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Today I'm going to be talking about a project that I began while working with the CPNPP, and that I'm now continuing with the university of utah, using species distribution models to help identify which native plant species will be best suited for restoration projects.
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As we're all aware the National Native Seed strategy aims to help guide native plant materials development and restoration 



Presenter
Presentation Notes
And a big part of the strategy is putting the right seed in the right place at the right time-- but how can we determine that? What is the right seed, for the right place?  
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This question becomes even more complex when you ask it on a large scale. This happens with the CPNPP, which oversees this huge area, that many of us have traveled over, and encompasses many diverse areas that could require restoration. If the CPNPP can only choose a few species to develop or send for increase, the question becomes more complicated. What is the right seed for many places? What seed will perform best even over large spatial scales?  



species distribution models (SDMs) model 
species occurrences with environmental 
variables in order to predict probability of 

occurrence

+
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Species distribution models may provide a solution to this question. As Brad has discussed, Species distribution models, or SDMs, combine known species occurrences with environmental variables in order to predict the probability that a species will occur across a broad scale. Based on the environment at these species occurrences, where a species is known to occur, SDMs then identify the areas where that environment is replicated, and where that species, in turn, is likely to also occur, So, for each grid cell across a map, you end up with a numerical indicator of the probability that that species will occur. That distribution model can also help us infer how well a species is adapted to an area of interest, and in turn, how well that species may perform in a restoration project, Thus, SDMs can give us information, from only information about species occurrences and climate variables, how likely a species is to occur, and in turn, perform well in a restoration project. Additionally, species occurrence data and climate data are freely available, so you can obtain a large amount of information about the distribution of a species without requiring intensive field surveys.



developing a framework to intersect SDMs with 
disturbance to identify which species are 
predicted to perform best in areas where 
restoration is likely to occur
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I have been working on a project to develop a framework to utilize species distribution models to help select species for restoration. With the distribution models, we can identify which species perform the best across our area of interest, and by intersecting those models with areas of disturbance, or areas where restoration is likely to occur, we can identify which species are likely to perform best in those specific areas. 

From that intersection between the SDMs and the disturbance, I then calculate a few metrics to help choose which species to include in restoration, which I'll go into in a little more detail later. But basically, I identify which species tend to be more probable over a larger area, by plotting median probability against the area of occupied by each specie,s and I identify which species are relatively more probable than other species. Multiplying these two indices, I arrive at an index of the suitability of each species for use in restoration projects.   

Now, I'll be showing the framework applied to discriminate between all species, in the colorado plateau, but it can be flexibly applied to discriminate between other groups of species and for other disturbance areas as well.



Scientific Name Species 
Code

Common Name Family Type

Achnatherum hymenoides ACHY Indian ricegrass Poaceae Grass

Astragalus lonchocarpus ASLO3 rushy milkvetch Fabaceae Forb

Bouteloua gracilis BOGR2 blue grama Poaceae Grass

Cleome lutea CLLU2 yellow spiderflower Capparaceae Forb

Elymus elymoides ELEL5 squirreltail Poaceae Grass

Heliomeris multiflora HEMU3 showy goldeneye Asteraceae Forb

Koeleria macrantha KOMA prairie Junegrass Poaceae Grass

Machaeranthera canescens MACA2 hoary tansyaster Asteraceae Forb

Pleuraphis jamesii PLJA James' galleta Poaceae Grass

Sporobolus cryptandrus SPCR sand dropseed Poaceae Grass

Sphaeralcea parvifolia SPPA2 small-leaf globemallow Malvaceae Forb
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Here is just a list of the focal species that we are looking at in this framework-- eleven species commonly used for restoration on the Colorado Plateau; 5 forbs and 6 grasses. These are the species for which Brad Butterfield has made SDMs, and those are the models that I'm using as input into this project.  

Again, this method can be flexibly applied to SDMs for any species of interest. 



Species distribution models
aka SDMs
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And this is another look at what species distribution models look like-- displaying a range of suitability values across our area of interest, in this case, the colorado plateau. These are our first input into the framework.



disturbance and predictors of restoration need

 Colorado Plateau 
boundary

 BLM oil and gas 
leases in UT, CO, 
AZ, NM

 USGS Land 
Treatment Digital 
Library (LTDL) 
Seeding treatments

 Landfire vegetation 
disturbance 
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Our next input is indicators of disturbance and predictors of restoration need-- spatial information that could indicate or predict areas that might need restoration in the future. So, we're looking  at the Colorado Plateau boundary, including BLM oil and gas leases in Colorado Plateau states, and vegetation disturbance identified by landfire.  We're also looking at seeding treatments recorded in the USGS land treatment digital library, with the idea that the locations of past seeding treatments could be representative of similar areas that might need restoration in the future. For our purposes, all of these are just binary layers of whether or not disturbance has occurred; we aren't extracting any further information from them.
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From there, we crop the species distribution models to our disturbance layers-- here, they are just cropped to the colorado plateau boundary. 

