%) 1 mile (30%) 0.5 miles (22%) � 0.25 mi (22%)

How much time could be spent assessing a site for
potential monarch habitat development?

53 > 60 min (15%) 30–60 min (28%) 10–30 min (24%) < 10 min (23%)

How much time could be spent monitoring current
monarch habitat?

52 > 60 min. (21%) 30–60 min. (40%) < 30 min (38%)

Do respondents manage noxious weeds? 63 Yes (71%) No (29%)

Is there a consistent mowing regime in their jurisdiction? 42 Yes (21%) Varies by region or
county (38%)

Varies by road type
10%)

Varies by> 1 factor
(31%)

How frequently is safety zone mowed during the growing
season?

42 Monthly (17%) Every 6–8 weeks (26%) Other (57%)

How frequently is the full width of the right-of-way mowed
during the growing season?

42 3C times/yr (5%) 1–2 times/yr (36%) Once every 2–5 years
(24%)

Typically not needed
(29%)

larvae were found in 19 of 42 (45%) RAs or 19 of 30 (63%) sites
with milkweed.

For monarchs/plant, year was a signi�cant factor (t27 D 2.373,
p D 0.025) with more eggs and larvae found in 2018 than 2017,
but protocol type did not have a signi�cant e�ect on estimates of
monarch density (t66 D 0.118;p D 0.906;Figure 4B).

When restricting analysis to sites with at least ten milkweed
plants examined by each protocol, in 2017, monarch egg or
larvae were found at 40% of the sites with the IMMP protocol
and 50% with the RA protocol (summed per site; 10 sites).
At �ve sites monarchs were found with the RA protocol but
not by the IMMP; at three sites monarchs were detected by
the IMMP but not by the RA. In 2017, the mean number of
monarchs/plant with the IMMP protocol was 0.010 (SDD 0.014)
and 0.011 (SD D 0.025) with the RA (Figure 4B). In 2017,
the monarchs/plant estimated by the two protocols were not
correlated (Kendall's rank correlation tauD � 0.216;z D � 0.762,
p D 0.446;Figure 5B).

In 2018, monarch eggs or larvae were found at 82% of the
sites with the IMMP protocol and 91% with the RA (summed
per site; 11 sites); on one site monarchs were found with the
RA method but not by the IMMP. In 2018, the mean number
of monarchs/plant was 0.099 (SD D 0.105) with the IMMP
and 0.153 (SD D 0.173) with the RA (Figure 4B). In 2018,
monarchs/plant measured with the two protocols were correlated
(Kendall's rank correlation tauD 0.661,z D 2.81,p D 0.005;
Figure 5B).

An estimate of the average number of monarch eggs
and larvae per ha, using the overall IMMP mean was 115
monarchs/ha (2,052 plants/ha� 0.056 monarchs/plant) across
both years. Separating the 2 years, for 2017, the estimate was
12 monarchs/ha (1242� .010) and for 2018, 253 monarchs/ha
(2807� .099). Using RA averages, the overall estimate was 131

monarchs/ha (1527� 0.086); for 2017 it was 17 monarchs/ha
(1508� 0.011) and 2018 it was 236 (1545� 0.153).

Blooming Nectar Plants
The average number of blooming species per site in 2017 was
6.71 (SD D 4.50, range 1–18) with the IMMP protocol, 6.72
(SDD 2.56, range 1–12.33) with RA averaged, and 12.14 (SDD
4.45, rangeD 5–19) with RA summed (Figure 6). In 2018, the
average number of blooming species per site was 10.40 (SD D
6.40, rangeD 1–23) with the IMMP protocol, 6.57 (SDD 2.85,
range 2–11.33) with RA averaged, and 12.00 (SDD 5.35, rangeD
1–20) with RA summed (Figure 6).

