Supplementary Material for Thermal stratification and
meromixis in four dilute temperate zone lakes
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Supplementary Figure 1. Profiles of the lakes (in meters above mean sea level) along the fence diagrams in Figure 1.

Week of
2011-08-30

Dmgbupdmmapandlegmd

DO - Abnormally Dry

« Soil moisture is low; pasture and row crops are 24.74%
stressed of MN

= Fire danger increases (D0-D4)

» Lake and river levels decline; water temperatures rise

D1 - Moderate Drought 3.25%
» Winter snow events are canceled of MN
« River and lake levels are lower than normal (D1-D4)

D2 - Severe Drought

= Ground is hard; seed corn is short; feed is expensive;  0,00%
crop yields are low of MN
» Fire danger is high; burn permits are required (02-D4)
= River flow Isverﬁlaw; snowpack is significantly
decrease

lower; well level

D3 - Extreme Drought

« Com is harvested early; emergency haying and 0.00%
grazing are authori. ze(r bl of MN

» Wildfires are widespread (D3-D4)
= Surface waters are near record lows

D4 - Exceptional Drought 0.00%

* Mi ota h ienced little eptional
}D:)nﬁoughtass:mrr::m no D!-gv:lo derxocught o(f;:)N
mpacts recorded in the Drought Impact Reporter.

Supplementary Figure 2. Historical drought 1nformat10n for the counties encompassing Itasca State Park during the period
of 2000-2023. Graphics were generated by the National Integrated Drought Information System.
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Supplementary Figure 3. The Brunt-Viisili or buoyancy frequency (N, s2), calculated from the temperature time series
for Deming Lake from June 2019 to May 2020 (left), and Arco Lake from May 2021 to May 2022 (right). Higher values
indicate greater stability.
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Supplementary Figure 4. The dimensionless lake number was calculated using wind speeds from the ITCMS weather
station and the temperature time series for Deming Lake from June 2019 to May 2020 (left), and Arco Lake from May
2021 to May 2022 (right). Higher values indicate greater stability.
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Supplementary Figure 5. Deming Lake temperatures (°C) from June 2019 to May 2020 (left). Arco Lake temperatures
(°C) from May 2021 to May 2022 (right).
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Supplementary Figure 6. Plots of Schmidt Stability for each of the four study lakes from January 2021 to August 2022.
Higher values indicate greater stability.
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Supplementary Figure 7. The Brunt-Viisiili or buoyancy frequency (N2, s2), calculated from the temperature and salinity

profiles from Arco Lake from January 2021 to May 2022. Higher values indicate greater stability.
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Supplementary Figure 8. The Brunt-Viisiilid or buoyancy frequency (N2, s2), calculated from the temperature and salinity
profiles from Budd Lake from January 2021 to May 2022. Higher values indicate greater stability.
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Supplementary Figure 9. The Brunt-Viisiili or buoyancy frequency (N2, s2), calculated from the temperature and salinity

profiles from Deming Lake from January 2021 to May 2022. Higher values indicate greater stability.