And our next step is calculating the indices I mentioned earlier, asking: which species have the highest probability of occurrence over the largest area? 
And which species are relatively more probable over our areas of interest? 



• which species have the highest probability
of occurrence over the largest area?
• which species are relatively more 
probable in the area of interest?
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From there, we crop the species distribution models to our disturbance layers-- here, they are just cropped to the colorado plateau boundary. 

And our next step is calculating the indices I mentioned earlier, asking: which species have the highest probability of occurrence over the largest area? 
And which species are relatively more probable over our areas of interest? 



 Pspi = median(Probspi)
 Aspi = (area of species range)/(area of interest)
 Pspi *Aspi → 0-1 index of suitability
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Our first plot is plotting the area over which each species occurs, expressed as a proportion of the area of interest (on the x-axis), against the median probability of occurrence, from the values in the SDM. From this, we can examine which species are predicted to perform better over larger areas. The gray bars are standard deviation, and the black bars are standard error. So, there is a lot of variation in the data, because the species cover a wide area, but there's not a lot of variation around that median value. So, species in the lower left would tend to perform more poorly or be less probable in fewer areas of the CP, while species in the top right would tend to perform better over larger ares of the CP. So, just from this plot, if pressed to select species for restoration, we might choose these two, Pleuraphis jamesii and sporobolus cryptandrus, which tend to have high probability of occurrence and exist over a high area.  

Also: we tend to see a pretty linear increase in the relationship between probability and area, so species that do well tend to do so over a larger area. That is, it doesn't seem like we're missing out on any species that do really well over a smaller area.

And, if you multiply both of these values, you can arrive at an index with a maximum value of 1-- which would be a species that was 100% probable over 100% of the area of interest.



 Relative probability
 RPspi = mean

Probspi

mean(Probspi : Probspn)( )
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My next plot asks which species are relatively more probable than other species. So, for each species, in each cell of the map, I divided their probability of occurrence by the average probability of occurrence for all species. I then averaged that relative probability across the area of interest, and that's what I've plotted here. So, if I species has a relative probability greater than 1, greater than the grey line, then they are relatively more probabily, more likely to occur and more likely to perform better, than the other species against which it is compared.

Again, the grey bars are standard deviation, showing that there's a wide range of the values for the species, but again, the black bars, the standard error, show very little variation in the mean values, and a strong distinction among the means for each species.

And again, if we were to select species to include in restoration based on this analysis, we would choose the two with the highest relative probability, PLJA and SPCR.  





 Suitability index
 = Pspi * Aspi * RPspi
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I then combined my calculations into one continuous index to indentify the species that have a higher probability, over a higher area, and are likely to perform better than the other species against which they are being compared. To do this, I simply multiplied my indices: Probability times Area times relative probability.

And I've plotted the results here-- for each species, I've graphed the suitability index. And we see that again PLJA and SPCR have the highest value.
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This is true across these indices-- so, if we were selecting among these 11 species species to use in restoration projects across the entire CP, these three indices rank PLJA and SPCR the highest.



• which species have the highest probability
of occurrence over the largest area?
• which species are relatively more 
probable in the area of interest?
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This is true across these indices-- so, if we were selecting among these 11 species species to use in restoration projects across the entire CP, these three indices rank PLJA and SPCR the highest.



flexible framework can be applied to 
varied groups of species or areas of 
interest

provides a quantitative metric for selecting 
species for restoration use on a broad 
ecological scale
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And this framework can be applied to other species, other subsets of species, other areas of interest. I have personally applied it also to subsets of forbs and grasses within these 11 species, as well as to the different types of disturbance and predictors of restoration need that I mentioned earlier. 

The strength of this framework is that it provides a quantitative metric for selecting species for restoration use, and is applicable on a large scale-- not just for one project, but for many projects over a broad area of interest.



similar framework can be applied to 
climate clusters in order to select 

accessions of species for restoration use

Doherty et al. 2016, in review



similar framework can be applied to 
climate clusters in order to select 

accessions of species for restoration use



climate clusters x disturbance for all species, in the Colorado Plateau
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climate clusters x disturbance for all species, all areas of disturbance
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