
0 
 

 

  GLEON 
2021 

Book of Abstracts 



1 
 

  

Contents 
Phytoplankton responses to repeated pulse perturbations imposed on a trend of increasing 
eutrophication ........................................................................................................................................ 4 

Autonomous surface vehicles reveal spatial variability in lake surface waters ...................................... 5 

Future projections of water level and thermal regime changes of a multipurpose subtropical 
reservoir (Sao Paulo, Brazil) .................................................................................................................... 6 

Temperature monitoring in shallow lakes: should sensors be sheltered from sunlight? ...................... 7 

The Swedish Infrastructure for Ecosystem Science ................................................................................ 8 

Watershed land use and hydrology interact to drive landscape scale lake DOM composition in 
Vermont, USA ......................................................................................................................................... 9 

High-frequency monitoring in the deep subalpine Lake Maggiore (Italy): a focus on assessment of 
algal pigments ....................................................................................................................................... 10 

Characterization of High-Andean lakes in Ecuador .............................................................................. 11 

How complete is benthic-pelagic coupling by Mysis? A global collaborative Mysis project to quantify 
vertical distribution and benthic-pelagic exchange .............................................................................. 12 

Leveraging Red-Band Reflectance to Detect Ice Phenology in Small Mountain Lakes ......................... 14 

Contaminants of emerging concern through the lens of citizen science ............................................. 15 

Climate change as a driver of under-ice blooms: case study of Mozhaysk reservoir ........................... 16 

Seasonal and spatial variation in temperature and dissolved oxygen regimes in high elevation ponds 
in the Sierra Nevada, California ............................................................................................................ 17 

BIOFOULING, SINKING AND MICROBIAL COLONIZATION OF MACROPLATICS: A MESOCOSM STUDY 18 

Landscape control of seasonality in lake water clarity across the contiguous United States .............. 19 

Extreme storm events oppose atypically high thermal stability induced by climate warming in lakes
 .............................................................................................................................................................. 20 

Shallow yet stratified: Evaluating pond mixing regimes and their major drivers ................................. 21 

The Effect of Water Column Stability on Biological Behaviors of Marion Reservoir in Kansas ............ 22 

The influence of winter dynamics on annual metabolism rates in a eutrophic reservoir over multiple 
years ...................................................................................................................................................... 23 

Introducing MixMet: lake mixing and metabolism ............................................................................... 24 

Multistressor effects of chloride and calcium on Canadian lake zooplankton community assemblages
 .............................................................................................................................................................. 25 

Lake productivity remains high even under extreme N:P stoichiometric imbalance ........................... 26 

MetaPCLake+: Transforming PCLake+ into a meta-ecosystem model ................................................. 27 

Global lake evaporation responses to future climate change .............................................................. 28 

SITES AquaNet: A standardized infrastructure for mesocosm experiments with high frequency sensor 
monitoring across lakes ........................................................................................................................ 29 



2 
 

High levels of iron-bound organic carbon correspond to multi-annual oxygenation history in two 
reservoirs .............................................................................................................................................. 30 

Empirical modelling of longitudinal dispersion in German waterways ................................................ 31 

Slight thermal and chemical stratification of a high-Andean reservoir during the dryer season ......... 32 

Assessing model parameter sensitivity of phytoplankton functional groups in a one-dimensional lake 
ecosystem model .................................................................................................................................. 33 

Microbial organic matter degradation in pycnoclines of freshwater lakes .......................................... 34 

Evaluation of nutrients and light regime effects on algal chlorophyll along with trophic status in 
different altitude level reservoirs in South Korea ................................................................................. 35 

Modelling of phytoplankton and zooplankton interactions in a temperate stratified reservoir ......... 36 

Automated profiles of hyperspectral water optical properties in a large lake to infer the physical and 
biogeochemical drivers of primary production .................................................................................... 37 

Macrosystems EDDIE: Benefits of integrating ecological forecasting into undergraduate ecology 
curricula ................................................................................................................................................ 38 

Global patterns of microplastic occurrence and abundance in lentic systems .................................... 39 

Year to year variability in under-ice temperature, light and dissolved oxygen at mountain Lake Tovel
 .............................................................................................................................................................. 42 

Synergies between environmental monitoring and network ecology ................................................. 43 

Design of an Autonomous Surface Vehicle for High-Resolution Spatial Measurements of Greenhouse 
Gases in Reservoirs ............................................................................................................................... 44 

The Effect of Human Alteration and Catchment Properties on Pond Greenhouse Gas Emissions ...... 45 

Drivers of spatial and temporal variance in pond greenhouse gas concentrations ............................. 46 

Characterizing spatial and temporal variability in lake metabolism and greenhouse gas dynamics in 
three lakes of contrasting trophic status .............................................................................................. 47 

High-frequency monitoring in the deep lakes in Northern Italy within the cross-border project 
SIMILE: an update on the LM1 buoy in Lake Maggiore ........................................................................ 48 

Morphometric and biogeochemical diversity of High Andean lakes in northeastern Ecuador ............ 49 

Using a mountain landscape to understand drivers of spatial variation in aquatic ecosystem 
metabolism ........................................................................................................................................... 50 

Greenhouse gas dynamics in the high-altitude Himalayan lakes ......................................................... 51 

Reduced water level increases gross primary production and respiration in a natural tropical lake .. 52 

Spatial heterogeneity in cyanobacteria-specific pigments in New England lakes ................................ 53 

ZOOST (Zooplankton Over Space and Time) - Testing the veracity of space-for-time-substitutions in 
modelling zooplankton community dynamics ...................................................................................... 54 

Apply Elevated Salinity and Heatwave Sequentially: Would timing matter? ....................................... 56 

Nutrient retention vs. tributary inputs in the Cheboksary reservoir: factors controlling eutrophication 
of the Middle Volga............................................................................................................................... 57 

Interactive effects of temperature and Bisphenol A on phytoplankton growth, community structure, 
and bioremediation capacity ................................................................................................................ 58 



3 
 

Factors influencing water transparency in high mountain lakes .......................................................... 59 

Monitoring methane gas exploitation in Lake Kivu to preserve its stability and the integrity of its 
ecosystem ............................................................................................................................................. 60 

Stranger danger: the combined effect of pharmaceuticals and parasites on a phytoplankton host ... 61 

Modeling the hydrodynamics of a wetland under strong anthropic pressures (Torbiere del Sebino, 
Italy) ...................................................................................................................................................... 62 

Wrangling the Ecological Data Long-Tail Using the Environmental Data Initiative’s ezEML Tool ........ 63 

Understanding significance of cladocera diversity potential in oxbows .............................................. 65 

Predicting 16-day water temperature and dissolved oxygen in a eutrophic drinking water reservoir 
using an open-source forecasting system............................................................................................. 66 

Using machine learning to assess patterns of areal change in lakes and reservoirs of the contiguous 
US .......................................................................................................................................................... 67 

Do diverse cyanobacteria communities produce diverse toxins? Global synthesis is limited by 
inconsistent methodology .................................................................................................................... 69 

Biogeochemical patterns from the riverine to lacustrine zones of two small reservoirs ..................... 71 

Documenting the Local Impact of Lake De-icers on Shoreline Thermal Structure ............................... 72 

Towards climate-robust water quality management: testing the efficacy of different eutrophication 
control measures during a heatwave in an urban canal ....................................................................... 73 

 

  



4 
 

Phytoplankton responses to repeated pulse perturbations imposed on 
a trend of increasing eutrophication 
Location: Purple1 

Julio Alberto Alegre Stelzer1,2,3 

Jorrit Padric Mesman1,4 

Alena Gsell5 

Lisette de Senerpont-Domis5 

Petra Visser6 

Rita Adrian2,3  

Bastiaan Willem Ibelings1 

1Department F.-A Forel for Environmental and Aquatic Sciences & Institute for Environmental Sciences, 
University of Geneva, 66 Blvd. Carl Vogt, 1205 Geneva, Switzerland. 

2Department of ecosystem research, Leibniz-Institute of Freshwater Ecology and Inland Fisheries, 
Muggelseedam, 301, Berlin, Germany. 

3Department of Biology, Chemistry, and Pharmacy, Freie Universität Berlin, Königin-Luise-Straße 28-30, Berlin, 
Germany. 

4Department of Ecology and Genetics, Uppsala University, Norbyvägen 18D, 75236 Uppsala, Sweden 

5Department of Aquatic Ecology, NIOO-KNAW, Rijksstraatweg 6, 3631 AC, Wageningen , The Netherlands 

6Aquatic Microbiology, Institute for Biodiversity and Ecosystem Dynamics, University  of Amsterdam, P.O. Box 
94248, 1090 GE Amsterdam, The Netherlands 

 

While eutrophication remains one of the main pressures  acting on freshwater ecosystems, the 
prevalence of stochastic pulse perturbations is predicted to increase, and both processes are 
amplified by climate change. Despite all our knowledge on the effects of eutrophication and 
stochastic events operating in isolation, we know little about how eutrophication affects the 
response and recovery of aquatic ecosystems to pulse perturbations. Here, we performed a 
controlled press and pulse perturbation experiment using mesocosms filled with natural lake water 
to address how eutrophication modulates the phytoplankton response to sequential pulse 
perturbations, and recorded their combined effect on the resistance and resilience of the 
phytoplankton community. Eutrophication increased the absolute scale of the response in 
chlorophyll-a to pulse perturbations, but did not change the scale of the response relative to its pre-
event condition. Recovery was significantly affected by the sequential pulse perturbations, but the 
press perturbation, eutrophication, did not reduce recovery.  By the end of the experiment, some 
cosms were unable to recover from perturbation, irrespective of the trophic state induced by the 
press perturbation. While not resisting or recovering any less from perturbation, eutrophying 
systems were pushed much closer to known water quality thresholds than non-eutrophying ones. 
This implies that the higher absolute response to perturbation in a eutrophying system may increase 
the already significant risks for water quality, even if the relative scale of the response to pulse 
perturbation between eutrophying and non-eutrophying systems remains the same. 
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Autonomous surface vehicles reveal spatial variability in lake surface 
waters 
Location: Purple2 

Emily R. Arsenault1 

Quin Shingai2, Holly A. Ewing1, Mingi Jeong4, Kathryn L. Cottingham2, Denise A. Bruesewitz3, 
Alberto Quattrini Li4, Monika Roznere4, Kizito Masaba4, Bethel G. Steele1, Yilun Wu1, Kenny 
Douyon3, Abby R. Quinn1, Jack Moore3, Hannah L. Braslau1, Evan A. Ma1, Cat Merkle3, Maya 
Rebitzer3 

1Program in Environmental Studies, Bates College, Lewiston, Maine, USA 

2Department of Biological Sciences, Dartmouth College, Hanover, New Hampshire, USA 

3Environmental Studies Program, Colby College, Waterville, Maine, USA 

4Department of Computer Science, Dartmouth College, Hanover, New Hampshire, USA 

 

Water quality can vary within lakes due to heterogeneous spatial conditions. However, this 
variability is not easily captured using traditional limnological methods that tend to be limited in 
spatial and temporal scope. Here, we demonstrate the use of autonomous surface vehicles (ASVs) 
for high-frequency water quality monitoring. Examined sites included four northeastern United 
States lakes of differing trophic status: Lake Auburn (mesotrophic), China Lake (eutrophic), and 
Sabattus Pond (eutrophic; Maine, USA), and Lake Sunapee (oligotrophic; New Hampshire, USA). A 
YSI EXO2 sonde installed on the ASV collected in situ measurements of temperature, dissolved 
oxygen, pH, chlorophyll-a, turbidity, and specific conductivity in 1-second intervals over a predefined 
trajectory that involved both continuous motion and 120-second loiters over specific lake areas. 
Variables influenced by loiter pauses differed by lake, but we found distinct and consistent offsets 
(~0.05) for pH that corresponded with loiters at all lakes. In addition, some patterns of spatial 
variability were revealed by the ASV that could not have been otherwise captured using traditional 
hand sampling, such as areas of high dissolved oxygen and pH that suggested patchy bloom 
structures in some lakes. In general, DO and pH were the most strongly related variables, but we 
also observed a higher number of strong correlations among variables in the most eutrophic lake. 
While continuous motion seemed to influence the in situ ASV measurement of some variables, we 
concluded that ASVs could reveal patterns of spatial variability within and among lakes that may not 
have been detected using traditional methods. 
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Future projections of water level and thermal regime changes of a 
multipurpose subtropical reservoir (Sao Paulo, Brazil) 
Location: Purple3 

Carolina C. Barbosa1 

Maria do Carmo Calijuri1 

André Cordeiro Alves dos Santos2 

Robert Ladwig3 

Lais Ferrer Amorim de Oliveira4 

Ana Carolina Sarmento Buarque1 
1Hydraulic and Sanitation Department, University of São Paulo at São Carlos School of Engineering, São Carlos, 
São Paulo, Brazil 

