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ABSTRACT

Thelongoing/tapid/ fragmentationofl tropicall forestslislamajor(threat(tol global biodiversity.
Thislisbecause many(0flthe tropical forests arelsol¢alled (biodiversity['hotspots', [areas thatHost
exceptional’species(richness(and/doncentrations/oflendemic(species. [Forest[fragmentation/has
negativelecologicaland[ geneticl consequences for plant survival.[Proposed(teasons/for[plant
species'[loss[inl forest[ fragmentslare, e.g.,[abioticledge effects, altered [ $pecieslinteractions,
increased [ geneticldrift, and[inbreedingldepression. To[belableltol conservel plants[inl forest
fragments, [ the[ lecological [ Jand[geneticl processes!| ithat! threaten[ ‘the[species/ havel to[be
understood.[ Thatlis[ possible only[ after[ obtaining[ adequatel information[ on! their biology,
including taxonomy, [ lifel history, reproduction,and [ spatialand[ genetic[ structure ofl the
populations.

Inlthis[research,[ 1 focused onlthe[Africanl violet[ (genus Saintpaulia), allittle[studied
conservation[ fflagship[ from[ the[ [Eastern[|Arc[ Mountains[ and[Coastall Forests[ hotspot[ of
Tanzanialand Kenya. Thelmain objectiveoflthelresearch(was(to[increaseunderstanding(0flthe
lifethistory,[ecology’and population[genetics[of Saintpaulialthat(is[heeded for(the designlof
appropriate[conservation measures. [A[furtherdim(wasto[provide [population(levellinsights/into
theldifficult taxonomylof Saintpaulia. Ecological field work[wasl¢onductedlinlalrelatively
little[ fragmented [ protected forest[in[the[ IAmanil Nature[ Reservellin[the [East[ [Usambara
Mountains, [in[hortheastern[ Tanzania, ¢complemented by population genetic/laboratory work
and[ecologicallexperiments( in[ Helsinki, [ Finland. Alll components[ of! thel researchl were
conducted(with Saintpaulialionantha ssp. grotei, which[forms[altaxonomicallyl¢ontroversial
population/domplex in'thestudy!area.

My [tesults/suggestthat Saintpauliahas/goodreproductive performance inforestswith Tow
disturbancelevelslin/the[East UsambaraMountains. Another [important finding[was [that[seed
productionidepends(on(sufficient[pollinator(service. Thelavailability[ofipollinatorsshouldthus
belconsidered(in'the in(situ[thanagement ofthreatened populations.

Dynamiclpopulation/stage structures werelobservedsuggesting [that(thestudied [populations
are demographically(viable. Highmortalitylofseedlingsand juveniles wasobserved(duringthe
drylseason[but[this[was[compensated by ample[tecruitment [ofinew [seedlings after(the rainy
season.[Reduced treelcanopyl¢losureland substrate qualitylare likelytolexacerbate seedling
and juvenile mortality, [and, [therefore, forest [(fragmentation/and(disturbance(are(serious/threats
tol thel regenerationl of Saintpaulia. Restorationofl sufficient shade  tol enhancel seedling
establishmentis[ an[ important| conservation measurel in[ populations located[ in[disturbed
habitats. LLong[term/demographic ‘'monitoring, (whichleénables/the [forecasting ‘ofla[population’s
future, is(alsorecommended lih [disturbed habitats.

Highlgeneticldiversities Wwereobserved(in/the[populations, Which/suggest/that theypossess
the[variation[thatlis[heeded [ for[evolutionaryl[responses[inlal changingl environment. [ Thus,
geneticmanagement 0fithe(studied[populations/does Mot Seemmecessary [aslong(asthe habitats
remain[ favourable[for Saintpaulia. The observedhighllevels[oflinbreeding in[somelo0fl the
populations,and the[teduced fitness[oflthelinbred [(progenylcompared(tothe outbred progeny,
as!revealed by the hand/pollination[ experiment, [ indicate[ that[inbreeding  and[ inbreeding
depressionlarepotential hechanisms/dontributing(to thelextinctionof Saintpauliapopulations.

Thelrelatively[weak [genetic[divergenceloflthe three different imorphotypeslof Saintpaulia
ionantha ssp.l)grotei lend[]supportl]tol]thelhypothesis[]that[]the[]populations]in[the
Usambara/lowlands[ region[ represent al segregating[ ‘metapopulation(or[ metapopulations),
wherelsubpopulations/areladapting to [their[particular[environments. The partiall geneticland
phenological Cintegrity, and [ thedistinct[ trailing [ habit[of’ the morphotype('grotei' would,
however, [justifylits placement(in/a taxonomic rank [oflits[0wn, [perhaps/in(asubspecific rank.
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1INTRODUCTION

1.1/Global consequences of forest fragmentation

Thelnatural vegetation o flthe [Earth has undergoneldramatic(degradation/since/thebeginning
oflsettledldagriculture, which(was[followed by human(population/growthland the[development
ofltechnology’andleconomiclactivity[(Houghton[1994, Meyer & [Turner(1994). Thellossland
fragmentation ofl forestis al direct/threatto[biodiversity. Inladditiontolitslintrinsic value,
biodiversitylis meeded [for(the functioning[oflecosystems/(c.f.[Loreauletal.[2001) and [for the
productionofinumerous(goods, current/and[potential, for human/¢onsumption[(e.g.[Schaberg
etlal.[1999). Biodiversity!islostthroughtheléxtinctionlofllocal populations(ofispecies(Hughes
et[al.[1997),dand therelis 0ftend timelagbetween the processoflhabitat Toss/and[the[eéventual
collapselofipopulations,file., extinction'debt[(Tilmanetial. [(1994).

Inladditiontol thellossl ofl biodiversity, [ the fragmentationland[loss[ ofl forestl endanger
important(écosystem(services, suchlds(soilland Wwater[conservation/(e.g., [Fearnside[2005),and
thestorageloficarbon, Wwhich(dontributesto the thitigation/oflclimate change[(Glenday2006).

1.2[Consequences of tropical forest fragmentation [for plant survival

Tropical [forestsldre(areas0fThighbiodiversity, whichldre fapidlybeingdestroyed [ worldwide.
Isolated [fragments [ofl tropical(rain[ forests uisually Thavelower[Species tichness ¢compared[to
continuouslareas with[alsimilar[habitat.[Thus, the decline[and [fragmentation o flthese forests
are major[threats(fo globallbiodiversity[(Turner[1996, Benitez[Malvido[& [Martinez Ramos
2003).[Empiricallévidence oflthe effects of fropical forest fragmentation(is telatively(tecent,
andlitmainly¢omes[from/studies onwoodylspecies, [whilstiinderstoryherbs have teceived
little“attentionin[ the[ fragmentation[ context[ (BenitezMalvido [ & [ Martinez[Ramos[ 2003,
Cuartas[Hernandez & Nufiez Farfan2006).

Ecologicallconsequences

Thelecologicallconsequences/ofiforest fragmentationcan(be classifiedlintoabiotic effects, dnd
directlorlindirect biologicalleffects [((Murcial1995).Both/the[abioticland (biological(effects[of
habitat[ fragmentation will [ultimatelylaffect [thel demographic[processes o fl plants, which,[in
turn, (will@ffect(the(growth rateand[survivallofiplant populations/(Holsinger2000).

