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Abstract

A flood event which occurredduring the onset of thermal stratificaion and of algal growth (March 1996)was
studiedin mestrophic Lake Bourget(France) Both physcal andbiogeochemndal proceses occurring during this
episodenereassessed.-hedominantffectwas adecreasef nutrientconcentrationglongtheriverlake ecotone.
This phenomenoseemednainly linked to biologicalfacors stimulation of the spring algal and bacerial growth.
After theflood, the algaeaggreyatedwith allochthonougparticlesbroughtby theriverandwererapidly eliminated
by sedimenttion. The effect of this early spring flood, seemedspatialy regricted andrather neutal asregards
lake water quality. In the lake region crossedby the river plume, the overall effect after the flood was a decrease
of P available for the phytoplankbn.In the openwater, the P concentation wasprobaby notmodified by theload

supplied by theflood.

Intr oduction

As pointed out by mary auhors lakes exhibit their

stronges gradients along the vertical. The order of

magntudeof horizontal mixingtime scalke is theweek
while the order of magnitude of vertical mixing time

scale is the year (Imboden,1990). Thus horizontal

heterogeneityhas beenlargely neglected and major

effortsin limnology areaimedatimproving the overall

knowledgeof lake behaiour by studying the pelagial.

Theinputsfrom the waterdhedare taken into account
on large spaceand time scalesbut small spaceand
time scale phenomenajncluding the exchangesof

eneqgy, dissohed and particulatespecies,biotic and
abiotic particlesin the lake-river interface,arerarely
assessed. Nevertheless, during flood events, the inter-

acfonsbetveenthe incoming riversand the lake may
becomesignificant Field data concernng the phys-

cal andchemicalprocessesccurringin the interface
region during such periods and the ensuing biologi-

cal repong, arescarce,the highly randomnatre of

floodsprevening the planning of surveys.

Table1. Mooring trap periodsduring spring 1996

Dates Duration  Periodn®
March15t-140 13days 1
March 14th—2gh 15days 2
March29th—April oth  11days 3
April gth—2gh 20days 4

Phydcalimpactof afloodis caugd by the densty
currentcreaed by the incoming river. Dependig on
the densitydifferencebetweerlake andriver water, a
surface overflow, an intermediatedepthinterflov or
a nearbottom underfbw is creaed (Carmacket al.,
1979).Theintruson of theriver bringsabouta modi-
fication of the lake water circulation. The turbulence
asseiatedwith this intrusion originates the ertrain-
ment of surrounding lake water. Moreover, a flood
occurring in spring, during the set-up of the thermal
stratification, canaffect the depth of the thermocline
(Bournet 1996). Frequenty, in smal watersheds
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Figure 1. Sanpling pointsduringtheflood.

flood episodes are assaiatedwith meteaol ogical per-
turbations, especially high wind speed and cooling
of air temperatre. Therefore,interactons betveen
themixing effectsdriven by meteorologicatonditions
andthos cau®d by thefloodingriver itself are closely
overlapping.

From a biogeochental point of view, afloodmay
caue conflicting effecs. The sugpendedsolids trans
ported by theturbid inflow into thelake decreaslight
penetation in the water column and thereforelimit
algal growth (Tilzer, 1988;Reynolds, 1984).Thepar
ticulate matter derived from watershederosion(e.g.
small clay particles,metallic oxides) canhave a high
binding capaciy for toxic subgancesand nutriens
(Stabel & Geiger, 1985; Sigg et al., 1987; Froelich,
1988)anddecreasthebioavailability of thes species

Thisis paricularly important for phoghat, whichis
the limiting nutrientof primary productionin mary
temperatéakes.Soil leachingalsoincreasedissohed
organic matterin river water (Boissier & Fontvieille,
1993). The natral dissolved organc mater (DOM)
canpresenta high compleing capacityand canen-
hancetheadsrption of toxicsandnutrients (Zumgein
& Buffle, 1989;Buffle & Leppard,1995).

