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Ecology of the
sagebrush steppe



Remarkable diversity of the
sagebrush steppe

® More than 5’000 plant taxa (Baldwin et al. 2012; Cronquist et al. 1972-2012; Hitchcock et al. 1987)
* Centers of diversity for many species-rich genera
* Many taxa are narrow or regional endemics

Photos by Kas Dumroese

 New taxa, such as Lomatium ochocense from central
Oregon, still being discovered wemezoo



Remarkable diversity of the
sagebrush steppe

2100 insect species

Kas Dumroese

Wildlife species of
conservation concern
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COOPERATORS

USDA Forest Service, Rocky Mountain Research Station

Grassland, Shrubland and Desert Ecosystem Research Program, Boise, ID, Provo, UT, and Albuquerque, NM
USDI Bureau of Land Management, Plant Conservation Program, Washington, DC

Boise State University, Boise, ID

Brigham Young University, Provo, UT

College of Western Idaho, Nampa, ID

Eastern Oregon Stewardship Services, Prineville, OR

Oregon State University Malheur Experiment Station, Ontario, OR

Private Seed Industry

Texas Tech University, Lubbock, TX

Truax Company, Inc., New Hope, MN

University of Idaho, Moscow, ID

University of Idaho Parma Research and Extension Center, Parma, ID

University of Nevada, Reno, NV

University of Nevada Cooperative Extension, Elko and Reno, NV

Utah State University, Logan, UT

USDA Agricultural Research Service, Bee Biology and Systematics Laboratory, Logan, UT

USDA Agricultural Research Service, Eastern Oregon Agriculture Research Center, Burns, OR
USDA Agricultural Research Service, Forage and Range Research Laboratory, Logan, UT

USDA Agricultural Research Service, Great Basin Rangelands Research Unit, Reno, NV

USDA Agricultural Research Service, Western Regional Plant Introductions Station, Pullman, WA
USDA Forest Service, National Seed Laboratory, Dry Branch, GA

USDA Forest Service, Pacific Northwest Research Station, Corvallis, OR

USDA Natural Resources Conservation Service, Aberdeen Plant Materials Center, Aberdeen, ID
USDI Bureau of Land Management, Morley Nelson Birds of Prey National Conservation Area, Boise, ID
US Geological Survey Forest and Rangeland Ecosystem Science Center, Boise, ID