Abiotic effectslinvolvelchanges(in(the microclimatebothwithinand on(the(edge [0 fl forest
fragments. (Fragment/edgeshavehigher(dir(and[soil temperatures(and temperature fluctuations
than(does(the forestlinterior, [@nd ‘theyldre more[exposed(towinds, Whichteduce humidityland
soillmoisture, [andincreaseévaporationland[desiccation[ (Lovejoylet[al.[ 1986, Kapos[1989,
Saunders(et[al.[1991,Murcial1995). Thelintensity of'theledgeleffects/depends muchlon(the
fragment[size, [shapeland(locationlin(the[landscape. Smalllfragments havelalhigher(relative
proportion[ 0fl edges[than[ dollarge[ fragments, Wwhichlexposes[them[to[ greater changeslin
microclimatic/conditions[(Saunders/et(al.[1991). Changes/in(the microclimate[can'have(direct
biological effectsonl[plant[ regenerationand [ populationgrowth[ byl increasing mortality
(Ferreiral&Laurence[1997, ILaurancelet[al.[1998,Mesquitalet al. 1999, [ Tomimatsul&[Ohara
2003, Laurancelét(al.[2007) [0r[decreasing[seed [germination (Bruna2002). In/tropicalforests,
wherel seasonall droughtsincrease plant” mortality, [ the[ effects ofl fragmentation on[ plant
survival(are(likelyto be more severe (Engelbrecht (& [Kursar2003, Engelbrechtet/al.[2007).

Indirect[Ibiological [Jeffects[ Imainly[Jinvolve[Jalterations[Jin[ItheJinteractions between
organisms/ (Saunders[ 1991, Murcial1995).Pollination[is[ the most[ studied plant[animal
interaction(in/associationwithhabitat fragmentation. [Smallland/orfisolated populations/and



patchesloftenl suffer[ from/ pollinator[limitationand(teduced! seed set[ (Sih[ &[Baltus[1987,
Spears[1987, Jennersten( 1988, [ Aizen|&[Feinsinger 1994, Olesen(&[Jain[1994,[ Agren(1996,
Groom[1998,Fuchslet[al.[2003,[Quesadaletlal.[2003,[Aguilar[&Galetto[2004). Alreduced
seed(set[can(result/in/teduced tecruitmentand, ¢onsequently, [inlateduced [population/growth
rate.[However, [thetype of éffect[that/fragmentationhaslon[pollinationdependson/the(plant
species, [ breeding system, [ lifehistory[and[ pollination mechanism (Ghazoul 2005).For
example, [plant(species, whichlaredependent/on[pollinatorsforseed(set/or(arespecialized for
onel species[ or[ typel ofl pollinator, seem! tol be[ morel vulnerablel to[ habitat[ fragmentation
(Rathcke[&[Jules[1993).[On'thelother hand, theteplacement (0floriginalpollinators [with new
pollenlvectors onlthel edgel of! the forestl fragments[ may[ mitigatel the negative effect of
fragmentation/on[pollen(dispersallandplant(teproductivesuccess[(Dicket[al.[2003,Ghazoul
2004).

Altered[postpollination/processes(canlalsolead[to the failure (0fiplant recruitment [inforest
fragments. [Changes(in(the(diversity, [density, diet, [0r[behavior(ofithe dispersersicanlaffect the
efficiencylofl seed[ dispersal [(Klein 11989, Martinez[Garzal & [Gonzales Montagut 11999,
Restrepolet[al.[1999,[Ortiz[Pulidoletlal.[2000), whereaslincreased seed[predationby[todents
(Asquithlet(dl.[1997,Jules & Ratchke[1999)(and seedlingherbivory[(Asquithlet[dl.[1997,[Rao
etlal. 2001, LLopez[& Terborgh2007)(canimpede the recruitment (0 flthe [dispersed [seeds.

Geneticlconsequences

Alteredlabioticland biotic[¢onditionslinforest fragmentsimply(altered(selectionpressures on
plant[populations.Tobelableto respondto [changingselection[pressures, the [populations have
toposses/sufficientlevels/ofigenetic variation(Frankham(etal. 2003, p./46). Theoretically, the
reduced!(sizelandlincreased spatiallisolation[oflpopulationsmaylead(fo theerosion of genetic
variation[ throughlincreased! tandom[ genetic  driftland[inbreeding, and teduced gene! flow
between[ populations[ (Ellstrand & Elam[11993, Young[et[al.[11996). Population[ genetic
variation/is [heasured [by[parameters, [Such(ds/the(dllelicrichness, gene(diversity, [proportion(of
polymorphiclocilandlevellofTheterozygosity[((Weising et(al.[2005,[p.[223).[Reduced allelic
richness[may!decreaselthe potential [oflalspecies toladapttolanlénvironmental ¢changelin[the
long(term.[Thelallelic(richnesslis[éxpected(to [decrease [shortly(dfter(the fragmentation because
the[small(dfemnantpopulations(dontain[onlyalsmalllsample(of'the[originallgene[pooll(genetic
bottleneck).[Thereafter,[theloss 0fl alleles[may ¢ontinueldueltotandom[ geneticdrift[iflthe
remnantpopulations/temain/ $mallland isolated[ (Barrett & [Kohn[ 1991, Young et[al.[ 1996,
Honnay[&[Jacquemyn2007). Numerous(studiesshow[evidence for thelcorrelation between
small[population! sizel and reduced[ geneticl variation[(e.g.[ Leimulet[all 2006, Honnay[ &
Jacquemyn[2007).

Severall studies[ alsol show! that smalll populations[are[ morel susceptible[ to[ biparental
inbreeding(or [inbreeding through(self! fertilization, 'whichlincrease the level o flhomozygosity
within[populations (Keller[ & Waller[2002). Increased (homozygosityl tan’¢causelinbreeding
depression,lile., lTack [0flVigour(in'the(inbred[offspring(that ¢an affect populationperformance
(e.g.,[Charlesworthl & [Charlesworth[ 1987, Barrett[ & [ Kohn[1991,[Ellstrand[&[Elam[1993,
Keller[&Waller[2002). This[is [thought[fo [be mainly[¢caused by theexpression[ofideleterious
recessivelJor[partly[recessive[lallelesJin[the[ Thomozygous/JindividualsJ(Charlesworth &
Charlesworth[11999).[However, lsmallllandisolated populations[ with[alllong [ history[ ‘of
inbreeding may[ havel purged most ofl thel deleterious[ recessive  allelesand, aslaltesult,
inbreeding(depression/c¢an(below[ormay(notlexist/at/all[(Lande(&[Schemske[1985, Barrett &
Charlesworth1991).

It is[ generallyl assumed! that( forest/ fragmentation[ teduces! inter population gene! flow,
whichlis[likely[tolresultlin[thel geneticl divergence  oflthel populations (Young 1996), but
evidence! for[this'assumption!is[inconsistent. Some!studies/ havelteported/ decreased/inter!
population/Igene /flow[Jand/ lincreased[ Jpopulation[ differentiation[ las[ lal Jresult[ lofl Iforest



fragmentation((Halllet(dl.[1996, [Cuartas Herndndez & Nufez Farfan2006), while[others have
reported/extensivelong(distance pollenmediated/gene dispersallamong[fragments (White et
al.[2002),[orno [effect0fl fragmentation/on(geneflow[(Nason & Hamrick[1997). [Forlexample,
studies[on/theltemperate(tree Acerlsaccharuml/haveleévenlshownlincreasedlinterpopulation
geneflowas(a/consequencelofifragmentation(Foré(étlal.[1992,[Young(et(al.[1993).

