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=PFL  Processes affecting C0, budget of a lake
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Fig. 2. Schematic diagram showing pathways of carbon
cycling mediated by lakes and other continental waters. The
letters correspond to rows in Table 1.
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Source: Tranvik et al., Limnol. Oceanogr., 2009
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CO, sources:

= Atmospheric input

= Respiration: (CH,0), + O, — CO, + H,0O

= Abiotic oxidation of (imported) organic matter, e.g., MnO,, + (CH,0O), + H* — CO, + H,O + Mn?*
= |nput from groundwater or rivers

CO, sinks:

= Evaporation into atmosphere

= Photosynthesis: CO, + H,0 — (CH,0), + O,

= Mineral weathering, e.g.: CaCO, + CO, + H,0 — Ca?" + HCO;,"
= Export to downstream ecosystsems

Human influences affect CO, budget in various ways:

= Nutrient input by agriculture or wastewater — eutrophication — increased algal growth /
decomposition

= Climate change — higher temperature — lower CO, solubility in water column, enhanced
microbial activity and respiration rates.

= Land use changes — deforestation and urban development alter the inflow of organic matter
and nutrients
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Lake CO, levels and saturation vary by season
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Lake Geneva is a net CO, emitter (ca. 12 Gg C per year). Why?

Only little input of organic matter from the shore, so respiration of imported organic material is
not a relevant CO, source.

Alternative, newly discovered, chemical explanation:

» |nput of calcium and carbonate by erosion of the rock on the upper shore of the lake
(dissolution of CaCO, by rain water).

= |n summer, the combination of photosynthesis (pH increase) and heat promote
supersaturation of Ca2*

= Calcite microparticles precipitate, releasing CO, : Ca?* + 2 HCO5; « CaCO; + CO, + H,0O

= The release of CO, compensates a large fraction of the CO, incorporated by phtosynthetic
algae, minimizing CO, undersaturation during summer

For more info, see Many et al, 2024, Sci. Adv. 10, eado5924



P71 pCO, in Lake Geneva

Data are averaged from 0 to 10m depth
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Black line: measured pCO,
Red line: modelled pCO, considering calcite precipitation
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Lake Genevain 2023 ’
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Data Portal

Ossecedof 13 e |

Find the T profile for Lake Geneva in 2024 on www.datalakes-eawag.ch

ssssssssss

1 Open datalakes — data portal

2 Under “Lake” select Lake Geneva
3 Find “Lexplore Idronaut depth time grid” and cli
4 Select “water pressure” on the y-axis (reflects depth)
5 Select “water temperature” on the z axis

6 Under “Time Range”, select the year 2024

7 Under “Display options” you can re-scale the axes

‘view dataset”

Alplakes Lake Hallwil 3D Model
50 by dotpwn e o0

Discuss with your neighbor:

- how does the temperature profile of 2024 compare to that of 20237

- Do you think the lake emitted more or less CO, in 2024 than in 20237

- When atmospheric pCO, increases, will lakes still acidify, even though
they are often emitters of CO, rather than sinks?


http://www.datalakes-eawag.ch/

=L Observation: pH and CO, in 4 German lakes over 35 years
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=PFL Possible causes for decrease in pH and increase In
dissolved C02

1. Increase in water temperature?
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Possible causes for decrease in pH and increase in
dissolved C02

2. Increase in atmospheric pCO, due to fossil fuel burning?

400

CO; fraction in dry air (umol/mol)

&
g

2

Monthly mean CO, concentration
Mauna Loa 1958 - 2022

Seasonal variation

CO, fraction in dry air (pmolimal)

Departure from yearly average
G R o - n
£
| >

1950 1980 2000 2020

Year

Data : D Pieter Tans, NOAAESAL hip=:/gmincaa goveogirends) and
Or. Rl Kealing, Saspos inlituon of eancarapA {NIDS: S0k pooco2 uosd ook, ACCIS®A 2021219
s ik 4D

Source: Wikipedia

1.60E-05

1.55E-05

1.50E-05

.2 1.45E-05

=
=
o
e
o
o

1.35E-05

CO2 concentration in water (M)

1.30E-05

log[H,CO,]=log[pco, 1+PKy,

T=20°C K

1970 1980 1990 2000 2010 2020

Year

Correct trend in dissolved CO,



=PFL Possible causes for decrease in pH and increase In
dissolved C02

3. Decrease in nutrient input leading to less CO, fixation?
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Source: Weiss et al, 2018, https://doi.org/10.1016/j.cub.2017.12.022
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No! Nutrients were reduced in all lakes but CO, fixation only went down in two.


https://doi.org/10.1016/j.cub.2017.12.022

=PFL Possible causes for decrease in pH and increase In
dissolved C02

4. Decrease in the abundance of CO,-fixating phytoplankton?
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Source: Weiss et al, 2018, https://doi.org/10.1016/j.cub.2017.12.022

No! Chl-a only decreases in two lakes (and only over first 20 years), but
CO, increases in all four lakes and for entire monitoring period.
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Ecological effects on Daphnia

Daphnia is a water flea that is often used as a model organism in ecotoxicological studies. They
serve as prey for fish and invertebrates. They are ca. 1 mm in size and present in many water
bodies and are highly sensitive to xenobiotics.

Daphia has different defense mechanisms. When predators (e.g., kairomone-emitting larvae)
excrete chemical signals (kairomones), they are sensed by Daphnia and elicit a defense response
(development of neck teeth and increase in body size).

A : Neck teeth
5 > — eck teet
@2 predator defense
perception expression
Kairomone*
emitting larvae Daphnia

Adapted from: Weiss et al, 2018, https.//doi.org/10.1016/j.cub.2017.12.022

*Kairomones = signaling chemicals that transfer information between organisms
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=PFL  Ecological effects on Daphnia

Test 1: effect of pCO, on neck teeth and body size, with and without a predator.
Approach: increase pCO,, measure if and how neck teeth and size (crest) change.
pCO,/pH conditions tested:

2000 pamt CO,/pH 7.5

11’000 patm CO,/pH 6.9

16’000 patm CO,/pH 6.7
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Conclusion1 : CO, affects the ability of Daphnia to sense a preditor.
The higher the pCO,, the weaker the defense mechanism when a predator is present.
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Source: Weiss et al, 2018, https.//doi.org/10.1016/j.cub.2017.12.022
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Ecological effects on Daphnia

Test 2: is it the change in pCO, or the associated change in pH that reduces defense?
Approach: vary pH, but not pCO, (by adding hydrochloric acid)

~ 2000 pamt CO,/pH 7.5

~ 2000 pamt CO,/pH 6.9

~ 2000 pamt CO,/pH 6.7
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Conclusion 2: The defense mechanism is not affected by pH.
The reduction in defense mechanism must be due to the increase in pCO,

itself.
Source: Weiss et al, 2018, https.//doi.org/10.1016/j.cub.2017.12.022
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=PFL Summary

= Lakes have a complex CO, budget, which is affected by increasing CO, levels, but
also other mechanisms (both natural and human-made)

= Even tough lakes are often supersaturated in CO, , they are acidifying as a result of
increasing CO, levels.

= The lake pH is dropping, so far by about 0.3 units over 35 years (though large
differences in lakes can be expected!)

= The increase in CO, has ecological effects, which are not necessarily related to pH,
but also to CO, itself.

= The effects of climate change on lake biogeochemistry and ecology are highly
complex and are not well understood. This is an interesting and highly
interdisciplinary field of study for future environmental scientists and engineers.
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