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Evaluating the impacts of hydroelectric dams and elevation gradients on amphibian population genetic structure

Purpose of the Study
In this study, we are examining the potential effects of three hydroelectric dams, as well as elevational gradients, on structuring amphibian populations. We are also testing for the presence of the fungal pathogen Batrachochytrium dendrobatidis (Bd) that causes the amphibian disease chytridiomycosis. This disease has been highly correlated with a recent and rapid increase in local extinctions of amphibian populations around the globe.

Background
The Pacific Northwest is a mosaic landscape of natural beauty and human alterations. Human-induced landscape alterations in our area often affect waterways and the forest immediately surrounding them; these riparian areas are crucial habitat for amphibian species. Therefore, amphibians have been the subject of many studies in the Pacific Northwest. Previous research performed on west coast amphibians has shown that population structuring occurs over very short geographic distances. Furthermore, elevational gradients and complex topography also enhance population differentiation. Population differentiation can potentially be harmful as genetic diversity, and therefore the ability to evolve, is reduced in smaller populations.
Research addressing this question has not been performed before, therefore we have no prior expectations of our results. The results of our study are clearly important because they will tell us whether or not these man-made structures are affecting the way these organisms naturally behave. Although amphibians have a different life history than mammals, birds, fish, plants, etc., our results will help guide future researchers in this area.

Methods
Our study is taking place only within the North Cascades National Park. Specifically, our field sites are centered around Gorge, Diablo, and Ross Lakes. To test for amphibian population differentiation, we are using genomic sequencing technologies. Specifically, we are generating single nucleotide polymorphism (SNP) data through the double-digest restriction site-associated sequencing methodology (ddRADseq). This type of data collection affords high-resolution analytical power to resolve population differentiation on small geographic scales, and as the result of recent barriers. We designed our field sampling to be able to discern population differentiation as the result of the Skagit River vs. man-made hydroelectric dams. We are collecting individuals of two anuran species, the coastal tailed frog (Ascaphus truei) and western toad (Anaxyrus boreas), along 16 creeks in North Cascades National Park (see map below). Although Okanogan National Forest is included in our map, we were not granted permission to collect samples from that area, so we have no specimens from that area. We collected samples in the field during last summer, and will spend one more field season in the National Park this coming spring, summer, and fall.
To address our objective of identifying Bd levels, we are sampling every amphibian we catch by swabbing the skin. We are then performing quantitative PCR (qPCR) on our swab samples to determine the quantity of Bd zoospores present on each individual.
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Results
We are currently in the midst of preparing our samples for genomic sequencing. We have sent off our Bd samples to a colleague at San Francisco State University who is analyzing them and will send us results shortly. Below, I show how many individuals (including amphibian larvae as well as adults) of each species we have collected in each creek.

	Drainage (Creek)
	Western Toad
	Coastal
Tailed Frog
	Long-toed Salamander (larvae)
	Rubber Boa
	Pacific Giant Salamander
	Northern Alligator Lizard
	Garter Snake

	
	Larvae
	Adults
	Larvae
	Adults
	
	
	
	
	

	Goodell
	
	
	7
	
	
	
	2
	
	

	Lightning
	
	2
	
	
	
	
	
	
	

	Little Beaver
	
	2
	
	
	
	
	
	1
	

	Panther
	
	
	6
	1
	
	
	
	
	

	Pyramid
	
	
	4
	1
	3
	
	
	
	

	Rhodes
	
	
	8
	
	
	
	
	
	

	Sourdough
	
	
	11
	
	
	
	
	1
	

	Stetattle
	
	
	8
	1
	
	
	
	
	

	Thunder
	
	
	8
	2
	
	
	
	
	

	Outside of Transect
	
	
	
	
	
	1
	
	
	1



Application to Management
	As previously mentioned, we are not aware of a study with similar goals being performed in this study region. Our results can therefore serve as baseline information for other researchers that could address population structuring in other taxa in this region. Similarly, researchers could study our same focal taxa in the future and compare results from these two different “timestamps”. Depending on our findings, the results from our study can have important conservation implications. Particularly, if we find population genetic structuring as the result of the man-made hydroelectric dams, clearly mitigation measures will have to be implemented. 

Biography
I am currently a second-year PhD student at the University of Washington. I am broadly interested in evolutionary biology and have chosen reptiles and amphibians as my preferred study organisms. Although being a graduate student takes up many hours of my day, I maintain strong interests in natural history of a variety of organisms including fungi, birds, plants, and arthropods. Beyond my amphibian research in the North Cascades, I am beginning research in South America on lizards in the genus Liolaemus that will make up the bulk of my dissertation research.
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Images from the Study Area
[image: Dr. 'mander:Users:jaredgrummer:Desktop:IMG_0056.JPG]
Photo of Diablo Lake looking west along Highway 20. Some of my study sites are to the left and right of the edges of this photo.
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Ascaphus truei adult male in its streamside habitat.
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Ascaphus truei larva.

[image: Dr. 'mander:Users:jaredgrummer:Desktop:IMG_0064.JPG]
Ascaphus truei habitat, near Stetattle Creek.

[image: Dr. 'mander:Users:jaredgrummer:Desktop:IMG_0090.JPG]
Thunder Lake, Anaxyrus boreas habitat, near Highway 20 at Goodell Creek.
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Anaxyrus boreas adult near Lightning Creek, east side of Ross Lake.
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Ambystoma macrodactylum larva in Pyramid Lake.
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Charina bottae adult near Ruby Creek on a rainy afternoon.
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