Because[forest[fragmentation/decreasespopulation(sizes,[the éffect o flStochasticity must
also[bel considered. Thel smaller the population[is,[ the[ ‘more[ probable[is[its stochastic
extinction/due(to/demographic, énvironmentalland[geneticfactors. Demographic(stochasticity
arises[from/randoml/chances oflindividual [plants(to [survive,[die and [feproduce, ' Which[causes
variationlin[the[populationl growth(tate. Environmentallstochasticity tefers/to[the temporal
variation[ ofl habitat[ conditions, [to[the[ populations[ofl competitors, [predators, [ parasites, and
diseases, [andto unpredictablenaturall(catastrophes. Genetic[stochasticity [results[fromrandom
changeslin’gene/frequencies(due fofounderleffect, tandom(fixationloflalleles, orlinbreeding
(e.g.,[Shaffer(1981 [and references therein).

Tolsummarize, [ forest fragmentationhas[ beenl shown[to[teducel thel diversity of plant
speciesland, [therefore, (it [should also Thavenegativeléffects onthe viability o fipopulationsof
forest[ plants. Fragmentation[ alters species! interactions, causes[ abioticl edgel effects, may
decrease migration between fragments, andlincreases/genetic(driftland [inbreeding [depression,
which[ changel thel demographicand[ genetic structure[ of’ the[ populations. However,[ the
understandinglofl | fragmented ! ecosystems[Jis[Istill[limited[Jand[Ithe[]consequences]of
fragmentation are[ hot always[ consistent or predictable (Turner[ 1996, Lopez! &[Terborgh
2007).Generalization[ bf’ thel imechanisms by which[ fragmentation[ affects[ populations[is
difficult!becausel several factors[ modify[thelintensity[ ofl theledgeleffect. These modifiers
include(the(size, [shape, andlagelofithe fragment, the hanagement (history[of'the (fragmentand
matrix, [ thellocationlJofl tthe[ 'fragment[in[the[llandscape, [ ‘climatic[lconditions, [ lbiological
interactions, [lifehistory characteristics ofl the[$pecies, ‘and interactions between abioticland
bioticledge processes (Saundersietal.[1991,[Murcial1995, Harper(et[al.[2005, Honnay et !al.
2005).

1.3[Conservation of taxonomically complex plants

Thel conservationl ofl endangered [ plants(is[ difficult[without adequatelinformationon[their
biology.[Thelessential informationlincludestaxonomy, life history, feproductivebiology, and
spatialland geneticstructure[of the populations (Given[1994).[Moreover, the comparison[of
rareland[common(plant taxalcanhelp(toidentifybiologicalltraitsthatcontribute(to tarityland
thatmeed [to be taken [into [dccount/in/conservation(measures(e.g.,[Farnsworth2007).
Threatened( lor[ lendemic[plants‘may[ havel biologicalllcharacteristics that  bring[Jextra
challenges|(to their tesearchland/¢onservation. Taxonomically[complex [groups[ofiplants form
such(d[cdhallenge(Heylet[dl. 2003, Mace(2004). Tf the [faxonomic [status [0f[populations[¢annot
belassigned, appropriate conservation[decisionsarel extremely[difficult[to make, [or[iflthe
taxonomic| statuslis hotl[ correctlyl assigned, [ conservation/tesources mayl belwasted onlthe
populations[ofl¢common/species, [or (hybrids between(species, while inrecognized ‘endangered
speciesmay/belallowed tobecomelextinct(Frankhamletial.[2003,[p.[366).
Specieslare[generally [tecognized(as(admaturalfaxonomic unit[that form thebasis/for bHoth
conservationlassessments and management(Mace(2004). However, [delimiting[Species[is not
always/(straightforwardbecause[ofl the varietyoflspecies concepts[(Mayden[1997).[Theltwo
mostlimportant(ones, [thebiological species/concept (BSC)and[phylogenetic species/concept
(PSC)havelimportantpractical implications!for[plant/¢onservation. Under[the BSC, [Species
arel taxal that[ canloverlap[ geographically because! theyl are! reproductivelylisolated (Mayr
1963).Inmany!cases, eéspeciallylin[plantsin(whichlinterspecific hybrids[are(rather[¢common,
the[BSClisnot[practical [(Donoghue[1985).Forléxample, the éndangered [genus Saintpaulia
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wouldbelfreated/as alsingle speciesbecause 0fl thelack [oflreproductivelisolation[among the
taxal(Arisumil1964), although/thegenus(consists(oflgeographicallylisolated [entities[that [differ
bothlgenetically[ (Lindqvist[ & [Albert 1999)and[ morphologically [ (Burtt[ 1958, Darbyshire
2006). TheBSCiwould[thusloverestimate!the geographical (tange[and[the mumber ofléxtant
populations(of Saintpaulia,iand placelitinlalow[categorylofithreat.

According(tolonelofl theseveral definitionslof the[PSC,lalphylogeneticl $pecieslis["the
smallest/diagnosable(cluster(oflindividuals withinwhichthere[is [d[parental (pattern(oflancestry
and[descent"[(Cracraft[1983).[Within[the [PSC, [thephylogenetic(level(that[¢orresponds to(a
species(isnot/defined, [ whichltendstoresultin(the splitting/ofltaxal(Horvath(1997). ThePSC
canlrecognizeléven48% more speciesthanldoesthe BSCI(Agapow!et(al.[2004). Thislincrease
inthe(speciesnumbers!(is teferred [fo as'taxonomicinflation'[(Isaaclet[al.[2004),and (it [Wwill
resultinal higher[ number[lof! threatened species, becausel the[lgeographical [ rangel and
population(sizelofltheltaxalwill[decline[(Agapow[et[al.[2004). Taxonomic inflation[is also
causedbyltheldescription/ofitaxabased onlinadequatesamplingl(e.g., Marbyshire 2006, [p.[51)
or[taxonomicexaggeration  ofl charismaticl or popular[ groups[(Pillon[&[Chase[2007).[For
example, [the[popularitylofl orchids in[Europelhas tesulted [in[the over splitting oflthe group.
Taxonomiclinflationlinsuchlgroups(dan(resultlin(serious/consequenceslifirare, poorlyldefined
specieslarel prioritized[ for ¢conservation overtaxonomically"good'[$pecies (Pillon[ & [Chase
2007).

