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Deployment during summer 2016
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Fall bloom window In future Arctic
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Figure 1. Evolution of the ice seasonality diagnostics (ice retreat
date, blue; ice advance date, orange): (a) CMIPS5 median and in-
terquartile range, with corresponding range of satellite-derived val-
ues (green rectangles 1980-2015) over the 70-80° N latitude band;

Lebrun et al. (2019)
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lI- Going through winter
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Polar night + sea ice/snow = little light
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2 conditions for winter biomass accumulation: low respiration and low grazing
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(AImost) no zooplankton grazing in winter
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Winter bloom initiation:
Positive growth rates in mid-winter
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II- Going through winter
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Chl a fluorescence

particulate backscattering at 700 nm 
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phytoplankton growth in winter. by definition, phytoplankton grows through photosynth, but we cannot exclude mixotrophy at this stage (consumption of organic matter).
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Polar night + sea ice/snow = little light



Sun elevation angle at local nooon

Sea ice concentration

Isolume depths

Randelhoff et al., in prep.







15





Behrenfeld (2010)

2 conditions for winter biomass accumulation: low respiration and low grazing

At low latitudes, made possible by deep-mixing (= dilution)
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In Arctic, respiration in microalgae may indeed be very low
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Winter bloom initiation:
Positive growth rates in mid-winter
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Figure 1. Evolution of the ice seasonality diagnostics (ice retreat
date, blue; ice advance date, orange): (a) CMIP5 median and in-
terquartile range, with corresponding range of satellite-derived val-
ues (green rectangles 1980-2015) over the 70-80° N latitude band;
(b) one-dimensional ice—ocean model results. The ice-free period
(Lw), the photoperiod (Lp) and the average polar night (grey rectan-
gle) are also depicted. Note that the systematic difference between
observations and CMIP5 models is reduced when accounting for
the systematic bias due to the daily interpolation of monthly means
in CMIP5 models (see Sect. 2 and Table S2).
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Figure 1. Evolution of the ice seasonality diagnostics (ice retreat
date, blue; ice advance date, orange): (a) CMIP5 median and in-
terquartile range, with corresponding range of satellite-derived val-
ues (green rectangles 1980-2015) over the 70-80° N latitude band;
(b) one-dimensional ice—ocean model results. The ice-free period
(Lw), the photoperiod (Lp) and the average polar night (grey rectan-
gle) are also depicted. Note that the systematic difference between
observations and CMIP5 models is reduced when accounting for
the systematic bias due to the daily interpolation of monthly means
in CMIP5 models (see Sect. 2 and Table S2).
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Abstract


Arcticphotoautotrophiccommunitiesmustsurvivethroughpolarnightdarknessuntillightreturnsin


spring.Wetrackedchangesinthecellularresourceallocationsandfunctionalcapacitiesofapolarsea-icedia-


tom,Fragilariopsiscylindrus,tounderstandacclimationprocessesinbothdarknessandduringthesubsequent


returntolight.Wemeasuredparametersatspecifictime-pointsover3monthsofdarkness,andthenover6d


afterareturntolight.Measuredparametersincludedcellnumberandsize,cellularcarbonandnitrogenquotas,


lipidandpigmentcontents,concentrationofkeyproteinsofthephotosyntheticsystem,photosyntheticparam-


etersbasedonbothvariablefluorescenceandcarbonassimilation,andthelevelofnonphotochemical


quenching.Astablefunctionalstatewasreachedwithinafewdaysafterthetransitiontodarkandwasthen


maintainedthroughout3monthsofdarkness.Thedarkperiodresultedinadecreaseoflipiddropletcellquota


(−6%),chlorophyllacellquota(−41%)andthemaximumcarbonfixationratepercell(−98%).Returntolight


after1.5monthsofdarknessresultedinastronginductionofnonphotochemicalquenchingofexcitationanda


fastrecoveryofthemaximumcarbonfixationratewithin1d,followedbyarapidincreaseinthecellnumber.


Returntolightafter3monthsofdarknessshowedanincreaseofmortalityoraprofounddownregulation


inducedoverlongerperiodsofdarkness.


Diatomsexperienceawiderangeofenvironmentalcondi-


tionsacrosstheoceans,withsomeimposingextremestresses


uponthecells.Lightspansoneofthelargestrangesofenvi-


ronmentalvariationasdiatomsmaytransitionfromhighlight


exposureinthesunlitsurfacelayertodarknessduetoocean


mixingorduringthenight.Beyonddielcycles,diatomsmay


surviveweeksintotaldarknessduringdeepoceanmixing


events(CullenandLewis1988;MarshallandSchott1999),


andpossiblyuptocenturiesduringsedimentationevents


(McQuoidetal.2002;GodheandHärnström2010;Härnström


etal.2011).Athighlatitudes,darknesssometimeslastsaslong


asca.6monthsasaconsequenceoftheseaicecoveredwith


snowandloworevennegativesunelevationduringthepolar


night.Giventhephotoautotrophicnatureofdiatoms,their


survivalofalackofsunlightforupto6monthsisremarkable


andhasmotivatedmanystudiesinthepastdecadestounder-


standtherelatedacclimationprocesses.


Sofar,inexperimentsstudyingtheresponsetoprolongeddark-


ness,microalgalordiatomcellgrowthrecoveredaftertheimposed


darkperiod(Table1).Sporeproductionmightexplaindiatomsur-


vivalduringprolongeddarkness(DoucetteandFryxell1983),but


sporeshaveonlyrarelybeenobservedinexperiments(Petersand


Thomas1996;Zhangetal.1998).A“vegetative”orphysiological


restingstatecouldbemoreprevalentforoverwinteringasresting


cellshavetheabilitytorapidlyrecovertotheiractivestate


(Anderson1975;Sicko-Goadetal.1986).Heterotrophicnutrition


hasalsobeenconsideredasameansfordarksurvival(Lewin1953;


White1974;HellebustandLewin1977),buttheextentofitscon-


tributionremainsuncertain,asitisnotalwaysdetected(Horner


andAlexander1972;PopelsandHutchins2002;McMinnand


Martin2013).


Inseveralexperimentsonmicroalgae,notallonpolardia-


toms,aphysiologicalrestingstateduringprolongeddarkness


hasbeencharacterizedbyalowrateofmetabolicactivities.
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thisarticle.
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Arctic mid-winter phytoplankton growth revealed by
autonomous profilers
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Xiaogang Xing®, Gérald Darnis'2, Christophe Penkerc’h*, Makoto Sampei®, Louis Fortier'2,
Fabrizio D'Ortenzio®, Hervé Claustre®, Marcel Babin'?

It is widely believed that during winter and spring, Arctic marine phytoplankton cannot grow until sea ice and
snow cover start melting and transmit sufficient irradiance, but there is little observational evidence for that
paradigm. To explore the life of phytoplankton during and after the polar night, we used robotic ice-avoiding
profiling floats to measure ocean optics and phytoplankton characteristics continuously through two annual cy-
cles in Baffin Bay, an Arctic sea that is covered by ice for 7 months a year. We demonstrate that net phytoplankton
growth occurred even under 100% ice cover as early as February and that it at least partly resulted from photo-
synthesis. This highlights the adaptation of Arctic phytoplankton to extreme low-light conditions, which may be
the key to their survival before seeding the spring bloom.
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