But a flooding river canalso introduceto a lake
a large amountof nutrients which increags the nu-
trient stock in thewater column(CEMAGREF, 1985;
Balland, 1980; Dorioz et al., 1989). Therefore flood
events aresugpeckedto beregponsble of a significant
amountof annualnutrientloading. In summer, they
may contribute to eglimnion nutrient regdenishmert.
Microbial biota is one of the biological component
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Figure 2. 1988river Leysse meanflows andingantaneousvater resdencetime.

Table2. Prefloodchamcteistics of river andlake water

River Leysse Lake Bourget
(9t February1996) (5t March1996)
Total P (ug I71) 48 37
Particulate P (g I=1) 17 4
Total soluble P (ug I=1) 31 33
Soluble reactive P (ng I71) 26 26
TSM (mgl—1) 55 0.8
BDOC (mgl—1) 0.54 0.28
RDOC(mgl~1) 2.05 2.17
Total numberbacteia (cellsml—1) 5.8810™° 917105
Bacterialproduction(ugCIl~1 h=1)  0.71 0.72
highly senstive to such disturbancegBrock, 1966; Finally, theoverall impactof afloodeventon alake
Fletcheret al., 1987). If little is known aboutthe isdifficult to assess asit depend®n four main facors
influence of flood events on phytoplankibn beha- (1) sea®n, (2) themagntudeof the dischage, (3) the
iour (Elber & Schanz, 1990), even les is known characteristicef the lake andtheriver waterand(4)
aboutthe microbial componen{Gayte& Fontvieille, the sugpendedmatter load. Literature concusionsare

submitted). often conflicting (Burkholder, 1992).
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Figure 3. Genera organizationof theflood survey: field measirementsandnumerical modelling.

Table 3. Nat, CI—, SO;2 concentrationsn river Leysse and lake Bourget surface

water
Nat (mgl~1) CI~ (mgl~1) sO;2(mgl~h)
Leysse —mean1996 4.7 6.5 153
Leysse (this flood) 28 4.15 85
Lake (surface)-mean1996 4.7 6.9 149
Lake (this flood) 43 6.2 132

A significanceof floodsin Lake Bourget mainly
on the Phoghoruscycle (P-cycle), has beenpodu-
lated (Groleau, 1994; Vingon-Lete et al., 1995). A
field survey aimedat monitoring the lake-river inter
face during a flood was conduced in March 1996.
The objecive of this paperis to highlight the impact
of this flood eventin Lake Bourgeton both physcal
andbiogeochental agpecs. The physcalimpactwas
assessed throughriver andlake water temperatretime
seriesanalsisandmodeling. Thebiogeochendal ef-
fects were estimated through the characerization of

the particles. size distribution, morphobgical obser-
vations with scaming electranic microscqe (SEM)
and semi-quantitative aralysis of their composition
(EDX). Bacerid biomas and producion were also
measired, to better undersand DOC and baceria
dynamcsin theriver plume.
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Figure 4. Reaillts of thethermal model (lake surfacewater) and10 m depththermistor tenperaturedata.

Lake Bourget

Lake Bourgetis a medum sized lake (surfacearea:
42 km?, maximal deph: 145 m, resdencetime
~ 7 years)locatedin the Frerch Alps (Figure 1).

The lake watershed areais about560 km?. The
main tributary, river Leysse, hasa 320 km? water-
shed areaand its spring is locaied at 1200m asl.:
75% of the total water inputto Lake Bourget comes
fromthelLeysse. Approximatly 30%of thewatershed
areahasan dltitude higherthan 1000m and is snow
covered from Decembetto the end of February The
Leyssedischages upstreamof its entrancein Lake
Bourmgetweregaugeduntil 1988.Afterwardsthe gaug-
ing station was disacivated. Since February 1996, a
new station, locatedat the same point, has beenin-
stalled. Water levels are measuredhgainbut the new
gaugig curves are not yet available, epecally for

high flows. Therefore the generalhydrological char
acterisics wereestablishedaccordingto the 1980-88
dat