Thelackoflconsensus/on/theconceptiofispecieshas decreased/theusefulness(ofispecies/as
aunit[forconservation(dctions/and/led tolthe development[oflalternative iinits. Most (biologists
agreethat[ conservation  must[focus on[preservinglevolvingpopulations, inwhichl[adaptive
diversityland[the[potential for[evolutionaryl changelis maintained [ (Mace[2004).[Therefore,
Ryder[(1986)[introduced[ the  definitionofl thel evolutionarily significant[unit[(ESU)lasla
population, [or [populations, [fepresenting[significant[adaptive variation withinlalspecies/based
onldoncordance [between(sets ofléecological land [geneticdata. Thisldoncept (has been(criticized
for(poorapplicabilitylin(thereallworld (because!it (hasévolvedlover time[so thatthe[ESUsdre
now oftenldefined based onlylonlimolecular[phylogeniesthat[$tem[ from[ historicallegacy
rather(thatladaptiveldiversity[(Crandalllet(al.[2000). Instead [0fusing the [ESU,Crandall’et(al.
(2000) proposed[that[ populations[ should bel classified aslimanagement units according[to
whetherthey show![recentlor historical ecologicall or[ geneticl exchangeability.[ Thelideal of
ecologicalléxchangeability(is thatlindividuals/canbe ovedbetweenpopulationsbecause they
shareddaptations, [@and[genetic/eéxchangeability [refersto [dmplegene flow [between[populations
(Crandalllet[al.[2000).

Apparently,(the definitions[0flmanagement nits [in[conservation/¢ontinue(to [eévolve,and
new [ approaches need tolbeltested[ (c.f.[ Rader[et[al.[2005).[ What[seems evident[is[that
whichever [dpproach Wwill bedpplied, bothmoleculargeneticlandecologicalresearchis meeded
toldefineldppropriate[conservation/units/intaxonomically[difficult [plant [groups. This[islikely
toincrease[Jthe[Icost[Jofl Iconservation[Jin[Jtaxonomically[Jcomplex[plants icomparedto
taxonomicallywellldefined [groups.

1.4/Geneticslinthe(practical management/of'threatened [plants

InCaddition tolhelping[tesolvel taxonomic[ uncertainties and[ delineate[ management [ units,
genetic(tesearchlis(needed to [@answer(also[dther[questions [related [tothe [practical management
of'threatened(taxa. Genetic 'markers, [increasingly frequently(taxon(specificland¢o 'dominant
microsatellite markersthat[teveal heterozygosityland(dllelic[diversity, [are applied [fo[diagnose
thelstatusloflalspecies or[population[(Frankhamletlal.[2003).[Genetic[markers[are iised[to
examine[ thellevel Jofligenetic[ variation ‘within[“populations,[genetic[divergence[ lamong
populations((e.g.,[ Li*&[Xal2005), and[levelsloflinbreeding[(e.g., Kettle[et[al.[2007). The
application(oflgenetics/in/thelconservation(ofiwild populations haslargely been limitedtothe



diagnoses(ofitheir(geneticstatus, (whereas ‘the useloflgeneticinformation to [plan[conservation
management|is[still[tare[(Frankhaml[¢t[al.[2003).[An[example[ofl¢onservationmanagement,
where/geneticinformation(inneeded, [is[the(recoveryof'smalllandlisolated [populations with'a
low[geneticldiversity by thelintroductionloflunrelatedindividuals from(dther populations/(e.g.,
Heschel & [Paige 1995, Bossuyt2007).[Whenlintroducing [individuals toa[population, there(is
alrisk ofl outbreeding[ depression,[i.e.,[ alteductionlinlthel reproductivel fitness dueltolthe
crossinglofltwo [populations, if' the two [populations (have undergone significantadaptation(fo
their(locallénvironments((Waser(1993, Frankham/et(al.[2003). Moreover, whenre[éstablishing
extinct[populations, [ it[lshould[beJdone[ withJindividualsthat[Jare[ best[ladapted to[ the
introductionhabitat (Pic6 (& (Groenendael2007).

1.57Aims [oftheresearch

Oflalllspecieslofivascular(plants,(44%/ dre[confined(to 25 [biodiversity hotspots/that[comprise
only1.4% "of  thelland[ surfacel bn[the[ Earth[ (Myers[ 2000).[ Hotspots[ are[ areas hosting
exceptional  concentrations ofl endemic[species/and[experiencingléxceptionalllosslofl habitat
(Myers[1988,11990).[Concentratingallarge proportion ofl thelimited ¢onservation tesources
on! thesel areas! has[ been’ suggested[ as’thel most[ profitablel strategyl to[ combat! thel mass
extinctionlofl species(thatlis[how underway[(Myers 2000). From!this[$tandpoint, targeting
biologicall researchl effortslinl the hotspotlareasis[ alsol welll justified. Furthermore, [it[is
justifiable[to[target/tesearchl effort on'flagship[taxa'lofl al hotspotlorlanotherbiologically
valuablelareabecause theylattract[the attention[oflthepublicland[¢onservation funders'land
decisionmakers'linterest(in/the/dreal(Caro[&[O'Doherty[1999).[Therelis no [strict[definition[of
alflagship,but/theyare/often/éndangered/and widely knownldnd/or[popular(species testricted
tolalparticularlecosystem[(Caro & [D'Doherty(1999).

Thel[Eastern”Arc[Mountainsand/ Coastal Forests[0fl Tanzanialand [Kenyalform'a global
biodiversity hotspotlon/the Africancontinent. In[Tanzania, ‘the[Eastern’Arc[Mountains'have
thehighest known[number[oflplant/and [animallspecies oflany(tegionlin[the ¢ountryland, for
many! taxa, [ it[is onel ofl thel[tichest areaslinlalllofl Africal (Newmark[2002). Thel genus
Saintpaulia H.[Wendl. [ {orAfrican[ violets),  the  research[ target[ 0fl this[ thesis, has[ been
promoted [a@s(abotanical'panda'lsymbolizing the(declinelofithe[Eastern[Arc [ Mountains'[forests
(Eastwood!et/dl.[1998).Thelgenuslis[alsobeing [promoted(as/altourist(attraction in/an/effort[to
develop/eécotourism(in the hotspot/(Kolehmainen2005, Kolehmainen etlal.[2005,2006).

Saintpaulia'provides(anlexcellent[éxample oflallittle[studied [¢onservation[flagshipwhich
is/threatened by forest[fragmentation.[When!(initiating thisresearch, Tfound!it very[surprising
that/despite(thelglobal (horticultural[popularity[0fithe Saintpaulia,thereWwerelonlyfew(studies
publishedonlthelecologyl ofl thewild[ species, [ although[theylarel knownltol belseverely
threatened (marrow [tangeléndemics within[abiodiversityhotspot. Johansson[(1978)[described
thelhabitats oflSome[Tanzanian/taxaland[Stated, (based [on[the available literature, that[very
little(is(knownlaboutlthe Saintpauliasiin/theirnaturallenvironment". Hewas[ablelto[cite[only
onel studyl (Haarer[1955), whichlhad[presented[ alshort and[ very[ general account[ of’ the
Saintpaulias'in/the[wild'.[After[Johansson[(1978), notlalsinglelecologicall fieldstudylivas
publishedonthe(genus, although[conservationists'linterestlin(the Eastern[Arc Mountains and
concern/for(survivalloflthe Saintpauliasiincreasedlin[the(1980s(in[tesponse toltheldestructive
commercialloggingsdonducted in'theareal(Anonymous1985, Mather(1989).

