Pu Ge (Orcid ID: 0000-0002-0818-8795)

Pearce Nolan (Orcid ID: 0000-0001-6600-5275)
Bramburger Andrew ] (Orcid ID: 0000-0002-0925-9428)
Chaffin Justin D. (Orcid ID: 0000-0002-5372-4577)

Glyshaw Paul (Orcid ID: 0000-0003-1962-2021)

Xenopoulos Marguerite A. (Orcid ID: 0000-0003-2307-948X)
Ozersky Ted (Orcid ID: 0000-0002-1842-7745)

Title
The Great Lakes Winter Grab: Limnological Data from a Multi-Institutional Winter Sampling
Campaign on the Laurentian Great Lakes

Authors

Ge Pu!, Krill Shchapov?, Nolan J. T. Pearce?, Kelly Bowen®*, Andrew Bramburger’, Andrew
Camilleri®, Hunter Carrick’, Justin D. Chaffin®, William Cody®, Maureen L. Coleman'®, Warren J.S.
Currie*, David C. Depew!!, Jonathan P. Doubek'>!3, Rachel Eveleth!*, Mark Fitzpatrick?, Paul W.
Glyshaw!®, Casey M. Godwin®, R. Michael McKay'®, Mohiuddin Munawar*, Heather Niblock?,
Maci Quintanilla!’, Michael Rennie!®!?, Matthew W. Sand*’, Kimberly J. Schraitle?®, Michael R.
Twiss?!, Donald G. Uzarski’’, Henry A. Vanderploeg!®, Trista J. Vick-Majors'’, Judy A.
Westrick??, Bridget A. Wheelock?’, Marguerite A. Xenopoulos®, Arthur Zastepa!!, Ted Ozersky?*
' Cleveland Water Alliance, Cleveland, Ohio, USA.

2 Cawthron Institute, Nelson, New Zealand.

3 Department of Biology, Trent University, Peterborough, Ontario, Canada.

* Great Lakes Laboratory for Fisheries and Aquatic Sciences, Fisheries and Oceans Canada,
Burlington, Ontario, Canada.

> Watershed Hydrology and Ecology Research Division, Water Science and Technology
Directorate, Environment and Climate Change Canada, Burlington, Ontario, Canada.

® Cooperative Institute for Great Lakes Research, University of Michigan, Ann Arbor, Michigan,
USA.

" Dept. of Biology and Institute for Great Lakes Research, Central Michigan University, Mt.
Pleasant, Michigan, USA.

8F.T Stone Laboratory, The Ohio State University, Put-in-Bay, Ohio, USA.

% Aquatic Taxonomy Specialists, Malinta, Ohio, USA.

19 Department of the Geophysical Sciences, University of Chicago, Chicago, IL, USA.

' Environment and Climate Change Canada, Science and Technology Branch, Burlington, Ontario,
Canada.

12 School of Natural Resources, Lake Superior State University, Sault Sainte Marie, Michigan,
USA.

13 Center for Freshwater Research and Education, Lake Superior State University, Sault Sainte
Marie, Michigan, USA.

4 Department of Geosciences, Oberlin College, Oberlin, Ohio, USA.

ISNOAA Great Lakes Environmental Research Laboratory, Ann Arbor, Michigan, USA.

16 Great Lakes Institute for Environmental Research, University of Windsor, Windsor, Ontario,
Canada.

This is the author manuscript accepted for publication and has undergone full peer review but has
not been through the copyediting, typesetting, pagination and proofreading process, which may
lead to differences between this version and the Version of Record. Please cite this article as doi:
10.1002/1012.10447

This article is protected by copyright. All rights reserved.


http://orcid.org/0000-0002-0818-8795
http://orcid.org/0000-0001-6600-5275
http://orcid.org/0000-0002-0925-9428
http://orcid.org/0000-0002-5372-4577
http://orcid.org/0000-0003-1962-2021
http://orcid.org/0000-0003-2307-948X
http://orcid.org/0000-0002-1842-7745
http://dx.doi.org/10.1002/lol2.10447
http://dx.doi.org/10.1002/lol2.10447

7 Department of Biological Sciences, Michigan Technological University, Houghton, Michigan,
USA.

18 Department of Biology, Lakehead University, Thunder Bay, Ontario, Canada.

9 1ISD Experimental Lakes Area, Winnipeg, Manitoba, Canada.

20 Institute for Great Lakes Research, CMU Biological Station and Department of Biology, Central
Michigan University, Mt. Pleasant, Michigan, USA.

21 Department of Biology, Algoma University, Sault Ste Marie, Ontario, Canada.

22 Lumigen Instrument Center, Wayne State University, Detroit, Michigan, USA.

23 Large Lakes Observatory, University of Minnesota Duluth, Duluth, Minnesota, USA.

Author Contribution Statement

GP and TO wrote most of the manuscript text with contributions from AB, HC, WC, WISC, DD,
MF, RM, MM, NP, MRT, TV, WW, MAX, AZ for method information. GP led data management
and QA/QC efforts, as well as deposition of data in data repositories. KS directed field and sample
analysis coordination and logistics. KS, NP, GP, and TO analyzed data. KS, NP, KB, AB, AC, JDC,
WC, DD, JPD, RE, PWG, CG, RM, HN, MQ, MR, MRT, HV, TV, MAX, AZ participated in field
operations. KS, NP, KB, HC, WC, MLC, DD, RE, MF, CG, RM, HN, TO, MQ, MRT, WW, MAX,
AZ, performed sample analysis. NP and TO created figures. AB, AC, HC, JDC, MLC, WISC, DD,
JPD, RE, MF, PWG, CG, RM, MM, HN, TO, NP, MR, MRT, HV, TV, MAX, AZ contributed to
conception or design of the project. TO directed the overall project. All co-authors read and
contributed to editing the paper.

Corresponding author Email:
Ted Ozersky: tozersky@d.umn.edu

Grant sponsor information:

Funding was awarded to the Cooperative Institute for Great Lakes Research (CIGLR) through the
NOAA Cooperative Agreement with the University of Michigan (NA170AR4320152). Additional in-
kind funding was provided by all of the participating institutions.

Key Words:
Laurentian Great Lakes, Winter, Limnology, Biogeochemistry, Plankton, Microbes, Bacteria,
Zooplankton, Team Science

URL of the Dataset and Metadata with permanent identifier:
https://doi.org/10.6073/pasta/ab6702bee340e64033c1d672f03876ac

Measurement(s): ice and snow cover, water clarity, diverse water column chemistry parameters,
plankton abundance and community composition, bacterial and phytoplankton production rate
measurements.


mailto:tozersky@d.umn.edu
https://doi.org/10.6073/pasta/ab6702bee340e64033c1d672f03876ac

Technology Type(s): diverse technology types, including CTD sondes, PAR sensors, various water
chemistry analytical approaches (fluorometry, spectrophotometry, ELISA, etc.), microscopy.

Temporal range: 2022-02-04 —2022-03-10
Frequency or sampling interval: Single snapshot
Spatial scale: Regional; Laurentian Great Lakes

Data Availability Statement: Data are available in the Environmental Data Initiative repository at
https://doi.org/10.6073/pasta/ab6702bee340e64033c1d672f03876ac.

Scientific Significance Statement: Winter remains an understudied season in the annual cycle of
lakes. This is especially true for the world’s largest lakes, where challenging winter conditions and
size make systematic winter study difficult. Studying winter limnology is important because it
addresses ecosystem functioning during an understudied period of the year and could help improve
predictions of environmental responses to climate change. In this data paper, we describe a dataset
generated during the 2022 Great Lakes Winter Grab—a collaborative sampling campaign that
sampled 49 locations throughout all five of the Laurentian Great Lakes and some of their
connecting waters. We report data on ice and snow characteristics as well as diverse physical,
biogeochemical, and biological parameters, making this the most extensive dataset of winter
observations for the Great Lakes. These data will be of interest to aquatic scientists as a baseline of
Great Lakes winter conditions during a period of rapid climate change, to enable comparisons with
other systems and times of the year, and for integration of these data into cross-system synthesis
efforts.

Running Head: The Great Lakes Winter Grab

Abstract

Interest in winter limnology is growing rapidly, but progress is hindered by a shortage of
standardized multivariate datasets on winter conditions. Addressing the winter data gap will
enhance our understanding of winter ecosystem function and of lake response to environmental
change. Here we describe a dataset generated by a multi-institutional winter sampling campaign
across all five Laurentian Great Lakes and some of their connecting waters (the Great Lakes Winter
Grab). The objective of Winter Grab was to characterize mid-winter limnological conditions in the
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Great Lakes using standard sample collection and analysis methods. Nineteen research groups
sampled 49 locations varying widely in depth and trophic status, collecting a range of limnological
data. This dataset includes physical, chemical, and biological measurements. These data can be used
to examine diverse aspects of Great Lakes ecosystems or integrated with winter observations from
other lakes to improve understanding of winter limnology across different aquatic systems.

Background and Motivation

Climate change is having profound and diverse impacts on Earth’s lakes. Among these
impacts are decreased ice cover duration or the complete disappearance of winter ice on seasonally-
freezing lakes (Sharma et al. 2019; Wang et al. 2021). Rapidly changing winter conditions and the
need to understand and forecast their impacts on lakes have highlighted limnology’s ‘winter
knowledge gap’: the great majority of limnological research has focused on the open water seasons,
leaving the ice cover period understudied in comparison (Salonen et al. 2012; Hampton et al. 2017).
Studying winter in lakes is important because winter processes can significantly influence the
function of lake ecosystems, including nutrient cycling, oxygen dynamics, as well as biological
population and community structure (Farmer et al. 2015; Hampton et al. 2017; Yang et al. 2020;
Shchapov et al. 2023). Better understanding of winter conditions will help predict how lakes
respond to ongoing climate changes and for developing effective ecosystem management strategies
(Knoll et al. 2019; Dugan 2021).