2Biology Department, University of São Carlos-Sorocaba, Sorocaba, SP, Brazil 

3Center for Limnology, University of Wisconsin-Madison, Madison, WI, USA  

4Department of Civil Engineering, Polytechnic School, University of São Paulo, São Paulo, SP, Brazil 

 

Using data generated by a regionalized climate model (RCM) as input to a simple hydrological model 
and a one-dimensional vertical hydrodynamic model, we forecast potential changes in the 
Itupararanga reservoir, São Paulo, Brazil, in an exemplary time period (2028-2030) in the next 
decade. Two Representative Concentration Pathway (RCP) scenarios were considered: an optimistic 
one corresponding to a CO2 increase of about 650 ppm (RCP 4.5) and a pessimistic scenario where 
CO2 exceeds 1000 ppm in 2100 (RCP 8.5). We found a significant reduction in the reservoir water 
level for both scenarios of 35% compared to current conditions. The surface water temperature is 
expected to increase (+0.6ºC); on the other hand, there would be a cooling of the hypolimnion (RCP 
4.5=-0.3ºC; RCP 8.5=-1.2ºC). Another consequence is an increase of the duration of stratification 
periods that would start earlier in the dry period (between July and August), as well as the 
intensification of the stability of the water column (+43% compared to current conditions) and a 
deepening of the thermocline. The hydrodynamic modeling results suggest that the water level drop 
may threaten the reservoir multiple uses, in particular drinking water supply and power generation. 
Furthermore, the heating of surface water layers and increase of the number of stratified days and 
thermal stability can have negative impacts on water quality. 
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Temperature monitoring in shallow lakes: should sensors be sheltered 
from sunlight? 
Location: Purple4 

Fabian Bärenbold 

Damien Bouffard 

Martin Schmid 

Department of Surface Water, Eawag 

 

Most water temperature observations in lakes are collected without any kind of sensor shielding. 
However, it has been shown that stream temperature measurements can be artificially increased by 
direct sunlight by up to ~ 1 °C. According to our state of knowledge, the heating effect of direct 
sunlight on lake temperature sensors has not been quantified up to now. Yet, such a temperature 
overestimation could potentially have non-negligible effects on the determination of vertical density 
differences and the calculation of heat fluxes. The problem could be more pronounced in smaller, 
eutrophic lakes where turbidity is high and thus the effect of sunlight could be very different 
depending on the depth of deployment of the sensor. On the other hand, sensors over a greater 
depth range would be influenced by sunlight in clearer lakes. Here we present first results of 
temperature measurements with and without shielding (with a wooden disk of d = 15 cm) at the 
surface of a small pond and at the surface of a large lake (Lake Lucerne). We compare the 
temperature differences between shielded and un-shielded measurements with incident solar 
radiation and we evaluate the differences between measurements in a sheltered pond and a large 
lake. Finally, we evaluate whether the observed maximum temperature differences could have an 
effect on the quantification of mixing frequency in small, turbid ponds using recently acquired 
temperature time series 
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The Swedish Infrastructure for Ecosystem Science 
Location: Purple5 

Stefan Bertilsson 

Swedish University of Agricultural Sciences 

 

SITES (Swedish Infrastructure for Ecosystem Science) is a coordinated national infrastructure for 
terrestrial and limnological field research. SITES aims to promote high-quality research through long-
term field measurements and field experiments, and by making data available. The core of SITES is 
nine field research stations that represent a variety of Swedish climate zones and ecosystems, 
including agricultural land, forests, wetlands, lakes and streams. SITES is now entering a new funding 
phase and with that comes some changes to the scope and capabilities. Here I will give an overview 
of the current operations and new integrating facilities with  focus on biodiversity research and 
capabilities for replicated field experiments on land and in water. 
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Watershed land use and hydrology interact to drive landscape scale 
lake DOM composition in Vermont, USA 
Location: Purple6 

Ismar Biberovic1 

Leslie Matthews2 

Kellie Merrell2 

Clayton Williams3 

Ana M. Morales-Williams1 

1Rubenstein School of Environment and Natural Resources, University of Vermont, Burlington, Vermont, USA 

2Vermont Agency of Natural Resources, Montpelier, VT, USA  

3Department of Environmental Science and Studies, Saint Michaels College, Burlington, VT, USA 

 

Lakes in the Northeastern U.S. are changing rapidly in response to multiple anthropogenic pressures. 
Long-term monitoring indicates that over the past 40 years, an estimated 91% of oligotrophic lakes 
in Vermont have on average doubled in spring phosphorus concentrations, while eutrophic Vermont 
lakes have decreasing or stable phosphorus trends. As part of a large scale survey to assess how 
these trophic shifts may be impacting ecosystem function at a landscape scale, we characterized 
dissolved organic matter (DOM) composition using fluorescence spectroscopy in 80 lakes in Vermont 
across trophic state, land use, and elevational gradients between 2018 and 2020. We found 
significant differences in the DOM pool composition between surface and bottom water in lakes, 
including when lakes were not stratified. Preliminary results indicate that the strongest predictors of 
surface water DOM composition in this region are percent open water and development in the 
watershed, while hypolimnetic DOM quality was best predicted by watershed to lake area ratio. We 
found that the level of degradation of the DOM pool, was negatively correlated with elevation and 
percent forest cover but positively correlated with percent agriculture. Our results indicate that 
DOM composition in this region is characterized by interacting influences of watershed inputs and 
processing time, and suggest DOM quality be monitored to regularly inform landscape-scale land-
water linkages that may influence long-term shifts in trophic state.  
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High-frequency monitoring in the deep subalpine Lake Maggiore 
(Italy): a focus on assessment of algal pigments 
Location: Purple7 

Caroni Rossana 

Andrea Lami 

Rocco Tiberti 

Simona Musazzi 

Dario Manca 

Michela Rogora 

CNR Water Research Institute 

 

A high frequency monitoring (HFM) system for the deep subalpine lakes Maggiore, Lugano and 
Como (Northern Italy) is under development within the EU INTERREG project SIMILE. The general 
aim of SIMILE is to improve and optimize lake monitoring integrating conventional monitoring, 
satellite data, in situ HFM data, and user-contributed georeferenced data. HFM monitoring may 
overcome the drawbacks of conventional discrete monitoring, giving the opportunity to measure an 
increasing number of limnological and ecological parameters at short temporal intervals.  

We present data from LM1 buoy, a HFM monitoring station which has been deployed in the 
oligotrophic deep Lake Maggiore in 2020, with a focus on pigments data. The HFM sensors 
performance has been tested both in laboratory and in the field, in particular comparing data taken 
by in situ fluorescent sensors (Cyclops7, Turned Design), data from laboratory fluorescence analysis 
(Fluoroprobe, BBE Moldaenke), values obtained from pigments extraction analysis by HPLC and data 
from phytoplankton microscopy analysis. Overall, there was a good agreement between in situ and 
laboratory data, even though the relationships were dependent on phytoplankton community 
composition.  

The study demonstrated that HFM stations, used in conjunction with discrete chemical and 
biological monitoring, represent useful systems to detect ecological changes and to provide early 
warning signals in lakes. Regular checking and validation of the sensor readings through laboratory 
analyses are important to get reliable data.  
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Characterization of High-Andean lakes in Ecuador 
Location: Purple8 

Jorge E Celi1 

David Guaña2

Andrea Llumiquinga2 

Dayana Martínez2 

Cristopher Mena2 

Ángeles Ramos2 

Bryan Rosero2 
1Water and Aquatic Resources Research Group, Universidad Regional Amazónica Ikiam, Tena, Ecuador 

2School of Earth and Water Sciences, Universidad Regional Amazónica Ikiam, Tena, Ecuador 

High-Andean lakes and wetlands are very diverse and a main source of water for cities in Ecuador. 
These ecosystems have experienced changes due to human activities, including hydraulic 
infrastructure, and climate change. Despite that, we know few about lake and wetland diversity and 
functioning in the country, and the effects of threats on these ecosystems. We studied the 
Papallacta Oyacachi lacustrine system (POLS), a Ramsar site and a main source of water for Quito, 
aiming at understanding High-Andean lacustrine systems and supporting water resource 
management. Through a hierarchical classification, based on geomorphological and physical-
chemical variables we found six types of lakes, including man-made reservoirs. Using spatial data, 
we estimated the extent and variation of inundation of the POLS through time (2016-2020) and 
found a decrease in the extent of seasonal inundation by 2020, possibly showing accelerate loss of 
wetlands and shallow lakes or a decrease in the frequency of inundation. This is consistent with 
results from physical-chemical analysis that show an increase in thermal and DO stratification during 
dryer seasons in some of the reservoirs, which is uncommon in high Andean lakes. This could have 
effects on biological communities and ecosystem functioning, that we are currently exploring, and 
interactions with other stressors, like invasive species and pollution. Outcomes of this study will 
serve to monitor and manage High-Andean lakes in the tropics. 
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How complete is benthic-pelagic coupling by Mysis? A global 
collaborative Mysis project to quantify vertical distribution and 
benthic-pelagic exchange 
Location: Purple9 

Rosaura Chapina1 

Brian P. O’Malley2 

Martta M.L. Viljanen3 

Zachary A. Bess4 

Daniel L. Yule2 

Jens C. Nejstgaard5 

Stella A. Berger5 

Michael Rennie6 

Michael J. Paterson7 

Steve A. Pothoven8 

Anne E. Scofield9 

Lars G. Rudstam10 

Jason D. Stockwell1 

1University of Vermont 

2U.S. Geological Survey 

3University of Helsinki 

4University of Nevada, Reno 

5Leibniz Institute of Freshwater Ecology and Inland Fisheries (IGB) 

6Lakehead University / IISD ELA 

7IISD Experimental Lakes Area 

8NOAA 

9U.S. Environmental Protection Agency 

10Cornell University  

 

Mysids play vital roles in lake food webs because their extensive diel vertical migration (DVM) 
couples pelagic and deep-water benthic habitats. Mysids are omnivorous and serve as a primary 
food source for many pelagic and benthic fishes, thus mysids have the potential to transport 
nutrients up and down the water column. Small Mysis may suspend in the pelagic zone during the 
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day especially over deeper waters, suggesting incomplete benthic-pelagic coupling for part of the 
population in certain regions of deep lakes. However, not much is known on how light and lake 
depth affect Mysis distribution during the day. We conducted standardized collaborative field 
sampling in summer 2020 and 2021 across north-temperate lakes to test the hypotheses that 1) 
Mysis suspend in the pelagic zone during the day at depths where light levels are sufficiently low, 
and 2) pelagic-caught individuals that remain suspended during the day are, on average, smaller 
than those caught at night. The latter is consistent with the hypotheses that size-based vertical 
displacement is a result of predation risk from cannibalism. Data collected at each lake includes day 
and night Mysis water column samples over a gradient of bathymetric depths, secchi depth, and 
surface light intensity. We evaluated and compared Mysis densities, biomass, and size-frequency 
distributions across bathymetric depths. 
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Leveraging Red-Band Reflectance to Detect Ice Phenology in Small 
Mountain Lakes 
Location: Purple10 

Joshua Culpepper1 

Xiao Yang2 

Sudeep Chandra3 

Rina Schumer4 

1Graduate Program of Hydrologic Science, University of Nevada, Reno, USA 

2Department of Geological Sciences, University of North Carolina at Chapel Hill  

3Department of Biology, University of Nevada, Reno, USA 

4Division of Hydrologic Sciences, Desert Research Institute, Reno, Nevada 

 

Winter ice cover regulates heat, controls light penetration, and affects biological activity in 
temperate and polar lakes. Sensitive to climate change, mountain lakes exhibit changing ice 
phenology. Due to the logistical challenges and dangerous conditions of mountainous regions during 
winter, in situ ice cover records remain rare. Therefore, researchers commonly use remote sensing 
images with coarse spatial scales, eliminating lakes smaller than 1 km2 from observation. Yet, most 
lakes worldwide, are smaller than 1 km2, so these important ecosystems require a different method 
for consistent study. Using an algorithm that incorporates the Moderate Resolution Imaging 
Spectroradiometer (MODIS) 250m red band reflectance and the Landsat Fmask product, we 
quantified the ice cover duration in lakes as small as 0.1 km2. This method has been tested in 
lowland lakes in Maine, using community science validation data. Applying this method to mountain 
lakes using five long-term research sites in North America and Europe, we detected ice formation 
and breakup in the study sites. Ice formation proved more difficult to detect, owing to more days 
with cloud cover in the study regions. Validating this method in mountain lakes was a critical step to 
use MODIS imagery to create a database of ice phenology on a broad spatial scale, a needed dataset 
to further analysis of lake ice phenology. Next steps involve employing this method, using the global 
dataset, HydroLAKES, to detect trends in ice phenology in mountain systems. 
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Contaminants of emerging concern through the lens of citizen science 
Location: Purple11 