Thelmainlobjectivelofl this[tesearchl was[to [increase understanding of’ thellife history,
ecology/andpopulation(geneticsof Saintpaulia,/ whichlis needed fortheldesign(oflappropriate
conservation/measures for [thegenus. [Afurther[aim/was[fo [provide écological/insights(on(the
difficulttaxonomyof Saintpaulia. Thelstudylis[composed of fourlinterlinkedsubstudies, €ach
oflwhichfocuseslonlalspecific/questionlor[questions, and[whichlare hereafter teferredfo by
thetoman/tumerals I[TV.[All[substudies[included [field (workin the[South[¢entral(part o fthe
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Amanil | Nature[ ] Reserve[ ] in[]the[! East[ ] Usambarall Mountains, | northeastern[ | Tanzania,
complemented by population[ genetic laboratorywork [ and[ecologicall experiments[at’the
University ofl Helsinki, Finland.[ Thelstudy[populations/tepresent!threel different specieslof
Saintpaulialorionelsubspecies, dependingonwhichtaxonomic(¢lassification(is[followed. The
objectiveloflthe firstsubstudywas(fo[describethe teproductive phenology and[performance,
and [pollinationmode. Thelsecondstudyfocused/on(the viabilityandseasonal[dynamics/0flthe
populations [(byléxamining[plant(life history[fraits, population/stage(structures, and ‘the [effects
of'habitat/quality’on(plant [performance. In/thethird[substudy, (Ilassessed [the[genetic[structure
and [viability[oflthe [populations,/and(in(the fourth/one, Tistudied thelevelsoflinbreedinginthe
populations[and/ susceptibility[ to[linbreeding[/depression by[ investigating[ theleffect[lof
inbreedingon/progeny (fitness.

2MATERIALAND METHODS

2.1/Genus Saintpaulia

Africanviolets[(Saintpaulia H.['Wendl.) belong(tothe Gesneriaceae, allarge [plant family[(125
genera, [about[2000species) (comprising [mostlyfropical Therbs[and [shrubs, (manylof'whichlare
popularicultivated [0rnamentals[(Heywood1996). Thelgenus Saintpaulia'consists[oflperennial
herbs/éndemic(tolthe Eastern[Arc[Mountains[and[coastal lowlands 0f Kenyaland[ Tanzania
(Baatvik[1993).[ Thel distribution[ tange ofl thel genus( falls[ within two globallbiodiversity
hotspots, [the Eastern[Afromontane/and [the[Coastal[Forests0f EasternAfrical(Mittermeier et
al.[2005). Saintpauliasarelamongthemostwell knownplantsofitheEast[African[flora. They
havebeen!subjected to intensive breeding[ by the horticultureindustry[for nearly ahundred
years, and[commercial Saintpauliahybridslarepopular ornamentallplants’in/thelwealthier
parts(ofithe Wworld.

Taxonomy

Until2006, twenty Saintpaulia'species(and four further varieties wererecognized (Burtt 1958,
1964). [ In[ Burtt's[ taxonomy, [ al narrow [ species concept was applied[ duel to[thel lack[ of
knowledgelofl the[morphologicalvariation[in[the[3wild[populations, and[hearly half of the
described[ species werel found[ in[the[ Usambaral Mountains' and[inthel adjacentlowlands.
Phylogeneticstudies based on[the nuclear[tibosomal (DN A linternal(transcribed spacer[(ITS;
Moller & [ Cronck[1997)[and[5Snuclear[tibosomal[DNA [hon/franscribed[spacer (5SINTS;
Lindqvist[&[Albert[1999,2001) have later[demonstrated lonly[poor(tesolutiondmong ‘the [faxa
ofl Usambaral and[the[lowlands.[ Lindqvist & Albert[ (1999, 2001) hypothesized[ that the
Usambara/lowlands(clade(maymot(belalspecies groupbut(dmetapopulationwhere the relative
isolationlof  thelsubpopulationshas tesultedin[theobserved morphologicall variability and
geneticlsubstructuring[Within[thelentity. Crossing[ experiments Wwhich have shown![that[the
majoritylofithe Saintpauliataxalcanlhybridizelandthathybrid(offspringlare(fertile[(Clayberg
1961,[Arisumi[1964)support/thelconceptofiweak [genetic/divergence oflthe taxa. MDarbyshire
(2006) [subsequentlyappliedalbroader(species conceptlin/theupdated [taxonomic(revision, [in
which(the fotal numberoflspecies was[teduced tolsix. According to[Darbyshire (2006), all
Saintpauliapopulations(in[the East Usambara[Mountains[and/theladjacent[¢oastal lowlands
belong(tolalsinglelhighly[variablelspecies S.lionantha consistinglof ninelsubspecies, which
have beenldefined/on/thegroundslofimorphologylandgeographiclocation.



Ecology

Saintpaulias(thrivelin[moist andshaded¢onditions under [forestcanopy!from(seallevel upto

about[1,400(mloflaltitude (Johansson[1978,Baatvik[1993,Eastwoodlet[al.[1998).[Theylare

mainly[lithophyticl growingon/tockfaces and [outcrops, butloccasionallylalso[on/the[forest

floor,[onldecomposinglogsland/even(as[épiphytesonlliving[trees (Johansson[1978; Baatvik

1993;J.[ Kolehmainen, [ pers.[ 0bs.).[ Theyl teproducel byl seeds[ and vegetatively! from/ leaf
cuttings and! through[thel division ofl old[ plants (J.[ Kolehmainen,[ pers. obs.).[ Vegetative

growth may[bel an important[ means[ ofl reproductionlin'theltrailing/taxa.[ The[flowers are

hermaphroditicland the [styles[are deflected(either(to the Teft/or right sidelof'the floral [axis|(i.e.,

enantiostyly), Whichlis[assumed[to énhanceloutcrossing[(Jesson et(al.[2003).Both(left[Tand

rightstyled[ flowerslare[ found[inloneplant;[a’condition/ termed [ monomorphic’enantiostyly

(Jessonlet(al.[2003).[Thellarge, bright [yellowanthers [that[c¢ontrast [Withthe (blueviolet [petals

arel characteristics[associated[ with[bee[pollination (Vogel[ 1978). [ Thelanthers do not[shed

pollen(spontaneously because(they arefusedat/the top (e.g.[Wilson[1898). Thelflowerslare

pollinated(bybeesloflthe[genus Amegilla, whichluse buzzpollination tfolrelease pollenfrom

thelanthers[(Martins[2005;V.[Heimala, unpublished). [ In[the buzz[pollination, the[ flowers

extrude[pollen from(theirlanthers[in[tesponselto the[vibration oflthelanthers bylthe flower[]
visitingbee (Buchmann([1983).

Thelsmalll sizel ofl thelseeds[(Figure[3;1V)land[thel spatialstructure ofl populationsin
different(types/ofihabitats((J. [Kolehmainen, [pers. [0bs.) [Suggest that water [fransport[is[the host
likely[dispersal 'method[in[populations[located along[streams, Wwhereas wind[dispersal and
passivedispersal (based [on[gravitylarelthe most(likely dispersal (methods on(tockymountain
slopes.[Some animals[imay[ also[dispersel thel seeds on[their[ feet, suchlasl tock[ hyraxes
(Procavialcapensis) which dwell[in[the samelhabitats(as Saintpaulia (Seelillustrationlon(the
cover).Thesemechanisms/are(likely(to(disperse/thelseedsonlyloverirelativelylshort(distances.

