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Abstract

Questiony,ln.seasonalainfall systemsseeddormancyis astrategyto avoid
germinationandseedlingemergencén the dryseason.Grassspeciesn Brazilian
savannagCerradg showvariationin seeddispersatiming andmechanismsand occur
in differenthabitat types (distinguished by soil moistuséthin aseasonatainfall
environmentHowever,it is unknown whether dormancy has evolwethesesystems
asa dominantvay in which germinationis deferred, or hovit correlateswith otherkey
traits suchasdispersalwhereknowntradeoffs existfor avoiding competitionWe
askedwhetherseedgerminationand dormancyary with dispersabnd abiotidactorsin
savann@ystemsSpecifically,we assessedormancy by comparingeeds(1) from
speciediving in habitatswith contrastingsoil moisture during the drgeasor{open
savannasersuswet grasslands)2) dispersedat differenttimes(earlyin thewet
seasonlatein thewet seasorandin thedry seasonand (3) showin@lternatedispersal
syndromes (barochoriersusanemochoric).

L ocation; Opensavannas anget grasslande CentralBrazil.

M ethodssWe collectedseedsof 29grassspeciesandtestedviability anddormancy
usinggerminatiortrials of freshseedswhich wasthenrepeatedhfterdry storage of 3,
6, 9 and'12'month&eneralized.inear Mixed Modelswereusedto testwhetherthe
degreerof'dormancyasdependentn habitattype, seeddispersatime andseed
dispersakyndrome.

Results: Seeddgrom wet grassland$ived longer and hadonsistentlyhigher
germinatiorratesthanseeddrom opensavannasAdditionally, freshseedslispersed
late in'thewet seasorhadhigherlevelsof seeddormancycomparedo seeddispersed
earlyin thewet seasonFinally, we found that anemochorgeedshadlower levelsof
dormancy than barochorseeds.

Conclusions: SeeddormancyamongNeotropicalgrassesvashigherfor seedsof

speciedrom dry habitatsdispersedatein thewet seasonandwith shortdistance
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dispersalbarochory) Theseresultssuggesthat seeddormancyis a keymechanisnby
which seedlings avoid seedlirrgnergencén the dryseasonan effectoffsetby habitat
specificsoil moistureavailability. Thetradeoff betweendormancy andeeddispersal
suggestshatbothstrategiesarecostly and hachonadditivebenefits.
Keywerds=Cerradg Dry storage; @rmination OpensavannaPoaceaeyVet

grassland.

I ntroduction

Savannagarebiomes composed of a continugrasdayerandscatteredrees,
under aseasonatlimate consistingof anannualcycle of wet and dryseasongScholes
& Archer1997).The Cerradois aNeotropicalbiomein CentralBrazil dominated by
savannasbutalsocontaining grasslands afatests.Soil moistureis one of themain
determinants of vegetation physiognomies;examplerainforestsareassociate with
shadedsalleys,andiparianareaswhile wetgrasslandeccurin moreopenhabitats
wherethe watertablereachegloseto thesurface(Cianciarusa& Batalha2008).In both
of theseexamplessoilsaremoistthroughout thgear However,in savanna
physiognomieshe watertableis further belowthe soil surface(Rossattetal. 2012),
leadingto.solls and thénerbaceoutayer drying out during the annual dryeasonGrass
specieswvithin the Cerradobiomearemaostlyrestrictedtio theseopen physiognomies of
savannasndgrasslandslueto their shadédntolerance.

In savannagainfall seasonalitys among thenajorlimiting factorsdetermining
seedgerminationand seedlingstablishmentdueto its directeffectsonwater
availability in thesoil (Jurado &Flores2005;Baskin& Baskin2014).Rainfall
seasonalitys.thereforelikely to be a strongelectivepressurectingonseeddormancy.
Indeed,seeddormancyhasbeenfoundin a higher number afpeciesn manyseasonal
rainfallkenvirenmentsn comparisorio less seasonagnvironments (Jurado &lores
2005;Baskin& Baskin2014).Grassesreoneof themosthighly representefamilies
(Poaceaein'the herbaceouayer of theCerrado(around 60GpeciesFilgueirasetal.
2014),with speciedrom wet grasslands and opeavannasccurring under theame
seasonamacreclimate.However,in wet grasslands theatertableis situatednearthe
surfacethroughout thegrear(Cianciarusa& Batalha2008). Hence theimpactof rainfall
seasonalityn thesoil is bufferedby thewatertableandthe sal surfacestaysmoistfor

longer during the drgeasor{Cianciarusa& Batalha20098. Subsequentlyif seed
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dormancyis astrategyof speciesrom seasonagnvironmentso dealwith water
shortagethis selectivepressurevould beweakerin wet grasslandsThus,we would
expectagreaterseeddormancyamongseedf speciesoccurringin opensavanna
comparisorto seedsof speciesoccurringin wetgrasslands.