Asmita Dubey1 

Nandini Vasantha Raman1 

Edward Millar2 

Irene Gallego4 

Veronica Nava3 

Barbara Leoni3 
1Department of Aquatic Ecology, Netherlands Institute of Ecology (NIOO-KNAW), Droevendaalsesteeg 10, 6708 
PB Wageningen, The Netherlands 

2Environmental Applied Science and Management, Ryerson University, 350 Victoria Street, Toronto, ON, 
Canada 

3Department of Earth and Environmental Sciences, University of Milano-Bicocca, Piazza della Scienza 1, 20126 
Milano (MI), Italy 

4Department of Aquatic Ecology, Swiss Federal Institute of Aquatic Science and Technology (EAWAG). 
Überlandstrasse 133, 8600 Dübendorf, Switzerland 

 

Contaminants of emerging concern (CECs) such as pharmaceuticals, personal care products, 
pesticides, micro- and nano-plastics have been detected in water bodies worldwide. Among the 
numerous global change stressors, CECs pose a threat to aquatic ecosystems due to potential sub-
lethal effects at low concentrations. Negative effects of CECs are well studied and shown to cause 
direct and indirect effects on organisms as well as alterations in ecosystem functioning. For example, 
pharmaceutical metformin has been observed to cause intersex and reduced fecundity in fish. In 
order to understand the effects of CECs on aquatic ecosystems, it is important to know their 
concentrations in the different aquatic compartments. Even with the attention given to 
understanding the impact of CECs on water quality and aquatic ecosystem health, there is a 
disproportion in terms of monitoring. Citizen science is a potential tool by which disparity in the 
monitoring of different groups of CECs can be overcome. The aim of this literature review is to 
explore the landscape of citizen science and community science projects with a focus on monitoring 
different groups of CECs, to identify the current trends and gaps. We also seek to identify the 
benefits and drawbacks of using citizen science methods to assess contaminants of emerging 
concern in water bodies, thereby proposing a roadmap to incorporate citizen Science as an approach 
for monitoring CECs. 
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Climate change as a driver of under-ice blooms: case study of 
Mozhaysk reservoir 
Location: Purple12 

Oxana Erina 

Valeria Kalenichenko 

Maria Tereshina 

Valeriy Puklakov 

Department of Hydrology, Lomonosov Moscow State University, Moscow, Russia 

 

Global climatic changes are reflected not only in the seasonal dynamics of hydrological 
characteristics of rivers and lakes but also in the hydrobiological characteristics of the aquatic 
ecosystem. The growth and seasonal succession patterns of phytoplankton are regulated by a 
variety of both external and internal drivers. And climate change significantly affects the seasonal 
dynamics of phytoplankton in water bodies. 

During our research we analyzed trends in the abundance and composition of the phytoplankton 
community in winter using the Mozhaysk reservoir as a case study from 2003 to 2018. We 
conducted a statistical evaluation of the significance in the total abundance and the current species 
composition of the phytoplankton community in the reservoir over the fifteen years. The rates of the 
main algal divisions were identified, and the frequency of occurrence and intensity of under-ice 
growth outbreaks were determined. Monthly dynamics of changes in phytoplankton structure 
during changing climatic conditions were also analyzed.  

The results found were that diatom algae have been the dominant phytoplankton division in the 
subsurface water layer of the Mozhaysk Reservoir when covered in ice. At the same time, a 
significant level of cyanobacteria was found in the structure of algae in the fall, and of green and 
golden algae in the spring. 

Observed climatic changes over the last 15 years have already led to a statistically significant 
increase in phytoplankton abundance in the deepest part of the reservoir, while no such changes 
have been found in shallower parts of the reservoir. 
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Seasonal and spatial variation in temperature and dissolved oxygen 
regimes in high elevation ponds in the Sierra Nevada, California 
Location: Purple13 

Mary Jade Farruggia 

Steven Sadro 

Adrianne Smits 

University of California, Davis 

 

Ponds are globally abundant and often regionally outnumber lakes, yet we lack an understanding of 
their relative importance in a landscape context despite emerging evidence that they are hotspots of 
carbon cycling and subsidize terrestrial food webs. The Sierra Nevada mountains of California 
contain thousands of ponds, yet their physical and chemical dynamics remain undocumented, 
despite their potential sensitivity to observed climatic changes at high elevations.  

We characterized stratification dynamics, thermal regimes, and ecosystem metabolism in ponds at 
the within- and among-basin scale, and investigated seasonal variation in a subset of these ponds. 
We measured 24-hour high frequency temperature and dissolved oxygen  in 10 sub-alpine and 
alpine ponds along an elevational gradient throughout the Sierra Nevada in 2019. In 2020, we 
measured high frequency temperature and dissolved oxygen in 10 ponds in a single basin 
continuously throughout the summer. Ponds stratified daily and mixed nightly, with deeper ponds 
showing stronger thermal stratification than shallower ponds. Ponds have consistent daily 
temperature ranges (24hr max - 24hr min), until they begin to dry – then, temperature range 
increases as ponds approach drying. All ponds were net heterotrophic, with no clear differences by 
gradients in elevation or size. However, there were seasonal differences in metabolic rates between 
perennial and ephemeral ponds, with ephemeral ponds becoming more strongly heterotrophic as 
they approach drying. 
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BIOFOULING, SINKING AND MICROBIAL COLONIZATION OF 
MACROPLATICS: A MESOCOSM STUDY 
Location: Purple14 

Berte M. Gebreyohanes Belay1 

Ellie Harrison2 

Becky Snow2 

Afsane Kruszelnicki2 

Claire Gwinnett2 

Lisette N. de Senerpont Domis1 

1Department of Aquatic Ecology, Netherlands Institute of Ecology (NIOO-KNAW), Droevendaalsesteeg 10, 6708 
PB Wageningen, The Netherlands. 
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The abundance of macroplastics in the aquatic environment is increasing globally, with potential 
consequences for aquatic ecosystems. The surface of plastic debris can be colonized by microbial 
communities, leading to sinking of macroplastics and facilitating microbial dispersal. The microbial 
communities growing in this novel substrate have generated great attention in recent years. We 
used nine 988 L indoor mesocosms to evaluate which environmental factors and plastics trait are 
governing the microbial colonization of the plastisphere. The mesocosms were filled with water from 
a mesotrophic shallow pond and intact macroplastics (nondegradable and biodegradable) ranging 
from cups, lids, bags to straws were added. Temperature and light mimicked typical Dutch 
seasonality from late summer to winter. For a period of three months, we assessed abiotic 
parameters (e.g. DO, light, temperature and nutrients) and biotic parameters (biofilm, microbial 
community). The dominant bacteria in the plastisphere were affiliated with the Proteobacteria 
phylum. However, after 8 weeks of exposure there is succession in the bacterial community, 
increasing its diversity and complexity. Buoyancy and biofouling processes were observed to be key 
drivers of water surface coverage by plastic. Our preliminary analyses indicate that sinking rate of 
the plastic was a strong determinant of light limitation, and subsequently oxygen availability. Biofilm 
microbial composition and diversity may be more related to plastics fate rather than plastic’s 
polymer identity or degradability. 
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Water clarity regulates many properties of aquatic ecosystems, making it a primary characteristic of 
interest in water quality research and monitoring programs. While water clarity is often 
characterized as a relatively static feature, it can vary with the time of year and in response to 
disturbance events. Understanding seasonality in water clarity through space as well as how 
seasonality changes through time is critical to understanding how light influences the phenology of 
aquatic systems. Here we use a database consisting of 35 years of ~280,000 matchups between field 
observations and Landsat overpasses to train a machine learning model to estimate water clarity 
using Landsat imagery. We assess the phenology of water clarity and the degree to which 
seasonality has changed in ~130,000 US lakes from 1984-2019. Our results show that seasonal 
patterns in water clarity can be separated into two categories, and that these patterns correspond 
with different types of watershed land use and likely dominant optically active substances regulating 
water clarity. Our research leverages large ecological datasets and demonstrates the key role that 
land use plays in regulating the phenology of water clarity across the US. 
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Climate warming is resulting in many lakes experiencing long term increases in surface water 
temperature and stronger and longer thermal stratification. Extreme events such as storms which 
destabilise lake stratification are also projected to increase. It is therefore becoming increasingly 
likely that storm events will occur at times of atypically high thermal stability, but the interaction 
between these opposing drivers are yet to be explored in detail. Changes in meteorological variables 
during a storm event destabilise stratification via several different mechanisms and the impact of 
these different drivers on lake ecosystem processes requires further understanding. This study uses 
high-frequency data, long-term monitoring data, and a numerical lake physics model to investigate 
the physical and hydrological impact of a storm event in a small monomictic lake in the UK Lake 
District and to disentangle the separate impacts of changes in meteorological variables during a 
storm. The storm took place during a period of atypically high summer thermal stability, likely to be 
characteristic of summer conditions in a climate-altered future. Analyses show that a storm event 
occurring at a time of atypically high thermal stability can return stability to levels more typical for 
the time of year and a storm event following very stable antecedent conditions show the biggest 
reductions in stability compared to a storm event following less stable antecedent conditions. 
Disentangling the meteorological impacts during the storm demonstrated that, despite often being 
overlooked, the reduction in solar radiation from increased cloud cover had the largest impact on 
stability. 
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Small and shallow waterbodies, such as ponds, have classically been assumed to be well-mixed 
systems throughout the year. Yet, ponds may have more complex mixing patterns, ranging from well 
mixed to rarely mixed systems with implications for nutrient recycling, ecosystem metabolism, 
oxygen availability, and greenhouse gas emissions. In this study, we examined mixing patterns and 
their drivers for 34 ponds across North America and Europe. We found that during the summer, 
ponds exhibit a diversity of mixing patterns and fit into one of three mixing regimes: frequently 
mixed, intermediately mixed, and rarely mixed, with the latter being most common. Pond depth and 
surface area partially predicted mixing type, with larger (> 4 ha) systems tending to mix frequently, 
smaller and shallower (< 0.7 m) systems tending to mix intermediately, and smaller and deeper (> 
0.7 m) systems rarely mixing. Pond sheltering also mattered, with ponds in open landscapes 
exhibiting more mixing. Meteorological data also helped explain mixing regimes: daily averaged 
stratification strength increased with increasing air temperature in rarely and intermediately mixed 
ponds, whereas wind most strongly predicted changes in stratification strength in well mixed 
systems. Overall, ponds exhibit more diverse mixing patterns than previously assumed, which have 
consequences for how pond ecosystems function. 
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Acceleration of Cyanobacterial harmful algal blooms (cyanoHABs) pose a direct threat to water 
quality in eutrophic lakes and reservoirs. The ability of buoyant cyanobacteria to float upward to the 
well irradiated upper layers gives them an advantage over other phytoplankton organisms and is a 
key factor that promotes cyanobacterial blooms. In addition to temperature dynamics, mechanical 
mixing (i.e., wind-driven) forces are considered as a fundamental driver for biogeochemical 
processes in shallow aquatic ecosystems. This study assesses the relationship between water column 
stability and cyanobacterial harmful algal blooms in Marion Reservoir in Kansas, which is a 
discontinuous polymictic waterbody used for a drinking water source in regional communities. High-
frequency monitoring for water temperature and dissolved oxygen, chlorophyll-a (Chl-a) / 
phycocyanin combined with discrete weekly measurements of water physicochemical property (e.g., 
nutrients, light, PH, turbidity, salinity, etc.) in a shallow lake were collected. The results indicate that 
during strong stratification periods (lake number consistently greater than 1), the wind-induced 
disturbance is highly unlikely and the percentage of cyanobacteria of the total phytoplankton will 
increase throughout the photic zone. 
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Freshwater reservoirs play a significant role in the global carbon cycle by processing large quantities 
of organic carbon. However, the net balance of gross primary production (GPP) and respiration (R) of 
organic carbon in eutrophic reservoirs may vary substantially within a year and among years. The 
relative dominance of these two ecosystem metabolism processes will determine whether a 
reservoir is heterotrophic or autotrophic. Most metabolism studies on reservoirs have focused on 
the summer stratified period, so it remains unknown how including winter dynamics affects whole-
year metabolism budgets, especially for ecosystems that experience intermittent ice cover. We 
estimated daily rates of net ecosystem production (NEP), GPP, and R over seven years in a small 
eutrophic, dimictic reservoir located in Vinton, Virginia, USA, using continuous ten-minute dissolved 
oxygen data collected in the epilimnion. Over the seven year period, the reservoir exhibited net 
heterotrophy during both summer and winter periods. Summer NEP ranged from -20 to 3 mg 
O2/L/day with a mean of -0.84 mg O2/L/day, while mean winter NEP was -0.47 mg O2/L/day with a 
range of -8 to 0.5 mg O2/L/day. There was greater variability in NEP, GPP, and R among summer 
months than winter months, despite large differences in ice cover among years. Our results suggest 
that winter metabolism rates are less heterotrophic than summer rates, contrary to previous 
studies, and point to the importance of studying full-year metabolism dynamics. 
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In this project we explore the impacts of changing lake mixing regimes on whole-lake metabolism. 
Warming of global surface waters implies widespread changes to lakes’ mixing regimes, from 
stronger stratification and fewer mixing events to divergent heating of surface and deep waters. 
Together, these changes can dramatically alter the rate, location and timing of lake primary 
production and respiration (hot spots and hot moments). While recent efforts focus on shifts in 
primary production, much less is known about changes in whole-lake metabolism. This project aims 
to address this knowledge gap by utilizing high resolution timeseries of dissolved oxygen (DO) and 
water temperature (T) combined with open source computing tools (e.g. LakeMetabolizer). With 
decadal timeseries of DO and T now becoming available, meaningful comparisons of ecosystem 
productivity in warmer and colder years are possible. The question we ask in this project is: do 
anticipated shifts in stratification phenology change whole-lake metabolism in a predictable way? 

