Effects of summer heat waveon mixing, oxygen dynamics, nutrientand GHG in a small lake
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Introduction

ADGRIL

Estimationsof GHG emittedfrom inland watersbecomemoreaccuratewith the improvementsn gas
transfercoefficientmodelling andthe more extensivedataon dissolvedgasconcentrations Further
Improvementrequires a better understandingon how weather and its effects on stratification,
turbulence,oxygen and nutrients affect the production,storageand emissionsof GHG in lakes of

different morphometry The extreme summer weather recordedin 2012 was an opportunity to

Investigatethe effectsof predictedwarmerclimateon shallowlakes,thatareoverlookedbut abundant
aguaticecosystems

The aims of this study are (1) to testthe effectsof recent North American summer heatwave’ on
the thermal structure and turbulence in a small, shallow lake, and (2) to accountfor the effects
of extremeweatheron shallow lake nutrients, primary production, oxygenand GHG dynamics

Fig. 1. Lake Jacques bathymetry and sampling stations
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Fig. 4. The oxygen stratificationin the littoral (dottedlines)

and pelagial (solid lines) in 2011 (upper panels)and during
heatwavein 2012 (lower panels)
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Methods
Studysite

Lake Jacquess a small(0.18 km?) andshallowlake (maximumdepth= 1.9 m, meandepth= 0.75m)
with a catchmenbf 5.92 km? (Fig. 1). Thelakeis located30 km north of QuebecCity (QC, Canada) N 30
andis suppliedwith waterfrom two creeksin the easterrside of the lake, aswell asfrom a ground £9°
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coefficient (k) calculationswere computedwith surfacerenewalmodel (hereafterSR). Gastransfer SN R A S I U G

coefficientwasalsocalculatedusingwind-basednodelof ColeandCaraco(1998 hereafteliCC). Fig. 2 Meteorological conditions and turbulencefollowing

Tedfordet al. (2014 in 2011 and during summerheatwave
The SR model yields higher flux estimatesthan the CC model, with Kgosr @nd Kgooee averaging In 2012

respectively2.6 and2 cm hrt atlow wind speed1 m s?t) or 10 and6 cm hrt at highwind speed6 m
s1). For a neutral atmosphericstability, kyysr @nd kg~ provide an envelopefor anticipatedgas
transfercoefficient

GHG diffusive fluxes were estimatedas Flux = k (C, i UC,,), where C, and C,, are the
concentrationof gas acrossthe airAvater interface correctedaccordingto He n r bawg & is the
Ostwald solubility coefficient,andk Is either k- or ke correctedfor Schmidtnumber A floating
chambeevicewasusedto evaluatehe accuracyof the modelledfluxes (hereafte=C).

Results

Weatherforcing and lake thermal structure

Although strongerair T forcing and lower rainfall during 2012 heatwaveled to betweenyear
differencesin mixing and turbulence(Fig. 2), thermalstratification was pronouncedn both years
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Fig. 3. Thermalstructureof the lake during summer2011 and

2012
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polimnion during the summerheat Fig. 5. The dynamicsof nutrientsand Chla in the littoral (dotted

despitethe shallowdepth(Fig. 3).

wavethanduring the previoussummer(Fig. 3). DO stratification lines) and pelagial(solid lines) in 2011 andduring heatwavein
startedearlierandwas morestablein 2012thanin 2011 Surface 2012

In both summersgdiurnal thermoclinedormedin the upper20 cm to 60 cm. In 2011, the afternoon
winds causecepisodesof apparenmixed layer deepeningSimilar eventsoccurredin 2012 but the
penetrationof warm water was restrictedto shallowerdepthsand the amplitudeof internal waves
following wind eventswvasonly 20 cm.

In both years,transportscould be associatedvith rainfall, with large T decreasen the lower water
column in 2011 co-occurring with rain events The transportscould also be associatedwith

differential cooling For example,T cooledbetweerd0 and80 cm butnotat 1 m from 20to 22 July

2012 As inflows from rain werelow at that time, this mid-watercolumncooling, with T similar to

Inshoresite, Is indicative of offshoreflows from differential cooling Thesepatternswere prevalent
with each2012cold front.

References, acknowledgments and funding
1) Tedford et al. 2014 GR:Oceangsn press;2) Raymond et al., 2013. Nature: 503; 3) Mills et al. 2013. Oceanography:26(2).
We would like to express our gratitude toSautey X. Egler, P. Michaud, APrzytulska K. Hudelsonand K.Negandhior their help

concentrationshowever,were higherin 2012thanin 2011, with
maximain the pelagialof ~13mgL". In 2012 DO wasin general
higher in the pelagial than in the littoral of the lake were
macrophytesvereabundant

During the stratificationperiodboth TP and TN weresignificantly
higherin 2012thanin 2011 (Fig. 4), andin 2012 TP washigher
In thelittoral thanin the pelagialzoneof the lake Therewasalso
significantly less SRP and NO; Iin surfacewatersduring 2012
than2011

The Chla concentrationsn surfacewaterswere higherin 2012
thanin 2011, andslightly higherin thelittoral thanin the pelagial

In the field. The study was supported by a NSERC Discovery Grant to IL, GRIL Grant to IL and RM, and GRIL scholarship to MB.

GHG saturation and fluxes

The aN,O and a€CH, were higher during summerheatwave
thanprevioussummerandhigherin the littoral thanpelagialof
the lake (Fig. 6). The ae C Owaslower in 2012thanin 2011, at
leastduringthestratifiedperiod

In 2012 ae C Owasnegativelycorrelatedwith waterT andChla
(R<-0.6, p<0.05), & C JHwaspositively correlatedo waterT, TP,
Chla and hypolimnetic DO depletion (R>0.4, p<0.05), and
aN,O wascorrelatedvith NO, (R=0.34, p=0.04).

In 2012 the lake wasa sink for CO, in the stratifiedperiod,but
diffusive flux exceeded®0 mmol m? day?! during fall overturn,
whenstratificationwaseroded At this time, the CH, fluxesalso
reachednaximalvalueof 15 mmol m~ day? (Fig. 7).
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Fig. 6. The GHG saturationlevel in the littoral (dotted
lines) and pelagial(solid lines) in 2011 and during heat
wavein 2012
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Fig. 7. The GHG diffusive fluxes in 2011 and 2012
estimatedusingwind-based(CC, black line) andsurface
renewalmodel (SR, red line) or measuredlirectly using
floating chambe(FC, bluesquares)

Conclusions

The response ofmall, shallowlake to weather
conditions during a heat wave may be used to assess
the effect of climate change in suchystems

Stronger stratification during summer heatwave
lead to hypolimnetic anoxia probably linked to
nutrient release from thesediment

As climate warms, the water quality of shallow lakes
IS likely to deteriorate since increase nutrients will
stimulate phytoplankton growth

The macrophytecolonized zones may be
particularly susceptible to the effect of hot, dry
weather and become hot spots for GH@missions

More of the potent GHG such as CHand N,O will
diffuse from shallow lakes as a result of decreased
oxygen in the hypolimnion and increased deposition
of OM to the sediments