Grassilowering andfruiting follow a seasonagpatternrestrictecto thewet
seasonn opensawannas anavet grasslands (Munhoz &elfili 2007;Ramosetal.
2014),presumablydueto resourceavailability (i.e. water)to allow reproduction
However thereis considerablerariationin thetiming of seeddispersabmonggrass
speciegMunhoz &Felfili 2007;Ramosetal. 2014),with somespeciedispersingearly
in thewet seasonothers dispersinigter, andsomespeciedispersingseedsvenduring
the dryseason Seedglispersectarlyin thewet seasorwould have thentiregrowing
seasorio germinateandrecruit,whereaseedslispersedatein thewet seasonor
duringthedry seasorfwhenlow amounts ofain usuallyoccursin Braziliansavannas)
would very probablyaceextremewatershortage and lowrelativeair humidity, which
potentialy could be aisky strategyfor seedlingsurvival. Avoiding germinatioprior to
and duringhedry seasorwould be a ketrategyfor reducing the probability of
seedlingmortality duringthe dryseasonandseeddormancy wouldhereforeplay an
importartrolein delayingseedgerminatiorto the nextwet seasonConsequentlyye
would expeegreaterseeddormancy amongeedslispersedatein thewet seasonand
duringthedry seasonin comparisorio seedglisperseckarlyin thewet season.
Moreover,to synchronize germinatian the nextwet seasonwe would expectdormant
seedgo maintainviability and overcome dormancy througlny-storage

While theseasorof seedreleasenay beanimportantdriver for variationin
dormancydispersahlsoplays acritical role determiningthelevel of competitionfaced
by emergingseedlingsin broadterms,seeddormancycanreduceextinctionrisk by
spreadig germinationovertime (Bulmer1984),while seeddispersatanreducerisk by
spreadingseedsand, consequentlgerminationoverspaceg(Venable &Brown 1988).
Parertoffspring (Ellner 1986) and sibling competitiazansignificantlyredwce plant
fitness(Satterthwaite2010;Baskin& Baskin2014;Saatkampetal. 2014).Both seed
dormancyrandlispersabrecostly strategiesThus atradeoff betweerseeddormancy
anddispersals oftenreportedbetweerthesetwo bet-hedgingdraits (Venable and
Brown 1988).Theoreticalstudiesn particularhavereportedhatmeandispesal
distancedecreasewith increasingdormancy (e.g. Venable Bawlor 1980; Cohen &
Levin 1991), althoughhis relationshipis notalwayssupportedvherepositive temporal
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correlatimsin environmengexist(Snyder 2006)Neverthelesdew empirical
assessmentd thetradeoff betweendormancy andispersahavebeenmade(Rees
1993).

Thediaspore morphology of savangassspeciess highly variable Among
severaldispersayndromesseedsanbecharacterizedby structuresvhich facilitate
wind dispersalanemochory)suchaswingedbracts hairy bractsandhairy rachis
Thesestructureanbe completelyabsentanddispersals therefordikely to occur
throughgravity (barachory) Ernstetal. 1992). Barochoriseeddall nearthe mother-
plant,while anemochoriceed$avethe opportunityto dispersdar from the mother-
plant. Anemochory coulthereforebe favouredto dealwith spatialunpredictabilityand
competition’Hence we would expecto find agreaterseeddormancy among
barochoricseedsn comparisorio anemochoriceedsf therewasevidence of a
dispersaldormancytradeoff.

Seedf grassspeciesanbe non-dormant or physiologically dormgBaskin
& Baskin1998), buthe occurrencendmechanismof seeddormancyin grassspecies
from Brazilianecosystemare poorly understood-urthermoreinvestigatingthe effects
of selectivepressuresesultingfrom abioticfactors,or how dormancys relatedto
dispersalisimportantfor understanding the ecology and evolution of pteaits The
seasonamaereclimateof theBraziliansavannathemicro-climatic differencesn open
savannasndwet grasslandiabitatsasa consequence gariationsof thewatertable,
and the_higlvariability in seeddormancy andispersakyndromes of savanmggasses
maketheCerradoan dealecologicalsystento investigategerminationstrategies.
Thus, our objectivewereto investgatethe germinationyiability (i.e. longevity) and
dormancylevelsof bothfreshly collectedanddry-storedseeds(1) from speciediving
in habitatswith contrastingsoil moistureduringthe dry seasor{(open savannagersus
wet grasslands);2) dispersedt differenttimes(earlyin thewet seasonlatein thewet
seasorandinithe dryseasonpnd(3) displayingalternatedispersakyndromes

(barocherieversusanemochoric).

