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DRIVERS OF RESTORATION OUTCOMES

• Management
• Composition, diversity, and source of plant species used
• Propagule type used, timing and method of application
• Invasive species control
• Use of prescribed disturbances (e.g., fire, grazing)

• Site-specific and temporal factors
• Land use history
• Composition of surrounding landscape
• Weather

Grman et al. 2013. Confronting contingency in restoration: management and site history determine outcomes of assembling prairies, but site 
characteristics and landscape context have little effect. Journal of Applied Ecology 50:1234-1243.

Knutson et al. 2014. Long-term effects of seeding after wildfire on vegetation in Great Basin shrubland ecosystems. Journal of Applied Ecology 
51:1414-1424.

Saari, C. and W. Glisson. 2012. Survey of Chicago region restoration seed source policies. Ecological Restoration 30:162-165.

Presenter
Presentation Notes
There are many factors that influence restoration outcomes. Some of these factors can be managed (at a cost, like invasive species control) and other factors are site specific and harder to control (like weather). I’ll be focused here::: on looking into how the source of species used impacts restoration outcomes.



WE KNOW THAT SOURCE CAN MATTER

GOAL: establish genetically diverse populations that can germinate, 
grow, and reproduce at the site.
ONE APPROACH: Seed transfer zones that minimize the risk of 
maladaptation. Scales vary greatly by species.

Presenter
Presentation Notes
We know that seed source matters a whole lot if our goal for the restoration project is to establish genetically diverse populations that can germinate, establish, grow, and reproduce.  One approach to making sure we have the right seed in the right place is to develop seed transfer zones. But  the trouble with seed transfer zones is that the scale: zone of adapation really varies by species. For example, Douglas fir has much smaller zones of adaptation than the western redceder. 



NOT JUST TREES AND GRASSES

• Cleome lutea in the western United States

Hintz, Eshleman, Foxx, Wood and Kramer. In review. Intraspecific variation for 
early life history traits in Cleome lutea. Western North American Naturalist. 

Presenter
Presentation Notes
We also know that seed source matters not just for trees and grasses, but for forbs too. 
So here’s a study by Lisa Hintz and collaborators that looked at population-level differences in clemome lutea 
Seeds sourced from 9 populations from four different level 3 ecoregions across the west : shown here in different shades of grey
In the figure on the right, the dark gray bars are populations within the colorado plateau ecoregion, while the lighter shades of gray are populations from the other 3 ecoregions
When grown in a common environment, there was just as much variation in traits between populations from a single ecoregion
Illustrates that for some of these restoration-relevent folb species, seed transfer zones need to be delineated at a finer scale than just at the ecoregion level





HOW CAN WE DETERMINE COSTS & BENEFITS?

ONE OPTION: Use historical data from past restoration efforts

• Goal: Create a database that allows us to track performance of 
seeded species/sources used in historic restoration efforts 
across the Colorado Plateau.  

• Challenges:
• Monitoring data not detailed enough 
• Difficult to track down seed mix and monitoring records
• Monitoring protocols not standardized 

Presenter
Presentation Notes
Given that seed source matters and that seed sourcing guidelines are species specific. We wanted to know, what are the costs/benefits of using a specific source in a specific location. One way of doing this is to use historical data from past restoration efforts.



WHAT TYPES OF DATA DO WE HAVE?

Approach: Site, seed mix, 
monitoring data from restoration 
efforts occurring across the CP

Types of Restorations: 

Sources: 
• Databases:

• Utah’s Watershed Restoration 
Initiative

• USGS’s Land Treatment Digital 
Library

• BLM field offices
• NPS restoration data: Grand 

Canyon, Capitol Reef, Canyon 
de Chelly

http://www.ptclwg.com http://www.rmef.org

http://www.ars.usda.gov http://www.cityweekly.net

Presenter
Presentation Notes
Our approach was to collect site information, seed mix, and monitoring data from a variety of restoration efforts occurring across the Colorado plateau

Types of Restoration: focused only on those which had a seeding component:  Wildfire, Habitat improvement: pinyon/juniper removal, Invasive species control, Post disturbance: oil and gas (CO)

In order to do this we tapped into some sources that were centralized and available online; specifically two different databases



ALL SEEDED TREATMENTS BY SOURCE

Presenter
Presentation Notes
So what does this look like spatially? And what kind of representation of the CP do we have? 
476 seeded restoration treatments across four states
Majority of data from UT, CO: NM and AZ underrepresented: based on what was available online through the WRI and LTDL databases and which BLM field offices responded to our request for data




CASE STUDY: UTAH’S WRI DATA

Using a subset of available data that includes:
• 126 sites from UT within the Colorado Plateau (SITLA, Private, BLM, USFS)
• Restoration treatments applied 2003 – 2014
• Consistent pre- and post-monitoring protocols used
• 51 grass and forb species used (multiple sources, mostly non-local)

Presenter
Presentation Notes
For this presentation I am going to focus on one of our data sources: Utah’s watershed restoration initiative: the WRI is a partnership-based program whose mission is to improve ecosystem health throughout Utah. What’s great about the WRI is that all of their data is publically accessible through their database. 

