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Designing a Reclamation Seed Mix

* |[nventory pre-disturbance plant community
_ Set reclamation objectives | |
— Determine seed mix

* Reclamation Objective

— Reestablish a diverse, native plant comrhunity
of grasses, forbs and shrubs
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~ Pre-disturbance Plant Community

Reference Sites




Pre-disturbance Plant Community
- Ecoregions

Level 11T Ecoregions of the Contmental United States
iRevimed Mamk X7}
Matknal Healh ind Bavmrosmhental Bffecs Ressarc hLahoratary
L5 Enviremmenial Prodeciim Agency

* Ecoregions are large areas of similar climate where ecosystems recur in
predictable patterns. — USFS



JURDERD CRCOmon

Ecoregions

18 Wyoming Basin

18a  Rolling Sagebrush Steppe

18b  Bighom Basin

18 Sub-Trrigated High Valleys

184 Foothill Shrublands and Low Mountans
18 Salt Desert Shrub Basins

187 Lararnic Basim

18z Bighomn Salt Desert Shrub Basins
19 Wasatch and Uinta Mountains
192 Alpine Zone

19 Uinta Subalpine Forests

19¢  Mid- Elevation Umnta Mountmns
194 Wasatch Montane Zone

19¢  High Plaeaus

19F  Semiand Foothills

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



Pre-disturbance Plant Community
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Sources of Baseline Information

Available keys are similar to taxonomic keys and describe sites based on soils, hydrology,
vegetation and topography.
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egSpecj B B &ﬁSGSI:’u:;";f.E:f;m.

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

http://plants.usda.gov
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“VegSpec is a decision support system designed to
assist in the selection of appropriate plant species for

site-specific conservation problems.”
' ' http://plants.usda.gov



ong-tg_rmS_uccess |

a given site is?depend'én"c‘ubon obtaini
plant materials adapted to the site.




_ Adap-t_ed Spé-cies
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~* Species

* Populations

_ Adap-t_ed Spé-cies
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Local Adaptation

Plant Ecotypes: distinct genotypes (or populations) within a

species, resulting from adaptation to local environmental
conditions.

races, varieties, cultivars

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




Ecotypic 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 at
the site of seed origin.”

e Place seeds in a climate
context. | |

Meyer 92 Bull Tor Bot Club
Meyer et al. 95 Amer J Botany




Ecotypic Variation - Latitude

Switchgrass, Panicum virgatum

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

e Coumbia
i Dl.l;n ia~

e Significant effect of latitude
(north-south) but not
longitude.

* Latitudinal ecotypes




~ Ecotypic Variation — Elevation and |
et - Llatitude 2

Mountain mahogany, Cercocarpus montanus




Ecotypic Variation — Elevation and
| ~ Llatitude |

Mountain mahogany, Cercocarpus montanus

e Seed dormancy - 8 NM seed
sources

e Southernmost sources lacked
stratification requirement

 Northern and high altitude
sources required longest
stratification duration

e Latitudinal and altitudinal
ecotypes

Rosner et al. 2003 J. Range Management



-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.”



Seed Zones

* Available for
decades for
commercial forest
trees

e Common garden
studies

* Heritable, adaptive
variation among
sites

Limher Pine Se dTra.usfe Guidelines

D Morthemn Eockies |
(NROC]
™,

Somthermn
Rockies (SROC)

Maxinmm elevation transfer within a
seed mone +i- 700 feet

Ex. Pinus flexilis



Local

Eucalyptus marginata

Introduced
Provenance 1

Introduced
Provenance 2




Delineating seed collection zones
ideally includes...

» taxonomic knowledge

 distribution disjunctions

« life history (dispersal, breeding system)
e geographic distance

 habitat matching (ecological distance)

« direct analysis of adaptation (genetics, common gardens)



If seed zones undefined?

* QGuidelines for seed sourcing

BwoN e

Collect locally, from similar environments

. Determine breeding system of target species
. Multiple plants within collection zone

Verify taxonomy



‘Guidelines - Local Collections and Similar
Environments

* Geographic distance

~ — Sites further apart more likely to differ
environmentally

 Environmental distance
~ — Similar climate, aspect and soils




b Case study: Weedy
Acacia celastrifolia Behavior of Acacia

o 7 ' J <
» ~ celastrifolia
A IBRA 5.1 biaregions - *
¥ Specimen record B on e Halke Cresk
0 Locality chedoed L
®  Locality under rewiew
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. g® Kamratha
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Falgoorlia
»

Ferth -

Albarmy L |
Map by Faul Fioia, WA Herbarium., Current at June 02, 2002




Vigorous recruitment
and regeneration in
thinned and burnt
areas of
rehabilitation



Winterfat

Palatability

Growth rate and growth form

Ecotypic variation is common

Short (common) and tall
growth forms

Cultivars

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




If seed zones undefined?