Recognition of the winter knowledge gap is spurring limnologists to rapidly increase their
efforts to understand the winter ecology of diverse lakes and to integrate winter into full-year
models of lake ecosystem function. Dozens of studies focusing on winter limnology were published
over the past decade, focusing on physical, chemical, and biological observations and on attempts to

integrate these observations into conceptual frameworks (e.g., Kirillin et al. 2012; Twiss et al. 2012;



Beall et al. 2016; Hampton et al. 2017; Cavaliere et al. 2021; Dugan 2021; Jensen et al. 2021;
Weyhenmeyer et al. 2022).

While critical to filling the ‘winter knowledge gap’, much of contemporary work on winter
limnology is focused on relatively narrow topics (e.g., aspects of physics, biogeochemistry, or
biology) and on small spatial scales, often characterizing a few sites in a single lake or a small
number of lakes. Additionally, most recent winter limnology research has concentrated on relatively
small lakes with stable and predictable ice cover. Much less winter research has been conducted on
the Laurentian Great Lakes, which are characterized by large spatial and interannual variation in ice
cover conditions, as well as large gradients in trophic status and other limnological conditions
(Sterner et al. 2017; Ozersky et al. 2021). The size of the Great Lakes and their severe winter
conditions have impeded systematic winter study of their ecosystem, resulting in an especially acute
winter knowledge gap (Ozersky et al. 2021). The relatively few existing winter studies on the
Laurentian Great Lakes have revealed that their winter ecology and biogeochemistry are
dramatically different from those of other seasons and are linked to ecosystem function during the
rest of the year (Doan et al. 2018; Eadie et al. 2002; Twiss et al. 2012; Farmer et al. 2015; Reavie et
al. 2016; Shchapov et al. 2023). As the largest freshwater ecosystem in the world, the Laurentian
Great Lakes provide ecosystem services to millions of people in the US, Canada, and over 185
Indigenous nations and communities in the Great Lakes basin (Serville-Tertullien et al. 2023).
Moreover, the Great Lakes serve as a unique natural laboratory, encompassing scales and processes
found in both smaller freshwater lakes and marine systems (Sterner et al. 2017). Thus,
understanding their winter dynamics is an important priority.

Collaborative, multi-institutional sampling campaigns enable researchers to overcome

challenges associated with sampling across large spatial scales and allow collection of data on many



more locations and parameters than an individual investigator team could address. The Lake Erie
HABs Grab (Chaffin et al. 2021) is a recent example of this approach that involved eight
institutions from both the US and Canada, and many more groups have utilized the HABs Grabs
data as a result of this collaboration. We used a similar approach (which we call “The Great Lakes
Winter Grab”, or simply “Winter Grab”) to collect winter-period samples across the Great Lakes.
Our sampling effort has several unique aspects that make the results especially useful to the
emerging field of winter limnology. First, Winter Grab covered a large spatial scale, with 49 sites
sampled across all five of the Great Lakes and some of their connecting waters, and most samples
collected within 1 week of each other. This broad scale provides an unprecedented snapshot of
winter conditions and their variability in a large freshwater ecosystem. Second, our study sites
spanned large gradients of trophic status, depth, and ice cover conditions, enabling comparison of
winter ecosystem function across these environmental gradients. Third, by collaboratively
analyzing samples, we were able to collect data on a broad range of environmental parameters,
including physical observations on the properties of ice and the water column, biogeochemical
characterization of the water, assessment of bacterio-, phyto-, and zooplankton communities, and
measurements of bacterial and primary production rates. This diversity of location- and time-
matched observations provides a comprehensive view of the state of the Great Lakes ecosystem in
midwinter, and allows examination of linkages between physical, chemical, and biological
processes beyond those that more narrowly focused studies can provide.

In this contribution, we describe the sampling and analytical methods used in the Winter Grab
project, provide a detailed overview of the data, identify remaining data gaps, and make
recommendations for data use. Our hope is that these data will be useful to a diverse set of

researchers trying to integrate winter into understanding of the full year physics, biogeochemistry,



and biology of the Laurentian Great Lakes, other large and small lakes, and coastal marine
ecosystems.

Data Description

The Winter Grab dataset (Pu et al. 2024) is hosted on the Environmental Data Initiative data
portal. The dataset is composed of 27 data files in csv format, describing various physical,
chemical, and biological parameters for the 49 locations sampled as part of Winter Grab (Table 1).
In addition, one metadata file (“WinterGrab_sites”) in csv format in Pu et al. (2024) provides site
information metadata (Table 2). All Winter Grab dataset files can be joined using the common site
name (“station”) column.

Sampling sites (Table 2; Fig. 1) spanned a wide range of depths, distances from shore, and
trophic status. Because of variations in gear available to different research groups, throughput
limitations of effort-intensive measurements such as bacterial and phytoplankton production rates,
and lost samples, not all measurements were performed for all sites. For example, chlorophyll a
determinations were made for almost all 49 locations (Table 1; Table 3); conversely, net primary
production rates were determined only for 11 sites. At sites deeper than ~3 m, water chemistry and
biological samples were collected just below the ice surface and 1 m above the sediment bottom,
allowing for examination of depth variation. The physical observations include multiparameter
sonde profiles, ice and snow properties, and observations on light transmission through snow, ice,
and the water column. Chemical observations include data on alkalinity, concentrations of total and
dissolved forms of phosphorus and nitrogen, chloride concentrations, and dissolved organic matter
concentrations and forms. Biological observations include chlorophyll a, phycocyanin, and
phycoerythrin concentrations, concentrations of microcystin (determined by ELISA) and

cyanotoxin metabolites (determined by LC-MS), bacterial abundances determined by flow



cytometry and direct counts, phytoplankton abundance and taxonomic composition determined by
microscopy, microzooplankton counts and taxonomy determined by microscopy, crustacean
zooplankton counts and taxonomy determined by microscopy, and bacterial and phytoplankton
production rates, determined by radiolabeled tracer incorporation in lab incubations. Most data files
are arranged in a consistent ‘long’ format, with columns corresponding to variables and rows to
samples. Summary statistics for selected environmental parameters are shown in Table 4 and Figure
3, which includes minimum, mean, maximum, and standard deviation.

Methods

Field methods:

Sampling locations:

Forty-nine locations across all five of the Great Lakes (including some connecting waters, of
Lake St. Clair, Keweenaw Waterway, Saginaw River, and St. Lawrence River) were sampled as
part of Winter Grab (Figure 1; Table 2). Study sites were mostly accessed from shore over ice by
foot, ATV, snowmobile, or airboat, but some ice free locations were sampled from the end of piers
and, in the case of the Upper St Lawrence River, within a hydropower dam. A set of 22, mostly
pelagic sites were sampled with assistance of US and Canadian Coast Guard (from the USCGC
Neah Bay, CCGS Griffon, and CCGS Samuel Risley). Sampling sites ranged in depth from ~1 m to
93 m. Of the 49 sites, 32 were ice covered and 17 were ice free. Sampling locations were chosen
based on reasonably easy and safe access, and the sites represented gradients of depths, trophic
states, and ice cover conditions (Table 2). Absence of stable ice cover and other logistical
challenges resulted in only one Lake Michigan site being sampled (in eutrophic Green Bay),
representing a gap in the spatial coverage of the dataset. Most sites (83%) were sampled over a 24

day period in February 2022 (2022-02-04 to 2022-02-28); eight mainly pelagic locations were



sampled from the US and Canadian Coast Guard icebreakers Neah Bay and Samuel Risley on
March 10 (see Table 2 for sampling dates).

Field protocols:

At each site, sampling crews recorded coordinates and weather conditions. At sites with ice
and snow cover, teams estimated percent snow cover and measured snow depth at five locations in
~10 m radius of the sampling site. If ice was present, sampling crews selected a representative area
of snow-covered ice for light attenuation measurements (22 of 49 sites). Using a board to protect
snow from slush and water splash, sampling crews augered openings in the ice on the shaded side
of the board (facing away from the sun; Figure 2). Sampling crews then used either a Li-COR Li-
192, Li-COR Li-193, or Apogee SQ-500-SS2 PAR (photosynthetically active radiation) sensors to
measure light in the air (10 cm above the ice), directly under the ice (pressing the sensor to the
underside of the ice on the sun-facing side of the opening in the ice), and then every 50 cm to a
depth of 3-5 m. Sampling crews then cleared the snow off the ice (when present) and measured
light penetration through the snow-free ice. The hole in the ice was covered by a board or sled
during light profiling to minimize light ‘leakage’ through the hole. If no ice was present, light
profiles were collected through the water. This approach enabled estimation of light transmission
through snow-free ice, snow-covered ice, and the light attenuation coefficients for the water
column. Snow and ice thickness and properties are reported in the file
WinterGrab_snow_ice properties.csv. Light transmission through snow and ice, and water
attenuation coefficients are reported in the file WinterGrab_light transmission.csv.

At 17 of the 49 study sites, sampling crews collected water column profiles using CTD
sondes. Depending on the sensor suite available to different groups, parameters included water

temperature, dissolved oxygen concentration, specific conductivity, total dissolved solids, and in



situ chlorophyll a fluorescence. Sondes were lowered at a speed of ~0.1 m/sec. If the sonde did not
have a continuous recording function, field crews recorded parameters at 0.25 m depth intervals.
Sonde profiles are reported in the file WinterGrab_CTD _profiles.csv.

