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ABSTRACTS

An alphabetical listing of abstracts presented at the 67" Annual
Conference on Great Lakes Research, organized by first presenter’s last

name. Presenters are underlined.

Hazem Abdelhady and Cary Troy, Purdue University. A Deep Learning Framework for
Hindcasting Lake Michigan Ice Cover and Wave Height.

Understanding and predicting hydrodynamic parameters such as ice cover and wave heights
are of paramount importance for weather prediction, coastal resilience, water resource management,
aquatic ecosystem assessment, and transportation. In particular, from a coastal resilience perspective,
the accurate prediction of wave heights and ice cover is essential for effective coastal management
and erosion mitigation strategies. In this presentation, I will introduce a new deep learning
framework based on the Convolution Long Short-Term Memory (ConvLSTM) and Convolution
Neural Network (CNN) to model and extend the current records of wave heights and ice cover
datasets. This novel approach has been applied to Lake Michigan, incorporating meteorological data,
water depth, and shoreline proximity as input features. The Wave Information System model (WIS)
and Ice Cover charts served as the training, validation, and testing datasets for the proposed deep
learning models. To account for the influence of ice on wave generation in Lake Michigan, the ice
model was employed to add 23 years of ice cover data to the existing ice charts, increasing it by
almost 50%. The combined ice and waves model has expanded the existing wave height time series
by an additional 30 years, representing a remarkable 70% increase. This extension provides valuable
insights into the long-term wave climatology and ice dynamics helping in the design of sustainable
and resilient coastal structures.

Josef Ackerman', Gabriel Smith', L.eon Boegman® and Rao Yerubandi’, 'University of Guelph,
*Queen's University, Environment and Climate Change Canada. Spatial and temporal dynamics
of near-bottom dissolved oxygen in the central basin of Lake Erie.

We examined the spatial and temporal patterns of hypoxia in the central basin of Lake Erie
along a ~26 km west-east transect (depth: 11.4 m in the west to 20 m in the east). Water column
properties were monitored using moored (DO, temperature, turbidity, Chlorophyll 2) and profiling
instruments in cruises in 2008 and 2009. Hypoxia was examined using a biologically relevant value of
40% DO saturation (i.e., DO ~ 4 mg/L) and 25% DO sat (i.e., DO ~ 2 mg/L) used by agencies.
We observed interannual differences in the spatial and temporal DO patterns likely due to different
water levels and stronger winds, which resulted in a smaller hypolimnion and lower thermocline
depth in 2009. Near-bottom hypoxia occurred during the end of June in 2008 in the east and
extended westward by the end of July for 40% saturation, but occurred later using 25% saturation
(eatly July to mid-August). The onset of hypoxia (40% sat) occurred earlier in the west in 2009 but
the timing was similar to 2008 using 25% sat. Both the frequency and duration of hypoxic events (>
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min scale) were higher and longer in 2008, likely due to suspension of bottom sediment by synoptic-
scale storms, which coincided with low oxygen events. Understanding the spatial and temporal
patterns of hypoxia provides insight into their effects on habitat quality as well as biogeochemical
processes in benthic environments in Lake Erie.

Amanda Ackiss', ]. Vinnie Siegel', Katie Anweiler', Ryan Lauzon®, Ann Ropp' and Joseph Schmitt’,
"USGS Great Lakes Science Center, “Chippewas of Nawash Unceded First Nation, "USGS Great
Lakes Science Center, Lake Erie Biological Station. Ghosts and relics of Lake Erie: a genomic
comparison of historic and contemporary C. arted..

Historically Lake Erie supported the largest cisco (Coregonus artedi) fishery in the Great Lakes,
but by the 1960s this massive resource had collapsed. Today, Lake Erie remains the only Great Lake
from which cisco were extirpated. There is growing interest in re-establishing cisco in Lake Erie, and
genomic tools can provide valuable information about historical and contemporary diversity. Here,
we extracted DNA from 475 scale samples collected between 1927-1943 from four regions across
Lake Erie in both US and Canadian waters. We successfully genotyped >180 of these samples using
a GT-seq panel and compared them to contemporary cisco from Lake Ontario and contemporary
and historical ciscoes from Lake Huron. Our results indicate Lake Erie was home to a unique stock
of cisco that was substantially differentiated from historical and contemporary stocks in other Great
Lakes. We also found evidence of migrants from Lake Huron as well as the presence of a handful of
samples that genotyped similatly to historical C. ajpenae from Lake Huron. Finally, we used the newly
genotyped historical samples to explore the origin of a contemporary population of inland cisco in
Crystal Lake, Pennsylvania which are hypothesized to have descended from Lake Erie cisco larvae
stocked in this region in 1929. We found considerable genetic evidence to support this theory,
indicating the likely presence of a rare, remnant population of the once abundant Lake Erie cisco.

Kevin Adeli', Trevor Pitchet?, Jacques Rinchard® and Bryan Neff', 'Department of Biology,
University of Western Ontario, *Great Lakes Institute for Environmental Research, University of
Windsor, "Department of Environmental Science and Ecology, State University of New York
Brockport. Thiamine concentration and heart morphology of alternative reproductive life
histories in Chinook salmon (Oncorhynchus tshawytscha).

Chinook salmon (Oncorhynchus fshawytscha) are a focal point of stocking initiatives in the
Laurentian Great Lakes largely due to their efficacy in controlling invasive populations of alewife
(Alosa psendobarengus). Male Chinook salmon have two alternative reproductive life histories that
differ in their dietary niche. In Lake Ontario, the larger hooknose males occupy a more pelagic
trophic niche than precocial jack males, indicating that hooknose males likely consume more alewife.
A challenge for Chinook salmon conservation in Lake Ontario is thiamine (vitamin Bi) deficiency,
which can arise from the consumption of alewife. Thiamine deficiency has a plethora of negative
effects including recruitment failure and cardiovascular constraints. However, no research to date
has investigated how thiamine deficiency and its effects on the cardiovascular system may differ
across alternative reproductive life histories of Chinook salmon. Here, we sampled spawning
hooknose, jack, and female Chinook salmon from the Credit River (Mississauga, Ontario) and
determined muscle, liver, heart, and egg thiamine concentrations for each life history. We then
related these concentrations to various metrics of heart morphology and health which differed
significantly between reproductive life histories.
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Jeremiah Adesanya, Megan Lynagh and Chris Ward, Bowling Green State University. Exploring
mutualistic interactions between aquatic bacteria and Scenedesmus.

Mutualistic interactions between eukaryotic microalgae and heterotrophic bacteria are
consequential to algal ecophysiology, including growth and metabolism. Scenedesmus spp. are green
algae ubiquitous in eutrophic freshwater bodies including Lake Erie. We aim to identify several
mutualistic microbes, with a particular interest in bacteria belonging to Rhizobiales (known plant
growth-promoting bacteria) and dissect their mechanisms of interaction with Scenedesmus. To date,
we have isolated more than forty Rhizobiales strains from Lake Erie, characterized through
morphological and biochemical tests. We are currently conducting experiments co-culturing
Scenedesmus strains (8. obliquus, S. dimorphus) with single bacterial strains and screening them for effects
on algal cell growth and lipid production. Bacteria that cause significant algal changes will be further
characterized through biochemical assays (e.g. production of auxins and essential vitamins, as well as
nitrogen fixation potential) and whole genome sequencing. By identifying mutualistic microbial
interactions of common freshwater microalgae, we may gain a greater understanding of the
important roles that algal microbiomes have in modulating lake primary production and food web
dynamics.

Anjana Adhikari', Harriet Okeyo® and Mercy Chepkirui®, 'University of Wisconsin- Milwaukee,
’Kenya Marine and Fisheries Research Institute. Integrating Drying Effects with Mass-
Spectrometric Analysis: Microcystin Levels in Fish from Lake Victoria.

Ninety percent of the fishermen who depend on Lake Victoria (LV) have been periodically
impacted by Harmful Algal Blooms (HABs). We hypothesize that microcystin (MC) produced
during HABs binds to protein in fish and can accumulate in fish tissue over time. The accumulated
concentration of MC in the fish tissue subsequently impacts socioeconomic health. Protein-bound
MC in fish might be due to frequent HABs, affecting the fish population in LV. The comparative
mass spectrometric analysis of the total concentration of augmented MC in the traditionally dried
Dagga, Nile Perch, freshwater shrimp, and Tilapia from LV to the concentration of MC present in
the freshly caught fish tissue will provide insight into whether the cyanotoxin decreases or increases
upon drying. Additionally, measuring MC in the water from the area where the fish was caught
provides a perspective on whether the concentration of MC accumulated in the fish and the MC
present in the water have any relationship. The MC analysis will provide evidence on whether the
traditional method of sun drying the fish is of essence to human and socioeconomic health. This
research study involves a multinational-interdisciplinary approach with early-career Kenyan
researchers assisting with sample processing in Lake Victoria and the samples being analyzed by the
presenter in the United States.

Najiha Afnan', Adam Cornwell', Kamil Zaniewski', Robert Stewart' and Pradeep Goel’, 'Lakehead
University, “Ontario Ministry of the Environment. Impacts of Projected Future Temperature
Rise on the Hydrology of Neebing River, Ontario.

The projected future temperature rise is likely to change the Neebing River's hydrology over
the following decades. The changing hydrological patterns are expected to cause increased
hydrological extremes in the city of Thunder Bay, Ontario. To safeguard this city from future
climatic extremes, it is necessary to understand Neebing River's hydrological response to the
anticipated future temperature rise and consider efficient prevention and long-term adaptation
techniques. This study investigates the potential impacts of projected future temperature rise on the
hydrology of the Neebing River watershed and identifies potential mitigation and adaptation
strategies. The Soil and Water Assessment Tool (SWAT) has been used to simulate the future
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streamflow for the period of 2041-2050 (near future) and 2091-2100 (distant future). The future air
temperature and precipitation projections have been derived from three Global Climate Models
(CanESM5, GFDL-ESM4, and HadGEM3-GC31) under medium (SSP2-4.5), and high (SSP5-8.5)
emission scenarios. The SWAT model results reveal that compared to the baseline period of 2008-
2017, the streamflow will increase significantly during those two ten-year periods. The findings of
this study are expected to guide policy decisions intended to minimize damages from the
unavoidable impacts of the projected future temperature rise. This study will also contribute to our
understanding of the climate response of rivers in the Lake Superior basin and Northern Ontario in
general.

Laya Ahmadi and Christopher Wellen, Toronto Metropolitan University. Understanding
fertilizer choice using detailed land management surveys and multinomial logistic
regression.

Eutrophication is a continuing water quality hindrance in the Laurentian Great Lakes, and is
driven largely by excess phosphorus inputs. There is significant interest in reducing phosphorus
losses to downstream ecosystems from multiple sources, including agricultural nonpoint sources.
Recent research has highlighted the importance of subsurface placement of fertilizers in reducing
losses to downstream ecosystems. There is little research in Canada that examines the factors that
influence farmers’ decisions to apply fertilizer on or below the surface of their fields. Existing
research in Canada and the US on beneficial management practices tends to rely on self-reported
probabilities of adoption, as little data on actual adoption at the individual level is available. This
leads to some level of uncertainty as to the scope for uptake of beneficial management practices
such as sub-surface fertilizer application. This research applies multinomial logistic regression to the
Agri-Model land management survey administered to 160 farmers that manage 1261 farm fields in
11 watersheds in Southwestern Ontario. Logistic regression allows us to quantify the factors most
influential for determining the likelihood that a particular fertilizer application is applied below the
soil surface. The results of this investigation will help guide regional modelling efforts, while also
helping guide land management.

Claire Ajambo"?, 'Makerere University, *African Women in Science. Women Economic
Empowerment for Bugiri District Uganda through Cage Fish Farming.

At the shores of Lake Victoria, the largest freshwater body in Africa shared by Uganda,
Kenya, and Tanzania lies a district called Bugiri in Eastern Uganda. According to the economic
study by the Uganda Bureau of Statistics in 2016, Bugiri was ranked among the districts with highest
levels of poverty and food insecurity. More so, the district had a high number of disadvantaged
women who were providers of basic needs to their families. Fish farming is among other businesses
that was identified to be a soutce of income, food and nutrition to the women in the district. With
funding from UN Women and Stanbic bank of South Africa, Government of Sweden, Msingi East
Africa, a project on farming Nile tilapia in cages at Wakawaka landing site was proposed and
implemented. The project activities included needs assessment study to establish baseline
information, training of women on basic fish farming techniques, procurement of inputs,
construction and installation of 28 cage frames on water, fish fry stocking, feeding, harvesting, post-
harvest handling, and value addition, among others. 1,400 women who were organized in a
cooperative were capacitated in a company, Women Economic Empowerment Bugiri (WEEB) to
operate this fish farming business on their own, keep records, and track their profits. In conclusion,
this has empowered the women, reduced poverty, ensured food and nutrition in Bugiri district,
Uganda, and the region at large.

IAGLR 2024 | WINDSOR
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Zahra Akbarzadeh', Serghei Bocaniov', Helen Powley’, Kevin Lamb’ and Philippe Van Cappellen',
"Department of Earth and Environmental Sciences, University of Waterloo, *Plymouth Marine
Laboratory, *Department of Applied Mathematics, University of Waterloo. Phosphorus dynamics
in Lake Erie's littoral zone: Insights from a regionalized mass balance model.

Eutrophication is a major problem in the nearshore areas of large lakes. The nearshore areas
are the primary recipients of nutrient loading from their watersheds. Furthermore, they act as
biogeochemical reactors that can strongly affect the in-lake fate and transport of the nutrient
elements delivered to the lake. Here, we focus on phosphorus (P) dynamics in the shallow littoral
zone of Lake Erie. We developed a regionalized mass balance model for Lake Erie in which the lake
is divided into the shallow western basin and Sandusky sub-basin, plus five nearshore and two
offshore compartments. The model represents both the dissolved (DP) and particulate (PP)
fractions of total P (TP) in the water column, plus TP in the bottom sediments. The mean annual P
loadings for the period 2003-2016 from land and atmosphere, along with the mean annual water
fluxes between the different lake compartments were imposed. Special attention was given to
estimating the littoral-offshore water exchange fluxes because little is known about how these affect
the whole P cycling. Overall, our results highlight the role of littoral zone processes in shaping the
lake's phosphorus budget. Additionally, we catried out model simulations to analyze the effect of
changes in water circulation on the littoral-offshore P exchanges. Such changes may help explain
why, in contrast to the shallow littoral areas, deeper offshore areas of Lake Erie are experiencing
declining primary productivity.

Razegheh Akhbarizadeh', Yan Jin Xu', Anlun Guo', Mirima Diamond"? and Paul Helm>?,
"Department of Earth Sciences, University of Toronto, Toronto, *School of the Environment,
University of Toronto, Toronto, *Environmental Monitoring and Reporting Branch, Ontario
Ministry of the Environment, Conservation and Parks, Toronto. Microplastics load into Lake
Ontario through the Etobicoke creek watershed.

Urban streams play a significant role in transporting land-derived microplastics (MPs) to the
Great Lakes. Our research contributes to understanding the dynamics of their emissions in streams,
and consequently, the analysis of loading duting rainfall/runoff events versus dry events.
Throughout a year of sampling, we assessed the temporal variability of MPs (> 250 um), comparing
their levels and loads under low-flow conditions with those observed during rain events. We used a
tested, “safe” digestion extraction method for isolating aged MPs from stream water. The median
concentrations of MPs during rain events and dry events were 1.3 items/L (n=23) and 0.11 items/L
(n=13), respectively; and the corresponding median load for rain and dry events were 2.1 x 10’ and
0.26 x 10’ items/second, respectively, based on the mean discharge values on the sampling date.
Stream flow rate showed a strong, significant positive correlation with fragments and rubber
particles (p< 0.05, r>0.7), while no significant relationships were found between
commercial/crescent shape fragments, spherical microbeads and plastic pellets (p>0.05) with
velocity. These substantial loads of MPs to Lake Ontario through the urban stream may have
environmental implications for the freshwater ecosystem.

Odai Al Balasmeh, Akunne Okoli, Alex Neumann and George Arhonditsis, University of Toronto.
Analysis of geospatial data to support ensemble modeling in the Canadian side of Lake Erie
drainage basin.

In line with plans for nutrient loading reduction in the Canadian side of Lake Erie basin,
detailed analysis has been conducted to evaluate the quality and quantity of existing geospatial data
to support development of ensemble of watershed models. We estimated available soil information
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based on Soil Landscapes of Canada and Detailed Soil Surveys to support watershed modeling and
identification of potential nutrient hot spots. Next, we estimated long-term changes in land use/land
cover based on remote sensing products. Similarly, we evaluated census data on intensity of
agricultural activity in terms of farming practices, crop yields, livestock numbers, manure
production, potential inputs of mineral fertilizers, and estimates on nutrient balance in soil
manifested as legacy nutrients. The evaluation considered the spatial resolution, reported accuracy in
data, and potential effect on development of nutrient loading reduction plans.

Elizabeth E. Alexson, Euan D. Reavie, Holly A. Wellard Kelly and Leah R. Schleppenbach,
University of Minnesota Duluth, Natural Resources Research Institute. Diversity and abundance
of protozoa in the Laurentian Great Lakes.

Though there are relatively few studies, literature suggests heterotrophic protists play an
important role in Laurentian Great Lakes food webs. To date the analysis of these organisms has
been largely excluded from the USEPA’s Great Lakes Biology Monitoring Program, which supports
characterization of the base of Great Lakes pelagic food webs. As a part of this program we analyze
phytoplankton communities, and to better understand the role of protozoans we began
incorporating their identification and enumeration into microscopic algal analysis in 2022. We aim to
develop the Great Lakes faunal library for protozoans and examine how these communities change
spatially (across all five lakes) and temporally (seasonally and annually). Preliminary data reveal a
large diversity of Ciliophora (Oligotrichea, Gymnostomatea, Prostomatea, Oligohymenophorea, and
Kinetofragminophora), Choanoflagellates, and Sarcodina. We will present our inaugural year’s data
and demonstrate the importance of the continued monitoring of these abundant organisms.

Tait Algayer', Subba Rao Chaganti', Lucas Vanderbuilt', Heather Truong?, Madeline Tomczak',
Mark Rowe’, Eliza Lugten’, Paul Glyshaw’, Katrina L.ewandowski* and Edward Rutherford’,
'Cooperative Institute for Great Lakes Research, *Eckerd College, *Great Lakes Environmental
Research Laboratories, “Wayne State University. Tracking larval fish dispersal and relative
abundance in Lake Michigan using environmental DNA.

Alewife Alosa psendoharengus and yellow perch Perca flavescens are ecologically and economically
important Great Lakes fishes. Adults of both species spawn in nearshore environments, making
their larvae highly susceptible to advection via currents and lake circulation patterns. Recruitment
success of these species can be largely influenced by advection of larvae into or away from
productive nearshore habitats. Traditional methods for monitoring larval fish dispersal in the Great
Lakes are labor and cost intensive, and more recently developed numerical hydrodynamic models
often lack predictive accuracy. eDNA sampling is a widespread, reliable method used for aquatic
species monitoring, but typically has only been used for detecting species presence or absence. Our
results from laboratory trials with larval yellow perch suggest that eDNA sampling also can be used
to estimate relative abundance of target species within 24 hours of site visitation. To determine
whether eDNA could be applied to estimate larval fish relative abundance, we deployed drifters in
Lake Michigan and used output from a hydrodynamic model to track water movements and identify
eDNA sample sites for detecting fish larvae. Results indicated that cycle threshold values from real-
time PCR reflected the relative abundance of larvae in ichthyoplankton tows from a given site. Our
findings illustrate the potential for molecular genetic methods to monitor relative abundance of fish
species in the Great Lakes.

IAGLR 2024 | WINDSOR
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Peter Alsip', Mark Rowe®, Alex Kain', Dale Robertson’, James Kessler* and Dan Titze?, 'University
of Michigan, Cooperative Institute for Great Lakes Research, "NOAA Great Lakes Environmental
Research Laboratory, *U.S. Geological Survey, Upper Midwest Water Science Center. An
Experimental Biophysical Forecast System to Support Lake Huron CSMI 2022.

For the 2022 Cooperative Science and Monitoring Initiative (CSMI) field year on Lake
Huron, NOAA GLERL and CIGLR developed a biophysical forecast model to support field
research. This effort supports science priorities related to understanding the contributions of
tributary nutrient inputs to nearshore water quality and productivity hotspots. This model builds on
NOAA’s Lake Michigan-Huron Operational Forecast System hydrodynamic model and simulates a
phosphorus (P) limited lower food web that incorporates estimated tributary P concentrations and
discharge from 124 rivers, 84 of which flow into Lake Huron. Dissolved organic carbon (DOC) was
included as a tracer from river inputs. We evaluated real-time model performance primarily by
comparison to satellite-derived chlorophyll and DOC concentrations. The model simulated spatial
and temporal patterns in chlorophyll and DOC, such as the transport of productive water from
Saginaw Bay along Michigan’s coast to the St. Clair River outflow and elevated DOC associated with
tributary inputs in Georgian Bay and the North Channel. We will present examples of the
biophysical forecasts, comparisons to satellite data, and web products designed to support field
researchers. We will demonstrate how real-time biophysical forecasts can help field researchers
locate transient features in dynamic nearshore areas, provide context to observations, and inform
planning of future surveys.

Eric Anderson, Colorado School of Mines. Filling in the Gaps: The Underrated,
Misunderstood, and Unfolding Story of Meteotsunamis.

Forecast systems in the Great Lakes are designed to protect life and property, and overall
help bolster community resilience to extreme events. Measuring and predicting currents, water
temperatures, water levels, ice, and waves have been key physical parameters of interest to public
and scientific communities alike. However, for most of the observed record, in which monitoring
platforms and data archives have existed, and even up to the present, there has been a gap in our
ability to detect meteotsunami waves. Meteotsunamis are long waves with periods that fall between
wind waves and seiche. While meteotsunamis have likely impacted Great Lakes shores since their
formation, over the last century, these events were largely mis-characterized as seiche, tidal, or rogue
waves. And yet, these events that led to fatalities, injury, capsize ships, flooding, and damage
continue to elude forecast models and many observing systems. Not until an event in Lake Erie in
2012 were meteotsunamis identified in the Great Lakes. However, since then significant progress
has been made in understanding their generation, frequency, and impacts. Recently, work has shown
that meteotsunamis are more than a rare hazard, and in fact, can occur regularly and play important
roles in coastal sediment resuspension and wetland functioning. This talk summarizes GLERL’s role
in the history and state of knowledge on meteotsunamis and will provide insight into future
directions.

Jacob Anderson', Mary Austerman', Matthew Hoffman?® Nathan Eddingsaas®, Tom Snydet’,
Shawn Gee*, Kaeti Stoss®, Autumn Potts® and Christy Tyler’, 'New York Sea Grant, Rochester
Institute of Technology, *Seneca Park Zoo, ‘SRGMF. Mitigation of Stormwater-Derived Debris:
A Community-Based Approach.

Stormwater is one of the dominant sources of debris to aquatic systems. Preliminary data
shows that debris input and transport is temporally and spatially variable, suggesting that a hyper-
local approach to input mitigation is needed. The intent of this project is to build a community
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network engaged in debris prevention and remediation in the City of Rochester and the watershed
of the Rochester Embayment of Lake Ontario. Building on existing programming and
collaborations among individual groups, we are developing a sustainable and transferable program to
tackle the issue of stormwater-derived debris in the City of Rochester. Our partnership consists of
local municipal agencies, premier non-profit conservation and education organizations, local
educational consultants, and higher education. Ten “Littatraps,” a debris interception technology
that consists of a mesh basket installed in stormwater catch basins, have been installed adjacent to
recreational and educational facilities in environmental justice areas of the City. Targeted
programming implemented at each site aims to increase engagement, develop environmental literacy
and data skills, improve environmental stewardship, and build marketing and advocacy skills of city
youth. The ultimate goal is to reduce stormwater-derived anthropogenic debris in Lake Ontario,
foster a sense of community responsibility, and create pride in the health of our local waterways.

Joshua Anderson', Joseph Zhang®, David Cannon’, Dan Titze*, Dmitry Beletsky’, Jesse Feyen® and
Chin Wu', "University of Wisconsin Madison, *Virginia Institute of Marine Science, *Cooperative
Institute for Great Lakes Research, ‘Great Lakes Environmental Research Laboratory. Temporal
and Spatial Characteristics of Internal Seiches in Lake Champlain.

Lake Champlain is the 6™ largest body of freshwater in the U.S. located on the border of
New York and Vermont. The lake is long and narrow, extending roughly 170 km from north to
south and 20 km at its widest point. This basin shape combined with a maximum depth of 120 m
and summertime stratification creates conditions for an internal seiche with a fundamental period
near 4 days. Since weather and winds often change near this period, the wind stress forcing
resonates with the internal seiche motion causing large excursions of the thermocline up to 40 m.
During these large events, currents near 0.5 m/s have been obsetved in the epilimnion and
hypolimnion with implications on nutrient transport and sediment resuspension. Due to the sparse
availability of observations, the spatial and temporal variation of the internal seiche remains largely
unknown. In this talk, a baroclinic application of the hydrodynamic model SCHISM is applied to
examine the temporal and spatial characteristics of the internal seiche in Lake Champlain. Model
results are assessed with recent and historical observations to reveal SCHISM’s exceptional ability to
capture internal wave dynamics. Results are further examined to reveal the spatial structure of
internal waves as they evolve through time and the role of Earth’s rotation on this process. Finally,
the existence of a 2* and 3" mode of oscillation of the internal seiche is examined.

Morgan Anderson, Lisa Peters and Pauline Gerrard, IISD-ELA. Communicating the complex
scientific workings of environmental DNA (eDNA) to different audiences.

Communicating complex environmental research to the public is increasingly difficult.
However, prioritizing effective science communication is essential to ensure the benefits of research
extend to all corners of our global community and attract youth, particularly young women, to
science careers. The IISD-Experimental Lakes Area Education and Relations group strive to find
unique and engaging ways to connect our research with the public. Targeted programs for high
school students, such as Experimental Lakes area Student Experience (ELSE) summer field course,
educational day programs with local public schools and outreach events with the local communities
and citizen science groups, freshwater science can be made accessible. New and emerging concepts
and techniques such as environmental DNA (eDNA) are covered in our Monitoring Environmental
DNA & Learning Ecology with Youth (MEDLEY) program which targets grade 11-12 students. We
have also developed eDNA programming for primary school age students. Research shows that
increasing exposure to scientific concepts through age-appropriate science programming in
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elementary schools, and lab tours with hands on activities for middle to secondary school students
are excellent ways to spark interest in science careers. Female role models promoting science and
mentorship programs attract and retain young women in STEM careers. The importance of science
communication and education lies not only in its ability to convey scientific knowledge, but also in
its capacity to break down barriers, fostering a more inclusive and informed society.

Ovie Augustine and Samuel Anwuzia, University of Benin. The preliminary assessment of the
deteriorating state of a dam in north-western Nigeria using Macroinvertebrates assemblage
and environmental factors.

