
Methods
• Collected phenology and flower production data (Table 1) and growth form characteristics and 

rates (Table 2) from ten individuals from 35 populations using a common garden approach (Fig 1, 

Table 1)

o Phenology trait data collected from May-August 2019

o Measured growth form traits weekly from June -September 2018

o Calculated descriptive statistics across traits and populations

• Compiled remotely sensed 30-year average climate data (Table 2) retrieved from ClimateWNA

v5.30 (Wang et al., 2012)

• Tested for differences among each plant trait in Table 1 using single-factor ANOVAs in Statcrunch.

• In program R version 3.5.1:

o Principal components analysis using prcomp () function in package (stats)

o Calculated Pearson correlation coefficients among traits and climate variables 
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Introduction
• Monarch butterflies (Danaus Plexippus) have experienced widespread declines across North 

America (Brower et al., 2012; Luna and Dumroese 2013; Pleasants and Oberhauser 2013; Pelton et 

al., 2019)

• Monarchs depend on Asclepias sp. as obligate host plants (Brower et al., 2012; Luna and Dumroese

2013; Pleasants and Oberhauser 2013)

• Successful habitat restoration of showy milkweed and residual benefits to monarchs requires 

germplasm that is well-adapted for target restoration environments

• Plant phenology and morphology traits are adaptive, easily observable, and respond to climate and 

its changes (Badeck et al., 2004)

• We evaluated phenological and morphological variation among 35 populations of showy milkweed 

(Asclepias speciosa) using a common garden approach to determine geographic patterns of 

adaptive traits and their relationships to local climates and to inform development of species 

specific seed transfer zones

Research Objectives
• Use a genecological approach to identify variation in putative adaptive traits that correspond to A. 

speciosa ecotypes in the Intermountain West

• Establish species specific seed transfer zones for use in habitat restoration

Fig. 1:  Seed collection locations of 35 populations and provisional seed 
zones as determined by Bower et al. (2014)

Fig. 2: Biplot of top two phenology and flower production principal 
components with dimensional loading factors. Interpretations based on 
proportional contributions and eigenvector loadings of PCs (Appendix C,D)

Fig. 3: Biplot of top two morphology and growth trait principal components 
with dimensional loading factors. Interpretations based on proportional 
contributions and eigenvector loadings of PCs (Appendix E,F)

Table 1: Descriptions of traits measured and used for analyses. ‡, Measured 
on three representative stems and whole plant; ‡‡, Measured only on three 
representative stems

Table 2: Definitions for the climate variables used for analyses

Table 3: Significant trends among phenology traits and climate  variables

Table 4: Significant trends among morphology traits and climate  variables

Results
Phenology
• Single-factor ANOVAS indicate significance differences in all measured traits 

between populations (p≤0.0001)
• Of five PCs, the first two account for 77% of variation among populations (Dim1= 

48%, Dim 2= 29%; Fig 2, Appendix A)
Morphology
• Single-factor ANOVAS indicate significance differences in all measured traits 

between populations (p≤0.0001 (exception: number of stems and leaf area p= 
0.013 and 0.019 respectively)

• Of eight PCs, the first two account for 80% of variation among populations (Dim 
1= 66%, Dim = 14%; Fig 3, Appendix B)

Overall Trends
• PCs and many traits were significantly correlated with climate variables (Table 3 

and 4, Appendix G,H)
• The variation among phenology and morphology PCs does not appear to strictly 

correspond to designations of provisional seed zones (Bower et al. 2014) among 
populations (Appendix I, J)

Discussion
• Preliminary results indicate that showy milkweed seedlings display genecological

differences in phenological and morphological among 35 populations in the 

western US

o Patterns do not clearly correspond to provisional seed zones, suggesting 

that species specific seed zones should be constructed for showy milkweed 

(Figure 1, Appendix I, J)

• Results align with other work, suggesting that flower phenology and morphology 

are important adaptative traits that vary among ecotypes (St Clair et al., 2013; 