River Leyssemeandischage rateis 8.5 m® s71,
and maximum flow measiredon the 1980-88period
is c. 100mS s~1. Floodsfrequenty happenin early
spring, during snow melting, and in autumn after
stam events. They last generally lessthan a week
Figure 2 shows the daly meanflow of river Leysse
in 1988 as an exampk highlighting the wide range
of the ingantaneousresdencetime of water in the
lake cawsedby the variahility of daily meanflow. The
threshold consderedto define a flood is a dischage
rategreatethan20 m® s~ (CEMAGREF, 1985).
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Figure5. BDOC andRDOC evolution in Lake Bourgeton March27h-28h 1996.

Material and methods Bourget, on a time scale of days is horizontally ho-
mogeneousinda single point, point B, locaied at the

Methodobgy lake maximumdeph (Figurel) is monthly monitored.
As a flood cannotbe forecased, we canonly as-

Following the anaysis of dat from different points sess the lake pre-floodcondtionsthroughthe monthly

of the lake gatheredbetween1969and 1978 (INRA, monitoring. A major difficulty in studyingfloodevent
1972; CEMAGREF, 1978), it is assumed that Lake comesfrom the differenceof field samplingscales
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Figure6. Decimel logarithmof total suspendedmatter(TSM) andorganicsuspendedmatter(OSM)in Lake Bourgeton March27th—2&h 1996.

beweenaregularmonitoringandafloodsurvey. Con-
trary to aregularmonitoringbasedn large spaceand
time scalesand aimed at assessin@ seasonablobal
evolution of thelake, afloodsurvey needsmal space
andtime scale campagnsto undersand the impactof
aspecfic episodeon lake sea®nalevolution.

Moreover, degite well-defined campagns the
flood metorological condtionsare generaly so un-
favourale thatthe survey may beincomplete.Iln order
to obtain the most complete data set, we followed
a methodobgical approachbasd on both numert
cal modellingand field surveys including continuous
measiremens andpunctal sampling.

Fromahydrologicalpoint of view, theriver Leysse
dischageswere edimated by a hydrological concep-
tual reervoir model GR4, (De Oliveira Nascimero,
1995)whose four parametersverecalibratedaccord-
ing to the 1980—88measireddischages

Concernig hydrodynamgs of river entrancedur-
ing the flood, a two-dimensonal horizontal hydro-
dynamtal model gives the direcion, the deph and
the extenson of the river plumein the lake (Bournet
1996).

Moreover, a one-dimensionalvertical thermal
model gives the temperatire evolution, the onst of
stratification and the occurence of mixing in the wa-
ter column. The time and space stepsof the model
areonedayand onemetr, reecively. Thisthermal
modelis coupledwith a modelof the phogphoruscy-
cle which includesthe proceses involving the algal
growth (Vincon-Leteetal., 1995).

Continuousdfield data areuseful to analyzethe data
collectedduring a flood event. Therefore,a thermis-
tor chain and sedimenttrapswere mooredat point T
(Figurel). Figure3 preensaglobalschemashowing
the interacton betweenthe field point andcontinuous
measuremen@ndthe numericaimodels.

The flood of March 1996

The Leysse flood peakwas estimated by the hydro-
logical model GR4 to approxmatly 50 m® s1 on
March27t. Thefloodlasted from 26™ to 291 March.
According to time seriesof air temperatue and rain-
fall in thewatershedtheflood was causedy rainand
snow melting in the highlands ass@iatedwith rainin
thelowerregionof thewatershedThisflow ratecorre-
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Figure 7. Evolution of the organicsuspendedmatterfractionin the surfacelake water on M arch2gth,

spondsapproximatly to areturnperiod of six monhs
Theimpactof evenadightfloodis potenialy signif-
icantas it happengluring a senstive andbiologically
active period: the set-up of the thermal stratification
andthebeginning of algal producton.

