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               Example of mapped salmon spawning locations on the American River Study Site. 

River systems provide the physical template for aquatic organisms, including 
endangered salmonids, and characterizing riverine habitat structure is crucial for species 
management and conservation. Traditionally, salmon habitat data has been collected 
over short river segments using ground survey methods, but there is a need to 
characterize habitat in high resolution at larger spatial scales. Advances in remote 
sensing from manned aircraft have greatly improved the ability for habitat mapping at 
larger scales but these approaches may not capture fine-scale habitat features. Now 
scientists at NOAA and the USGS are working to determine if imagery collected from 
unmanned aircraft systems (UAS) can be used to help provide quantitative habitat data 
at ecologically-relevant scales. 



In the first phase of a two-year UAS Program Office-funded project, scientists tested a 
new UAS observation system to see how well it could map the bathymetry (i.e. water 
depth) of the Sacramento River, located in California’s Central Valley. The Sacramento 
is the state’s largest river, and is a vital source of water for urban and agricultural uses 
and supports three populations of Pacific salmon listed under the Endangered Species 
Act (ESA). The research team evaluated the potential to map river bathymetry using 
UAS-based hyperspectral imagery, and compared the results to conventional remote 
sensing techniques, including hyperspectral imagery and bathymetric LiDAR data 
acquired from a manned aircraft and 
WorldView-3 satellite imagery. The 
results from this study were published in 
the journal Water Resources Research 
(Legleiter & Harrison, 2019), and 
demonstrated for the first time that UAS-
based hyperspectral imagery could be 
used to effectively map river bathymetry 
on a large river, with comparable 
accuracies to conventional remote 
sensing techniques. The methods 
developed in this project are transferable 
to other river systems where bathymetric 
data is needed; for example, in the 
development of predictive, hydrodynamic 
models or in habitat surveys where fine-
resolution bathymetric data is required. 

In the second phase of this project, scientists evaluated the potential of using UAS to 
identify the location of salmon spawning nests (referred to as redds), along the American 
River, which is a major tributary to the Sacramento River. Loss of spawning habitat has 
been cited as a key contributor to salmon population declines and knowledge of 
spawning sites is crucial for population recovery and river restoration. Salmon redds 
traditionally have been identified through direct ground surveys over short river reaches 
or mapped visually from aerial imagery obtained from manned aircraft or helicopters. 
Here, the research team developed a novel, semi-automated workflow for detecting 
salmon redds by applying machine learning techniques to UAS-based imagery. 
Scientists acquired UAS-based true color (RGB) and hyperspectral imagery during the 
period when spawning fish were constructing redds. In addition, the redd mapping 
performance of two classification algorithms was tested. Results from this study found 
that that the best results were obtained using hyperspectral imagery and a support 
vector machine (SVM) algorithm, which could correctly predict redd locations with 
accuracies greater than 90%. This study highlights the potential of UAS-based 
approaches for mapping salmon spawning sites and provides improved tools which can 
be used in salmon population monitoring and recovery efforts. 
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Matrice 600 UAS platform integrated with 
Nano hyperspectral (270 band) sensor. 