We examined invertebrate community assemblages responses to some physicochemical
parameters in Kalgwai Dam; north-western Nigeria monthly in three stations for six months
between January and June 2022. Physico-chemical parameters and invertebrates were collected
monthly on each sampling occasion. Dissolved Oxygen (DO) concentrations were lowest in Station
1 (3.79 £ 0.53 mg—1), and phosphate, pH, and turbidity were highest in Station 3. Tukey’s Honestly
Significant Difference (HSD) test showed that the mean values of DO, TDS, EC, and turbidity were
significantly different (p <.05) among the three sampled stations. A total of 379 phytoplankton
individuals belonging to 8 divisions and 60 taxa were identified in the study, and the Baetidae family
was the most predominant family of invertebrates in the dam. A higher abundance of invertebrates
was recorded in the dry season than in the wet season. Analysis of variance (ANOVA) calculated for
biological indices showed no significant difference among the months sampled (p>.05). The
Canonical Correspondence Analysis (CCA) model revealed a relationship between invertebrate
communities and measured physicochemical variables. Species such as Caenis spp, Chironmus sp
and Cheumatopsyche sp. indicated a strong positive correlation with increasing physico-chemical
parameters such as nutrients and BODD5 at Station 1. These species were considered indicators of
prevailing environmental conditions in the study area. Cluster analysis (Jaccard similarity) showed
species of invertebrates to be clustered by season rather than by stations.

Dana Arends and Jason Olsthoorn, Civil Engineering, Queen's University. Modelling the
bathymetric influence on ice melt for an idealized ice-covered lake.

While many studies have considered the effect of climate change on the increasing temporal
variability of ice cover, the spatial variability of lake ice cover thickness is not discussed as often. It is
still not well understood how heterogenous ice melting is influenced by large-scale under-ice flow
structures, and moreover, the contribution of bathymetry to the picture. To investigate how changes
in bathymetry effect key flow features and associated ice melt, an idealized 3D lake was modelled
using AEM3D. The base case simplified the parameters contributing to the under-ice circulation to
focus on meteorological forcing. Shortwave radiation penetrating through the ice generated gravity
currents that flowed downslope, resulting in warm upwelling in the lake centre. It was found that the
shape of the ice profile was highly dependent on the shape of the lake bottom as the bathymetry
dictated the lake-wide heat transport. The base case was then expanded to include Coriolis, which
produced an anticyclonic gyre of warmer water at the surface, resulting in a different ice profile
story. This research supports the hypothesis that the morphometry of a lake can be inferred based
on the ice melt pattern observed at the surface.

George Arhonditsis, University of Toronto. Integrating Regional Assessment with Watershed
Planning and Field-level Implementation.

Adaptive watershed management offers a pragmatic solution to the endless "trial-and-error"
attempts to addressing water pollution problems from non-point sources. The appeal of this
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approach is that it promotes a "learning while doing" mindset, whereby policies or operations can be
regularly updated as scientific learning progressively advances. In this context, the development of
multi-model ensembles addresses the fact that there is no single model to perfectly emulate the
dynamics of an open environmental system. The conceptual strength of the ensemble approach lies
in the notion that the joint consideration of multiple model structures and many different parameter
sets within a selected model structure is the most defensible strategy to reproduce the full range of
watershed dynamics. The main pillars of this strategy, such as the rigorous assessment of the
expected consequences and underlying uncertainty of management actions, and the guidance based
on data generated in farms with finer granularity and synthesized with suitable quantitative tools are
perfectly aligned with the policy practice of adaptive management. The proposed approach will
integrate farm, watershed, and regional models to transfer information across scales and establish an
open rapport among experimentalists, modellers, farmers, and a multitude of stakeholders. This
broader engagement is conducive to a shift towards the Agriculture 4.0 paradigm, whereby digital
technologies will guide precision and smart farming to increase production, reduce costs, optimize
the use of resources, and eliminate environmental risks.

Paige Arieno, Jayson Kucharek, Nicole Fuller, Evan Batte, Steven Day, Nathan Eddingsaas,
Matthew Hoffman and Christy Tyler, Rochester Institute of Technology. Input of Anthropogenic
Debris Across a Rural to Urban Gradient in the Watershed of the Rochester Embayment.

Anthropogenic debris, including plastic, is problematic in the Great Lakes, but little is
known about sources of debris in the watershed. We evaluated the input and transport of debris
along a rural-to-urban landscape gradient in the watershed of the Rochester Embayment of Lake
Ontario. Input was assessed using two methods: LittaTraps installed in stormwater drains in urban
and suburban areas, and modified trawls deployed in rural and suburban streams. Collected debris
was weighed, sorted by material, and characterized by use. Debris was comprised of plastic, glass,
metal, paper, organic matter, and composite items, with high spatial and temporal variability in
composition and abundance. Plastic was the most abundant material. Some variation resulted from
surrounding landscape characteristics: plastic and metal were more abundant in commercial-urban
areas and organic debris were more abundant in residential - suburban areas. Overall input appeared
driven by precipitation. Very little macro debris was transported in tributaries, but microplastic
concentrations were high and related to land use. Results suggest debris mitigation measures should
be targeted towards urban commercial areas. Future research will assess the impact of shifting
weather patterns on debris input across the landscape. With these data and in collaboration with the
community and policymakers, we will propose action-based solutions and public policy.

Isaac Armstrong”’, Emma Graves"?, Jamie Would"?, Isabelle Pawlowski"* and Brian Cumming"?,
'Queen's University, “Paleoecological Environmental Assessment and Research Laboratory. Long-
term zooplankton change driven by multiple stressors in the Bay of Quinte Area of Concern.
The Bay of Quinte, Lake Ontario, is an Area of Concern which experienced cultural
eutrophication in the early-to-mid 20" century. Phosphorus abatement actions and the establishment
of invasive dreissenid mussels transitioned the system to a clear state by 1995. Currently, declining
nutrient concentrations and benthification processes have undermined the stability of the pelagic
food web, which is now characterized by degraded plankton populations and decreased productivity.
Understanding long-term change in lower trophic levels is crucial to inform management actions
and contextualize modern-day observations. To characterize temporal trends in the lower food web,
we examine cladoceran remains in four dated sediment cores (representing ~40 to ~100 years) from
the Bay of Quinte. We describe historic background conditions, assess lower food web response to

IAGLR 2024 | WINDSOR



ABSTRACTS 13

successive ecological impacts, and compare trends between environmentally distinct basins. All four
sediment cores show marked change in multiple cladoceran metrics (species composition, diversity,
production, and morphology) associated with historic ecological shifts. Preliminary results indicate
that pelagic productivity in the bay remains impaired in comparison to pre-disturbance conditions
while benthic production has increased. Additionally, recent changes may represent a reversal of
long-term recovery patterns, presenting a concern for management objectives.

Anthony Arnold"?, Samuel Pecoraro’, Jennifer Motris’, Angus Galloway”, Phillip Wernette?, Alden
Tilley®, Nicholas Yeager® and Peter Esselman®, 'Michigan Technological University - Great Lakes
Research Center, *United States Geological Survey - Great Lakes Science Center, *United States Fish
and Wildlife Service. Leveraging Multi-band Backscatter, AUV Imagery and Al to Detect and
Enumerate Invasive Dreissenid Mussels.

Multibeam echosounder surveys can be used to gather a variety of physical lakebed
properties including bathymetry, substrate, and habitat characteristics, by comparing the backscatter
and signal intensity to ground truth data which may provide a better understanding of the aquatic
habitats and the benthic communities that reside there. We demonstrate the efficacy of this remote
sensing technique to aid in the detection and quantification of dreissenid mussels and nuisance algae
as part of an effort to monitor the quality of critical spawning habitats. We also discuss the
advantages of Multi-band Backscatter (MBB), which returns low and high frequency signals from
the same echo beam, further enhancing our ability to discern substrate types and aquatic species.
This presentation will demonstrate how advanced backscatter mapping techniques used in a joint
NOAA-USGS case-study helped to detect and enumerate invasive mussels at long-term research
sites. Our findings suggest that MBB data, when paired with underwater imagery, can be used to
train machine learning models to detect mussel presence with moderate accuracy and precision.
With further improvements, our results indicate MBB can help us to quantify dreissenid mussel
abundances at a regional scale in our habitat monitoring efforts throughout the Great Lakes basin.

Aubtrey Arnt', E. Anders Kiledal’, Gregory Dick"’ and Riley Ravary', 'Cooperative Institute on
Great Lakes Research, *Department of Earth and Environmental Sciences, University of Michigan,
Ann Arbor, MI, *Department of Ecology and Evolutionary Biology, University of Michigan, Ann
Arbor, MI. User-Informed Development of GLAMR: Collaborative Design of a Great Lakes
‘omics Data Platform.

The collaborative efforts of NOAA’s Great Lakes Environmental Research Laboratory
(GLERL) and the University of Michigan’s Cooperative Institute for Great Lakes Research (CIGLR)
have manifested in the development of the Great Lakes Atlas of Multi-omics Research (GLAMR).
Advancements in ‘omics collection methodologies have resulted in large datasets and unprecedented
insights into Great Lakes ecosystems. This has posed challenges in terms of efficient storage and
analysis. GLAMR, designed as a user-friendly public web interface, effectively bridges this gap by
facilitating the exploration of relationships within 'omics, environmental, and biological data. In this
project, Research Engagement Specialists employ a collaborative design approach to engage
stakeholders and end-users throughout the developmental stages. Leveraging social science
methodologies, these specialists systematically assess user needs, database usability, and identify
potential collaborators. The adoption of a co-design process ensures that project deliverables align
seamlessly with the requirements of end-users. Various data-gathering methods, including surveys,
interviews, and, primarily, workshops, were employed to inform the product design, with continuous
communication and updates provided to stakeholders. Our goal is for the cumulative input from
participants to sculpt GLAMR into a robust platform that not only facilitates powerful ‘omics data
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discovery and exploration but also encourages collaboration and serves as a valuable resource for
building cohesive relationships within the 'omics community. The implications of this project extend
beyond research, with potential benefits for broader societal practices in the Great Lakes region.

Christine Atuhaire and Anthony Gidudu, Makerere University. Remote Sensing for Monitoring
Lake Victoria Water Quality: Challenges, Achievements and Future Research.

Lake Victoria is the largest freshwater lake in Africa and the second largest freshwater lake in
the world. It covers an expansive area of 68,800 km* and is shared by three countries (Uganda,
Kenya, and Tanzania). This transboundary lake provides a wealth of ecosystem services to over 45
million inhabitants in its basin, including freshwater for domestic and industrial use, fisheries, flora
and fauna habitats, and carbon sequestration. However, human activities within the basin and the
effects of climate change have negatively impacted lake water quality. Traditional water quality
monitoring methods are impractical for this large lake because of their high cost, labour-intensive
nature, time-consuming processes, and limitations in sample collection. This has prompted the use
of satellite imagery to complement in-situ monitoring efforts. Our research focuses on comparing
in-situ measurements with satellite-derived water quality parameters, such as lake surface
temperature, chlorophyll-a, and water clarity, using MODIS and Sentinel satellite imagery. We also
developed chlorophyll-a algorithms tailored to Lake Victoria to evaluate trophic status using
MODIS imagery. Although satellite imagery offers a synoptic view of the lake and multiple
measurements per week, further investment is needed to develop suitable models for widespread
acceptance among stakeholders and decision-makers. This presentation will provide insights into the
challenges, achievements and future research avenues for using Earth observations to monitor the
water quality in Lake Victoria.

Daniel Sandborn and Jay Austin, University of Minnesota, Duluth. Patterns of Lake Superior AIS
dispersal illustrated by particle tracking.

A particle tracking model was deployed to simulate dispersal of aquatic invasive species
(AIS) in Lake Superior, with a particular emphasis on Dreissenia spp. recently observed far from
known populations. This work combined freely-available hydrologic model output with open-source
particle tracking software to illustrate patterns of transport from potential source populations to
onshore and offshore accumulation “hotspots”. Transport was driven mainly by prevailing currents
yet significantly modified by stochastic events such as windstorms. Characteristic timescales of
particle transport were found from connectivity matrices, which demonstrated lake-wide
hydrological connection on sub-annual scales. The fate and transport of particles on scales less than
this period depended upon when and where particles entered the system, highlighting the utility of
particle tracking to illustrate patterns of particle dispersal as a function of space and time. This
research laid the groundwork for development of particle tracking models spanning the Laurentian
Great Lakes with predictive capacity applicable to AIS, microplastics, harmful algal blooms, and
point-source pollution events.

Khoren Avetisyan, Xiaoqing Shao, George Arhonditsis and Maria Dittrich, UTSC.
Biogeochemical Dynamics in the Water Column of Hamilton Harbour (Lake Ontario).
This study, conducted across Hamilton Harbour at various locations and dates during 2023,
focusing on the pivotal role of phosphorus (P) in the complex interplay with iron (Fe), manganese
(Mn) and other biogeochemical parameters of the water column. Sampling was carried out at
multiple locations including Station 1001, Station 9031, Windermere Basin, and Skyway WWTP,
across a span from May 25th to October 12th. The methods used in the Hamilton Harbour study
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include spatial and temporal variations in physical measurements such as dissolved oxygen (DO),
temperature, pH, photosynthetically active radiation (PAR), conductivity, chlorophyll, salinity,
alkalinity and turbidity. Chemical analyses such as soluble reactive phosphorus (SRP), total
phosphorus (ITP) polyphosphates (PolyP), activity of alkaline phosphatase (Aphase), and oxygen
isotopic composition of phosphate (**O-POy). Concentrations of dissolved iron and manganese,
ammonium, total organic carbon and total nitrogen, nitrate, methane, carbon dioxide, sulfate, total
metals (ICP-OES), DNA sequencing for microbial community analysis, Scanning Electron
Microscopy with Energy Dispersive X-ray Spectroscopy (SEM-EDX) for detailed particulate
analysis. These varied measurements provide a multidimensional perspective on the Harbour's
environmental state, facilitating a deep understanding of its current conditions. The study revealed
significant spatial and temporal variations in soluble reactive phosphorus, total organic carbon, total
nitrogen, and trace elements such as Al, Fe, and Mn. Understanding these interactions is crucial for
assessing Hamilton Harboutr's ecological condition and guiding effective environmental management
strategies.

Michael Back', Grace Watson', Erica Horton', Hana Esber', Emily Campbell’, Justin Myers’, Silvia
Newell’ and Lauren Kinsman-Costello', 'Kent State University, *Wright State University, *University
of Michigan. Sediment-surface water nutrient exchange across vegetation patches in a diked
Lake Erie wetland.

Diked coastal wetlands along the Great Lakes have stable water levels between management
actions; however, internal nutrient processing can vary across a wetland and lead to net nutrient
release or retention associated with shifts in hydrology via management. Determining the direction
and rate of nutrient exchange at the sediment-water interface of a diked coastal wetland can indicate
the potential nutrient release upon a shift in management actions. We asked how nutrient flux varies
at the sediment-water interface across vegetation patches of a diked wetland? And, how 7 situ and ex
sitn methods of measuring nutrient flux compare? We measured sediment-water nutrient flux
(mg/m?/d) using intact sediment cote incubations (ex si#) and stacked-resin bag core deployments
(in situ) across five distinct vegetation patches in a diked wetland on the southwest coast of Lake
Erie. In intact sediment cores, soluble reactive phosphorus fluxes range from -10.6-11.1, nitrate
fluxes range from -2.9-4.2, and ammonium fluxes range from -3.9-151.8 (negative fluxes indicate net
transfer from surface waters to sediments). Nutrient flux values are higher in intact cores than
stacked-resin bags, which could be attributed to the discrepancy of the temporal scale captured by
the two methods (3 vs 10 days, respectively) or by confounding variables occurring 7 situ which are
excluded ex sizu. Understanding how sediment-surface water nutrient exchange varies spatially and
temporally can guide management decisions in Great Lakes wetlands.

Jim Bader' and Shari Insley’, 'Case Western Reserve University, “Pine Intermediate School.
Expanding citizen science with university/school partnerships.

Most citizen science programs include motivated adults with commitments to preserve
natural resources. Elementary and high school students are citizens too and many have the similar
commitments to the environment. Partnerships between universities and schools already exist in
many different forms. In this presentation, we describe the path we have taken in NE Ohio to marry
informal citizen science education with formal school-based education. Specifically, we will present

IAGLR 2024 | WINDSOR



ABSTRACTS 16

work on how we linked schools to the Cleveland Water Alliance's Lake Erie Volunteer Science
Network and continue to support school-based, water focused monitoring programs.

Ketrice Bailey', Kevin Blagrave', Aman Basu', Nadine Benoit’, Todd Howell* and Sapna Sharma',
York University, *Ontario Ministry of Environment, Conservation and Parks. Spatial
heterogeneity in water quality across the northern nearshore regions of the Great Lakes.

Millions of people rely on the Laurentian Great Lakes for drinking water, irrigation for
agriculture, transportation, and recreational activities. We provide the first comprehensive analysis of
spatial heterogeneity in the nearshore regions of the Great Lakes spanning from 2000 to 2019 with a
total of 23 water quality variables for 52 nearshore sites. We ask: (1) What is the extent, range, and
magnitude of spatial heterogeneity in water quality conditions across the nearshore of the Canadian
Great Lakes? and (2) How do land cover, site characteristics, and weather influence water quality
conditions? Lakes Erie and Ontario generally had higher concentrations of chloride, chlorophyll a,
and nutrients, whereas high silicate concentrations were observed in the northern lakes such as Lake
Superior. Consistent patterns of degraded water quality were found in Areas of Concern,
highlighting the importance of continued management in the Great Lakes watersheds to promote
water quality.

Anna Baker', Rebecca Kreiling’, Carrie Givens', Richard Kiesling', Eric Dantoin', Patrik Perner’,
Shelby Sterner', Krimson Anderson' and Gerald Storey', 'U.S. Geological Survey Upper Midwest
Water Science Center, *U.S. Geological Survey Upper Midwest Environmental Sciences Centet.
Linking tributary nutrients, sediment, and cyanobacteria to Lake Superior nearshore algal
blooms.

Lake Superior, the most oligotrophic of the Laurentian Great Lakes, has experienced
repeated nearshore cyanobacterial blooms along its southwestern shore over the past decade.
Previous studies suggest that storm-driven fluxes of nutrients, sediment, and cyanobacteria may play
an important role in driving these blooms. To investigate further, the U.S. Geological Survey
participated in a large multi-institution partnership under the Collaborative Science and Monitoring
Initiative. We focused on two key tributaries to south-shore Lake Superior, the Bois Brule and
Siskiwit Rivers, and collected streamflow, discrete and continuous water quality, sediment-nutrient
cycling, and microbial genetics data. Relationships between streamflow and concentrations of
suspended sediment, total phosphorus, and total nitrogen were evaluated using regression models.
Statistical analyses confirmed that these parameters increase with increasing streamflow, and also
indicated that concentrations of total phosphorus increase with suspended sediment, suggesting that
suspended sediment may serve as a vector for phosphorus transport from tributaries to the
nearshore. Furthermore, sediments collected from the water column and streambed were analyzed
for their potential to bind and release phosphorus. Results showed variability interannually,
upstream to downstream, and between tributaries, and suggested that sediment may serve to bind
phosphorus from the water column within the stream environment, but may have the potential to
release this phosphorus downstream in the nearshore. Evaluation of microbial community dynamics
also indicated temporal variation in communities present, which may be linked to nutrient
availability.

Vanessa Baker, Nathan Eddingsaas and Christy Tyler, Rochester Institute of Technology. Impacts
of Dreissena polymorpha on the fate of plastic debris.

Dreissena polymorpha (zebra mussel) is a freshwater invasive species that colonizes a variety of
hard surfaces, including plastic debris. Plastic pollution is an increasing problem in freshwater
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ecosystems, but the fate and impact is poorly understood, especially for initially buoyant polymers.
Floating plastic can be a vector for invasive species spread, but the impact of fouling on fate and
transport is also unknown. We examined the effects of D. polymorpha colonization on the fate of two
buoyant polymers with three different textures. Swatches of polystyrene cups (PS), polypropylene
masks (PPM), and polypropylene sheets (PPS) were incubated in a small lake in the Lake Ontario
watershed for 19 weeks. Sheets were oriented horizontally to evaluate orientation impacts on
colonization and degradation. Control polymers were periodically cleaned of all fouling organisms.
Mussels colonizing the top and bottom of each plastic were counted separately and divided by size
class. Impacts of colonization on plastic degradation were assessed using Fourier Transform
Infrared Spectroscopy (FTIR). D. pohymorpha density was highest on PPM and PS, with greater
numbers on the side facing the benthos. Oxidation was higher where D. pohymorpha did not
accumulate. These results suggest that D. pohymorpha fouling on buoyant materials such as PP and PS
may decrease polymer degradation and promote vertical transport, influencing the temporal and
spatial fate of plastic in freshwater ecosystems.

Mitchell Barklage, Prairie Research Institute - Illinois State Geological Survey. Sub-bottom
Geophysical Imaging of Greater Chicago’s Lake Michigan Coastal Zone.

Recent efforts to generate high-resolution, high-density bathymetry maps of the Great Lakes
coastal region have greatly increased our knowledge of the nearshore lake-bottom environment.
While these federal LIDAR-based datasets have revealed lake-bottom physiography in
unprecedented detail, a lack of sub-surface geological information persists that would enable
stratigraphic framework modeling. Here we present the results of the first sub-bottom geophysical
imaging campaign since the early 1990s focused on greater Chicago’s Lake Michigan coastal zone.
We acquired ~165 track line km of seismic reflection imagery using an Edgetech 3400-OTS sub-
bottom profiler. This was supplemented with ~85 track line km of ground-penetrating radar (GPR)
imagery, acquired with a GSSI 200 MHz system. Offshore sediment cores (n=20) were collected at
key locations to help ground-truth geophysical interpretations. These subsurface data provided the
necessary information to reconstruct the three-dimensional stratigraphic framework of the Chicago
coastal zone. Data-derivative products include maps of surface geology and sand thickness. Our
results show there is a greater volume of offshore sand along the city’s North Side and that urban
infrastructure and exposed dolomite bedrock shoals act as barriers to north-south sand migration.
Sand deposits are typically thickest within urban lakefront embayments and decrease in thickness
from pocket beaches lakeward, transitioning to thin sheets averaging 0.5-1m thick within 500m of
the shoreline. These observations provide valuable constraints for understanding sand-transport
processes and beach geomorphic response to changing lake levels.

Isabelle Barrette-Ng', Adam Clare®, Trevor Pitcher', Catherine Febria' and Cameron Proctot!,
"University of Windsor, “Sheridan College. myWATERSHED: Accelerating sustainability
stewards of the future.

Traditional classrooms offer students limited opportunities to plan and implement
restoration due to barriers of ecological, spatial, and temporal scale. However, with agency and
access to authentic datasets, it has been shown that learners can problem-solve, develop
interdisciplinary skills, enhance cross-cultural competencies, and most importantly: (re)-connect to
nature and its restoration from diverse perspectives. To train and empower youth to take on the
challenge of ecological restoration and reconnect with nature in a transformational way, a
multidisciplinary team created the myWATERSHED sandbox game. myWATERSHED utilizes a
digital twin of the Humber River watershed to provide learners with the opportunity to engage
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actively in restoration using a real-world endangered species, the redside dace. The game creates a
realistic simulation where the interactions explore ecological principles and critical challenges,
including the concept of spatial, temporal and ecological scale in restoration. myWATERSHED
allows students to explore and manipulate a realistic environment where they can assess different
restoration strategies, implement different efforts under resource constraints, and solicit feedback. In
this presentation, we will describe: (1) the effects of playing the game on students’ perceptions of the
value of restoration ecology, and their understanding of the factors that influence the success of
restoration strategies; and (2) how best to measure the effects of simulations and game play on
student learning and meaning making.

Lauren Barth', Todd Howell’ and Don Jackson', 'University of Toronto, *Ministry of Environment
Conservation and Parks. High wintertime phosphorus export from Lake Ontario tributaries
across a gradient of urbanization.

The pulse of phosphorus from watersheds to large temperate lakes and their fate in the
nearshore is strongly linked to seasonality. Additionally, urbanization in the watershed changes flow
dynamics and provides novel point and diffuse sources of contaminants that confounds the seasonal
signal. Here, we used a combination of event-based composite and low-flow grab sampling of
thirteen Lake Ontario tributaries along a ~140 km stretch of the Canadian shoreline from 2018-2023
to investigate the timing and magnitude of phosphorus pulses to the nearshore and how this varies
with urbanization. Across tributaries, winter concentrations of dissolved (DP) and particulate (PP)
phosphorus were as high, or higher, than those observed in spring. Combined with high flows, there
was a large flux of phosphorus to the lake during cold winter months. The majority of phosphorus
coming into Lake Ontario was in the particulate form (range of median %PP across tributaries =
[76,94]). Consequently, the PP delivered to the lake during winter will be concentrated in the
dreissenid mussel beds in the nearshore zone due to strong shore parallel currents potentially fueling
spring algal growth. The highly urbanized tributaries exhibited elevated concentrations and loadings
of DP and PP through all seasons and likely have the greatest impact on Lake Ontario’s nearshore
community as they provide a relatively consistent flux of elevated phosphorus to the nearshore
zone.

Abigail Comar"” and Jill Bartolotta"* 'Ohio Sea Grant, “The Ohio State University. BOTtttle:
Engaging with underserved and underrepresented students to pilot marine debris removal
technologies.

Beach and On-water Trash Trapping Tech Team for Lake Erie (BOTtttle) is a partnership
with Ohio Sea Grant and Cuyahoga Community College’s Advanced Technology Training Center
(ATTC) and is supported with funding from Meijer Incorporated and National Oceanic and
Atmospheric Administration Climate-Ready Coasts Program, Bipartisan Infrastructure Law. The
ATTC works with underserved and underrepresented students in the Cleveland area to offer
educational programming and workforce development opportunities in the STEM disciplines. We
are working together to engage Cleveland youth in Lake Erie stewardship activities, introduce them
to the issue of marine debris in their local community, and utilize their expertise with robotics to
effectively operate and manage the recently acquired trash removal technologies, BeBot and Pixie
Drone. Students are receiving relevant job training and field experience in the rapidly growing green
jobs and marine debris removal technologies sector. In addition to robotics care, operation, and
maintenance, students support waste characterization efforts to learn more about data collection and
management protocols. Interactive programming engages youth with their coastal environment
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empowering them to care for Lake Erie. Our presentation will share lessons learned, funding
streams, program results, and student stories.

Rose Basooma'?, Judith Namumbya"’, Vianny Natugonza®, Wolfram Graf' and Harald
Meimberg', 'University of Natural Resources and Life sciences, “Busitema University, Department
of Natural Resources and Environmental Sciences, *Ministry of Water and Environment. Unveiling
the Potential: Exploring Challenges and Opportunities in Molecular Methods for
Monitoring Ecological Health of Wadable Streams in Uganda and East Africa with
Macroinvertebrates.

Freshwater ecosystems support biodiversity and ecological services. Despite these benefits,
they have been degraded immensely. Monitoring the health of these ecosystems is vital.
Macroinvertebrates are already widely used to assess biodiversity and ecological health. Recent
advancements in DNA-based techniques have shown promising results in detecting species across
various ecosystems due to reduced processing time, enhanced taxonomic resolution, and decreased
errors compared to morphological methods. These DNA-based methods encompass the use of
homogenized samples, DNA extracted from sample preservatives, and environmental DNA from
water or sediment. This review explores the challenges and opportunities associated with advancing
molecular methods for routine biomonitoring. Challenges identified include limited awareness and
understanding of molecular techniques, financial constraints, and the need for capacity building in
molecular biology skills. Standardized protocols and comprehensive DNA databases for East
African regional macroinvertebrate species are lacking, hindering broader acceptance of molecular
approaches. Despite these challenges, the review highlights promising opportunities. Collaborative
efforts between research institutions, governmental agencies, and non-governmental organizations
are crucial for knowledge exchange and capacity building. Financial support can aid in acquiring
molecular biology equipment and training programs. Standardization of protocols and the
development of DNA reference databases can be achieved through concerted research efforts and
regional cooperation. The review serves as a call to action for the scientific community,
policymakers, and environmental practitioners to collaborate in advancing molecular approaches for
effective freshwater biomonitoring in the region

Aman Basu, Joshua Culpepper, Kevin Blagrave and Sapna Sharma, York University. Changes in
lake ice phenology in the Northern Hemisphere: Past, present, and future shifts.

