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NATIONAL NATIVE SEED 
STRATEGY

 Action 3.3.3 Support field implementation of restoration 
tools

  Species selection tool for restoration

  Draft form 

 We can’t use it right now… BUT

 Still lots of room for suggestions! 
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RESTORATION AND 
BIODIVERSITY



SPECIES SELECTION
Constraints

• Availability 

• Cost

Objectives

• Species richness

• Floristic quality 
(conservatism)

• Pollinator support

• Phylogenetic diversity

Availability

Cost

Diversity
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1) How do commercially available seed 
mixes compare to remnant and restored 
prairies?
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2) HOW DO SEED MIXES BUILT BY 
COMPUTERS COMPARE TO ACTUAL 
SEED MIXES AND PRAIRIES?  
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PART 1: 
COMMERCIALLY AVAILABLE MIXES

•Searched for “prairie seed mix,” “prairie 
mix,” and “native prairie seed mix” 

•Collect information about the company 
and seed mix (ecosystem service, cost, 
seed rate, etc.)

•Collected species lists, % composition, 
seed rate, price for 4-5 mixes per 
company 

Gabi Carr
NU 2017



PART 1: 
COMMERCIALLY AVAILABLE MIXES

•67 mixes, 14 companies

•215 species from 36 families 

Gabi Carr
NU 2017



REMNANT AND RESTORED 
PRAIRIES (in Illinois)
Restored prairies 

• 19 sites

• Initiated between 1998 and 2012

• Surveyed in 2015 

Remnant prairies 

• 41 reference sites

• Vegetation surveys: 2001 (Bowles 
and Jones) 



BIODIVERSITY MEASURES

•Species richness

•Coefficient of conservatism (mean C)

•Phylogenetic diversity 

•(Bloom time diversity)



Commercial seed mixes had significantly lower 
species richness than remnant or restored prairies 

Species richness of seed mixes ranged from 5-93 
species (mean = 30)



Commercial seed mixes had significantly lower 
species richness than remnant or restored prairies 

Species richness of seed mixes ranged from 14-91 
species (mean = 34.25)

F = 22.97, P < 0.0001 



What about 
weeds? Commercial mixes had lower richness 
than both remnant and restored prairies 
(P=0.0002)

F = 9.77, P = 0.0001





Coefficient of conservatism 
       0 – 10 

Habitat fidelity, disturbance 
tolerance 



F = 59.05, P < 0.0001

Commercial seed 
mixes had higher 
mean C than 
remnants and 
restored prairies
(P < 0.009).





PHYLOGENETIC DIVERSITY
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Why is phylogenetic diversity important? 

Phylogenetic position is linked to 
functional traits

Higher phylogenetic diversity in a 
community  = productivity, stability, 
diversity at higher trophic levels, invasion 
resistance, facilitation 

(Cadotte, Cardinale & Oakley 2008; Davies, 
Cavender-Bares & Deacon 2011; Cadotte, Dinnage & 
Tilman 2012; Dinnage et al. 2012; Li et al. 2015; Lind et 
al. 2015)





F = 21.05, P < 0.0001Commercial mixes had lower phylogenetic diversity than 
remnants (P < 0.0001) , but didn’t differ from restored 
prairies (P = 0.94)



BUT…

 These mixes were (probably) not designed to maximize these 
multiple measures of biodiversity!  



AND…

What if you want to meet all these objectives at once?



SPECIES SELECTION
• Constraints

• Availability 

• Cost

• Objectives

• Species richness

• Floristic quality 
(conservatism)

• Pollinator support

• Phylogenetic diversity

How do you deal with 
these objectives all at 
once? 



SPECIES SELECTION
• Constraints

• Availability 

• Cost

• Objectives

• Species richness

• Floristic quality 
(conservatism)

• Pollinator support

• Phylogenetic diversity

This is a 
MULTI-OBJECTIVE 
RESTORATION 
PROBLEM



COMPUTERS CAN HELP!

• How can we use machine learning to develop seed mixes that 
meet multiple biodiversity objectives?

• How do these mixes compare with currently available mixes and 
with prairies themselves? 



PART 2: 
COMPUTER – BUILT MIXES

Decision analysis: “formalization of common sense for decision 
problems which are too complex for informal use of common 
sense” 

–Keeney (1982)



NATURA
L 
SELECTI
ON



GENETIC 
ALGORIT
HM

“Fitness” is based 
on the factors in 
the objective 
function



GENETIC ALGORITHM
 Individual = seed mix

 “Fitness” = similarity to objective 
function

 Objective function = 

 Species richness

 C value

 Bloom time diversity 

 Phylogenetic diversity



WHAT ARE WE “FEEDING” 
THE GENETIC ALGORITHM? 
•List of ~300 commercially available prairie species

•Price (Prairie Moon)

•C values (Swink and Wilhelm 1994) 

•Bloom time variance (Prairie Moon)

•Phylogenetic distance matrix (from Zanne et al. 2014 phylogenetic 
tree)



SPECIES SELECTION TOOL
Scenario

• Seeding: 10 lbs / acre

• Candidate species: 301

• Budget: $400 – $2,200 per acre

Photo: Justin Meissen



RESULTS FROM THE 
PRELIMINARY MODEL (40 
SPECIES)





Photos: USDA Plants

Indiangrass

Big bluestem



Photos: USDA Plants



RETURN ON INVESTMENT

Phenology
   $400 mix



RETURN ON INVESTMENT

Phenology
   $800 mix



RETURN ON INVESTMENT

Phenology
   $1,600 mix









SPECIES BIOLOGY
 Germination & Establishment 

 Not all planted species become 
part of the realized community 



GERMINATION AND 
ESTABLISHMENT
•18/56 species didn’t establish at all (Hillhouse and Zedler 2011)

•Restored prairies share only 1/3 of species with their planted 
seed mix (Grman et al. 2015)

•Between 25 – 77 percent (mean: 45 ± 4.0 %) of planted species 
found at sites



SYNTHESIS AND NEXT STEPS
Comparing computer designed results to 
ready-made mixes

Working in additional traits (i.e., 
establishment!) 

Increasing customizability
• Constraints

• Objectives

Creating a (useful) decision-support tool 
for restoration design 



TALK TO ME

Email:
BeckyBarak@u.northwestern.edu
Twitter: @BeckSamBar 
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QUESTIONS



The preceding presentation was delivered at the

This and additional presentations available at  http://nativeseed.info

2017 National Native Seed Conference
Washington, D.C.  February 13-16, 2017
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