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The migratory population of the monarch butterfly 
(Danaus plexippus) in North America is at risk of 

extinction (U.S. Fish and Wildlife Service 2020). Beyond 
their wintering grounds in central Mexico, monarchs 
rely on milkweed (Asclepias spp.) as a larval host, and 
pollen and nectar from a variety of flowering plants 
as adult food sources (Grant et  al. 2022). These essen-
tial habitat elements dramatically declined across the 
population’s summer range in the 1990s as adoption of 
herbicide-​resistant crops increased and milkweed abun-
dances in agricultural landscapes decreased (Pleasants and 
Oberhauser 2013, Semmens et al. 2016). With very little 
monarch habitat remaining within crop fields, reversing 
population declines requires adding quality habitat within 
and around croplands (Grant et al. 2022).

Prairie strips are gaining widespread acceptance as a 
cost-effective agricultural conservation practice, with 
over 10,000 ha enrolled in Conservation Reserve Program 
CP-43 between 2020–2024 (Giese et al. 2024, Feather 2024). 
Prairie strips are linear patches of native grasses and forbs 
established within and around crop fields (Farm Service 
Agency 2019). Long-term research has shown prairie strips 
reduce field-scale nutrient and sediment loss, and increase 
bird and insect biodiversity, including that of honey bees 
and other pollinators (Cox et al. 2014, Schulte et al. 2017, 
Kordbacheh et al. 2020, Zhang et al. 2023). Because of these 
beneficial outcomes, the U.S. Department of Agriculture 
provides landowners with technical and financial support 
for establishing and maintaining prairie strips. However, 
the potential benefit of providing habitat for monarchs has 
not yet been evaluated.

Habitat loss within the summer breeding range has 
been identified as the major driver of monarch popula-
tion declines (Pleasants and Oberhauser 2013, Flockhart 
et al. 2015). Because adoption of prairie strips was likely to 
increase dramatically with inclusion in the Conservation 
Reserve Program, we sought to understand monarch use 

and breeding habitat qualities of prairie strips compared to 
other available linear grassy features (e.g., grassed water-
ways and grass field borders; Figure 1). We hypothesized 
that due to their management for high forb diversity, prairie 
strips would host more milkweed, a greater abundance 
and diversity of floral resources, and more adult monarchs 
than other linear grassy practices. We collected data to 
test these hypotheses within prairie strips on commercial 
corn (Zea mays) and soybean (Glycine max) fields in Iowa, 
USA, and within other linear grassy features on proximal, 
paired fields.

Prairie strips were an uncommon conservation practice 
at the time of data collection. In 2018, 38 fields in the U.S. 
were known to have prairie strips. In 2018 we randomly 
selected four to survey that were older than two years and 
within 120 km of Ames, Iowa, and added a fifth in 2019. 
Prairie strips ranged from 0.08–2.79  ha in size. Fields 
selected for paired comparison had a linear grassy feature, 
were in a similar landscape, and had similar crop manage-
ment as their comparison field containing prairie strips. 
Site pairs were located 3.2–19.6 km (median = 5.7 km) 
apart to minimize landscape differences and to reduce the 
chances of double-counting adult monarchs. Sites were 
located 20–130 km from other site pairs (see Zhang et al. 
2023). Linear grassy features were initially planted to forage 
mixes or cool-season introduced species and ranged from 
0.1–1.33 ha in size.

We surveyed sites once per month from June to Septem-
ber with approximately 30 days between surveys, typically 
surveying both sites in a pair on the same day. To determine 
the food resources available to adults and larva, we identi-
fied plant species, counted milkweed ramets, and counted 
blooming flowers within 1 × 100 m transects randomly 
located within a linear prairie or grassy feature near each 
field. Monarch eggs and larva were counted on up to 10 
randomly selected ramets of each milkweed species found 
within the transect to evaluate reproductive activity, and 

Figure 1. Example images of the vegetation types surveyed at paired sites in this study: (A) a prairie strip and (B) a 
linear grassy feature, both located near corn or soybean (Zea mays/Glycine max) fields in central Iowa, USA in 2019. 
�Photos: CJS.
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Figure 2. Mean (A) milkweed ramet density (A. incarnata, A. syriaca, and A. tuberosa), (B) flowering plant species 
richness, (C) flower density, and (D) adult monarch butterfly (Danaus plexippus) apparent density observed along 
100 m transects within prairie strips (yellow triangles) and other linear grassy features (e.g., grassed waterway, 
grassy field border; red squares). Means are shown with a triangle or square and whiskers indicate 95% confidence 
intervals. Estimates with non-overlapping confidence intervals are significantly different at α = 0.05. Data were 
collected at five paired prairie strip and linear grassy feature sites associated with corn (Zea mays) and soybean 
(Glycine max) fields in central Iowa, USA, in 2018 and 2019.

adult monarchs were surveyed along the same transects 
within 2.5  m of the centerline using a 20-min duration 
modified Pollard walk (Pollard and Yates 1993) to deter-
mine habitat use by adults. Surveys were conducted when 
the weather was favorable for monarch foraging (> 21°C, 
partial to full sun, little to no wind, no rain).