Long-term ice phenology records enumerate the effects of climate change on Northern
Hemisphere lakes. This study uses lake ice phenological records for a gradient of small to large lakes
(0.1 to 31967.8 km 2 in lake surface area) obtained from community science networks where we
compiled 77 situ ice phenological records for 2499 lakes across 15 countries for an average of 30
years. These data revealed that for the last 50 years (1971-2020), the annual mean duration of lake ice
cover decreased at a rate of 7.9 days per decade, with a global acceleration in lake ice loss following
the late 1980s. We forecasted that ice duration at the end of the century (2070-2099) will decrease on
average 29 days when compared to the historical time period (1971-2000) for the Shared
Socioeconomic Pathway (SSP) 1-2.6 climate scenario (SSP126), 43 days for SSP370, and 49 days for
the SSP585 scenario. The widespread loss of ice portends ecological, cultural, and economic
consequences for ecosystems and communities that depend on lake ice cover.
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Nandita Basu, University of Waterloo. Farmed wetlands: The outsized role of small
agricultural wetlands in basin scale nutrient retention.

Excess nutrients from agricultural activities have increased eutrophication of inland and
coastal waters. Wetland restoration is a key strategy to improve downstream water quality by
nutrient retention, while also providing other key ecosystem services (ES) (e.g., greenhouse gas
reduction (GHG), biodiversity support). Farmed wetlands - depressions in croplands that have been
partially drained for crop production - are a ubiquitous feature of agricultural landscapes, globally
and in North America. Often these are areas of lower productivity compared to the surrounding
farmland, and thus targeting them for restoration can contribute to water quality improvement
without as much of an economic cost. Further, on a per unit area basis small wetlands are more
efficient at nutrient retention. However, these smaller wetlands also receive less protection because
of their apparent disconnectivity to downstream waters. Here, we use a combination of remote
sensing and site scale wetland nutrient studies to show that these small, apparently disconnected
wetlands play an outsized role in nutrient retention. We further identify wetland morphometric
attributes that maximize retention. This understanding can then be used to develop scenarios for
wetland restoration to reduce phosphorus loading through strategically targeting areas of high
nutrient use and morphometric designs that prioritize retention.

Michael Battaglia, Laura Bourgeau-Chavez and Jeremy Graham, Michigan Technological
University. Assessment of Great Lakes Coastal Wetland Inundation Extent with Synthetic
Aperture Radar.

Fluctuating water levels in the Great Lakes have led to significant changes in coastal wetland
extent. Monitoring inundation extent is important as it can drive changes in vegetation species
compositions and habitat availability for fish, birds, and invertebrates, as well as having significant
impacts on infrastructure and property. Remote sensing is a valuable tool for assessing dynamic
inundation extents in coastal systems, but limitations due to cloud and vegetation canopy coverage
make estimating inundation difficult with optical imagery. Synthetic aperture radar (SAR) sensors,
which utilize microwave wavelengths, are capable of collecting imagery regardless of cloud cover
and are able to penetrate vegetation canopies. An automated algorithm has been developed to detect
open surface water and flooded vegetation extent using C-band SAR data from the Sentinel-1
constellation. The algorithm has been implemented in a cloud computing environment to enable
efficient processing of large geographic regions such as the coastal Great Lakes. The algorithm has
been run for each month in the growing season from 2017 - 2023, allowing us to assess the impact
record high water levels have had on coastal inundation and emergent wetland vegetation. This
approach highlights a repeatable methodology that can provide important information for long term
wetland monitoring in the Great Lakes region.

Evan Batte', Paige Arieno', Nikki Fuller', Jayson Kucharek', Steven Day®, Matthew Hoffman’,
Christy Tyler' and Nathan Eddingsaas®, 'Gosnell School of Life Sciences, Rochester Institute of
Technology, “Department of Biomedical Engineering, Rochester Institute of Technology, *School of
Mathematics, Rochester Institute of Technology, *School of Chemistry and Materials Science.
Degradation of Anthropogenic Debris in the Watershed of Lake Ontario.

Anthropogenic debris (AD) is ubiquitous in the environment, yet the impact on
environmental and public health in the Great Lakes watershed is not well understood. Stormwater is
an important mechanism for AD movement, however vegetation and engineered stormwater
management infrastructure may trap AD, reducing debris loading in the Lakes and creating hotspots
of accumulation across the landscape. Little is known about the ultimate fate of AD accumulating in
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these hotspots. A long-term experiment in riparian areas, stormwater ponds, and roadside
stormwater catch basins was established to field-age the most commonly collected debris items:
cigarette butts, polypropylene-metal chip bags, and polyethylene shopping bags. The materials were
introduced to the environment in both summer and winter in order to evaluate seasonal impact on
degradation. Debris degradation was assessed by measuring tensile strength, degree of oxidation
(FT-IR), and biofilm development. Preliminary data indicate near total disintegration of cellulose
acetate cigarette filters in catch basins after 1 year, with greater degradation overall in summer
introduction than winter. Further, the degree of degradation appears to be most influenced by
environment, with lower rates in the riparian zone. Materials in stormwater ponds have the most
highly developed biofilms. These experiments will allow us to better understand the fate of AD
accumulating in these hotspots and more accurately estimate debris loading into Lake Ontario.

Masoumeh Bavadi, Xing Song, Bing Chen and Baiyu Zhang, Memorial University. Formation of
the Next-Generation Dispersant by Using both Biosurfactants and Chemical Surfactants.

Oil spills, posing significant ecological threats worldwide, have encouraged extensive
research into innovative spill response options. One prominent method involves dispersants (i.e.,
surfactants mixed with solvents), facilitating the breakdown of the oil slick into tiny oil droplets,
enhancing the solubilization of oil components, and promoting their biodegradation. Current
dispersants utilize mainly chemical surfactants. This work is focused on the production and
evaluation of a next-generation dispersant product that combines both bio- and chemical
surfactants. The strategy for component mixing was optimized by analysis of their interaction
through molecular dynamic simulations. The new dispersant mixture exhibited remarkable
performance under various environmental conditions, demonstrating its adaptability to the diverse
challenges of aquatic environments. Molecular dynamic simulations further illustrated how
surfactants, key components of the new dispersant, interacted with oil components through
molecular interactions, including van der Waals and electrostatic interactions. These findings may
facilitate the development of the next generation of dispersants, potentially reducing the impact
from oil spills to aquatic environments.

Doug Beard', Tan Cowx?, Steve Cooke® and Chris Goddard*, 'United State Geological Survey, *Hull
University, *Carleton University, ‘Retired. First Global Inland Fisheries Summit; or how we
learned to love the number 47.

Inland fisheries are a critical component of economic security in many parts of the world.
Providing food and livelihoods, these fisheries are often overlooked during global discussions of
sustainable fisheries management. Recognizing this omission as part of the overall world fisheries
discussion, a group of individuals, representing inland fisheries from around the globe developed
and hosted the first summit focused on inland fisheries at the United Nations Food & Agricultural
Organization. Little did our leadership team realize how critical the number 47 would be to
effectively organize and develop the first global inland fisheries conference. Although multiple in-
person meetings were held to discuss and organize an agenda; many serious discussions were led by
Dr. Taylor at a certain rooftop setting located in the Hotel 47. It was at this setting we realized the
importance of intangibles that make conferences successful. And a success it was, the conference
managed to pull together multiple experts from 40 countries. The conference was focused on four
main themes, biological assessment, economic and social assessment, drivers and synergies and
policy and governance. The ultimate outcome was the Rome Declaration: Ten Steps to Responsible
Inland Fisheries. The Rome Declaration has set the science and management agenda for inland
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fisheries, since its publication in 2016. All of which would not have happened with the brilliant use
of official settings and unofficial trust building sessions facilitated by Dr. Taylor.

Naomi Beauchesne', Tristan Cleland’, Tristan Thompson', Mike Aiabens', Jeffrey Lallean®,
Shayenna Nolan’, Karen Cedar’, Candy Donaldson®, Catherine Febria* and Clint Jacobs®,
"University of Windsor & City of Windsor, *University of Windsor, *City of Windsor. Co-cteation
with the Indigenous Youth Circle and Windsor’s National Urban Park.

The Indigenous Youth Circle collectively represent the next generation of Indigenous
stewards and science practitioners all working together to guide wise protocols and practices for the
National Urban Park site in Windsor and broader region. Individually they each possess gifts of
language, sport, science, culture, and more. They will be training in a range of ecological monitoring
practices, learning from Elders and knowledge keepers in the region, while also co-creating and
engaging on new programming linked to the development of a proposed National Urban Park site.
Here they will share experiences from the first year of this collaboration, including how the group
came together, and how this work has connected them to teachings about water, language
revitalization, and the importance of connections to local ecosystems. In particular they will share
lessons learned from organizing their first land-based Indigenous Teachings day in November 2023.
From logistics and grant writing to connecting, Indigenous-led science, community-led teachings
and connections with local Indigenous and non-Indigenous community members, they will reflect of
their journeys and personal growth. Finally, they will share visions and aspirations for the future,
barriers and enablers to successful collaborations.

Happiness Beda, University of Dar Es Salaam, Clean Shores Great Lakes. A Review on the
Status of Plastic Pollution in the African Great Lakes.

Plastic pollution is ubiquitous in freshwater systems worldwide, and the African Great Lakes
are no exception. I conducted a review on the status of plastic pollution in the African Great Lakes,
including macroplastics (>5mm) and microplastics (<5mm). Six publications were used to review
the status of plastic pollution in the African Great Lakes based on their sources, type and ecological
impacts. The most dominant sources identified were fishing activities, degradation of larger plastic
materials, and anthropogenic activities. Other minor sources of plastic in the lake come from land-
based activities. The type of plastics identified were fragments, filaments, films, foams, and flakes.
The ecological impact of plastic pollution, shown in one paper, was microplastic ingestion in
commercial fish ( Nile perch and Nile tilapia). Finally, there are gaps in scientific knowledge that
need to be addressed and discussed. These include a need for further research expanding our
knowledge of the sources, pathways, types and impacts of plastic pollution. Community
engagement, policy evaluation and scientific innovation must be done to pave the way for
sustainable solutions.

Ashley Thompson, Hannah Bekius, Elena Tislerics, Carter Griffioen, Shelia Blackman and Pei-Lan
Tsou, Grand Valley State University. Beaches and Feces: the Journey to Solve the #2 Mystery.

Michigan recreational beaches at risk for water-borne illnesses are routinely monitored for E.
coli - a marker of fecal contamination. Charlton Park beach on Thornapple Lake is frequently closed
because E. co/i exceeds the State threshold, forcing the beach to close for 35 days in 2022 and 12
days in 2023. Remediation is not possible until a contamination source is determined. We partnered
with Barry-Eaton District Health Department to determine the source through the molecular
detection of host-specific bacteria (MST). We intensively sampled the beach and other sites around
the lake, including tributary sites for five weeks and simultaneously monitored environmental
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factors. Samples were analyzed for both E. cv/i and HF183. Testing showed a correlation between
the E. cw/i marker EC23S and the HF183 human marker when the E. ¢o// counts are high but proved
difficult to correlate them at low levels. We found that contamination: is human in origin; originates
from two sites upstream of the beach and; is most likely to occur when the normal southerly current
in Thornapple Lake is slowed. Validation is underway with secondary markers to further confirm
human origins, as well as testing the effectiveness of alternative markers. Our work attests to the
important role that molecular techniques can play in the field of environmental forensics.

Ashley Belle and Megan Gunn, Illinois-Indiana Sea Grant. Incorporating Virtual Reality into
Environmental Education to Connect Youth to the Great Lakes.

The Grand Calumet River Area of Concern (AOC) has experienced significant
environmental degradation resulting from historical activities. Utilizing 360-degree virtual reality
(VR) technology, an immersive experience was developed that allows users to travel along a segment
of the Grand Calumet River in Northwest Indiana. The experience features degraded areas as well as
sites that under the voluntary Great Lakes Legacy Act program have completed contaminated
sediment remediation and habitat restoration to improve the aquatic and upland environment for
fish, wildlife, and people. This presentation will focus on the development of the virtual reality
experience and its delivery by a web-based platform and VR headsets. A Next Generation Science
Standards (NGSS) aligned curriculum, targeting upper-elementary through high school students, has
also been designed to complement this immersive experience. This presentation will walk through
the curriculum highlighting lessons that foster critical-thinking and reflection as students learn about
the environmental history of the AOC, how VR is integrated into environmental science, and the
collection of field data. This VR experience can serve as a useful tool to better engage youth in
Great Lakes education.

Nadine Benoit, Ryan Sorichetti, Bogdan Hlevca and Todd Howell, Ontario Ministry of the
Environment, Conservation and Parks. A multi-faceted spatial and temporal approach to
Assessing Lake Ontario’s Western Basin Nearshore Water Quality.

In 2023, the Ontario Ministry of Environment, Conservation and Parks conducted a
nearshore water quality study in Lake Ontario’s western basin, from Oakville to Grimsby to assess
conditions over this heavily urbanized coastline. Present stresses on water quality and water
resources include changing landscape hydrology due to continuing watershed development and
shifting weather patterns and use as a receiver of wastewater and stormwater. This study aims to
broadly characterize spatial and seasonal features of water quality and physical conditions in the
immediate nearshore zone most affected by land, extending 5km into the lake. Design elements
include: 1) spatially-intensive collection of sensor and discrete chemistry data to define alongshore
and onshore-offshore patterns in water quality; 2) through-time collection of physical and surrogate
water quality data using instrumentation placed over the study area to characterize the changeable
physical conditions influencing water quality; 3) integration with event-monitoring of tributary
loading to the nearshore of the western basin to gauge inter-play between river discharges and
nearshore conditions; and, 4) hydrodynamic and water quality modeling to support integration of
point in-time and through-time data to aid interpretation. Our presentation will outline how this
work intends to inform on present conditions shaping water quality at the land - lake interface
framing expectations into the future. We anticipate future land-to-lake gradients may further
intensify due to offshore oligotrophication, changing wind dynamics impacting broader lake
circulation, and urbanization pressures.
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Nicole Betry', Erin Overholt’, Jennifer Schumacher’, Kristopher Dey’, Jason Smith*, Michael
Diefenbach’, Craig Williamson® and David B. Bunnell', 'USGS Great Lakes Science Center, “Miami
University, *Little Traverse Bay Bands of Odawa Indians, ‘Bay Mills Indian Community, *Northern
Michigan University. UV exposure induces hatching of Adikameg eggs.

Adikameg (Lake Whitefish, Coregonus clupeaformis) serve important ecological, cultural, and
economic roles within the human and greater-than human communities of the Great Lakes.
Adikameg are decreasing in Lake Michigan, potentially as a result of low recruitment success
hindered by an increase in underwater exposure to damaging ultraviolet radiation (UV; 320 - 400
nm). Both the spread of non-local Dreissena mussels, which decreased the basal food web and
increased water transparency, and the simultaneous loss of ice cover may increase UV exposure
during Adikameg egg development. Additionally, hatchery managers who have a decade-long
relationship observing Adikameg, noted that light exposure can induce hatching. Our laboratory
experiments found that a single day’s exposure of UV can induce hatching up to 30 days earlier than
controls. Two hypotheses explaining the relationship of UV-induced hatching include: 1) Adikameg
embryos detect UV and initiate escape hatching behavior to avoid UV exposure, and 2) UV-induced
hatching is an adaptive strategy that under historic conditions, would have corresponded with spring
ice-out and abundant prey resources. Under current conditions, however, earlier hatching may lead
to enhanced starvation after hatching if prey resources are not readily available (due to the depleted
basal food web, or a mismatch in spring emergence of suitable prey). This talk expands on the
results of our laboratory experiments investigating the UV-induced hatching phenomenon in
Adikameg eggs.

Kezzy Besa, Lilongwe University of Agticulture and Natural Resoutces / University of Zambia.
Investigating Heavy Metal Pollution in Fish, Water, and Sediments in Lumwana East River,
Northwestern Province, Zambia.

In Zambia, the fisheries and Aquaculture sector contributes significantly to food security,
self-sufficiency and livelihood, having contributed 3.2% to the national GDP in 2016. Overall, fish
accounts for about 40% of protein intake in rural parts of the country and it offers alternatives for
better nutrition, income generation, and job development. Despite Zambia's abundant water
resources, it remains a net importer of fish, pointing to challenges in bridging the production-
population gap. Aquatic life faces threats from pollution, primarily attributed to mining and other
anthropogenic activities. Heavy metals are among the pollutants of concern due to toxicity and
bioaccumulation characteristics. The mining sector, a cornerstone of Zambia's economy, brings both
economic benefits and environmental challenges, notably aquatic pollution. This pollution poses a
direct threat to aquatic environments, impacting fish health and, consequently, human health
through the consumption of contaminated fish. The study focuses on Lumwana East River, a region
with limited scientific attention despite the escalating mining activities around it. It aims to establish
baseline data on metal accumulation, providing crucial insights for policymakers and regulatory
bodies to formulate effective management and remediation strategies in the Northwestern Province.
The research specifically targets the assessment of heavy metal concentrations in water, sediments,
and fish species across different locations along the river. This comprehensive investigation seeks to
contribute valuable information to safeguard the delicate balance of aquatic ecosystems and ensure
sustainable resource management.
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Huifang Bi, Chunjiang An and Catherine N. Mulligan, Concordia University. Exploration of a
bio-based coating strategy as an oil spill response countermeasure.

Spilled oil in freshwater environments can generate significant, long-term, detrimental
effects on shorelines due to its environmental persistence and toxic effects. Hence, consideration is
given to the development of an efficient and sustainable oil spill countermeasure for the protection
of shorelines. In this study, an alginate-based coating with a unique surface structure and
superhydrophobic properties was developed to reduce the extent of freshwater shoreline oiling.
First, the hydrogel coating for the freshwater shoreline substrates was prepared based on the
reaction of alginate, crosslinking agents (polylysine and chitosan solutions), and other additives (e.g.,
cellulose nanocrystal) to endow the surface of shoreline substrates with the oil-repellent properties,
and its optimized formulation was determined for following experiments. Second, the optimal
coating was characterized through contact angle measurement, scanning electron microscope (SEM),
Fourier-transform infrared spectroscopy (FTIR), and surface free energy analysis to reveal its oil
repellence mechanism. Then, the effectiveness of the bio-based coating as an oil spill response was
comprehensively investigated through a series of laboratory tests (oil adhesion tests and oil removal
tests) under various environmental conditions, including different substrates, oil types, salinity, and
temperature. Finally, the bio-based coating strategy was discussed for its potential application in
various freshwater shorelines, such as concrete retaining wall/ boat ramp, riprap, boulders, and

cobbles.

Bopi Biddanda' and Steve Ruberg?, 'Gand Valley State University, "NOAA-Great Lakes
Environmental Research Laboratory. Karstic Chronicles: Two Decades of Exploration of
Submerged Sinkholes in the Great Lakes.

Serendipitous findings of salty water in the bottom of Lake Huron in early 2001 led to
multiinstitutional scientific exploration and discovery of numerous submerged sinkhole ecosystems
in Lake Huron in the ensuing 2 decades. Here, modern-day benthic microbial mats, resembling
those of early Earth and that of deep-sea vents (and possibly mat worlds we may encounter on
extraterrestrial hydrospheres), inhabit low-oxygen, low-pH, high-sulfur, groundwater-fed submerged
sinkholes. Photosynthetic cyanobacteria dominate shallow sunlit sinkholes, whereas chemosynthetic
microbes run the aphotic sinkhole ecosystems. Towards the end of each day, mats produce net
oxygen - a feature that may have led to net oxygenation as the daylength increased to >21 hours in
the last 400 million years. Additionally, alternating daily vertical migration of phototactic
cyanobacteria and chemotactic chemosynthetic microbes across the 1-mm thick mat-sediment
interface appears to optimize such net oxygen evolution and promote carbon burial. Several sinkhole
unknowns persist including: abundance and distribution of sinkhole ecosystems in the Great Lakes
basin and other karst based limnetic systems globally, mechanisms of recharge and flow of
groundwater aquifers feeding distant sinkholes, the age of venting groundwater, mechanism of
colonization and dispersal mat filaments in geographically isolated sinkholes, pharmacological
potential of bioactive compounds, and the significance of sinkhole biodiversity to biospheric
biodiversity and physiologic function - and emphasize the need for their further study and
conservation.

Emma J. Bloomfield, Sarah S. E. King, Sofia C. Pereira, Brent W. Metcalfe, Aaron T. Fisk and
Timothy B. Johnson, Ontario Ministry of Natural Resources and Forestry - Glenora Fisheries
Station. Seasonal trophic ecology of lake whitefish in Lake Ontario.

Lake whitefish (Coregonus clupeaformis) are an ecologically, culturally, and economically
important species in Lake Ontario. Lake whitefish abundance and condition declined in the 1990s
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following the establishment of dreissenid mussels. These declines were largely attributed to the loss
of Diporeia, a benthic amphipod that was an important prey item. Additional ecological changes have
occurred since the loss of Diporeia, including round goby (Neagobius melanostomus) invasion and
continued offshore oligotrophication. The impacts of these more recent ecological changes on lake
whitefish diet in Lake Ontario are largely unknown. We investigated lake whitefish’s seasonal trophic
ecology using monthly (April - December) analyses of stomach contents and stable isotope ratios
(8"°C and 8"N). Lake whitefish diet is seasonally variable and includes round goby. Piscivory
(beyond eggs) has historically been rare, and consumption of round goby has not been reported
previously in Lake Ontario lake whitefish. Results will be interpreted with respect to energy budget
and implications for lake whitefish condition and growth.

Serghei Bocaniov, Chris Houser, Zahra Akbarzadeh and Philippe Van Cappellen, University of
Waterloo, Waterloo, Ontario. Re-eutrophication of large lakes: intensification of shoreline
erosion as a potentially important source of additional phosphorus loading (a case study of
the central basin of Lake Erie).

Despite significant reductions in external phosphorus (P) inputs since the 1970s and the
subsequent ecological improvements, from mid-late 1990s Lake Erie has been shown signs of re-
eutrophication symptoms that cannot be fully explained by changes in P inputs from the lake’s
watershed and connecting channels alone. This may indicate that other, previously unaccounted for,
sources of P play a role in driving the lake’s re-eutrophication but also that the relative importance
of these sources may have been increasing over the past few decades. One such source that has the
potential for a sizeable and lake-wide impact on lake P dynamics and standing stock is sediment
resuspension and coastal erosion. In this presentation we will introduce new estimates of P loading
to the central basin of Lake Erie from coastal erosion and assess the major driving forces. For the
latter, we first analyze the storm-induced onshore winds and wave characteristics in the central
basin. Next, we link them to storm-induced geomorphic changes to coastline and the along- and
cross-shore mass transport of eroded bulk material. We further estimate the P load associated with
the bulk eroded material based on field observations and explorative numerical modeling, and
compare the load with that emanating from the watershed from all known external sources. Finally,
we discuss some of the impacts of our findings for the possible future changes in the Lake Erie P
cycle.

Alireza Ghane and Leon Boegman, Queen's University. Fate and transport of PO4 during
winter in a small temperate lake located in the Great Lakes watershed.

Many temperate lakes accumulate sediment derived orthophosphate (PO) in their
hypolimnion during late-summer deep-water hypoxia. In dimictic lakes, fall turnover will mix the
PO, through the watercolumn. However, the fate and transport of this primary production limiting
nutrient, during winter, is unknown. Does it remain available for the spring bloom, and why does it
not trigger a fall bloom? We conducted field observations and supplemented these with three-
dimensional physical biogeochemical numerical simulations to gain a deeper understanding of PO,
transport and cycling within a small temperate lake from 2011 to 2020. Our focus was particularly
on the often-ice-covered season between fall and spring turnover events. We found, the sediment
derived POy to be only a small portion (~1%) of the total PO4load. The majority being derived
from mineralization and tributary inflows. The accumulated hypolimnetic PO, increased the
watercolumn concentration during fall turnover, but a fall bloom was not initiated, because the
associated mixing transported phytoplankton beneath the photic zone. This PO4 remained available
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in the water column during winter and combined with mineralized PO, to initiate the spring bloom,
in a thin stable layer beneath the ice, as solar radiation increased seasonally during spring.

Jose Bonilla-Gomez, Adam Kowalski, Daniel Cunnane and Ethan Buchinger, U.S. Fish and
Wildlife Service. Cisco fever in Saginaw Bay, a multi-agency effort seeking to restore a native
species.

Saginaw Bay historically contained one of the largest spawning aggregations of spawning
Cisco (Coregonus arteds) within Lake Huron. However, present-day research suggests Cisco have
largely been extirpated from Saginaw Bay due to overfishing and introduced species. As a result, the
Lake Huron Committee initiated a multi-agency, Saginaw Bay reintroduction effort in 2018 that has
resulted in the annual stocking of one million fingerlings Cisco reared by U.S. Fish and Wildlife
Service, using northern Lake Huron populations as the gamete source, to restore Cisco populations
in the main basin. Oxytetracycline (OTC) marks administered prior to stocking differentiated Spring
or Fall stocking release events. Fishery managers strongly supported new research and monitoring
that can measure estimate relative survival to maturity, and locate active spawning sites. The study
goals included assessing the extent to which reared Cisco survive to maturity in Saginaw Bay,
determining if cultured Cisco return to Saginaw Bay to spawn, and evaluating Saginaw Bay Cisco
reproduction. Since 2021 we used targeted surveys to collect juvenile and adult Cisco along Saginaw
Bay. Until now 62 individuals have been recaptured with OTC marks (93.5% Spring, and 6.5% Fall),
and additional 9 individuals were wild (no marks). Specimens were found just outside of the mouth
of AuGtres River. This work has documented for the first time adult stocked Cisco surviving to
maturity and returning to historical spawning locations based on OTC presence.

Harvey Bootsma', Rae-Ann Eifert’, Emily Lou Lamartina', Qian Liao', Caty Troy’ and Hank
Vanderploeg®, 'University of Wisconsin-Milwaukee, *Wisconsin Department of Natural Resources,
’Purdue University, ‘NOAA / Great Lakes Environmental Research Laboratory. Deep Learning:
How profundal quagga mussels affect Lake Michigan phosphorus and plankton dynamics.

Within most of the Great Lakes dreissenid mussels are known to be major consumers of
phytoplankton and recyclers of nutrients. While many studies have quantified dreissenid excretion of
dissolved nutrients, egestion of particulate nutrients in the form of biodeposits has received less
attention. We conducted experiments to quantify and determine the fate of phosphorus egested by
profundal quagga mussels in Lake Michigan. We found that egestion can account for 15-70% of
total P released by mussels. During 3-week experiments we found that egested biodeposits support
rapid bacterial growth and uptake of dissolved P. These data, along with in situ measurements of
phosphorus and carbon pools and hydrodynamics, were used to parameterize a simple 1-D model
that we used to explore the effects of dreissenid nutrient egestion on water column plankton and
nutrient dynamics. Results suggest that the ratio of dissolved: particulate P release by dreissenids has
a strong influence on plankton concentrations. Removing dreissenids from the model affected the
water column dissolved: particulate P ratio, but had little effect on the total P concentration.

