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Cyanobacteria Blooms

Cyanobacterial blooms are an 
ongoing threat to water quality 
worldwide. They can form dense, 

mucilaginous surface scums, produce 
taste and odor compounds, and deplete 
waters of oxygen. Some species of 
cyanobacteria can produce toxic 
secondary metabolites that are dangerous 
to humans and animals. Cyanobacterial 
blooms can damage local economies 
though increased drinking water treatment 
costs, decreased property values, and lost 
revenue from lake and reservoir closures 
(Figure 1). 
 Although cyanobacterial blooms are 
commonly found in the summer and early 
fall, there have been occasional 
observations in the winter (Wejnerowski 
et al. 2018). There is a recognized 
knowledge gap regarding winter lake 
processes. From the few available 
year-round studies, we know winter 
cyanobacterial blooms can produce 
toxins. One year-round study found 
concentrations of the cyanotoxins 
microcystin and anatoxin did not vary 
significantly by season (Wiltsie et al. 
2018). Satellite remote sensing imagery 
indicates that we may be underestimating 
the frequency of winter cyanobacterial 
blooms (Coffer et al. 2021). Many water 
quality monitoring programs focus on 
collecting samples during the summer 
“growing” season, but we need to know 
what is happening year-round to 
effectively manage lakes and reservoirs 
and protect human health. Running a year-
round monitoring program can be 
logistically complicated with potential 
winter safety issues (Block et al. 2019), 
high costs associated with frequent visits 

A high school community science program for year-round 
water quality monitoring

Figure 1. One our study systems, Stephens Lake, closed due to a cyanobacterial bloom 
in Fall 2018.
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to sampling sites, and lack of available 
personnel to collect and analyze a high 
volume of samples. The Reservoir 
Observer Student Scientists (ROSS) 
program was created as a community 
science initiative to ease these 
complications and engage students in 
water quality monitoring. 

What is the Reservoir Observer Student 
Scientists (ROSS) Program?
 ROSS is a novel water quality 
monitoring program that teaches high 
school students about limnology and 
trains students to collect year-round water 
samples. At the heart of the ROSS 
program is education. Our goal is to teach 
the next generation of scientists and 
decision makers about their local lake or 
reservoir and empower them to 
understand the impacts of water quality in 
their community. We create a customized 
presentation for each class that we partner 
with, and teach students about their local 
lake or reservoir, including its history, 
purpose, major uses, and how watershed 
use may impact the system. We also teach 
the students basic limnological principles, 
identify the problems associated with 
cyanobacterial blooms, and explain how 
we can use physical and biological 
parameters to monitor water quality. 

Figure 2. Students learn how to filter samples for chlorophyll-a. Figure 3. Students process a water sample col-
lected from Cheney Reservoir in Maize, Kansas.

 After students have learned about 
water quality, we provide hands-on water 
sampling training. The University of 
Missouri (MU) Limnology Laboratory 
supplies all necessary equipment. We take 
the students to their lake or reservoir, pick 
out a shoreline sampling location, and 
teach them how to collect a surface water 
grab sample. Students also learn how to 
take high-quality field notes by properly 
recording date and time information, 
making observations about water 
conditions, documenting ice cover or 
anything unusual, and noting weather 
conditions. 
 Back in the classroom “lab,” we teach 
students how to process the water for 
preservation and analysis. We provide 
hands-on training for filtering water and 
distributing the sample into the 
appropriate bottles for future analysis, all 
while teaching students how to prevent 
contamination of the sample bottles 
(Figures 2 and 3). Students learn the 
importance of correctly labeling bottles 
and recording pertinent notes. We explain 
how to store samples for proper 
preservation, and we make sure all 
students are comfortable with the process. 
Samples are analyzed by the MU 
Limnology Lab for total nitrogen, total 
phosphorus, nitrate, ammonium, 
chlorophyll-a, phycocyanin, total 

suspended solids, microcystin, 
cylindrospermopsin, and phytoplankton 
identification.
 Approximately quarterly, we visit the 
students to pick up the samples and to 
sample side-by-side with the students. 
Side-by-side sampling allows us to 
evaluate the quality of the data collected 
by the students. Over the last three years 
of the ROSS program, we have found no 
significant difference between mean 
values for samples collected by trained lab 
technicians and high school students for 
total nitrogen, total phosphorus, 
chlorophyll-a, microcystin, nor 
cylindrospermopsin using a Kruskall-
Wallis test at the 5 percent confidence 
level. Students are able to collect and 
process water samples that lead to high 
quality data. 
 From its inception in the fall of 2017 
through the spring term of 2021, 
approximately 300 students at four 
different high schools have been part of 
the ROSS program. Student outcomes of 
the ROSS program are assessed through a 
survey before and after their participation. 
Post-survey results indicate that students 
correctly answered 76 percent of the 
questions about limnology. We also asked 
students open-ended questions about what 
they liked about the ROSS program and to 
list one thing they learned from 
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participation in the program. Select 
student responses are illustrated in Figures 
4 and 5. Once the samples have been 
analyzed at the MU Limnology Lab, data 
are shared with the teachers to incorporate 
into their lessons so students can learn 
about data analysis and visualization. 