le-4 3e-4 1e-3



A l, B . C, Dss A oo o B OO C 254, D
* L] : °
.
. . 20 . °
25 . 25 . dq o 25 25 ° 50
50 .
. . o . .
. . 45 g s
P o - . =3 - — 50{ o ~ 50 = . -
E 50 e E o . E * E E . E E e E
£ o £ . = < < < < ° c 75
2 2 g . B 50 - O g g 75 e £
) * o [ D6 I I I I ° [
o e O . o . o I | 4 o 75 a s ©
L] L] 0 ° o
75 . 75 . ° 55 . .
L] ] ) .
. . 7 . [ 10.0 . 100
10.0 1004 .
. . . °
. . . 6.0 ° [
10.0 . 10.0 . 8 oo ‘
. . L ]
125 125
25303540 0.000.025 0.05 0.075 999.98 1000 1000.02 3e~7 1e-6 3e—61e-5 6 8 101214 0.05 0.075 0.10 9997 9999  1000.1 3e-5 1e-4 3e-4
Temperature (°C) Sallinity (PSU) Density (kg m?) N2 (s?) Temperature (°C) Salinity (PSU) Density (kg m?) N2 (s?)
0 0
A o B e Cl D A . B . C2q, D
o ° 3 [ . o
. . . . o
° . 4 . . .
25 . 25 . . ° ° . 4
° ° 4 . 3 : 3 : 4 .
. . . . .
— ¢ * ° ~5 — o . P -
g e E * E; € B e E| o Els €
50 . 50 . . .
< < < = 6
g . g e & * g g6 e Bof o o] o 2
@ ° |5 e @ @ 53 e O . © . o
a [=] (=] . Qg [a} [a} o . o
° . ) .
6 .
. . . N b4 . i °
754 o 75 . . o .
° ° . 9 . of e 8 . 8
. . 7 7 . . .
. . . 0 . .
. lo . . .
10048 100 . . o .
10 15 20 25 00200 00250 00300 997.5 9985 9995 0.0015 0.0020 0.0025 75 100 125 150 175 003 0.06 0.09 999.0 999.3 999.6 le-5 le4  1e-3
Temperature (°C) Salinity (PSU) Density (kg m?) N2 (s?) Temperature (°C)

Supplementary Figure 10. The Brunt-Viiisili or buoyancy frequency (N, s2), calculated from the temperature and
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salinity profiles from Josephine Lake from January 2021 to May 2022. Higher values indicate greater stability.
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Supplementary Figure 11. Temperature profiles of a) Arco Lake, b) Budd Lake, c) Josephine Lake, and d) Deming Lake.
For Deming Lake, seasons were classified according to solstice and equinox dates.

Supplementary Table 1. Water color in mg Pt L-1. The depths of individual samples (in meters) are given in parentheses.

Arco Budd Deming Josephine
Depth 1 1.4 (4) 32.87(2) 8.0 (3.5) 3.1(2)
Depth 2 3.1(5) 27.9 (4.5) 8.0 (4.5) 1.4 (4.5)
Depth 3 4.71 (5.5) 24.6 (9) 8.0 (5) 1.4 (9)




Average 3.1 28.4 8.0 2.0
Standard dev. 1.7 4.2 0 1.0
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Supplementary Figure 12. Trends in 8'®*On20 and 8*Hpuzo with depth in the four study lakes. Deming was the only lake
sampled in all seasons. Analytical precision is within the symbol size.

Supplementary Table 2. Stable isotopes of spring and bog water.

Site Name Latitude Longitude 38020 (%o0) 8?Hez20 (%o)
Deming Bog 47.169440 -95.167162 -6.83 -10.90
Nicollet Creek 47.193874 -95.230539 -10.90 -81.36
Elk3 47.190478 -95.211350 -10.23 -77.36
Elk4 47.190478 -95.211350 -9.34 -73.92

The combined uncertainty (analytical uncertainty and average correction factor) for §'30 is + 0.04%, VSMOW) and
&?H is £ 0.25%0 (VSMOW), respectively.




Supplementary Figure 13. Left: marsh marigold in boggy areas around Deming Lake with 3x4” field notebook for scale.
Right: iron mineralization at Elk springs.
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Supplementary Figure 14. The range of $'%0u20 calculated for water vapor based on temperature records from the
ITCMS station calculated according to Engel & Magner, 2019.
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Supplementary Figure 15. Photosynthetically active radiation (PAR) profiles of a) Arco Lake, b) Budd Lake, c) Josephine
Lake, and d) Deming Lake.

Budd 4.5

Supplementary Figure 16. Cyanobacteria (top row) and eukaryotic algae (bottom row) observed in the study lakes in May
2022.
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Supplementary Figure 18. pH profiles of a) Arco Lake, b) Budd Lake, c) Josephine Lake, and d) Deming Lake. For

Deming Lake, seasons were classified according to solstice and equinox dates.
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Supplementary Figure 19. Co-variation between the thermocline depth and the depth of the maximum in dissolved
oxygen, and the SCML. Panel A includes data from all dates, and panel B lacks data from October 2021. The correlation
is significant when October 2021 datapoints are removed.