Emma Abedrabo, Avie Krauss, Alex Robins, Jeneva Tomaszewski, Lindsey Willett, Rebecca
Bowen and David Karpovich, Saginaw Valley State University. Saginaw Bay Monitoring
Consortium update: Tributary monitoring by SVSU’s undergraduate student team.

The Saginaw Bay Monitoring Consortium (SBMC) has established a tributary and open
water monitoring framework for the Saginaw Bay Watershed. This coordinated, comprehensive,
multi-year monitoring effort is unprecedented in the Saginaw Bay Watershed, and it will provide
access to significant data for use by resource managers, scientists, and decision-makers to assist in
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evaluating and restoring this very important ecosystem. Weekly monitoring for nutrient and
sediment transport began in the summer of 2023 at 18 tributary sites by an undergraduate student
team at Saginaw Valley State University (SVSU). Tributary monitoring locations were selected to
represent coastal sub-watersheds of Saginaw Bay and major sub-watersheds of the Saginaw River,
and each is co-located with a USGS gaging station. Complementary data are also being collected at
10 open water sites on Saginaw Bay by NOAA GLERL. This poster will provide an update on
tributary monitoring activities, report highlights from first-year results, and describe how the SVSU
undergraduate student team is coordinating the sampling schedule and meeting data quality
requirements for this important initiative.

Jeff Bowman', Jennifer Baici’, Thomas Burgess®, Janet Greenhorn', Greg Melvin', Carrie Sadowski'
and Meghan Ward®, 'Ontario Ministry of Natural Resources and Forestry, *T'rent University.
Testing for causes of long-term muskrat declines in Great Lakes coastal wetlands.

Wetlands provide important ecosystem services, and consequently loss or degradation of
wetlands can contribute to reduced human, animal, and environmental health. The muskrat (Ondatra
ibethicus) is a culturally significant North American mammal that is considered a wetland engineer,
leading to improved wetland function and increased biodiversity through the actions of foraging and
house building. Anecdotal evidence suggests widespread muskrat declines however, so we have been
conducting studies across Ontario to test for declines, and to evaluate potential causes and
implications for wetland ecosystems. We have replicated historical surveys demonstrating declines of
muskrat abundance of > 90% in sampled Great Lakes coastal wetlands and an overall low
abundance across the region. We have conducted predator and disease studies. We have also shown
that contemporary wetlands are dominated by invasive Typha x glanca, and subject to unnatural
water-level regimes, both of which reduce interspersion between water and emergent vegetation,
reducing muskrat habitat quality. Furthermore, we show that muskrat abundance is positively
associated with wetland biodiversity. Consequently, it appears that invasive macrophytes and pootly
managed water levels have reduced habitat quality for muskrats, which in turn has reduced the
positive effects that muskrats have on biodiversity. To further evaluate these ideas, we are
conducting experiments to test variables affecting muskrat abundance at both the wetland and whole
lake scales. We discuss research findings, and larger One Health implications of reduced muskrat
abundance.

Jess Bowset', Ryan Brown” and Jeena Koenig', 'U.S. Fish and Wildlife Service, *University of
Toledo. Turning the page on data workflows: transitioning from paper to digital data
collection.

In 2018, the Grass Carp Response Program (GCRP) was established in Lake Erie to monitor
and control the spread of Grass Carp (Crenopharyngodon ldella). Since 2018, the program has grown
from two field crews to 12, with a variety of data being collected across state and federal agencies
and universities Data collection and management in a rapidly growing program can be challenging
and there is never a one-size-fits all solution to data workflows, tools, or methods. Due to the
complex nature and extent of data collection, sensitivity of results, and need for data accessibility
across multiple agencies, a solution was needed to securely, and efficiently, manage program data. In
2020, the GCRP transitioned from paper data sheets to a centralized cloud-based database using
ArcGIS Online* tools and applications. The GCRP uses multiple forms to simultaneously enter and
access data from the field, laboratory, or office, across multiple states. Additionally, applications with
agreed-upon standards have been developed to ensure quality control is completed promptly. This
allows data managers to make quality data available in real-time, allowing for critical, rapid responses
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when needed. The GCRP workflow is an example of how a large, rapidly growing program can
transition from paper to digital data, reducing handling time, and enhancing data quality, while
increasing communication, accessibility, and standardization.

Alexandra (Sasha) Bozimowski', Kurt Kowalski', Jared Militello” and Eric Dunton’, 'USGS Great
Lakes Science Center, ‘USGS Great Lakes Science Center (Contractor), "USFWS Shiawassee
National Wildlife Refuge. Sonar data provide insights into fish passage and habitat use of
restored coastal wetlands.

Traditional monitoring of fish assemblages in restored wetlands (e.g., trap nets) is often
contingent upon weather, time of day, water conditions, and personnel capacity. Sonar-based
monitoring techniques can overcome these challenges by collecting continuous data with minimal
oversight during all times of day, flow conditions, and water quality conditions. Post-restoration
monitoring efforts at both the U.S. Fish and Wildlife Service Shiawassee National Wildlife Refuge
(SNWR) in Saginaw, MI, and Ottawa National Wildlife Refuge in Oak Harbor, OH, utilized sonars
stationed immediately adjacent to water control structures allowing fish passage between wetland
habitats and parent water bodies. Sonars were deployed during ice-off periods to quantify the effects
of restoring hydrologic connections to impounded coastal wetland units over multiple consecutive
years. The resulting datasets were large and consisted of thousands of individual video data files
(9675 and 2023 hours for SNWR and ONWR, respectively). Therefore, both semi-automated
software and a machine learning model were developed and used to accelerate data processing and
analysis. Over 70 TB of sonar data, a machine learning model capable of outputting bi-directional
fish counts and individual fish length estimates, and a published semi-automated software ultimately
yielded insight to millions of fish using the restored coastal wetlands. Sonar data revealed new
insights into the abundance and patterns of fish accessing restored coastal wetland habitat.

Andrew Bramburget', Celine Siong' and Andrew Budziak®, 'Environment and Climate Change
Canada, *8 String Media. Under the Ice: A Story of Extreme Citizen Science, Collaboration,
Exploration, and Discovery.

Although most of the world’s lakes are seasonally ice-covered, our understanding of
limnological processes during the winter remains limited due to safety and logistical challenges
associated with winter sampling. However, a recent resurgence of interest in winter limnology has
inspired a flurry of activity in this area. While many investigators are beginning to characterize the
function of the water column year-round, the sympagic habitat remains largely uninvestigated.
Recent articles demonstrating extravagant ice-attached diatom biomass in Lake Erie and year-round
reliance of marine trophic systems upon ice-associated primary production hint at the importance of
this biota, but direct observations remain hampered by our inability to access the ice bottom. Here,
we describe a novel twist on citizen science, wherein highly skilled volunteer ice-divers worked
alongside researchers to collect samples from an otherwise inaccessible environment. We
collaboratively designed a suite of novel equipment and techniques to isolate ice-associated biota
from surrounding waters to retrieve undisturbed, uncontaminated samples. During February, 2024,
we conducted complementary water column, sympagic, and benthic sampling in 2 bays in Lake of
the Woods, comparing several parameters, including algal community composition, metagenomes,
and fatty acid signatures. We hypothesize that sympagic communities are distinct from their mid-
water column and benthic counterparts and anticipate that findings from this project will
demonstrate the importance of the ice-associated community to year-round lake function,
highlighting the increasingly imperiled nature of critical sympagic habitats.
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Cory Brant', Ralph Tingley', Jonathan Doubek’, Kevin Kapuscinski’, Simon Freeman®, Lindsie
Egedy', Stacy Provo', Aabir Banerji’ and Joel Hoffman’, 'U.S. Geological Survey Great Lakes
Science Center, *Lake Superior State University, *U.S. Environmental Protection Agency.
Investigating fish recruitment constraints in the first year of life: A 2022 Lake Huron CSMI
update.

Communities across the Great Lakes basin are growing increasingly concerned about a
recruitment bottleneck for fishes (e.g., lake whitefish) that may be occurring within the first year of
life. To further understand these constraints, the U.S. Geological Survey joined forces with multiple
partners to sample age-0 fishes, their prey, and water chemistry across Lake Huron. Nearshore
sampling consisted of four sites in southern Lake Huron and four sites in the North Channel.
Sampling was conducted on the beach with hand-towed neuston nets and seines and at nearshore
sites using small vessels towing paired bongo nets. Large vessels from several agencies were used to
sample offshore sites across productivity gradients throughout the lake. Zooplankton tows or ponar
grabs were collected within proximity to areas sampled for fishes. Preliminary results show only lake
whitefish larvae were found at southern sites, while North Channel sites showed high coregonine
diversity and generally higher densities. In both regions, fish densities were roughly an order of
magnitude higher on beaches (1 m deep) than nearshore or offshore (1-15 m deep). Zooplankton
densities, particularly of cladoceran taxa, were higher just after ice-off across sites, and higher for
North Channel sites compared to southern sites. During summer, age-0 lake whitefish were captured
mainly in Saginaw Bay by targeting the 16-18°C benthic thermal layer. Further analyses of these data
will add to our understanding of this recruitment bottleneck.

Christopher Winslow', Max Herzog’, John F. Bratton’, Barb Horn* and Matk Burrows’, 'Ohio
Sea Grant, “Cleveland Water Alliance, *LimnoTech, ‘Barb Horn, LI.C, *International Joint
Commission. Development of a Great Lakes Community Science Guidebook.

The International Joint Commission’s Great Lakes Science Advisory Board Research
Coordination Committee (SAB-RCC) recently completed Phase I of a Community Science study.
The project reviewed existing community science efforts and illustrated that the most successful
programs spend time up front to build relationships and collaborations and to conduct intentional
planning. The diversity of current community science programs and products reflects both
robustness and fragmentation. The Phase II project, which began in late 2023, will build on that
foundation to produce an adaptable guidebook and a framework for a data-information repository
on community science for the Great Lakes. This Guidebook will consist of (1) high-level outlines of
best practice for both establishing and operating individual community science programs, and (2)
how to both establish and operate networks of such programs. These products could fill data and
information gaps for government agencies, and enhance public involvement, and ownership, in the
management and protection of the Great Lakes ecosystem. They will also facilitate increased
alighment of existing community science efforts and encourage more engagement in community
science.

Flavia Breje and Andrea Kirkwood, Ontario Tech University. Comparing the effects of different
vegetation removal methods on macrophyte communities in the Kawartha Lakes.

While macrophytes are critical to aquatic ecosystem health, they can become a nuisance in
productive water bodies. The recent use of novel macrophyte removal methods, such as aquatic
thrusters, has raised concern due to the lack of data on their efficacy and environmental impacts. As
a collaborative effort with Kawartha Conservation, Parks Canada, and several universities, we
conducted a lake-scale field study known as TAPER (Trent-Severn Aquatic Plant Experimental
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Removal). A Before-After Control-Impact study design was employed to assess three vegetation-
removal treatment types: Lake Rake, Motorized Weed-Cutter, and Oscillating Aquatic Thruster.
Study sites were located at volunteer waterfront properties in lakes Canal and Scugog, which are part
of the Trent-Severn Waterway National Historic Site. Percent cover and species presence-absence
data was gathered biweekly from July until September 2023. Relative species abundance was
obtained mid-study during the treatments and at the end of the field season. Preliminary results
show that percent cover and species richness decreased after all treatments, except for the motorized
weed-cutter in Canal Lake. Preliminary evaluation of plant cover changes also demonstrates varying
effectiveness of the treatments based on the macrophyte species present. Through further analyses,
this research will determine the impact on nearshore macrophyte communities and inform the
public and management about maintaining healthy waterfront properties.

Alison Bressler and Jen Read, University of Michigan Water Center. Developing the Western
Lake Erie Basin Advisory Group in Michigan.

Despite significant outreach by several Michigan agencies, water quality issues in the Lake
Erie basin continue to be addressed by parallel and siloed communities of practice. These parallel
efforts reinforce barriers to effective cross-sector networking and limit the efficacy of efforts to
improve water quality and community well-being. Michigan's recent commitment to an active
adaptive management approach under their Adaptive Management Plan to Reduce Phosphorus
Loading to Lake Erie requires a multi-sector community advisory group. Therefore, in 2023 the
University of Michigan Water Center team worked with representatives from Michigan’s Quality of
Life Agencies: MDARD, EGLE, and DNR to identify and recruit an initial Advisory Group
designed to bring diverse perspectives together to inform the implementation of Michigan’s
Domestic Action Plan. The Water Center recruited over 60 Advisory Group members, each a
community leader, which resulted in a network of networks of those interested in Western Lake Erie
Basin water quality. Advisory Group members are directly or indirectly involved in managing point
or nonpoint phosphorus sources, are affected by excess nutrients in water, or are environmental
advocates. This presentation will discuss the process of forming the Advisory Group and facilitating
engagement between and among Michigan’s Quality of Life Agencies and Advisory Group
members.

Colin Brooks"? and Amy Marcarelli®, 'Michigan Technological University, “Michigan Tech
Research Institute, *Biological Sciences Department. Using drone imagery to quantify changes
in Eurasian watermilfoil extent due to different treatment methods.

Remote sensing data such as aerial and satellite imagery can be a useful assessment tool for
quantitative assessment of floating and emergent plants, however, there has previously been limited
success for submerged aquatic vegetation (SAV) identification. For this research, we visited sites in
the Les Cheneaux Islands of northwestern Lake Huron and the Keweenaw Waterway near Lake
Superior to collect multispectral drone and plant identification data. Our work has demonstrated
that drone-enabled mapping of SAV vegetation using multispectral sensors can produce quantitative
information on the change in Eurasian watermilfoil (EWM) extent in response to three types of
treatment: mechanical harvesting, diver-assisted suction harvesting (DASH), and fungal treatment.
Our goal was to understand if and how quantitative results could be created using drone-enabled
sensing that would reflect the visible effects of different treatment methods, supported by field
measurements. Using object-based image analysis of the drone data, we were able to quantify a 63%
reduction in EWM extent at a mechanical harvesting site (with significant fragmentation issues), a
47% reduction at a fungal treatment site, and an 89% reduction at a DASH treatment site. Drone-
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enabled multispectral monitoring of SAV can help quantitatively monitor the effects of different
treatment methods.

Katelyn Brown', Katelyn Barker', Ryan Wagner', Christopher Ward', Lewis Sitoki®, James Njiru’,
Reuben Omondi*, James Achiya’, Albert Getabu®, R. Michael McKay’, George Bullerjahn' and NSF-
IRES Lake Victoria Research Consortium®, 'Bowling Green State University, “Technical University
of Kenya, ’Kenya Marine and Fisheries Research Institute, ‘Kisii University, *Great Lakes Institute
for Environmental Research, “www.agl-acare.org/bgsu-2022. Bacterial community and
cyanotoxin gene distribution of the Winam Gulf, Lake Victoria, Kenya.

The Winam Gulf (Lake Victoria, Kenya) is frequently impaired by cyanobacterial harmful
algal blooms (cHABs) due to inadequate wastewater treatment and excess agricultural nutrient input.
Our aim of this project is to identify potential toxin-producing cyanobacteria using molecular
approaches. The Gulf was sampled over two successive summer seasons, and 16S and 185
ribosomal RNA gene sequencing was performed. Additionally, key genes involved in production of
cyanotoxins were examined by quantitative PCR. On the eastern side of the Gulf, samples exhibited
elevated ¢yrA abundances, indicating genetic capability of cylindrospermopsin synthesis. Indeed, near
the Nyando River mouth in 2022, ¢y~A4 exceeded 10 million copies I." where there were more than
6,000 Cylindrospermopsis spp. cells mL". In contrast, the southwestern region had elevated mcyE gene
(microcystin synthesis) detections near Homa Bay where a small community of Mzrocystis spp. was
observed. In this location, a strain of Microcystis panniformis was isolated and the whole genome was
sequenced. This resulted in a 4.26 Mbp genome containing a complete 7y operon that correlates
with frequent detections of microcystins in the Gulf. These findings show that within a relatively
small embayment, composition and toxin synthesis potential of cHABs can vary dramatically. This
underscores the need for multifaceted management approaches and frequent cyanotoxin monitoring
to reduce human health impacts.

Sabrina Brown, Katelyn Smith and Hallie Webb, Defiance College. The Defiance Research
Alliance: What is it and where are we going?

The Defiance Research Alliance is a partnership between Defiance College, the City of
Defiance, and Defiance County schools to address water quality issues in the Upper Maumee
Watershed. This collaboration harnesses student excellence and leverages community research and
development assets to conduct applied water quality research. This presentation will guide the
audience through the progress this new partnership in its first year and a half. Two ongoing research
projects will be highlighted. First, an undergraduate research project evaluated the summertime
phytoplankton community on the Maumee River. By tracking chlorophyll a, phycocyanin, and
diatom counts, as well as inorganic variables such as nitrate, ammonia, pH, specific conductivity,
turbidity, and water temperature, an in depth profile of the rapid changes within the Maumee River
phytoplankton community will be established. The purpose of this project was to determine the
range of conditions that support specific phytoplankton blooms at three locations along the Upper
Maumee River. Second, a collaborative watershed monitoring project in the Upper Maumee
Watershed that focuses on stream health through analyzing chemical parameters and diatom
assemblages. By comparing the numerical data from water sampling and diatom assemblages, the
city of Defiance can learn more about the quality of the Maumee River and better understand the
surrounding environment, the nutrients and amount of sediment in the water.
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Taylor Brown', Lars Rudstam', Suresh Sethi’, Jason Smith’, Christopher Hessell*, Erik Olsen®, Ji
He’, Jory Jonas’, Benjamin Rook’, Joshua Blankenheim®, Sarah Beech’, Erin Dunlop®, Stephen
James’, Steven Pothoven’, Zachary Amidon", John Sweka'', Dray Catl", Scott Hansen'?, David
Bunnell”, Brian Weidel”” and Andrew Honsey", 'Cornell University, “Brooklyn College, *Bay Mills
Indian Community, *Grand Traverse Band of Ottawa and Chippewa Indians, "Michigan Department
of Natural Resources, “Minnesota Department of Natural Resources, ‘Ontario Ministry of Natural
Resources and Forestry, *Ontario Ministry of Natural Resources and Forestry, National Oceanic
and Atmospheric Administration, '"University of Toledo, ''U.S. Fish and Wildlife Service,
Wisconsin Department of Natural Resources, U.S. Geological Survey. Reconstructing half a
century of lake whitefish and cisco recruitment dynamics across the Great Lakes.

Lake whitefish (Coregonus clupeaformis) and cisco (C. arteds) are socioecologically important
fishes across the Laurentian Great Lakes; however, many populations of both species have
experienced sporadic or declining recruitment in recent decades. Generating comparable year-class
strength (YCS) indices among lakes and species shows strong promise for improving understanding
of the processes driving recruitment variability across biophysical gradients and life-histories. We
integrated 38 long-term surveys of lake whitefish and cisco catch and age data across each of the
Great Lakes and Lake Simcoe. This combined time-series spans 1960-2019 and represents the most
comprehensive dataset compiled for analyzing Great Lakes coregonine recruitment to date. We
estimated lake whitefish and cisco YCS in each lake using longitudinal mixed effects regressions of
relative cohort abundance through time. We subsequently quantified spatiotemporal synchrony in
YCS among lakes using correlation and dynamic factor analyses. Generally, lake whitefish YCS was
positively synchronized among lakes and has declined from a period of elevated YCS during the
1980s-1990s, whereas cisco YCS was sporadic, varied around the long-term mean relative to each
lake, and was largely asynchronous among lakes. Ongoing work is using these standardized YCS
estimates to investigate underlying biophysical drivers of cross-species, cross-basin recruitment
variability.

Shelby Brunner, Katie Rousseau, Tim Kearns, Rebecca Pearson and Jennifer Boehme, Great Lakes
Observing System. Where are observations most valuable? A conversation starter.

The Great Lakes Observing System (GLOS) is a non-profit focused on observing, data
aggregation, and information sharing for the Great Lakes region. GLOS is currently involved in a
number of science initiatives that would benefit from community dialogue, including two new
proposals, the IJC Science Collaborative, and the National HAB Observation Network. GLOS
recently engaged the Common Mission Project to identify underserved communities challenged with
climate vulnerabilities, aiming to best place suitable observation assets like buoys to collect data that
will inform management decisions. Recently, two 5-year proposals were submitted to our major
funding source, the Integrated Ocean Observing System, focused on expanding work related to
improved coastal and climate resiliency, particularly for underserved communities. The focus areas
are year-round observations, water levels/waves, and ecosystems, all towards improved coastal
resiliency for our region. Funding will be awarded in the second half of 2024 and part of our
proposed work is to engage with members of the community to identify areas of highest need and
how to improve the tools available to localities. We anticipate this presentation to be an opportunity
to hear from diverse members of the Great Lakes research community on observing needs for their
work, and particularly those that would benefit underserved communities. This input will help with
future investment decision making, allowing us to more effectively implement observing systems
around the basin and engage potential new partners.
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Sophie Bryden, Cassie McHugh, Willy Pevec, Alexis Rolling and Ian Stone, University of
Michigan. Great Lakes Marine Protected Areas: Designating and Managing for Success.

The United States (U.S.) and Canada have each set goals to conserve 30% of lands and
waters by 2030 (i.e., 30x30 goals). Marine protected areas (MPAs) serve as one method for the
United States and Canada to safeguard Great Lakes ecosystems and resources and achieve those
30x30 conservation goals. However, the U.S. and Canada employ different approaches to
designating, regulating, and managing MPAs in the Great Lakes, leading to potential discrepancies in
social and conservation outcomes. As 2030 approaches, we investigate how the National Oceanic
and Atmospheric Administration (NOAA) and Parks Canada might best leverage their MPA
programs to meet 30x30 conservation targets, optimize conservation effectiveness, enhance
transnational collaboration, involve local stakeholders, and incorporate Indigenous peoples and First
Nations in governance. We use a multi-pronged approach consisting of a literature review, geospatial
analysis, and semi-structured interviews to evaluate NOAA’s and Parks Canada’s Great Lakes MPA
programs. Our analysis concentrates on Lake Superior as a case study, and we extrapolate applicable
lessons from that case study to the broader Laurentian Great Lakes region. Based on our analysis,
we discuss the value of MPAs for achieving Great Lakes conservation goals and provide
recommendations for how NOAA and Parks Canada might enhance their MPA governance
processes and collaboration.

Mary-Claire Buell', David Ruffo’, Jessica Zadori’ and Mathew Stone®, "Trent University,
*Michipicoten First Nation. Community-led contaminants surveillance: Michipicoten
biomonitoring studies.

This presentation will explore the importance of community-led contaminants surveillance
programs, by sharing the ongoing biomonitoring studies Michipicoten First Nation has been
conducting to understand and monitor contaminant loads in fish from their Territory. Currently
government provided fish consumption guides are seldom used, yet there is concern that some fish
within MFN Territory may be contaminated. By engaging community harvesters, and youth, MFN
Lands & Environmental Stewardship office is changing the way fish contaminants monitoring
programs are typically done. Our project has prioritized creating opportunities to be on the land and
trust building through community engagement. We have developed local fish consumption guides
and are continuing this work through annual updates. Through sharing our approach we hope that
others will see the importance of co-led and co-designed projects and the importance of community
engagement through the entire research project.

George Bullerjahn, Bowling Green State University. US/Canada/Kenya Collaborative research
on HABs and contaminants on Lake Victoria.

Through a partnership funded by the National Science Foundation (IRES award 1953468),
teams of four North American faculty and 7-9 graduate students worked with similarly-sized Kenyan
cohorts of faculty and students, studying the composition of HABs and microbial communities in
Lake Victoria. An additional successful project assess levels of mercury in Nile Perch harvested from
the Lake. The project focused on the Winam Gulf, an embayment of Lake Victoria prone to blooms
of Dolichospermum and Microcystis. Two multi-day cruises during June/July 2022 and May/June 2023
revealed the presence of additional HAB threats in the form of Raphidiosis blooms that had the
capacity to produce cylindrospermopsin. A final short followup cruise is scheduled for early 2024 to
verify these findings. This presentation will focus on both the results of our surveys, as well as an
overview of how we developed our effective pattnership between US/Canadian universities
(Bowling Green, Windsor and home institutions of the graduate students), and Kenyan institutions
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(Kenyan Marine and Fisheries Research Institute, Kisii University and Technical University of
Kenya).

Ryan Wagner, George Bullerjahn, Chris Ward, Michelle Neudeck, Alexis Heath, Katie Barker, Kate
Brown and Seth Buchholz, Great Lakes Center for Fresh Waters and Human Health 2 Center for
Great Lakes and Watershed Studies, Department of Biological Sciences, Bowling Green State
University, Bowling Green OH 43043, USA. The recent disappearance of a Planktothrix bloom:
characterization of a regime shift in Sandusky Bay.

Sandusky Bay is the drowned mouth of the Sandusky River in the southwestern portion of
Lake Erie. The bay is a popular recreation location and a regional source for drinking water. Like the
western basin of Lake Erie, Sandusky Bay is known for being host to summer cyanobacterial
harmful algal blooms year after year, fueled by runoff from the predominantly agricultural watershed
and internal loading of legacy nutrients (primarily phosphorus). Since at least 2003, Sandusky Bay
has harbored a microcystin-producing bloom of Planktothrix agardhii, a species of filamentous
cyanobacteria that thrives in low light conditions. Long-term sampling (2003 - 2018) of Sandusky
Bay revealed regular Planktothrix-dominated bloom during the summer months, but in recent years
(2019-2022), 16S tRNA gene community profiling revealed that Planktothrix has largely disappeared.
From 2017-2022, microcystin toxins decreased well below WHO guidelines, yet there were no
statistically different shifts in water temperature. With the exception of the high bloom of
Planktothrix in 2018, there was no statistical difference in chlorophyll during all other years.
Concurrent with disappearance of Planktothrix, Cyanobinm species have become the dominant
cyanobacterial group. The appearance of other potential toxigenic genera may motivate monitoring
of new toxins of concern in Sandusky Bay. Here we document the regime shift in the cyanobacterial
community and hypothesize that the decline in the Planktothrix bloom was linked to the removal of
an upstream dam on the Sandusky River.

Andrew Bumps"’, Emily Tryc’, Kevin Pangle® and Wiline Pangle®, 'University of Dayton, *Institute
for Great Lakes Research Central Michigan University. Round goby male reproductive tactics:
connections to environmental factors and impacts on behavior.

Round gobies (INeogobius melanostomus) are small, benthic fish native to the Black and Caspian
Seas that are now invasive around Europe and the Great Lakes. Male gobies exhibit alternative
reproductive tactics, in which guarders invest energy into body size and nest protection, while
sneakers are smaller and invest in sperm production to sneak into nests to fertilize eggs. Our study
investigated the influence of environmental factors on the ratio of sneaker to guarder males and the
influence of this ratio on aggressive and exploratory behaviors. We used GoPro footage, minnow
trap collections, and environmental observations from 4 nearshore sites around Beaver Island,
Michigan. Reproductive tactics of individual male specimens were determined using gonadosomatic
index and length. Our results show that interstitial space, wave action, weather, density, and
temperature appear to impact the ratio of sneaker to guarder males. Based on video footage, the
percentage of guarders and aggression both increased with density, indicating possible correlation. In
addition, smaller gobies were more exploratory than larger ones, indicating that male alternative
reproductive tactics may strongly influence goby behavior. Our study demonstrates a highly variable,
environmentally-driven structure of round goby populations, which in turn likely influences their
ecological role in these nearshore ecosystems.
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Lyubov Burlakova', Alexander Karatayev', Jill Scharold®, Olesia Makhutova', Susan Daniel' and
Knut Mehler', 'SUNY Buffalo State, “US EPA. Decadal changes in Lake Superior benthic
community.