Conservation

The Saintpauliapopulationshavelapparentlylalwaysbeen morelor less[substructured duelto
thel$pecialized[ecological ‘nicheloflthe species, butlitlis[believed|that[they havelalso[been
severelylaffected by[forest/ fragmentation (Johansson[ 1978, Eastwood et[al.[1998). [ Twenty
Saintpauliataxawerelisted [in[the 1997 MUCN [Red [List[(Walter[& [Gillett [1998),in'which the
status[ lofl /16 taxallwas[ categorized [ as[ 'indeterminate',[Jindicating the[ lack [lofl scientific
knowledge of the genus.[Almorel¢omprehensive teview by Eastwood etlal.[(1998)[assigned
new [categories(of threat [(IUCN[1994)[to (28 Saintpaulialtaxa. They placed(threetaxalin/the
category['vulnerable'land (16 faxalin/thecategory['critical' [but (were [inable(toassessthe[status
of hinetaxalwhich[were categorized [ as[\datal deficient'. A hew Red[ List[assessment! for
Saintpaulia,lincorporating[ tecent [ field data and[the hew[taxonomicltevision 0f thel genus
(Darbyshire2006)is[¢urrently inder 'way by the Missouri[Botanical Garden and TUCN-The
WorldConservation Wnion[(R.Gereau, pers. .comm.).

2.2(Study taxa

Theltarget/populations ofl thistesearch(werelassumed!(to [fepresent threedifferent/species, S.
confusa B.L.Burtt, S.difficilis B.L.Burttland S.grotei Engl.[(Burtt[1958)whenTinitiatedthe
research,but(theylare[how included [Within[onelsubspecies, Saintpaulialionantha H.Wendl.
subsp. [grotei[(Engl.)[1.Darbysh [(Darbyshire[2006). Thetwo [first[articles [0f[this thesis follow
the[pre[2006[taxonomy and!the thirdand the fourthfollow[theltevised taxonomy. In[the
articles(Il1’and TV, dnd throughout [this thesis[Summary, the [previouslyfecognizedspecies/are
treated"as” morphotypes which[are[ hamed according[ to[their[earlier[ species hames,[i.e.,
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'confusa’, 'difficilis'Tand'grotei'.[ Thel geneticl telationship and[ theltaxonomic'statusloflthe
morphotypes/dreldiscussed/in/substudyTII.

Themorphotypes!'confusa' land/'difficilis'[drerosulateforms, [@nd[theylare morphologically
verylsimilar((Figure(1,(p.(10). Theyhavethick [and[short(usually[0[TI10/¢m)[succulent stems,
thelleaveslarranged(in[anapical(tosette, a combination[of shortand [longhairs on(the upper
surface 0flleaves, and isuallymore [than/two flowers [per flower stalk. Thesetwo [morphotypes
differonly[in[ their[leafl characteristics.[ The leavesl ofl!difficilis' arel thickish[with[ rather
coarsely/serrated margins, [deep Veins,[and [the longhairs/on [the upper(surface 0flthe leaves(are
arced(fo[sublerect."Confusa'lhas thin/to[thickish(leaves with[crenate serrate leaflmargins/and
appressed (| long[] leafl] hairs,[] whichl[l are[] usually[] sparser[ ] than[] in[] 'difficilis'.] The
species/morphotypel'grotei'[is distinct [ from['confusa'land 'difficilis'[(Figure(2,p.[10).It[hasa
trailing[growthhabit[(i.e., long[internodes) (with [thin[dand [up [to [dbout 100 ¢m[long stems. The
leaves(ofl"grotei'lare(thin[with[¢renatefo[dentate margins, [onlyshort/appressed hairs(onthe
upper [surface(0fltheleaves, dnd [0nelortwo flowersper flower [stalk.[As[a[desultoflthetrailing
growthlhabit, it tends to [form extensive uniform(stands. The'hybrid'[typehas[characteristics
intermediate[of!"grotei'land "confusa',[i.e.,[Subtrailing[habit, and thinfothickish[leaves[with
shortland[sparsellong[appressedhairs on the upper surfaceloflthelleaves. The few observed
fertilelindividuals[oflthe'hybrid'fypelhad [anlintermediate mumber [0 f flowers per [flower [stalk
(usually(three).[Referencel¢ollectionswere made oflalllimorphotypes, and(the[Specimens are
deposited(in/the[Botanical Museum [0flthe [Finnish(Museum of/Natural History. DDuplicates(of
thelspecimensare(in(the Herbarium(ofithe Wniversity (0flDar eés[Salaam, Tanzania.

2.3(Study area

I conducted(this/ researchlinl the Eastern Arc[ Mountains, which[arelal grouploflisolated
precambrian/basementmountains(stretching [from[southeast[Kenya to [South[dentral [ Tanzania
(Figure[3,p.[11).TheEastern[Arcs!rise[to[1,000112,800 mlabovelseallevel,[and theyareoften
referred(fodsforested 'islands'[surrounded(by(a['sea' [0f dry[savanna.[TheEastern[Arc[forests
have(alhighlspecies richness/and iéndemism, Wwhich(is[thought[to (becaused By theirgeographic
isolation, high[precipitationandclimatic[stability [over millions 0 flyears[due tothe proximity
tothe(IndianOcean[(Lovett[1993). Environmentalstability(has/eénabled the[survivallofimoist
forest(taxalduring/adverse(¢limatic[periodsandlalso [promoted differentiation o finew(taxalof
restricted[distribution[(Fjeldsd[&[Lovett[1997).[New [plant[and [animal species/¢ontinue [fo be
foundlin(the Eastern[Arc[forestsleverylyear((e.g.,[Couvreur et(al.[2006, Fjeldsaletlal.[2006,
P6cs2006, Menegon(et(dl. 2007), whichlis[@nlindication[oflinsufficient faxonomicknowledge
oflmany(groups(oflorganismslin/thelarea. [Oflthe[(known[species occurring withinthe Eastern
Arclforests,3182%,depending[on(thegroup, [dre/endemic(foltheseforests. Algreat mumber(of
thelspecies, especially“among[ithe endemics, are[ criticallyendangered, [lendangeredor
vulnerable (Newmark2002). Dueto ‘the[éxceptionallyhighldegree (0 fléndemism/and threatsto
their[biodiversity, the Eastern[|Arc[Mountains have[ been[Jidentified among[ the[global
biodiversity (hotspots(and(as one o flthe most threatened [écosystemsworldwide (Myers 2000,
Mittermeierét(al. 2005).