The MixMet project was initiated at GLEON 21.5 and is currently in its first phase. We are looking for 
core collaborators who would like to contribute to formulation of research questions and data 
acquisition. 
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Increasing levels of road salt (NaCl) used for de-icing flow into freshwater bodies via runoff during 
the winter in Canada and the US, posing concern for the health of those ecosystems. Some 
zooplankton, which play an important role as primary consumers of algae in freshwater bodies, have 
a high sensitivity to increases in chloride. Studies have revealed changes in zooplankton community 
composition, reduced biomass, and lower richness when zooplankton are exposed to high chloride 
concentrations. Additionally, there is some evidence that zooplankton may be more sensitive to 
chloride in soft water conditions (i.e., low concentrations of calcium and magnesium). Calcium levels 
in lakes across the Canadian Shield are declining and may exacerbate the effects of chloride on 
zooplankton; it is possible that the interactive effects of increasing chloride and decreasing calcium 
will have a synergistically negative effect on zooplankton taxa that are sensitive to both stressors. 
We conducted an experiment to investigate the interactive effects calcium and NaCl on zooplankton 
community composition, biomass and richness. We performed a six week mesocosm experiment to 
test the effects of a chloride gradient from 0.27mg/L to 1500mg/L at five calcium levels from 
4.48mg/L to 70mg/L on a diverse zooplankton community assemblage. We predict that total 
biomass and richness will decrease as chloride concentrations decrease for a given calcium level, 
with the lowest total biomass and richness under the lowest calcium and highest chloride condition. 
We also predict total abundance and richness will increase as calcium increases for a given chloride 
level. 
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Lakes in agricultural watersheds experience significant nutrient loading from fertilizer application 
that is often characterized by high nitrogen-to-phosphorus (N:P) ratios. Despite high N loading rates, 
recent evidence indicates that N-limitation is ubiquitous in agricultural systems, likely due to rapid 
denitrification. There is significant interest in investigating the role of varying N:P loads in structuring 
phytoplankton community composition, but a framework for understanding how N:P loads influence 
ecosystem process rates limited by extreme stoichiometric imbalance is lacking. We used sensor-
based measurements of gross primary productivity (GPP), ecosystem respiration (ER), and net 
ecosystem productivity NEP in 17,000 L pond mesocosms dosed across a range of N:P ratios to 
observe patterns in process rates with varying load ratios. Our experimental design manipulated N 
loads while leaving P loads constant in order to isolate the impact of N variability. Productivity was 
greater in higher N:P treatments, with models predicting maximum productivity at molar N:P near 
50. Chlorophyll concentrations also increased with increasing mesocosm N:P. The relationship 
between nutrient concentrations and chlorophyll, GPP, and NEP were all stronger with total N 
compared to total P, suggesting N availability was driving productivity across all treatments. Our 
results provide experimental evidence that increases in productivity may be expected at extreme 
N:P loads, and maximum productivity may be possible at stoichiometric ratios much greater than 
Redfield. 
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Anthropogenic eutrophication is a worldwide occurring phenomenon that threatens lake 
ecosystems. However, ecosystems such as lakes do not exist in isolation, but are often connected via 
surface water flows, groundwater flows and organismal movement to other ecosystems. The 
nutrients and organisms present in one lake ecosystem can thereby transfer and influence other lake 
ecosystems. Understanding how ecosystem properties and hydrological networks interact with each 
other is therefore a key element in lake management. Finding solutions for impacted lakes will need 
to consider lake ecosystems as connected meta-ecosystems, an approach encompassed in the 
concept of Smart Nutrient Retention Networks. 

The processes that govern both ecosystem and network are complex and can be hard to understand 
at first glance. Aquatic ecosystem models or transport models can serve to manage this complexity. 
However, although a plethora of models is already available in the field of water quality and ecology, 
an aquatic meta-ecosystem model that combines both food web interactions and detailed transport 
between these food webs did not exist yet. To bridge this gap we developed a meta-ecosystem 
approach to PCLake+. An R wrapper was built around PCLake+ to handle transport among different 
lake-units in the meta-ecosystem. Thus, we are able to study the interaction between lakes and 
management in a spatial context and develop a better understanding of these complex systems. 
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Lake evaporation is a critical component of the terrestrial water cycle. Accurate quantification of 
lake evaporation dynamics is crucial to understanding lake energy budgets, land-atmosphere 
interactions, as well as regional water availability. However, most studies of global evaporation 
responses to climate warming are based on single lake model simulations or are focused on regions 
of socio-economic interest with relatively small number of observations. Although these studies 
significantly contributed to the current knowledge of evaporation changes in lakes across the globe, 
the use of single model simulations is subject to uncertainties due to model structure and 
parametrization. Instead, multi-model ensemble simulations are increasingly used in order to 
achieve more robust assessments of lake responses to climate change. In this study, we use the 
global simulations from the Inter Sectoral Impact Model Intercomparison Project phase 2b 
(ISIMIP2b) Lake sector. Lake evaporation responses to 20th and 21st century (1901-2099) climate 
change have been simulated with an ensemble of independently developed lake models, under 
different climate change scenarios (Representative Concentration Pathways, RCP, 2.6, 6.0 and 8.5). 
Here we present preliminary results of global lake evaporation responses to climate warming. 
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For aquatic scientists mesocosm experiments are important tools for hypothesis testing as they offer 
a compromise between experimental control and realism. We established a mesocosm 
infrastructure (SITES AquaNet) located in five lakes with a multi-layered monitoring programme 
connected to field stations across Sweden. The unique feature of SITES AquaNet is that the 
infrastructure is standardized across sites and therefore ideally suited to conduct experiments that 
are replicated in space and time. This allows to depict general responses to experimental 
manipulations as well as to gain a better understanding of the factors that regulate site-specific 
responses. A variety of different manipulations are possible. Experiments that have used the 
infrastructure so far have for example manipulated shading, fish predation, nutrient availability, 
browning and salinization. Another important feature of the infrastructure are high-frequency 
measurements of temperature, photosynthetic photon flux density, turbidity and dissolved oxygen, 
chlorophyll a and phycocyanin concentrations with an autonomous sensor system. The 
infrastructure is open to the scientific community and will also offer transnational access through 
the EU project AQUACOSM-plus to participate in a modularized collaborative experiment in 2022. 
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Associations between iron (Fe) and organic carbon (OC) play a critical role in marine carbon burial. 
However, the importance of these associations in freshwater sediment is poorly quantified. This 
presents a critical research gap, as reservoirs alone may bury more OC than marine sediments each 
year. Moreover, hypolimnetic oxygen concentrations are decreasing in lakes and reservoirs around 
the world, and it remains unknown how anoxia may impact Fe-bound OC (Fe-OC). Better quantifying 
Fe-OC dynamics under varying oxygen conditions would help predict carbon cycling in the face of 
global change. 

Here, we used whole-ecosystem experiments to test the sensitivity of Fe-OC to changing oxygen 
levels in two reservoirs: Falling Creek (FCR) and Beaverdam (BVR; Roanoke, VA, USA). FCR is 
equipped with a hypolimnetic oxygenation system that has been operated on a variable schedule for 
nine years, maintaining primarily oxic conditions. BVR serves as an unoxygenated reference and 
exhibits hypolimnetic anoxia from May to October. Fe-OC comprised a large percentage of sediment 
OC in both reservoirs, and was significantly higher in FCR (µ = 36% of sediment OC) than in BVR (µ = 
31%; p = 0.03), suggesting that Fe-OC may play a greater role in carbon sequestration under oxic 
conditions. However, Fe-OC concentrations did not vary with intermittent 2–3 week periods of oxic 
and anoxic conditions in FCR. Our results indicate that Fe-OC plays an important role for carbon 
sequestration in some freshwater ecosystems and its sensitivity to oxygen can vary with timescale. 
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Preparing effective models to predict the dispersion of pollutants in the water body is one of several 
aims of the large-scale monitoring concept for federal waterways by the German Federal Institute of 
Hydrology.  

For reliable forecasts, solid knowledge of the parameters controlling the dispersion is key, however 
challenging. The description of dispersion processes in a river is highly complex, and directly 
dependent on the particular river morphology and on the changing hydrological boundary 
conditions. In fact, the currently estimated dispersion coefficients poorly represent these processes. 

Underlying numerical models are therefore calibrated and validated by empirical field studies. In the 
presented study, a known concentration of tritium is released to River Moselle with the waste water 
from a nuclear power plant in a discrete release event, and is traced along the flow path of the river. 
Characteristic parameters such as discharge-dependent flow velocities, emitter- and section-related 
dispersion, and elimination constants are determined for individual river sections. On this basis, 
discharge-dependent flow times, expected impact times, concentration maxima and the duration of 
critical concentration increases can be well predicted within the framework of the dispersion 
models. 
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The Salve Faccha reservoir (137 ha flood area) in the high Andes of Ecuador (3890 masl) since 1998 
contributes 900 l/s to the water supply of the city of Quito. 137ha. We seek to identify stratification 
in the Salve Faccha reservoir by analyzing the temporal distribution of physical-chemical parameters 
of historical data and data from the multiparametric hydrobuoy to forecast possible effects on the 
body of water. We determined, based on the meteorological behavior of the area, a wet and a 
relatively dry seasons. We found a slight tendency to thermal stratification in the relatively dry 
season at 2.75 and 7.0 m depth using sub-hourly data from the multi-parametric hydrobuoy in 2019. 
Through the day, temperature and dissolved oxygen in the water column present greater variation 
between 10 am to 3 pm.  At 2.75 and 7.0 m depth of the relatively dry season, a variation of up to 
0.4 ° C is observed throughout the day, unlike the wet season, which presents a maximum variation 
of 0.15 ° C. Turbidity, pH, ORP and Chlorophyll  a remain without significant changes as there is 
minimal variation in the subsurface layer during the hours of the day with the highest water 
temperature. These results provide insight on the internal lake processes and interactions with 
climate and can be helpful for reservoir managers and water resource management in general. 
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Different lake phytoplankton taxa have various effects on water quality and management, resulting 
from traits such as presence or absence of silica-containing frustules or the ability to produce toxins. 
Representation of phytoplankton taxa using functional groups, or groups with distinct sets of traits, 
within lake ecosystem models permits inference regarding the potential effects of predicted 
phytoplankton community structure on water quality. However, selecting the appropriate functional 
group identities to best predict phytoplankton effects on water quality can be challenging. 
Researchers must balance the potential water quality prediction benefit of increased complexity in 
modeled phytoplankton taxonomic resolution with the computational challenges of calibrating many 
parameters across functional groups. Here, we use a global sensitivity analysis to assess the optimal 
number of phytoplankton functional groups for the coupled General Lake Model-Aquatic 
EcoDynamics (GLM-AED) in a drinking water reservoir. We collected ~weekly phytoplankton biomass 
depth profiles of four fluorescence-based phytoplankton groups (corresponding to green algae, 
cyanobacteria, brown algae, and cryptophytes) at the deepest site in the reservoir during four 
summers (2014-2017). We then conducted a one-at-a-time sensitivity analysis of the parameters 
specifying these four phytoplankton functional groups in GLM-AED to assess whether model output 
of different functional groups was sensitive to different parameters, reflecting functional traits 
differences among phytoplankton taxa. We found that inclusion of multiple functional groups in the 
model was warranted based on differences in model parameter sensitivity among groups. Our work 
provides the foundation for future development of iterative, near-term phytoplankton community 
forecasts to inform water quality management. 
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Introduction  

Stratified lakes form a sharp density gradient layer with unique properties (pycnocline) below the 
upper mixed layer. In marine systems, pycnoclines retain sinking aggregates making them hotspots 
for bacteria colonization resulting into increasing respiration rates which counteracts the biological 
carbon pump. Globally, freshwater systems release approximately 2.1 PgCyr−1, and coupled with 
ongoing global warming, this requires improved knowledge on in situ processes that enhance 
microbial organic matter degradation thus increasing atmospheric emissions of carbon dioxide.  