The meteorologicaldata were provided by two
Météo-Francestatons onelocakedin the highlandsof
the Leyssewatershed(LesDé<rts) et theotherlocated
atthe southernendof thelake (Voglang.

Sanpling points

During the March 1996 flood survey (Figure 1) a
daily water samplng wasdoneduring two congcuive

days(27"-28") in the Leysse, at point T, andat six
addiionalpoints (Figurel).

The river Leysse temperatire was coninuousy
measuwed with a 15 minutestime step by a thermal
probelocatedonekm upstreanof theriver entrance.
Water sampksusedfor thedeerminaton of thephys
ical andchemical daia were gatheredmontly at this
same point.

Two referencepointsare locatedin the lake: point
B, the deepespoint (145 m) in the pelagial areaand
point T, in the eagern region of the southern basn
(82 m). At point B, a monthly samping was car
ried out andat point T, a thermstor chain (Anderaa)
(10 thermigors from 10 m to 51 m depth)and three
sedimenttraps(10, 30,80 m) were moored.
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During the flood survey, five addtionalpoints (11,
12, 13, 14, Is) inddetheriver plumeandonepoint (O P)
located outside the plume were samped. Samging
was done50 cm underthewater surfaceas according
to the Leysseand lake relative dersitiesthe river was
enteringthelake as asurfaceoverflow. Thelocationof
point O P was determinedhearthe westernshoreline
accordingo thehydrodynamicamodelresults (Bour
net 1996)which show thattheriver plumeisdefleced
towardsthe ea$ and moves parald to theshoreine.

Field data

The samephysdcal, chemtcal andbiological variables
weremeasuredn theriverandin thelake.

Chemical data

The major ions (CI-, SO,, NO;, K*, C&, Na',
Mg?) weremeasiredby capillaryelectrophores (Wa-
ters Quant 4000). A 100 um x 100 cm cagllary
(Chromat OFM-OH, 20KkV, 60 s) wasusedfor anion,
anda 75 um x 60 cm (UV-CAT2, 20 kV, 10 s) for
cation analysis.

The differentforms of P: orthophoghat, total P
in raw waterandin filteredwater (0.4 um Cellulose
Acetate Nucleporefilter), pariculate P on 0.4 um fil-
ter wereanalyzed.Orthophoghat deermination was
basd on the ascorbic acid colorimetric method. The
otherformsof P were measiredafter trangormaiton
to orthophoghae by ammonum persilfate digegion
(AFNOR, 1986).
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Figure 9. Particle sizedistribution in Lake Bourget: pointsl4 andOP on March 2gh,

Dissolwed organic carbon (DOC) was measured
with a DohrmanDC80 ‘ Total Carbon Analyser’ based
on U.V.-promotd potassium perailfate oxidaion af-
ter elimination of mineral carbonby orthophoghoric
acid. Biodggradabé (BDOC) and refracbry (RDOC)
fractions of the dissolved organtc carbonwere as
sessed using the methodsof Servais et al. (1987)and
Senaiset d. (1989).BDOC is that part of the initial
DOC concertrationwhichis assimilatedy autochtho-
nousbaceria during a short-term incubaton (Servais
etal., 1987;Boissier & Fontvieille, 1995).A 0.2um
celluloseacetatemembrane(Millipore) was washed
threetimeswith 20 ml of organic-C free distilled wa-
ter and then used to filter 130 ml of the waterbeing
investigated 10 ml werekept for the initial DOC mea-
suremert. Theremairing 120 ml werethentrarsferred
into a250ml pre-comluged (550°C, 4 h) glasshottle
with an aluminium closure. The bottles were inoc-
ulated with a sugpenson of autochthonoushacteria
(removed from the celluloseacetatefilter), andincu-
bakd in the dark, for 30 and 35 days at 15°C. The
decreas of DOC concentation is rapid (around4 or
5 days) and isfollowedby a stablization at a constart
value until the end of the incubation (Senais €t dl.,
1987; Boissier & Fontvieille, 1993). The DOC con-
centrationmeasuredat the end of the incubationwas

consderedasbiologically refracbry (RDOC) and the
differercebetweeninitial and final valuesof DOCwas
consideredsthebiodegradabldraction(BDOC).