We were interested in seeded restoration projects that occurred within the colorado plateau region: 126 sites with a variety of landowners
We included restoration treatments that occurred between 2003-2014 and that was because historic projects were less likely to have a list of the species that were seeded
Another thing that made this data really valuable for us is that pre- and post treatment monitoring was conducted at the majority of these sites and that consistant monitoring protocols were used: allows for comparisons between sites
51 grass and forb species were used –mostly non-local and from multiple sources
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Summary of what was seeded for restoration treatments across all sites From 2003-2014
In terms of species diversity: native forbs and grasses have the highest number of species used
However if we take a look at the number of seeds that we used for restoration: by and large native grasses made up the majority of seeds put out on the land, with very few native forbs and comparibly few exotic forbs and grasses. 
If we compare the actual cost of the seed that was used: more than double the amount was spent on exotic over native forbs




SEED USE OVER TIME

2003-4 2005-6 2007-8 2009-10 2011-12 2013-14
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Presentation Notes
So how has the type of the seed used for restoration changed over time? 

Well, you can see that after 2004, the proportion of native grasses used goes way up, while the use of exotic grasses gradually declines over time
The use of native forbs really doesn’t change at all from 2004-2014, and remains consistently lower than exotic forbs
 



TOP SPECIES USED (BY NUMBER OF SEEDS)

Presenter
Presentation Notes
What species are being consistently seeded at these restoration sites? 

By far the most commonly seeded species is sporobolus cryptandrus: native perennial grass
Here, I’ve highlighted the exotic species in purple and you can see that the proportion of native/non-native species in the top 20 is roughly 50%
Most commonly seeded exotic species is alfalfa ( Medicago sativa, perennial forb, considered a useful forage species)
 



TOP 10 NATIVE GRASSES AND FORBS

https://en.wikipedia.org/wiki/Achillea_millefolium

Presenter
Presentation Notes
What are the top 10 seeded native grasses and forbs?
9 out of 10 are grasses
Exception is Achillea millefolium: Common yarrow: early successional species, establishes easily in disturbed sites, provides forage for native wildlife



TOP 10 NATIVE SPECIES
POST-TREATMENT PRESENCE
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Presentation Notes
Because we knew what was seeded at each site and we had pre-and post seeding monitoring data, this allowed us to track species performance across multiple sites and over multiple years

This figure shows the the percentage of top 10 native seeded species that were present at post-treatment monitoring.
 Solid bars show those that were present during post-treatment monitoring only
 Cross-hatched bars show the percentage present at both pre-and post treatment.

 Looking only at the solid bars-so species that were present during post-treatment only-we can see that performance really varied across species. Species that we showing up more often: Elymus lanceolatus (slender wheatgrass), Pascopyrum smithii (western wheatgrass), and Pseudoroegneria spicata (bluebunch wheatgrass). Opposite end, species that were showing up less often: Blue grama, Sandberg bluegrass, and sand dropseed



COST COMPARISON WITH SEEDING SUCCESS
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Figure: illustrates that within a species there can be a huge range in cost, depending on the cultivar that was used
But we can see that some of these more expensive species are showing up more often in post-treatment monitoring: 
Worth spending a little more when choosing species to seed for restoration if your goal is to improve the likelyhood of sucessful establishment

So why do we see such variation across species in seeding success?
you cant predict who will survive just looking at species: variation in success was not explained by species but was significantly explained by cultivar
validates looking below the species level: source matters when predicting seeding success





SEEDING SUCCESS BY CULTIVAR
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So what does percent success look like at the cultivar level across four of our native species? 

Here you can see that percent success varies widely between cultivars-
Huge variation in sample sizes: how many times each cultivar was used: some cultivars are hugely favored over others
Some of our sample sizes are low because we threw out treatments that combined cultivars: for example, Poa secunda would have higher sample size but almost 1/3 of treatments combined sources
Achillea: Columbia has the highest success: interesting to note that was used at 3 high elevation FS sites in the same year. Environmental conditions particularly favorable at these sites during that year 

Bluebunch wheatgrass: Anatone and Goldar– both from eastern WA
P-7 is a polycross made from 23 wild populations across 6 states and two cultivars





SEEDING SUCCESS BY CULTIVAR: INDIAN 
RICEGRASS

Achnatherum hymenoides
• Nezpar: Cultivar produced from seed collected in 1930 (White Bird, ID)
• Rimrock: Cultivar produced from seed collected in 1960 (Billings, MT)
• White River: Selected pre-variety released 2006 (Rangely, CO)
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Johnson, R. C., et al. 2012. Genecology and seed zones for indian ricegrass collected in the southwestern United States. Rangeland Ecology & Management 65:523-532.

