THE SHAPE OF THINGS TO COME

a window into desert tortoise connectivity in a changing landscape
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Presentation Notes
Today I am talking about DT connectivity modeling and how predictive simulations using genetics can give insights into future landscape connectivity.
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(b) Setting up predictive models
(c) Direction of preliminary data

(d) Work to be done
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I will talk about landscape genetics and simulation models and how these relate to the goals of the DCP.
Review the some of the components used in the models. 
Show you some of the work that has been done, I say preliminary because this project is in the early stages.
Then tell you where I will go from here, so if you’re interested in this topic stay tuned for next years symposium when I will be nearing project completion.
I would now like to introduce you to the MDT



CP OBJECTIVE D.4.2

Identify critical connectivity corridors for covered species, prioritize conservation and/or
acquisition of corridors, and increase permeability for species movement where feasible
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Or more specifically, where the tortoise does and does not live. 
On the left you see a picture of “typical” tortoise habitat. 
On the right, what has become of some of that habitat. 
This matters because it represents habitat loss/potential fragmentation of landscape for DT, which is a protected species and covered under the CC MSHCP.
The MSHCP has listed, as one of several objectives that relate to this project, to identify corridors and increase connectivity for species.



HABITAT LOSS & CONNECTIVITY

®

In areas subject to anthropogenic
pressures, connectivity corridors
improve opportunities for individual
contact and gene flow

L
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Connectivity matters because 
when habitat amount is reduced, species abundance and persistence are reduced.
When they are isolated abundance and persistence decrease further, with reduced movements between habitats (Haddad et al. 2015).
Ensuring connectivity corridors allows movement between the remaining habitat, for migration, repopulation, rescue effects, and gene flow.




MEASURING CONNECTIVITY

DEMOGRAPHIC CONNECTIVITY GENETIC CONNECTIVITY

DISPERSAL

COMPENSATES FOR LOW SURVIVAL CONSERVES GENETIC DIVERSITY

INCREASES COLONIZATION REDUCES INBREEDING
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Connectivity can be measured in multiple ways.
Demographic connectivity is the degree to which dispersal affects population growth/vital rates, and uses mark-recap, movement data, occupancy.
Genetic connectivity is the degree to which gene flow affects evolutionary processes, and uses individual genotypes.
Both are concerned with change over time, and while demo data provide more direct est of dispersal, it can be tough to measure, especially at large scales.
While, genetic connectivity can determine levels of gene flow and whether populations are connected or isolated based on landscape features.
I am going with genetic connectivity for these reasons… 

(Genetic methods rely on Nm absolute number of dispersers, for ex. 1 migrant per gen)
(Demographic rely on m, proportion, for ex. 25% migration rate)
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but it is associated with a pretty significant lag time in generations. 
So that we may often see the genetic consequences of historic landscape features, but not always recent changes. 
Because it takes tortoises 13-20 years to reach sexual maturity, we are talking about a real world study that is not feasible if we want timely answers. 


FORWARD-IN-TIME MODELING

linear barriers limit stepping-stone water bodies & roads
dispersal populations are needed reduce gene flow

GRASSHOPPER ASIATIC CHEETAH  MASSASSAUGA
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But simulation modeling is. 
Studies using forward in time models have found the time to detect barriers 1-200 generation. 
And predictive modeling has been used in a range of other species to evaluate genetic connectivity.


PROJECT GOALS

I) Model genetic connectivity scenarios forward-in-time:
1) Undisturbed habitat
2) Current levels of landscape disturbance

3) Future estimates of landscape disturbance

I1) Quantify corridor conditions
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I will be using predictive simulation modeling to meet the following goals…
To address  which connectivity corridors are important for maintaining gene flow and how altered landscape connectivity might change gene flow in the future.
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We already have a dataset of point locations and genotypes from B. Hagerty’s work on pop structure, you can see the point locations across the range overlaid on a habitat suitability model created by Nussear, but for this project I will be focused on 
CC and surrounding areas.

(N=743, n=575)
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I use these genotypes to run a forward-in-time model in undisturbed habitat, with no anthropogenic disturbance (null), using the habitat suitability model.
This habitat suitability model created by Nussear et al. is a proxy for resistance surfaces that the tortoise genotypes will move through with varying difficulty.
So darker areas are associated with more resistance, or more difficulty for dispersal, while the tan areas allow for easier movement.
Ran 5 and 40 gens forward b/c these are recommended standards in con genetics for short term persistence and min pop viability (Frankham et al 2014).
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Forward-in-time sims will be repeated with current levels of disturbance (here) 
and then the addition of estimates of future disturbance (here). Again for 5 and 40 generations. 