Johnson et al., 2014)

o Restoration programs should consider these traits when selecting seed 

sources as these traits undoubtedly can impact plant productivity and 

interactions associated with monarchs 

Sources of Variation/Error

• Variation in traits of collections from same locations (OR13-14, 0R5-6) suggest 

that a large proportion of variation is likely due to differences among individuals 

in populations

• Showy milkweeds commonly grow in specific habitats (mesic, periodically 

flooded) that may not be representative of climate model parameters

o Similar selection pressures likely exist across environmental gradients, 

which may contribute to trait convergence

• Populations may exhibit phenotypic plasticity for flower production and 

phenology (Sultan 2000; Frank et al., 2017; Badeck et al., 2004)

• Ability for milkweed to occupy a range of soil types and moisture regimes within 

regions may indicate phenotypic plasticity, which may influence model results 

(Sultan 2000, Frank et al., 2017; Badeck et al., 2004).

o Reciprocal transplant studies necessary to quantify this (Nuismer and

Gandon 2008)

Future Work
• Implement data collection and analysis across multi-year study (min 3 years)

• Conduct comprehensive analysis on full complement of seedling characters, 

phenological, morphological, and production traits

• Explore phenotypic plasticity at different elevation sites

• Use a multiple regression approach to correlate plant population characteristics 

to climate variables

o Evaluate microclimates of collection sites to understand influences of 

microhabitats

o Evaluate other correlations with other climate variables available on 

ClimateWNA v5.30

Fig. 1

Table 1

Table 3

Fig. 2

Table 2

Trait (Biplot code) Description

Number Flowers ‡ (Flowers) Date with the most flowers open

First Flower                          (First_Flower) Date of first open flower 

50% Open Flowers              (X50 Flow) Date when 50% of inflorescences matured into flowers 

Number Inflorescences‡ (Inflor) Total of open and closed flowers

Flower Period                       (Flower_Period) Number of days from first flower to complete senescence

Biomass                                 (Biomass) Measured weight of dried plant (g)

Total Plant Height                (Height) Height from the emergence of soil (cm)

Leaf L/W Ratio                      (Leaf_LW) Quotient of leaf length/leaf width

Total Stem Length                (Tot_Stem_Lgth) Sum length of 3 longest stems (cm)

Longest Stem Length           (Longest_Stem) Length of longest stem out of the 3 measured (cm)

Canopy Width                           (Canopy_Width) Widest point of canopy and perpendicular widest point (cm)

Stem Growth                        (Stem_Growth) Cm/day from min stem length to max 

Est. Leaf Area                       (Leaf_Area) Product of leaf length x leaf width (cm2)

Climate Variable Definition

MAT (℃) Mean average temperature

MWMT (℃) Mean warmest month temperature

MCMT (℃) Mean coldest month temperature

TD (℃) Temperature difference between 

MWMT and MCMT

MAP (mm) Mean annual precipitation

MSP (mm) Mean annual summer precipitation 

AHM (℃mm-1) Annual heat-moisture index 

SHM (℃mm-1) Summer heat-moisture index 
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Showy milkweed flower timing, 

production, and morphology matter 

for monarch butterfly habitat 

restoration.

Trait Climate

• Earlier first flower • ↑ Elevation

• Inland/ ↑ Extreme temps

• ↓ Temps

• Shorter flowering 

period

• ↑ Summer heat stress

Trait Climate

Larger plants with 

greater growth rates

• ↓ Elevation 

• Inland/ ↑ Extreme temperatures

• ↑ Summer temperatures

Larger L/W Leaf Ratio • ↑ Elevation

• Inland/ ↑ Extreme temperatures

Dim 1
↑Inflorescences 
Earlier Peak Flowering 
Longer Flower Period

Dim 2
Earlier First Flower 
↑ Open Flowers
Longer Flower Period

Table 4

Dim 2
↓ Leaf Area
↑ Leaf L/W 

Dim 1
↓ Stem Growth
↓Total Stem Length
↓ Biomass
↓Height
↓Canopy Width
↓ Longest Stem
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