Utah Division of Wildlife Resources, Great Basin Research Center, Ephraim, UT

Utah Crop Improvement Association, Logan, UT



Native plant material restoration cycle
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LA T Tras Cotifnid Tasa  Type
Achilen L. Asemoeae 2 F Helerathera Caes. Asieraceae 1 F
Achnathemm P. Bmun. Pasoeas 4 G ligmna Greene Malaoeas 1 F
Agactache Clayton & Gmnoy. Lamaome 1 F lpamapsk Michx Polamaniaoeae 2 F
Agoserk Raf. fateraceae 4 F Kolern Pers. Poaceas 1 G
Allum L Lilaceae 1 F Krasheninnivowa Culderstaedt O en opod Bome 1 5
Auvsinckio Lehm. Borsginecese 3 F Loppule Moendh Boragineceas 1 F
Aguilegia L Fanuncoulacaas 1 F Lathyprus L Falbaoeae 1 F
Arenari L Cargopiylaceas 1 F Lepiium L. Bramicacae 1 F
Argowane L. PEpaver soese 1 F Lrpmiuis Hao dhet . Poaceas 3 G
Aristdn L Foaceas 1 G Ligustioum L. Aplaceas 2 F
Arkemiia L. Bsteraceas 13 5 Linum L. Linaceas 5 F
Asimgalus L Fabaceae 5 F Lomatium R, Apaceas 12 F
Atripley L Chen opod laceae 3 5 Lotus L falaceas 1 F
Balsamarhira Mt A ciemoms 3 F Lupinus L. Fabsoese ] F
Blepharipappus Mook Asterscese 1 F Machasanthera Meet ATiemoede 1 F
Bromus L. Poaoeae 2 G Mentrelio L. Losssoes e 3 F
Casiibela Muik = L S5mphuladaoeas 1 F Microsieris grocills (Hook) Greene Polemonl scese 1 F
Chaenactk D.C. Asieraceas 3 F Muhkenberga Scheel. Poaceae 1 L]
Chamirinn Raf. ex Holul Onagraceas 1 B Namophilo Mutt. Hydrophyllaces e 1 B
Chenopadium L Chan opod laceae 1 F Niootl ang L. Sols nesese 1 F
Chrymbhamnue Mot Agemoeae 3 5 Cwnothes L. Oragraceas 1 F
Cilorkia Pursh Onsgraoe se F Pockem A Live & D. Live fatemaceas 1 F
Clame L. Capraracears 2 F Pascoppum A Live Posoeae 1 L]
Colllnsio Hutt. Forophulariacess 2 F Penstemaon Schicel Somp hulariaceae? 28 F
Corpic L. Astemoeae 3 F Perideridin Rohin. Apiaceas 1 F
Cryptontho Lehm. &2 G. Don Borsging o se 2 B Phocelio juss. Hydrophyll scese 7 B
Cpmoptrmns Raf. Aplaceae 2 F Phioy L. Pobemonaome 1 F
Dali L. Fanaoeae 3 F Flogiob-othrys Flsch. B CA. Mey. Borsginscese 1 F
Dejphinium L Ranunculaceas 2 F Poa L. Poaceas 2 L]
Dascusaini Weebin & Beifel Bracdoaoeas 1 F Pobeniila L. Rosaoeae 2 F
Elpmuc L Poacear ] G Preudnemegnena {MNevshd) A Lve Poaceas 1 G
Encaligpeis (4. Gy A. Mekon Acteraceae 1 F Peomidium Rydb. Fabacene 1 F
Epiabium L Onagroeas 1 F Purhin DC. ex Polr. B caceme 4 5
Erigstrum Wooton B Stand. Pole mon] scese 1 F Rudbeckia L fsteraccas 1 F
Edcamenin ML Astoraocas 1 F Sorophulada L. Sorophularaone! 1 F
Exgemn L Asteraceas 3 F Shepherdla Murt. Elasagraceas 2 5
Erio.gonum Micha. Polygons cese 9 F Sphasrakea A St-HI. Mabaoeae L] F
Eriophyllum Lag. Aster soese 1 H Spombolus 8. Br. Poaceae 1 [+
Festuo L. Poacee 1 G Tianleya Nutt . Bramicacee 2 F
Fraseca Walier Centaracme 1 F Shenobus Nui. Asiecme 1 F
Calllbrdin Foug . Asemoeas 1 F Thelypodium Endl. B assicaceas 1 F
Cilio Rulx & Pav. Polem onls oess 2 F Townsend i Mook Aster soese 1 F
Grapa Hool & rn. Chenopod Bome 1 F Viemtoum L. Litaoeas 1 F
Higeeamum L. Fahaceas 2 F \iclg L. Fabhareme 1 F
Hirbomiss Mt Aseracome 3 F Wulpla C.C. Gimel. Poaoeas 1 G
Hesperostipa (Bl Badosorth Poacme 1 [ Wrthia Mui. Asemorae 1 F

2001-2014, the Great Basin
Native Plant Project
evaluated:

- 92 genera of native plant

- 225 taxa

- 80% are forbs

- 30+ varieties in
production



Science delivery

THE GREAT BASIN NATIVE PLANT PROJECT

Providing knowledge, technology, and availability of native plant
materials across the Great Basin

SL NR(CS
=0l Plant Guide

ROYAL PENSTEMON o
Foasiemon e sam g

e Manuals
*  Manuscripts

Website
Technical notes
Webinars

Plant guides
Planting protocols
Seed transfer guidelines
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Annual report
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Native plant material restoration cycle

ed Increase




Flow Chart of Seed Procurement, Increase, Development, and Collection Pathways

Seed Procurement Pathway

Use Seed Menus with

Seed Transfer Seed Increase Pathway
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Flow Chart of Seed Procurement, Increase, Development, and Collection Pathways
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Seed menus
and species
selection



Ecological considerations for
restoration seed-mix menus

* Biotic interactions: competition, food-webs

5

24

“Most likely”
preferred

35

Recommended
for pollinators

12

Consumed by
GRSG

Dumroese et al. 2016



Ecological considerations for
restoration seed-mix menus

* Biotic interactions: competition, food-webs

e Structure and plant habit: grasses, shrubs, forbs




Ecological considerations for
restoration seed-mix menus

* Biotic interactions: competition, food-webs
e Structure and plant habit: grasses, shrubs, forbs

* Seasonality and timing
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Ecological considerations for
restoration seed-mix menus

* Biotic interactions: competition, food-webs
e Structure and plant habit: grasses, shrubs, forbs

e Seasonality and timing

* Pollinator specific: flower color




Example seed menu for Wyoming big sagebrush shrubland with species list by bloom time, flower
color, and plant habit

March April May June July August September  October
Achnatherum ) )
. Indian ricegrass  ACHY
hymenoides

Artemisia . .