Aim 

Evaluating the ecological role of the pycnocline as a driving force for enhanced microbial 
degradation of organic matter and hence CO2 emissions in stratified lakes.  

Methods  

The study site will be at the deepest point (70 m) of Lake Stechlin, Northeast Germany. Organic 
aggregates above, below and across the pycnocline will be fractionated into slow, moderate and fast 
sinking fractions by a horizontal sampler and the particle abundance and size determined using 
imaging software. Biochemical composition of organic matter will be analysed using absorption 
spectrophotometry and spectrofluorimetry. Microbial community and functionality will be 
determined by Illumina amplicon sequencing (16S and 18S rRNA genes) and/or shotgun 
metagenomics, respectively. In addition, plankton composition and sedimentation rate across the 
pycnocline will be monitored. Microcosm experiments will be setup to investigate the interactive 
effects (“priming”) of natural pycnocline aggregates on overall microbial degradation of recalcitrant 
organic matter in stratified lakes.  

Conclusion  

Lake pycnoclines are hotspots for microbial degradation and thus increase the degradation of 
refractory organic matter due to higher availability of additionally labile organic matter.  
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The main objectives of this study were to determine the spatial variations in water quality and 
trophic status and developed empirical models in 204 South Korean reservoirs at different altitude 
levels. Mean nutrient (TP), suspended solids (TSS), organic matters (COD, TOC), water temperature 
(WT), and electrical conductivity (EC) content were consistently higher in very lowland reservoirs 
than any others. Lower average TN:TP ratios were observed in VLLR (57.21), followed by LLR (68.55), 
MLR (97.51), and HLR (119.44). The higher mean concentration of CHL-a and CHL-a:TP ratio was 
found in VLLR (CHL-a: 19.26µgL-1, CHL-a:TP: 0.51) than LLR (CHL-a: 8.24µgL-1, CHL-a:TP: 0.47), MLR 
(CHL-a: 6.71µgL-1, CHL-a:TP: 0.47) and HLR (CHL-a: 5.81µgL-1, CHL-a:TP: 0.44). Regression analysis 
showed that TP seems to be a better predictor of CHL-a (R2=0.44, p<0.01) than TN (R2=0.02, 
p<0.05). A higher significant positive relationship was observed between TP and CHL-a in VLLR 
(R2=0.61, p<0.01) than LLR (R2=0.03, p<0.17), MLR (R2=0.16, p<0.01) and HLR (R2=0.23, p<0.03). 
Regression anlysis between TN:TP ratio and CHL-a indicated that 95.59% of the observations 
showing P-limitation. SD is highly influenced by TP, TN, TSS, and CHL-a concentrations in the aquatic 
systems. TP and TSS explained 47% and 34% of the variance in NAT in HLR, respectively. In contrast, 
it was 18% and 29% in MLR and 32% and 20% in LLR of the variance in NAT, accordingly. TSI (CHL-a) 
points out the eutrophic state in all reservoirs. TSID analysis showed that phosphorus-limited blue-
green algae predominate in all reservoirs during the study period. 
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It is a challenge for lake ecosystem models to predict the response of phytoplankton and 
zooplankton to changes in environmental variables (e.g., nutrients, temperature, and predators). In 
this study, we used CE-QUAL-W2, a two-dimensional hydrodynamics and water quality model, to 
simulate the seasonal dynamics of four phytoplankton groups (chlorophytes, cryptophytes, 
cyanophytes, diatoms/chromophytes) and two zooplankton groups (herbivorous, partially 
carnivorous) in a meso-eutrophic Římov reservoir (Czech Republic). Chlorophyll-a concentrations 
corresponding to these phytoplankton groups were measured using bbe Moldaenke FluoroProbe 
GmbH. The model was calibrated using phytoplankton, zooplankton, water chemistry, and climate 
data collected between January 1999 and November 2020. After manual calibration, the model 
achieved: (1) satisfactory agreement of biological (phytoplankton, zooplankton), chemical (nutrients, 
dissolved oxygen) and physical (temperature, light) variables with observed data; and (2) reasonable 
agreement of seasonal patterns of plankton in the epilimnion at the lacustrine part of the reservoir 
using different parameterizations of their growth dependencies on temperature, light, and nutrients, 
as well as different preferences of zooplankton for individual algal groups. The results of this study 
suggest that nutrients, temperature, and zooplankton predation are key factors in shaping 
phytoplankton dynamics. The model was further used for a scenario analysis testing changes in 
nutrient loading (phosphorus), zooplankton feeding pressure, and temperature. Overall, the results 
of this study provide insight into the response of phytoplankton to environmental changes and 
zooplankton predation and may help to design a management strategy to reduce phytoplankton 
biomass and improve water quality. 
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Hyperspectral water optical properties are integrative variables that can be measured in surface 
waters to identify the dynamics of dissolved and suspended matter. Phytoplankton has a distinctive 
signature in the inherent optical properties (IOPs) which can be used to quantify changes in 
phytoplankton biomass. To investigate how short-term meteorological events impact the dynamic of 
primary production (PP) in large and highly energetic lakes, we have deployed since October 2018 in 
Lake Geneva (Switzerland) at the LéXPLORE platform an autonomous profiler. The profiler measures 
with a centimeter resolution hyperspectral absorption and attenuation, backscattering and 
fluorescence at discrete wavelengths, hyperspectral reflectance, along with temperature, dissolved 
oxygen (DO), conductivity, and PAR irradiance. The profiler was deployed over contrasted seasons 
and recorded these parameters every three hours over the top 50 m of the water column. 
Observations revealed large spatiotemporal heterogeneities of IOPs as a result of seasonal and 
short-term (weekly to sub-daily) physical and biogeochemical processes. There was evidence for diel 
cycles in the IOPs within the photic zone, often synchronized with diurnal DO cycles. Largest diel 
amplitudes were found under stratified and calm periods, which did not necessarily correspond to 
the sunniest days, highlighting at the short-term scale the dominant control of PP by wind intensity 
rather than incident solar radiations. This dataset opens the door to a better understanding of lake 
metabolism directly from in situ IOPs. It is now being combined with remotely sensed water quality 
parameters to upscale PP estimates from local to basin scale. 
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Ecological forecasting is an emerging approach which provides an estimate of the future state of an 
ecological system with uncertainty. This important tool allows society to prepare for changes in 
ecosystem services by predicting macrosystems dynamics at multiple, interconnected spatial and 
temporal scales. Through Macrosystems EDDIE (Environmental Data-Driven Inquiry & Exploration; 
MacrosystemsEDDIE.org), we are developing a suite of hands-on, data-driven modules that 
introduce ecological forecasting topics to undergraduate and graduate students at a range of 
experience levels. Modules are designed to reduce the barriers to entry for both students and 
instructors by using the R Shiny interface to guide students through inquiry-based lessons on 
macrosystems topics through the lens of ecological forecasting. The four modules are “Introduction 
to Ecological Forecasting”, “Ecological Forecast Uncertainty”, “Confronting Forecasts with Data” and 
“Using Ecological Forecasts to Guide Decision Making”. To date, we have tested “Introduction to 
Ecological Forecasting” at six universities (N = 56 students) and found that modules increased 
students’ self-perceived confidence and proficiency in generating and communicating an ecological 
forecast. Across undergraduate and graduate students, there was an increase in students’ ablility to 
identify the steps in the ecological forecast cycle. Furthermore, students were able to identify 
challenges associated with ecological forecasting after completion of the module. These results 
suggest that integrating ecological forecasting activities, like Macrosystems EDDIE modules, into 
ecology curricula will enhance students’ abilities to engage and understand complex ecosystem 
concepts like ecological forecasting. 
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Marine microplastics have been studied for some time now and our knowledge on their sources and 
fate has rapidly advanced during the last decade. In contrast, research on microplastics in 
freshwaters is still in its infancy. Data on microplastic abundance in large surface waters is limited, 
and virtually lacking for small surface waters. More importantly, there is still a lack of consensus 
about sampling and analysis procedures for microplastic identification and quantification. Studies 
with different research aims and hypotheses often report unstandardized results, making 
comparisons of the occurrence and fate of microplastics in freshwaters difficult. In the present 
GLEON project, we performed the first global standardized sampling and analysis effort to 
investigate the occurrence and distribution of microplastics in lakes and reservoirs covering an 
assortment of limnologically diverse freshwater ecosystems under varying levels of anthropogenic 
stress. Participants collected microplastic samples from freshwater systems with different features 
(e.g., surface area, depth, thermal regime, watershed characteristics), following a common protocol. 
All samples were collected by horizontal trawling of a plankton net, and subsequently treated with 
hydrogen peroxide. We analyzed microplastic samples collected from 38 lakes in 23 different 
countries. More than 8000 plastic particles have been identified and each one has been assigned to 
different classes based on shape, color, and dimension, while polymer identification through Raman 
spectroscopy has been performed for more than 2000 particles. With this global dataset, our goal is 
to disentangle waterbody/watershed attributes influencing the occurrence and characteristics of 
MPs in lentic systems. 
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Lakes are subject to different environmental forces determining mixing and stratification at different 
spatial and temporal scales. With an ice-cover, wind stress and associated shear-driven mixing and 
heat loss are missing. Under-ice convection is mostly driven by solar radiation penetrating into the 
water. Here, we present under-ice temperature, light (photosynthetically active radiation; PAR) and 
dissolved oxygen (DO) data for the period 2015-2021. These years were different with respect to ice 
thickness, snow cover, and precipitation. Here, we show the effect of such different conditions on 
under-ice PAR, temperature, and DO. 
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Aquatic ecosystems are under multiple environmental and anthropogenic threats in the 21st 
century. Concurrently, an increasing amount of monitoring data is available globally and information 
sharing has become real-time. The challenge is to integrate data from various sources and to address 
complex socio-ecological problems facing societies today.  

One approach is by combining biomonitoring (field data) with network analysis (e.g. food webs), 
thereby enhancing the ability to protect and manage ecosystems (Gray et al., 2014). Regularly 
collected biotic data (e.g. community composition) is valuable for constructing accurate species lists, 
which combined with knowledge on predator-prey relationships can be used to construct static food 
web models. Biomass stock assessments (from time series monitoring) and fishing data (from 
surveys) for example are necessary to fit time series and validate models in EwE software 
(Christensen et al., 2005). Abiotic data (e.g. temperature, salinity) can be used to force the EwE 
model to certain conditions. Finally, sampling along a gradient increases replication and explores 
spatial-temporal variability (Ma et al., 2018), which can become a powerful tool in a rapidly changing 
climate. We would like to highlight the potential of such synergistic aspects by providing specific 
examples from our own work and the literature. 
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Reservoirs across the world provide invaluable services, including fresh drinking water, irrigation, 
flood control, hydroelectricity, and recreation, but they are also hotspots of greenhouse gas 
emissions among inland waters. Methane emission rates in particular are often very high in 
reservoirs, but are spatially heterogenous within and across systems due to differences in carbon 
influxes, reservoir morphology, and water quality characteristics. Advanced technologies are 
becoming more common to better capture this variability and understand the spatial drivers of 
methane emissions. Here, we have designed a catamaran-style autonomous surface vehicle (ASV) 
with several integrated sensors to measure greenhouse gases and water quality variables in surface 
waters at a very high spatial resolution. The sensor suite includes an echosounder calibrated to 
measuring methane ebullition, a pCO2 sensor, and a sonde measuring water temperature, dissolved 
oxygen, pH, fluorescent dissolved organic matter, nitrate, total algae, and turbidity. Additional on-
board sensors will include an anemometer for estimating CO2 emissions, an integrated data logger 
system, and a GPS. This ASV will operate via remote pathway programming, so no on-board 
presence will be necessary for operation, and pathways can be repeated for time series of 
measurements at the same spatial coverage. We plan to utilize this system first on one intensively 
sampled hydroelectric reservoir in Tennessee, USA, to map spatial greenhouse gas emission patterns 
at approximately monthly intervals. Ideally, the usage of the ASV will be expanded to high-resolution 
mapping of greenhouse gas emissions and water quality in several other reservoirs and lakes in the 
future. 
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Freshwater ponds are ubiquitous across many landscapes and vastly outnumber lakes across the 
globe. Ponds are biogeochemical hot spots, and their high nutrient inputs relative to water volume 
can support high respiration rates and greenhouse gas production. Small ponds can have especially 
high rates of CO2 and CH4 emission, yet measured emissions from ponds can vary by orders of 
magnitude, and drivers of this variability are not well understood. Further, human-made ponds are 
constantly being created and altered in urban areas, yet the effects of urbanization properties on 
greenhouse gas emissions is unknown. A greater understanding of how these properties can affect 
pond emissions is needed to better manage these constructed systems, as well as to fully 
incorporate ponds into models of freshwater greenhouse gas emissions. While some attempts have 
been made to add pond emissions to global freshwater greenhouse gas estimates, limited 
knowledge of emission drivers and spatial variability have made these estimates potentially 
problematic. 