Comparing the number of blooming species by IMMP
to the RAs (taking each RA independently as in milkweed
and monarch analyses), the signi�cance of the factors in the
model was as follows: year (t27 D 2.33,p D 0.027), protocol
type (t82 D � 0.047;p D 0.963), and protocol type by year
interaction (t82 D � 2.86;p D 0.005). In 2017, the number of
blooming species estimated by IMMP did not di�er from the
RA averaged (t26 D 0.007,p D 0.995), but was lower than the
RA summed (t26 D 6.247,p < 0.001). In 2018, for the same
comparison, IMMP results did not di�er from RA summed
(t28 D 1.532,p D 0.136), but were higher than RA averaged
(t28 D � 3.463,p D 0.002).

In 2017, the number of blooming species by IMMP
protocol was correlated with RA averaged (Pearson'sr D 0.706,
t12 D 3.453,p D 0.005) and RA summed (Pearson'sr D 0.690,
t12 D 3.302,p D 0.006;Figure 7A). In 2018, the number of
blooming species by IMMP protocol was correlated with RA
averaged (Pearson'sr D 0.801,t13 D 4.829,p < 0.001) and RA
summed (Pearson'sr D 0.698,t13 D 3.515,pD 0.004;Figure 7B).

The correlation of the estimate of percent cover by blooms
in the Rapid Assessment plots (percent cover classes converted
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FIGURE 4 | (A) Mean milkweed density (plants/ha) and(B) mean monarch
eggs and larvae per milkweed plant examined for 29 roadside rights-of-way
sites in Minnesota sampled in 2017 and 2018, comparing yearsand two
sampling methodologies, the Integrated Monarch MonitoringProgram (IMMP)
and averaged values for 2–4 Roadside Habitat for Monarchs Rapid
Assessment (RA) taken from the same sampling location. Milkweed density
did not vary by protocol type (t83 D � 0.639; p D 0.524, df D 83) or by year
(t27 D 0.415, p D 0.681). Monarchs/plant did not differ by protocol type (t66 D
0.118; p D 0.906) but year was a signi�cant factor (t27 D 2.373, p D 0.025).
Mean values are indicated by the “x”; median values by a horizontal line, boxes
indicate 25 and 75% quartiles, bars indicate the upper and lower quartiles,
and outliers more than 1.5 the 75% quartile are depicted by dots.

to midpoints, then averaged per site) to the frequency of nectar
plants based on the IMMP method was 0.53 (Kendall's tau;
n D 14,z D 2.477,p D 0.013;Figure 8).

DISCUSSION

We designed and tested a Rapid Assessment protocol for
monarch habitat within roadside rights-of-way. Observersfocus
on a small length along the roadway to count milkweed plants
and types of nectar plants and estimate cover of nectar plants
and noxious weeds. Rapid Assessment data are automatically
calculated into habitat quality scores that provide information to

FIGURE 5 | (A) Comparison of milkweed density (milkweed plants/ha), log10

transformed, for sites monitored in 2017 (circle) and 2018 (triangle), using the
Integrated Monarch Monitoring Program (IMMP) and Roadside Habitat for
Monarchs Rapid Assessment (RA) averaged for each site. 95% con�dence
interval indicated in gray.(B) Monarch eggs and larvae per milkweed plant
searched (monarchs/plant), log10 transformed, for sites monitored in 2017
(circle) and 2018 (triangle), for the same two methodologies. 95% con�dence
interval indicated in gray. The correlation between techniques for 2017 was
non-signi�cant.

managers about their habitat resources, enable them to compare
conditions across sites, and inform their management decisions.
This is similar to other applications of simple vegetation
assessment methods to support natural resource management.
One example is identifying groups of plants of particular interest,
such as cool-season grasses, in a 25 m x 0.01 m belt transect
(Grant et al., 2004) to provide data inputs for a decision
support tool for adaptive management of native prairie (Hunt
et al., 2016). Pywell et al. (2011)combined vegetation metrics
and management information including seed mix and mowing
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FIGURE 6 | Mean number of blooming species as estimated by the Integrated
Monarch Monitoring Program (IMMP), averaging across Rapid Assessments
(RA averaged) per IMMP site, and summing across Rapid Assessment (RA
summed) per IMMP site. Number of species did not differ by protocol type (t82