. Wyoming big
tridentata ssp. ARTR
sagebrush

Bloom time, Flower color, & Plant habit

wyomingensis

yellow beeplant  CLLU Annual forb
Elymus . .
. squirreltail ELEL
elymoides

Ericameria rubber
nauseosa rabbitbrush

ERNA Shrub

Eriogonum sulphur-flower .
ERUM Perennial forb
umbellatum buckwheat

Hesperostipa needle and
HECO
comata thread grass
Sandberg
Poa secunda POSE
bluegrass
Sphaeralcea desert
. SPAM
ambigua globemallow




Seed transfer
guidelines (seed zones)



Hawaii

USDA Plant Hardiness Zone Map
-

Average Annual Extreme
Minimum Temperature
1976-2005

Temp (F) Zone Temp (C)

60 to -55 51.1t0 -48.3
55 to -50 48.310 -45.6
50 to -45 [ 2a | 45.6 to -42.8
45 to -40 42.8 t0 -40
40t0-35 [3a ]| 401t0-37.2
-35 t0 -30 37.210 -34.4
30t0-25 4@l -34.4t0-31.7
25t0-20 [JHBM -31.7t0 -28.9
200 -15 [[Ba] -28.9 to -26.1
-15t0-10 [[Bb | -26.1t0-23.3
-10to-5 [J6al] -23.3to -20.6
5t00 [[BB] 20.6t0-17.8

0to5 [7a ] -17.8t0-15

5to 10 15t0-12.2

Alaska 10to 15 12.2t0-9.4
15to 20 _ 9.41t0-6.7
f; 20to 25 - 6.7t0-3.9

251030 [0 | -3.9t0-1.1
30to 35 [[40a] -1.1t0 1.7
- 3510 40 171044
Puerto Rico 40 to 45 441072

~| 45t050 . 721010
ik il - 50t0 55 |28l 10to 12.8
Agﬂcunum PRISM Climate Group . 55t0 60 M 12.8t0 156
60to 65 [EEN

Research Orego Oregon State University, 15.6t0 18.3
Service ,,,,,,“,." http://prism.oregonstate.edu, 2012 65to 70 18.3t0 21.1




Local seed sources matter!

Wyoming Big Sagebrush
Common Garden
Glenns Ferry, Idaho (1987 Planting)

Proportion of Plants Alive in 2010

1.00 //\
0.90 \
0.80
0.70
0.60 -
0.50
0.40 -
0.30 -
0.20 -
0.10 - I
0.00 — L E

?3(_‘0 Q rg‘-‘ ®®&;\ ‘;b&

& T
‘&O (}@0

Sands and Welch unpubl.



Seed zones originate in forestry

124°W 122 1207 118" 124°W 122 1207w 18w
| | | | | | | |
—48°N
48°N —
—46°N
46°H —
=—44°N
44°N—
1N — —42°N
| | | | | | | |
124°W 122°% 1207 118w 1240 122 120°W 118°W

Douglas-fir; Specialist Western redcedar; Generalist




Adaptive seed zones are constructed using
data from common garden studies

Grow families in a common Measure many adaptive

environment traits
Collect 1’ _ . - kel
from 200 el — i SRR Tl Yy e
many sl f F
sources | & ; | ; ,

Traits vs source
environment

GIS

A "

Z

Combination of Variables, Primarily Growth
[62] H w N - o [ N w

osmy-os 10 -8 -6 -4 2 0 2 4 6

December Minimum Temperature

. : St. Clair et al. 2005 Annals of Botany
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40° | -1 40°
age 138"

California
®F 4 3
s q34°

" New Mexico
0 50100 200
m -

s b T L s L L L i i 132

-120° -118* 118" -114° -112° -110° -108° -106* -104° -102°

-120° -118° -116° -114* -112 -110° -108"
T

T T T T T T

Indian ricegrass seed zones

Idaho

[JEcoregions
B i H2HS
| BRHES
I H12H3
B Hiizls
I M 1HZHS
I 2L
[ R(EE
I miLeLs
B L1H2H3
I L1H2L3
[ L1L2Hs
[

-106° A Collection locations
T

Johnson et al. 2011 REM

Recent Great Basin+ seed transfer

guidelines:

Indian ricegrass (Achnatherum
hymenoides) — 2011



ane | kM

L | S Eastern CasCate e and Foothi ~ e —

-120° -118° -118° 114 -112 -10° -108" -108° A Collection locations
- T T T T T T T [JEcoregions

e Recent Great Basin+ seed transfer

I H12H3
I Hizs

e guidelines:

I A 1L2H3

Indian ricegrass seed zones

Idaho

Seed Zone Ecotype PctCov
Bl ' smal. Eady, Narrow  13.4%
» [ 22 Small, Late, Namow ~ 4.4%

s Y CiE =il | o Indian ricegrass (Achnatherum

1 - . =3 .