Where ice was present, field crews augured a separate hole for water and plankton sampling.
The hole consisted of three individual round auger holes in a triangle pattern, connected along the
sides and with an intact ‘core’ of ice in the middle. The core was removed, the thickness of ice was
measured, and any layering recorded. Field crews broke up the ice core, and placed it in clean
plastic bags and into a cooler for transport to the lab and later dissolved organic matter (DOM)
analysis of the ice. Water samples were collected using a Van Dorn or similar sampler. At sites
sampled by Coast Guard icebreakers, surface water samples were collected using a stainless steel
sampling bottle as described elsewhere (Beall et al., 2016). At sites >3 m deep, samples were
collected from immediately under the ice (or the water surface) and 1 m above the bottom. At
shallower sites, only surface water samples were collected. Water samples were placed into acid-
cleaned cubitainers or jerricans and kept in the dark and cold until processing within <8 hours after
collection.

Crustacean zooplankton samples were collected at 12 sites. Most samples were collected with
64-um mesh-size zooplankton nets, but some sites were samples with 80- and 153-um mesh-size
zooplankton nets (see data file for net parameters at each site). Zooplankton tows were between 1 m
above-bottom to the surface. At sites with low zooplankton abundance, several tows were combined
into a single sample. Zooplankton samples were preserved in 95% ethanol by volume.

Sample processing:

In the lab, water samples were processed for analysis of total phosphorus (TP), total dissolved

phosphorus (TDP), total nitrogen (TN), nitrate/nitrite (NO3/NO2), ammonium (NHa4), dissolved
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organic carbon (DOC), DOM composition, chlorophyll a, phycocyanin and phycoerythrin,
cyanotoxins, microbial counts by flow cytometry, microbial, phytoplankton, microzooplankton and
crustacean zooplankton community composition, as well as bacterial and primary production rate
measurements. Ice samples were melted and processed for DOC and DOM as described below.

For TN and TP analysis, whole water samples were placed into acid-washed 60 mL. HDPE
bottles and the samples were frozen until analysis at -20°C. Dissolved nutrient samples (TDP, NHa,
NO3/NO2) were frozen following filtration through 0.2 um pore size nitrocellulose syringe filters.
Chlorophyll a from samples was obtained by filtering 60 mL of whole water through 25-mm
diameter 0.2-pm pore size nitrocellulose filters. The filters were frozen until extraction and
analysis. Alkalinity samples were filtered through 0.45-um membrane filters into 50 mL centrifuge
tubes with no headspace and stored refrigerated at 4°C. Whole water samples for chloride analysis
were also dispensed into 50 mL centrifuge tubes and stored refrigerated until analysis. Water DOC
samples were filtered through Whatman 47 mm diameter, 0.2 um pore-size polycarbonate PCTE
filters and stored refrigerated at 4°C in pre-combusted amber glass bottles. For ice DOC analysis,
samples of lake ice were melted slowly in the refrigerator and processed as above. Samples for total
cyanotoxin concentrations were dispensed into 20 mL glass scintillation vials and frozen at -20°C
until analysis. Particulate cyanotoxin samples were processed by filtering up to 1000 mL of whole
lake water into 47 mm diameter Whatman GF/C filters and freezing the filters at -20°C until
analysis. All water samples were processed in duplicate, with the exception of total cyanotoxins,
which were processed in triplicate, and data for individual replicates are presented in the dataset
that accompanies this paper (Pu et al. 2024).

Samples for microbial (bacteria, archaea, protists) cell counts by flow cytometry were

preserved using glutaraldehyde; 1 mL samples of whole water were dispensed into 2 mL cryovials
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containing 5 uLL of 25% glutaraldehyde (Electron Microscopy Sciences 16220) in 100 pL milliQ
water. Samples were left for 10 minutes in the dark and then quickly frozen on dry ice, in liquid N2,
or by being placed into a -80°C freezer. For phytoplankton abundance and community composition
determination, whole water samples (45 mL) were fixed with Lugol’s iodine and stored at room
temperature until processing. For microzooplankton abundance and community composition, whole
water samples (45 mL volume) were preserved with 5 mL of 37% formalin and stored refrigerated.
Samples for net primary production (NPP) and bacterial production (BP) rate measurements were
collected from a subset of sites (Table 3). For NPP measurements, ca. 250 mL of whole water were
dispensed into acid-cleaned HDPE bottles, the bottles were wrapped in aluminum foil, and samples
were express-shipped on ice to the Carrick lab at Central Michigan University. For BP
measurements, ca. 45 mL of whole water were dispensed into acid-cleaned 50 mL centrifuge tubes,
the tubes were wrapped in aluminum foil, and samples were express-shipped on ice to the Vick-
Majors lab at Michigan Technological University.

Lab methods:

Phosphorus and nitrogen:

TP in duplicate whole water samples was determined following persulfate digestion using a
modification of EPA method 365.1 (US EPA 1993) on a SEAL AQ-400 discrete analyzer. TDP in
duplicate filtered samples was analyzed using the same method as TP. TN in whole (unfiltered),
duplicate water samples was analyzed using a flow-injection analyzer (Lachat quickChem 8500
Analyzer), using methods 4500-N and 4500-NO3-H (APHA 2005). NO2, NOs, and NH4 were also
run on the SEAL AQ-400 by using EPA methods 353.2 (US EPA 1993b) and 350.1 (US EPA
1993c), respectively. TP, TDP, NH4, and NO3/NO2 samples were analyzed at the Large Lakes

Observatory, University of Minnesota Duluth. Calibration and validation of UMD analyses were as
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follows: a 10-point machine calibration, using Hach NIST standards was performed for all analyses.
A midrange standard and a milliQ water blank were run at the start of each analytical run and again
after every 10-15 samples. In addition to the autoanalyzer-diluted 10-point calibration, a set of 10-
15 manual standard dilutions were interspersed throughout the samples and run as ‘unknown’
samples to provide validation. TN samples were analyzed at the National Laboratory for
Environmental Testing in Burlington, Ontario. Standards for TN analyses were made using high
purity KNOs3 salt and ultrapure MilliQ water. Seven calibration standards were used to create a
calibration curve before every run. High purity certified nitrate solution (1000 mg/L — N; from
SPEC CertiPrep, Metuchen, NJ 08840) was used as a control solution to verify the stock standard
solution. Initial calibration verification was performed using the certified standard every 20
samples. Method blanks consisting of ultrapure MilliQ water were run for each batch. Reference
solutions comprised of urea (0.1 mg/L-N), glutamic acid (0.4 mg/L-N), EDTA-di-sodium salt (0.6
mg/L-N), ammonium chloride (0.8 mg/L-N) and water QC standard (0.265 mg/L-N; Lot #8238-10,
Phenova, CO USA) were used to ensure stability of calibrations. TP, TDP, TN, NOz, NOs, and NH4
data are reported in files WinterGrab_TP_concentration.csv, WinterGrab_ TDP_concentration.csv,
WinterGrab_TN_concentration.csv, WinterGrab_ NO2_concentration.csv,
WinterGrab_ NO3 concentration.csv, WinterGrab NH4 concentration.csv, respectively.

Alkalinity:

Alkalinity was determined on duplicate filtered samples within three months of sample
collection (Mos et al., 2021). Samples were titrated on a Titrando 888 titrator (Metrohm, Herisau)
using an open-cell two-stage potentiometric titration with 0.1 M HCI following Dickson et al.
(2007). Samples were warmed to 25°C prior to analysis and titration was carried out in a water

jacketed beaker maintaining that temperature. Alkalinity values were calculated using the Gran
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approach (Rounds et al., 2012). Alkalinity values of certified reference materials (Batch 200;
Dickson, 2010) were run at the start of each processing day and were within 5% of expected.
Alkalinity was determined at the Eveleth lab at Oberlin College. Alkalinity data are found in the file
WinterGrab_alkalinity.csv.

Chloride:

Chloride was measured in duplicate unfiltered water samples. Chloride was measured by
potentiometry using an ion selective electrode (ISE; Mettler-Toledo chloride combination electrode
[perfectlON™] connected to a Mettler Toledo Seven Compact voltammeter) on gently stirred
samples at room temperature (23°C), with the inclusion of 10 mM M NaNOs3 added as an ionic
strength adjuster (ISA) for chloride ISE operation in samples and chloride standards of low ionic
strength (Mettler-Toledo, 2011). A NIST-traceable standard chloride solution (1000 ppm + 5 ppm
CI', as NaCl in water; Thermo-Fisher Cat. No. LC-13000-1) was used to establish a standard curve.

Prior to analysis, the chloride ion selective electrode was tested for response by determining
the slope of the mV detected by 9.7 ppm Cl" and 97 ppm CI" in deionized water containing 20 mM
NaNOs as ISA. The measured slope was 56.4 mV per 10-fold difference in chloride concentration,
which was in the range of 54-60 mV/decade at 25°C, indicating optimal response by the ISE, as
stated by the manufacturer (Mettler-Toledo, 2011). Standards of chloride were measured in
deionized water containing the same ISA concentrations as samples, and were in the range of 1 to
101.4 ppm chloride. The mV of the ISE in sample was recorded when the ISE response was stable
and the chloride concentration was calculated from the following standard curve established by
three repetitions of the standard curve (conducted at the beginning, middle and end of the sample
analysis that took place over a 6 hour period): mV sample = -23.23 In ppm CI' + 153.2 mV, 1* =

0.995, d.f. = 23. All samples except one (Hamilton Harbour at the CCIW, 6 m depth, 41.2 and 41.4
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mV) were within the range of the standards (153.2 [1 ppm CI'] to 43.9 mV [101.4 ppm CI']). A
comparison of the ISE using the same sonde and methodology described here was made with ion
chromatography (IC; EPA Method 300.0) to determine chloride on filtered (<0.2-um) water
samples from Lake St. Francis (Saint Lawrence River). Chloride analysis by IC was conducted at
Paul Smith’s College Watershed Institute (certified by the New York State Department of Health’s
Environmental Laboratory Approval Program, Lab ID no. 12152). The IC analysis was 80.1 + 2.4%
(mean = SD, n = 22) of the value for chloride determined by ISE over a range of chloride (measured
by ISE) of 25.3 to 31.5 ppm chloride. Chloride analysis was performed by MRT at Clarkson
University, Potsdam, NY. Chloride data are found in the file

WinterGrab_chloride concentration.csv.