Source Avg Price/lb
Rimrock $3.71
Nezpar $5.12

White River $8.07

Presenter
Presentation Notes
Zooming in on Indian Ricegrass, we can delve a little deeper as to the source population locations of these three cultivars
Nezpar in red: cultivar produced from seed origionally collected from White Bird, ID
Rimrock in dark purple: from seed collected near Billings, MT
White River in pink: from seed collected near Rangely CO
The figure on the left is a map from Johnson et al. 2012, who correlated indian ricegrass morphological and phenological traits to climactic variables to delineate 12 seed zones across the west where populations are most likely to be genetically distinct
Two of these cultivars being used are not even within the climate space mapped by Johnson
The third cultivar: White River is the most expensive and the most infrequently used,  yet the only culitvar sourced from a population within the CP and consequently has the highest percent success (granted low sample size) 
By far most commonly used cultivar is Rimrock, which is also the cheapest






OTHER IMPACTS ON SEEDING SUCCESS IN 
‘RIMROCK’

• Seeding success was NOT significantly explained by any climate factors
• Application type significantly explained seeding success, but not as expected 

(aerial was greater than drill)

X2 = 9.834
p = 0.0073
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We know that seed source alone is probably not the only factor determining seeding success
What are so additional factors that may be contributing or limiting seeding success within the Rimrock cultivar?
We found that the climate of the restoration site did not explain success, however, this was based on the historic climate and not the climate of the site during the year that the treatment occurred. That’s an analysis that we plan to run in the future. 
We also found that the application type-so the method used to deploy the seeds- was important: but not in the way that we expected. Aerial seeding (from helicopter) led to significantly greater success than drill seeding, which is often thought of as improving success because seeds are mechanically pressed into the ground 
Future analyses: interesting to see what broad-scale patterns emerge: does aerial seeding truely improve success not just within Rimrock but across multiple species and cultivars



CONCLUSIONS AND NEXT STEPS

• Interesting patterns beginning to show for the most commonly-
used species

• More data is needed for a wider range of species and seed 
sources in similar habitat and situations (working to expand this 
dataset across the Colorado Plateau)

• Investigate specific site characteristics (soils, invasive species, 
climatic variables from year treatment occurred) that support/ 
inhibit establishment.

• Investigate effect of species mix, seeding rate, and source on 
species diversity of the restoration over short- and long-term.



THANK YOU!

• Data assistance from: Kevin Gunnell (WRI), Justin Welty (LTDL), 
Judy Perkins (BLM, Colorado River Valley), Gabe Bissonette (BLM, 
Moab), Ken Holsinger (BLM, UFO), Sandra Borthwick (NPS, Capitol 
Reef), Katie Sandbom (NPS, Grand Canyon), Mark Paschke (CSU), 
Lila Leatherman (UU). 

• BLM Field Offices: Moab, Monticello, Grand Junction, Price, Tres
Rios, White River, Uncompahgre, Colorado River Valley, Little 
Snake, San Luis Valley

• Support from Bureau of Land Management (Plant Conservation 
Program)

DATA FROM 
• Data on restoration treatments and seed mixes from the Utah Watershed Restoration 

Initiative (WRI) and monitoring results from the Utah Division of Wildlife Resources Range 
Trend Project: https://wri.utah.gov

• Land Treatment Digital Library (LTDL): http://ltdl.wr.usgs.gov

https://wri.utah.gov
http://ltdl.wr.usgs.gov


QUESTIONS???



POTENTIAL CLIMATIC PREDICTORS OF SUCCESS

• For all species, only elevation significantly explains success (p=0.0151)
• Within species, patterns vary:

Species

Mean 
Annual 
Temp

Mean 
Diurnal 
Range

Temp 
Seasonality

Mean Temp 
Wet Qtr

Mean Annual 
Precip

Precip
Seasonality

Precip
Warmest 

Qtr
Elev

Achillea
millefolium

0.0021 
(-)

0.0407 
(-)

0.0158
(+)

Achnatherum
hymenoides

0.041 
(+)

Bouteloua
gracilis
Elymus

lanceolatus
0.0013 

(-)
0.0063

(-)
0.0063 

(+)
0.0006 

(+)
Elymus

trachycaulus
Elymus

wawawaiensis
0.0021 

(+)
0.0047

(+)
Pascopyrum

smithii
0.02

(-)
Poa

secunda
0.029

(+)
0.0115

(-)
Pseudoroegneria

spicata
Sporobolus 
cryptandrus

0.0006 
(+)

0.0045 
(+)
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Presentation Notes
T tests for all variables except Mean Temp Wet Qtr, which wasn’t normal. For this use kruskal-wallis
May not be worth including: no good pattern with any climate predictors of success within spec
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