M ethods

Studyarea
The Cerradois thelargestNeotropicalsavannaand covers aroundrillion

squarekilometersin CentralBrazil. The climateof the regions seasonabith two well
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definedseasonsawet seasorirom Octoberto March (meanannualprecipitationfrom
800to 2000mm; Oliveira-Filho & Ratter2002)anda dryseaonfrom April to
Septembe(Fig. 1). The studywasconductedn two protectedareasof Brasilia:
FazendaAguaLimpa at the University of Brasilia(FAL - 15°58'43.06"S and
47°5612141"W, 1.197 m abosgealevel) andthe NationalParkof Brasilia(PNB -
15038'46.22"S and 48°00'19.75"W, 1.178 m alsmatevel). FAL andPNB are
composedfpatcheof savannaforestand grassland-his studywasconductedn
opensavannasindwet grasslandsWe selectedwo wet grasslanaitesin eacharea
four open savannsitesin PNB andtwo open savannsitesin FAL. Vegetationn open
savannaandwet grasslandarecomposednainly of grassesand forbswith afew
scatteredreesoccasionally visiblén opensavannasSoilsin opensavannagarewell
drained, poom nutientsandrich in aluminum.On the other handsoilsin wet
grasslandarerich in organicmatterand thewvatertableis nearthesurface(about 20-80
cm) (Cianciarusa& Batalha2008), making the soihoistfor mostof theyear
(Cianciarusa& Batalha2008;Fidelisetal. 2013).

To.characterizehe soil moistureof the studiedareagFAL andPNB) we
measuredhe water potential(MPa/¥) of six opensavannaitesand fourwet grassland
sitesevery30days during the drgeasonfrom Juneto Augustin 2015.Soil samples
werecollectedduringthe dry seasorno verify whethersoils of wet grasslandstayed
wet longerthanthesoils of opensavannastfterthe end of thevet seasonWe collected
soil samplesn threeplots previouslysetin eachareaequidistant (50 mfrom eachother
in atrianglearrangementotaling 18 plotsin opensavannasnd12 plotsin wet
grasslandsThe plotsweredividedinto threesubsamplesynefor eachmonth of
collection.In eachsubsample sogamplesverecollectedattwo depthsbhetweer2to 3
centimeterandbetweenl0to 11 centimetersThesedepthsvereselectetecausd)
mostseedsn thesoil seedbanksin Brazilian savannasvereshownto occurin thefirst
few centimeterdelowthe surface(Andrade & Miranda 2014), and 2) root biomass of
grassesvasshownto occurmostly betweerD to 20 cm depthin Braziliangrasslands
(Fidelisetal. 2013),soa depthbetweer2 to 11 cmis well within the perfil-positionthat
roots ofgrassseedlings would grow durirtheinitial developmenstageof
germination The soil samplesvereplacedin hermeticallysealedsamplecups and
storedin a coolbox.Thewaterpotentialwasmeasuredn thelaboratorywith aWP4C
waterpotentialmeter(DecagorDevices,PullmarUSA, 2015), wthin two days of
sampling.
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Seedcollection

Thedispersablnitsin grassesregenerallycomplexstructuresomposeaf a
caryopsiqfruit), acaryopsisvith bracts(lemmaandpalea)or occasionallya caryopsis
with inflorescencestructuresattachedhereaftercalledseed). Seedsof 28 native
perennialgrassspeciesandone annuabigitaria lehmanniangTablel) from open
savannasndwet grasslandiabitatswerecollectedin 2012 and 2013n FAL and
PNB. Plantsweremonitoredregularlyto ensurethatseedsverematureat dispersabnd
thencollectedby hand After collectiontheseedsverestoredin paperbagsat room
temperaturg27°C -maximaand 17°C -minima), measuredhroughoudry storagewith
a themometer. The averageelativeair humidityin theregion(Distrito Federal)was
43-80%during th@eriodof study(datafrom BDMEP/INMET). For accurate
identificationwe collectedvouchers of the studiegtassspecieswhich weredeposited
in theEmbra@mGeneticResourceandBiotechnology(CEN) Herbarium headquartered
in Brasilia.

The monitoring of thegrasspopulationsselectedor this studyallowedusto
estimatethe period oseeddispersafor eachspeciesThus,we classifiedthegrass
speciesnto threegroupsaccordingo their dispersatimes a) speciedispersingearly
in thewetseasor{Octoberto January)p) speciedispersindatein thewetseason
(FebruarytoApril) andc) speciegdispersingn the dry seasor{May to September).
Basedontheirexternalmorphology we categorizedhe seedsnto one oftwo dispersal
syndromes: anemochoric lbarochorigvanderPijl 1982).We consideredhoseseeds
with structureshatfacilitate dispersaby wind,suchaswingedbractsand/or presenting
hairsin thebractsasanemochoricSeedsvithout wingedoractsor hairswere

consideredarochoriqTablel).