D � 0.047; p D 0.963) but there was an effect of year (t27 D 2.33, p D 0.027)
and protocol type by year interaction (t82 D � 2.86; p D 0.005). Mean values
are indicated by the “x”; median values by a horizontal line,boxes indicate 25
and 75% quartiles, and bars indicate the upper and lower quartiles.

practices to accurately predict use by bees and butter�ies in the
United Kingdom.

This project furthers conservation e�orts for monarch
butter�ies by creating a tool that is tailored to the needs and
preferences of state departments of transportation that manage
an estimated 17 million acres of potential habitat for monarchs
(Ament et al., 2014). Great attention has come to rights-of-
ways for their ability to provide habitat for monarchs, such
as the e�ort to provide habitat in roadside and energy rights-
of-way through a National Candidate Conservation Agreement
with Assurances (CCAA;Cardno, 2019). As an indication of the
interest in this project, personnel at the Delaware Departmentof
Transportation implemented the Rapid Assessment at nearly 100
locations in the summer of 2018 to learn about monarch habitat
along their roadways.

Through a survey and �eld visits with transportation
personnel, we learned that a �exible survey design was needed
to meet the departments' wide range of needs. We designed
the assessment in Esri software typically used by transportation
departments so that states could customize their assessments.
For instance, some �eld sta� are knowledgeable about vegetation
and would like to quantify not only the number of nectar plant
species present but also how many are native. Others are only
able to quantify numbers of plants that look distinct from one
another; we created a convenient lookup table from which a
surveyor can pick plants from their state by either common
or Latin names or simply tally unknown types. Departments
di�er also in the tracking of noxious weeds, from no tracking to
extensive lists of species that di�er state to state and sometimes
by counties or bioregions within states, so we enabled the ability
for road managers to specify a list of species they wish to

FIGURE 7 | Number of blooming plant species in 2017(A) and 2018 (B)
comparing data by averaging from several Rapid Assessments(RA averaged,
in orange) or when summed across the Rapid Assessments (RA summed, in
gray), compared to the number derived from the Integrated Monarch
Monitoring Protocol (IMMP) for each site.

track. Because managers indicated that only a limited number
of days and people would be available for assessments, we
designed a survey to be conducted once per growing season.
To accommodate the single yearly sample, we created the term
“potentially blooming nectar plants” to represent all of the plants
that could provide nectar for monarchs and other pollinators,
regardless of whether they were blooming on the date of the
survey. This is consistent with a pollinator scorecard being
designed by the Rights-of-way as Habitat Working Group of the
Energy Resource Center at the University of Illinois-Chicago(A.
Cariveau personal communication).
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FIGURE 8 | Comparing frequency of nectar plants to estimate of percent
cover by blooms in the RA plots, averaged per site, for 2018 sites (n D 14);
percent cover classes were converted to midpoints prior to averaging.
Correlation (tau)D 0.53 (z D 2.477, p-value D 0.013).

This Rapid Assessment �ts into a suite of habitat assessment
tools for monarch butter�ies but is the only one designed
for ready application in the roadside context with speci�c
consideration of the needs and constraints of transportation
managers. The Natural Resources Conservation Service (NRCS)
Monarch Butter�y Wildlife Habitat Evaluation Guides (WHEG)
and Decision Support Tools5 are designed to provide a
qualitative rating of current monarch habitat and assess habitat
management alternatives for working agricultural lands (USDA
NRCS, 2018). The WHEG similarly focuses on milkweed
presence and species richness of nectar producing plants, while
focusing on speci�c plants known to be used by monarchs.
The Habitat Quanti�cation Tool is used to evaluate the
quality of monarch habitat for protection and enhancement
in a variety of land-use contexts including roadside rights-
of-way (Environmental Defense Fund, 2017), but it is more
time consuming to implement than the Rapid Assessment.
Programs such as the Western Monarch and Milkweed Mapper6

use metrics similar to those in our protocol (e.g., milkweed
counts and monarch presence) but rather than characterizing
particular locations, the goal is enhanced understanding of
the distribution of monarchs and their habitats to inform
conservation, like the Integrated Monarch Monitoring Program
(Cariveau et al., 2019).