Dissolved organic carbon and dissolved organic matter composition:

Filtered (0.2 um), duplicate water samples, and samples of thawed ice, were analyzed for
DOC concentration following persulfate acidification using a Shimadzu Total Organic Carbon
Analyzer (TOC-VWP). Spectrofluorometric characteristics of filtered (0.2 pm) samples were
further analyzed to characterize DOM composition. DOM absorbance (230 to 800 nm) was
measured with a Varian Cary 50 Bio UV-Visible spectrophotometer and DOM excitation-emission
matrices (excitation: 230 to 500 nm; emission: 270 to 600 nm) were produced with a Varian Cary
Eclipse Fluorometer (Williams et al. 2010). Sample excitation-emission matrices were corrected for
instrument bias, inner filter effects, and were blank subtracted then converted to Raman units using
a Milli-Q water excitation-emission matrix produced on the day of sample analysis. Five common
indices were used to describe DOM composition from absorbance and excitation-emission matrix
data: specific ultraviolet light absorbance at 254 nm (SUVA254; Weishaar et al., 2003), spectral

slope ratio (SR; Helms et al., 2008), fluorescence index (FI; McKnight et al., 2001), freshness index
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(B/a; Wilson & Xenopoulos, 2009), and humification index (HIX; Zsolnay et al., 1999).
Furthermore, corrected excitation-emission matrices were fitted to an existing 7-component parallel
factor analysis (PARAFAC) model suited to temperate North America using the DOMFluor
toolbox (Williams et al. 2016; Williams and Xenopoulos, 2023). The proportion and intensity
(Fmax) of PARAFAC components were used to describe DOM composition as ubiquitous humic-
like (C1), terrestrial humic-like (C2-C3), soil fulvic-like (C4), microbial humic-like (C5-C6), and/or
microbial protein-like (C7). DOM analysis was performed at Xenopoulos lab at Trent University.
DOC/DOM data are in the file WinterGrab DOC_DOM _ concentration.csv.

Pigments: chlorophvll a, phycocyanin, phycoerythrin:

Chlorophyll a concentrations were determined in duplicate. Chlorophyll a filters were
extracted in 90% acetone solution for 18 hours in the dark at 4°C (Welschmeyer, 1994). The
extracts were run on a Turner Designs 10-AU fluorometer using an excitation wavelength of 436
nm and emission of 680 nm. The fluorometer is calibrated yearly with manufacturer-supplied liquid
calibration standard. In addition, manufacturer-supplied solid low and high standards were used to
assess drift and light source stability at the start of each run. Two acetone blanks were analyzed at
the start of every run and an additional blank was run every ten samples. Chlorophyll a
concentration was determined at the Large Lakes Observatory, University of Minnesota Duluth.
Chlorophyll a data are in the file WinterGrab_chlA_concentration.csv.

Phycocyanin and phycoerythrin were extracted and analyzed according to Sarada et al. (1999)
and Thoisen et al. (2017), respectively. Cells retained on GF/C filters were ruptured using 3 mL of
50 mM phosphate buffer (pH 6.7, K2ZHPO4) at —4°C for 24 h and then at +4°C for another 24 h to
facilitate pigment extraction. The extract was centrifuged (20 min, 5°C, 3,210 x g on a Beckman

GS-6R centrifuge) to remove the filter and cell debris. Pigments were quantified by measuring the
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absorbance of the supernatant at 455, 564, 592 and 750 nm on an OceanOptics USB2000
spectrophotometer. Phosphate buffer was used as a blank. The absorbance values were scatter-
correct by subtracting the absorbance at 750 nm. To avoid pigment degradation that occurs under
exposure to ambient light, red light was used in the laboratory. Phycocyanin, phycoerythrin were
measured under the guidance of Arthur Zastepa with McGlynn Laboratories, Inc.. Phycocyanin and
phycoerythrin data are in the file WinterGrab_PCPE_concentration.csv.

Total microcystins extraction and analysis by enzyme-linked immunosorbent assay (ELISA):

Frozen whole water samples were thawed and a 1 mL aliquot was transferred to a 2 mL
microcentrifuge tube, and freeze-thawed for two more times for a total of three freeze-thaw cycles
to ensure cell lysis. Samples were centrifuged at 4000 rpm for 3 minutes and 30 seconds to remove
precipitates, turbidity, and color, and 500 pL of clear supernatant was transferred to a 1.5 mL HPLC
amber glass vial and stored in the dark at -80°C until ELISA. Clear samples were not centrifuged
after the freeze-thaw steps. Abraxis Microcystins/Nodularins-ADDA ELISA kits (product number
520011) with a detection limit of 0.1 ug/L were used following manufacturer's instructions. The kits
were stored in the refrigerator at 4°C and allowed to come to room temperature (20-25°C) 30
minutes before use. The absorbance at 450 nm was read immediately after the last incubation and
reagent step using a Biotek microplate spectrophotometer.

The semi-quantitative microcystins concentration of samples were determined by
interpolation using a four-parameter logistic standard curve run with each plate. Microsoft Excel
was used to calculate mean absorbance values and relative standard deviation of standards, controls,
and samples. The %RSD cutoff for confidence in value of standards and controls was <10%, and
the cutoff for samples was <15%. Samples that had concentrations below the lowest standard (0.15

ng/L) were reported as below minimum detection limit, and samples with concentrations above the
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highest standard (5 pg/L) were diluted and re-run to obtain more accurate results. MilliQ water was
used as a diluent for any dilutions required above the upper limit of quantitation (5 pg/L). Total
microcystin analyses were done under the guidance of Arthur Zastepa and the data are in the file
WinterGrab_microcystin_concentration.csv.

Total and particulate cyanotoxins and cyanopeptides analyses by mass spectrometry

Particulate cyanotoxins and cyanopeptides were extracted from filters (GF/C, 47 mm, 1.2 pm
frozen at -20°C) containing between 250 and 1250 mL of concentrated lake water. Extraction was
done using water and methanol (1.6 % formic acid). Extraction method details and recovery
experiments with fortified samples have been reported in Zastepa et al. (2023). The final 1.5 mL of
water-based supernatant was filtered through a 0.45 pm glass fiber filter and transferred to an LC
vial for mass spectrometry. Mass spectrometry on whole water (total) cyanotoxins and
cyanopeptides was done using the same extract as for ELISA (above), but with a final step of
filtering the reconstituted extract through a 0.45 pm glass fiber filter to remove cellular and other
debris that could clog the mass spectrometer instrument.

All cyanotoxins and cyanopeptides were analyzed using a Thermo Scientific TSQ Altis™
triple quadrupole mass spectrometer (Waltham, MA, USA) with a TriPlus™ RSH EQuan 850
system; however, different columns were used for subsets of analytes. The loading column,
analytical column, chromatographic gradient, mass spectrometer settings, retention times,
precursors, and multiple reaction monitoring (MRM) fragments for each subset have been
documented in Zastepa et al. (2023). The method reporting limit (MRL) for the microcystins and
non-microcystin cyanopeptides are less than or equal to 10 ng/L (ppt). More validation information
such as standard curve, dynamic range, detection limits, minimum reporting limits, % relative

standard deviation, detection limits, and % recovery were also reported in Zastepa et al. (2023).
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Only whole water samples were tested for saxitoxin and neosaxitoxin because we ran out of
standards. Total cyanotoxin analyses were done under the guidance of Arthur Zastepa with Judy A.
Westrick and the data are in the file WinterGrab_wholewater cyanotoxins concentration.csv.
Particulate cyanotoxin data are in the file WinterGrab_particulate cyanotoxins concentration.csv.

Bacterial abundance by flow cytometry:

Samples for flow cytometry were thawed overnight at 4°C. Samples were diluted 10-fold in
0.2 um filtered Lake Michigan water and stained with SYBR Green I (Invitrogen) for 30 minutes at
room temperature in the dark (final dye concentration 0.75x). Fluorescent beads (0.5, 1.0, and 2.0
um yellow-green Fluospheres, Invitrogen) were added to each sample as internal standards.
Samples were run on a CytoFLEX S flow cytometer (Beckman Coulter) equipped with violet, blue,
and yellow-green lasers. Data acquisition was triggered by side scatter signal and SYBR Green-
positive cells were detected by excitation at 488 nm with 525/40 and 585/42 bandpass filters.
Samples were run at 10-120 pl per minute depending on concentration. Gating and analysis was
performed using CytExpert (Beckman Coulter). Bacterial abundance by flow cytometry data are in
the file WinterGrab_microbial flowcytometry abundance.csv.

Microbial -loop abundance:

Microbial loop samples for determination of bacteria, autotrophic picoplankton (APP), and
heterotrophic nanoflagellates (HNF) abundances were stored in the refrigerator prior to analysis.
Samples were enumerated using DAPI (4°,6-diamidino-2-phenylindole) staining under epi-
fluorescence microscopy (Porter and Feig, 1980, Weisse and Munawar, 1989). Under reduced
lighting (as dark as possible), 5-10 ml of preserved samples was stained with DAPI, filtered
through a 0.2 um nucleopore black filter and mounted onto a glass slide with a coverslip. Samples

not counted immediately were stored in a dark box and kept refrigerated until processing (max.
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12h). After adding immersion oil, samples were counted at 1250 X magnification under
epifluorescence lighting (excitation wavelength of 365 nm). Following this technique, APP emit red
light under green epifluorescence and blue light under UV epifluorescence, whereas bacteria and
HNF emit only blue light under UV illumination (Munawar and Munawar, 1996). In order to
achieve acceptable counting efficiencies, organisms were counted in up to 100 fields of view or
until 100 organisms were counted (Lund et al. 1958). Typically, only bacteria reached that threshold
and a minimum of 10 fields were always assessed regardless of the cell count. Biomass (wet) was
estimated assuming bacteria have a mass of 0.091 pg cell 1, HNF have a mass of 127 pg cell 1, and
APP have a mass of 1.82 pg cell 1 (Sprules et al. 1999). Microbial loop data are in the file
WinterGrab_microbial loop abundance.csv.