Germinationyiability anddormancylevels offreshlyharvestedaind drystoredseeds
To determineghelevel of dormancy ando testthe effectof dry storage on the
level of dormancyyiability and germination aseeddor eachspecies germination
trials wereconductedvith bothfreshlycollectedseedsaswell aswith seedsdry-stored
for three,six, nine andwelve months.The germination experimentsereconductedn
germinationchambersegulatedsetat analternatingiemperatureycle of 28/18°C
day/night, under a photoperiod of 12hvdfite light. Thesetemperaturewereset
accordingo the averageninimumandmaximumtemperaturesecordedduringthe wet

seasor{Fig. 1), which representshe growingseasorfor mostsavannapeciesn the
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Cerradq includinggrassesSeedsvereplacedin petri dishedined with two sheetof
filter paperandmoistenedvith distilled water.The germinationwasrecordeddaily for
up to 30days,usingradicleemergencasacriterionfor seedgerminationFive
replicatesof 20seedsachwereusedfor eachspeciedor eachtreatmentexceptfor
Paspalummacuosum, AgeniungoyazenseHomolepis longispiculandSchizachyrium
sanguineunwherewe usedfive replicatesof 10seedsachpertreatmentdueto the
limited quantityof seedsAfter eachgerminatiortrial, the viability of the ungerminated
seedsvastestedusing1% tetrazoliun chloride solution. The ungerminatseedavere
placedin contactwith tetrazoliumsolutionfor 24 hourdan the darkat 30 °Cin a
germinationchamberWe considered theeedsvhose embryowerestaineddarkpink
or redasviable Thetotal viability of eachseedsamplewassetasthe number of
germinatedseedguring the experiments plus thesitiveresultsfrom thetetrazolium
test. Theresultsfor theviability wereusedto measureseedongevityacrossdry-storage
times.

Thelevel of dormancywasinterpretedasthedifferencebetweerntheestimated
viability and.the number of germinatededdor eachseedsample(seestatistical
analysis)As low germinationcanbe theresultof low seedviability of the seedsample
and not'dormancper se we verified whetherseedviability variedbetweertreatments
(i.e. dispersabyndromes, habitat gkedcollectionand dry storagémes;seeResults
andTablesS1to S5.

Statisticalanalysis

Allranalygsweredone using the R 3.12atisticalplatform (R CoreTeam
2014).To,analysehedifferencesn soil waterpotential ofwet grasslandsind open
savannasluringthe dry seasomrmonthswe usedGeneralized.inear Mixed Models
(GLMM;"nermaldistribution,seeZuuretal. 2009).As we intendedo testfor these
differencesateachmonth (June, July and Augustje madea modefor eachmonth
separatelyWe usedthewaterpotentialasresponsevariable, and includedtao-way
interactionwith habitat(wet graslandor open savanna) and de#3 or 10-11cm) as
fixed independenvariables We included thestudiedareagFAL or PNB) and plotq3
per site) nestecasrandomfactorsin the modelsAs thewaterpotentialdid not follow a
normaldistributionand rangedrom negativeto zerovalues we log transformed €1)
data.As it is not possibléo obtainthe log of negativeralues we multiplied thedataby

-1 to changet to a positive value before performing the log transformatidamade
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post hogairwisecomparisondetweerlevelsof thesignificantfixed factors:habitat
and depthWe usedthe singlestepmethodfor P-valuesadjustmentand theglht

commandof multcomppackagdor the pairwisecomparisons (Hothoretal. 2008).

We usedGeneralized.inearMixed Models(GLMM, binomialdistribution,see
Zuuretal. 2009)(R packagelme4; seeBatesetal. 2014)to testwhetherthe effect of
dry storag€zero,three,six, nine and 12 months) @eedviability and germinatiois
dependent:oseeddispersatime (earlyin thewet seasoplatein thewet seasorandin
the dryseasoen)seeddispersakyndrome (anemochorar barochoric) and habitat of
seedcollection(opensavanna®r wet grasslands)We analysedseedviability and
germination(presence/absenca$the responseariablesseparatelyln this analysis,
we usedeachseedasan experimental unitWe included awo-way interactionterm
betweerhabitat,seeddispersatime andseeddispersasyndrome and dry storage
treatmenizero,three,six, nine and 12 monthsjsfixed independenvariablesWe
included genusspeciesandreplicationasnestedandomfactorsin all models As the
seedyplacedinside thepetri dishesareuncder the sameenvironmentwhich canresultin
aubcorrelationof errors(Sileshi2012),we included the number aéplicateq5 per
speciesptthe random component of the modelorderto controlfor autocorrelatiorof
errors.Astall.interactionsveresignificant, it wasnotnecessaryo perform a model
selectionsowe madeonly asinglestepwith thefull modelandwe usedlikelihoodratio
tests(LRT) to testthesignificanceof thefixed independentariables We madepost
hoc pairwisecomparisonfetweerlevelsof the significanfixed factors:dry storage
and habitatydry storage asdeddispersatime and dry storage arskeddispersal
syndrome\Ve usedthe singlestepmethodto P-valuesadjustmentaind theglht