The objective of this study was to quantify ecosystem and watershed scale drivers of greenhouse gas 
emissions from ponds, by measuring pond emissions of all three major greenhouse gases (CO2, CH4, 
and N2O) across a gradient of human alteration and catchment properties. We hypothesized that 
pond properties that contributed to anoxia would drive CH4 and N2O emissions, such as 
stratification and nutrient loads, while CO2 emissions would be driven by production/respiration 
rates and carbon inputs from the watershed. 
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Ponds have an outsized greenhouse gas footprint relative to the area they cover in the landscape. 
Much of the research conducted to clarify factors that control emissions of the greenhouse gases 
carbon dioxide (CO2) and methane (CH4) from these shallow lentic systems is limited in geographic 
range and variability of factors that might be useful in predicting gas concentration. From 25 ponds 
in Europe and North America, we sampled CO2 and CH4 concentrations from three locations within 
each pond on three sampling events during the summer. We characterized the physical (e.g. depth), 
chemical (e.g. dissolved organic carbon), and biological (e.g. fish presence, chlorophyll-a) 
characteristics of each pond, and tested for relationships to predict CO2 and CH4 concentrations in 
small lentic systems. Further, we used our dataset to identify where and when spatial and temporal 
variability was the highest and least predictable. Our results demonstrate that previously reported 
predictive variables generally hold, that smaller ponds tend to have higher and more variable CO2 
and CH4 concentrations on a spatial scale relative to larger water bodies, and that ponds with 
highest mean CO2 and CH4 concentrations tend to vary more over time. 
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Fueled by large inputs of terrestrial carbon, lakes are globally important hot spots of carbon cycling. 
However, the extent of carbon processing is highly heterogeneous through time (e.g., seasonally), 
space (e.g., vertically through the water column), and across the productivity gradient. To 
understand the role of lakes in the global carbon cycle, it is important to characterize carbon 
dynamics across these space and time scales. The production and consumption of CO2 and dissolved 
oxygen (DO) represent important aspects of functional characteristics and metabolic pathways 
within lakes. Theoretical metabolic stoichiometric theory predicts that CO2 and DO are inversely 
correlated. Yet, decoupling between CO2 and DO has been observed and non-metabolic sources of 
CO2 may be an important driver of overall CO2 emissions from lakes. We deployed a network of in-
situ DO sensors placed throughout the water column coupled with regular CO2 and CH4 
measurements using a portable greenhouse gas analyzer to measure variability in lake metabolism 
and CO2 through time and space in three lakes of contrasting trophic status. Preliminary results 
indicate that variability through the water column is related to lake productivity level. Our results 
also indicate that in anoxic conditions, CO2 dynamics may be influenced by other abiotic factors. We 
also propose a new GLEON collaborative effort to understand DO and CO2 coupling in contrasting 
lakes around the world. 
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A high frequency monitoring (HFM) system for the deep subalpine lakes Maggiore, Lugano and 
Como is under development within the EU INTERREG project SIMILE. The general aim of SIMILE is to 
improve and optimize lake monitoring integrating conventional monitoring, satellite data, in situ 
HFM data, and user-contributed georeferenced data. A monitoring buoy (LM1) was placed in Lake 
Maggiore in 2020 as a pilot experience, aimed at providing the practical know-how needed for the 
development of the whole HFM system. To increase replicability and transferability, LM1 was 
developed in-house, and conceived as a low-cost modular system. LM1 was initially equipped with 
surface sensors for water temperature, pH, conductivity, dissolved oxygen and Chl-a. In 2021 new 
sensors were added, namely surface sensors for algal pigments (phycocyanin and phycoerythrin) and 
turbidity and deep sensors for Chl-a (about 10 m depth) and dissolved oxygen (30 m depth). Sensors 
were registered in istSOS (http://istsos.org/), an OGC SOS server implementation for managing and 
dispatching observations from monitoring sensors according to the Sensor Observation Service (SOS) 
standard. Some preliminary analyses of the data have been performed, aimed for instance to a 
comparison of sensor readings with satellite data and to an evaluation of the effects of short-term 
intense meteorological events on lake dynamics. 
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The tropical High Andes have a wide range of environmental conditions and harbor high diversity of 
lake ecosystems. In this study, we assessed lake diversity of the Papallacta Oyacachi Lacune System - 
POLS, in northeastern Ecuador, based on geographical, morphometric and biogeochemical 
characteristics of the lakes and their basins. Data for morphometric and geographical variables were 
extracted in Qgis and were used to determine a hierarchy of six lake clusters out of the 142 lentic 
bodies analyzed. In addition, we are planning to determine if there is a correlation between 
morphometric data and physicochemical parameters (pH, salinity, total nitrogen, sulfates and 
phosphates) to assess the usefulness of morphometric and geographical data at predicting 
biogeochemical patterns of lakes at local scales, and eventually scale up at larger scales with the use 
of other surrogate variables. This study contributes to the understanding of lake diversity of the 
POLS and the tropical high Andes in general, but also to implement a hierarchy in the monitoring and 
management of water bodies, especially in remote areas. 
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Lake metabolism studies have mainly focused on dynamics and drivers within the surface mixed 
layer, despite demonstrated vertical and lateral variation in metabolic rates in many systems. This 
spatial bias hinders our ability to predict lake responses to stressors, because gross primary 
productivity (GPP) and ecosystem respiration (ER) may have habitat-specific constraints or drivers. 
Here we make use of compressed environmental gradients and topographic heterogeneity in a 
mountain landscape in the Sierra Nevada, California, to characterize spatial variation in aquatic 
ecosystem metabolism within and among lakes. Over the course of three summers (2017-2019), we 
performed in-situ benthic and pelagic incubations, diel oxygen profiling, and isotopic sampling in 15 
lakes that spanned a 2000-m elevation gradient and substantial size and morphometry gradients 
(surface area 2-60 hectare; max depth 3 – 80 m). Despite large differences in terrestrial carbon 
inputs and mean water temperature among lakes, we found consistent differences in ecosystem 
rates between pelagic and littoral habitats, as well as consistent increases in GPP with depth, often 
peaking within the hypolimnion. Depth-integrated whole lake metabolism showed no elevational 
trends, and in all lakes ER was closely linked to GPP (R2 = 0.94). Littoral zones were generally 
autotrophic, with rates of GPP and ER exceeding those in the epilimnion, though rates varied among 
substrate type. Our results suggest that basin morphometry should exert strong controls on whole-
lake productivity by dictating the relative contribution of different habitat types. 
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Inland waters have recently gained a lot of attention globally for their potential role in acting as 
conduits for greenhouse gases (GHGs: CO2, CH4 and N2O) to the atmosphere. Regional climate, 
basin characteristics and localized human interventions, effect the rates of various biogeochemical 
processes, making it difficult to constrain the fluxes of gases from these systems. Furthermore, GHG 
flux data is scarce when it comes to the lakes of the Indian subcontinent, with no data from the high-
altitude lakes of the Himalayas. In this study, an attempt was made to understand the greenhouse 
gas dynamics in three lakes in the Kashmir Valley namely, Wular Lake (the largest freshwater lake of 
India, situated within the continuum of the Jhelum River, which is a tributary of the Indus River), 
Manasbal Lake (the deepest lake in the valley) and Dal Lake (situated within the Srinagar City and 
experiencing high anthropogenic stress due to tourism activities). Sampling was conducted at 41 
sites during the late winter of 2021. The initial results of the study will be discussed in this 
presentation along with the future scope of research in these lakes. 
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The balance between formation (i.e. gross primary production - GPP) and degradation (i.e. 
respiration - R) of organic matter in lakes is known as lake metabolism. We studied the temporal 
dynamic of GPP, R, and net ecosystem production (NEP = GPP - R) of a tropical lake at two distinct 
periods: before (normal-volume) and after (low-volume) a prolonged drought due to a prolonged 
drought. We used high-frequency data and the inversing modeling approach. We also tested ten 
equations to estimate the atmospheric flux to evaluate their influence on metabolism estimates. At 
the low-volume period, we observed an increased concentration of nutrients, suspended solids, 
chlorophyll-a, and carbon and decreased light availability and water column stability. These changes 
were associated with a lower seasonality and a 40% increase in mean GPP and R rates compared 
with the normal-volume period. However, NEP rates presented higher absolute values, alternating 
between autotrophy (6.44 ± 28.72 mmolO2m-3d-1; mean ± standard deviation) in the rainy season 
and heterotrophy (-18.98±57.65 mmolO2m-3d-1) in the dry season. Conversely, during the normal-
volume period, the seasonality in GPP and R rates were more intense but, NEP showed a state near 
equilibrium with atmosphere (-0.18±17.92 mmolO2m-3d-1). Regarding the tested flux models, we 
noticed higher R and NEP absolute values for those considering other turbulence generating 
processes besides the wind. These could be due to the better adequacy of those models but, also 
due to a compensation of those models to the noise in the dissolved oxygen measurements, 
especially during low water column stability. 
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Cyanobacteria pose a growing risk to human health and aquatic ecosystems worldwide. It is 
therefore imperative that monitoring practices produce accurate proxies of cyanobacterial 
abundance. Current practices typically involve a limited number of sites per lake, since sampling 
many sites can be prohibitively expensive in both time and materials; this is especially true when 
cyanobacteria are quantified by pigment extractions or microscopic enumeration. Limited sampling 
means that we may fail to capture the true spatial variability in cyanobacteria and thus produce 
inaccurate estimates of abundance at the whole lake scale. We are evaluating the suitability of a 
new method for quantifying cyanobacterial spatial variability using photosynthetic pigments that can 
be measured directly on a handheld fluorometer following a freeze-thaw cycle: chlorophyll a (chl-a) 
indicates total phytoplankton abundance, while phycocyanin (PC) and phycoerythrin (PE) are 
cyanobacteria-specific accessory pigments. We are measuring all three pigments in integrated 
surface water (upper 3 m) samples from 10-12 sites at multiple lakes in New England; samples are 
separated into <50 µm and whole lake water (WLW) fractions prior to analysis. To validate this 
method, we are also measuring chl-a via methanol extraction and identifying phytoplankton in a 
subset of WLW samples. The results of this study will provide unique insight into the spatial 
heterogeneity of cyanobacteria and inform the design of future lake monitoring programs. 
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Ecological processes are rapidly being altered due to global change. Large-scale multi-lake snapshot 
surveys are frequently used to evaluate plankton dynamics and their responses to environmental 
change in lake systems, especially by substituting environmental gradients over wide geographic 
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areas for time (space-for-time substitutions (SFTS)). SFTS, however, have been criticized for their 
assumption that spatial and temporal dynamics are interchangeable. In SFTS lake studies, 
zooplankton are commonly used as indicators of ecosystem change by modeling how community 
structure and function are influenced by local environmental variables (e.g., temperature, nutrients, 
chlorophyll-a, pH), or by using process-based models (e.g., secondary production estimates). We 
have yet to determine whether these large-scale snapshots are representative of temporal patterns 
in zooplankton community dynamics. We are testing whether SFTS survey designs can provide 
reproducible results that are immune to the potentially confounding factors of space and time. We 
are currently compiling time series of zooplankton and associated lake data to empirically re-sample 
the data under different SFTS permutations. We will compare results among permutations using a 
suite of typical analyses (e.g., Shannon diversity, production models based on production:biomass 
ratios). We hypothesize that results are not reproducible across different SFTS survey permutations 
and do not capture observed changes and patterns in time series data of individual lakes. To date, 
we have data from 120 lakes across 28 countries and 6 continents, 81 data contributors, and 91 total 
interested participants. We continue to invite GLEON members to participate and to contribute 
applicable time series data and feedback. 
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Apply Elevated Salinity and Heatwave Sequentially: Would timing 
matter? 
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In nature, ecosystems are usually exposed to multiple stressors. Biotic and abiotic factors fluctuate 
through time in aquatic environments, sometimes passing reference or threshold conditions and 
independently or interactively disturbing organisms and ecosystems. Understanding interactions 
between multiple stressors can be challenging when there are non-additive effects, that is, the 
combined effects cannot be predicted based on the effect of each single stressor. Although there 
has been increased interest in multiple-stressor issues, past research has primarily focused on the 
combined effects of simultaneously occurring stressors. However, the peak magnitude of different 
stressors may occur at the same or different times, which can cause simultaneous or sequential (i.e., 
when stressors are decoupled in time) exposure to stressors. Few studies have examined how 
stressors interact when they are applied sequentially. In regions experiencing cold winters, the 
application of road salt is causing elevated lake chloride concentrations. Meanwhile, lakes are 
experiencing increasing frequency and intensity of heatwaves. The combination of elevated salinity 
and heatwave has not been thoroughly studied in freshwater communities, limiting our ability to 
predict outcomes of future disturbances. Therefore, we conducted a mesocosm experiment to 
investigate: (1) Would the timing that salt stressor happens influence its effects? (2) When giving 
different time intervals between salt and heatwave treatments, how would that influence their 
combined effects? 
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Nutrient retention vs. tributary inputs in the Cheboksary reservoir: 
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The Cheboksary Reservoir is a eutrophic artificial lake in the middle of the Volga-Kama reservoir 
cascade. Its chemistry and ecology are shaped by a multitude of factors and therefore have great 
spatial heterogeneity: while the main water flow via the Volga River is largely transformed by 
upstream reservoirs with most of nutrients assimilated there, about a half of total water inflow is 
provided by other tributaries, which have varying chemical profiles and provide significant nutrient 
and other types of pollution. The most significant nutrient loading comes from the Oka River, which 
is not controlled by any major dams and directly carries agricultural, industrial and residential runoff 
from some of the most densely populated areas of Russia, including the Moscow Metropolitan Area.  