Phytoplankton abundance and taxonomy

Two groups independently performed phytoplankton counts and taxonomic identification. A
set of 27 samples were counted by one group (Mike McKay, University of Windsor) and a set of 13
samples were counted by Hedy J. Kling, contracted by the Mohiuddin Munawar lab, Fisheries and
Oceans Canada). Of these, 9 were counted by both groups, for a total of 32 unique sites.
Microscopic identification and enumeration were carried out by the Utermohl (1958) inverted
microscope technique (Munawar and Munawar, 1996; Findlay and Kling, 1997). A measured
aliquot of mixed sample was placed into an inverted microscope counting chamber and allowed to
settle a minimum of 4 h per centimeter of overlying water depth. Counting and identification were
performed at 125-1000 X, depending on the taxon. A minimum of 200 units were counted to
achieve an acceptable counting efficiency (Lund et al., 1958). The Windsor group reports results in
cells/mL. The DFO group reported their results as cells/L and as wet-weight biomass. To determine

wet-weight biomass (as mg/m®), cell dimensions were measured directly and the average cell
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volume for each species was determined by applying the average cell dimensions to a standard
geometric shape that most closely resembled the species. In the case of colonial forms, the average
number of cells per colony was determined for biomass estimation. Cell volume was converted to
wet weight assuming a specific gravity of 1.0 (Strickland, 1960). Phytoplankton were identified to
the genus level of taxonomic discrimination with some taxa resolved to species level using standard
taxonomic sources (see Findlay and Kling, 1997). The Windsor group generally identified
phytoplankton to the genus level, while the DFO group identified phytoplankton to a species level.
The difference in taxonomic resolution may have resulted in some of the differences in
phytoplankton counts for sites that were counted by the two groups; however, comparing analysis
of common samples at genus level and higher showed there to be general alignment with cell
abundance within the same order of magnitude. Phytoplankton abundance determined in the McKay
lab are in the file WinterGrab_phytoplankton abundance McKay.csv. Phytoplankton abundance
determined in the Munawar lab are in the file

WinterGrab_phytoplankton abundance Munawar.csv. Phytoplankton biomass data from the
Munawar lab are in the file WinterGrab_phytoplankton biomass Munawar.csv.

Ciliated protist abundance and taxonomy:

Ciliate abundance and community composition of the microzooplankton assemblage was
determined from whole water samples (45 mL volume) that were preserved with 5 mL of 37%
formalin and stored refrigerated. Subsequently, these samples were stained with 2% acid Lugol’s
solution and settled in graduated cylinders for 48 hr (1 hour per mL sample). After settling, the
upper 90 mL was aspirated off, thereby concentrating the sample into a smaller volume (10-12 mL).
This material was transferred to vials, and aliquots of the concentrate were placed in counting

chambers (3 mL). For each sample, the chamber was initially scanned (20 minutes) to familiarize
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the counter with the ciliates present in each sample. Next, the entire contents of the chamber were
systematically scanned, so that all ciliated protists present in the sample were identified and their
total numbers were enumerated using a research grade, inverted microscope (at 200x magnification
Leica 4000). All microzooplankton encountered were identified to the genus level of taxonomic
discrimination (see Carrick 2005). Ciliated microzooplankton abundance was expressed as
individuals per liter (Ind./mL). Ciliated microzooplankton abundance was expressed as individuals
per liter (Ind./mL) and the results are in the file WinterGrab_ciliates_abundance.csv.

Crustacean zooplankton abundance and taxonomy:

Subsamples of preserved crustacean zooplankton were transferred into a Bogorov chamber for
further counting. Identification and counting were done by using an Olympus SZH10 stereoscopic
microscope. Zooplankton identification was based on the key from Balcer et al. (1984) and Haney
et al. (2013). Subsamples were counted until at least 200 individuals were identified. Samples with
low zooplankton counts (<200) were concentrated to the lowest possible volume and processed
completely. Adult copepods and cladocerans were identified to species level when possible;
juvenile copepodites were separated only into cyclopoid and calanoid groups. We recorded the
number of gravid species and counted all nauplii in one group without taxonomic identification.
Crustacean zooplankton abundance is expressed as individuals per liter (Ind./L) and the results are
in the file WinterGrab_crustacean zooplankton abundance.csv.

Bacterial and primary production rates:

Bacterial production rate samples were shipped overnight to Michigan Technological
University for measurements and were run as soon as possible after arrival (<24 hours).
Heterotrophic bacterial production was measured using [*’H]methyl-thymidine incorporation into

DNA and [*H]leucine incorporation into protein (Fuhrman & Azam 1982, Kirchman et al 1985).
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Samples (1.5 mL; triplicate live and duplicate trichloroacetic acid [TCA] killed controls) amended
with a final concentration of 20 nM *H-thymidine (specific activity 20 Ci/mmol) or *H-leucine
(specific activity 50 Ci/mmol) were incubated in the dark for 4 hours at 2°C. Incubations were
terminated by the addition of 100% cold TCA (final v/v 5%) and processed by centrifugation and
washing with cold 5% TCA (w/v) and 80% ethanol (v/v) to remove cellular debris and
unincorporated label. The pellet was dried overnight and amended with 1 mL of Cytoscint ES (MP
Biomedicals) and radioactivity determined on a calibrated scintillation counter (Beckman Coulter
LS6500). Rates of bacterial production were calculated and converted to units of carbon as
described by Vick and Priscu (2012).

Phytoplankton primary production rates were determined at Central Michigan University
based on photosynthesis versus irradiance relationships using a closed incubation system similar to
that described by Lewis and Smith (1983). Samples were express-shipped overnight. Upon arrival,
water samples were placed in clear, polycarbonate bottles and incubated in a Percival incubator at
4°C and subdued PAR. Experiments were run within 12 hours of sample arrival. Collected lake
water (70 mL) was dispensed into a 100 mL poly-bottle and inoculated with NaH'*CO3 (final
activity 1 uCi ml!, Perkin Elmer). Subsamples were dispensed in 19 scintillation vials (20 mL)
using a repeat pipettor (3 mL per sample, see Fahnenstiel et al. 1989). Eighteen vials were
incubated at different levels of PAR in the incubator (incubation time 1 hour). One sample was
filtered immediately and served as a time zero blank (see below). Following incubation, subsamples
were concentrated onto membranes (0.7 pm Whatman GF/F) and these were in decontaminated in
the vials with 0.5 mL of 0.5 N HCl for 4-6 h in a fume hood (to remove unincorporated NaH!*CO3).
After decontaminating the samples, counting fluor was added to all scintillation vials (Ecolume,

biodegradable). Total activity used in each experiment was determined by taking subsamples from
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the inoculated water and placing it in vials containing B-phenylethylamine (Sigma, St. Louis, MO,
USA) and counting fluor. All samples were assayed with the Beckman 6500 Scintillation counter
using external standards to estimate efficiency and blanks.

Photosynthetic rates were used to construct photosynthesis — irradiance curves using a non-
linear regression curve fitting function (SigmaPlot 12.5, Systat Software, Inc., San Jose, CA) based
on the equation of Platt et al. (1980). The model returned three parameters: Pmax, the maximum
photosynthetic rate at light saturation (g C g Chl a' h'"), a, the slope of the curve at low irradiances
(g C g Chla! h'! [umol quanta! m?), and P, the slope of the curve associated with photoinhibition
at high irradiance. From these parameters, we could calculate Ix (umol quanta m™? s!) to estimate
the irradiance at which photosynthesis becomes light-saturated.

Bacterial and primary production rates were determined on samples that were collected at
least 24 hours before analysis. To reduce bias associated with sample storage and shipping, all
samples were shipped in the dark with ice packs and analyzed as soon as possible after arrival. We
took additional steps to verify the integrity of samples. For bacterial production rate measurements,
we conducted a time-series incubation on freshly collected water from the Keweenaw Waterway
(immediately adjacent to the Vick-Majors lab at Michigan Tech) to determine how production rate
estimates change during sample storage. Samples were amended with radiolabeled leucine or
thymidine as described above and triplicates examined for radioisotope uptake at 2, 4, 6, 12, and 24
h. This experiment demonstrated linearity over the 24 period, indicating that the effect of storage
time on these samples should be low (Leucine * = 0.90, Thymidine r* = 0.91). For primary
production rate measurements, each sample was assayed using a Phyto-PAM II fluorometer (Walz,
Germany) to assess their viability prior to productivity assays. In all cases, samples exhibited

photochemical competency with Fm/Fo values greater than 1.0 and yielding significant electron
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transport response to incremental increase in PAR (all regression slopes > 0). Additionally, tests on
the effect of sample storage on chlorophyll @ concentrations over relevant time scales showed little
difference. Given the low in-situ temperatures during sample collection, our careful handling of
samples during shipping, and results of the above tests, we believe that bias associated with sample
handling and storage was low. Results of bacterial production rate are presented in the file
WinterGrab_bacterialproduction_rate.csv. Primary production data are presented in the file
WinterGrab_PPR.csv.

Technical Validation

Technical validation and quality assurance/control information for individual analyses is
included in the lab methods section. Data outliers were identified and when appropriate (e.g.,
obvious recording error) removed by visually examining data and expert judgment; less than 0.5%
of all data were excluded this way. Metadata consistency was checked throughout all data files to
maintain the use of the same set of Principal Investigators’ names and sampling station names
(Table 2). Data column order consistency was also verified following a set of order as close as
possible: name of Principal Investigator, name of sampling station, depth of sample taken, sample
names, value of parameter, unit of parameter, and notes.

