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RevegetationRevegetation

• ChallengingChallenging
– Low or variable precipitation, thin soils, steep 
slopes cold and windy climateslopes, cold and windy climate

– ‘revegetation projects fail 10 to 35% of the time, 
depending on the geographic region.’depending on the geographic region.  

– US Army Corps of Engineers



Designing a Reclamation Seed MixDesigning a Reclamation Seed Mix

• Inventory pre disturbance plant community• Inventory pre‐disturbance plant community
– Set reclamation objectives

D t i d i– Determine seed mix
• Reclamation Objective

– Reestablish a diverse, native plant community 
of grasses, forbs and shrubs



Pre‐disturbance Plant Communityy

Reference Sites

Pipeline Construction Reclamation Site

Photo: C Strom



Pre‐disturbance Plant Community
‐ EcoregionsEcoregions

• Ecoregions are large areas of similar climate where ecosystems recur in 
predictable patterns. – USFS



Ecoregions
Level IV

Wyoming

• Ecoregions are divided into domains (climate), divisions (climates within domains), 
provinces (vegetation), and sections (province subdivisions based on terrain).



Pre‐disturbance Plant Community

Available keys are similar to taxonomic keys and describe sites based on soils hydrologyAvailable keys are similar to taxonomic keys and describe sites based on soils, hydrology, 
vegetation and topography.



Pre‐disturbance Plant Community

“VegSpec is a decision support system designed toVegSpec is a decision support system designed to 
assist in the selection of appropriate plant species for 
site-specific conservation problems.” 

http://plants.usda.gov



Pre‐disturbance Plant Community

VegSpec only providesVegSpec only provides 
a broad species list for 
consideration.

“VegSpec is a decision support system designed toVegSpec is a decision support system designed to 
assist in the selection of appropriate plant species for 
site-specific conservation problems.” 

http://plants.usda.gov



Long‐term success in restoring a species to g g p
a given site is dependent upon obtaining 
plant materials adapted to the site.p p



Adapted Species

• Species‐level
The image cannot be displayed. Your computer may not have enough memory to open the image, or the image may have been corrupted. Restart your computer, and then open the file again. If the red x still appears, you may have to delete the image and then insert it again.

Species level

Monson et al. RMRS-GTR-136-vol 1



Adapted Species

• SpeciesSpecies
• Populations

Monson et al. RMRS-GTR-136-vol 1



Local Adaptation

Plant Ecotypes: distinct genotypes (or populations) within a 
species resulting from adaptation to local environmentalspecies, resulting from adaptation to local environmental 

conditions.

races, varieties, cultivars

G Turesson 1922 The species and variety as ecological unitsG. Turesson 1922 The species and variety as ecological units.



Ecotypic Variation ‐ ElevationEcotypic Variation  Elevation

Firecracker Penstemon, Penstemon eatonii

• Habitat correlated variation in 
seed germination.

• ‘Between‐population variation in 
germination response to chill 
is correlated with the climate atis…correlated with the climate at 
the site of seed origin.”

• Place seeds in a climate 
context.

http://www.swcoloradowildflowers.com
Meyer 92 Bull Tor Bot Club 
Meyer et al. 95 Amer J Botany



Ecotypic Variation ‐ LatitudeEcotypic Variation  Latitude

North to South Switchgrass, Panicum virgatumNorth to South Switchgrass, Panicum virgatum

• Relative importance of 
latitude and longitude for 
adaptation and agronomic 
performance (biomass).

• Significant effect of latitude 
(north‐south) but not 
longitude.longitude.

• Latitudinal ecotypes

Casler et al. ’07 Crop Science



Ecotypic Variation – Elevation and 
LatitudeLatitude

Mountain mahogany, Cercocarpus montanus



Ecotypic Variation – Elevation and 
LatitudeLatitude

Mountain mahogany, Cercocarpus montanus

• Seed dormancy  ‐ 8 NM seed 
sourcessources

• Southernmost sources lacked 
stratification requirement

• Northern and high altitude 
sources required longest 
stratification durationstratification duration

• Latitudinal and altitudinal 
ecotypes

Rosner et al. 2003 J. Range Management



So what do we introduce?So what do we introduce?

Seed transfer zones: regions within which 
seeds may be transferred with no detrimental 
effects for population fitness

Also known as local “provenance.”

effects for population fitness

p



Seed Zones

• Available forAvailable for 
decades for 
commercial forest 
trees 

• Common garden 
studies

• Heritable, adaptive 
variation among 
sites

Ex. Pinus flexilis



Local 
Provenance Eucalyptus marginata

IntroducedIntroduced 
Provenance 1

Introduced 
Provenance 2Provenance 2



Delineating seed collection zones g
ideally includes...

• taxonomic knowledge

• distribution disjunctions

• life history (dispersal breeding system)life history (dispersal, breeding system)

• geographic distance

• habitat matching (ecological distance)

• direct analysis of adaptation (genetics, common gardens)



If seed zones undefined?

