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Background 
The proliferation of nuisance algal blooms is a growing problem, leading to decreased benthic 
biodiversity,1,2 disrupted pH and dissolved oxygen levels,1,3,4  and limited recreational 
opportunities4,5 in freshwater systems across the country. Recently, rivers flowing out of the GYE 
have begun experiencing this problem, with the 2023 declaration of the Gallatin River as an 
impaired waterway due to excessive algal growth that exceeded established thresholds for algae. In 
this presentation, we describe methodologies we developed along the Upper Clark Fork River 
(UCFR), where we developed hyperspectral imaging methodologies from an unoccupied aerial 
vehicle (UAV) platform to measure algal growth by building spatial distribution maps of nuisance 
algae while estimating chlorophyll a standing crops. These methodologies are now being applied to 
the Gallatin River to assess their efficacy as a water quality monitoring tool, while also informing the 
design of a low-cost algae imager.  

Methods 
The methodologies we have developed, called Spectral Processing for Algae Monitoring and 
Mapping (SPAMM), were created between 2020-2024 by collecting and analyzing UAV-based 
hyperspectral image data coupled with in-situ algae samples at numerous field sites along the 
UCFR. Imagery along three, 1-km-long field sites between 2020-2021 were analyzed for percent 
algal cover and average chlorophyll a standing crops between June and September. Here, we 
applied SPAMM to image data collected from our UAV-based hyperspectral imaging system flown 
over several field sites along the impaired section of the Gallatin River to assess percent algal cover, 
estimate average standing crops, and report areas of algal growth above current state standards. 
The most important wavelengths for performing these analyses were extracted and used to inform 
the design of a multispectral algae imager. 

Results and Conclusions 
The classification algorithm used to build spatial distribution maps of algae growth and assess 
percent algae cover showed excellent performance, with training and validation accuracies greater 
than 99% relative to visually labeled training data. The classification algorithm was used to assess 
percent Cladophora growth at three field sites along the UCFR across the 2020-2021 growing 
seasons, revealing that growth followed a typical pattern in 2020, with maximal growth in late July or 
early August, while peak growth in 2021 occurred much earlier, with measurements suggesting that 
peak growth occurred in early June.  

The regression algorithm used to predict chl a standing crops was trained using 149 in-situ samples 
then applied to the imagery collected across the 2020-2021 summer growing season. Estimates of 
standing crops showed significant spatial variability, but a portion of every field site exceeded state 
standards once algae had been established.  



Riley Logan Riley.Logan@montana.edu 406-529-5510 

Upcoming analysis of two field sites along the Gallatin River will also be presented, with analysis of 
percent algae cover and chl a standing crops. It is our hope that SPAMM can be adapted as a water 
quality tool in support of current spatially limited in-situ efforts.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Riley Logan Riley.Logan@montana.edu 406-529-5510 

References 
1. M. M. Sturt, M. A. K. Jansen, and S. S. C. Harrison, “Invertebrate grazing and riparian shade as 

controllers of nuisance algae in a eutrophic river,” Freshw Biol 56(12), 2580–2593, John Wiley 
& Sons, Ltd (2011) [doi:10.1111/J.1365-2427.2011.02684.X]. 

2. O. A. Timoshkin et al., “Rapid ecological change in the coastal zone of Lake Baikal (East 
Siberia): Is the site of the world’s greatest freshwater biodiversity in danger?,” J Great Lakes 
Res 42(3), 487–497, International Association of Great Lakes Research (2016) 
[doi:10.1016/j.jglr.2016.02.011]. 

3. B. J. F. Biggs and G. M. Price, “A survey of filamentous algal proliferations in New Zealand 
rivers,” N Z J Mar Freshwater Res 21(2), 175–191,             Taylor & Francis Group          (1987) 
[doi:10.1080/00288330.1987.9516214]. 

4. B. A. Whitton, “Biology of Cladophora in Freshwaters,” Water Res 4, 457–476 (1970). 

5. A. Vanden Heuvel et al., “The Green Alga, Cladophora, Promotes Escherichia coli Growth 
and Contamination of Recreational Waters in Lake Michigan,” J Environ Qual 39(1), 333–344, 
John Wiley & Sons, Ltd (2010) [doi:10.2134/JEQ2009.0152]. 

  

 


	Background
	Methods
	Results and Conclusions
	References