Our testing results suggest that the Rapid Assessment provides
a standardized and rapid way to describe habitat conditions
for monarch butter�ies in roadside rights-of-way and produces
similar results to those of a more intensive protocol. Outcomes

5https://www.nrcs.usda.gov/wps/portal/nrcs/detail/national/plantsanimals/
pollinate/?cid=nrcseprd402207
6https://www.monarchmilkweedmapper.org/

from other rapid assessments are mixed. A rapid technique
for characterizing habitat in agricultural �elds predicted the
overall abundance and richness of butter�y species in Britain,
though performed less well for predicting occurrence of some
particular species (Pywell et al., 2004). For the Fender's blue,
rapid assessment of vegetation did not align with more detailed
assessments of host and nectar plant availability in determining
habitat suitability for this rare butter�y (Schultz and Dlugosch,
1999). Our study did not focus on relating use by monarchs to
the habitat, but rather on habitat availability and the ability for the
rapid assessment to concur with a more intensive quanti�cation
method, the IMMP. The IMMP is designed to track changes in
habitats throughout seasons and across years and to compare
monarch habitat quality and use across land use sectors. The
IMMP collects additional data, including a quantitative survey
for adult monarchs and nectar plant diversity, and could be
used to address questions such as whether monarchs prefer
particular nectar plant species. However, our results suggestthat
for assessing and comparing rights-of-way habitat to inform
roadside habitat restoration and management for monarchs and
other pollinators, the Rapid Assessment produces su�ciently
similar results.

It should be noted that we only compared the Rapid
Assessment and the IMMP within the range of the eastern
monarch population. However, we developed the Rapid
Assessment with input from road managers in both western and
eastern states. While little is known about how the relationship
between monarchs and their habitats may di�er between the two
main North American populations, we expect that the Rapid
Assessment should e�ectively depict habitat conditions across
roadside sites in western states. Individual state managers may
adjust and customize the Roadside Monarch Habitat Evaluator
tool for appropriate plants and scoring for their bioregions.
Given the recent population levels of the western monarch
(Pelton et al., 2019), we encourage use and adjustment of
these tools to learn more about habitat availability and use by
monarchs in western roadsides.

The Rapid Assessment is e�cient; our two-person �eld
crew completed assessments in an average of 21 min, including
time spent looking for monarch eggs and larvae, which many
departments of transportation will elect to skip. It was much
faster than the IMMP even when repeating the protocol three
times over the footprint of the IMMP (sum of 62 min as
compared to an average duration of 2 ½ h). The Rapid
Assessment also appears easier to learn and may be spread out
to sample from a larger landscape in the same amount of time
as the IMMP. In 1 day, a crew can complete 10–15 assessments.
Experienced crews, after learning how to identify the plants in
the rights-of-way, are likely to be faster than employees whoare
conducting assessments for the �rst time, but observers typically
become faster through practice.