Data Use and Recommendations for Reuse

Winter limnology is attracting increasing interest from researchers, who are working to
address existing data and theory gaps about winter conditions and their role in whole-year
ecosystem function. The importance of addressing the winter knowledge gap for the Great Lakes
has been recognized by lake management agencies, occasioning the formation of a recent working
group on Winter Science by the International Joint Commission (IJC 2024). The data described in

this paper represent one of the largest multivariate studies of winter conditions in lakes. These data
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can be used to explore coupled patterns in biogeochemistry, plankton communities, and
productivity rates across large environmental gradients, including trophic status, depth, and ice
cover conditions. Beyond advancing understanding of winter limnology in the Laurentian Great
Lakes, these data can be incorporated into broader synthesis and meta-analysis efforts by combining
them with other winter data from the Laurentian Great Lakes and smaller lakes. In terms of size,
physical forcing, and ice regimes, the Laurentian Great Lakes represent an intermediate between
lake and marine ecosystems (Sterner et al. 2017), and our winter data may also be of interest to
researchers studying winter ecology in coastal marine areas such as the Baltic Sea and ice
influenced estuaries. Our data can also be used to calibrate models (e.g., of ice thickness,
temperature conditions), as preliminary data for research proposals, and in limnology courses.
Finally, these data will be an important baseline for future studies of ecosystem seasonality and
long term change in the Laurentian Great Lakes.

Our dataset has several limitations. Lake Michigan represents an important gap in the spatial
coverage of this dataset, with only one site from Lake Michigan’s Green Bay sampled during this
project. Future efforts should prioritize additional sampling sites in Lake Michigan to provide a
more comprehensive understanding of its winter limnology and to ensure this lake is adequately
represented in regional and cross-system analyses. Another important limitation of the dataset is the
‘snapshot’ nature of the sampling campaign. Winter conditions are dynamic and change throughout
the season. We timed our sampling around the historic period of peak ice cover in the Great Lakes,
which we considered ‘mid-winter’. Future work is needed to better understand how the parameters
we examine here change through the winter. Our data are also uneven, with some parameters
measured at most sites (e.g., chlorophyll a concentrations), and other parameters measured at only a

handful of locations (e.g., primary production rates), which limits the ability to assess spatial
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variation and relationships between parameters. Finally, analyst error during total phosphorus (TP)
analysis resulted in an incorrect calibration curve fitting. As a consequence, the TP data are biased
down and represent underestimates of true TP concentrations. While comparisons among sites
within the dataset are valid for understanding the relative concentrations of TP across sites, our TP
values are not comparable with those of other studies.

Comparison with Existing Datasets

To our knowledge, this is one of the most extensive (in terms of spatial coverage and number
of variables) publicly available datasets of location-matched winter physical, biogeochemical, and
biological observations on the Laurentian Great Lakes, or for freshwater ecosystems in general. We
are aware of several similar datasets (Table 5). Hampton et al. (2017b), includes diverse winter and
summer biogeochemical and plankton biology data for < 122 freshwater lakes (including several
Great Lakes locations). The Lake Water Quality at Drinking Water Intakes dataset (Ontario Open
Data Team, 2023) includes biogeochemical and phytoplankton taxonomic information from 18
drinking water intake plants on the Ontario shores of the Great Lakes. These data have been
collected year-round on a ~biweekly basis since 1976 from some of the plants. McKay et al. (2017)
and Bullerjahn et al. (2022) include winter water column physicochemical and phytoplankton
abundance data for several dozen sites in Lakes Erie, Huron, and Michigan, including some sites
sampled in this work. Using geographical referencing, the above datasets can be combined with our
data to provide a broader view of spatial and temporal variation in winter conditions in the Great

Lakes and other systems.
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Table 1. Summary of all parameters and corresponding categories, filenames, and descriptions.

Category Parameter Name(s) File Name Description
Physical CTD WinterGrab_CTD_profiles.csv Depth-resolved multiparameter sonde profile data for 16 of our 49 sites.
Parameters

Light Transmission WinterGrab_light_transmission.csv Light (photosynthetically active radiation - PAR) transmission data

through ice and snow, PAR attenuation coefficients through the water
column, and descriptions of the ice and snow conditions for 24 of our 49
sites.

Snow and Ice WinterGrab_snow_ice_properties.csv Information on ice and snow thickness and properties for 45 of our 49
sampling sites.

Chemical Alkalinity WinterGrab_alkalinity.csv Alkalinity data for 31 of our 49 sites, determined using titration and
Parameters expressed as micromole per kilogram.

Chloride WinterGrab_chloride concentration.csv Chloride concentration results for 47 of our 49 sites. Chloride
concentrations were determined by potentiometry and are reported as
parts per million (ppm).

DOC and DOM WinterGrab_DOC_DOM _concentration.csv DOC concentrations and several parameters characterizing DOM in water
and ice samples from 27 (water) and 20 (ice) sites out of our 49 study
sites.

NH,4 WinterGrab_NH4 _concentration.csv Ammonia (NHs) concentration data from 46 of our 49 sampling sites,
determined using the Alkaline phenate method and expressed in mg/L.

NO» WinterGrab_NO2_concentration.csv Nitrite (NO;) concentration data for 46 of our 49 sampling sites,
determined using cadmium coil reduction followed by sulfanilamide
reaction and expressed in mg/L.

NO; WinterGrab_NO3_concentration.csv Nitrate (NO3) concentration data for 46 of our 49 sampling sites,
determined using cadmium coil reduction followed by sulfanilamide
reaction and expressed in mg/L.

Total Dissolved WinterGrab_TDP_concentration.csv Total dissolved phosphorus (TDP) concentration data for 46 of our 49

Phosphorus sampling sites, determined by semi-automated colorimetry and expressed
in micrograms/L.

Total Nitrogen WinterGrab_TN_concentration.csv Total nitrogen (TN) concentration data for 46 of our 49 sampling sites,
determined using the colorimetric hydrazine method and expressed in
milligrams/L.

Total Phosphorus WinterGrab_TP_concentration.csv Total phosphorus (TP) concentration data for 48 of our 49 sampling sites,

determined by semi-automated colorimetry and expressed in
micrograms/L. Note: issues with calibration during analysis make these
data unsuitable for comparison with TP data from other studies (see
methods section for additional information).



Table 1 continued. Summary of all parameters and corresponding categories, filenames, and descriptions.

Category Parameter Name(s) File Name Description
Biological Bacterial Production Rate ~ WinterGrab_bacterialproduction_rate.csv Bacterial production rate data for water surface samples at 20 of our 49
Parameters sites. Bacterial production was determined using tritium-labeled methyl-

Chlorophyll-a
Crustacean Zooplankton

Abundances

Microbial Loop
Components

Microcystin Concentration
Phycocyanin And

Phycoerythrin
Concentration

Phytoplankton Abundance

Phytoplankton Abundance

Phytoplankton Biomass

Ciliated Protists
Abundance

Microbe Abundance

Cyanotoxin Metabolites
Concentrations

WinterGrab_chlA_concentration.csv

WinterGrab crustacean zooplankton abundance.csv

WinterGrab_microbial loop abundance.csv

WinterGrab microcystin concentration.csv

WinterGrab_PCPE_concentration.csv

WinterGrab_phytoplankton_abundance_McKay.csv

WinterGrab_phytoplankton_abundance_Munawar.csv

WinterGrab_phytoplankton_biomass_Munawar.csv

WinterGrab ciliated protist abundance.csv

WinterGrab_microbial flowcytometry abundance.csv

WinterGrab particulate cyanotoxins concentration.csv

thymidine and leucine incorporation and results are given for both, as
either nmol thymidine (or leucine)/L/day or in units of ng Carbon/L/d.
Chlorophyll a concentration results for 47 of our 49 sites. Chlorophyll a
concentrations were determined by fluorimetry from acetone-extracted
filters and are reported in micrograms/L.

Crustacean zooplankton abundances for 12 of our 49 study sites, in ‘long’
format. Zooplankton abundance was determined by microscopy on
zooplankton net tows. Abundances are expressed as individuals per liter.
Abundances of microbial loop components (bacteria, picoplankton,
nanoflagellates) determined by microscopy for 11 of our 49 sites, and
expressed as cells/L.

Microcystin concentration data for 20 of our 49 sites, as determined by
ELISA and expressed in pg/L.

Phycocyanin (PC) and phycoerythrin (PE) concentration for 21 of our 49
sampling sites. PC and PE concentrations were determined using
spectrophotometery and expressed in pg/L.

Phytoplankton abundance data for 27 of our 49 sampling sites, determined
by the McKay lab (University of Windsor) and expressed in cells/mL.
These data are in ‘long’ format.

Phytoplankton abundance data for 13 of our 49 sampling sites, determined
by Hedy J. Kling, contracted by the Munawar lab (DFO) and expressed in
cells/L. These data are in ‘long’ format.

Phytoplankton biomass data for 13 of our 49 sampling sites, determined
by Hedy J. Kling, contracted by the Munawar lab (DFO) and expressed as
milligrams wet weight per cubic meter. These data are in ‘long’ format.
Abundance data on ciliated protists for 24 of our 49 sampling sites,
expressed in cells/mL. These data are in ‘long’ format.

Microbe abundance data for 44 of our 49 sampling sites, determined using
flow cytometry and expressed in cells/L.

Particulate concentrations of 25 cyanotoxin metabolites for 19 of our 49
study sites. Concentrations were determined using liquid chromatography
tandem mass spectrometry (LC-MS-MS) for material retained on filters,
representing particulate metabolite concentrations, expressed in parts per
billion. These data are in ‘long’ format.



