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The Xerces Society for Invertebrate Conservation

Photos:  Blue butterfly by Dana Ross, Farm: Kelly Gill / Xerces Society

Xerces blue butterfly (Glaucopsyche xerces), 

the first U.S. butterfly to go extinct due to 
human activities

Major Focal Areas: 

Pollinator Conservation

Habitat Restoration

Pesticide Reduction

Agricultural Biodiversity

Endangered Species

Education & Outreach

Protecting wildlife through the conservation of 

invertebrates and their habitats
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Xerces Society Partner Biologists

• Provide conservation staff and farmers with 

technical support

• Assist with habitat evaluations, conservation 

planning

• Conduct field days and trainings on pollinators 

and their habitats

• Refine technical documents, conservation 

practice guides, fact sheets, and seed mixes
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Overview

• Basics of pollinator conservation

• Principles of pollinator habitat seed mix 
design

• A framework for evaluating mixes – the 
key considerations

• Introduction to the new seed mix 
certification calculator with examples
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What is a pollinator? 

Circle or comment!
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What is a pollinator? 

Photos top left to right: Sarah Foltz Jordan; Bryan Reynolds; Sarah Foltz Jordan; Karin Jokela; John Flannery Flickr 

Creative Commons

Photos bottom left to right: Emily May; Whitney Cranshaw; Julie Metz; Rich Hatfield; 

https://www.nosoilsolutions.com/3-methods-hand-pollination/

Anything that helps move pollen from the male anther to the female stigma on a flower

Lacewing Butterfly Fly Moth Assassin Bug

Honey bee Wasp Beetle Native bee Hand pollination

?
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Life cycle of a solitary bee

Photos: Dennis Briggs

Mining bee (Andrena sp.): a year in 

its underground nest as egg, larva, 

and pupa before emerging to 

spend a few weeks as an adult.
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Bumble bee life cycle

Illustration: David Wysotski

Winter: Hibernating queen

Spring: Queen  

establishes nest and 

lays eggs

Summer: Colony peak

After mating, 

males die

Early Fall: Males 

leave nest, then new 

queens leave to find a 

mate

Fall: Mated queens 

seek overwintering 

sites, founding queen 

dies

Early Summer: 

Worker females help 

grow the colony
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Pollinator conservation

Honey bees

• 1 species in the Upper Midwest

• Not at risk of extinction

• Managed by humans

• Nest provided for them

• Social, large colonies

• Prefer nonnative flowers

Native bees

• > 460 spp. in Upper Midwest

• Many at risk of extinction

• Mostly not managed by humans

• Nest in the wild (ground, stems, wood)

• Mostly solitary, small nests

• Many are dependent on native flowers
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All photos from USGS 
Bee Monitoring Lab Flickr

Pollinators need diverse vegetation
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Bees need nesting habitat

Photos, starting clockwise upper left: Sara Morris / Xerces Society; Sarah Foltz Jordan / 
Xerces Society; Elaine Evans; Dennis Briggs; Sara Morris / Xerces Society; Jennifer 
Hopwood / Xerces Society; Colleen Satyshur

Social Nesting (~1%) Ground Nesting (~ 70%) Stem/Wood Nesting (~30%)
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2. Shelter for 
nesting and 
overwintering 

1. Diverse 
vegetation for 
season-long 
nectar, pollen, 
and host plants

3. Refuge from pesticides

Photo: Karin Jokela; Jennifer Hopwood / Xerces Society; Kevin Wood / Flickr 
Creative Commons 2.0

Three habitat requirements for all pollinators
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Designing Seed Mixes 
for Pollinator Habitat

Sarah Foltz Jordan / Xerces Society
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Planning a pollinator mix

Reconcile your goals with site specific realities

What’s the vision? 

Timeline

Topography

Field characteristics

• Soils

• Current and past vegetation

• Pesticide history (herbicides and insecticides)

• Disturbance history

• Edge effects

• Differences across the site

Budget
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• overall biodiversity and functionality for wildlife

• soil health

• water interception/infiltration

• resistance to plant invasion

• resilience in the face of extreme weather events

• stand longevity
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Diversity in your seed mix increases: 
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Select species from different plant functional groups

Grasses and 

Sedges

Forbs Woody

C3 Cool-

season

C4 Warm-

season

Sedges

Rushes
Legumes Non-

legumes

Annual

Perennial

Annual or Biennial

Perennial

Spring ephemerals

Hemi-parasitic

Modified content from Jessica Petersen, MN DNR Invertebrate Ecologist

Short-

lived

Long-

lived

Functional diversity: 

• Reduces invasibility

• Accelerates establishment

• Promotes stand longevity
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Provide flowers throughout the season

Early-season 

blooms

Early-summer 
blooms

Late-summer 
blooms

Fall blooms

Photos: Karin Jokela; Justin Wheeler; Karin Jokela; Karin Jokela

Prairie spiderwort Butterfly milkweed Rough blazing star Stiff goldenrod

Consider evenness! (relative abundance of each)
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Generalists and specialists – Invite more pollinators to the table!