Our field studies of 2017-2021 allowed to examine the extent of nutrient assimilation in Middle 
Volga reservoirs and evaluate the role of tributaries in their external nutrient loading, as well as to 
examine how these factors interact under varying weather conditions and dam operation regimes. 
We pinpointed some of the smaller rivers with extreme levels of nutrient pollution within the 
Cheboksary watershed, that, while being the most vulnerable elements of the entire system, are 
largely ignored in the monitoring framework but evidently supply a significant amount of pollutants 
into the reservoir.  
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Environmental contamination is a multifaceted issue that affects ecosystems, communities, and 
human society; however, certain organisms are capable of removing contaminants from the 
environment. Multiple species of phytoplankton are capable of uptaking Bisphenol A (BPA), a 
ubiquitous pollutant in waterways. However, an understanding of the relationships between 
phytoplankton population growth, community structure, and the capacity of these populations and 
communities to remove BPA from the environment is currently underdeveloped. Here, we conduct 
laboratory experiments aimed at understanding how gradients of both temperature and BPA 
concentration influence phytoplankton population growth and community structure and 
subsequently investigate how these factors influence the capacity of phytoplankton to remove BPA 
from the environment. We exposed assemblages comprised of 3 freshwater algae species (Chlorella 
vulgaris, Ankistrodesmus braunii, and Scenedesmus quadricauda) and isolates of each species to 
three BPA concentrations (0, 2, 13 mg/L) and three temperatures (18, 23-24, 27-28°C), monitoring 
community structure, population growth, and the change in BPA concentration over 6-days. 
Temperature, BPA, and their interactions influenced both Shannon Weiner diversity of the 
phytoplankton assemblages and population growth with species-specific patterns. Although diversity 
decreased as BPA concentration increased, A. braunii and S. quadricauda populations consistently 
grew fastest in low concentrations of BPA. Final BPA concentration was jointly influenced by 
species/community identity and starting BPA concentration with consistent BPA detection in the 
densest cultures. These results underscore the importance of understanding the interactions among 
contaminants, environmental factors, and biological responses in determining how biological 
systems  will be impacted by multiple environmental stressors. 
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Factors influencing water transparency in high mountain lakes 
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The high transparency of most mountain lakes substantially contributes to increase their aesthetic 
value. It is also considered a sign of pristineness and increases the attractiveness of lakes for tourists 
and nature lovers. Glacial inputs are a major -natural- factor influencing lake water transparency. 
However, transparency is also influenced by biotic processes such as algal growth, which can be 
linked to seasonal cycles or to local source of organic pollutants (e.g., from pastoral activities). and 
perhaps to other alterations of the nutrient cycles. Here, we use long-term data from a glacialized 
area in the Western Italian Alps to describe the variations of water transparency within and among 
lakes and identify the factors influencing this variation, including fish stocking. Preserving the natural 
levels of water transparency of mountain lakes is an important objective to fully preserve their 
aesthetic value and, probably, their original biodiversity. 
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Monitoring methane gas exploitation in Lake Kivu to preserve its 
stability and the integrity of its ecosystem 
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Lake Kivu is a meromictic deep tropical lake (485 m). It is part of the East African Great Lakes, 
located at 1.463 m altitude, between Rwanda and the Democratic Republic of the Congo (DRC). It 
presents various gradients layers of density, salinity, and temperature along its vertical profile, which 
are responsible of its high stability. The oxic life is restrained to the upper 60 meters, while its deep 
layers have high concentrations of dissolved methane (CH4) and carbon dioxide (CO2) gases. With 
the purpose of reducing the risk of an overpressure gas outburst, and at the same time, solve the 
energy weighing in the region, Rwanda and DRC decided to exploit methane gas for energy 
generation. 

In 2008, Rwanda started exploitation of methane gas, with a small pilot plant producing 3MW. Since 
2016, the first industrial plant is operational, producing of 26 MW.   

In parallel, to ensure safe and sustainable exploitation of methane gas in Lake Kivu, in 2008, with the 
operationalization of the pilot plant, the Government of Rwanda put in place the Lake Kivu 
Monitoring Program. The Lake Kivu Monitoring is done by monitoring biological, physical, and 
chemical properties of the Lake around methane gas extraction facilities and on the whole Lake, and 
by carrying out regular inspections on methane gas extraction facilities to ensure their safety and 
compliance with international standards.  

The Government of Rwanda and the Government of DRC are working together to harmonize the 
Lake Kivu Monitoring activities on the whole Lake.  
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Pharmaceuticals are omnipresent in aquatic systems and are known to influence species 
interactions. Their effect on host-parasite interactions, however, is still underexplored despite 
potential ecosystem-level consequences. Here, we ask whether diclofenac, a widely used non-
steroid anti-inflammatory drug, affects the interaction between a phytoplankton host and its fungal 
parasite. We hypothesized that the effect of increasing diclofenac concentration on the overall 
system depended on parasite exposure, and that the parasite is more sensitive to increasing 
diclofenac than the host. We assessed the acute and chronic effect of increasing diclofenac 
concentrations (0-150mg/L) on host and parasite performance using a replicated long gradient 
design in batch cultures. Overall system response depended on diclofenac concentration and 
parasite exposure. While host growth decreased at diclofenac concentrations >10mg/L in non-
parasite-exposed treatments, it increased at ≥10mg/L in parasite-exposed treatments since losses 
due to parasitism declined. Diclofenac concentrations <0.1mg/L had no effect on net-host 
production in both infected and uninfected treatments, but parasite infection ceased at 10mg/L 
during the acute phase. During the chronic phase, net-production declined only at concentrations 
>10mg/L in uninfected cultures, while it was overall close to zero in infected cultures in the chronic 
phase. Our results suggest that fungal parasites are more sensitive to diclofenac than the host giving 
a window of opportunity for uninfected host growth. Our work provides a first understanding about 
effects of a pharmaceutical on a host-parasite interaction beyond those defined by standard 
toxicological metrics. 
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The Natural Reserve “Torbiere del Sebino” is situated on the southern bank of Lake Iseo and is one 
the most meaningful wet zone for extension and ecological importance of northern Italy.  

Torbiere lies in a 14 km2 watershed where almost 12000 inhabitants live; the considerable anthropic 
pressure has changed the equilibria between species, enhancing eutrophication and reducing 
biodiversity.  

Despite the ecological relevance of the area, very little quantitative information is available 
regarding its water quality and hydrodynamics.  Given the critical environmental condition of the 
habitat, it is necessary to address the consequences of human impact on the trophic state of 
Torbiere. 

Torbiere consists of a system of shallow lake, originally subdivided into a set of many interconnected 
ponds. The separation levees were demolished to enhance internal circulation and improve water 
quality. However, no rational argument was used to support this decision that led to a system where 
similar characteristics are found everywhere and where the expansion of invasive species was easier; 
a separate set of ponds may contrast the eutrophication process. 

The present bank layout makes Torbiere’s biological behaviour similar to that of a completely stirred 
tank reactor, poorly efficient in nutrient and pollutant removal. By comparing the actual and 
previous conditions of ponds separation, a model, set up with DELFT 3D aims to give an answer to 
whether the choice of demolishing the banks was positive or negative for the water quality. Once 
clarified the role of the banks, the effects of their possible restoration will be addressed.  
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FAIR (Findable, Accessible, Interoperable, Reproducible) data principles are increasingly being 
adopted, but there are few pathways for researchers to easily make their data FAIR. Through 
aggregators like the Environmental Data Initiative’s (EDI) Data Portal or CUAHSI’s Hydroshare, 
finding and accessing datasets has become easier, but there are still challenges to achieving 
interoperability. There remain many small labs and data sets ( the“long-tail of ecological data”) for 
which the steps needed to create and publish interoperable data sets are daunting. Despite the 
creation of Ecological Metadata Language (EML), there is no data standard, extent of metadata, or 
consistently-employed controlled vocabulary used in limnology. These bottlenecks make 
interoperability between limnological datasets difficult without a substantial time investment and 
ongoing input from the original data providers. The work we present here addresses these 
community challenges in three ways: First, we have focused on revising EDI’s ezEML tool to make a 
more user-friendly uploading experience. Second, we will employ Version 2 of the Observations Data 
Model (ODM2) controlled vocabulary within the Attribute annotation label (a new feature of EML 
2.2.0) in order to facilitate higher quality metadata and a greater likelihood of shared field names 
across data sets, thereby increasing  interoperability between datasets. The third step will use EDI’s 
existing codebase to integrate the EML Attribute annotation label into the dataset for the end user. 
Together these changes could help limnologists and others publishing ecological datasets through 
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EDI make their data more accessible, findable, and interoperabile, facilitating large-scale 
collaboration. 
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Understanding significance of cladocera diversity potential in oxbows 
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Paleolimnological study in two Oxbows of the upper region of Tisza River namely Tiszadob and 
Bodony Tuzser was carried out. The former oxbow is legally protected unlike the later which is 
exposed to different anthropogenic activities such as recreational and fishing. Our main objective 
was to Assess the abundance of subfossil Cladocera assemblages in bottom sediments. Bottom 
sediments act as sinks of total activities happening in the lake. Cladocera species were used as 
indicator organisms for the research because of their middle position in the trophic level structure 
besides their sensitivity to environmental changes. The abundance or lack of it of Cladocera 
biodiversity information from sediment analysis may be used to assess status of water quality of a 
water body, trophic structure and anthropogenic activities involved. 

Different species composition were identified in the sediments. Cladocera families of Chyridoridae 
and Bosminidae were abundantly recorded majorly in Bodony. This could be due to their ability to 
tolerate pollution conditions and also their adaptation to avoid predators. The Bosmid genus are 
known to be in small sizes from birth which could be a hinderance for fish predation compared to 
other larger species. However, bacteriological degradation of body parts of some species could 
reduce their abundance in samples. Species abundance is not dependent on macrophyte type as 
other factors such as blowing wind may influence species location. 