Lake Superior has been considered relatively undisturbed by anthropogenic impacts due to
its large size and limited watershed development, but recent studies revealed a rapid warming and
increase in primary production. To assess changes in benthic community of Lake Superior we
compiled available data into three datasets: data from lake-wide surveys (1973, 2005, 2006, 2011,
2016, 2022); 27 historical nearshore stations (1994, 2000, 2003, 2016, 2022); and 11 U.S. EPA Great
Lakes Biological Monitoring Program (GLBMP) long-term monitoring stations (1999-2022). Lake-
wide, we found an increase in density of most taxonomic groups in the 2000s compared to the
1970s and most recent decade. At the 27 historical nearshore stations, the density of Diporeia in 2022
declined significantly by 70% compared to 1994 and was the lowest of all previous surveys.
Nevertheless, the current Diporeia abundance is still almost twice as high at comparable depths and
locations than in 1973. Mean densities of Oligochaeta and Sphaeriidae declined by 50% compared to
1994, but no changes were found in Chironomidae. In contrast, no temporal trends in densities of
these taxa were found at the 11 GLBMP stations located at >50 m depths, indicating that the
changes might have occurred mainly in the nearshore zone. Further monitoring is essential to
determine whether the current decline in Dzporeia and other major groups in Lake Superior indicate a
long-term trend in the nearshore benthos.

Lucinda Busselle', W. Robert Midden' and Lauren Kinsman-Costello®, 'Bowling Green State
University, “Kent State University. Effects of Some Flow-In/No-Flow-Out Wetland Pools on
Phosphorous and Nitrogen Export.

Wetlands have been shown to reduce the phosphorus (P) and nitrogen (N) export to the
watershed in some circumstances and are proposed as a resource for mitigating the adverse
environmental effects of these pollutants. We are reporting findings of the analysis of soil as a part
of the evaluation of the effects on P and N transport of five flow-in/no-flow-out pools (FINFO)
pools in a wetlands project consisting of a total of 43 pools. The other thirty-eight pools are
Geographically Isolated Wetlands (GIWSs), which have no discrete water inflow or outflow. The
FINFO pools receive outflow from 8-inch diameter pipes that deliver water drained from land
outside the project area. These pools have no discrete outflows and are designed to receive and hold
the water until it evaporates or permeates into the soil. To estimate the effects of the FINFO pools
on P and N transport, soil samples from these pools were analyzed for total P and N; Mehlich-3 P,
iron, and aluminum; soil P storage capacity (SPSC); water extractable P, nitrate, ammonium; pH; and
electrical conductivity and compared to that of soil taken from upland areas near those pools.
Results were also compared to some GIWs pools in the area. These results were analyzed to
estimate the differences in effects of the FINFO pools relative to GIWSs pools on P and N export to
the watershed.

Danyka Byrnes', Kimberly Van Meter® and Nandita Basu"’, '"Department of Civil and
Environmental Engineering, University of Watetloo, Department of Geography, The Pennsylvania
State University, "Department of Earth and Environmental Sciences, University of Waterloo.
Nitrogen memoryscapes: Patterns in nitrogen inputs and riverine export across the
continental United States.

Nitrogen pollution has severely impacted our inland and coastal waters, contributing to algal
blooms, eutrophication, and contamination of drinking water. T'o date, most research focused on the
linear relationship between nitrogen inputs and stream loads, contributing to the implicit assumption
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that reduced nitrogen inputs would decrease loads. Despite concerted efforts, widespread water
quality improvements remain, in many cases, elusive. Our work aims to understand the underlying
mechanisms that drive changes in nitrogen loads in various watershed contexts, revealing that the
factors driving loads can differ from those influencing changes in nitrogen loads, thereby challenging
the conventional linear relationship. Here, we use a multi-decadal (1990-2017) timeseries of nitrogen
inputs and stream loads for over 400 watersheds across the contiguous US. We find that watershed
behavior falls into four typologies based on their nitrogen inputs and nitrogen loads trends: Input-
driven, Transitioning, Bright Spots, and Delayed-response. Agricultural ‘input-driven’ watersheds’
loads are driven by the current year’s agricultural inputs in highly tile-drained landscapes. Highly
urban ‘bright spots’ watersheds’ loads are likely driven in large part by effective management of
human waste. Lastly, we find that Transitioning and Delayed-response watersheds, which have
nitrogen surplus and nitrogen load trends in opposite directions, indicate the influence of legacy
nitrogen. Accounting for the unique characteristics and histories of each watershed can help develop
more effective strategies for managing watersheds and achieving desired environmental outcomes.

David Cannon', Ayumi Fujisaki-Manome', Jia" Wang®, Abby Hutson', James Kessler?, Hongyan
Zhang’, Ed Rutherford® and Doran Mason®, 'University of Michigan, CIGLR, °"NOAA GLERL,
Eurcka Aquatic Research, LLC. Simulating Projected Climate Warming in the Lautentian
Great Lakes Using FVCOM+CICE.

Over the last century, the Laurentian Great Lakes have undergone significant changes, with
increased surface and subsurface temperatures and decreased ice cover durations and
concentrations. While observed changes in surface conditions have received considerable research
interest, changes in subsurface conditions, including stratification and vertical mixing, remain largely
unexplored, especially in the context of projected warming scenarios. In this study, we investigate
projected changes in thermal structure and ice cover in the Laurentian Great Lakes using a coupled
hydrodynamic-ice model (FVCOM+CICE), with continuous simulations over the historical (1979 -
2014) and future (2015 - 2100) periods. The model is forced using global climate models (CMIP6:
GFDL-ESM4, MIROCG6, ECEarth3) under three shared socioeconomic pathways (SSP1-2.6, SSP2-
4.5, SSP5-8.5), with model outputs ensembled to produce realistic changes in lake climatology.
Future climate projections suggest that warming trends will continue into the next century, with a 50
- 80% decrease in annual maximum ice cover under all scenarios by 2100. The most extreme

warming scenatio (SSP5-8.5) is expected to lead to severe increases (+3 - 8 °C) in summer surface
temperatures by end-of-century, with commensurate increases (decreases) in the strength of summer
(winter) stratification. Analysis suggests that warming will result in mixing regime shifts (dimictic to
warm monomictic) in Lakes Michigan, Huron, and Ontario, resulting in dramatic changes in food-
web dynamics and biogeochemical cycles in each lake.

Stuart Carlton', Tim Campbell®, Katherine O'Reilly’, Isabelle Paulsen* and Katherine Zipp’,
'Coastal & Great Lakes Social Science Lab/Illinois-Indiana Sea Grant, Department of Forestry &
Natural Resources, Purdue University, *Wisconsin Sea Grant, Illinois-Indiana Sea Grant &
University of Illinois Prairie Research Institute, *Coastal & Great Lakes Social Science Lab,
Department of Forestry & Natural Resources, Purdue University, "Department of Agricultural
Economics, Sociology and Education, Penn State University. Clean, Drain, Why? Aquatic
invasive species prevention behavior among Great Lakes boaters.
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Aquatic invasive species (AIS) have transformed the Great Lakes socio-ecosystem. While
AIS can be introduced and spread via several pathways, one that has received considerable research
and outreach focus is recreational boating. Boaters may inadvertently move AIS between
waterbodies through fouled boating or fishing gear, residual water in boating compartments, and/ or
the release of bait. To minimize the spread of AIS, outreach efforts typically request boaters to take
several preventative actions, collectively known as “Clean, Drain, Dry.” Despite the significant
resources invested in outreach, evaluations of whether boaters are performing these actions - and
why they do or do not - are lacking. In this talk, we present the results of a survey of boaters in
Great Lakes states, examine the extent to which boaters report performing preventative behaviors,
and explore what attitudes are driving (in)action. We also pull from the grey literature to
contextualize boater behavior over time. Our results provide key insights to help researchers,
policymakers, and outreach professionals better understand recreational boating as a pathway for
AIS and design effective outreach techniques.

Hunter Carrick', Erin Bagosy', Dominic Wells', Casey Godwin®, Andrew Camilleri’, Reagan
Errera’ and Henry Vanderploeg®, 'Department of Biology, Central Michigan University,
*Cooperative Institute for Great Lakes Research, "NOAA Great Lakes Environmental Research Lab.
Plankton C and P uptake in pre, during, and post cyanobacterial blooms in western Lake
Erie.

In western Lake Erie, spring watershed loadings (March-April) appear to deliver nutrients
that promote the harmful algal blooms (HAB) in the following summer months (July-August). We
ascertained if specific components of the assemblage consistently sequestered nutrients using direct
measurements of C and P uptake by plankton. We measured seasonal phytoplankton biomass and
nutrient uptake rates (C and P) at 4 stations in 2022-23 during major temporal periods in western
Lake Erie. These included pre (April), during (July-August), and post (September to October) HAB
events. Phytoplankton abundance was determined from microscopic analysis of water samples. Size
specific uptake of radio-labelled tracers of C and P was measured using the 14C and 32P enclosure
experiments. During the pre-bloom, C and P uptake was performed by nanoplankton (> 60% of
total) when phytoplankton biomass was comparatively low and dominated by centric diatoms
among the 4 stations (chlorophyll, 8.8 +/- 3.6). During the bloom, uptake was dominated by
microplankton > 20 um in size (60% of total), when biomass was greatest, and cyanobacteria were
abundant (chlorophyll, 109.3 +/- 89.5). During the post-bloom, microplankton uptake remained
dominant (60-80% of total), even though biomass of a mixed assemblage declined at all 4 sites
(chlorophyll, 12.5 +/- 5.3). These findings suggest that nutrients loaded in the spring were
evidentially sequestered (and retained) by cyanobacteria throughout the July to September growing
period.

Mbumba Chalira, Malawi University of Science and Technology. Assessing the Effectiveness of
a Remotely Operated Underwater Vehicle as a Novel Tool for Monitoring Freshwater Fish
Biodiversity in Lake Malawi.

Lake Malawi is home to unique fish populations facing escalating threats, necessitating
urgent conservation measures. Community-based fisheries co-management, led by local entities, is
crucial for safeguarding ecosystems, with fish sanctuaries as integral components. This study assesses
the suitability of Remotely Operated Underwater Vehicles (ROVs) for monitoring fish biodiversity
in Lake Malawi. Evaluating ROV effectiveness in capturing variations in species diversity and
abundance along benthic depth gradients, comparing ROVs with SCUBA diving methods in
determining fish assemblage composition, and exploring computer vision applications using
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YOLOvV5 with ROV video data, focused on Thumbi West in Lake Malawi National Park. ROV
surveys showed no significant variations in species diversity and abundance along benthic depth
gradients (p > 0.05). However, site 2, with a complex habitat structure, exhibited significant
variations in assemblage composition (p < 0.05). Comparison with traditional diving methods
highlighted substantial disparities in fish assemblage composition (ANOSIM, R > 0.05). YOLOv5
achieved a mean Average Precision of 0.611, indicating effective computer vision applications. The
study demonstrates that ROVs are more effective in complex habitats, offering meaningful
biodiversity insights. ROVs prove effective for biodiversity analysis compared to SCUBA divers.
Lastly, ROV data can train computer vision models, making ROVs valuable tools for biodiversity
monitoring in Lake Malawi.

Rosen Chang, Aisha Javed and George Arhonditsis, University of Toronto. SWAT modelling of
the Nitrogen Cycle in the Bay of Quinte Watersheds.

The Bay of Quinte is a long narrow bay located on the northeastern shore of Lake Ontario.
This popular tourist destination endured a long history of eutrophication characterized by the
presence of algal blooms due to high nutrient export from upstream watersheds. Past modelling
work has attempted to investigate the mechanisms and drivers of long-term phosphorus export in
the area. By focusing on phosphorus export, past work has overlooked the role of nitrogen, which
may play an important role in the proliferation and production of harmful algal blooms. This study
aims to bridge this knowledge gap by characterizing the nitrogen cycle using a pre-existing
hydrological, sediment and phosphorus model for the Soil and Water Assessment Tool (SWAT), of
the Napanee River and Wilton Creek watersheds of the Bay of Quinte. SWAT was calibrated for
2002-2015 and validated for 2016-2018 using observed daily streamflow and Load ESTimator
(LOADEST) regression model outputs for the observed daily nitrogen (TN, NO2, NO3, NH4)
loads. The LOADEST model was used to interpolate the loads and projected an increase only in
NH4 out of the different nitrogen forms. The preliminary results for the SWAT application will
include the assessment of areas and times of high nitrogen export for the effectiveness of different
cover crops and riparian buffers as best management practices in mitigating nitrogen export for
improved water quality conditions of the Bay.

Wenyu Long', Keira Harshaw’, Yunfeng Wang’, Qiangian Xiang', Hugh MacIsaac’, Minmin Niu',
Qiwen Xi’ and Xuexiu Chang’, "Yunnan Collaborative Innovation Center for Plateau Lake
Ecology and Environmental Health, College of Agronomy and Life Sciences, Kunming University,
*Great Lakes Institute for Environmental Research, University of Windsor, *Fishery Technology
Extension Station of Yunnan. A New Dominant Microcystis in Dianchi Lake (China) Disrupts
Food Intake in Fish by Regulating Neurotransmitters and Hormones.

Cyanobacterial harmful algal blooms (cHABs) are pervasive sources of stress resulting in
neurotoxicity for fish. Microcystis wesenbergii has become a new dominant bloom-forming species of
cyanobacteria found in many freshwater lakes, including Dianchi Lake (China). However, unlike its
more well-known counterpart M. aeruginosa, the effects of dense M. wesenbergii blooms are seldom
studied. The disturbance of appetite and feeding behaviour can have downstream effects on the
growth of teleost fish, posing a significant challenge to aquaculture and conservation efforts. This
study examined the effects of M. wesenbergii blooms on the food intake of Acrossocheilus yunnanensis, a
native cyprinid in southern China. This fish has disappeared in Dianchi Lake, and its reintroduction
might be negatively affected by the presence of this new dominant Microcystis species. We co-cultured
juvenile A. yunnanensis with M. wesenbergii at initial densities ranging from 5X10* to 1x10° cells/mL.
and monitored feeding behaviours, and protein levels of neurotransmitters and hormones. High-
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density M. wesenbergii cultures increased the feeding rate of co-cultured fish, elevating concentrations
of appetite-stimulating signalling molecules (Agouti-related protein and y-aminobutyric acid), while
decreasing inhibitory ones (leptin). These changes coincided with histopathological alterations and
reduced somatic indices in brain and intestinal tissues. Given this potential for detrimental effects
and dysregulation of food intake, further studies are necessary to determine the impacts of chronic
exposure of M. wesenbergii in fish.

Xuexiu Chang', Runbing Xu’, Yu Qian’, Doug Haffner’, Lei Zhang’, Hucai Zhang®, Michael Siu®,
Michael McKay®, Zhiming Zhang” and Hugh MacIsaac’, 'Yunnan Collaborative Innovation Center
for Plateau Lake Ecology and Environmental Health, College of Agronomy and Life Sciences,
Kunming University, *School of Ecology and Environmental Sciences, Yunnan University, *Great
Lakes Institute for Environmental Research, University of Windsor, ‘University of Windsor. From
Plateau Lakes to the Laurentian Great Lakes: collaborations between Windsor (Canada) and
Yunnan (China).

Shared challenges and initiatives in the Plateau Lakes and the Laurentian Great Lakes led to
collaborations between universities in Yunnan and Windsor, including topics of harmful algal
blooms, invasive species, multiple stressors and climate change. Beginning in 2014 with memoranda
on “Sino-Canadian Plateau Lakes Alliance” and “International Joint Laboratory on Plateau Lakes
Research”, the “Sino-Canadian Plateau Lakes Research Centers” were established between the
University of Windsor and universities from Yunnan Province, China. After the first Sino-Canadian
Workshop on Plateau Lakes Research in Kunming (2015), the bi-national team was strengthened by
faculty and student exchanges, joint courses, workshops, co-PI funded grants/programs (including
participation in the 2019 Lake Erie HABs Grab) and numerous co-authored papers. Despite
challenges such as the COVID-19 pandemic, collaborations between Canadian and Chinese partners
on lake research continue to flourish as evidenced by recent approval by the Education Ministry of
the Yunnan Provincial Government of the International Joint Innovation Team for Yunnan Plateau
Lakes and Laurentian Great Lakes, thus paving the way for continued Sino-Canadian cooperation
toward a better understanding of large lakes science, including enhanced safeguarding of water
quality and biodiversity. Recently, Kunming University, Yunnan University and University of
Windsor are jointly planning a Workshop of Horizon Scan on freshwater Harmful Algae Blooms
(HABs) in July 2024, to identify the most important questions about the freshwater HABs to be
addressed.

Shagun Chaudhary', Pradeep Goel’, Sabrina Jivani', Dillon Hendrik Vyn' and Clare Robinson',
"Department of Civil and Environmental Engineering, Spencer Engineering Building, Western
University, “Water Monitoring Section, Environmental Monitoring and Reporting Branch, Ministry
of the Environment. Characterizing First Flush Behavior in Urban Subwatersheds Located in
Continental Climates.

First flush phenomena, which refers to the initial volume of event runoff containing the
highest pollutant concentrations, is an important consideration for quantifying stormwater pollutant
loads and improving implementation of stormwater management practices. Many methods are
available for defining whether a first flush occurs with mass-based first flush definitions commonly
applied. Prior studies focused on quantifying first flush are mostly based in temperate climates. It is
unclear whether existing definitions are suitable for continental climates due to differences including
cold climate factors and altered precipitation characteristics. The study objective is to examine the
influence of rainfall and watershed characteristics on first flush behavior of pollutants in urban and
mixed-urban subwatersheds located in continental climates. Time-series of event rainfall, runoff and
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TSS, TP and SRP concentrations were obtained from six subwatersheds across Canada located in
London, Hamilton and Saskatoon. Data were analyzed using mass-based first flush definitions with
results indicating occurrence of first flush varied between pollutants, between locations, and as a
function of rainfall depth and runoff volume. Results indicate that it may not be appropriate to
adopt universal first flush definitions across all climates. Finally, an alternative method based on
quantifying initial and background pollutant runoff concentrations via non-parametric statistics was
used to assess first flush. This approach found a significant reduction in pollutant concentration
after a runoff depth of 2 - 4 mm.

Emily Jepyegon Chemoiwa, E Njenga, R Abila, A Macdonald and ] Lamb, University of Eldoret.
Assessing Diversity of Labeobarbus altianalis (Boulenger 1900) Populations in Lake Victoria
Watershed Using MtDNA for Fisheries Management and Conservation.

Labeobarbus altianalis populations have declined in Lake Victoria probably due to
anthropogenic activities and hence there is need to identify remaining populations for purposes of
conservation and management. In this study, genetic characterization of the endangered cyprinid a
species known to be potamodramous in four main rivers draining Lake Victoria was carried out on
samples from rivers Nzoia, Nyando, Yala and Sondu-Miriu. To assess genetic diversity, population
structure, and phylogeny of this species, the mitochondrial control region and CO1 were used. The
196 samples yielded 49 mitochondrial DNA haplotypes and 83.7% of these haplotypes were private
haplotypes restricted to particular rivers. The overall mean haplotype diversity was high
(0.936£0.008) and ranged between 0.566 (Sondu-Miriu) and 0.944 (Nzoia). The overall mean
nucleotide diversity was low (0.013£0.001). The L. a/tianalis populations in the Lake Victoria have
thus maintained high genetic diversity despite adverse ecological changes in the catchment. The
decline of migratory populations could have created opportunities for population expansion. The
existence of genetically robust population of L. altianalis in the L. Victoria catchment rivers should
provide new impetus for conservation of these species. The four populations should be regarded as
Evolutionary Significant Units (ESUs) and river basin specific management measures instituted to
protect these populations.

Stacey Cherwaty-Pergentile, Nancy Stadler-Salt, Sean Backus and Luca Cargnelli, Canada Water
Agency. Engaging Great Lakes residents through community-based Science: A Case Study
of Recreational Water Quality Monitoring.

The public plays an essential role in restoring and protecting Great Lakes water quality and
ecosystem health, and community-based science can significantly impact research and science and
increase the value of community-based science in decision-making within the Great Lakes. With
support from Environment and Climate Change Canada, Swim Drink Fish established recreational
water quality monitoring hubs in six communities along the shores of the Great Lakes, increasing
the proportion of Great Lakes waters monitored and creating measurable environmental protection
goals. It guided over 120,000 recreational water users in making informed decisions about water
quality and recreational use. The hubs worked with over 1,700 community members to collect 5,800
water quality samples. The project connected with community members to increase and foster water
literacy in creating water stewards through this hands-on community science program. Resources
and tools were developed to help community groups across the Great Lakes start, maintain, and
grow their recreational community-based water monitoring hubs. Data collected by community-
based science initiatives are being translated and incorporated into research projects, science
publications, reporting, and indicators, in addition to playing an essential educational role in
communities. Through the Great Lakes Freshwater Ecosystem Initiative, ECCC will continue to
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support the growth of community-based science, focusing on efforts to address priority science
issues and increase the value of community-based science in decision-making and informing science
needs for the Great Lakes.

Aisha Chiandet', Sarah Playfoot” and Nolan Pearce’, 'Severn Sound Environmental Association,
*Trent University. Beyond delisting in Severn Sound - How do things look 20 yeats after the
party is over?

The Severn Sound Remedial Action Plan started out as a federal-provincial initiative to
address eutrophication and habitat loss. Severn Sound, a complex of bays and inlets in south-eastern
Georgian Bay, became the second Great Lakes Area of Concern to delist when the community of
small urban centers and rural townships became fully committed to the restoration of Severn Sound
as a "toxic hot-spot" on the Great Lakes. Following the delisting of Severn Sound, creative local
partnership agreements and financing were established to continue long-term monitoring and
implementation of remedial actions, and to meet emerging environmental challenges such as climate
change, invasive species, and land use alteration. Various environmental monitoring was also
continued by other government agencies. This presentation will provide an overview of the state of
Severn Sound 20 years post delisting using a wide-ranging suite of indicators related to tributary,
sediment and open water quality and lower food web, fish and wildlife populations, habitat and
contaminant load, land cover, and beaches among others. These indicators were originally reported
on in the Stage 3 delisting report and many have not been comprehensively updated since. Included
is Traditional Oral Knowledge contributed by Indigenous community members, which has not been
incorporated in past reporting efforts. Also discussed are recommendations for future monitoring
and restoration efforts, along with some of the challenges in maintaining and reporting on long term
datasets.

Gladys Chigamba, Ministry of Natural Resources and Climate Change, Department of Fisheries,
Malawi. Linthipe River Ecosystem: Unveiling Economic Dimensions for Sustainable
Conservation and Livelihoods in Malawi.

Many rivers worldwide, including the Linthipe River in the East African Rift Valley, need
well-documented economic values that could persuade riparian countries to step up efforts to
manage aquatic resources effectively. This study measured the value people derive from using the
aquatic resources from the Linthipe River. Linthipe River as one of the major tributaries of Lake
Malawi provides a lot of ecosystem services of high economic value. Data were collected randomly
sampled from October 2019 to July 2020 through 391 households (74% male and 26% female).
Data was collected using household questionnaires, document reviews, Key Informant Interviews
(KlIs), Focus Group Discussions, field observations, Willingness to Pay (WTP) method. The study
calculated the Gross Financial Value (GFV) from the data to estimate the economic values for
direct-use services. At the same time, the Payout Level (PoL) for users’ WTP provided the values for
non-use services. The study revealed that the Total Economic Value of the Goods and Services
generated from the Linthipe River was US Dollars (US$) 116,312.38 (US$16,172.08 GFV and USD
100,140.30 PoL). The study showed that the Linthipe River has a comparatively high economic
value, which depicts the great significance of the river to the surrounding communities. This calls for
all stakeholders to manage the rift valley rivers holistically.

Justin Chiotti', Zachary Amidon®, Robin DeBruyne’, Jason Fischer', Dimitry Gorsky', Philippa
Kohn', James Markham’, Christopher Olds’, Stacy Provo’, Edward Roseman’ and Wendylee Stott’,
"U.S. Fish and Wildlife Service, *University of Toledo, *U.S. Geological Survey, *The Nature
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Conservancy, "New York Department of Environmental Conservation, *U.S. Forest Service,
"Fisheties and Oceans Canada. Identifying and characterizing Lake Whitefish spawning
habitat in Lake Erie.

The Lake Whitefish population in Lake Erie crashed by the mid-1900s. Currently, catch rates
are low, variable and spatially restricted to primarily the western basin, reflecting a trend in poor
recruitment. Egg survival and available spawning habitat is suspected to be a major source of
recruitment variability, however the extent of available spawning habitat is unknown. To identify
locations where spawning is occurring, historic and predicted spawning areas were sampled along
the southern shore of Lake Erie during the fall of 2021 and 2022 using egg mats and egg pumps. A
total of 89 sites were sampled, consisting of 512 egg pump tows. Side scan sonar and GoPro camera
drops collected substrate data at each site. Lake Whitefish and Lake Trout eggs were found at the
Lorain, Fairport, Barcelona/Shorehaven, and Woodlawn Bar locations beginning in late November
and persisting through December. Lake Whitefish eggs were not detected until water temperatures
were below 5.5°C. Eggs were found over hard substrates at depths ranging from 3.7 to 8.0 m.
Substrate, water depth, water temperature, and other metrics will be incorporated into occupancy
models to determine the factors influencing Lake Whitefish spawning site selection. Identifying and
characterizing coregonine spawning habitat will improve our understanding of various factors
limiting recruitment and aid in population viability analysis.

Mwayi Chirwa', Gertrude Sebunya Muwanga®, Robinson Odong” and Godfrey Kawooya Kubiriza®,
"Makerere University Graduate Student , “Makerere University. Powet dynamics and value chain
of silver cyprinid in Lake Victoria, Uganda.

Silver cyprinid, Rastrineobola argentea, commonly known as daaga, mukene, omena, holds
significant importance in Fast Africa, sustaining numerous livelihoods. However, the escalating
significance of this fish has altered the roles and power dynamics of various actors in the value
chain, particularly at major landing sites on Lake Victoria. This study, conducted at Kiyindi landing
site on the Ugandan side of Lake Victoria, examines the characteristics and roles of actors in
decision-making, price determination, and trade within the silver cyprinid value chain. Results
categorize actors into primary (fishers, processors, wholesalers, transporters, and retailers) and
secondary (commission agents, input suppliers, and fisheries officers). Processors and wholesalers
emerge as central figures in marketing and distribution, exerting considerable influence. The trade of
silver cyprinid demonstrates that few buyers holding more power than sellers by 72%. Fishers, while
influencing fresh fish prices, predominantly act as price takers 100%. Wholesalers and retailers wield
perfect competitive power in price determination. Processors and commission agents significantly
influence purchasing and selling prices. Power imbalances, influenced by industry knowledge and
capital opportunities, favor processors and wholesalers, marking them dominant actors. Primary
actors, commission agents, and input suppliers exhibit bargaining and demonstrative powers within
the chain while government exert institutional, constructive, and demonstrative influence. The study
recommends interventions by government to address power imbalances among actors, ensuring the
sustainability of small pelagic fishes.

Keoni Chong', Yingming Zhao® and Josef Ackerman', 'University of Guelph, "MNRF. Navigating
turbulence: the effects of eddy size on the swimming performance of walleye (Sander
vitreus) larvae.

