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invasive grass
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Abstract

Trait-environment correlations can arise from local adaptation and can identify genetically and environmentally appropriate
seeds for restoration projects. However, anthropogenic changes can disrupt the relationships between traits and fitness. Finding
the best seed sources for restoration may rely on describing plant traits adaptive in disturbed and invaded environments,
recognizing that while traits may differ among species and functional groups, there may be similarities in the strategies that
increase seedling establishment. Focusing on three grass genera, two shrub species, and two forb genera, we collected seeds of all
taxa from 16 common sites in the sagebrush steppe of the western United States. We measured seed and seedling characteristics,
including seed size, emergence timing, and root and shoot traits, and compiled a suite of environmental variables for each
collection site. We described trait-environment associations and asked how traits or environment of origin were associated
with seedling survival in invaded gardens. Sampling seven taxa from the same sites allowed us to ask how trait-environment-
performance associations differ among taxa and whether natural selection favors similar traits across multiple taxa and functional
groups. All taxa showed trait-environment associations consistent with local adaptation, and both environment of origin and
phenotypic traits predicted survival in competitive restoration settings, with some commonalities among taxa. Notably, rapid
emergence and larger seeds increased survival for multiple taxa. Environmental factors at collection sites, including lower
slopes (especially for grasses), greater mean annual temperatures (especially for shrubs and forbs), and greater precipitation
seasonality were frequently associated with increased survival. We noted one collection site with high seedling survival across
all seven taxa, suggesting that conditions within some sites may result in selection for traits that increase establishment for
multiple species. Thus, choosing native plant sources with the most adaptive traits, along with matching climates, will likely

improve the restoration of invaded communities.
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Elymus spp. Poa secunda Stipa thurberiana Chaenactis douglasii
10 days 35 days 10 days 15 days
% 2 ° 3 ° 2 °
El o ° .
= o ! ° ® : = ! o o
= ] @ 0 e D | Y ® ]
& = =z @ 0 s
5 = = . . 2 e . =
- B0 ° k] (Y} - |e ) ° B
-] ® ] c 01® g0 @y L ] o
= 4 s ° o | |gu ° 3 ° 14
< -1 ] -1 %e N
= ° ® 2 e
A ° i ° ® o
= 02 03 04 05 06 0 5 10 15 7 8 10 250 300 350
g Precipitation Seasonality Slope Mean Annual Temperature Mean Annual Precipitation
= Erigeron spp. 1 Artemisia tridentata Ericameria nauseosa
15 days 10 days 35 days 40 days
g 2
o g 2 1
o H 1
2 8 L g, g
= s 8 s S
E = E = =
= = =9
] eo0 8- ]
= 4 e 4 4
g >
8 - -2 .
eg ©

250
Mean Annual Precipitation

300 350

preprin

163593914.41230504/v1

0.22541

Avg. diam. - O
2 Days to emer.- ()
CV Days to emer.- O

. FRL- &
g Root mass- @
O

@]

@]

CV Root mass-

1250 1500 1750 2000 2250
Elevation

1250 1500 1750 2000 2250
Elevation

02 03 04 05 06
Precipitation seasonality

O@®@ O QO o ®

Corr
O@O0®OO0 l;-z
X I X JoReNe) 0
OCQOCe®Oe oo i

: w0 O@@@ 000 00O

: st 0 O PP OO@C000@ @
; mOO...O@OOOOOO
; o‘*\% # é“\oj & ° q,»d_ s anqodb & ‘\@ "féa Q?‘bp &
Z Forbs Grasses Shrubs

rea 3 Nov

osted on Auth




-0 @ @ O O e O O O
est- @ @ ©@ O 0 @ O O O
- @ @ O O O O O @ @
- O @O O O O O O O ir”
me-@® O @ O @ © 0 @ O ::
w-®© @ O 000 @@ ™
ms- 0 @ O O O 0 O @ @ h
soe- O O @ @ ® O © O @
sawe- 0 @ ® O O O © @ @
G%CB(I\‘ {3_@‘*;‘ @fcé‘ @}‘3 @o‘é‘ Qodlf‘ L_?d;“ éc%é‘ Q‘?&‘*‘
Forbs Grasses Shrubs



