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Figure 1. A conceptual model for the multiple stressors (white arrows) on mountain lake ecosystems that likely influence cyanobacteria 
blooms. Direct anthropogenic disturbances include local scale-stocking of non-native fish to regional-atmospheric nitrogen deposition from 
fossil fuels and agriculture (dashed arrows). At the global level, climate shifts are predicted to result in warmer temperatures and reduced 
snowpack while underlying geology influences run-off.

• Harmful algal blooms (HABs), an increasingly widespread issue, are not only occurring in 
lowland lakes impacted by cultural eutrophication, but also in some mountain lakes where 
anthropogenic nutrient runoff is minimal [1,2].

• Mountain lakes are “sentinels” of large-scale environmental shifts like climate change and 
elevated atmospheric deposition of nutrients due in part to their relative isolation [3, 
4].However, many of these lakes have also been altered at the local level with fish stocking in 
naturally fishless systems [5] (Fig 1). The collective influence of such stressors on the 
prevalence of cyanobacteria in high elevation lakes remains uncertain.

Motivating question: How do shifts in temperature and increased 
nutrients interact to alter the occurrence and frequency of 

cyanobacteria blooms in the presence and absence of stocked 
fish?

Selection of Study Lakes

Figure 2. Binary regression tree of lake set with total phosphorus as the response variable and 
elevation and lake size in hectares (SA_ha) as the main predictors of the splits. Ten-year fish stocking 
averages were also included in the model, but were not found to the main variable for any spilt. Each 
intermediate or final node has the average phosphorus concentration of the group of lakes, the 
number of lakes (n) and the percent of the total lakes. 

• In the Oregon Cascades, the geology of the basins is predominantly porous volcanic rock like 
basalt, which can translate to higher phosphorus runoff and relatively higher groundwater 
inputs. 

• The range of phosphorus is notable from low (<0.0003 mg/L) to relatively high (>0.050 mg/L) 
[6,7].

• With previous lake data, a binary regression tree was conducted to select 29 lakes across a 
phosphorus gradient, accounting for elevation, lake size and fish stocking record (Fig 2-5).

Figure 5. Map of study lakes in reference to the national 
forests of the Oregon Cascades.

• In addition to fish stocking records, eDNA samples were collected at each lake to estimate 
the populations of known stocked fish species [8].

• Phytoplankton were sampled 1-m depth in the littoral and pelagic zone as well as 1m 
above the thermocline. Zooplankton were sampled  in the pelagic zone in an integrated 
tow of the entire water column at the deepest point.

• Temperature, pH, dissolved oxygen, and conductivity were measured every 1m of the 
entire water column. Samples for total nitrogen and phosphorus were also collected.

• Solid Phase Adsorption Toxin Tracking (SPATT) passive samplers were suspended in the 
water column for continuous monitoring, and used alongside traditional grab samples. 
Toxin testing with be conducted using ELISA kits [9].
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Winter/Spring 2019
Lakes selected based on existing data, 

controlling for size; Analysis of fish 
stocking data

June-August 2019
Nutrients, thermal profiles, plankton 
samples were collected at 29 lakes 

twice.

Continuous (summer)
SPATT samplers for microcystin along 

with temperature loggers were deployed.

Sampling Regime
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Preliminary results- Variation in temperature

Acknowledgements
• I would to thank Al Johnson and Thomas Walker at US Forest Service; Daniel Sobota at Oregon 

Department of Environmental Quality; Rich Miller at PSU’s Center of Lakes and Reservoirs; Eric 
White-Duong and Victoria Avalos for field assistance and my fellow lab mates of the Strecker lab-
Ariana Chiapella, Crysta Gantz and Taylor Dodrill. 

• I would like to thank Oregon Lakes Association and the Edward and Olive Bushby Research Award for 
research support. 

• Average late summer epilimnetic
temperatures only show only a modest 
relationship with lake elevation. The 
relatively weak correlation is likely due 
to other varying factors such as aspect 
and basin hydrology (Fig. 6). For 
example, the outlier around 3,500 ft is 
a north-facing lake and therefore 
receives relatively less sun exposure.

• Average late summer epilimnetic
temperatures in lakes with observable 
algal blooms were not higher relative to 
lakes without blooms (Fig. 7). This 
suggests blooms in high elevation lakes 
may likely be driven more so by other 
factors such as external phosphorous 
loading. Water temperatures may increase 
the incidence of blooms as nutrients like 
phosphorous are less limited (10, 11).

Next Steps
• Analyses of nutrient and cyanotoxin concentrations via spectrometry and ELISA, 

respectively. Identification of the phytoplankton & zooplankton communities via 
microscopy.

• Quantification of the aspect, slope, catchment area, number of inlets and outlets, percent 
of forested catchment, lithological composition and other environmental factors using 
national databases (USGS NHD, EPA LakeCat) (Fig 5).

• Develop and conduct a mesocosm experiment, testing specific manipulations of 
temperature and nutrients levels on the phytoplankton communities from a subset of 
mountain lakes in the following year.

Fig 3. Lakes with relatively higher 
phosphorous, placed in node 3 (top) Odell and 
node 11 (bottom) Middle Erma Bell. 

Fig 4. Lakes with relatively lower  phosphorous, 
placed in node 8 (top) Middle Green and node 
9 (bottom) Fourmile. 

Fig 6. Scatter plot of lake elevation and average water temperature in the 
epilimnion in the late summer of each lake. A linear regression model (blue 
line) was fitted to the data with a 95% confidence interval (shaded region).

Fig 7. Boxplot of average water temperature in the epilimnion in the late 
summer of lakes with (green) and without (blue) algal blooms.
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