Characterization of particles

Thefollowing analysis weredoneon pariculate mat-
tercollectedin theriver, inthelakeandin the sedmert
traps.

— Total sugpendedmater (TSM) and organic sus-
pended matter (OSM) were estimatecby filtering
water on glassfibre filters (Whatman GF/F) pre-
vioudy ignited at 525 °C. The filters were dried
at 65 °C during 48 hoursfor TSM determinaion
and combustedat 525 °C for one hour for OSM
determination.

— Size digtributions were determined by a Coulter
Counter usng a 100 um orifice which measures
particlesfrom 2 to 50 pum.

— Themorphologyof the particleswasstudiedwith
a scannng electonic microscope (ABT55). A
semi-quantitative estimation of particle compo-
sition was obtained by a EDX micro-aralyzer
(Kevex).
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Figure 10. SEM photographga) Association of Stephanodisus and allochthonousmineral particlesat point I; on March 2711, (b) View of
same Stephanodiws cells attachedn a large alumino-silicate patticle.
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Figure 11. Bactefal biomassin Lake Bourgeton March 278"—2¢h 1996.
Trap sediments by acolorimetricmethod.Ca, Fe,Mg andMn werede-

The particulatematter was collectedin the sediment
traps during approximagely two week periods (Ta-
ble 1). In addition to the characterizatia of the parti-

clesfollowing themethodspresnied in Secion 3.4.2,
organc carbon, organc nitrogen, Ca, Mg, K, Na,

Fe, Mn, P, Al, Si, were analyzedat the Labora-
toire d’analyse dessols (INRA! Arras), accordingto
(AFNOR, 1996). Organic carbonand nitrogenwere
measuredy elementabnalysis(Carlo ErbaCHN an-
alyzer).Total Ca, Mg, K, Na, Fe,Mn, P, andAl were
amalyzedafterHF/HCIO4digestion. Pwasdetermired

1 INRA: FrenchNationalIngtitute for Agrononical Resarch

termined by flameatamic absarption spectranetry. K
andNawereanalyzedby flameatomicemissionspec-
trometry Al wasanalyzedby plasmaemissionspec-
troxcopy and Si by X fluoregence.The chlorophyl
a compogtion wasdeterminedy a spectrophotomet-
ric methodafteracetongigmentextraction(AFNOR,
1986).

Bacterialdata

Bacterial counts were performed usng epifluores
cencemicroscopy. Thetotal numberof bacteriawas
edimated after DAPI staining (Porter & Feig, 1980;
Fry, 1988). The incorporaion of 3H-methyl thymi-
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Figure 12. Bacterialproductionin Lake Bourgeton March27th—2¢h 1996.

dineintoice-cdd trichloroaceticacid(TCA) insduble
material was used to estimate heterorophic bacerio-
plankibnproducton (Furhmanet a., 1982).

Results

Pre-floodconditions thelimnological context

In orderto characerize the conext beforethe flood,
physcal, chemicalandbiologicalconditionsn Leysse
river andin lake Bourgetare preenied.

The Leysseriver

The time series of the Leysseard the lake temper-
ature for the days precedingthe flood indicate that
river temperature was closeto lake sufacetempera-
ture. Thee dataandthehydrodynamialmodelresults
agreein indicatingthat on the peakflow day (March
271, the river erteredinto the lake, spreadng on the
lake surface.Accordingto thehydrodynamicamodel,
the plumereachedointls (=~ 1.5 km from theriver
mouth)afterfew hoursand reachedoint T (=~ 4 km)
in oneday Leysse pre-flood concentationsareavail-
able onFebruary9" becausef asamplingproblemon
March 5. Chemicalandbacterialdataare presented
in Table 2.
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Lake Bourget

