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Developing native plant materials

Native Plant Materials Development Process

if 6. Restore Native

Plant Communities 3. Field Establishment

4. Seed Production
by Private Growers

From Peggy Olwell, BLM




Early common gardens

§ o Douglas-fir (Pseudotsuga menziesii) study
A plots established by USFS in early 1900’s
using trees from different sources

{ o Extreme cold spell 40 years later killed or
i seriously damaged non-local plants, local

plants had only minor damage.



http://www.ashcreekimages.com/WinterPortfolio.html

Seed transfer ZONes

Translating common garden studies to
guide movement of
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USFS Established Seed Transfer Possible drivers of local
Zones for Two Conifer Species adaptation: hardiness zones and
annual precipitation

Taken from Johnson et al.
2004 Native Plants Journal
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Great Basin Climate

- O Climate heterogeneity, many species found
throughout the region

Annual Precipitation in
Selected Ranges (inches)

http://www.wrcc.dri.edu/images/gb.gif
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Penstemon in the Great Basm

O Largest genus endemic to North America (250+)

O Center of species diversity in Western U.S.
m Perennial forbs
m Gravity-dispersed seeds
m Wide range of insect and bird pollinators

Penstemon deustus Penstemon pachyphyllus Penstemon
var. pedicellatus var. congestus rostriflorus




P. deustus
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Molecular genetic studies

§ 0 High genetic diversity in all species
(microsatellite markers)

| o Different patterns of gene flow by species
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ommon garden studies

o Grow plants from many populations in a
common environment to identify genetic
differences that might be adaptive and
important for survival




Common garden studies

o 30 plants per study population, planted in
randomized plots and grown for 3 years
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Common garden studies

Quantitative traits
measured

Total
Growth Winter

Summer

[.eaf area
Stem length

. Flower height
Vegetation

shructure Internode

Stem diameter
Dentation

Peduncle

% flowers finished
Flower/Fruit

Phenology Number fruit

Percent ﬂowering
Corolla length

Floral Shape  Flower opening

Anther exsertion

Seeds Days Lo germination




Common garden studies
o Climate information gathered
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Genetic diversity and local adaptation

Penstemon
pachyphylius
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Genetic diversity and local adaptation

Penstemon
pachyphylius
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+ Greater temperature extremes
+ Greater precipitation seasonality
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Common garden studies

O Significant differences between populations for
nearly every test for all three species

Growth Vegetation Structure Flower it phenology Floral shape Seeds

Stem Flower Stem Add'] Percent Number Corolla Flower Anther Days to
Total Winter Sunmmer length Leafarea  height Internode Dia measure” flower fruit length Opening exsertion germ

ENSTIS
102 be 022 232be 13be 1.6 abe Q Séab 364a 103
152be 03¢ 22%be 16ab 15be 29 120a 367 a 8

1.65be 04a
173ab £71a
145 cd 923
1882 623¢
1464 59%¢
145 ¢d 702hb

w
|
w

a
¢ ; b
111 be 0.39 he 209 ¢ 12¢ ¢ 7be 27¢d 2495
277a 13%a 314 17a 2 03d 3388
Pd-WHI1 176% 0.823b 2550 1.4 abe 3 43bc 419a
Pd-WH2 2.20 ¢ 034 ¢ 209¢ 1.6 abe 22 5.7 abe 3700

/ ‘ Penstemon paciyphylius
v 0.7 ab 0.11 be 112a 219ab 07¢c 2c 151b 5.65 ¢ 1.81 bo 704 ¢
05b 0001 ¢ 93a 261 a 04c : 43¢ 575 be 236a 551d
0&ab 004 be 22 abc 187 ab 0 ébe 30 152 bc 76 1.93 abe 798 0bc
Pp-EH2 08ab  042abe 253 237 ab 06 be , 150bc 236 b 979 8b
Pp-CH1 10a 0474 21ab 20818b 13ab < 1622 194 be 896 &b
Pp-CH2 0.6ab 023 abe l1ée 173b 16a 2 159 ab 2 158¢ 856hb
Pp-NL 06 ab 031 ab 17be 178b 1.2ab 8 1553ab 1,98 abe
Persteman rostrifions
-SEH 2 59 6 ak 28a