Natural populations of walleye experience large interannual fluctuations due to substantial
die-offs during their larval stage. To understand the mechanisms underlying recruitment success in
walleye larvae, we conducted experiments in a recirculating flow chamber to evaluate critical
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swimming speeds, a measure of maximum sustainable swimming speeds, and feeding rates in
response to turbulence along their larval development. Turbulence was generated using an upstream
grid to propagate eddies, circulating turbulent structures, of varying sizes that larvae had to navigate.
We found that swimming was significantly impeded when the diameter of turbulent eddies was
roughly two-thirds the size of the larvae. Despite this, larvae were still able to resist and swim against
turbulent flows. Feeding was first detected in their third week of development, which coincided with
the largest increase in swimming speeds and access to inertial flow regimes. Our swimming
evaluation show that weak swimming abilities may limit feeding early in development and larvae
likely rely on strong currents for long-distance transport until they develop a competent swimming
ability. Since larval fish rely on swimming to control dispersal, hunt prey, and evade predators,
unfavourable turbulent conditions in nature could negatively impact the growth and survival of
larval walleye. Our findings could inform walleye conservation efforts by providing swimming
parameters necessary for realistic larval drift models and inform stocking decisions based on larval
performance predictions to optimize recruitment success.

Anson Chow and Mathew Wells, University of Toronto. A dramatic delay in fall overturn dates
in a 25-year stratification record from a dimictic lake.

Dimictic lakes are ubiquitous in the Great Lakes region and are the most common lakes
world-wide. Due to climate change the timing of fall mixing is shifting, with profound implications
to many important ecological processes. The mixing during fall overturn is driven by a combination
of convective mixing from cold air and mechanical mixing from strong wind events. Using a 25-year
record of thermal stratification from Lake Opeongo, a large dimictic lake in the Algonquin Park in
Ontario, Canada, we explore how the timing of fall overturn has shifted. Historically, earlier fall
overturn dates of September 29th were common before 2000, and now after 2020 fall overturn
starts as late as October 27th. This appears to be in part due to declining wind speeds, which
dropped by nearly 20% over the 20-year wind record. For the earlier fall overturns (due to stronger
wind), the mixed water column usually was warmer (as high as 14.3°C), whereas with lower wind the
later overturns occurred when the water column has cooled down more and full mixing occurred as
low as 9.2°C. We will discuss how the changes in the timing and temperature of the fall overturn
likely impact the habitat conditions and food availability for fish species in dimictic lakes, and
present observation from a fish telemetry study documenting the sudden changes in seasonal habitat
usage of the summer and fall water-column.

Ryanne Cimatu', Justin Myers', Stephen Jacquemin', Morgan Jutte' and Silvia Newell"?, 'Wright
State University, “University of Michigan. Closing the Gap: Nitrogen Dynamics in the Maumee
River.

Excess anthropogenic nitrogen (N), primarily from agricultural fields, causes nutrient runoff
that stimulates harmful algal blooms (HABs) in surface waters. As a critical tributary to Lake Erie,
nutrient loading from the Maumee River drives the intensity of the annual summer HABs in the
western basin. Knowledge gaps around rates of N transformations in the Maumee River currently
hinder calibration of in-river parameters in SWAT (Soil and Water Assessment Tool) models for the
Maumee watershed. To address these gaps, this research aims to quantify rates of ammonium
uptake, ammonium remineralization, nitrification, and bacterial respiration in addition to the
physicochemical parameters of the river. Monthly sampling was conducted along the Maumee River
from International Park (river mile 4.53) , Mary Jane Thurston (river mile 31.88), and Independence
Dam (river mile 59.31) over the course of a year. Ammonium uptake rates ranged from 1.2 to 8.7
umol N L hr' for water samples incubated under light conditions and from 0.2 to 1.9 umol N L
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hr' under dark conditions, while ammonium regeneration ranged from not detectable to 12.0 umol
O, " hr''. Bacterial respiration rates averaged 525.0  28.5 uM O». These findings will be
incorporated to parameterize a SWAT model across a variety of seasonal conditions within and
along the Maumee River.

Natalia Cislo, Oumaima Fares, Timothy Simmons, Neal Ma, Quinn Alami, Dimitris Anastasiou,
Jason Jeong and Sanjita Satish, Columbia University. Powering Non-Powered Dams in the Great
Lakes Region.

Over the last century, many high-quality dams were built in the Great Lakes region, and now
they offer the perfect opportunity to be turned into powered hydroelectric plants. With many of the
environmental concerns of hydropower plants resulting from just the dam construction, converting
non-powered dams to powered dams offers an environmentally conscious, time-efficient, and cost-
effective way to add renewable energy sources to the region. The capacity potential of these non-
powered dams on the U.S. side can reach more than 1.5 GW, indicating the vast opportunity to add
new renewable assets to the region’s grid. Many of these dams could even be converted to pumped
storage hydroelectric plants, offering new energy storage potential in the area. In our presentation,
we will highlight the most promising dams in the region and outline the conversion processes and
tactics.

Jacob Cochran and Jason Coombs, U.S. Fish and Wildlife Service. A Scalable Data Acquisition
and Dissemination System for Environmental DNA Projects.

The use of environmental DNA (eDNA) for inventory and monitoring applications is
increasingly being applied to aquatic conservation. Single and multi-species e DNA detection
methods, such as quantitative PCR (qPCR) and metabarcoding, are being implemented for detection
of both native and invasive fish species across the Great Lakes region. This increase in eDNA
sample collection has led to the need for more efficient and standardized information acquisition
and dissemination systems. Here, we share an eDNA data workflow for eDNA water filtration
sample collections that has successfully managed over 2,000 samples across 12 independent eDNA
projects. Sample collection data are submitted through a digital collection form via smart devices in
the field and automatically uploaded to a cloud-based repository. Filter packs used for sample
filtration are affixed with barcodes that serve as unique identifiers and are fundamental to sample
tracking and relation. Following lab processing and bioinformatic analysis, positive replicate (qQPCR)
and taxonomic assignment (metabarcoding) results are related back to sample data in the repository.
End-user products for visualization and interpretation of results are generated in the form of data
dashboards and automated summary reports. This workflow incorporates concepts that increase
efficiency and improve quality control. Additionally, this system is inherently able to scale up as
sample sizes increase. Ideologies from this workflow can also be extended beyond eDNA,
benefitting other disciplines where data collaboration and sample tracking are required.

Jeanne L. Coffin-Schmitt', Vivian Nguyen®, Amelia Grainer Safi', Richard Stedman', Renata
Ivanek' and Kathryn J. Fiorella', 'Cornell University, *Carleton University. Urban fishers
demonstrate diverse perceptions and practices within the Niagara River Area of Concern.

Urban fishers are a distinct sub-group of recreational fisheries including socially vulnerable
individuals (i.e., low socio-economic status, minoritized groups, and recent immigrants). Vulnerable
fishers may fish for food security, nutrition, or socio-cultural purposes to a greater extent than the
expected typical recreational fisher. Additionally, urban fishing sites in the Great Lakes are often part
of complex social-ecological systems under management for legacy contaminants of concern (i.e.,
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polychlorinated biphenyls). Understanding the perceptions and concerns of local communities could
steer continued restoration efforts and policies. This case study uses semi-structured interviews
(n=49) with diverse urban fishers intercepted while fishing the Niagara River Area of Concern to
probe motivations, preferences, and risk and benefit perceptions related to local fish consumption.
Most fishers (60%) perceived that risks arise from eating local fish, while others did not or were
unsure. Fishers asked about transparent and timely updates on water quality and fish contaminant
levels. Reported fish consumption varied widely (0-16 fish meals per month), with higher
consumption more common in fishers reporting cultural or food and nutrition related motivations.
Some ethnic groups also report distinct fish consumption practices. Nearly all fishers reported
intangible benefits (mental health and social bonding). Great Lakes fishing policy tends to be framed
for economically powerful fisheries, e.g., sport and commercial fishing, but this research indicates
how institutional support for the needs of vulnerable fishers can improve.

Paris Collingsworth', Annie Scofield® and David Depew’, 'Purdue University - Illinois Indiana Sea
Grant, ‘EPA-GLNPO, *Environment Climate Change Canada. Overview of Lake Huron CSMI
activities during the 2022 intensive field year.

Annex 10 (Science Annex) of the Great Lakes Water Quality Agreement (GLWQA)
coordinates the binational Cooperative Science and Monitoring Initiative (CSMI) in support of
Great Lakes ecosystem assessment and management. The CSMI process includes enhanced
monitoring and science-based field activities conducted in one Great Lake per year, which are
implemented in support of science priorities identified by the GLWQA Annex 2 Lake Partnerships.
The 2022 Lake Huron CSMI investigations by federal agencies and partners addressed key
knowledge gaps among five science priority themes including chemical contaminant pollution,
nutrient and bacterial pollution, habitat and native species, invasive species, and other stressors.
Here, we will provide an overview of the CSMI five-year cycle that involves the development of
science priorities, field year planning, intensive field year science and monitoring, analysis, and
reporting to decision-makers. A summary of field activities that took place during the Lake Huron
CSMLI field year will be shared, and next steps for reporting results of the 2022 effort will be
highlighted.

Steven Cooke, Carleton University. Modelling what professional service should be - the Bill
Taylor approach.

Dr. William (Bill) Taylor has had an illustrious career as a scientist and educator which in
many ways is what is “expected” of those in the professoriate. However, what truly differentiates Bill
from others is his willingness to serve our profession and do so in diverse ways that benefit all of us
and the environment. I was fortunate to be able to observe Bill “model” what professional service
should be from the first time we met when he was serving as President of the American Fisheries
Society and presiding over the Governing Board Meeting in Bethesda; I attended as a student. I
continued to re-connect with Bill over my career and quickly learned from him that being active in
one’s profession was the perfect way to give back while at the same time enriching one’s career. 1
was fortunate to be able to sit beside Bill to learn from him how to be a balanced and effective Chair
for various committees of the Great Lakes Fishery Commission. He always excelled at ensuring that
all voices were heard and that interactions, even on difficult topics, were always civilized and
intelligent. In this presentation I will reflect on Bill’s service to our profession with a focus on his
contributions to the American Fisheries Society but will also identify examples of where that service
and his learnings have spilled over into other domains.
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Patricia Corcoran', Alexa Holland', Bethany Dean', Natalie Minda®, Emma Arnew' and Jonathan
Gijzen', "Western University, “University of Toronto. An Update on the Factors Controlling
Plastic Debris Deposition in Urban Stormwater Ponds of London, Ontario, Canada.

Stormwater ponds capture run-off during precipitation events and enable sediment and
contaminants to settle prior to the release of water into natural basins. Macroplastics (MaPs) and
microplastics (MPs) from 8 ponds in London, Ontario provide a glimpse into the main factors
controlling plastic debris deposition. Of the 52 sample sites, the average number of MaPs (not
including fragments and expanded polystyrene) was 0.5 m?, with a range of 0 to 4 items m™. The ten
most common MaPs were cigarette butts, food wrappers, beverage bottles, bottle caps, bags
(general), dog poop bags, cigar tips, cups, straws, and medical masks. Microplastic abundances
ranged from 0-242,099 particles per kg of dry weight sediment (kg dw), with an average of 11,901
kg dw for all ponds. The average concentration of MPs in the sediment forebays was 22,001 kg dw
and in the main basins was 6343 kg"' dw. The MPs ate represented by fragments (77%), fibers (22%),
glitter (0.5%), and beads (0.5%). Dividing the city into four quadrants, the largest concentration of
MPs was found in southeast London (53%), followed by the southwest (26%), northeast (11.5%),
and northwest (9.5%). The next steps will involve comparison of plastic pollution from all 28 ponds
sampled, and determining the influence of grain size, inlet drain proximity, pond geometry,
socioeconomic factors, and last date dredged on microplastic abundances.

Peter Czajkowski', Marjorie Cort', Gail Krantzberg?, Andrew Gronewold’, Carolyn Johns™*, Kyle
Whyte>* and Dawn Martin-Hill>*, 'Project Manager, *Principal Investigator, *Researcher, *Co-PL
The Global Center for Understanding Climate Change Impacts on Transboundary Waters.
The mission of the recently launched Global Center (GC) for Understanding Climate
Change Impacts on Transboundary Waters aligns with the objectives of the 1JC’s Great Lakes Decadal
Science Plan of 2022, which aims to “establish a road map for placing the Great Lakes region on a
sound scientific footing for ensuring effective management and permanent sustainability of the
system.” As a multinational center, the GC’s research focuses on mitigating climate change impacts
on water resources and addressing regional requirements for sustainable hydrologic management
that supports community, governance, and ecosystem sustainability. The GC was established to
develop an adaptive management framework that addresses gaps in the management of
transboundary water systems characterized by diverse governance structures and stakeholder groups.
The GC will address deficiencies in coordinating collaborative scientific resources and encompassing
shared data and model development with the Great Lakes serving as an initial focal point. The GC
aims to enhance the resilience of vulnerable communities through outreach and the integration of
Traditional Ecological Knowledge (TEK) across three core themes: 1) the development of reliable
predictions of future hydrologic conditions in response to climate change; 2) the co-production of
research incorporating TEK, water quality monitoring, and modeling protocols and frameworks; and
3) capacity-building for governance and management systems that incorporate TEK and the input of
traditionally marginalized communities to increase disaster resilience across multiple scales.

Megan Cort"’, Altaf Arain>’, Paulin Coulibaly>’, Peter Czajkowski>’, Jennifer Gauthier>*, Andrew
Gronewold"?, Carolyn Johns>’, Gail Krantzberg®®, Dawn Martin-Hill>’, Richard Norton"?, Scott
Steinschneider™® and Kyle Whyte"?, 'University of Michigan, *Global Center for Understanding
Climate Change Impacts on Transboundary Waters, *McMaster University, ‘College of Menominee
Nation, *Toronto Metropolitan University, “Cornell University. Science Across Borders: The
Global Center for Understanding Climate Change Impacts on Transboundary Waters.
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The recently launched Global Center (GC) for Understanding Climate Change Impacts on
Transboundary Waters addresses the complexities of managing water systems that span multiple
jurisdictions and sovereign nations. The GC comprises researchers and partners from Indigenous
Nations, the US, and Canada, and aims to develop and apply multi-national collaborative and
interdisciplinary science. The Great Lakes serve as the initial focal point for the GC’s global research
vision, which is centered on three core themes: 1) developing predictive models for future
hydroclimate conditions utilizing data resources across US and Canadian boundaries; 2) co-
producing research that incorporates Traditional Ecological Knowledge (TEK) of Indigenous
Sovereign Nations with conventional ecosystem and water quality monitoring and modeling
protocols; and 3) capacity-building for governance and management systems that incorporate TEK
and the input of traditionally marginalized communities to develop governance and management
models. Integrating research across multiple sovereign nations, institutions, and disciplines poses
various benefits and challenges. Benefits include novel research outputs, the integration of
marginalized voices into the research dialogue, and the creation of usable scientific outputs.
Challenges include managing data coordination across boundaries, reconciling practices - cultural
and research-related - and developing deliverables that support the various needs of diverse groups.

Colleen Cosgrove, Nathan Manning and Laura Johnson, Heidelberg University. Not all loads are
estimated equal: Comparing load estimators across sampling frequencies and river size.
There has been a pointed effort to reduce nutrient loads of phosphorus from tributaries
entering Lake Erie over the last decade to reduce harmful algal blooms. In order to determine how
well that reduction is being achieved and its effects on the health of the lake, it is imperative to have
the most accurate nutrient load estimations possible. There are a number of load methodologies,
including manual calculations, USGS’s LoadFlex and WRTDS, GCLAS, and Beale’s Ratio
Estimators. While each of these approaches have their own biases and accuracies based on sampling
frequency and data available, there are few guidelines for selecting one estimator over another. To
ensure the highest accuracy in loads, we need to evaluate whether each estimator should be used
exclusively among different sampling frequencies, river sizes, and potential weather scenarios. To do
this, we are running various simulations to determine which estimation method best suits each river
size and scenatio type. Daily/ sub-daily frequency of data at the NCWQR allows us to extensively
test each scenario. This will allow us to create a useful guide for load estimator selection based on a
number of sampling scenarios that include sampling frequency and river size. Knowing which
method to select will provide the best estimated input to the lake, which, in the Great Lakes region,
is important for harmful algal bloom mitigation and, ultimately, human health, safety, and recreation.

Anika Craft, Sabrina Brown and Mollie Sorrell, Defiance College. Establishing an
Undergraduate Research Program Focused on Long-Term Water Quality Assessment in
Defiance, OH USA.

The Maumee River watershed covers more than 6,500 mi® and two of its largest tributaries,
the Tiffin and Auglaize Rivers, enter the Maumee River in Defiance, Ohio. The goal of this research
is to establish a long-term assessment program of the water quality in the Upper Maumee River
Watershed using chemical analysis, streamflow, and bioassessment utilizing diatom assemblages.
Here we provide preliminary results from a field collection of sites on the Maumee River and
tributaries conducted from 2021-2023. Four sites were chosen and sampled over three subsequent
six-week periods from May-June 2021, 2022, and 2023. Sites included the Tiffin and Auglaize Rivers;
and two sites along the Maumee; one prior to confluence with the Tiffin, the other past confluence
with the Auglaize. Results indicate that the Auglaize had the most turbid water with the lowest
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average levels of dissolved oxygen. This site also had the highest levels of nitrates, nitrites, and
ammonia, and exhibited a lower average streamflow than both Maumee River sites. Diatom
assemblages were dominated by Fragilaria, Aulacoseira, and Navicula. The Tiffin River had the highest
diversity in diatom and macroinvertebrate communities with species indicative of high nutrient
availability. Plankton tows at the Auglaize had a high percentage of benthic species present,
indicating relatively turbid conditions. Both Maumee sites had similar species compositions,
dominated by Aulacoseira, with an influx of Stephanodiscus, at the end of the sampling period.

Chelsea Crundwell"? Lori Phillips®, Craig Druury” and Christopher Weisenet', 'Great Lakes
Institute for Environmental Research, *Agriculture and Agri-Food Canada. Investigating
Microbial Triggers of Greenhouse Gas Emissions in Agriculturally Influenced Aquatic
Ecosystems.

In Canada, the agriculture sector was responsible for approximately 10% of greenhouse gas
(GHG) emissions in 2021, accounting for 54 MT of carbon dioxide (CO,), as well as 31% of
methane (CH4) and 75% of national nitrous oxide (N2O) emissions. These estimates, however, do
not include the indirect GHG emissions from agriculturally impacted waterways in the Great Lakes.
Windsor-Essex County in Southwestern Ontario, Canada, has over 3000km of agricultural drainage
ditches, collecting nutrient rich runoff from tiled fields and impacting both Lake St. Clair and Lake
Erie. These ephemeral zero-order waterways experience fluxes of different types of excess nutrients,
which creates nutrient hotspots and may disrupt baseline biogeochemical cycling of C, N, and P. In
this study we investigate whether these disruptions also impact GHG from the ditches. To resolve
GHG driving factors in these systems, microbial activity at the sediment-water interface was
correlated with N,O, CO; and CH, emissions, collected over a season during fertilizer application
and crop turnover. Additionally, the presence or absence of riparian vegetation was compared to
understand the impacts of dredging on microbial activity and GHG emissions. Microbial community
responses were assessed using a combination of molecular approaches targeting key archaeal and
bacterial genes in the C and N cycle.

Brianna Curtis and Catherine Febria, University of Windsor. Quantifying the influence of
riverine infrastructure on Unionidae species-at-risk communities in the Grand River
watershed.

Urbanization has largely led Unionidae population declines, giving rise to species-at-risk
(SAR) statuses for various species. In areas of riverine infrastructure development (i.e., dams),
translocations of Unionidae SAR are a common conservation strategy, despite research showing
limited recover success post-translocation. When considering Unionidae translocations for
infrastructure developments and alterations, many species habitats do not undergo rigorous
assessment. Although dams are essential infrastructure for various services, assessing this type of
infrastructure for SAR mitigation strategies occurring within the same river system is critical. As dam
infrastructure poses a physical barrier to freshwater communities, accounting for their impact on in-
stream communities can ensure that translocated SAR have the greatest chance of successful
recovery. This study investigates stream habitats and Unionidae communities surrounding dam
infrastructure within the Grand River watershed. Our research asks: What is the impact of riverine
infrastructure on Unionid mussel communities and their habitats? We hypothesize that habitats
downstream of dams will be more suitable for Unionidae given the oxygenation and quality of riffle
habitats whereas areas upstream of dams will be deeper, slower-flowing and consisting of finer
sediments. A comprehensive in-stream assessment of seven run-of-the-river dams was conducted
for benthic macroinvertebrate communities and habitat analyses to determine the suitability of
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Unionids and potentially explain the decline of SAR mussels due to connectivity. Preliminary
findings for water quality and benthic macroinvertebrate taxa were analyzed in preparation for
Unionidae populations assessments.

Kevin Czajkowski', Janet Struble', Sara Mierzwiak', Vicki Harder-Thorne®, Bo Lebo’, Yitong
Jiang', Oluwafemi Olawale' and Farrokh Namjooyan', 'University of Toledo, *Earth Heart Farms,
’New Education Options. Watetr Quality in the Maumee Watershed Through Student
Engagement: GLOBE at Earth Heart Farms.

Many students have never taken observations of their environment. They have never been
engaged in real science and they do not know about algae blooms on Lake Erie, their causes and
impacts. The University of Toledo - through its NASA funded GLOBE Mission EARTH Project
and funding from Ohio EPA Environmental Education Fund and NOAA B-Wet Programs - has
led professional development for teachers and field days for students at Vicki Harder-Thorne’s
family-owned Earth Heart Farms (EHFs). EHF was taken out of production 30 years ago and put
into conservation. This past year, through the H20Ohio Program, a wetland was installed on the land
and native trees were planted in riparian zones. Teacher professional development was held in the
summer and focused on learning GLOBE protocols for taking water quality, soil characteristics and
atmospheric observations as well as conservation approaches to promote the ecosystem. Volunteer
conservationists from the Ohio Department of Natural Resources (ODNR), Green Creek Wildlife
Society, Black Swamp Bird Observatory, and Friends of Ottawa National Wildlife Refuge led the
teachers and then students on hikes through the 80 acres helping the students identify bird species,
animal tracks, insects and plants. Students attended field days in the fall and spring on the land and
then complete scientific projects related to the wetland, landscape, and nutrient transport to Lake
Erie. They learned how their actions can change nutrient runoff and water quality.

Lauren Damphousse"? Todd Morris>* and Catherine Febria®>*, 'University of Windsor,
*Integrative Biology, *Fisheries and Oceans Canada, ‘GLIER. Mitigation Translocations:
Investigating freshwater mussel SAR recovery post-relocation.

Freshwater mussels (Unionidae) serve as critical structural and functional links for aquatic
food webs and are bioindicators of ecosystem health. Unfortunately, many species are declining
globally, including in Canada where many are listed as species-at-risk of extinction (SAR). Restricted
in their ability to move readily throughout riverbed habitats, Unionidae are vulnerable to human
activities such as infrastructure projects, which can take place in or adjacent to rivers. Translocation
efforts are a common mitigation response under the federal Fisheries and Species at Risk Act. Since
publication of a standardized protocol for freshwater mussel translocations (Mackie et al. 2008),
practitioners have been conducting translocations with little to no follow-up or evaluation of this
practice. To address this, we synthesized translocation reports spanning 15 years. Additionally, sites
of previous translocations in the Grand and Thames River watersheds located in southern Ontario
were surveyed during 2022 to expand upon the submitted reports. Together these data were
combined to assess the long term effectiveness of SAR policy. Preliminary findings indicate that
mussel communities do not fully recover following translocation, negatively affecting overall
population density and biodiversity of freshwater communities. To further understand these poor
rates of recovery, an experimental translocation was performed in the Sydenham River in 2023. My
research offers evidence to improve conservation within the species-at-risk policy and practice in
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support of coordinated actions including habitat restoration and benthic macroinvertebrate
community indicators.

Susan Daniel, Lyubov Burlakova, Alexander Karatayev and Lillian Denecke, SUNY Buffalo State
University. Invasion dynamics of New Zealand mud snail (Potamopyztgus antipodarum) in
the Laurentian Great Lakes.

The New Zealand Mud Snail (Potamopyrgus antipodarum) is an invasive mollusk that was first
reported in lakes Ontario in 1991, Superior in 2005, Michigan in 2000, and Erie in 2007. In 2022, we
found a small population in the North Channel representing the first record of this snail in Lake
Huron. To understand the status of this species in the Great Lakes, we combined data from the
Great Lakes National Program Office Great Lakes Biology Monitoring Program and the
Cooperative Science and Monitoring Initiative sampling efforts, data from publications, regional
reports, and online databases. In the last three decades P. antipodarum has spread to all Great Lakes,
and the rate of invasion increased 4-fold during the last decade. The highest density was observed in
Lake Michigan, followed by lakes Ontario, Erie, and Huron. In Lake Michigan in 2021, P.
antipodarum lake-wide density increased 56-fold compared to 2015, comprising 93% of the total
gastropod density and 79% of biomass. This spread in Lake Michigan may have been facilitated by
invasive Dreissena spp. through stimulation of bottom algae and periphyton growth. While P.
antipodarum is still spreading in lakes Michigan and Huron, its abundance remains stable in lakes Erie,
Ontario, and Superior.

Ericka De Oliveira', Paul Helm” and Roxana Suehring', "Toronto Metropolitan University,
*Ministry of the Environment, Consetrvation and Parks. Passive Sampling for the Identification
of Persistent, Mobile, and Toxic (PMT) Substances in Lake Ontario.

Plastic associated contaminants, particularly plastic additives, pose a significant threat to
aquatic environments, one which has coincided with the global growth in plastic waste. Plastic
additives that are persistent, #obile, and toxic (PMT) are of specific concern due to their mobility in
water. Many PMT plastic additives are expected to bypass water treatment processes, meaning they
could pose a substantial long-term health risk to environments and humans. Few studies have
demonstrated the use of passive sampling to measure PMTs, and none have focused on Canadian
waters such as the Great Lakes basin, which contain excessive amounts of plastic contamination.
Here we present the use of passive sampling for the capture of PMT plastic additives in Lake
Ontario. This study investigated the use of polydimethylsiloxane (PDMS) strips and Polar Organic
Chemical Integrative (POCIS) samplers with polyether sulfone (PES) membranes and hydrophilic-
lipophilic balance (HLB) receiving disks. The samplers were placed at five stations in the lake
(Hamilton Harbour, Etobicoke Creek, Humber Bay, Pickering, Ajax), to investigate the levels of
PMT contamination and whether spatial factors led to differences in PMT plastic additive patterns.
Samples were screened against a library of 124 PMTs to tentatively identify suspects captured at the
sampling locations. The results from this study aim to provide governments and regulators with a
prioritization list of PMT plastic additives, to inform future monitoring strategies and to enable their
regulation in Canada.