Datacollectedon March5™ 1996atthe pelagial point
B (see Figurel), aspartof the regular montly moni-
toring wereusedto estimatdake conditions beforethe
flood. This campagin took placeduring a dry weaher
period whenthe Leyssedischage was estimatedby
the hydrological model to approximagely 4 m® s~1.
The lake was consdered horizontally homogeneous
beforethe flood and point B conditionswere extrap-
olated to the southernbasn of the lake. At point B,
onMarch5", thewater columnwasverticaly homo-
geneous with a meantemperatue of 6 °C andamean
oxygenconcentation of 10.2mg |~1. Lake chemical
and bacterial data are shovn in Table 2. The wa-
ter transpareng (secchidepth: 15 m) indicatesthat
algal growth hadnot yet begun. Neither the SEM ob-
servations of suspendedmatter nor its granubmetic
distribution did show ary specfic paricle popubton.

Informaion aboutalgal growth was obtainedfrom
the suspended matter collectedin the sedmert traps.
A tenuous um peakappearsn theparticlescollected
by the 10 m trap, supendedin the well mixed up-
per layer during 14—29 March, indicaing that agal
growth mighthavejust begunduring thesecondhalf of
March. The chlorophyl flux edimated from the da&
of this sedimentrapis very smallin March(~ 2 mg
m~2 day1). It increasedo 17 mgm~2 day ! in the
following period (March29t"—April 9.

Lake temperatire data at 10m deph are available
from thechan first thermstor. In orderto estimate the
lake surfacetemperaturea one-dimensionavertical
thermalmodel (Vingon-Lete et al., 1995)was used.
Theresultsshav a dight temperaturéncreasen lake
surfacewater, approxmaly 1.40C, from 14t to 27t
March The thermistar datashow also a light temper-
atureincreaseof 0.2 °C at 10 m dept (Figure 4).
Therefore over the period betveenthe 5 of March
andtheflood,thereprobably wasonly aslight surface
thermaldratificaion. Finaly, during the period pre-
ceding theflood, algal producton had possibly begun
but probabl slowly.

Physcal-chemcal variablesevolution during the
flood

Dissolvedminerals and organic matter

Among minerab, CI~, SO, andNa' presentedhe
highes$ changesalong the river-lake ecobne. Dur-
ing dry weatler, river and lake concertrations were
close, reflecing thebiogeochemdalbackgrounaf the
watershed. During the flood, river concentatonsde-

creagd by about40% of dry weater concentations
(Table3) indicatingaclassiddilution effect(Meybeck,
1985). Flood lake concentations remaned close to
meanl996concentations

RDOC displayed a near condant concentation
bothin time and space althoughits concentrationwvas
higherin theriver thanin thelake (Figure5). On the
contary, obvious BDOC concentation changesoc-
curredon adaily time scale:consumption of 1 mgl—1
betweenthe two daysof the study in the plumeregion
(Figureb).

Particulate matter

Total sugpendednater (TSM) andorganic suspended
matter(OSM) increasedsignificartly during the flood
(Figure 6). The fraction of organic matterin total sus-
pendedmatter increasd from the mout of the river
to the offshore points. Outside the river plume, on
March 28" the suspended matter concertration was
significatively lower thanat the end of the plumere-
gion ([TSM]=7 mg |1 atpoint T and [TSM] =2 mg
I-1 at point OP). Moreover at point OP, nearly 100%
of the supendedmatter wasorganic (Figure7).

Particulate P (PP) increagd during the flood, but
total P (TP) increasedonly lightly. Total sduble P
(TSP) and soluble reactve P (SRP) both decreased
significartly. The decreasef SRP within the plume
was clearly higherthanat the outside-pumepoint OP
(Figure8).