This project is in it’s early stages, and I am not yet ready to present any of these predictive models, but I would like to share with you concepts of model parameterization and analyses that I have conducted on our current dataset that will be used with the simulation results



MODEL PARAMETERS

INPUT

habitat suitability model
reproductive age
clutch size

mortality rate
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To run these models I start by parameterizing the inputs. This is just a short list of some of those so you can get an idea of what goes into them, like the resistance surfaces, which are derived from inverse values from Ken’s habitat suitability model then use the raster for a cost distance matrix. 
Reproductive age = 17 (average of 13-20).
Offspring number = 4 (Poisson distribution from 0-14).
Adult mortality = 27% because this allows some individuals to survive for 50-80 years or 4 generations.
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The output from the simulation models includes genotypes. 
These data will be used in a corridor success index – index that can be used to meet the goals of maintaining gene flow between patches. 
CSI looks at genetic similarity in corridor connected patches to score a corridor from 0-1 in terms of similarity to isolated habitat or highly connected habitat.

(CORRIDOR SUCCESS INDEX =  GENETIC SIMILARITY BETWEEN CORRIDOR CONNECTED PATCHES – GENETIC SIMILARITY BETWEEN ISOLATED PATCHES / GENETIC SIMILARITY IN CONTINUOUS HABITAT (FROM NULL MODEL) – ISOLATED (Gregory & Beier 2014), values close to 0=failure, close to 1=gene flow similar to intact habitat.)


GENETIC STRUCTURE

sPCA Structure

5 Nevada T
California 8
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We are also comparing genetic structure using the genotypes we have now, with those from the models, with the null model likely to match what we see now.

This is a map and explain it.

We already know the spatial genetic structure for DT  is indicative of highly connected populations where distance is the main driver of genetic structure.
Here I ran a spatial PCA to investigate population structure. 
This sPCA corresponds with Hagerty’s results on DT landscape genetics (using the same dataset) from 2010.
Will use structure analysis (sPCA, Bayesian) on output genotypes from predictive models to compare, and anticipate no disturbance will mimic these patterns.



TIC STRUCTURE

Freguency

Average Inbreeding in Mojave Desert Tortoises

X inbreeding coefficient = 0.16
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Fstats can also be used to evaluate inbreeding based on levels of homozygosity. 
Here we have most individuals with low values, but there are a few farther out here on the tail end. 
Animals with >0.4 coefficient (or 4 /10 probability of being homozygous at a locus), we see 5 with 40-50% chance of homozygosity from common ancestry. 
We can track inbreeding and homozygosity rates by comparing the output from predictive models with data like these (y-axis ranges from 1*10-5 to 1*10-6).


EVOLUTIONARY POTENTIAL

Expected Heterozygosity

Observed vs Expected Heterozygosity

t-test p-value < 0.01
Bartlett test p-value > 0.05
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The opposite of homozygosity is heterozygosity and evolutionary potential can be measured by heterozygosity
Evolutionary potential=genetic diversity needed to cope with environmental extremes and changing conditions. 

Here we see that the heterozygosity found in the original dataset is quite high for most loci (up to 92%) 
However it does not quite match expected values, although the variances are equal. 
We would expect a similar pattern in genotypes from the null model.


EVOLUTIONARY POTENTIAL

Allelic Richness
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Which brings me to another measure of evolutionary potential – allelic richness, which is allelic diversity standardized to sample size.
Con genetics says more diversity is better, but it is comparative and becomes more meaningful with values from other pops or through time. 
Therefore, it will be valuable to compare what we know of allelic richness now with simulation outputs.
We now have an average of 20 alleles per locus (which seems like a lot, but again compared to what?)
Here we can see the box plot of allelic richness for four basal groups found using structure analyses, and we see the Ar values are not sig different.
With the Las Vegas area falling out pretty high, and I am going to focus in on this group for just a moment.
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X alleles per locus = 16, range = 2 — 42
pairwise Fer = 0.013
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I would be remiss not to mention scale, smaller scales different trends may appear, with alleles/locus and range of alleles a bit lower for this group. 
The spatial structure found with sPCA ~Hagerty with N/S divide, but was not as apparent range-wide and pairwise Fst confirms differentiation (very low).
Ho was comparable to that found range-wide, none above 0.4 for inbreeding! So we have some substructure with IBD, lots of admixture, no panmixia.
So what does this mean for connectivity in the LVV as it transitions from open habitat that was fully connected. 
to an area where corridors are limited to this (highlight pinch points and no access)
And possibly this. 
I don’t have answers yet, but guideline is at least double a HR for slow moving species like DT, considering HR at 30 ha, distance would need to be a over 1km
In the NW I can’t see remaining corridors, and down in the SE there are areas that pinch to a mere 600 m wide.
But this predictive modeling work will provide quantitative estimates of genetic connectivity and corridor success in areas like this and across Clark County.



INTERESTED?

STAY TUNED...
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So, if you are interested in this topic, stay tuned for next year when the project will be nearing completion and I will be able to show you genetic comparisons between the models and likely connectivity corridors. 
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