Asteraceae

(Asters)

Fabaceae

(Legumes)

Salicaceae

(Willows)

Primulaceae

(native 
loosestrife –
Lysimachia)

Photos: Karin Jokela

Flodman’s thistle Leadplant Willow Fringed loosestrife

Select species from different plant families

Central United States: https://jarrodfowler.com/bees_pollen.html

Learn more about pollen 

specialist bees

Macropis ciliata

USGS Bee Inventory 

and Monitoring Lab

https://jarrodfowler.com/bees_pollen.html


Restored tallgrass prairies have reduced phylogenetic diversity compared with 
remnants (Barak et al. 2017 Journal of Applied Ecology)

Over-represented families

• Poaceae (grasses) 

• Asteraceae (asters, goldenrods, coneflowers)

• Fabaceae (legumes)

• Lamiaceae (mints)

Missing families

• Liliaceae (wood lily, false Solomon’s seal)

• Orchidaceae (ladies’ tresses, lady’s slipper)

• Convolvulaceae (native bindweeds)

• Caprifoliaceae (native honeysuckles)

• Caryophyllaceae (native chickweeds and campions)

• Polygonaceae (milkworts, snakeroot)

• Rosaceae (roses, strawberries, cinquefoil, Spiraea)

• Violaceae (violets)

Photos: Emily May (Monarda/Rudbeckia); Jay Sturner (wood lily); Brett Whaley (orchid); Wikimedia (campion and milkwort); Glacier NPS (strawberry); Karin Jokela (rose and violet) 
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Seeds per square foot vs. pounds per acre

Photos: Prairie Moon Nursery

Great blue lobelia (Lobelia siphilitca)
• 500,000 seeds/oz.
• 8,000,000 seeds/lb.
• 1 lb. of seed/acre = 184 seeds/ft2

Cup plant (Silphium perfoliatum)
• 1,400 seeds/oz.
• 22,400 seeds/lb.
• 1 lb. of seed/acre = 0.5 seeds/ft2
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How to decide on seeding rates? 

Source: Tallgrass Prairie Center
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Seeding rates – additional considerations 

• Limit annuals + biennials 
• TPC recommends: ≤ 1 seed/square foot

• Aim for ≤ 10% of mix

• Consider easy vs. difficult to germinate
• Get to know Prairie Moon Nursery’s germination 

codes

• Reduce rates for aggressive species
• big bluestem, Indian grass 

• sunflowers

• cup plant – no more than 0.01 seeds/sq. ft. 

• wild bergamot – no more than 4 seeds/sq. ft. 

• Seed cost

• Consider multiple seeding events over time

• Consider bare rootstock or transplants for 
restoration conservative species
• Aim for min. 30-50 individuals to sustain a 

population

Wild bergamot (Monarda fistulosa) at ~6.5 seeds/sq.ft.
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Evaluating Seed Mixes – the Key Questions

• How many species? 

• Forb : grass ratio?

• Number of seeds/ft2?

• 3 species blooming in each 
season?

• Butterfly host plants?

• Plant family diversity? 

• Number of annuals and biennials?

• Regionally appropriate species? 

• Any species dominating the mix?

• Soil moisture types?

• Cost?
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Evaluating Seed Mixes

• How many species? 

• Forb : grass ratio?

• Number of seeds/ft2?

• 3 species blooming in each 
season?

• Butterfly host plants?

• Plant family diversity? 

• Number of annuals and biennials?

• Regionally appropriate species? 

• Any species dominating the mix?

• Soil moisture types?

• Cost?

50% 8.8

26.1

~ 35 seeds/ft2

50%

18

75% : 25%

35

Spring

Spring

Spring

Fall

Fall

Fall

Yes

None for 
monarchs

7 families

3 species = 31% of total mix

Annual

Biennial

Biennial



BWSR Tech Talk: Conservation Seeding Calculator 
with new Certification and Checkout Functionalities
June 14, 2021
Eric Anderson, NW Area Resource Conservationist
eric.anderson@usda.gov

Find the new calculator here: 

Field Office Technical Guide

Section IV

Ecological Sciences Tools

MN EST Seedcalc ver2.5 
seedtag and checkout May 
2021

mailto:eric.Anderson@usda.gov


Real example: 

Can I use this mix for my CP25 
planting? 