Evolution of the particles during theflood

Onthe 27" and28™, the numberof pariicles strongly

increasedh theriverandin thelake. Thesizedistribu-

tion of theriver particleswasuniform but lake particle
distribution was unimodal, with a clear 6 um peak
(Figure 9). This peakappearedat all pointslocated
inside the plume on March 27, It was higher near
the entranceof theriver. SEM obsnvationsidenified

this popubtion of particles as Sephanodscus a small
centic diatom. On the 28", the 6 xm pariicle pop-
ulation disappearedt points |1 andl,. It remained
preentat the offshore points but the numberof par

ticles decreasd (Leroy, 1996).At point OP, a clearly

smaller peakwas observed (Figure9). The SEM ob-
servations(Figurel0)also indicaedanaggbmeraton

of diatomsand coar® allochthonousmineralparticles,

which increasedn settling rate and may explain the
disappearancef the 6 um particles near the river
entranceon March28™.



Bacterialdynamics

During both days of the survey, cel numberswere
higherin the lake than in the river (Figure 11). On

March 27" a gradient establishedin the mixing area
betweenriver and lake water. However, on March28™,

bacterialconcertration displayed a maximum in this
areatogether with the maximum of the bacterialpro-

ducion. At thattime, baceria productonwashalf flat

onMarch27" (Figure12).

Discussiam

An overall decreasef nutrienty SRP andBDOC) was
observed during this flood along the riverlake eco-
tone.Thisphenomenoseemsto be dueto biological,
physcalandmeteorobgicalfacors

Biological factors

Themog significantinfluenceof thefloodonthe lake
seemedh stimulation of the biological actiity in the
region affectedby the river plume. As seenin Para-
graph4.1.2, algal growth hadonly jus begunwhen
the flood occurred.The larger decreaseof SRP con-
centation ingde than outside the plume may be due
to phophat uptake by Sephanodicus Accordingto
Burkholder(1992),increagng sugpendedparticle con-
centation enhancephophate uptake by algacasa
survival mechansm underepisodic sedimentloading.
The granubmetic data (Figure9) and SEM observa
tionscorroboragthisinterpretiion:the cel numberof
the dominart algae,Stephanodicus wasmuchhigher
inside the plume than outside. Moreover, the P-cycle
modelwas usedto estimatethe algal SRP uptale in
the lake surfacewater during the 5-28March period.
No specificcalibrationof themodelparametesetwas
performedfor this simulation. The parametewaues
usedwere thoseobtainedformerly accordingto the
previousyearfield data (Vincon-Leteetal., 1995).At
28N March, the model SRP concentation is 10 ugP
I-1, closeto the concertration measued at point OP
outsidethe river plume.This indicaesthat the model
which doesnottakeinto accounthe specfic proceses
occurring during the flood, is not able to repregnt
the SRP exhausion by the stimulated algal acivity
observed in the plumeregion. In compenstion, out
sidethe plume, the modelagal SRP uptake correcty
explainsthe SRP decrease.

The microbial actwvity (pelagial bacteria) might
also have contibuted to the SRP concentation de-
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creag in the plume where the highes values of
baceria producton werefound. Bacteria uptake of
phogphatemay be high enoughto competewith algal
consimpion (Rhee,1972;Vadgein etal., 1988).

The importnce of BDOC consimpion observed
in the plume which was similar to thatfoundin oth-
ersfields(Senais etal. 1987;Boissier & Fontvieille,
1993; Gayte & Fontvieille, submitted) may also be
explained by bactrial producton if we apply bac-
terial growth yields obtained on natural DOC: 25%
(Hannsh etal., 1996).

Influenceof allochthonougparticles

Additional scavenging of phoghat by mineral clay
paricles could explain the large decreas of SRP in
the plume.Indeedmineral suspendednatterconcen-
traton was higheringde thanoutside the plume and
a fracton of phogphat could be adsorbedto min-
eralsuspended matter Phosphate partitioning between
suspendedsediment and phytoplankbnis difficult to
estimateNeverthelesst canbeassumedhatthe SRP
patternwas mainly causedby biological uptale be-
cau® mineralsugppendedmnatter is generaly unabkto
adrb SRP under10 ug I-1 (Froelich, 1988).