* QGuidelines for seed sourcing

BwoN e

Collect locally, from similar environments

. Determine breeding system of target species
. Multiple plants within collection zone

Verify taxonomy



‘Guidelines — Breeding System

 Determine the breeding system of target
species ' ' ' |
— Qutcrossing species experience higher rates of
gene flow

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




If seed zones undefined?

* QGuidelines for seed sourcing

B won e

Collect locally, from similar environments

. Determine breeding system of target species
. Multiple plants within collection zone

Verify taxonomy



- GQuidelines — Multiple Plants

* Maintain genetic diversity
— Limited # of sources

— Founding individuals represent portion of original
population diversity

oo

Original Bottlenecking Surviving
population > event > population

1950 Addaon Wosey Longman, i



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

-V. Connolly; Breeding Improved Varieties Of White Clover



IfSeedzOnesuhdeﬁned?

* QGuidelines for seed sourcing

BPwoN e

Collect locally, from similar environments

. Determine breeding system of target species
. Multiple plants within collection zone

Verify taxonomy



Guidelines - Taxonomy

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

13 14
LTI §

19 20 21 22 X Y

Artemesia tridentata




Case Study: Taxonomic Questions

. Enwronmental I\/Iltlgatlon
— Road realighment

— Contractor hydroseeded slopes with
native grasses

— Unknown seed source

— Bromus carinatus (native) plants differed
in 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 germination
P: polyploidy



If seed zones undefined?

* QGuidelines for seed sourcing

Collect locally, from similar environments
. Determine breeding system of target species
. Multiple plants within collection zone

BowoN e

Verify taxonomy

e Provisional seed zones



Generalized Provisional Seed Zones

Seed Zone + Ecoregion

Average Max Temp / Annual Precip

Bower, St. Clair and Erickson
2010 USFS

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

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

Summer: grasses and
herbaceous plants



Generalized Provisional Seed Zones

Seed Zone + Ecoregion

* Winter: trees, shrubs
and woody plants

Winter Min Temp / Annual Precip

e Latitudinal bands in the
East

* Seed zones represent
considerable
topographic diversity in

the West

Bower, St. Clair and Erickson
2010 USFS



‘Wyoming Reclamation and Restoration Center

B-1204

http://uwadmnweb.uwyo.edu/wrrc/Rec_Bulletins.asp

B-1204 Amn 2010

Al

- } . o -I':E’T "W . !
SUCCESSFUL RESTORATION OF/SEVERELY.. ISTU:I%!EIED LANDS:
Seeding essentials for reclaiming disturbed lands

This bulletin provides general information appropriate for all Wyoming ecological sites.

art of a series by the Uriwersity of

Wyaming Cooperative Extensian Service
Rzclamation Issue Team and the Wyoming
Reclamation and Restaration Cemter that
describes strategies for restoring ecological
fumctions to disturbed Wyoming lands.

Reclamation and restoration: For this

series, reclamation means restoration of
components that suppert desired ecological
functions, such as livestock grasing, widlife
forage and cover, water supply, water quality
protection, and aesthetic values.

Introduction

Thits bulletin provides informofion most relevant fo revegetating disturbed grosslond
ond shrubland plont communities In Wyoming. The information opplies to sites drastioally
disturbed by mining or construction activisies where topsoll hos been stripped, stockplled,
ond reploced.

Determine reclamation objectives

The goal for ony reclomofion project Is fo restore Imporiont pre-disturbance ecclogl-
cal funciions of o site disturbed by construction or mining cperafions. Important funciions
Include wildlife hobitat, forage for Ivestock and wildiife, watershed and woter quality prosec-
tien, and others. & therough pre-disturbance inventary providas the basis for describing
Important funciions and seting reclomation objectives.

Summary of components of successful reclamation seeding. See text for more information.

Activity Crtical components
+ Datermine reclomaticn chjeciives.
* Assess site-spedfic pre-disturbance vegetotion charocieristics (e.g., conopy cover of herboceous spedes, shrub dersity).
+ Unlze ste-spactfic Matural Resources Consarvation Service (WRCS) Ecological Ste Descriptions (ESDs) for lists of ap-
propriate specles.
+ Caloulate seading rates In miees using the NRCS worksheet avallable on the Wyoming Reclomation and Restoraticn
Dasi Center Web ste [htp:/frwyo.edu/WRRC) undar Reclamation Information (see ako Table 2).
sign @ ey e ,
roclamation + Dowble that rate for “oritical” (steep or unsiobla) sires.
4 mi * Dowble the drill rate for broodoost seeding (Le., a steeply sloping, broodoost-seeded site would require 80 saeds
il per square foat).
+ Sopebrush: plant of % to 1 pownd par acre.
+ Mative onnuals: 1 ounce 1o 2.5 |bs per acre depending on sead size.
* Corsult local range spedalists from the University of Wioming Cooperative Exfension Service [UWCES), MRCS, Buragu
of Land Management [BLM], Forest Service, the Wyoming Deparment of Ervirenmental Guality, Lond Gluality Davision,
or ather local experts on naflve vegatation.

- Successful

reveqgetation:

« Seed mix
. S_eedbed

« Planting
methods
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