Analysis of Cladocera remains abundance in bottom sediments can provide useful information for 
freshwater managers in making informed decisions on management and conservation. 
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Freshwater lakes and reservoirs are experiencing warming surface waters, frequent algal blooms, 
and low dissolved oxygen concentrations (hypoxia) due to global change. These changes are 
disrupting ecosystem processes and the essential services that lakes and reservoirs provide. As a 
result, lake and reservoir managers need new approaches to preemptively mitigate adverse water 
quality events caused by warmer surface waters, algal blooms, and hypoxia. We applied a novel 
open-source forecasting system developed for lakes and reservoirs (FLARE; Forecasting Lake And 
Reservoir Ecosystems) that incorporates real-time water quality sensor data, data assimilation, 
ensemble-based forecasts, and uncertainty quantification to predict near-term future water quality 
conditions. We tested FLARE in Beaverdam Reservoir (BVR), a eutrophic drinking water reservoir 
located in southwestern VA, USA that experiences seasonal hypolimnetic anoxia and cyanobacterial 
blooms. We used in-situ sensors, manually collected data, and a calibrated water quality ecosystem 
model driven by forecasted weather and inflow to generate water temperature and dissolved 
oxygen forecasts 16-days into the future. We found that temperature and oxygen forecast skill was 
greater when high-frequency data was available rather than infrequent manually-collected data.  
This novel integration of FLARE with GLM-AED is the next-step to providing broadly applicable open-
source water quality forecasting. Global change threatens water quality in lake and reservoir 
ecosystems, therefore, forecasting changes in water quality can aid in the implementation of 
preemptive management practices and enhance our understanding of freshwater ecosystem 
processes over daily to weekly time scales. 
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Lakes and reservoirs are increasingly susceptible to water level change as a result of anthropogenic 
and climate-induced environmental change. Increasing extremes in waterbody surface area has the 
potential to impact the ecosystem functioning of lakes and reservoirs. Large-scale studies analyzing 
these impacts on lakes and reservoirs are scarce, or focus on regions of socio-economic interest. To 
understand spatial and temporal patterns of change on lake and reservoir areas in the contiguous 
U.S., we used the ReaLSAT dataset that provides monthly time series of lake surface area over the 
period spanning 1984-2015. The study area consists of ~103,000 waterbodies defined as either a 
lake or a reservoir. Specifically, we trained an LSTM (long short term memory) based sequence-to-
sequence auto-encoder to extract temporal features from the lake time-series by minimising the 
reconstruction error. We grouped the water bodies into clusters with similar surface area change 
over the 31 year period by performing k-means clustering on their extracted temporal features. Our 
model is able to handle missing data and is trained using a randomly selected subset of 4000 water 
bodies while performing extensive hyperparameter tuning. We also used continuous wavelet 
transforms to identify the key scales of variability in the waterbody area. Understanding the impact 
that anthropogenic and climate-induced changes have on lakes and reservoirs is vital for managing 
waterbodies and the ecosystem services they provide. 
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Cyanobacteria blooms are a highly studied phenomenon in aquatic research, but we still lack a 
deeper understanding of cyanotoxin production. A disproportionate amount of research has been 
conducted on congeners of microcystin, a single type of toxin that is produced by a fraction of 
cyanobacteria genera. This is problematic because there are several different cyanotoxins and 
research focused solely on microcystin can overlook the production of other cyanotoxins. 
Furthermore, recent research has suggested that toxin co-occurrence is common, and by screening 
for solely one type of cyanotoxin, we could miss the large picture of cyanobacteria toxin dynamics in 
aquatic systems. Using a meta-analysis approach, we are exploring the relationship between 
phytoplankton community composition and cyanotoxin diversity in effort to understand how 
cyanobacteria diversity may influence toxin production and co-occurrence. Our literature search 
resulted in 458 studies that were further screened for studying two or more toxins, resulting in 31 
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studies comprising 478 sampling events and 139 different lake sites. Our results indicate that there is 
a positive relationship between the number of toxins found in a study and cyanobacteria genera 
richness (r2=0.4, p-value<0.001). It was also found that toxin methodologies exhibit some 
regionality. Despite these results, it was concluded that the ability to conduct a meta-analysis on this 
topic is hampered due to the vast approaches scientists take in analyzing cyanotoxins and reporting 
cyanobacteria abundance. Therefore, we recommend standardization of cyanotoxin analysis and 
methodology to improve our ability to assess global trends in cyanobacteria toxin production. 
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Reservoirs are important ecosystems given their role in biogeochemical processing. It is widely 
accepted that reservoirs are marked by physical heterogeneity, resulting in riverine, transitional, and 
lacustrine zones along a continuum, which are assumed to exhibit distinct biogeochemical patterns 
in both time and space. For example, as water velocity decreases from riverine to lacustrine zones, 
the reservoir continuum hypothesis posits that nutrient concentrations and allochthonous organic 
carbon will decrease, and phytoplankton biomass and autochthonous organic carbon will increase. 
However, it remains unclear how common these patterns are in many reservoirs, especially small (<1 
km2) reservoirs with less defined physical zones, which make up the vast majority of impoundments 
globally.  

To test this hypothesis, we examined spatial patterns of biogeochemical variables along a continuum 
in two small reservoirs in southwest Virginia. We used monthly surface samples of variables 
collected at sites (n= 17) along the reservoir gradient from April-October 2019. We found that 
several nutrient concentrations decreased from the riverine to lacustrine zones, as predicted by the 
reservoir continuum hypothesis (e.g., total phosphorus, ammonium, soluble phosphorus, 
autochthonous carbon), while other biogeochemical variables did not follow expected trends (e.g., 
chlorophyll-a, total nitrogen, nitrate, allochthonous carbon). These results indicate that in small 
reservoirs, the distinct gradients from riverine to lacustrine zones may not be as evident. 
Additionally, we found that reservoirs exhibited the most synchrony between analogous zones in the 
transitional zone, indicating that this zone may be critical in understanding patterns of 
biogeochemical cycling across reservoirs.  
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Dock de-icers are devices that prevent ice formation around docks and shorelines of lakes via forced 
circulation or bubbling of water. While banned in some U.S. states, the use of such devices is not 
regulated in other states including New York State. Various concerns and conflicts related to dock 
de-icers have been voiced in New York State, including installation of oversized systems, sediment 
re-suspension, alteration of the lake heat budget, biogeochemistry, food web, and access and safety 
for recreational activities on frozen lakes. While hydrological models can simulate the effect of lake-
wide ice and snow cover loss on lake water temperature under hypothetical scenarios, observed 
data on how dock de-icers locally affect water column temperature are scarce. We collected pilot 
data around a forced-circulation de-icer on Otsego Lake, New York, which provided evidence that 
proximity to the device exacerbated the cooling effects of cold snaps during winter as well as 
warming in the spring. In conjunction with the more extreme weather patterns anticipated in the 
future, more detailed study of the ecological effect of lake de-icers is warranted. 
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Harmful algal blooms lead to deterioration of water quality and ecosystem services. Extreme climatic 
events could enhance eutrophication resulting in nuisance algae blooms. Current restoration efforts 
could be hampered by the potential negative impacts of extreme climatic events. Evaluation of 
restoration measures on their efficacy under climate change is essential for effective water 
management. We conducted a two-month enclosure experiment in an urban eutrophic canal 
focussing on the reduction of sediment P-release. We tested the efficacy of four interventions, 
measuring phytoplankton biomass, nutrients in water and sediment. The measures included 
dredging, water column aeration and application of P-sorbents (lanthanum-modified bentonite - 
Phoslock® and iron-lime sludge, a by-product from drinking water production. A two-week heatwave 
recorded in the middle of our experiment increased the water temperature from 20 to 25 °C, and 
was used for the evaluation of heatwave-induced impacts. Dredging, Phoslock® and Iron-lime sludge 
reduced the phytoplankton and cyanobacteria nuisance during the experimental period, whereas 
aeration did not. The heatwave, presumably through enhancing biological decomposition and 
primary production, had a negative impact on water quality through increasing dissolved nutrients 
levels and phytoplankton growth, and application of these measures was unable to mitigate them. 
Our results suggest the efficacy of the currently commonly-used eutrophication control measures 
may be hampered in the future climate scenario. 

 


	Phytoplankton responses to repeated pulse perturbations imposed on a trend of increasing eutrophication
	Autonomous surface vehicles reveal spatial variability in lake surface waters
	Future projections of water level and thermal regime changes of a multipurpose subtropical reservoir (Sao Paulo, Brazil)
	Temperature monitoring in shallow lakes: should sensors be sheltered from sunlight?
	The Swedish Infrastructure for Ecosystem Science
	Watershed land use and hydrology interact to drive landscape scale lake DOM composition in Vermont, USA
	High-frequency monitoring in the deep subalpine Lake Maggiore (Italy): a focus on assessment of algal pigments
	Characterization of High-Andean lakes in Ecuador
	How complete is benthic-pelagic coupling by Mysis? A global collaborative Mysis project to quantify vertical distribution and benthic-pelagic exchange
	Leveraging Red-Band Reflectance to Detect Ice Phenology in Small Mountain Lakes
	Contaminants of emerging concern through the lens of citizen science
	Climate change as a driver of under-ice blooms: case study of Mozhaysk reservoir
	Seasonal and spatial variation in temperature and dissolved oxygen regimes in high elevation ponds in the Sierra Nevada, California
	BIOFOULING, SINKING AND MICROBIAL COLONIZATION OF MACROPLATICS: A MESOCOSM STUDY
	Landscape control of seasonality in lake water clarity across the contiguous United States
	Extreme storm events oppose atypically high thermal stability induced by climate warming in lakes
	Shallow yet stratified: Evaluating pond mixing regimes and their major drivers
	The Effect of Water Column Stability on Biological Behaviors of Marion Reservoir in Kansas
	The influence of winter dynamics on annual metabolism rates in a eutrophic reservoir over multiple years
	Introducing MixMet: lake mixing and metabolism
	Multistressor effects of chloride and calcium on Canadian lake zooplankton community assemblages
	Lake productivity remains high even under extreme N:P stoichiometric imbalance
	MetaPCLake+: Transforming PCLake+ into a meta-ecosystem model
	Global lake evaporation responses to future climate change
	SITES AquaNet: A standardized infrastructure for mesocosm experiments with high frequency sensor monitoring across lakes
	High levels of iron-bound organic carbon correspond to multi-annual oxygenation history in two reservoirs
	Empirical modelling of longitudinal dispersion in German waterways
	Slight thermal and chemical stratification of a high-Andean reservoir during the dryer season
	Assessing model parameter sensitivity of phytoplankton functional groups in a one-dimensional lake ecosystem model
	Microbial organic matter degradation in pycnoclines of freshwater lakes
	Evaluation of nutrients and light regime effects on algal chlorophyll along with trophic status in different altitude level reservoirs in South Korea
	Modelling of phytoplankton and zooplankton interactions in a temperate stratified reservoir
	Automated profiles of hyperspectral water optical properties in a large lake to infer the physical and biogeochemical drivers of primary production
	Macrosystems EDDIE: Benefits of integrating ecological forecasting into undergraduate ecology curricula
	Global patterns of microplastic occurrence and abundance in lentic systems
	Year to year variability in under-ice temperature, light and dissolved oxygen at mountain Lake Tovel
	Synergies between environmental monitoring and network ecology
	Design of an Autonomous Surface Vehicle for High-Resolution Spatial Measurements of Greenhouse Gases in Reservoirs
	The Effect of Human Alteration and Catchment Properties on Pond Greenhouse Gas Emissions
	Drivers of spatial and temporal variance in pond greenhouse gas concentrations
	Characterizing spatial and temporal variability in lake metabolism and greenhouse gas dynamics in three lakes of contrasting trophic status
	High-frequency monitoring in the deep lakes in Northern Italy within the cross-border project SIMILE: an update on the LM1 buoy in Lake Maggiore
	Morphometric and biogeochemical diversity of High Andean lakes in northeastern Ecuador
	Using a mountain landscape to understand drivers of spatial variation in aquatic ecosystem metabolism
	Greenhouse gas dynamics in the high-altitude Himalayan lakes
	Reduced water level increases gross primary production and respiration in a natural tropical lake
	Spatial heterogeneity in cyanobacteria-specific pigments in New England lakes
	ZOOST (Zooplankton Over Space and Time) - Testing the veracity of space-for-time-substitutions in modelling zooplankton community dynamics
	Apply Elevated Salinity and Heatwave Sequentially: Would timing matter?
	Nutrient retention vs. tributary inputs in the Cheboksary reservoir: factors controlling eutrophication of the Middle Volga
	Interactive effects of temperature and Bisphenol A on phytoplankton growth, community structure, and bioremediation capacity
	Factors influencing water transparency in high mountain lakes
	Monitoring methane gas exploitation in Lake Kivu to preserve its stability and the integrity of its ecosystem
	Stranger danger: the combined effect of pharmaceuticals and parasites on a phytoplankton host
	Modeling the hydrodynamics of a wetland under strong anthropic pressures (Torbiere del Sebino, Italy)
	Wrangling the Ecological Data Long-Tail Using the Environmental Data Initiative’s ezEML Tool
	Understanding significance of cladocera diversity potential in oxbows
	Predicting 16-day water temperature and dissolved oxygen in a eutrophic drinking water reservoir using an open-source forecasting system
	Using machine learning to assess patterns of areal change in lakes and reservoirs of the contiguous US
	Do diverse cyanobacteria communities produce diverse toxins? Global synthesis is limited by inconsistent methodology
	Biogeochemical patterns from the riverine to lacustrine zones of two small reservoirs
	Documenting the Local Impact of Lake De-icers on Shoreline Thermal Structure
	Towards climate-robust water quality management: testing the efficacy of different eutrophication control measures during a heatwave in an urban canal