{ Washington, : \ [ ]4 Medium Late. Namow 17.6% h m d _ 20 1 1
.8 1 \ Il 5 Mecium, Late Wide  17.1% y eno’ es

B [Columbia Plateau » [ 62 Large, Earty. Narow ~ 3.0% || o 38°
> I co Large, Eariy, Wide 26%
[ 7avLarge, Late. Namow  1.7% | *

: - 7bLarge, Late, Wide  11.0%

|= | * Bluebunch wheatgrass (Pseudoroegneria

f:ffm B spicata) — 2013

o Mlddleii_.k ; 434
Tidahofkes % 7

143z
“12(

@
R

California

St. Clair et al. 2013 Evol. Appl.
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-120°

-118° 16° 1140

T T T T

Indian ricegrass seed zones

Idaho

[JEcoregions
B i H2HS
| BRHES
I H112H3
I Hi2s
I M iH2HS
I MiH2L
I ra12H3

A Collection locations

i Washifigtonj

Nt

-124° -122° -120°

 [Columbia Plateau
Ll %

Seed Zone Ecotype PctCov
Bl ' smal. Eady, Narrow  13.4%
[ 22 Small, Late, Namow ~ 4.4%
[ 20 Small, Late, Wide 25%
] 3a Medium, Early. Narrow 24.8%
[ 36 Medium. Early. Wide  1.2%
[]4 Medium. Late. Namow 17.6%
Il 5 Mecium, Late Wide  17.1%

:Gauvge Early, Namow ~ 3.9%]| |

-1 38°

Zone
| H1H2H3 111

-118° -116° B H1H2L3 112
=1 H1L2H3 121

ag°|

46° - |

o ) . O . Yool
42 v“Ezum Cascetes Sk;‘pos and Foothills 4

Klamamulounwns o < =Y 5/

400-

California
38° oS

km

0 100 200
| Se—

) - HIL2L3 122

M1H2H3 211
B M1H2L3 212
I M1L2H3 221

M1L2L3 222
B L1H2H3 311
B L1H2L3 312
B L1L2H3 321
L1L2L3 322

* \ a;:ll'
v LA
&3 )

i
:" Ce'mnl anln nﬁi R-ngo

I‘Vevada

° Famlly points
Number

46°

42°

{40°

138°

-124° -122° -120°

-118° -116° -114° -112°

Johnson et al. 2015 Evol. Appl.

Recent Great Basin+ seed transfer
guidelines:

* Indian ricegrass (Achnatherum
hymenoides) — 2011

e Bluebunch wheatgrass (Pseudoroegneria
spicata) — 2013

* Sandberg bluegrass (Poa secunda) — 2015



25 240 123" “122° 21" -120°
1 1

@

Western US empirical seed zones

Gymnosperms Eudicots: Apiaceae
Pinaceae Lomatium dissectum
| i Abies grandis Asteraceae

sidbeeradiaaeiia Artemisia tridentata

. Eriophyllum lanatum
Picea glauca

Fabaceae

o ' Uy - o Pinus contorta
et Lotus crassifolius

Pinus monticola i o
Lupinus latifolius

2e Keytosta Pinus ponderosa ;
s etk P Lupinus polyphyllus
EHich High . .o
b Medium Pseudotsuga menziesii
a =R e Polygonaceae
St | ANgiosperms ,
B [mn e Eriogonum umbellatum
. wezz_w [ Monocots: Poaceae
125 124 -12'3' 122 i2I| . O n g ra Ce a e
Achnatherum hymenoides
Bromus carinatus Epilobium densiflorum

-120° -118° -116* -114° 112° -10° -108° -106" A Collection locations
Ecoreglor

Elymus elymoides .
Saxifragaceae
Elymus glaucus

Festuca idahoensis Saxifraga oregana
Koeleria macrantha

Rosceae

Coleogyne ramosissima

Poa secunda
Pseudoroegneria spicata

. Holodiscus discolor
l.. Liliaceae

Potentilla gracilis
Allium acuminatum Purshia tridentata
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Bluebunch wheatgrass genecology study

Seed Zone Ecotype
Il 1 smail. Eady, Narow
[ 2a Small, Late, Narow
[ 2b Small, Late, Wide

[ 36 Medium, Early, Wide

Bl 5 Mecium, Late, Wide
[ 6a Large, Early, Namow
I co Large. Early, Wide

I__—] 7a Large, Late, Narrow

Pct Cov

[ 2a Medium, Early, Narrow 24.6%

:l 4 Medium, Late, Namow 17.68%

13.4%
44%
25%

12%

17.1%
3.9%
26%
1.7%

11.0%

I 75 Large, Late, Wide

eR,

o ntr! Easmufnd ;?aril B q}t'

v oty g
‘ - .-i.| Ll

-
e B
Utah

California

St.