Robin DeBruyne', Lauren Fry®, Ashley Moerke® and Edward Roseman', 'US Geological Survey
Great Lakes Science Center, "NOAA Great Lakes Environmental Research Laboratory, *Lake
Superior State University. Great Lakes Connecting Waters Collaborative: Introductory Summit
to Frame Needs and Next Steps.
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The Great Lakes connecting waters link the five Great Lakes to each other and Atlantic
Ocean, and historically these systems possessed pristine water quality and resources that supported
Indigenous Nations communities and offered vast amounts of functional habitat for fish and
wildlife. Currently, many areas of the connecting waters have degraded water quality and habitat due
to development, urbanization, industry, and channel modification. Improving conditions and
establishing healthy relationships with aquatic resources involves interjurisdictional cooperation and
collaboration. A Great Lakes Connecting Waters Summit brought together research and monitoring
practitioners to draft a viable framework to address the concerns and suggestions outlined in a
recent IJC report detailing environmental monitoring and research needs for these important
waterways and habitats. Participants worked in small groups to draft a collaborative framework to
facilitate coordinated research and monitoring activities while allowing for place-based needs and
priorities. The presence of a backbone entity was deemed critical to provide science support and
facilitate science and technology transfer between individual connecting waters networks. Engaging
rightsholders and underrepresented stakeholders during collaborative development will be essential.
Participants also identified challenges and next steps including broadening input scope and
identifying a potential backbone entity and funding source. This is the first step to coordinate and
establish a Great Lakes Connecting Waters Collaborative aimed at improving research and
monitoring in the connecting waters and meeting the needs of the local communities.

Paul Den Uyl"? E. Anders Kiledal’, Subba Rao Chaganti', Reagan Errera’, Casey Godwin' and
Gregory Dick"?, 'Cooperative Institute for Great Lakes Research, *Department of Earth and
Environmental Sciences, University of Michigan, *Great Lakes Environmental Research Laboratory.
Genetic Characterization of Saxitoxin Producing Cyanobacteria from W. Lake Erie Harmful
Algal Blooms.

Saxitoxins (STXs) are neurotoxins produced in both freshwater and marine systems and are
among the most potent known natural toxins. While genes encoding STX biosynthesis have been
observed in Lake Erie, the organism(s) responsible for producing STXs in the region have not been
confirmed. We used metagenomic tools to identify a full suite of STX biosynthesis genes in a high-
quality metagenome-assembled genome (MAG) from the Anabaena-Dolichospermum-
Aphanizomenon (ADA) clade of cyanobacteria. The order and sequence of sx# genes suggest the
Lake Erie MAG is likely capable of producing saxitoxin (STX) and dicarbamoyl (dcSTX) congeners.
The absence of a sx£X gene suggests an inability to produce neoSTX, one of the most potent
variants of STX. We also recovered highly similar ADA MAGs that did not contain sx7 genes,
implying gene loss or horizontal gene transfer. We observed the full suite of STX biosynthesis genes
in metagenomic datasets across 13 of 123 unique sampling dates between 2014 and 2022, with
occurrences spanning from July 6 to September 19. A qPCR dataset targeting sxz4 detected the gene
in 49 of 76 sample dates collected between 2015 and 2019 and is being used to identify
environmental conditions that correlate with STX production potential.

Mitchel Dender, Parsons. A Brief Overview of Fisheries Offsetting and Compensation in
Ontario’s Construction Landscape.

To facilitate construction, fisheries offsetting in Ontario refers to the strategies and practices
implemented by biologists prior to or during construction. The goal of these offsetting plans is to
compensate for adverse impacts on aquatic ecosystems and acquire permits that will facilitate
construction projects. This presentation explores the different types of offsetting strategies
implemented in Ontario and their effectiveness in mitigating the impacts of construction on the
natural environment. There is a diversity of offsetting strategies implemented across Ontario
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including wetland restorations, restocking programs, erosion control and habitat installations which
are all common practices found in offsetting programs. It will also explore the challenges associated
with evaluating the outcomes of these initiatives, including difficulties in measuring biodiversity and
assessing long-term impacts. The presentation will highlight best practices for fisheries offsetting
and compensation, including the importance of collaboration between stakeholders, effective
monitoring, evaluation programs, and ongoing research into new techniques for mitigating the
impacts of construction projects on fish populations. By taking a step back and unpacking the
consultant’s toolkit, we will have a better understanding of what types of offsetting is available and
how effective it is to harmonize developmental goals and ecological preservation for smoother
construction and stronger ecosystems.

Lillian E. Denecke, Lyubov E. Burlakova, Alexander Y. Karatayev and Susan E. Daniel, Buffalo
State University. Distribution of Round Goby across depth zones in The Laurentian Great
Lakes.

The Round Goby (INeogobius melanostomus) is an invasive benthic predator in the Laurentian
Great Lakes that caused local displacement of native benthic fishes and has become an important
prey item for native and nonnative piscivores. To access goby abundance, we collected video
footage using a Benthic Imaging System equipped with GoPro cameras from lakes Huron,
Michigan, Erie, and Ontario as part of the CSMI benthic surveys. Three replicate videos from each
station were analyzed to count the number of round gobies present when the camera frame landed.
Gobies were most commonly found at <30 m depth with an average count of 1.0 = 1.4 SD
(Ontario, 2018), 2.0 £ 5.7 (Ontario, 2023), 0.1 £ 0.3 (Erie, 2019), 0.1 * 0.3 (Michigan, 2021), and 0.2
1 0.4 (Huron, 2022). Gobies were present to a maximum depth of 76 m in Lake Ontario. Maximum
round goby counts for each lake were found between the depths of 11 m in Lake Ontario (34.3, at
the mouth of the Twelve-mile Creek) to 21 m in Lake Michigan (1.3). Continued monitoring of
round goby abundance is vital for understanding of their relative abundance and depth distribution
in the Great Lakes.

Vincent Denef, University of Michigan. Trait variation in nutrient requirements and predation
resistance to understand Microcystis genotypic succession.

Microcystis is a phylogenetically cohesive group of cyanobacteria marked by extensive genetic
diversity. In field observations in Western Lake Erie, complex dynamics in which different
genotypes of Microcystis predominate across time (across weeks and years) have been observed. We
determined that different genotypes isolated for Western Lake Erie diverge in the minimal
concentrations of N and P at which they can maintain growth. These data allow us to predict
competitive hierarchies that may explain field observations. Yet, when compared to eukaryotic green
algae, typically preceding cyanobacteria in north-temperate lakes, ecological theory predicts, and our
experiments confirm, that Microcystis is generally outcompeted by green algae, except for coexistence
at high N:P ratios. These results were robust at 20 and 25 C, even though increased temperature is
often cited as an important factor increasing Microcystis competitive abilities. This emphasizes the
important, and previously shown, role of predators to the success of Microcystis in the field. We
observed significant genotypic variation in the susceptibility of Western Lake Erie Microcystis
genotypes to predation by dreissenid mussels and Daphnia, which correlated to variation in the
diversity of secondary metabolites they produce. We plan to integrate these trait data to model
Microcystis genotype-level succession patterns in Western Lake Erie.
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David Depew, Tyler Harrow-Lyle and Andrew Bramburger, Environment and Climate Change
Canada. Benthic and pelagic productivity across a nutrient gradient in Lake Ontario.

Concurrent measurements of zz-situ benthic and pelagic primary production were collected in
2023 at three sites in Lake Ontario to assess sensitivity to contrasting phosphorus, light and
temperature regimes. Benthic production was measured using a deployable eddy-covariance system
and pelagic production measured using 14-C tracer techniques. These data will provide up to date
information on the relative balance of benthic and pelagic production rates, and seek to inform
future modeling work to assess the importance of benthic and pelagic production in supporting
Lake Ontario productivity.

Lisa Derickx', Paula Antunes™’, Mike Ripley’, Aubrey Maccoux-LeDuc’ and Peter Greve®, 'St.
Marys River Remedial Action Plan, Algoma University, “Nautilus Environmental, >Algoma
University, Department of Biology, ‘St. Marys River Binational Public Advisory Council, "Bay Mills
Indian Community Biological Services Department. A journey towards restoration: past, present
and future of the St. Marys River AOC.

The St. Marys River is one of 43 Areas of Concern (AOCs) identified under the Canada-U.S.
Great Lakes Water Quality Agreement. This binational agreement commits to develop and implement
Remedial Action Plans (RAPs) using a comprehensive ecosystem approach to restore environmental
conditions in AOCs. Interjurisdictional participation of other levels of government, Indigenous
communities, area stakeholders and the public is central to this work. To continue to make progress
towards environmental restoration and move toward delisting the AOC, it is critical to evaluate work
completed according to established restoration goals (delisting criteria) and identify work remaining
under the RAP. The first phase of the RAP identified the environmental problems and sources of
pollution within the AOC. Fourteen beneficial uses were used to assess the status of the AOC, of
which nine were originally deemed impaired for the St. Marys River, and one required further
assessment. During the second phase, over 50 remedial actions and monitoring initiatives were
identified to help restore the impaired beneficial uses. With the implementation of many of these
remedial actions, five beneficial uses have now been redesignated to a not-impaired status. This
review outlines past, present and future/planned initiatives of the St. Marys River RAP, it also
explains actions required to achieve delisting on the Canadian side of the St. Marys River AOC, and
outlines successes specific to bi-national collaboration.

Georgia Bock, Emilie DeRochie and Abraham Francis, River Institute. The River Strategy:
Inclusive and Equitable Connection on the Kaniatarowanenneh (St. Lawrence River).

The Kahnekarénnion (River) Strategy Collective is a new initiative that aims to facilitate
increased inclusive and equitable communication and collaboration along the Kaniatarowanenneh
(St. Lawrence River) and beyond. This multi-national initiative was founded in partnership by the St.
Lawrence River Institute and the Mohawk Council of Akwesasne, and facilitates connection guided
by a Kaswentha (Two Row Wampum) approach, and includes Indigenous Knowledge, Western
Science, and local knowledge. To achieve increased communication and collaboration, the River
Strategy Collective cultivates a community agreed-upon, value-informed space for people and
organizations from across the region to gather, connect with each other, share knowledge and
information, and identify opportunities to work together towards shared goals for the river. This
presentation will highlight why a River Strategy Collective is needed and will describe logistics,
challenges, and successes and processes of this initiative to date. Successes include meetings that
have brought together diverse voices from across the region, the development of a multi-national
Steering Committee, and identification of themes of interest for potential subcommittees and
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working groups. The enthusiasm for the initiative has been demonstrated through the high level of
participation by organizations and individuals involved. A commitment to inclusivity and
relationship building is critical for providing a strong foundation to achieve the vision of a beautiful
and healthy Kaniatarowanenneh (St. Lawrence River) for all.

Emilie DeRochie"? 'River Institute, Lakehead University. Inspiring Action for the Great
Lakes: The Great River Rapport’s Change Maker Series.

Introducing the Great River Rapport’s Change Maker Series, a series of education resource
packages that aim to empower youth (grades 7-12) through multi-media narratives about individuals
making a difference along the Upper St. Lawrence River and beyond. The series is part of a larger
project called the Great River Rapport, a collaborative, community engaged ecosystem health report
focused on the Upper St. Lawrence River. This project, in partnership with Mohawk Council of
Akwesasne, weaves scientific data together with stories, Indigenous perspectives, and photography
to communicate science in formats that are accessible and meaningful for diverse audiences. The
Great River Rapport’s Change Maker Series features Change Makers - individuals with diverse
backgrounds, experiences, and interests who share a common commitment to making change for
the environment and people. Each resource package aims to inspire youth by 1) learning about action
through a case study and 2) learning #hrough action by taking part in an action-oriented learning
activity. This presentation will provide an overview of resource packages, how these materials can
engage youth with Great Lakes ecosystems and highlight preliminary results from a study that
assesses the impact of these resource packages as a support for educators to empower youth as
changemakers.

Miranda Devan', Scott McNaught', Ellen Marsden” and Traci Galarowicz', 'Central Michigan
University, “University of Vermont. Importance of Zooplankton Abundance to Diet, Growth,
and Survival of Larval Coregonines in Laurentian Great Lakes and Lake Champlain.

Lake Whitefish (Coregonus clupeaformis) are culturally, economically, and biologically important
to the Laurentian Great Lakes in North America. Lake Whitefish populations have declined over the
past two decades, likely because of poor larval survival. Zooplankton are the main food source for
larval coregonines, and in recent years Lakes Michigan and Huron have seen a tremendous decline in
zooplankton density. The main objective of this study is to determine the degree to which
zooplankton abundance affects diet and growth of larval Lake Whitefish. We examined samples
collected in 2021 and 2022 from nearshore habitats in the Great Lakes (Superior, Michigan and
Huron) and Lake Champlain, a reference site with healthy Lake Whitefish populations. Larval
growth rates were estimated using a length-age regression and compared among sites in each year.
We used non-metric multidimensional scaling (nMDS) to analyze zooplankton composition and
larval diet among sites. We anticipate that larval fish at sites with higher zooplankton abundance will
eat more food and grow faster than sites with low zooplankton abundance.

Emilia DiBiasio, Fasong Yuan and Anshula Dhiman, Cleveland State University. Evaluating
oxygen consuming organic matter in the central and eastern basins of Lake Erie using
stable carbon isotopes.

Understanding the fundamental biogeochemical processes leading to the formation of
seasonal hypoxia and even anoxia in Lake Erie is required for best management practices. The
impact of oxygen-consuming organic matter (OM) is regarded as the predominant contributor to
hypoxia, closely linking increases in CO», which is part of dissolved inorganic carbon (DIC), in the
hypolimnion to the effects of respiration. To investigate this process, water samples were collected
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from epilimnion and hypolimnion of central and eastern Lake Erie using the Rosette sampler during
the April and August 2023 cruises onboard the R/V Lake Guardian. Average DIC concentrations
increased slightly from spring surface waters to summer hypolimnetic waters in the central basin
(23.5 + 1.6 vs 24.4 £ 1.7 mg/L) while the eastern basin experienced negligible seasonal changes in
DIC (23.6 + 0.3 vs 23.6 £ 0.4 mg/L). Decteases from spring surface (0 - 2 m) and summer bottom
water 8" Cpicaverages were observed in the central (-1.0 £ 0.2 %o, -3.4 + 1.0 %o) and eastern (-1.3 +
0.2 %o, -2.6 = 0.1 %o) basins. Using a simple 8"’ Cpic binary mixing model, we found that the
modeled increases in the average concentrations of DIC from OM respiration were much greater
than those observed in the basins. The discrepancies may be attributed to seasonal changes in
atmospheric CO; exchanges and interbasin carbon transfer and cycling. Further information is
needed to clarify the carbon cycle related to oxygen dynamics in the central and eastern basins.

Gregory Dick"? Paul Den Uyl"? Colleen Yancey?, Anders Kiledal', Vincent Denef’, Casey
Godwin®, Subba Rao Chaganti’, Kelly Goodwin®*’, Reagan Errera’ and Henry Vanderploeg’,
"Department of Earth and Environmental Sciences, University of Michigan, *Cooperative Institute
for Great Lakes Research, University of Michigan, *Department of Ecology and Evolutionary
Biology, University of Michigan, *Atlantic Oceanographic and Meteorological Laboratory, National
Oceanic and Atmospheric Administration, *National Oceanic and Atmospheric Administration
Ocean Exploration, National Oceanic and Atmospheric Administration, “National Oceanic and
Atmospheric Administration Great Lakes Environmental Research Laboratory, 'Retired, National
Oceanic and Atmospheric Administration Great Lakes Environmental Research Laboratory. The
GLERL/CIGLR Omics Program: Insights and Opportunities.

Rapidly advancing omics technologies provide powerful new ways to characterize Great
Lakes biology. These methods can be used to study harmful algal blooms (HABs), microbial
communities, and invasive species, and to understand how these and other aspects of the food web
respond to climate change, pollution, and other perturbations. However, omics approaches
(genomics, transcriptomics, proteomics, and metabolomics) are limited by bottlenecks due to lack of
skilled personnel, standards, computational methods for data analysis and sharing, and
benchmarking studies. The NOAA GLERL/CIGLR Omics program addresses these challenges by
training the next generation of omics scientists, developing new capacity for data analysis and
sharing, generating and integrating omics datasets, and conducting experiments to benchmark and
link omics data to biological traits, thus complementing GLERL’s strengths in observing systems
and food web ecology. Results highlight the potential of omics methods to discover and characterize
new and emerging HABs toxins, determine what organisms produce HAB toxins, provide early
warning of HAB toxins, understand top-down (mussels, viruses) and bottom-up (nutrients) controls
on HABs, and monitor invasive species and larval fish dispersal. The Great Lakes Atlas of Multi-
omics Research (GLAMR) provides standardized analysis pipelines, synthesizes Great Lakes omics
data with environmental data, and makes omics data available through an accessible website
(https://greatlakesomics.org/). These data products and tools provide a foundation for developing
new approaches to understand, predict, and manage Great Lakes ecosystems.

Matthew Diebel, Dustin Kincaid and Luke Loken, US Geological Survey. Factors driving
changes in phosphorus flux since 2011 in 24 U.S. Great Lakes tributaries.

Extensive efforts have been made to reduce phosphorus inputs to the Great Lakes, yet
tracking progress remains a challenge. Water quality trend analysis with Weighted Regressions on
Time, Discharge, and Season (WRTDS) can remove the influence of discharge variability on
concentration and flux estimates through flow-normalization. The results provide a view of
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underlying trends that can be used to infer watershed management effectiveness. WRTDS was used
to evaluate the cause of changes in flow-normalized phosphorus fluxes in 24 U.S. Great Lakes
tributaries from 2011-2020. In particular, we evaluated phosphorus concentration-discharge
relationships, seasonal patterns and changes in total and dissolved phosphorus flux, and changes in
point-source phosphorus inputs. Flow-normalized phosphorus flux decreased in all watersheds with
low phosphotus yield (< 50 kg km™ yr') and increasing mean annual discharge over the study
period, suggesting the development of supply limitation. Seasonal fluxes of both total and dissolved
phosphorus were generally highest in spring, but this pattern was more pronounced for total
phosphorus. In all but two tributaries, percent changes in total phosphorus were more negative than
percent changes in dissolved phosphorus, indicating potential increases in phosphorus
bioavailability. These results may help guide ongoing phosphorus reduction efforts in Great Lakes
tributaries.

Zachary Diloreto and Maria Dittrich, University of Toronto. Calcinated Eggshell and
Woodchip Bioreactors - Upcycling Waste Products for Cost-Effective P Removal in A
Circular Economy.

One of the challenges towards a sustainable economy in respect to phosphorus (P) is
creating an open, efficient cycle for P that has little impact on the natural environment. Waste
eggshells from the liquid egg industry have potential as a P removing substrate and represent a
component in achieving a circular P economy. Waste eggshells can be calcinated, or converted to
calcium oxide, which increases their porosity as well as surface area and promotes adsorption and
precipitation of PO, from solution. This material after interacting with agricultural runoff can be
reused as a potential fertilizer. To further develop this technology, we performed batch removal and
adsorption experiments to characterize calcined eggshells as a reactive surface. Additionally,
woodchips were examined as a substrate additive to impact nitrogen removal by stimulating
denitrifying microbes. Initial results showed that eggshells removed up to 80% of dissolved P with
as little as 2-3 total weight % in only 8 hours. This was then upscaled into a bench-scale system
where additional water quality parameters were tested and geochemical modelling implemented to
assess potential environmental impacts. Results from bench-scale tests were used to design and
successfully implement 3-field scale units able to remove >70% of POy without negatively impacting
key water quality parameters.

Rebeccah DiPuccio', John Farver!, Jeffrey Miner’, Michael Tappa’ and Annie Bauer’, 'Department
of Geology, Bowling Green State University, “Department of Biology, Bowling Green State
University, *Department of Geoscience, University of Wisconsin-Madison. Combining 87St/86St
and Sr:Ca Data to Determine Natal Rivers of Grass Carp in Lake Erie.

Grass carp are an invasive species that pose great concern for the Great Lakes especially the
western basin of Lake Erie. Previous efforts to determine the natal rivers of grass carp captured in
Lake Erie and its tributaries based on the Sr:Ca microchemistry of their otoliths yielded limited
success due to overlap of the Sr:Ca values in the Sandusky and Maumee Rivers (the two most likely
rivers for successful spawning) under different flow conditions, and uncertainty in the water:otolith
Sr:Ca partition coefficient (Whitledge et al., 2021). This study employed strontium isotopes
(87St/86St) in combination with St:Ca elemental data to differentiate the Sandusky and Maumee
Rivers as natal sites. The 87Sr/86St values of water from the Sandusky and Maumee Rivers were
determined over a range of flow conditions and 87St/86Sr of the otoliths wete measured both in the
core (natal) region and in the edge (migration) regions. The otolith core results indicate three clusters
with 12 of the 12 fish previously designated as Sandusky River origin and 6 of the 9 designated as
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Maumee/Sandusky River origin are in the Sandusky River/Bay clustet. Two designated as
Maumee/Sandusky River are in the Maumee River cluster, and the remaining fish designated
Maumee/Sandusky River is in the Detroit River/Lake Erie cluster. Although the Sandusky
River/Bay is the dominant natal river system, otolith edge results indicate grass carp migrate
throughout the Lake Erie western basin.

Maria Dittrich', Zachary Diloreto', Khoren Avetisyan', Sara Zaferani', Lyubov Burlakova® and
Alexander Karatayev®, 'University of Toronto, ’SUNY, Buffalo State University. Geochemical
heterogeneity at the sediment-water interface is linked to a presence of freshwater mussels
in Lake Ontario.

The benthic communities of Lake Ontario have been studied intensively over the last six
decades. The invasion of dreissenid is a main feature of the Lake Ontario benthic community,
dominated by quagga mussels, it is one of the major drivers of observed changes over the last half
century. However, it remains unclear how sediment vertical zonation is linked to mussels' spatial
distribution or mussels' impact on the sediment-water interface. In this aspect our study aims to
investigate the sediment water interface and link biogeochemical conditions to freshwater mussel
abundances. To achieve this sediment cores were examined in conjunction with depth-profiles of
organic carbon, nutrients and geochemistry. Sediment cores were collected at various depths from
off-shore and on-shore stations at the 35m, 51.3m, 106m, 152m and 211m with varying distributions
of mussels. The data collected from depth-profiles and cores were coupled with geochemical data to
create simple models using AQUSIM. These models were extrapolated and used to calculate rates of
carbon mineralization and nutrient retention. Morphological examination as well as elemental
composition of samples was examined through a combination of scanning electron microscopy
(SEM), and energy-dispersive X-ray spectra (EDS). Morphological characterization was performed
in conjunction with mineralogical characterization using X-ray diffraction (XRD) to validate
geochemical modelling. Additionally, to evaluate the impact of mussels on benthic biogeochemistry,
microbial community analysis was conducted using amplicon sequencing on short cores from all
sampling stations.

Sonja Drosdowech', Marcia Chiasson®, David Huyben® and Neil Rooney”, 'School of
Environmental Sciences, University of Guelph, *Ontario Aquaculture Research Centre, University of
Guelph, *Department of Animal Biosciences, University of Guelph, *University of Guelph, School
of Environmental Sciences. Replacing fishmeal with insect meal reduces waste phosphorus in
farmed rainbow trout.

The inclusion of fishmeal and fish oil as primary protein sources in feeds for farmed fish is
not ecologically sustainable and alternative protein sources need to be evaluated. The aim of this
study was to determine the effect of defatted black soldier fly larvae (Hermetia illucens), adult cricket
(Gryllodes sigillatus) and superworm (Zophobas morio) on the growth and nutrient assimilation for
juvenile rainbow trout (Oncorhynchus mykiss). Fish were fed one of four dietary treatments: a
control diet with 20% fishmeal, and three experimental diets containing either 15% defatted black
soldier fly meal, full-fat adult cricket meal or full-fat superworm meal, where each insect meal
partially replaced fishmeal and fish oil. No significant differences were detected among the diets for
growth performance indicators or body indices. No significant effects among the diets were found
on whole-body carcass saturated fatty acids (SFAs), monounsaturated fatty acids (MUFAs),
polyunsaturated fatty acids (PUFAs) n-3 and n-6. In contrast, lauric acid and myristic acid were
significantly higher in fish fed black soldier fly diet. Importantly, the apparent digestibility of
phosphorous was significantly improved for all insect diets compared to the control. These results
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indicate that insect meals can partially replace fishmeal and fish oil in diets for rainbow trout without
compromising growth performance while also reducing phosphorous in fish waste.

Ken Drouillard', Satyendra Bhavsar®, April White’ and Ted Briggs®, 'University of Windsor,
*Ministry of Environment, Conservation and Parks, *Environment and Climate Change Canada.
Assessment of fish consumption restrictions in Canadian portions of the Detroit River Area
of Concern.

Fish consumption restrictions were assessed for Canadian waters of the Detroit River Area
of Concern (AOC) by adopting a tiered assessment framework. Tiers 1 to 3 evidence lines were
compiled for indicators: brown bullhead, largemouth bass and walleye as specified by the delisting
criteria in the Stage 2 RAP report. Tier 1 compared fish consumption restrictions in indicators
against an unrestricted consumption critetia of 8 meals/month. Brown bullhead passed the critetia
but the other two fish failed. Tier 2 compared whether restrictions in the AOC were more stringent
compared to Great Lakes reference areas. This tier failed for largemouth bass and walleye. Tier 3
compiled multiple evidence lines related to fish chemistry and fish movements and interpreted
outcomes by a weight of evidence (WOE) decision matrix. Largemouth bass passed but walleye
failed. Tier 4 compiled evidence lines concerning spatial and temporal trends of environmental
contamination in the AOC to evaluate if additional restoration actions in Canadian waters would
further reduce fish consumption restrictions. The WOE interpretation for Tier 4 indicated a lack of
evidence for local sources (i.e. within Canadian waters of the AOC) contributing to excess mercury
or PCB bioaccumulation in fish, but recognized that planned sediment restoration activities for U.S.
portions of the AOC are likely to benefit Canadian caught fish. Based on these outcomes, it is
recommended that BUI #1 be re-assessed as not impaired.

Molly Duhamel', Ashley Braucksieck®, Robert Furlong®, Jon Rife', Lauren Eggenton?, Brady
Swartz', Kevin O'Shea’, Kara Tarallo*, Christina Kuchle®, Lauren Kinsman-Costello’ and W. Robert
Midden®, 'Otsego Junior High School, *Otsego High School, *Otsego Local Schools, “Ohio
Department of Natural Resources, *Kent State University, ‘Bowling Green State University. A
wetlands project designed for K-12 students to engage in citizen science.

The State of Ohio is funding the H2Ohio program which includes creating and restoring
more than 7,000 hectares of wetlands as one means of reducing phosphorus transport into
destination water bodies to reduce Harmful Algal Blooms. One project across the street from a
public school district has been designed as a living laboratory to enable student participation in
citizen science. Community members, conservation partners, and H2Ohio agreed this is an excellent
opportunity to create wetlands to improve watet quality while providing powerful hands-on/minds-
on education opportunities. H2Ohio values student involvement in these restoration projects
because they are the next generation that will be responsible for the use and management of our
natural resources. Goals set by teachers for their students’ participation include instilling values of
respect and responsible behavior towards the environment, emphasizing environmental ethics,
conservation and stewardship. Junior high and high school students are generating data that will be
used by the professional scientists who are monitoring the effectiveness of these wetlands. Activities
include assessing wetland benefit by comparing water quality of wetlands pools to the adjacent creek
that serves as the watershed collection point, evaluating biodiversity of the different ecological
regimes using Simpson’s Biodiversity Index, as well as analyzing their data and presenting their
research reports to stakeholders such as the Toledo Metropolitan Area Council of Governments.
Teachers and students will present this with H2Ohio scientists and staff.
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Alexander Duncan, Centre for Indigenous Fisheries, University of British Columbia. Listening to
rightsholders: Bimiizii (sea lamprey) in the Great Lakes.