We conducted statistical analyses in R (v4.4.1, R Founda-
tion for Statistical Computing, Vienna, Austria). We used a 
generalized linear mixed effects model with monarch count 

as the Poisson-distributed response variable and prairie 
strip as a fixed effect. Day-of-year and cloud cover were 
included as fixed effects, and site was included as a random 
effect to correct for pseudo-replication. We used ANOVA 
to compare models with and without the factor for prairie 
strip to determine if inclusion improved the model. To 
assess differences in milkweed and bloom abundance, we 
compared 95% confidence intervals by treatment, month, 
and species. All estimates are presented as mean ± SE.
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Table 1. Mean blooms per ha by species, month, and treatment with standard errors. Flowers were counted within 
a 1 × 100 m transect within prairie strips and other linear grassy features located near corn (Zea mays) and soybean 
(Glycine max) fields in central Iowa, USA, in 2018 and 2019.

Blooming Species June July August September
Grassy Prairie Grassy Prairie Grassy Prairie Grassy Prairie

Aquilegia spp.  
(columbine)

— 7 ± 9 — — — — — —

Asclepias syriaca  
(common milkweed)

14 ± 18 — 22 ± 22 — — — — —

Asclepias incarnata 
(swamp milkweed)

— — — 44 ± 44 — 44 ± 44 — —

Asclepias tuberosa 
(butterfly milkweed)

— — — 233 ± 233 — 56 ± 56 — —

Chamaecrista fasciculata 
(partridge pea)

— — — — — 4622 ±  
4015

— 100 ± 100

Cichorium spp.  
(chicory)

— — 5411 ±  
4048

— 4500 ±  
3609

— 400 ± 400 —

Cirsium spp.  
(thistle)

— 157 ± 196 — 4222 ±  
2478

— 11 ± 11 — —

Convolvulus spp.  
(morning glory)

— — 100 ± 76 — 56 ± 38 33 ± 24 — —

Coreopsis tripteris  
(tall tickseed)

— — — — — 67 ± 67 — —

Dalea purpurea  
(purple prairie clover)

3321 ±  
3449

21 ± 14 — 711 ± 471 — 133 ± 133 — —

Daucus carota  
(Queen Anne’s lace)

— — 267 ± 267 — 1144 ±  
1144

— — —

Desmanthus illinoensis 
(Illinois bundleflower)

— — 522 ± 522 — — — — —

Desmodium canadense 
(showy ticktrefoil)

— 21 ± 27 — 1467 ±  
1467

— 5144 ±  
2662

— —

Echinacea pallida (pale 
purple coneflower)

— 29 ± 20 — 211 ± 187 — — — —

Erigeron annuus  
(Eastern daisy fleabane)

— — — — — 833 ± 833 — —

Eryngium yuccifolium 
(button eryngo)

— — — — — 978 ± 568 — —

Helianthus grosseserratus 
(sawtooth sunflower)

— — — — — — 1860 ±  
1144

—

Heliopsis helianthoides 
(smooth oxeye)

— 43 ± 45 — 4756 ±  
1844

— 2267 ±  
1359

— 1260 ±  
1112

Lactuca serriola  
(prickly lettuce)

— — 56 ± 56 — 1322 ±  
1322

— 40 ± 40 —

Liatris pycnostachya 
(prairie blazing star)

— — — 22 ± 22 — 89 ± 61 — —

Lotus corniculatus  
(bird’s-foot trefoil)

— 607 ± 757 — — — — — —

Medicago lupulina  
(black medic)

7700 ±  
6791

— — — — — — —

Medicago sativa  
(alfalfa)

4529 ±  
5241

— 11444 ± 
11444

— 111 ± 111 — — —

Melilotus officinalis 
(sweetclover)

— 1736 ±  
1573

— 1222 ±  
1222

— — — —

Monarda fistulosa  
(wild bergamot)

— — — 8578 ±  
3624

— 2078 ±  
1011

— —
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Blooming Species June July August September
Grassy Prairie Grassy Prairie Grassy Prairie Grassy Prairie

Pastinaca sativa  
(wild parsnip)

179 ± 138 50 ± 62 33 ± 33 — — — — —

Phlox pilosa  
(downy phlox)

— — 56 ± 56 — — — — —

Pycnanthemum 
virginianum (Virginia 
mountainmint)

— — 467 ± 467 — — — — —

Ratibida pinnata (pinnate 
prairie coneflower)

— — — 3211 ±  
1444

— 9600 ±  
3340

— 20 ± 20

Rosa multiflora  
(multiflora rose)

14 ± 18 — — — — — — —

Rudbeckia hirta  
(black-eyed Susan)

— 7 ± 9 — 28522 ± 
13046

— 7656 ±  
6432

— —

Rudbeckia triloba  
(brown-eyed Susan)