Solubleunreactve P (SUP)did notincreasethere-
fore phophat adrption by humic colloidal mat
ter originated from the soil watershedleachingand
trangorted into the lake by the river was probably
negligible.

Anothersignificantproces wasthe aggregation of
diatomcelsto mineralparticles (Figure10b).Thisas-
scciation increasedhe settling rateof the algae,which
were rapidly eliminated by sedimenttion wherever
suspendededimentconcentratiorwashigh.

Post flood conditions Influenceof meteoplogical
perturbation

A flood episodés frequentlyaccompaniedby strong
wind and air cooling. Meteorological condtionsmay
cawsea mixing of the water column which dilutesthe
biogeochental impact of the flood. SEM obsrna
tions of the particuatemattercollectedin the traps af-
ter theflood showedthat Sephanodscuscels rapidly
reachedthe bottom of the water column. Sephan-
odiscus was abundantin the 10 m, 30 m and80 m
trapsmooredafter the flood, during period 3 (March
29_April 9, seeTable 1) and was absentduring the
previousperiod (March147-29"). Settling ratecom-
putedaccordingto Stokes’ equationis approximately
1 mday—*, avalue muchlowerthanthatnecessarfor
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Sephanodicusto reachthe bottomof thelake within

2 weekshy sinking only. If we assumethat algaeare
transported downwards in asseiation with larger ard

dengrmineralparticles (Figure10b),an apparentet-

tling rateof 20 m day~! canbe estimatecdbn the basis
of size. This value may allow the algaeto reachthe
80 m traps The hypothess of vertical mixing of the
lake after the flood canalso explain the distribution
of Sephanodicusover the whole water column. The
reaults of the unidimensonal vertical thermal model
corroborag this hypothess. A complete mixing oc-

curredat the beginning of April. Therefore the agal

popuktion whos growth was stimulated by the flood
ard whose settling wasincreasedy aggregation with

mineral particleswas transported still faster towards
thelake bottomby watercolumnmixing.

Conclusion
A flood event during the setup of thermalstratifica-

tion (March 1996) was studied in meotrophic Lake
Bourget. The dominantprocesswas the decreaseof

nutrient concentrationsalong the river-lake ecotone.

This phenomenoseemsdueto physcal andbiolog-
ical facbrsacing togeher. Theflood stimulated both
algal and bacerial growth. The algal growth produc-
tion had probaby begun some daysbeforethe flood.
This would explain that the flood stimulation laded
a very short time (lessthan 24 hrs) leadng to a fast
consaumpton of SRP and of BDOC. But the role of
theriver plumewassignificantbecauseéiologicalac-
tivity was more intensein the plume than outside the
panacheThedecreas®f SRP concentratiorto sucha
low level could hardly be explainedby adsorption on
clay particlesor humic matter

Anotherkey processwasthe associationof algal
cells with allochthonousnineralparticles which re-
sulted in an increasd settling rate. After the flood,
sedimentationvasalsoacceleratethy a mixing of the
water columnwhich distributed the paricles over the
wholewatercolumn.

The overall effect of this flood was to depressthe
available phophat for the phytoplankbn in the re-
gion crossed by the river plume. The high P uptake

duringthe flood exhaugedthe epilimneticphogphate.

The large diatom popubktion which developed was
thenrapidly eliminated by sedimentton. Thus the P
loadbroughtinto the lake by theriver during thisflood
did probabl not contibute to anincrea of theopen
water P concertration.

This study demongrated the importanceof phys-
cal andbiological factorsactingtogetheyin reducing
nutrientloadscoming from thewatershedto lakesdur
ing flood events, even during a rather small flood.
It indicakes that managementhangesin the water-
shed which would ater the hydrological cycle and
the supendedmatter loading to the lake could have
a significart impact on lake water quality. The study
of these particular flood periods seemsimporant to
idenify the proceses which contol lake dynamcs
andwhich may be differentaccordingto seasonriver
dischamge and lake physcal andchemicalconditions
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