commandof multcomppackagdor the pairwisecomparisons (Hothoretal. 2008).

Results

Habitatseasonalityandgermination

The sail waterpotentialat eachdepthdifferedbetweerhabitat typesluringthe
dry seasermmonths of June, JugndAugust,with theexceptionof 10 — 11lcmin June
and July(Fig. 2; Table2). In wet grasslands, the sailaterpotentialwashigher tharnn
opensavannasor all dry seasormonths(Fig. 2). The meansoil waterpotentialat

shallowerdepthg2 — 3cm)washigherin wet grasslandshanin opensavannas,
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rangingfrom -0.5MPa (June)to -1.2 MPa (August) androm -3.2MPa (June)to -5
MPa (August),respectively(Fig. 2; Table2).

Thegerminationof grassseedsluring drystoragewasinfluenced by habitat of
seedcollection(Likelihood-Ratio Test,LRT, = 27.583P<0.001;Fig. 3). The
germinationamongspeciegrom opensavannaicreasedftersix months of dry
storageaelativeto freshly collectedseedsandstayedconstanuntil twelve months ofdry
storagglable3; Fig. 3). Onthe other hand, thgeminationincreasedt agreaterate
for speciedrom wet grasslandafterthreemonths of dry storagelativeto freshly
collectedseedsandalsostayedconstanuntil twelve months of drystoraggTable3;
Fig. 3). Similar to seedgermination seedviability respons@verstoragdeime wasalso
influencedby specieabitat(LRT,4 = 10.323P<0.05).In opensavannas thgeed
viability waslewer after nine(p = -0.57,P<0.05) andwelve (p = -0.75,P<0.05)
months of.dry storag@ comparisorio freshly collectedseedswhile in wetgrasslands
theseedviability did notdiffer during storagéime (Table 3; TableS1- supplementary
data).

Dormangylevel comparison againslispersatime anddispersasyndrome

The'germinationof grassseedsluring drystoragewasinfluenced by theseed
dispersatime (LRTg = 110.738P<0.001;Fig. 4). Freshlycollectedseeddispersed
earlyin‘thewet seasorandin thedry seasorhad a higheprobability of germination
thanseeddispersedatein thewetseasor{Table3; Fig. 4). After six months of dry
storage'th@robability ofgerminationrwasno longer influenced by ttaispersatime of
theseedgFig. 4). After six months of drystorage early-dispersedeedshadlower
viability thanlatedispersedeedsn thewet seasor{p = -0.9635,P<0.05;TableS4 -
supplementargata).After twelve months of dry storage thwability of early-dispersed
seedsyvaslower thanlate-dispersedeeds = -0.9258,P<0.05; TableS4 -
supplementarglata)and ofseedglispersedn the dryseasorf = -2.2161,<0.001;
TableS4-.supplementargata).

Wefound asignificanteffect of seeddispersakyndromgLRT, = 28.785,
P<0.001;Fig. 5) on germination probability during dry storagée germinationn
barochoricseedsvaslower thanin anemochoric ondsr freshlycollectedseedsand
alsoafterthreemonths of dry storag@ able3; Fig. 5). After six months of drystorage
the probability ofgerminationwasno longer influenced by treeeddispersakyndrome
(Fig. 5). Theviability of barochoriandanemochoriseedslid notdiffer (TableS2-
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supplementarglata),exceptat six months of drystoragewhenbarochoricseeds

showvedalower viability than anemochoriseedgTableS2 - supplementary data
Discussion

There werecontrastingeffectsof dry-storage on thgerminationandviability of
speciedrom opensavannasindwet grasslanddn open savannas the germination of
freshseedswvasinitially low, increasng aftersix months of storage, bthienwas
followed byseedmortality afternine months ofstorage Theseresultsindicatethat
germinationn,seedsf speciedrom opensavannasnay bedelayeddueto dormancy,
atmost untilthe onseof the nextwet seasonOn the other handseedf speciesrom
wet grasslandsverelongerlived thanseeddrom opensavannas,emainingviableafter
oneyearof dry storageAdditionally, germinationevelsincreasedndstayed
consistentlyhigh afterthreemonths of drystorage.