There may be concerns about whether road crews could
e�ectively collect the data required for the Rapid Assessment.
However, volunteers with no formal research training have
e�ectively contributed biological data to a multitude of programs,
such as the Breeding Bird Survey, which has produced excellent
information about the status and trends of North American
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birds (Hudson et al., 2017). Citizen scientist contributions were
instrumental in years of research on butter�ies in Britain (Roy
et al., 2007) and in building a butter�y database in Florida
(Jue and Daniels, 2015). For monarchs, citizen scientists have
had a long history of contributing to research (Howard and
Davis, 2009; Ries and Oberhauser, 2015), including a recent
analysis of the population status of western North American
monarchs (Schultz et al., 2017). In some studies, volunteer
data were compared to data collected by researchers or by a
more rigorous method. A study of stream monitors found high
concurrence of data collected by volunteers and paid researchers
(Fore et al., 2001), and collection of terrestrial invertebrate
diversity data by volunteers and researchers were similarly
satisfactory (Lovell et al., 2009). In contrast, volunteers were
not very successful in identifying stream macroinvertebrates
(Nerbonne and Vondracek, 2003). A comparison of pollinator
data from citizen scientists and researchers found similartrends
in detection for higher level bee taxa but not for detections
of all species (Kremen et al., 2011). Thus, �ne-scaled species
identi�cation is typically more di�cult for non-researcher
observers, but this should not pose a problem for roadside
assessments that only rely on distinguishing types of plants
and optionally identifying one distinctive butter�y. In particular
to our protocol, volunteers successfully collect similar data on
milkweed, monarchs, and nectar plants in the Monarch Larva
Monitoring Project (MLMP)7 and the IMMP. Furthermore,
our �eld-testing of the protocol with three departments of
transportation indicated that their personnel could e�ectively
collect these data.

The Rapid Assessment was e�ective for measuring milkweed
density, nectar plant species richness, and for monarch eggs and
larvae per plant in 2018 (the measures were not signi�cantly
correlated in 2017 when monarch detections were low). In
general, averaging parameter estimates for multiple Rapid
Assessments yielded more consistent results than any single
Rapid Assessment from sites, suggesting that combining multiple
Rapid Assessments to characterize areas is preferred over single
samples. This is similar to a comparison of rapid qualitative
score to quantitative scores of vegetative condition, where
there was broad association in the scores across many sites,
but rapid assessments were not reliable at the level of a
speci�c site (Cook et al., 2010). Furthermore, this underscores
our recommendations that managers sample multiple sites. In
particular, we note that it is important for managers to pre-
select random or systematic (e.g., every km or 1/2 km) sampling
locations to e�ectively characterize larger areas without bias from
sampling in locations where habitat quality is known to be or
appears to be high.

When averaging Rapid Assessments across several sites,
milkweed density estimates were not statistically di�erentthan
those derived by the IMMP protocol, and the estimates by
the two methods were correlated across sites (tauD 0.568;
Figure 5A). Numbers of species of blooming nectar plants also
were highly correlated between survey protocol types (r D 0.69–
0.80, depending on the comparison;Figure 7). Di�erences

7https://mlmp.org/

between protocols likely re�ect the patchiness of common
milkweed, which often grows in clonal patches, as well as
many nectar plants, rather than undesirable biases in either
method. Due to this patchy distribution of milkweed across
the landscape, the spatial distribution of quadrats sampled with
the IMMP protocol (spread over 500 m) was more reliable for
detection of milkweed than a single Rapid Assessment (50 m),
although milkweed detection was similar when combining
the several Rapid Assessments per site (two or three 50 m
widths spread across 500 m). Also, we had predicted that the
IMMP likely provided more accurate estimates of milkweed
density by focusing observer attention into small areas, but
the estimates obtained by the Rapid Assessment were similar.
While the two assessments are not perfectly correlated, they
result in a similar categorical quality ranking of habitat
sites that would be relevant for management decisions. For
example, managers could di�erentiate high-quality sites that
would bene�t from preservation, moderate sites that could
bene�t from enhancement, and low-quality sites that would
be cost prohibitive to improve or might be good sites for
full re-seeding.