— — — — — 1667 ±  
1546

— —

Silphium laciniatum 
(compass plant)

— — — 156 ± 143 — 100 ± 88 — 20 ± 20

Silphium perfoliatum  
(cup plant)

— — — 633 ± 633 — 1167 ±  
1130

— —

Silphium integrifolium 
(wholeleaf rosinweed)

— — — 67 ± 67 — 1311 ±  
1311

— —

Solidago spp.  
(goldenrod)

— — — — — 733 ± 498 — 28980 ± 
16739

Symphyotrichum ericoides 
(white heath aster)

— — — — — 157840 ± 
134298

—

Symphyotrichum laeve 
(smooth blue aster)

— — — — — — — 3500 ±  
3012

Taraxacum officinale 
(dandelion)

— 307 ± 251 — 122 ± 110 — — — —

Tradescantia spp. 
(spiderwort)

— 143 ± 178 — 56 ± 56 — — — —

Trifolium pratense  
(red clover)

250 ± 312 8407 ±  
6942

2067 ±  
1993

744 ± 609 722 ± 639 144 ± 112 — —

Trifolium repens  
(white clover)

857 ±  
1069

7 ± 9 — — — — — —

Verbena stricta  
(hoary vervain)

— — — 344 ± 197 — — — —

Zizia aurea  
(golden zizia)

— 32093 ± 
13749

— — — — — —

Table 1, continued.

We found three milkweed species, A. syriaca, A. tuberosa, 
and A.  incarnata, across all study locations. Annualized 
densities of common milkweed ramets were lower in 
prairie strips (mean = 340 ± 130/ha) compared to other 
linear grassy features (mean = 2500 ± 370/ha, Figure 2A). 
We found butterfly milkweed and swamp milkweed only 
in prairie strips, but the differences in abundance with 
other linear grassy features were not significant at α = 0.05 
(Figure 2A).

While prairie strips contained fewer milkweed ramets, 
they contained four times more flowering plant species 

(strips = 30.6 ± 4.1, grassy = 7.2 ± 4.3) and five times as 
many blooms (strips = 1430 ± 6080/ha, grassy = 286 ± 
1280/ha) across the year (Table 1, Figure 2B, 2C). Two 
native species comprised half of the blooms in prairie 
strips: Symphyotrichum ericoides (white heath aster, 32.4%) 
and Zizia aurea (golden zizia, 18.5%). Two non-native 
species, Medicago sativa (alfalfa, 34.4%) and M. lupulina 
(black medic, 22.2%), comprised the majority of blooms in 
other linear grassy features. We found a total of 36 flower-
ing species in prairie strips and 13 in other linear grassy 
features; only five flowering species were found in both 
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(Table 1, Supplementary Material Figure S1). Differences 
were most pronounced during the fall monarch migration 
in September (Table 1, Figure 2C, Supplementary Material 
Figure S1) due to a profusion of Symphyotrichum ericoides 
(white heath aster) and Solidago spp. (goldenrod) blooms 
in prairie strips.

Across the year, we observed more adult monarchs in 
prairie strips (25.9 ± 5.2 monarchs/ha) compared to other 
linear grassy features (11.1 ± 3.6 monarchs/ha). We saw sig-
nificantly more adult monarchs in prairie strips than other 
linear features in June (prairie = 24.4 ± 11.9 monarchs/ha, 
grassy = 11.1 ± 6.8 monarchs/ha) and August (strips = 28.9 
± 7.5, grassy = 6.7 ± 4.7), and a trend towards more in July 
(strips = 24.4 ± 8.0, grassy = 15.6 ± 7.3; Figure 2D). Addi-
tion of a factor for prairie strips significantly improved the 
null model (p = 0.004, Supplementary Material Table S1). 
Nearly all adult monarchs observed were in flight, rather 
than nectaring or ovipositing. We found only three eggs on 
prairie strip common milkweeds and two eggs on common 
milkweeds in other grassy linear features. A paired t-test 
showed no significant difference in the density of larvae 
in prairie strips (0.04 ± 0.01 larvae/stem) and other grassy 
linear features (0.06 ± 0.02 larvae/stem, p = 0.63).

Our data indicate a positive association between adult 
monarchs and the increased floral resources provided 
by prairie strips (rpearson = 0.20) compared to other linear 
grassy features, especially during their fall migration to 
overwintering sites in Mexico (Brower et al. 2006). While 
other linear grassy features tended to have a higher density 
of milkweed ramets that could support monarchs during 
their larval stage, ramet density alone does not indicate 
lifetime reproductive success and survivorship. More study 
on larval survival in prairie strips is needed to fully assess 
habitat quality. Adult monarch and floral densities were 
higher in prairie strips than other grassy linear features, and 
ramet density (400 stems/ha) was above the 379 stems/ha 
target for Conservation Reserve Program land proposed 
by Thogmartin et al. (2017), but estimates of larval survival 
in prairie strips are needed to fully assess their value for 
monarch conservation.
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