Itfis[eéstimated(thatless than30% [0 fithe matural forest (currentlytemainslinthe Eastern[Arc
Mountains[(Newmark[1998,12002). Muchof'the(loss ofltheforest/coverlhasoccurred(during
the[last[ 200 yearsdue to[ thedramaticlincreaselin[the human[ population,aswelllas
technologicalldevelopment(Temple1972).Currently, the [predominant [¢ause of'deforestation
islsmall(scaleldgriculture,[whichlexpands(at(a(fast(rate(ds(a[result/ofirapid[population/growth.
Historically, andtosomeldegreelalsol presently, commerciall logging,[thel establishment[of
coffeelandtea plantations,(cardamom/cultivation(and/eéxotic tree plantationshave/contributed



Figure(2.(Morphotype('grotei'.[Photo: [Finnish(SaintpaulialSociety.
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tolthe(loss oflforest(inthe [Eastern/Arcs. [Thecollectionloflfuel woodlandbuilding[poles/also
depletes/the Eastern(Arc forests, (€speciallylinareasoflhigh iuman/density((Newmark 2002).
In2003[and 2004, the [Eastern(Arcs, @speciallythe Usambara mountains, (werelalso [dffected
byltensofithousands0flgold miners, Whoexcavated streamsin/forest/reserves/causing
extensiveldamagelto [thelaquatic(systems/and(vegetation(Boy2004, Burgess/étlal. 2004).
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Figure(3.(Map(showing(the[Eastern(Arc/Mountains(of(Tanzanialand Kenya.

Most[ofl the[temaining[ Eastern Arclforestlis[¢currentlyllegally[protected as[government
forest(reserves thatlare managed(for water catchment. [Alsmaller proportion/is[protected(as/a
national park, maturereserves, localauthority(forest/reserves or/villageforest reserves. Despite
thellargel lcover[ lofl protected| area, [ forestl ‘degradationjcontinues both[in[protected ‘and
unprotected (forests/duelto, €.g., illegal timber [éxtraction. LLack[oflsufficient [government [funds
for(themanagement(ofithe(forestreserveslis(afactor/that(allowsmuchloflthelillegal activities
to/continue[(Burgess/et(al.2007).

Thelstudylarealwas(located in/the AmaniNatureReserve((lat.[5°(04’-5°[13’ S [and [Tong.
38°(33’-38°(40°[E)lin[theEast[Usambara Mountains, northeastern' Tanzania.[A [total 0f1621
treeandshrublspecies/have beentecorded from/the[AmaniNature Reserve (ANR).[Ofthem,
19 arel endemicltolthe[Usambara Mountains and[ 49 are[ near/éndemic[(Frontier Tanzania
2001).JTolImy[ knowledge, [ 'the[Idiversity lofl Therbaceous! /plantIspecies! has[ not[ Jbeen
systematically/surveyed(in'the[ANR [or elsewherelinthe East JsambaraMountains.

Thelstudylarealwaslabout[6km X[8kmlcovering[ mostlof thel Amani/Nature[Reserve,
excluding[the northernl, eastern[Tand [ southernmost[parts.[ Thelstudyl sites were[locatedlin
altitudes/between[850Land[ 1,000 mlabovelseallevel.[ In[thislarea, the natural[vegetationlis
submontane!évergreen(forest[withlill[defined[strata. [ Thelaverage canopylheight is[20-30[m
and[thelémergentltrees(reachto40m(Hamiltonlet(al.[1989).Thematural forest remains(on/the
upper(sections[ofithe mountain(slopesand(on/the [plateau where itlis [fragmented by large[tea
plantations, farms, [settlements(and Eucalyptus'plantations((Figure [1; T, I, IIL, TV).

The lushnaturall forestlis[maintained byl abundant(rainfalllthat, Thowever, is not[equally
distributed. [The[precipitation(declines onthe[plateaulto ‘the north(and [(west (Hamilton[1989).
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AtKwambkoro, in'the South ¢entral(part/ofithe[plateau, the mean(annual rainfall(is[2,220 mm
andlon(theledge 0f'the west[facing[slopelatNdolalabout(1,470 mm((TanzanialMeteorological
Agency;[basedonlmeasurements for [Kwamkoroin[1980-98and [measurements for Ndolalin
2002—-03).[Therelareltwo [rainy/seasons, ‘thelongrains’ [in(March—May(and ‘the [shortrains’ [in
October—December!(Figure[2;I).[Themean(annual temperature at thestudy(sites within[the
forestlisabout[19.4°C,thehighest[temperaturesoccurring fromDecember to March(monthly
mean(21.2°C)land[the lowest from[June [to [September((mean(17.3°C;Figure(2;1I).

I[selected(this[studylareal for[two reasons. First, it[ contains threeldifferent species/ (or
morphotypes)lin/alrelativelysmalllarea, whichloffered e [dnlopportunity tostudy(the[genetic
structurel of! this taxonomically! controversial population complex.[ Second, [ 1l was[ ablelto
accommodate myselflin[thelheart ofl thislarea, whichlallowed[melto teach[thelstudy!lsites
without[majorlogistical (problems. By'selecting[thisarea, however, [1[was[unableto directly
study(the(potential(effects of forest fragmentation[on the [Viability (o f Saintpauliapopulations
due(tolthelackoflfragmentation(ofitheforest.

2.4Populations

The Saintpaulia'taxa/morphotypes!are spatiallyclustered/in(the(studylarea (Figure 1;T, I, III,
IV). Morphotype 'difficilis'[is[confined[to [the [west [facing[slopeand [fola stream[valleyin the
middleloflthe plateau. [Thehabitats ofl'difficilis'(on[the [(west facing[slopeldre drier [than/those
in[thelstream[Valleyslinlthe central, [ southernand[ easternpartsl ofl thel plateau, obviously
becauselofllower rainfall (Hamilton[1989), becauseoflamore0opendanopy (1), and [probably
alsolbecause oflstronger and more(frequent[winds.[Morphotype['confusa'lis[¢onfinedto the
southern’and south(western[slopesland(tothelstream/Vvalleyslin[thelsouthern partsl oflthe
plateau. Morphotype'grotei'l grows[inal more  continuous| forestlin[thel eastern part.of the
plateaulandlin/the vicinity [0ftheeast(and[southeast facing[slopes[(Figure 1; I, IL, 1L, TV).

Thelpopulationswerelsubjectivelydelimited [(based ‘on(the(field [Surveys ¢onducted by(the
authorland! fieldassistants[in[ 19981999 (Kolehmainen[2000) and [ byl the authorland[the
Saintpaulial /Conservation[ Project team[in[12002[2003 [(Kolehmainen[et[Jal.[12005).[The
populationboundaries[arel partly suggestive because[it[ Wwas[ possiblel to[ explore onlyl the
accessible parts[ ofl the slopel‘areas and[ becausel thel time[ available[ for[ thel population
explorations was[ limited. [ Therefore, somel bfl thel discontinuations[in[ the occurrencel of
Saintpaulial (Figure1;[1,[ 1L [1IL,[1V)imay[not truly[ exist.[ Duelto[this[uncertaintylin[the
population[ delimitation, [ 1'sometimes (use the[term['locality'[or['site'[instead [ofl'population’,
especiallylinlcontexts wherepopulationrange(is mot/so relevant [or (0flinterest [(substudies I, 1I),
orlifIltalk [@dboutlalspecificlocality, e.g., [@nléxperimental Site, within[a[population. Theterms
'population’, "locality' and'site'[¢ould[also[belteplaced [with the[term['subpopulation' on'the
grounds/ofitherelativelylsmall/geographicaliscale(oflthe(studylarea.

For[thelecological [substudies (I, 1I), ‘which[required [ several[ wvisits[ to[the[ sites, the
populations[were selected mainly[based ‘on/their’accessibility. Forthe genetic[substudies (111,
part[0fIV), allpopulations were[sampledonce.