The high milkweed density documented in this study in
Minnesota (2,052 plants/ha by IMMP (834 plants/ac); 1,527
plants/ha (620 plants/ac) by Rapid Assessment) con�rm that
roadside rights-of-way can provide signi�cant amounts of
breeding habitat for monarchs (Kasten et al., 2016). And,
adult monarch numbers are associated with percent cover of
milkweed (Kinkead et al., 2019) and milkweed abundance has
been associated with adult monarch abundance (e.g.,Zalucki and
Lammers, 2010; Pleasants and Oberhauser, 2013). Converted into
linear miles of interest to road managers, for the average right-
of-way width we surveyed (9.43 m), this is 2,316–2,641 milkweed
plants/mile (using the range of IMMP and RA estimates). The
2017 milkweed density estimate could have been in�ated due to
the fact that we selected sites from a set that contained milkweed
in a prior study, but the 2018 average milkweed density was
higher and these sites were selected through a random process.
These milkweed densities are higher than other studies in the
upper Midwest (508 plants/ha,Kasten et al., 2016; 141 plants/ha,
as converted fromHartzler and Buhler (2000)in Thogmartin
et al. (2017b)and used to estimate levels in current roadside
rights-of-way). However, our sample size was small and we did
not sample all types of roads, such as those in developed areas
that do not typically provide habitat or those that appeared
to be < 4 m wide when previewed online. Overall estimates of
habitat availability must take into account di�erent rights-of-
way types and potential variation by region; data collected from
more locations are needed in ongoing assessments of monarch
habitat availability.

The levels of monarch use for reproduction suggest these
roadside rights-of-way can serve a signi�cant function for
breeding habitat. The per plant density of monarch eggs and
larvae ranged from 0.01 monarchs/plant in 2017 to 0.099 in 2018
(IMMP protocol), bracketing the 0.059 reported for roadsides
by Kasten et al. (2016)and 0.043 eggs/plant reported byNail
et al. (2015); from Monarch Larva Monitoring Project data from
non-roadside areas, primarily gardens.
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We detected a strong di�erence among years in monarch
egg and larval abundance, which is not surprising given high
inter-annual variation in monarch numbers (Thogmartin et al.,
2017a). In 2017, when monarch numbers were low, the two
survey methods did not correlate well. In fact, monarchs were not
detected with one or the other of the techniques in eight of ten
sites. However, in 2018 when monarchs were detected at a higher
rate, the two methods were correlated (tauD 0.661). Our �ndings
suggest that single visits to describe monarch use are unreliable
in years with lower monarch numbers. This coincides with
recommendations from MLMP and IMMP to conduct monarch
use surveys weekly. For roadside managers or others constrained
to single visits, monarch use data may be regarded as descriptive
rather than quantitative (i.e., eggs or larvae indicate breeding
but their absence is not meaningful). Managers must be aware
that monarch use data from 1 year may not be representative of
other years. Furthermore, as monarch abundance also �uctuates
within seasons, surveys should be conducted during similar
dates within the season to compare monarch use among
sites. If monarch use is a primary focus for a roadside
manager, collecting data from repeat surveys within a year and
across multiple years would greatly improve information about
monarch use.

Similarly, we found inter-annual variation in nectar plant
metrics, but only using the IMMP method, which may have
been due to several factors. First, di�erent sites were visited
each year by di�erent �eld crews. Secondly, the IMMP method
recorded only plants blooming at the time of survey, which varies
throughout the season, another factor that was not controlled
for. The Rapid Assessment technique will be more resilient
to seasonal e�ects because it includes all potentially blooming
plants, including those that have already bloomed or will
bloom after the survey. Because it is generally easier to identify
plants when they are blooming, we recommend that surveys be
conducted in peak blooming season within the period(s) of time
when monarchs are present (usually mid- to late-summer), to
facilitate identi�cation, or at least di�erentiation, of plant species.
Best practices will be to minimize variation by comparing habitat
quality scores from visits to sites within the same year and season.
For vegetation, it is likely that surveys may be done periodically,
every several years, while for monarch use, extrapolation across
years would be less representative.