In.wetgrasslandshesoil remainedvet duringthe dry seasonn comparisorto
opensavannaspresentingzalues around -MPaat 2 to 3 cm depth(Fig. 2). Water
potentialref-around -MPais notlimiting for thegerminationof grassspeciegQi &
Redmannl993), thus suggestirtbatthewaterpotentialmeasuredn thewet grasslands
studiedherewould notlimit the germination adeedgpresenin thesoil. Moreover, the
soil moisture and thkigh percentagesf germination ofjrassspeciesrom wet
grasslads suggeghatgerminationmight occurevenduring the dryseason.

Althoughrainfall seasonalitydoesnot seento be a strongelectivepressureon
seedgerminationof speciedrom wet grasslandsdueto thehigh soil moistureeven
duringthedry seasonptherfactors suchasthe pressureof stablishedregetation, have
beendemenstratetb negativelyinfluenceseedlingestablishmenin savannas
(Zimmermanretal. 2008).Wet grasslandsanbe stronglycompetitiveenvironments
for seedlingsasthey have densendclosedaboveground plant biomass of around 765
g m? (Fideliset al. 2013).Fire frequentlyoccursin wet grasslands anchnreduce
competitionby removing thestablishedregetationZimmermanretal. 2008).The
high lengevity ofseedscombinedwith high germinatiorrates canresultin an
opportunisticstrategyfor taking advantage ofaps bygrassspeciesrom wet
grasslanddor exampleafterafire event,to allow growth andestablishmenin aless

competitiveenvironment.
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347 Seeddormancy atheendof thewetseasormayavoidrisky germination

348 We show thaseeddormancyis relatedto thedispersatime of Neotropicalgrass
349  specieqFig. 4). Seedglispersedatein thewet seasorshowedower probability of

350 germinationthanseeddisperseaitherearlyin thewet seasonor dispersediuringthe
351 dry seasonThe highlevelsof dormancy amontate dispersedeedsnayrepresena
352 droughtéavoidance syndromestaategyalreadyobservedamonggrassspeciea of

353 savanna environmentslott 1978;Veenendaattal. 1996; Mclvor &Howden2000;
354  Scottetal. 2010; Salazaetal. 2011), andvielastomataceagpeciesrom high

355  grasslands otherpartsof Brazil (Silveiraetal. 2012).Seedglispersedn the

356  beginning of thevet seasorareexpectedo haveaboutsevenmonths ofrelatively

357 stablewateravailability to enable germination arebtablisiment Onthe other hand,
358  seedgerminationatthe end of thevet seasomwould be very risky sinceseedlings

359  would not havegime enoughto grow and acquire minimal sizethatenable thento

360 toleratetheharshconditions &pectedduringthedry seasonThus, theresencef seed
361 dormancyheremight prevent germinatiotiuring periodswhenthereis a low

362  probability.ofrecruitmentand holdoackemergenceintil the onset of the nemtet

363 season.

364 Contraryto our expectations, thgerminationof seedslispersedn thedry

365 seasomwasnotdifferentfrom seedglisperseckarlyin thewet seasonSeedslispersed
366  duringthedry seasorshowedow levelsof seeddormancy. Since sporadiainsare

367 expectedo occurin the dryseasor{Fig. 1), we did notexpectedo find high

368  germinationn seedglispersediuringthis time. However, the amount o&inis

369  extremelylow/(Fig. 1) andmay potentiallynotbe sufficientto induce germination.

370  Additionally, thefollowing wet seasoroccursrelatively soonafterdispersabnd, by not
371  havingseeddormancythesedry seasordispersedgeedsnay rapidly germinate and take

372  advantagef theentiregrowingseasorio establish.

373  Trade-offbetweerseeddispersalandlevel of dormancy

374 Wefound a negativeelatiorshipbetweerseeddispersabndseeddormancy.
375  Anemochaericseedggerminatedo asignificantlygreaterdegree and consequentigd
376  lowerlevelsof dormancy thabarochoricseedsAs far aswe know, thisis thefirst

377  studyto demonstrate radeoff betweerseeddispersabind dormancwycrossspecies
378  from thesamefamily (Poaceae)Moreover mostof boththe theoreical andempirical
379  studiesnvestigatingthe evolution oseeddispersabndseeddormancy haveeenmade
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for plantsfrom unpredictable environmentsiostlyin desert§Ellner & Shmidal981;
Volis & Bohrer2013).0ur betweerspeciessomparisonn aseasonlarainfall ecological
systemprovidesempiricalresultsshowng that barochorigrassseedsaresignificantly
moredormant than anemochoooes.