• Guidelines for seed sourcingGuidelines for seed sourcing

1. Collect locally, from similar environments
2. Determine breeding system of target species
3. Multiple plants within collection zone
4. Verify taxonomy



Guidelines ‐ Local Collections and Similar 
E iEnvironments

• Geographic distanceGeographic distance
– Sites further apart more likely to differ 
environmentallyenvironmentally

• Environmental distance
Similar climate aspect and soils– Similar climate, aspect and soils

≠



Case study: Weedy 
Behavior of Acacia 

celastrifolia
Acacia celastrifolia

f

J. Koch



Vigorous recruitment 
and regeneration in g
thinned and burnt 
areas of 
rehabilitationrehabilitation 

C t $20kCost approx $20k pa

J. Koch



Winterfat
• Palatability

G h d h f
Krascheninnikovia lanata

• Growth rate and growth form

• Ecotypic variation is commonyp

• Short  (common) and tall 
growth formsgrowth forms

• Cultivars

– Hatch (UT) 
– Northern Cold Desert (UT, CO) 
– Open Range (MT, WY)



If seed zones undefined?

• Guidelines for seed sourcingGuidelines for seed sourcing

1. Collect locally, from similar environments
2. Determine breeding system of target species
3. Multiple plants within collection zone
4. Verify taxonomy



Guidelines – Breeding SystemGuidelines  Breeding System

• Determine the breeding system of targetDetermine the breeding system of target 
species
– Outcrossing species experience higher rates of– Outcrossing species experience higher rates of 
gene flow

– Species which self fertilize are more likely to beSpecies which self fertilize are more likely to be 
differentiated among sites



If seed zones undefined?

• Guidelines for seed sourcingGuidelines for seed sourcing

1. Collect locally, from similar environments
2. Determine breeding system of target species
3. Multiple plants within collection zone
4. Verify taxonomy



Guidelines – Multiple PlantsGuidelines  Multiple Plants

• Maintain genetic diversityMaintain genetic diversity
– Limited # of sources
Founding individuals represent portion of original– Founding individuals represent portion of original 
population diversity



InbreedingInbreeding 

“Inbreeding depression in white clover (non-inbred on left, inbred on right)” 

-V. Connolly, Breeding Improved Varieties Of White Clover 



If seed zones undefined?

• Guidelines for seed sourcingGuidelines for seed sourcing

1. Collect locally, from similar environments
2. Determine breeding system of target species
3. Multiple plants within collection zone
4. Verify taxonomy



Guidelines ‐ Taxonomy

• Avoid introductions of subspecies or varieties

y

Avoid introductions of subspecies or varieties
• Similar ploidy (chromosome number)

Lupinus arboreus Artemesia tridentata



Case Study: Taxonomic QuestionsCase Study: Taxonomic Questions

• Environmental MitigationEnvironmental Mitigation 
– Road realignment
Contractor hydroseeded slopes with– Contractor hydroseeded slopes with 
native grasses

– Unknown seed source– Unknown seed source
– Bromus carinatus (native) plants differed 
in flower morphology and may bein flower morphology and may be 
hybrids with introduced Brome



Western Shrubs

• Some patterns of ecotypic variation 

– Artemesia species (P)
– Currants  (G)
– Fourwing saltbush (G) (P)
– Mountain mahogany (G)
– Shadscale (G) (P)
– Winterfat (G)( )

G: habitat-correlated patterns of germinationG: habitat-correlated patterns of germination
P: polyploidy



If seed zones undefined?If seed zones undefined?

• Guidelines for seed sourcingGuidelines for seed sourcing

1. Collect locally, from similar environments
2. Determine breeding system of target species
3. Multiple plants within collection zone
4. Verify taxonomy

• Provisional seed zones



Generalized Provisional Seed ZonesGeneralized Provisional Seed Zones

• Based on high 
resolution climate data 
(min and max 
temperature, 
precipitation), 
superimposed with 
Level III Ecoregions

• Predict appropriate 
sources for seed 
collections of species for 
which there are no prior 
genetic datagenetic data

• Summer:  grasses and 
herbaceous plantsBower, St. Clair and Erickson

2010 USFS2010 USFS



Generalized Provisional Seed ZonesGeneralized Provisional Seed Zones

• Winter: trees, shrubs 
and woody plants

• Latitudinal bands in the 
East

• Seed zones represent p
considerable 
topographic diversity in 
the West

Bower, St. Clair and Erickson
2010 USFS2010 USFS



Wyoming Reclamation and Restoration Center
http://uwadmnweb.uwyo.edu/wrrc/Rec_Bulletins.asp

B 1204B‐1204
Successful

revegetation:

• Seed mix

• Seedbed

• Planting 
methods



Shrub reestablishment

• Resources to determine • Adapted species andResources to determine 
native species 
appropriate for seeding

Adapted species and 
populations for seeding
– Seed zones

– Reference sites
– Ecoregion maps

– Guidelines for seed 
sourcing when seed 
zones are unavailable– Online resources zones are unavailable

– Provisional seed zone 
system

ff @khufford@uwyo.edu