S86 od 28a
§02bc  12be
710 ab 13b
4324 13b

[

e
€N
-~
oo B

b

O

a

o

= B Y

e W e

2
I
2
7
0

el
o
»

o

417¢ 223a : h T204d
71.0ab 5.7 abe 2118 g 4.09 751 cd
713 ab S0be 104 ¢ 87 o« 33 o« 797 abe
744 ab 116¢ 8 3.67 7.97 abe
827a 10.8¢ < 3 7.81 bed

Wt
= oo
Taa

W W

W e

3
~
o

Pr-WHI 032 7443 1 38 ) S % 8 100 be 191 bed 444a S64a
Pr-WH2 5 be 66 4 abe Oc 34 h 2604 2 b 7.1¢ 208a 442 ab 8.25 ab

ANOVA (p <0.001) and Tukey-Kramer HSD tests (p < 0.01)




c
L
—

T
=

Q

o

O
-

'd

>

by
Q

SEast SEast East East Central Central West \West
Hgh Low High1t Hgh2 Hgh Low Hgh1l High2

P, rostriflorus
K=35

Central
y 1




Common garden studies

il 0 Seeds from sites with short winters germinate
| faster than seeds from sites with long winters

200

R? = 0.7498

150
Number of ®
days to 100 A
germination

50
0 T T T
) 0 50 100 150

Number of days
below freezing

O Adaptation to climatic conditions?




Genetic diversity and local adaptation

Significant genetic diversity by population
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X Adaptation to biological conditions?|

§ 0 Pollinators matter when choosing seed
sources for restoration

g KA P : ) i PR LRV o .',, '.,',. ¥
S A N - \ ! N L A g F K |
Western Nevada: small Central Nevada: medium flowers Eastern Nevada: larger flowers
flowers and small bee visitors and medium bee visitors and bumblebee visitors




Findings and implications

% O Significant genetic diversity in all species
I = Seed bank many populations for current, future
restoration potential

m Seed production & restoration practices should
ensure genetic diversity is maintained

m Matching environment of seed source and
restoration site is important for

O short-term restoration success (seed germination)
O long-term restoration success

m Seed transfer zones will vary by species: Larger
seed transfer zones may work for species
pollinated by hummingbirds (approximating
natural movement of genes)




Implications for restoration

¥ o Controlled crosses to test implications of population
. divergence on moving & mixing seeds

5 cross treatments

1. Self (0 km)

2. Within population (0.01 km)

3. Within mountain range (10 km)

4. Between mountain ranges (100 km)

5. Distant mountain range (200 km)

‘| o Identification of fitness declines in increasingly distant crosses:
inbreeding & outbreeding depression




§ Inbreeding and outbreeding depression |
Fruit production as a measure of cross fitness
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{ Inbreeding and outbreeding depression |
¢ Fruit and seed weight as a measure of fitness
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Inbreeding and outbreeding depression |

§ Continued declines in seedling growth with &
without cheatgrass
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Findings and implications

O Inbreeding depression can significantly lower
seed production

H = Avoid narrow genetic diversity in production fields |
{ o0 Long-distance mixing of genes can significantly
| decrease population health and regeneration

m Seed movement may pose less risk to existing
populations for hummingbird-pollinated species

m More research needed
m Use common gardens as a research opportunity

m Experimental restoration can inform future
practices - make sure long-term monitoring is in
place
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Ecological genetics

O The study of genetic variation within and
/. among populations, its relationship with the
environment, and its change over time

Y |

f 0 Use of multiple tools and techniques to

understand how evolutionary processes drive
population differentiation
m Mutation

m Genetic drift . .

m Natural selection Egpulationia Population B
m Gene flow




Phenotyp1c plastlclty

Comparing differences between common
garden sites (Salt Lake City and Boise)

NO PLASTICITY: Flowering time the same
regardless of where grown [% %

(P. deustus and P. pachyphyllus) (i

# LOTS OF PLASTICITY: Flowering time changed |
2 significantly depending on rwhere grown

(P. rostriflorus)| | -;'F




Ecological genetics example

O Ecological genetic research on yarrow plants
in the Sierra Nevada mountains
m Clausen, Keck, and Heisey, 1930's-1950’s
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Clausen Keck & Helsey
0 Key Findings:

m Differences largely
genetic

m Differences due to
local adaptation

O local plants

outperformed
nonlocal plants
at each site

Mather Timberline
El. 1400 m El. 3050 m

Adapted from Figure 3-6 in Terrestrial Plant Ecology (Barbour et al. 1999)