Seeddispersabndseeddormancymay beviewedasbethedgingstrategieso
enablespeciego copewith environmentapatchheterogeneitygndclimatic
unpredictability(Bulmer 1984; Venable &rown 1988), thdormerby spreadingisk
overspacgBulmer1984), and th&atter by spreadingisk overtime (Venable &Brown
1988).However,evenin theabsencef patchheterogeneityseeddispersatanbe
favored'by kinselection(Venable &Brown 1988). Additionallyjn environments
without interFannualvariationin precipitation seeddormancycanbe advantageous
wheresiblingcompetitionis high (Volis & Bohrer 2013). Althoughwateravailability
affectsseedlingestablishmenin savannagMedina& Silva 1990; Higginsetal. 2000)
and might explairseeddormancyijt does noexplainour resultsthatanemochoriceeds
hadlower seeddormancy than barochorseedsin open savannas amet grasslands of
the Cerradothereis no clearpatchheterogeneityasexistsin desertssoit is lesslikely
thatthishasdriven aseeddispersaldormancytradeoff in our studiedspecies.
Alternatively,we suggesthatcompetitionbetweersiblings,conspecificsor
heterospecificsnight drive thedispersaldormancytradeoff foundin our study
species.

Conspecific competitatensitiesduringseedlinggrowth negatively influences
plantfitness(Orrock & Christopher 2010)By dispersingar andnot being dormant,
grassseedwith ananemochoridlispersasyndrome might enhantiee chanceof a
seedandingin amoreopenpatch enablingt to take advantage aiteswith lower
competitionfor resourcegEllner 1988; Venable &Brown 1988; Cohen & evin 1991).
Moreaver.firelis afrequentdisturbancen Brazilian opensavannasindwet grassland,
andfire eccurrenceanopen up gapsm theherbaceousegetation. Thughese
anemocheriepeciesnay be favored byerminatingearlierandgrowingin gaps opened
by fire eventsIn contrast, th@utcomefor barochoricseedss that theyfall nearto the
motherplantandtheir own siblings.Becausehey disperse throughotthe wet season,
thereis sufficientmoistureto enableseedgermination and seedlings could graw
clumpsif no othemechanisnwereavailable Thus,seeddormancycanbe awayto
reducemmediategerminationanddistributeseedlingemergencevertime.

Alternatively,greaterdormancyamongbarochoricseedscould give seedsnoretime to
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414  enable a secondadyspersakvent. Indeedsomeof the barochorigrassspeciestudied
415 havestructuregecognizedo favor secondargispersil, includingEchinolaenanflexa
416 andlcnanthus camporumvhich both haveelaiosomeshatareknownto attractants
417  (Giladi 2006).FurthermoreAristida speciehaveawns,which canattachto rodents
418  providing=petential longedistancadispersal

419 Im conclusion, ouresultsshow thaseeddormancyis astrategyto synchronize
420 the germination‘ofrassestthe beginning of thavet seasonn seasonaénvironments.
421  The coevolution of botktrategies- seeddormancy and theming of seeddispersal-
422  contributeto gnablingseed to avoidgerminationduring periodsvith low chancef
423  successfutecruitmentsuchasatthe end of thevet seasonWe show, using éarge

424  representative numbeaf grassspeciesrom Neotropicalsavannaghatseeddormancy
425 is acriticallife-historytrait thatallows persistencén seasona¢nvironmentsvith dry
426  periods.Moreaver,ourresultsalsoprovideempiricalevidencefor atradeoff between
427  seeddispersabndseeddormancy.Theseresultsindicatethatrainfall seasonalitys not
428 the onlyselectivepressuralriving the evolution oeeddormancyin grassspecies

429  Furthermorewe suggest thatompetitioncanhaveanimportant influenceselectingfor

430 thetiming of germinationof seed€from seasonaind predictable environments.
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Table 1. Time of seeddispersh seeddispersalsyndrome and habitat @fccurrenceof grassspecies

from opensavannasindwet grasslands ofentralBrazil.