Clair et al. 2013 Evol. Appl.



Bluebunch wheatgrass genecology stud

Y

Seed Zone Ecotype
Il 1 smail. Eady, Narow
[ 2a Small, Late, Narow
[ 2b Small, Late, Wide

[ 2a Medium, Early, Narrow 24.6%

[ 36 Medium, Early, Wide

:l 4 Medium, Late, Namow 17.68%

Bl 5 Mecium, Late, Wide
[ 6a Large, Early, Namow
I co Large. Early, Wide

I__—] 7a Large, Late, Narrow

- "r
'_' "
[ r
- .l q
I "

California

Hi

i'1 |
tr! Easmufnd Rar@'

Pct Cov

13.4%
44%
25%

12%

17.1%
3.9%
26%
1.7%

11.0%

I 75 Large, Late, Wide

N -
10 -
‘t Utah

u
]

St. Clair et al. 2013 Evol. Appl.
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~__ Bluebunch wheatgrass
. reciprocal transplant
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If local is best...
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Local seed sources differ in reproductive effort

North
Site Fe214 =72.74 P<0.0001
Local Fi1.14 = 0.04 P=0.8336
Site*Local Fg,14 = 2.41 P=0.0282

South
S|te F6,209 =27.33 P<0.0001
Local F1,209 = 0.00 P=0.9443

Slte*LOC3| F6,209 2.29 P=0.0363

Reproductive stalks/plant

(I
N

00]

AN

o

B Home OAway i_}

dndnl.

\6a\6b\7b

North

ﬂﬁﬂﬁﬁ

6a | 6b | 7b
South




Germplasm
development and
cultivation practice



Partnership with ARS to develop native
legume germplasm

Basalt milkvetch
(Astragalus filipes)

Western prairie clover
(Dalea ornata)

Searls’ prairie clover
(Dalea searlsiae)

D. Johnson



Cultivation practice
with OSU Malheur
Experiment Station

& i o 2010°

Seed yield (kg+ha™')

Relative seed yield (%)

2000
Lomatium grayi
2007
1600 - g
Y — — - = 2008
7\
!’f \ 2009
/ -
1200 | / Y N 2010
/ ~ ‘\
/ : —e: 01
f
800 |- //,/’ ._“\\ — — 2012
! ~ R
1 2 \\ B — — - 2013
400 - §OET S b — - 2014
v
. ——-— 2015
0 I Tl ‘ I 1 1 I
0 100 200 300 400 500 600 700
125
2009
100
—-— 2010
—_——— 2011
7%
— — 2012
50 — —- 2013
s iy ) 10
25 ———- 2015
Avg
0 1 1 1
0 100 200 300 400

Water applied plus spring precipitation (mm)

Shock et al. 2016, HortScience



Intermountain common
garden network



14

L
10

Mean annual temperature (°C)

o
-
-
@)
(7))
| -
Q

<

4= o
©
i)
(0]

-

gt
(0]
Q

L
Vp)

o
o o o o
o
—

1200
200




14

w
Q ® sl
— - . o
] P P
a . 2 &
- ® 5
c © e % -
IS
> : 5
>
C
& .-
C
._Qu. o %
Q ~ 2
S
@]
L o
o o o o o

o
o o o o (=]
o
—

1200




1200

—
o
o
o

800

600

400

200

Mean annual precipitation (mm)

NRCS Plant Materials

Centers
O
[ ]
OO
[ ]
[ ]
ey O
O °
O
2 4 6 8 10 12

Mean annual temperature (°C)

14



research sites, universities
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Bluebunch reciprocal
transplant sites with extra
infrastructure (fences)
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Thickleaf penstemon Douglas' dustymaiden
(Heliomeris multiflora) (Penstemon pachyphyllus) (Chaenactis douglasii)

7,

/5%

Hoary tansyaster Nettleleaf horsemint Yellow beeplant Globemallow
(M. canescens) (A. urticifolia) (Cleome lutea) (S. grossulariifolia)