The presence of late instar larvae indicates that monarchs are
developing in these habitats. Providing more milkweed dispersed
across the landscape may improve monarch larval survival
in lower density patches of milkweed (Zalucki and Kitching,
1982), and having access to milkweed across the landscape
should increase the number of eggs females lay (Zalucki and
Lammers, 2010; Zalucki et al., 2016; Grant et al., 2018). However,
monarch eggs and larvae experience high levels of mortality
due to predation, weather, disease, and other factors (Nail et al.,
2015). Additionally, milkweed in roadside areas may support
lower densities of monarchs than milkweed found in adjoining
agricultural habitats (Pitman et al., 2018), although it is not
known if these patterns re�ect di�erences in habitat quality or
other factors, such as behavioral responses to linear landscape
features or opportunistic use of the few milkweed plants

remaining in an agricultural matrix dominated by genetically-
modi�ed crop �elds treated with glyphosate. Therefore, more
information about the survival of monarch eggs and larvae
in roadside habitats compared to other habitat types will be
important for assessing the relative bene�ts of roadside habitat
for producing monarchs.

The species richness of blooming nectar plants in each
small roadside site ranged up to 18 species, suggesting roadside
areas could serve an important function in providing foraging
resources for pollinators. Flowering plant diversity is associated
with greater frequency of visits by pollinators and pollinator
diversity (Potts et al., 2003; Ebeling et al., 2008) and increases
the likelihood of nectar availability throughout the season of
monarch use. Also, the frequency of blooming plants ranged up
to 79% of plots occupied, with estimates of the area covered by
�owers as high as 46%. Floral display is well known to relate
to pollinator use (e.g.,Hegland and Totland, 2005; Gunnarsson
and Federsel, 2014). In restored mine sites, nectar plant diversity
and nectar abundance related to butter�y numbers and diversity
(Holl, 1995), and similarly in roadsides in England, abundance
of �owering plants was related to butter�y richness (Munguira
and Thomas, 1992). While the Fender's blue was associated
with the availability of native plant nectar sources (Thomas
and Schultz, 2015), in many studies butter�ies appear to be
generalists, for instance using many nectar sources regardless
of sugar content (Pavlik et al., 2018). In an experimental study
of pollinator gardens, butter�y use increased with number of
�owering plants; monarchs nectared on non-native �owers more
than native (Majewska et al., 2018). In particular, monarchs
may be limited by access to nectar in the fall that is critical
for gaining lipids su�cient for successful overwintering (Brower
et al., 2006; Inamine et al., 2016). Indeed, greater numbers of
fall migrant monarchs were found in association with greater
abundances of �owers on �re-restored pine-grasslands than on
control sites or those more than 3 years since burned in Arkansas
(Rudolph et al., 2006).

Our approaches to describing nectar availability were limited;
practices such as counting and measuring �owers, and measuring
nectar quantity and quality in them, would be much more
informative (e.g.,Denisow et al., 2014; Hicks et al., 2016; Szigeti
et al., 2016, 2018). However, these do not �t within the constraints
of a rapid assessment. Additional research that relates more
intensive measures of nectar availability to simpler indices would
also be helpful to many future studies of pollinator habitat.
Work has been done on the relative nutritional value (e.g.,
sugars, amino acids) of di�erent nectar sources (e.g.,Gottsberger
et al., 1984; Baker and Baker, 1986; Abrahamczyk et al., 2017).
However, for monarchs in particular, few quantitative studies
investigate relative use or nutrition of di�erent nectar sources
(Malcolm, 2018), which could vary among years, locations,
and with environmental conditions. The Nectar Plant Guides
produced by USDA NRCS and The Xerces Society report
species used by monarchs; species reported as of “outstanding
value” or mentioned by multiple sources were rated “very
high”; species “cited as attractive to monarchs but with less
frequency” were rated “high” (USDA NRCS, 2016). Further
work on preference and nutritional value (including pyrrolizidine
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alkaloids used in pheromone production;Boppré, 1990) of
various types of nectar sources for monarchs would help to guide
conservation e�orts.