Species Seed Seed Habitat Site
dispersal dispersal
syndrome  (Season)
Agenium goyazengelack.) Clayton Barochory Dry Opensavanna PNB
Andropogon leucostachy#ainth Anemochory Early Wetgrassland FAL
Anthaenantia l[anat@Kunth) Benth. Anemochory Early Opensavanna PNB
Aristida gibbosa(Nees)Kunth Barochory Dry Opensavanna FAL
AristidarecurvataKunth Barochory Dry Opensavanna PNB
Aristidariparia Jrin: Barochory Dry Opensavanna FAL
Aristida setifoliaKunth Barochory Late Opensavanna FAL
Arthropogon villosudNees Barochory Early Wetgrassland PNB
Axonopussiccusvar. siccus(Nees)Kuhim. Barochory Late Opensavanna FAL
Ctenium cirrhosuniNees)Kunth Anemochory Late Opensavanna PNB
Digitaria lehmannianadenrard Barochory Late Wetgrassland PNB
Echinolaenanflexa(Roir.) Chase Barochory Late Opensavanna FAL
Elionurus muticugSpreng.) Kuntze Anemochory Early Opensavanna PNB
EragrostispolytrichaNees Barochory Early Wetgrassland PNB
Homolepis longispicul&Doll) Chase Anemochory Early Wetgrassland PNB
Ichnanthus camporuri@wallen Barochory Late Opensavanna FAL
Mesosetunferrugineum(Trin.) Chase Anemochory Early Wetgrassland PNB
Panicum olyroide&unth Barochory Early Opensavanna PNB
Paspalum carinatumHumb. & Bonpl. ex Anemochory Late Opensavanna FAL

Fliggé
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Paspalum erianthurileesex. Trin. Anemochory Early Opensavanna PNB

Table 3. Mean of ercintage of level of dormanc%/ %D seed germlnatlon g ) and vial) |
Paspalunglaucescensi nsavanna

grass species froif@erradoaccording to dispersal time, seeld;persal syndrome and habltat of

Paspalum guttaturmrin. Anemochory Early Opensavanna PNB
Paspalum maculosuitrin. Barochory Late Wetgrassland PNB
Paspalum pectinatuilNeesex Trin. Anemochory Early Opensavanna PNB
Paspalum polyphyllurlees Anemochory Dry Wetgrassland FAL
Saccharum villosurSteud. Anemochory Early Wetgrassland PNB
Sacciolepisnyurcs(kkam.) Chase Barochory Dry Wetgrassland FAL
Schizachyrium sanguineuiRetz.)Alston Barochory Dry Opensavanna PNB
Setaria parviflora(Poir.) Kerguélen Barochory Late Opensavanna PNB

Time periodof seeddispersalEarly (October- January)latein thewet seasor(February- April) andduringthe dry seasor
(May - September)Site of,occurrencePNB (NationalParkof Brasilia)andFAL (AguaLimpa farm).

Table 2. Multiple comparisons of differences in soil water potential between i
savannas‘and wet grasslands from Central Brazil during the dry months.
Month _ LRT; P Habitat Depth (cm) B +SE P
June "17.562 P<0.001 OS-WG=0 2-3 0.6346 £ 0.2192 P<0.05
OS-WG =0 10-11 0.4418 £ 0.2189 P=0.05

July ©.21.405 P<0.0010S-WG=0 2-3 0.6161 + 0.2334 P<0.05
OS-WG =0 10-11 0.4293 + 0.2328 P=0.08

August ==:39:049 P<0.0010S-WG =0 2-3 0.9121 +£0.2199 P<0.05
OS-WG =0 10-11 0.6127 +0.2194 P<0.05
OS =0Open Savannas, WG = Wet Grasslafids Standard Error
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seedcollection along twelve months of dry storage.

Dry storage (Months)

0 3 6 9 12
b G v bV DGV DGV D GV
Dispersal time
Early in the wet season 17 60 74 11 58 70 10 60 65 9 68 76 27 44 50
Late inthe'wetseason 90 8 70 71 18 69 71 24 64 52 29 58 53 26 52
Dry season 55 34 73 32 44 81 49 54 77 36 38 67 24 59 81
Habitat
Open savanna 58 30 72 39 40 70 43 39 63 34 40 63 48 27 47
Wet grassland 39 45 72 40 48 78 23 61 76 23 62 76 19 55 64
Seed dispersal
Anemochoric seeds 15 60 71 5 63 67 11 61 68 4 66 67 22 44 44
Barochoric seeds 74 21 73 64 29 77 52 37 68 47 36 68 47 34 61

Level of dormancy (D) = number of ungerminated viable seeds over total viable seeds
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Figure 3.Coefficient estimates from pairwise multiple comparisongesfination
probability betweermonths of dry storage in grass species from open savannas and wet
grasslands. The closed circles denote the mean vétleesiror bars deno@5% of
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Figure 5.Coefficient estimates from pairwise multiple comparisongesfination
probability betweergrassspecies with anemochory and barochory dispersal syndromes
along dry storage (0, 3, 6, 9 and 12 monthkg closed circles denote the mean values,
the error bars deno85% of lower and upper confidencetervak. The central dotted

line (zerowvalue) mans no statistical difference.
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