Table 1 continued. Summary of all parameters and corresponding categories, filenames, and descriptions.

Category Parameter Name(s) File Name Description
Biological Whole Water Cyanotoxin ~ WinterGrab_wholewater cyanotoxins_concentration.csv. ~ Whole water concentrations of 25 cyanotoxin metabolites for 19 of our 49
Parameters ~ Metabolites study sites. Concentrations were determined using liquid chromatography
Concentrations tandem mass spectrometry (LC-MS-MS) for whole water samples,
expressed in parts per billion. These data are in ‘long’ format.
Lab-Based Phytoplankton =~ WinterGrab_PPR.csv Phytoplankton primary production rate parameters from measurements
Primary Production Rate performed on samples from 11 of our 49 study sites.
Site e Sampling Site Name WinterGrab_sites.csv Winter Grab sampling site metadata, including all 49 site names,
Metadata e PI Name

e Longitude

e Latitude

e Sampling Dates

e Sampling Organization
o Water Depth

o Ice Thickness

e Snow Thickness

locations, and sampling dates. This file can be joined with each data file
mentioned above using the “Sample Site Name” column. This file
contains all information shown in Table 2.




Table 2. Winter Grab sampling site metadata, water depth, ice thickness, and snow thickness. NA means no data. ¥ symbol marks one site that is in tributaries

rather than boundary waters of the Great Lakes system.

. . . . Sampling . L Water Depth .Ice Snow
Sampling Site Name PI Longitude Latitude Dates Sampling Organization (m) Thickness Thickness
(m) (cm)
Apostles Ozersky -90.779 46.837 16-02-2022  University of Minnesota Duluth 36.3 0.40 10
BI Birch Island McGregor Twiss -81.769 46.066 15-02-2022 Algoma University 3 0.46 10
BQI Mi‘fi‘\?(—)ﬁﬁf;gzﬁgs— -77.316 44.151 15-02-2022 Trent University 10 0.33 0
Bronte Pier Warren Currie -79.706 43.393 22-02-2022 Fisheries and Oceans Canada 4 0 0
CCI\Zﬁﬁﬁlton Warren_Currie -79.802 43297 16-02-2022  Fisheries and Oceans Canada 8 0 0
Eagle_B;y_Saginaw_Bay Uzarski -83.877 43.952 22-02-2022 Central Michigan University 0.8 0.38 0
EC_ 1 McKay -82.392 43.09 28-02-2022 University of Windsor 9.5 NA NA
GRO001 McKay -83.034 41.894 10-03-2022 University of Windsor 9.9 0.14 NA
EC 1156 McKay -83.135 42.054 25-02-2022 University of Windsor 11 0 0
EC 12 McKay -82.054 43.887 10-03-2022 University of Windsor 92.8 0 0
EC 1326 McKay -81.936 41.736 27-02-2022 University of Windsor 24.6 0 0
EC 3 McKay -82.036 43.254 10-03-2022 University of Windsor 10.2 0 0
EC 341 McKay -82.291 41.799 27-02-2022 University of Windsor 18.2 0.01 0
EC 84 McKay -81.637 41.832 27-02-2022 University of Windsor 27.7 0.01 0
EC 9 McKay -82.217 43.633 10-03-2022 University of Windsor 63.9 0 0
EC 970 McKay -82.973 41.826 10-02-2022 University of Windsor 11.0 0.14 0
ER 78M McKay -81.253 42.106 27-02-2022 University of Windsor 24.1 0 0
ER 91M McKay -82.905 41.845 10-02-2022 University of Windsor 11.1 0.09 0
GBI XenOPO“Il,‘;Z;i—NOIan -79.818 44.773 16-02-2022 Trent University 7.9 0.45 13
Green Bay (_)zersky -87.801 44.64 14-02-2022  University of Minnesota Duluth 5.5 0.50 0
Keweenaw Bay KB Vick-Majors -88.462 46.787 20-02-2022 M“’hlgg?ﬁTVZ‘fs‘ﬁ;ﬂogwal 18.6 0.25 2.5
Keweenaw_Waterway Vick-Majors -88.546 47.121 17-02-2022 Michigan Technological 5.6 0.33 5
_KwW University
LC Little Current McGregor Twiss -81.914 45.981 Algoma University 1.0 0 0
Lorain Eveleth -82.175 41.473 15-02-2022 Oberlin College 3.0 0.22 6.5



Table 2 continued. Winter Grab sampling site metadata, water depth, ice thickness, and snow thickness. NA means no data. * symbol marks one site that is in

tributaries rather than boundary waters of the Great Lakes system.

2

Samplin Water Depth lce Snow
Sampling Site Name PI Longitude Latitude PHng Sampling Organization p Thickness Thickness
Dates (m)
(m) (cm)
LSC-MB McKay Drouillard -82.421 42.467 15-02-2022 University of Windsor 14 0.40 1
NB22-002 McKay Bullerjahn -82.404 41515  04-02-2022  Unmiversity of Windsor/Bowling NA NA 0
- Green State University
NB22-003 McKay Bullerjahn -82.963 41903 04-02-2022  University of Windsor/Bowling NA NA NA
- Green State University
NB22-004 McKay Bullerjahn -82.789 41.89 05-02-2022  University of Windsor/Bowling NA NA NA
Green State University
NB22-005 McKay -82.078 41.665 10-03-2022 University of Windsor NA 0 0
NB22-006 McKay -82.64 41.879 10-03-2022 University of Windsor NA 0 0
NB22-007 McKay -82.832 41.893 10-03-2022 University of Windsor NA 0 0
NB22-008 McKay -83.114 41.938 10-03-2022 University of Windsor NA 0 0
Ontario_-_St._Catharines Bramburger -79.264 43.21 20-02-2022 Environment and Climate 2.0 0 0
- St Change Canada
Parry_Sound Depew -80.045 45342 24-02-2022 Environment and Climate 24.0 0.32 1
_Georgian_Bay Change Canada
Pinconning_Park Uzarski 83.917 43.85 15022022 Central Michigan University 1.6 0.33 0.5
_Saginaw_Bay
RD_Bay of Islands . L
Whitefish_Falls McGregor Twiss -81.824 46.104 15-02-2022 Algoma University 3.0 0.46 10
RW_Ridgeway Environment and Climate
" Abino_Bay Zastepa -79.09 42,8348 21-02-2022 Change Canada 1.0 0 0
Saginaw_River* Karpovich -83.871 43.614 16-02-2022  Saginaw Valley State University 8.5 0.3 0
Samt—é\ﬁ'fg‘;l—Bay Doubek 84.641 46.013 17-02-2022  Lake Superior State University 9.7 0.4 1.8
B Bowling Green State
Sandusky Bay Bullerjahn_McKay -82.832 41.497 09-02-2022 University/University of 1.0 0.15 0
Windsor
SB1 Godwin 83.661 43.64 15-02:2002 ~ Cooperative Institute for Great 32 0.39 1.5
Lakes Research
SB14 Godwin -83.64 43737 15002022  Cooperative Institute for Great 3.7 0.48 0.008
Lakes Research
Silver_Harbour Rennie -88.973 48.508 19-02-2022 Lakehead University 10.5 0.62 9.4
_Thunder Bay
South Bass Island Chaffin -82.83 41.66 15-02-2022 Ohio State University 10.2 0.27 0.01



Table 2 continued. Winter Grab sampling site metadata, water depth, ice thickness, and snow thickness. NA means no data. * symbol marks one site that is in

tributaries rather than boundary waters of the Great Lakes system.

Samplin Water Depth lce Snow
Sampling Site Name PI Longitude Latitude PHng Sampling Organization p Thickness Thickness
Dates (m)

(m) (cm)
u1l7 Twiss -74.795 45.006 16-02-2022 Algoma University 10.0 NA NA
Vanderbilt_Park Uzarski -83.661 43.61 15-02-2022  Central Michigan University 24 0.43 0.4

_Saginaw_Bay
NOAA Great Lakes
WE6 Vanderploeg -83.386 41.705 14-02-2022 Environmental Research 2.8 0.24 0.08
Laboratory
Whitefish Bay WB-LS Doubek -84.83 46.454 22-02-2022 Lake Superior State University 9.9 0.30 9.8
WP_Waverly Environment and Climate
Beach Park Zastepa -78.939 42.883 28-02-2022 Change Canada 1.0 0.05 2




Table 3. Summary of parameters measured across all Winter Grab sampling sites. * symbol marks one site that is in tributaries rather than boundary waters of the

Great Lakes system.

Sampling Site Name P Phyoplankeon  Phyooplankton M SRR L show Ry Tol - ped Chi
Abundance  Abundance NO3 photus Phosphorus
Apostles Ozersky X X X X X X X X X X
BI Birch Island McGregor Twiss X X X X
BQI h{iﬁfﬁgﬁﬁfﬁﬂﬁﬂgs X X X X X X X X X X
Bronte Pier Warren_ Currie X X X X X X X X
CCIW_Hamilton Harbour Warren_Currie X X X X X X X X X X
Eagle Bay Saginaw Bay Uzarski X X X

EC 1 McKay X X X X X X
GRO001 McKay X X X
EC 1156 McKay X X X
EC 12 McKay X X X X X
EC 1326 McKay X X X X X
EC 3 McKay X X X X X
EC 341 McKay X X X X X
EC 84 McKay X X X X X X X
EC 9 McKay X X X X X
EC 970 McKay X X X X X
ER_78M McKay X X X X X
ER 91M McKay X X X X X
GBI hgff%ﬁﬁfgﬂgﬂgs X X X X X X X X X X
Green_Bay Ozersky X X X X X X X X X X
Keweenaw Bay KB Vick-Majors X X X X X X X
Keweenaw Waterway KW Vick-Majors X X X X X X X
LC Little Current McGregor Twiss X X X X X
Lorain Eveleth X X X X X X
LSC-MB McKay Drouillard X X X X X X




Table 3 continued. Summary of parameters measured across all Winter Grab sampling sites. * symbol marks one site that is in tributaries rather than boundary
waters of the Great Lakes system.