ROSS student success
 ROSS participants from Maize High 
School in Maize, Kansas were inspired by 
learning about cyanobacterial blooms in 
Cheney Reservoir, their local drinking 
water reservoir, to take action against 
cyanobacterial blooms. These students 
were semi-finalists in the 2018 Lexus 
EcoChallenge and were awarded $10,000 
in grants and scholarships for their 
research. They also deployed their own 
thermistor chain in Cheney Reservoir to 
study stratification patterns. They used the 
temperature data they collected and 
cyanotoxin data we provided from their 
samples and presented this research at the 
2019 Great Plains Limnology Conference, 
winning an award for Best Undergraduate 
Presentation. These ROSS participants 
also traveled to other high schools in 
Kansas to teach Future Farmers of 
America groups about cyanobacterial 
blooms so the next generation of farmers 
could understand the importance of 
nutrient management to help prevent 
blooms. 

ROSS research questions
 Data from the ROSS Program are 
invaluable in helping to answer important 
research questions. These data will help 
us understand how cyanotoxin 
concentrations vary throughout the year 
and how the presence and concentration 
of cyanotoxins relate to physical and 
chemical drivers. A research article with 
findings from two of the ROSS study 
systems is currently in submission. Data 
from the paper has been published and is 
available online (Kinzinger and North 
2021). As the ROSS program continues to 
collect more data, we will be able to 
analyze the annual variability in 
cyanotoxin presence and concentration 
and determine if and how drivers of 
cyanotoxins change throughout seasons. 
Collecting year-round water quality data 
is vital for understanding the seasonal 
risks of cyanotoxins in recreational and 
drinking water systems. 

Figure 4. Selected student responses to the prompt:“What do you like about the ROSS 
project?”

Figure 5. Selected student responses to the prompt “Please list one topic that you 
learned from the ROSS project.”

Vision for the future
 Community science programs, like 
ROSS, are invaluable for both participants 
and scientists. Students can gain a deeper 
understanding of- and desire to care 
about- their local natural resources 
through engaging in research. 
Participation in community science also 
makes science attainable to students and 
shows them that their contributions are 
important towards advancing scientific 

knowledge. By sharing data with students, 
they are able to learn how to ask 
questions, form hypotheses, and explore 
how the data can be used to inform their 
questions. The collaboration between 
students and scientists also teaches 
students valuable skills in working with 
others. 
 Scientists are able to educate students 
about their research topic and collect a 
high volume of data that would otherwise 
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be unattainable. The ability of scientists to 
collect samples or record observations is 
often limited by time and distance. By 
partnering with community scientists, data 
can be gathered at a high frequency from 
sites far away from their home base. 
Community science programs have a 
tremendous potential to educate students 
and make important contributions to 
research. 

Conclusions 
 The ROSS Program teaches high 
school students about limnology and 
water quality issues their local lake or 
reservoir may be facing. Students gain 
hands-on experience collecting real-world 
data that will contribute to expanding our 
knowledge regarding year-round aquatic 
processes. This community science 
monitoring program is a successful way to 
educate the next generation of thinkers 
while also collecting important data.
The MU Limnology Lab is continuing to 
expand the ROSS Program to include 
additional schools in states throughout the 
US. Our goal is to include lakes and 
reservoirs from a latitudinal gradient to 
study systems with varying degrees of ice 
cover during winter months. If you know 
of an interested high school teacher with a 
lake or reservoir nearby, please contact 
Dr. Rebecca North at northr@missouri.
edu. 
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A scientific 
publication 
of NALMS 
published 
up to four 
times 
per year 
solicits 
articles of a 
scientific nature, including 
case studies.

If you have been thinking about publishing 

the results of a recent study, or you have been 

hanging on to an old manuscript that just needs 

a little more polishing, now is the time to get 

those articles into your journal. There is room 

for your article in the next volume. Don’t delay 

sending your draft article. Let the editorial 

staff work with you to get your article ready 

for publishing. You will have a great feeling of 

achievement, and you will be contributing to 

the science of managing our precious lakes and 

reservoirs.

Anyone who has made or plans to make 

presentations at any of the NALMS conferences, 

consider writing your talk and submitting it to 

the journal. It is much easier to do when it is 

fresh in your mind.

Send those articles or,  if you have any 

questions at all, contact: Andrew Paterson and 

Andrea Smith, Co-Editors, Lake and Reservoir 

Management, lrmeditor@nalms.org.

If there is anyone who would like to read articles 

for scientific content, please contact the co-

editors. The journal can use your help in helping 

the editorial staff in editing articles.
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