Does it support pollinators? 
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Refer to MN Agronomy Tech Note #31 
Practice Standard 643: Restoration and 
Management of Declining Habitats 

• Seed mixes will consist of a minimum of 15 
native species (37)
• At least 5 grasses (8), 5 forbs (29)

• one forb = legume (5)

• Minimum 35-40 seeds/sq. ft. (36.4)

• Maximum of 60% grasses based on 
seeds/sq. ft. (57% grasses)

• No more than 20% of grasses comprised of 
cool season grasses (16%)

• Switchgrass not to exceed 5% of grass 
component (4%)

• No individual forbs comprise more than 20% 
of the forb mixture 

• Optional criteria available to benefit 
monarchs, pollinators, and beneficial insects
• 3 forbs in each bloom period

• Monarch host plants and nectar plants

Real example: CP25 mix



Enter all data into green fields



Enter all data into green fields





Real example: CP25 mix / 643 Pollinator proposed mix

• Optional criteria available to benefit monarchs, pollinators, and beneficial insects
• 3 forbs in each bloom period

• Monarch host plants and nectar plants

• Common milkweed makes up 0.6% of the mix (Monarch mixes should have ≥ 1% milkweed)

• 60% of the forbs in the mix should be monarch nectar plants (based on seeds/sq. ft.)



Real example: CP25 mix / 643 Pollinator proposed mix

• Optional criteria available to benefit monarchs, pollinators, and beneficial insects
• 3 forbs in each bloom period

• Monarch host plants and nectar plants

• Common milkweed makes up 0.6% of the mix (Monarch mixes should have ≥ 1% milkweed)

• 60% of the forbs in the mix should be monarch nectar plants (based on seeds/sq. ft.)

PSA: Save a digital copy of your planned / designed mix.

“Save as” a NEW version for your certification process!



Real example: CP 25 mix (seed tags) that was actually planted

New 

species



Certifying the mix: Was enough seed planted? 
Values carried 

over from Input 

desired PLS 

column







You’ve entered all the seed tag data … 
now Copy to Checkout_Certification





MN CP 2/CP 27/CP 28

Real example: Will this mix support a honey bee operation? 

Number of seeds/ft2?         Forb : grass ratio?         3 species blooming in each season?

Number and percentage of annuals and biennials?         Soil moisture types?



Multiple lots of the same species: consult with your ARC

In this case, since lots are roughly equal: ADD % of mix values and AVERAGE Purity and Total Viable





Conclusion: not much honey bee forage built into this mix! 

• Number of seeds/ft2? 33.3

• Forb : grass ratio?  ~ 12% forbs (4.03 seeds/ft2)     

• 3 species blooming in each season? No – 0 Early; 7 Mid; 1 Late

• Number and percentage of annuals and biennials?  Most are annuals, biennials, short-
lived perennials (will fade out over time). Three species are longer-lived perennials, 
but they make up about 1% of the mix.   

• Soil moisture types? Mismatched for this site, so forbs (and grasses) may not establish 
well anyway…
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Final thoughts on the calculator

• The calculator doesn’t have good judgement! It 
has a lot of checks built into it, but you still 
need to develop a discerning eye to make sure 
that the mix will perform well for your client’s 
goals! 

• Another update possible within the next year…

• Provide input to: 
• Eric.Anderson@usda.gov

• Jeffrey.Kalin@usda.gov

• Karin.Jokela@xerces.org 
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• Pollinators (and invertebrates) are not 
optional. They sustain us! 

• Diversity is your panacea. It drives 
ecosystem function, productivity, 
stability, and resilience.

• YOU have the power to optimize seed 
mixes to achieve your restoration 
goals. 
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Summing it up



© 2017 The Xerces Society, Inc. All rights reserved.

Questions?

Photo: Justin Meissen

Karin Jokela

Farm Bill Pollinator 

Conservation Planner and 

NRCS Partner Biologist

karin.jokela@xerces.org

763-213-4341

mailto:karin.jokela@xerces.org
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Extra slides
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What is diversity? 

• Abundance: how 
many individuals of a 
species

• Richness: how many 
species are in the 
community

• Evenness: relative 
abundances across 
species

• Diversity: 
combination of 
richness and 
evenness

Photos: Scott Siegfried

Modified content from Jessica Petersen, MN DNR Invertebrate Ecologist

Richness: 4 species

Evenness:

A: 25%; B: 25%; C: 25%; D: 25%

A B C D

Richness: 4 species

Evenness:

A: 12.5%; B: 69%; C: 12.5%; D: 6%



© 2017 The Xerces Society, Inc. All rights reserved.

Restoration conservative species – consider planting bare roots or transplants

Photos: Karin Jokela

Bastard toadflax Hoary puccoon Wood betony Wild strawberry

Prairie violet
Blue-eyed 

grassPrairie phloxDowny gentianLeadplant 
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Economics of diversity

Economic value ≠ ecological value

Photos: Karin Jokela

Pasque flower

Factors that can 

cause seed to be 

inexpensive: 

• Short life cycle

• Easy to germinate

• Common species

• Mechanically harvested

• Small, hard seed 

• Easy to clean

• Less shatter (seed retention)

Factors that can 

cause seed to be 

expensive: 

• Species rarity

• Hand-harvested

• Spring-blooming

• Difficult germination 

requirements

• Irregular shaped seed

• Seed pests

Great St. John’s wort

Milkweed
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15 species = 

$185
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30 species = 

$185

Adding diversity 

doesn’t 

necessarily mean 

adding cost