Sampling_Site Name PI Ph}g?fr?;iton Plggﬁfl?;itgn Mllf(r)(z)l[))lal ZCoroL;)slt:r?li?:n Light Sil:ew Egi Phoj;oﬁﬂ DiZs(:;[?\}ed Chl-a
Abundance  Abundance NO3 PROTUS — pp sphorus

NB22-002 McKay Bullerjahn X X X X X

NB22-003 McKay Bullerjahn X X X

NB22-004 McKay Bullerjahn X X X X
NB22-005 McKay X X X X
NB22-006 McKay X X X X
NB22-007 McKay X X X X

NB22-008 McKay X

Ontario_- St. Catharines Bramburger X X X X X

Parry_Sound Georgian Bay Depew X X X X

Pinconning_Park Saginaw Bay Uzarski X X X X X X

Ve ay—Of—I;l;Illsds—WhiteﬁSh— McGregor Twiss X X X X

RW_Ridgeway Abino Bay Zastepa X X X X X X X

Saginaw_River* Karpovich X X X X X X

Saint Martin Bay SM-LH Doubek X X X X X X

Sandusky Bay Bullerjahn McKay X X X X X X X X X

SB1 Godwin X X X X X X

SB14 Godwin X X X X X X

Silver Harbour Thunder Bay Rennie X X X X X X

South Bass_Island Chaffin X X X X X X X X X X

u17 Twiss X X X X

Vanderbilt Park Saginaw_Bay Uzarski X X X X X X X X X

WE6 Vanderploeg X X X X X X X

Whitefish Bay WB-LS Doubek X X X X X X X

WP_Waverly Beach Park Zastepa X X X X X X




Table 3 continued. Summary of parameters measured across all Winter Grab sampling sites. * symbol marks one site that is in tributaries rather than boundary

waters of the Great Lakes system.

Sampling_Site Name PI IZHCl)dC Alkalinity Phytoplankton Phyca?ncg o Bacteri.al \\VV};?: Chloride Cilia‘Fed Flow Net CTD
DOM abundance Phycoerythrin Production Microcystin Protist ~ Cytometry  Primary
Apostles Ozersky X X X X X X X X X X
BI Birch_Island McGregor Twiss X X X X X
BQI fffﬁaﬁﬁfgﬂﬁﬂg X X X X X X X X X X
Bronte Pier Warren_Currie X X X X X X X X X
CCIW_Hamilton Harbour Warren_Currie X X X X X X X X X X
Eagle Bay Saginaw Bay Uzarski X X X
EC 1 McKay X X X X X X
GRO01 McKay X X
EC 1156 McKay X X X
EC 12 McKay X X X X
EC 1326 McKay X X X X
EC 3 McKay X X X X
EC 341 McKay X X X X X
EC 84 McKay X X X X X X
EC 9 McKay X X X X X
EC 970 McKay X X X
ER_78M McKay X X X X X
ER 91M McKay X X
GBI Maggie Xenopoulo X X X X X X X X
s_& Nolan_ Pearce
Green_Bay Ozersky X X X X X X X X X X
Keweenaw Bay KB Vick-Majors X X X X X X X X X X
Keweenaw—\y aterway_K Vick-Majors X X X X X X X X X
LC Little Current McGregor Twiss X X X X
Lorain Eveleth X X X X X X X X
LSC-MB McKay Drouillard X X X X X
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Table 3 continued. Summary of parameters measured across all Winter Grab sampling sites. * symbol marks one site that is in tributaries rather than boundary
waters of the Great Lakes system.

DOC Phycocyanin . Whole -
Sampling_Site Name PI and  Alkalinity P};}gorll)é?:llzteon and P?sgte(;li?)ln Water Chloride Cl;rl(l)iz? C f;ﬁlvz ¢ Pr?l{;;r CTD
DOM " Phycoerythrin . Microcystin Y Y Y
NB22-002 McKay Bullerjahn X X X X
NB22-003 McKay Bullerjahn X X
NB22-004 McKay Bullerjahn X X X X
NB22-005 McKay X X X X
NB22-006 McKay X X X X X
NB22-007 McKay X X X X
NB22-008 McKay X X
Ontario_-_ St. Catharines Bramburger X X X
Parry_Soun:il;]Georglan_B Depew X X X X
Plnconmng_]ie‘l}rlk_Sagmaw Ugzarski X X X X X X X
RD_B ay_o_f_Islands_Whit .
ofish_Falls McGregor Twiss X X X X
RW_Rldgew;y_Abmo_Ba Zastepa X % X X X X %
Saginaw_River* Karpovich X X X
Saint Martin Bay SM-LH Doubek X X X X X X X X
Sandusky Bay Bullerjahn_McKay X X X X X X
SB1 Godwin X X X X X X X X X X
SB14 Godwin X X X X X X X X X
Sllver_Harllosog_Thunder_ Rennie X X X X X X X
South Bass Island Chaffin X X X X X X X
u17 Twiss X X X X X X X
Vanderbllt_gzgk_s aginaw Ugarski X X X X X X X
;’VE6 Vanderploeg X X X X X X X X X X
Whitefish Bay WB-LS Doubek X X X X X X X X X X X
WP_Waverly Beach Park Zastepa X X X X X X X




Table 4. Summary statistics for selected environmental parameters. Variables (i.e., CTD, taxonomic information, cyanobacterial metabolites) that could not be

easily summarized were excluded due to the number of parameters.

Category Parameter Name Units Min Mean Max Stal}dz}rd
Deviation
Light Transmission Through Snow and Ice Percent 0.35 7.27 20.48 6.15 10
Transmission
Light Transmission Through Ice Percent 6.09 23.27 53.93 12.82 21
. Transmission
Physical Parameters . . )

Light Attenuation Coefficient Through Water m! 0.17 0.87 4.16 0.89 23

Snow Thickness cm 0 0.24 10 1.516 22

Ice Thickness m 0 0.20 0.62 0.19 22

Alkalinity umol/kg 339 1899 3348 793.43 62

Chloride ppm 2.46 26.36 161.41 30.48 95

Dissolved Organic Carbon in Water mg/L 1.18 341 10.22 2.14 41

Dissolved Organic Carbon in Ice mg/L 0.19 0.92 3.25 0.87 19

NH4 mg/L 0.005 0.0534 0.319 0.06 94

Chemical Parameters

NO» mg/L 0.0032 0.0096 0.0596 0.0114 64

NO; mg/L 0.046 0.657 4.074 0.794 123
Total Dissolved Phosphorus ug/L 0 13.08 63.39 13.08 184

Total Nitrogen mg/L 0.296 0.958 5.1 0.947 62

Total Phosphorus ug/L 3.21 7.53 28.71 5.1 64

Bacterial Production Rate (average of leucine

and thymidine based results) ng C/L/day 308 4055 11775 3628 40
Chlorophyll-a ug/L 0.043 3.79 32.7 5.78 100

Crustacean Zooplankton Abundances Ind./L 0.062 1.48 9.44 2.92 12

Microbial Loop Components mg/m3 263.2 1360.2 2994.7 832.2 14

Biological Parameters Phycocyanin Concentration ug/L 0.72 2.41 10.13 2.09 35
Phycoerythrin Concentration ug/L 2.15 10.66 31.16 7.89 35

Phytoplankton Abundance cell/L 4.64%107  9.16%107  3.45%10%  8.54*107 13

Phytoplankton Biomass mg/m? 38.8 1752.1 16761.1 4556.4 13

Ciliated Protists Abundance cells/mL 0.01 0.055 0.22 0.052 24

Microbial Flow Cytometry Abundance cells/mL 4.42*%10°  2.09*10°  7.90*10°  1.29*10° 167




Table 5. Comparison of our dataset with four other publicly accessible, multivariate datasets on winter limnology of freezing lakes.

Dataset Year Lake Sampled # of Sites Description
Pu et al. 2022 Superior, Michigan, Huron, Erie, 49 Physical- water temperature, ice and snow properties, light conditions
(2024) Ontario, and Connecting Waters Chemical- water chemistry, dissolved organic matter characterization
Biological- chlorophyll a and other pigments, cyanotoxins, plankton abundance
and taxonomy, bacterial and primary production
Hampton et al. 1982-2008, 89 lakes from across North America, >100 Physical- water temperature, ice and snow properties
(2017b) vary by sites Europe, and Antarctica Chemical- water chemistry
Biological- chlorophyll a, plankton and zoobenthos abundance and taxonomy
Ontario Open 1976-2019 Superior, Huron, Erie, and Ontario 18 Chemical- water chemistry
Data Team Biological- chlorophyll a
(2020)
McKay et al. 2012, 2013, Erie 31 Physical- water depth, ice and snow properties, weather, water temperature
(2017) 2016 Chemical- water chemistry
Biological- chlorophyll a
Bullerjahn et al. 2018-2020 Erie 30 Physical- water depth, weather, ice and snow properties
(2022) Chemical- water chemistry
Biological- chlorophyll a, phytoplankton abundance
Weyhenmeyer 2021 31 lakes from Europe and North 31 Physical- snow and ice thickness and characteristics
et al. (2022) America




Figure Captions

Figure 1: Map of sampling site locations. Triangle marks one site that is not boundary waters of the Great Lakes but are
tributaries.

Figure 2: Diagram showing approach to measuring light penetration through ice and snow cover.

Figure 3: Boxplot for selected environmental parameters. Variables (i.e., CTD, taxonomic information, cyanobacterial
metabolites) that could not be easily summarized were excluded due to the number of parameters.
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