The control of sea lamprey serves a critical role in the management of fisheries in the
Laurentian Great Lakes, successfully suppressing populations over the last several decades. During
this time however, there has been inconsistent recognition and consideration of First Nations
(CAN) and Tribal (US) interests and inherent rights. Research priorities, articulated in (and beyond)
the literature, emphasize the need for Indigenous-led research and for Indigenous perspectives and
values to inform decision-making and successful, equitable management of aquatic resources. Novel
research seeks to document Indigenous perspectives and experiences with sea lamprey and their
control within the Great Lakes. We will share this project’s impetus and framing, and discuss early
findings and future directions.

Erin Dunlop"? and Issac Hébert', 'Ontario Ministry of Natural Resources and Forestry,
*Environmental and Life Sciences Graduate Program, Trent University. Eatly life history
dynamics of coregonines in lakes Huron and Simcoe.

Coregonines, including cisco (Coregonus artedi) and lake whitefish (C. clupeaformis), play
important ecological roles in the food web and support valuable commercial, subsistence, and
recreational fisheries in lakes throughout their species ranges. In lakes Huron and Simcoe, both
species experience a myriad of stressors, including invasive species, climate change, and habitat
alteration that impact population dynamics and fisheries sustainability. Despite common stressors,
coregonine population dynamics show different trends between species and lakes, for example with
lake whitefish population abundance and recruitment declining precipitously in Lake Huron but
having more stability in Lake Simcoe. To understand how processes affecting early life contribute to
population dynamics of coregonines in these different systems, we compared the year-to-year
variability in larval fish emergence, abundance, growth, and spatial distribution between study sites
in lakes Huron and Simcoe. We furthermore measured zooplankton biomass to examine the role of
food availability in the survival and growth of larval fish. Lake Simcoe, where excessive nutrient
loading is a concern and coregonine populations are recovering, was had higher levels of
zooplankton biomass during the spring larval period. By contrast, the Fishing Islands region in Lake
Huron had relatively lower zooplankton biomass but higher larval lake whitefish densities than other
areas in Lake Huron and in Lake Simcoe. These findings have implications for recruitment to the
juvenile life stage and for the future sustainability of these valuable populations.

Hamed Ebrahimi', L.eon Boegman' and Reza Valipour?, 'Queen's University, Smith Faculty of
Engineering and Applied Science, Department of Civil Engineering, Kingston, Ontario, Canada,
*Environment and Climate Change Canada, Water Science and Technology, Canada Centre for
Inland Waters, Burlington, Ontario, Canada. Automated calibration of a three-dimensional
hydrodynamic and surface water quality model using machine learning.

Process-based coupled hydrodynamic-biogeochemical model are used to simulate surface
water quality issues in lakes. In Lake Erie, these include eutrophication, invasive species impacts,
harmful algal blooms, hypoxia, and the impacts of climate change. Despite efforts by skilled lake
modelers, calibration of these models remains subjective and challenging. These challenges result
from the laborious and computational demanding simulations associated with trivial tuning of
numerous interconnected model parameters to validate models against numerous field observations.
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The combination of these factors, along with uncertainties arising from model grid-induced aliasing
and uncertainty in boundary conditions (e.g., meteorological forcing and riverine inputs), results in
subjective and under-calibrated representations of the simulated physical-biogeochemical processes
in lakes. In this study, we incorporated the XGBoost machine learning algorithm to impartially
calibrate the Aquatic Ecosystem Model 3D for Lake Erie, assess model sensitivity to calibration
parameters and uncertainty introduced by boundary forcing and grid resolution. This provides the
groundwork for efficient calibration with minimal uncertainty to develop fully automated water
quality models for the Great Lakes and elsewhere.

Alyssa Eck', Andrew McQueen', Catherine Thomas', Afrachanna Butler!, Todd Slack’, Gregory
Mausolf® and Jeffrey Bednar’, 'US Army Engineer Research and Development Centet, *US Army
Corps of Engineers - Detroit District, "Macomb County Public Works. Distribution,
Environmental Drivers and Risks of Microseira wollei.

Noxious growths of the cyanobacterium, Microseira wolle: have recently increased within the
western portion of Lake St. Clair, MI. However, there are uncertainties related to historical spatial
distribution of M. wollei within Lake St. Clair and throughout North America, environmental drivers
stimulating blooms, and potential human and ecological health risks. Therefore, to address these
uncertainties, a strategic literature review was performed and information gained from this review
will inform future management. Occurrences of M. wollei in North America have been reported from
Canada to Florida, with anecdotal observations fitting the general description of M. wollei within
Lake St. Clair dating back 30yrs. Based on laboratory and field data, the environmental tolerances of
M. wollei are relatively broad. M. wollei can proliferate with a pH from 7 to 9, specific conductance
from 250 to 1,200puS/cm, light intensities from 11 to 100umol photons m™s™, temperatures from 20
to 35°C, and nutrient concentration ranging from 0.6mg/L NOs-N to 83mg/L NO;-N and
0.55mg/L POy -P to 5.5mg/L PO,-P. Environmental drivers may be site-specific and specific to the
M. wollei population. Human health risks from M. wollei may originate from toxins and disinfection
byproducts. M. wollei has the potential to produce a range of toxins; however, the most prevalent
toxins are saxitoxins, a group of neurotoxins. The potential human health risks associated with toxin
production of M. wolle highlight the need for adaptive management.

Devin Edge', Amber McRae', Sophia Nelson', Hunter Peterson', Riley Brunner!, Kathryn
Schreiner’, Chan Lan Chun', Euan Reavie', Christopher Filstrup' and Bridget Ulrich', 'Natural
Resources Research Institute, University of Minnesota Duluth, “Large Lakes Observatory, University
of Minnesota Duluth. New perspectives on spatial and temporal distributions of legacy and
emerging contaminants in Lake Superior.

Many legacy and emerging organic contaminants are resistant to environmental degradation
and are known to accumulate in sediments. We aim to advance understanding of relationships
between environmental distributions of persistent bioaccumulative toxic contaminants (PBTs) and
overall ecosystem health in the Great Lakes, as part of the US EPA’s Great Lakes Sediment
Surveillance Program. This presentation will focus on the spatial and temporal trends for legacy and
emerging organic contaminants in Lake Superior. 90 sediment samples (30 surface sediments and 60
samples from 3 sediment core profiles) were collected in 2021 from the R/V Lake Guatdian, and
138 legacy and emerging contaminants (including polychlorinated biphenyls, polybrominated
diphenyl ethers, and novel halogenated flame retardants) were analyzed in the sediments via gas
chromatography triple quadruple mass spectrometry (GC QQQ-MS). Comparison of the new
sediment core data with historical data from the same sites show that concentrations change over
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time for several analytes. These findings provide important context for interpretation of historical
sediment data in conjunction with data from contemporary ecological surveys.

Thomas Edge', Rachel Boyd’, Jan Ciborowski’, Jerome Comte?, Ngan Diep*, Alice Dove?, Phoenix
Shum?, Zachery Staley’, Janis Thomas®, Linet Watson®, Susan Watson®, Arthur Zastepa® and Sophie
Crevecoeur’, 'McMaster University, ‘Environment and Climate Change Canada, *University of
Windsor, *Ontario Ministry of Environment, Conservation, and Parks. Microbial soutce tracking
of fecal pollution (human and ruminant) and nutrients along the Thames River to Lake Erie
corridor, Ontario.

Applications of molecular and genomics technologies offer many opportunities to enhance
water quality surveillance. As part of the Canadian federal government’s Ecobiomics Project to
advance molecular and genomics technologies, a microbial source tracking study was conducted to
identify sources of fecal pollution and nutrients from the Thames River to Lake Erie corridor. A
biweekly sampling program collected 2,258 water samples between 2016-2018 from the Thames
River, and nearshore waters of Lake St Clair, Detroit River, and western basin of Lake Erie. Water
samples were analyzed for nutrients, E. co/;, and host-specific human (HF183) and ruminant
(Rum2Bac) microbial DNA markers by digital PCR. While E. co// data could identify hot spots and
peak times of fecal pollution, they could not be used alone to assess sources of fecal pollution and
nutrients. The human and ruminant DNA markers were detected at varying concentrations at all
sampling sites, and their use enabled discrimination between sources of human and ruminant (e.g.
cattle) fecal pollution, better interpretation of E. co/i and nutrients data, and testing of assumptions
about sources of fecal pollution and nutrients. Ecobiomics Project applications of digital PCR (this
study), and metabarcoding of cyanobacteria (Crevecoeur et al. 2023. Frontiers in Micro.) along the
Thames River-Lake Erie corridor, demonstrate how molecular and genomics technologies can
enhance water quality surveillance, and advance assessment of human and ecosystem health risks.

Abel Egbemhenghe, Texas Tech University. Chemical Analysis of Essential Trace Elements
in Wastewater Samples Collected from Four Different Mines.

Mine water contains trace heavy metals which are some essential trace elements in high
concentrations causing the pollution of nearby water bodies, related ground waters and soils
degradation. The aim of the study is to identify and quantify the essential trace elements present in
the different mine water samples and their level of toxicity. Digestion technique was employed to
pretreat the mine wastewater before analysis. Physicochemical analysis was conducted for pH,
electrical conductivity (EC), total dissolved solids (TDS), and salinity. The samples collected from
four different locations are Sample A (Gold mine), Sample B (Copper mine), Sample C (Iron mine),
Sample D (Tin mine). The raw or untreated mine water samples were analyzed using inductively
coupled plasma optical emission spectroscopy (ICPOES). The results showed the essential trace
elements present in all the mine water samples are Mn, Cu, Fe and Zn. Cu is highly concentrated in
copper (73.87 mg/L) and tin (2.09 mg/L) mine water while Fe is dominant in water samples
collected from gold (7.19 mg/L) and iron (13.12 mg/L) mines. In conclusion, the essential trace
elements Mn, Cu, and Fe present in all the mines are very high and can be harmful to human life in
the environment but the concentrations of Zn in the entire mine water samples are within the
permissible level of standard drinking water and hence it can pose no threat to human life.

Lindsie Egedy’, Jonathan Doubek’, Kevin Kapuscinski’, Simon Freeman®, Erin Dunlop’, Jose
Bonilla-Gomez*, Ralph Tingley' and Cory Brant', "U.S. Geological Survey Great Lakes Science
Center, “Lake Supetior State University, *Ontario Ministry of Natural Resources and Forestry, “U.S.
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Fish and Wildlife Service. Post-larval juvenile lake whitefish spatial distribution in Lake
Huron, 2022.

During the 2022 Lake Huron CSMI year, the U.S. Geological Survey and Lake Superior
State University partnered to sample post-larval and juvenile Lake Whitefish using bag seines in the
North Channel and Southern Lake Huron in effort to evaluate differences in abundance, growth,
and diet across areas of contrasting lower trophic level productivity. Here we present these data with
additional 2022 sampling efforts from the U.S. Fish and Wildlife Service and the Ontario Ministry of
Natural Resources and Forestry to visualize differences in abundance across the lake. Sample sites
included multiple locations along the northern, central, and southern shorelines of Lake Huron.
Larval lake whitefish were confirmed to be present at all sites in surface tows eatlier in the season.
Juvenile lake whitefish were captured in Saginaw Bay as well as other regions of the central and
northern basin in bag seines later that summer. Interestingly, we found no juvenile coregonines in
bag seine catches at the southern sites (Harbor Beach, Port Sanilac, Lexington, and Port Huron). It’s
notable that no post-larvae juveniles were captured at southern sites. Further analyses (i.e., diet,
growth, CPUE comparisons) may reveal evidence of recruitment constraints for lake whitefish and
can inform where future sampling or long-term monitoring may be valuable.

Festus Eghe, University of Benin. Developing a Sediment-Specific Multimetric Index
(SMMI) for Assessing the Effects of Fine Sediments in the Ogba River and its Tributaries,
Edo State, Nigeria.

Sedimentation of freshwater systems, including rivers and lakes, is one of the leading causes
of water quality deterioration. The Ogba River, Edo State, Nigeria, is vulnerable to elevated
sediment impact due to dispersive soils that are easily erodible. We lack biomonitoring-specific tools
for monitoring the effects of sediment stress in Nigeria, hindering the efforts of water resource
managers to make informed decisions and policy formulations to manage sediment effects. In this
study, the taxonomy approach was used to assess the responses of macroinvertebrates to sediments
in the Ogba River, Delta State. Macroinvertebrates were sampled seasonally from 2016 to 2018 from
eight sites, using the South African Scoring System version 5 as a collecting protocol. We selected
sites to represent a gradient of sediment influence from the highly impacted to moderate and the
least affected, referred to as the control sites. A multimetric sediment index (SMMI) was developed
to monitor the impact of fine sediments on macroinvertebrate assemblages of this river. The
developed SMMI could distinguish between highly impacted vs moderately impacted during the wet
season and responded to seasonality. The newly developed SMMI indicated that the effects of
sediments were more harmful in the wet than in the dry season. Thus, the SMMI performed well in
distinguishing highly sedimented sites from less sedimented sites. We hope that SMMI will
contribute towards developing an effective sediment monitoring index for the country.

Jane Elder, Great Lakes Ecoregion Network. Great Lakes sustainability requires social,
economic, and institutional transformation.

More than fifty years after the first Great Lakes Water Quality Agreement, the Great Lakes
ecoregion continues to carry the burden of legacy pollution, invasive species, algal blooms, and rust
belt recovery, while also grappling with the twin crises of climate change and biodiversity loss.
Incremental progress under current policy and institutional frameworks is laudable, but insufficient
to achieve a healthy system affected by so many stressors and their pace and scale. Achieving
sustainable resilience in human and ecological communities requires new collaborative approaches
and new policy-making frameworks in a world that urgently needs healthy and sufficient food, safe
and abundant water, as well as robust natural systems able to withstand climate disruption, soil
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depletion, species extinction and other global threats. Eroding trust in public institutions and science
exacerbates the challenge. Our collective health and well-being depends on re-imagining our
relationship with the lakes, the land, and our communities, and envisioning a new approach
informed by deep traditional knowledge, community cohesion, and visionary leaders. How can
science help, and how can we help science in this transformation? Elder will discuss these and related
findings from her new book (MSU Press), Wilderness, Water & Rust, relevant to the session topic.

Ashley Elgin', Steve Pothoven', Alexander Karatayev?, Lyubov Butlakova® and Thomas Nalepa’,
"National Oceanic and Atmospheric Administration Great Lakes Environmental Research
Laboratory, *Great Lakes Center, Buffalo State University, "National Oceanic and Atmospheric
Administration Great Lakes Environmental Research Laboratory, Retired. Catching history in a
Ponar: Documenting decades of dreissenid mussel invasion in Lake Michigan.

The introductions of invasive dreissenid mussels (zebra mussels, Dreissena polymorpha and
quagga mussels, D. rostriformis bugensis) have had profound impacts throughout the Laurentian Great
Lakes basin. A benthic monitoring program established by the NOAA Great Lakes Environmental
Research Laboratory in the early 1980’s documented the status of bottom-dwelling organisms in
Lake Michigan following decades of phosphorus abatement. These baseline surveys proved to be
especially valuable given the introduction of invasive dreissenid mussels that occurred in the decade
to follow. Monitoring efforts and approaches have expanded over time to capture this dynamic
invasion. Our talk will describe the population trajectories of dreissenid mussels in Lake Michigan
over several decades and summarize the resulting ecosystem effects. We will also incorporate
findings from complementary mussel veliger, growth, and reproduction studies to offer insights into
future trends for dreissenid mussels in Lake Michigan.

Ahmed Elsayed', Jana Levison', Andrew Binns', Marie Larocque® and Pradeep Goel’, 'School of
Engineering, Morwick G360 Groundwater Research Institute, University of Guelph, Guelph,
Ontario, Canada, *Department of Earth and Atmospheric Sciences, Université du Québec a
Montréal, Montréal, Québec, Canada, *Ministry of the Environment, Conservation and Parks
(MECP), Etobicoke, Ontario, Canada. Application of machine learning algorithms for
quantification of nutrient transport in two distinct agricultural settings.

Agricultural fields are significant non-point sources of releasing nutrients (e.g., nitrogen and
phosphorus) to surface water and groundwater due to the application of synthetic fertilizers and
manure. This can deteriorate water quality, leading to critical environmental and public health
problems. In addition, multiple factors affect nutrient transport in agricultural areas such as soil,
climate, and field conditions. Thus, quantification and understanding of nutrient transport in water
resources is essential. Machine learning (ML) algorithms can be implemented as an effective
approach to better understand nutrient transport processes in surface water and groundwater. ML
algorithms can yield high performance for simulating the complexity of transport processes since
they can diagnose the interdependence between the involved process variables where ML models
deal with the input and output variables based on historical observations. In the current study,
multiple families of classification and regression ML algorithms were implemented on two datasets
obtained from two distinct agricultural watersheds in the Great Lakes Basin in Ontario, Canada,
with clay plain (i.e., Upper Parkhill) and sand plain (i.e., Lower Whitemans Creek) settings, to
characterize nutrient concentrations in surface water and groundwater. The input variables of ML
models included climatological (e.g., precipitation), hydrological (e.g., stream flow) and field (e.g.,
land use) conditions. The results of ML models can be used by decision makers to take effective
measures to enhance and protect groundwater and surface water quality in agricultural watersheds.
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Reagan Errera', Casey Godwin’, Mark Rowe', Craig Stow', Steve Ruberg', Rick Stumpf’, Greg
Doucette’, Gregory Dick?, Andrea Vander Woude', Lauren Marshall', Danna Palladino’, Duane
Gossiaux', Ashely Burtner', Christina Mikulski’ and Henry Vanderploeg', NOAA GLERL,
*CIGLR, "NOAA NCCOS. Advancements in HAB research since the Toledo Water Crisis: a
decade of GLERL science.

In August 2014, a toxic cyanobacteria bloom in western Lake Erie triggered a crisis for half a
million residents around Toledo, OH, becoming the first major occurrence of harmful algal bloom
(HAB) shutting down US drinking water supply. NOAA GLERL and other partners have been key
scientific contributors to the advancement of our understanding of cyanobacteria HABs (cHABs)
via the development of monitoring networks throughout the Great Lakes, testing and developing
emerging technologies, and creating predictive models. We have developed a better understanding
of bloom dynamics through weekly ecological monitoring, which supports NOAA forecasts and
end-users, real-time water quality buoys that provide context for research and awareness for
resource managers, Environmental Sample Processors (ESP), hyperspectral imaging, and the
integration of these data into our modeling efforts. Through implementation of ‘omics techniques,
we have been able to identify key cyanobacteria strains, track community and microcystin congener
shifts, and provide near real-time toxin concentrations to stakeholders. Concomitant laboratory
experiments have identified important environmental factors that influence the blooms’ dynamics.
This presentation will describe advances in our scientific understanding of bloom dynamics in Lake
Erie, over the past decade and how GLERL and its partners provide essential information to the
scientific community, managers, and public stakeholders.

Hana Esber, Michael Back, Kenneth Anderson, Bishwodeep Adhikari, Raissa Mendonca and
Lauren Kinsman-Costello, Kent State University. Wetland surface water extent at St. Joseph’s
River Restoration Project using PyGEE- SWToolbox.

Wetlands are areas with variable flooding throughout the year. Measuring the extent of
surface water flooding can provide information about the wetland's features and structure. Wetland
inundation regimes could affect the nutrient cycling and how development is planned. We
investigated wetland inundation and asked: 1) How does a recently restored wetland flood
throughout the typical yeat? 2) What is the most accurate water index /threshold to use on new
wetland projects? We estimated inundation timing and extent at the H2Ohio St. Joseph’s River
Restoration Project (SJRE) using a Python-Google Earth Engine Surface Water Analysis Toolbox
(PyGEE-SWToolbox). The SJRE is being intensively monitored by the H2Ohio Wetland
Monitoring Program, which will support validation of remotely sensed inundation data. We ran
several analyses with different threshold markers and settings and used the PyGEE-SWToolbox
water hydrograph tool to identify peak surface water extent events and generate comparative raster
images to map inundation patterns. Results indicate that SJRE not only floods from the adjacent St.
Joseph’s River, but also from the tile drains, peak surface water inundation extent occurs during
winter months, and that ice/snow treflection might be a factor influencing the water extent tool. This
work can lead to a greater understanding of how restored wetlands hold surface water and handle
flood events.

Peter Esselman’, Shadi Moradi®, Anthony Geglio' and Joseph Geisz*, 'US Geological Survey Great
Lakes Science Center, *Michigan Technological University Great Lakes Research Center. A new
status and trends dataset for round goby lake-wide abundances using robots carrying
cameras.
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Invasive round goby (Neagobius melanostomus) have become an important prey item for Great
Lakes predators and can have negative impacts on native species populations. Traditional methods
for round goby monitoring, such as bottom trawling, are widely considered to underestimate round
goby abundances due to their inefficiency in habitats preferred by round goby during the sampling
season (e.g., shallow, rocky habitats). Here we present the results of a six-year effort to develop and
validate a new substrate-agnostic method to survey round goby in clear-water lake environments
using autonomous underwater vehicles (AUVs) carrying down-looking cameras. We present a
machine vision pipeline that automatically detects and estimates round goby biomass densities and
local substrate conditions in tens of thousands of images with good accuracy, repeatability, and
computational efficiency. We applied the pipeline to estimate lake-wide abundances of round goby
in Lake Michigan (2020 - 2023), Lake Huron (2021 - 2023) and Lake Ontario (2022 - 2023),
highlighting the cross-lake comparability of biomass estimates. Our results show that round goby
abundances may have been underestimated by at least an order of magnitude in historic bottom
trawl assessments. We suggest that the data presented may serve as an excellent foundation for
continued status and trends monitoring using autonomous vehicles, and point to opportunities to
simultaneously enhance monitoring of dreissenid mussels, nuisance algae, substrates and other
lakebed features.

Peter Euclide, Illinois-Indiana Sea Grant | Purdue University. What the Pareto principal can tell
us about the Lake Michigan Salmonid fishery.

The pareto principle predicts that 80% of productivity results from 20% of effort. We apply
this principle to a 30-year dataset of reported salmonid catch from charter fishers in Lake Michigan
to test the hypothesis that catch results from a disproportionately small number of expeditions,
locations, months, and years. By comparing total harvest numbers of each species combined and
separately, we find that concordance to the Pareto Principal differs among species. In all species,
there is strong spatial bias whereby 20% of 10X10 grids represent >85% of raw catch for each of
the five species investigated. The degree of this spatial bias differs, whereby 96% of coho comes
from just 20% of grids while both rainbow trout and lake trout are caught somewhat more widely.
Certain grids consistently contain high effort and catch (i.e., in the top 20% of the distribution) for
all 5 species but other grids represent high catch for only a single species suggesting potential
differences in niche space among species. While results indicate that spatial variance in catch is
highly localized, the cause of this localization is likely a combination of angler and fish behavior.

Mary Anne Evans', Megan McCusketr” and Todd Howell’, 'U.S. Geological Survey, Great Lakes
Science Center, Environment and Climate Change Canada, Water Quality Monitoring and
Sutveillance Division, *Ontario Ministry of the Environment, Conservation and Parks,
Environmental Monitoring and Reporting Branch. Cladophora community assessments: Shared
Lakes, Shared Data.

Due to nuisance conditions caused by excessive algal washup, benthic algal Cladophora
community assessment is conducted to support management plans under the Great Lakes Water
Quality Agreement. Sentinel site assessments of the benthic algal community have been conducted
in the Canadian and US waters of the Great Lakes to assess abundance, growth, temporal trends,
and drivers of growth. Assessments in Canadian waters began in Lake Erie in 2012, expanding to
Lake Ontario in 2017. Assessments in the US waters of Lakes Erie, Ontario, Huron, and Michigan
began in 2018 using complementary methods. Preliminary analysis of overlapping years in the Lake
Erie data set suggest comparability in biomass measurements and no trend through time.
Historically, nuisance growth has been controlled by local nutrient reductions. However, large scale
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disturbance of Great Lakes nutrient cycling by invasive dreissenid mussels has cast into doubt the
continued effectiveness of nutrient limitation as a tool for Cladophora community control. Filter
feeding and excretion by Dreissenid mussels concentrates available nutrients in near bottom water;
increases light penetration, increasing the potential depth distribution of benthic algae; and increases
the surface area of hard substrate for algal attachment. We will explore comparative analysis of
drivers of growth and biomass between US and Canadian waters as well as among lakes to evaluate
the potential effectiveness of nutrient based Cladophora community control in the current ecosystem.

Thomas Evans', Lars Rudstam', Mark DuFour?, Suresh Sethi’, Daniel Yule*, S. Dale Hanson’,
Benjamin Turschak’, David Warnet’, Steven Farha’, Timothy O'Brien’, Jeremy Holden®, Kevin
McDonnell’, Steven Senczyszyn'’, Andrew Barnard'' and Peter Esselman’, 'Cornell University,
Dept. Natural Resources and the Environment, *U.S. Geological Survey, Great Lakes Science
Center, Lake Erie Biological Station, *Brooklyn College, School of Natural and Behavioral Sciences,
*U.S. Geological Survey, Lake Superior Biological Station, *U.S. Fish and Wildlife Service, Green Bay
Fish and Wildlife Conservation Office, “Michigan Department of Natural Resources, Charlevoix
Fisheries Research Station, "U.S. Geological Survey, Great Lakes Science Center, *Ontatio Ministry
of Natural Resources and Forestry, Lake Ontario Management Unit, *Alpena Fish and Wildlife
Conservation Office, US Fish and Wildlife Service, '"Department of Civil and Environmental
Engineering, Michigan Technological University, ''Graduate Program in Acoustics, Penn State.
Assessing fish avoidance to motorized acoustic survey vessels using quiet uncrewed surface
vessels in Lake Erie.

Acoustic surveys provide an opportunity to assess spatially extensive stocks and are widely
employed for prey fish surveys in the Great Lakes. However, a major assumption of these surveys is
that fish exhibit normal behavior, i.e., they do not avoid or respond to approaching vessels which
would bias survey estimates. If fish detect and avoid vessels, it is likely in response to engine noise.
Quiet uncrewed platforms are becoming increasingly available and offer the opportunity to explore
bias in fisheries surveys. A quiet uncrewed surface vehicle (USV) operated by Saildrone was
equipped with a 120 kHz Simrad EKS80 transducer and deployed in Lake Erie during the summer of
2023; these USVs were overtaken by four motorized vessels. We evaluated if 2 km transects
measured by motorized vessel and USV showed similar acoustic density and behavioral responses.
We also explored whether acoustic responses changed as motorized vessels approached the USV.
This work is compared to similar studies conducted in 2021 and 2022 in Lakes Huron, Michigan,
and Superior. Findings from this work will inform interpretation of acoustic data in the Great Lakes
and provide the largest scale testing of fish avoidance during acoustic surveys to date.

Mona Farhani, Alice Grgicak-Mannion, Paul Weidman and Kenneth Drouillard, University of
Windsor. Using deep learning Neural Network model to interpolate sediment PCBs in the
Detroit River.

Downscaling and interpolation of disparate sediment chemistry datasets in complex,
dynamic systems such as Great Lakes connecting channels requires advanced machine learning tools
such as Artificial Neural Networks (ANNSs). Such networks can be highly effective at handling non-
linear relationships between diverse sets of user-generated inputs. In this study, ANNs were
employed to interpolate high resolution maps of sediment PCBs in the Detroit River Area of
Concern. We compiled sediment PCB concentration data from multiple surveys from University of
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Windsor and Michigan EAGLE/EPA to facilitate model training. ANNs were produced b