While our results and a handful of previous studies highlight
the promise of roadsides as monarch habitats, these areas also
bring a suite of threats to monarchs and other pollinators
including collisions with vehicles and chemical inputs (Skorka
et al., 2013; Snell-Rood et al., 2014; Keilson et al., 2018; Pitman
et al., 2018). However, larger butter�ies such as monarchs may
sustain a lower rate of mortality from car collisions than smaller
butter�ies (Skorka et al., 2013). Furthermore, mortality from
cars is lower in roadside habitats with certain characteristics,
such as greater plant species richness (Ries et al., 2001; Skorka
et al., 2013). The width of the right-of-way habitat as well
as the composition of adjacent lands also may a�ect collision
mortality rates, such that wider habitats with greater access to
adjoining habitats may reduce collision mortality (Munguira
and Thomas, 1992; Skorka et al., 2013, but seeSaarinen et al.,
2005). In addition, collision risk appears greater in areas where
monarchs funnel together during migration, such as in southern
Texas and northern Mexico (Kantola et al., 2019; Tracy et al.,
2019). Chemicals, including sodium and heavy metal run-o�
from roadways, are incorporated into roadside vegetation (Snell-
Rood et al., 2014; Munoz et al., 2015). These chemicals could
a�ect the development of monarch eggs and larvae or even a�ect
adults through contamination of nectar resources. Furtherstudy
of roadside areas to pro�le monarch egg and larval survival in
relation to chemical or tra�c-induced mortality would allow
better understanding of how roadside habitats perform as
monarch breeding areas.

Roadside management authorities are becoming aware of
the impact of management policies on roadside habitat, and
exemplary programs with deferred mowing, re-establishment of
native plants, control of noxious weeds, and integrated vegetation
management occur around the country. Mowing, in particular,
is a complex topic. This ubiquitous management action is
required to provide safety in roadside rights-of-ways and can
be instrumental in the control of invasive plants. However,
mowing can harm animals inhabiting mowed areas (Dale et al.,
1997; Johst et al., 2006; Cizek et al., 2012) and can reduce
�oral cover (Halbritter et al., 2015) or cover by native plants
(Entsminger et al., 2017). Indeed, reduced mowing during the
monarch breeding season is recommended to reduce direct
mortality for monarch eggs and caterpillars and to preserve more
plant blooms as nectar sources (Monarch Joint Venture, 2019).
On the other hand, a single mowing of milkweed in early-mid
growing season can increase oviposition by monarchs (Haan and
Landis, 2019; Knight et al., 2019). More information about the
e�ects of deferred mowing practices on nectar availability and the
prevalence of invasive species is needed. Several of the managers
advising this project expressed their interest in recording the
e�ects of new mowing practices on the habitat in their roadside
rights-of-ways. The Roadside Monarch Habitat Evaluator allows
managers to track milkweed, nectar plants, and monarchs under
di�erent management, such as comparing mowed and unmowed
portions of their rights-of-way. Data about monarch habitat
quality will help managers to make management decisions to

bene�t monarchs and pollinators generally. Challenges remain in
balancing the multiple management needs for rights-of-way and
communicating the bene�ts of native, uncut vegetation to shift
public preferences for well-manicured turf grass along roadways.
Future research on optimal mowing regimes and e�ects on
milkweed, nectar availability, and use by monarchs continueto
be particularly pertinent.

Because of the importance of the breeding season to
the monarch annual cycle (Oberhauser et al., 2017), the
strong connection between habitat loss in the core of the
eastern population's breeding range and low monarch numbers
(Thogmartin et al., 2017a), and use of roadsides for monarch
breeding (Kasten et al., 2016), roadside restoration and
management of existing habitat is promising for monarch
conservation. Furthermore, roadside areas managed for monarch
habitat provide native plants that could bene�t other wildlife,
such as small mammals, birds, pollinators and other bene�cial
insects. Ongoing communication and research around the
potential conservation bene�ts of well-managed roadside rights-
of-way will be highly bene�cial.
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