2.5[Ecology

2.5.1'Reproductive/phenology(and potential ()

InCorder( to [ study( the[ possibilities for hybridization[ between! thel sympatric Saintpaulia
morphotypes, [feproductive [phenologywas monitored (on a(fotal 0f125 [permanent 1 (m*(study
plotsfor(aperiod [0flonelyear at/fwo [sites [0fimorphotype'confusa’, four sitesof'difficilis', land
onelsitelof "grotei'.[ Theplots[were subjectivelylestablishedlinlaccessible[ places Where the
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studylspecies/formed [distinct stands.[All[plotswere[eéstablished [on[vertical(to (nearly[Vertical
rock(faces by marking(the/corners(ofithe plotion(thefock using white paint. The mumbers of
flower(buds, open(flowers, [dnd [seedpods(perlindividual [plant were recorded for['confusa'land
'difficilis'. [For"grotei'lthe fotal number o flteproductive structures was fecorded lOnly[perstudy
plotlduelto thel¢lonallgrowthlhabit[of the[morphotype. Tolrelate the phenological [patterns
with[climatic/seasonality, [data’on(thelyearly [pattern(ofirainfall [and [femperature Wweredcquired
from(the(local weather(stations/and By ising dautomaticldataloggers placed at thestudy/sites.
Tolassess/teproductive potential,[the floralbiology, fruit[production, and(seed mumber [per
seedpodwere![studied. [In[one[populationlofl'confusa’, [altotal 011132 [pedicelson[16 [Handomly
chosenlindividuals/were[marked [with[smalllplastic[tags/tolexamine(the[duration oflanthesis,
timing [ of! fruit'abortion, andlevellofl fruit[set. [ The reproductivelstructures were monitored
approximately(éveryltwo days for d period (6flone month. [Fruit production per 1 m? studyplot
for[thel entirel year[Wwas[obtained by summing[thelestimated! yearly! fruit'production/ ofl the
individual(plantsion/the(study(plots. However, [for'grotei', the month Wwith[the highest iumber
of’seedpods/was(usedds(anlestimatelofthe yearly fruit[production per(plot. Toléxamine the
average number[ bfl seeds! per[ seedpod,[seeds were counted[ from[ onel seedpod ofl each
randomly(chosenlindividual 0f'¢onfusa' (n =[11)land 'difficilis' (n =[19).

2.5.2[Pollination mode/((I)

Thel pollination[ mode ofl plantsimayl greatly[ affect( their reproductivel successlin[habitat
fragments[(Ratchke[ & [Jules[1993).1[studied [the[pollination[modelof "confusa'lin[alhand[]
pollination[ éxperiment Where[ severall flower stalksWwere[marked[and[bagged. Each[flower
stalk[oflanlindividual [plant was[randomlylassigned[to[onelofl the  following treatments:[1)
baggingandl cross[pollinationwith[pollen from[ anotherlindividuall plant that3vas[located
approximately 10 m/ from/the[pollen(recipient, 2)baggingland selfipollination with[pollen
from/thelsame(flower, 3)[baggingland no[treatment(to test[for spontaneous(selfipollination,
and[4)[haturallpollination,[ whichldid[hotlinvolve[bagging. Altotal ofl 138 flowers on[23
individual(plants(were marked(for[the eéxperiment. Inladdition, 36 flowers(on(a different(setof
plants((n =[20)[werelmarked as al¢ontrol for(naturallpollination(to(festlifl bagginginterferes
with[pollinator[visitation to[ the[ ‘experimental plants. Thel[pollinationJofl al flower[ was
consideredsuccessfulliflalseedpod started to/develop.

2.5.3Population stage structure,/survival and recruitment((IT)

Climatic[seasonality andhabitat[quality[can'have[significant[effects on[the[performancelof
plantpopulations((Poorter (& [Hayashida Oliver(2000, Ribalet[dl.[2002, Engelbrecht[& Kursar
2003). Tolstudy thelseasonallVariation[in the population(stagelstructure, and[theleffectof
habitat/qualitylon(the[performancelof Saintpaulia, T collected datalfor(onelyearion[population
stage[structure, [Survival and fecruitment [ from[the[samepermanent 1 [in*(study(plots, which
were[used[tol collectdata onl reproductive phenologyl and[ fruitproduction(See[2.5.1).
Moreover, Tléxamined the[presence(ofla/soilseed [pool.

Lifel¢yclelstages

Lifelcyclelstagesandpopulation[stagelstructures/were[¢xamined(in 'confusa'’and['difficilis'.
Anlindividual(plant(is[¢omposed0f onelor(several[stems/and/éach(stem/mayldecayfrom[the
endlas(the apicallbud continues/growth(pers. obs). Thelplantsimay develop [multiplestems
from[the earlyldevelopmentalstage((seedling or(altooting[leafpropagule)toadulthood((old
plants(withlallong[prostrate[stem(maydevelop mew[stems[fromlaxillarybuds). Stems may
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becomelindependent/ dueltolvegetative reproduction byl division. The term['individual' [Wwas
used [for[¢learlylindependent(solitary[shoots(withlalsingle[stem(andfor groupsofiaggregated
shoots, [physiologicallydependent(or(independent, (wWhich[were(likelyfo haveoriginated [from
onelancestor(shoot. Thellife/¢yclelstages/used in(this studylare[based [on[plantleafldiameter
(meanloflthe two(largest/leaves)and [the [presence [ofl flower [stalks:

(1)[seedlings: [leafldiameter [less/than(5 hm.

(2)juveniles: leaf'diameterbetween(5and 15 mm.

(3)(sterileladults: leafldiameter >[15mmland not reproductive.

(4)fertileladults: Teafldiameter>[15mmland reproductive.

(Seelarticle Tl [for justification [0flthis(life stageclassification.)

Alllplantlindividuals, éxcluding(seedlings, (were[marked[on(the [permanent[plots[andtheir
survival, [deproductive[status, and/size(the number [oflleavesand leafldiameter measuredfrom
the[twollargest/leaves) were monitored [imonthly[forlalperiod[ofl onelyear. Seedlings inlthe
plotsiwere[dountedeverymonthland, lif theywerelarge[énough, theywere tharkedand[treated
asljuveniles.[ Thellife[¢ycle spectrumlofl eachl populationwas[ calculatedasl the average
frequency(ofiéachlife ¢ycle stage per studyplot (1 m?).

Habitatlquality

Theltypeloflsubstratewas[recorded(for(dlllindividual'confusa'land['difficilis'[plants(that Were
marked[onthelstudy(plots.[All[substrates 'were tocksurfaces and/they[werel categorizedas
follows: 1) rock [surface with[humuscover,(2) fock[surface Wwithldense[doverofibryophytes, 3)
rock [ surface with sparsel cover ofl bryophytes and[4)[bare[tock[ surface. Theldistinction
betweenl[ densel and [ sparse bryophyte cover was[ subjective. Thel treel canopyl cover was
measured/tolalll four directionslofl thel compass, [ both onleachlstudyplotland from[10[im
distancefrom(the plot, lusing[alspherical[densiometer. Anlaverage 0f the[eight measurements
wasuisedlin[thelanalyses. Herbivore damagelonleachl[study[plant[was[tecorded inonthly [by
counting/themumber(orlleavesdamaged by herbivores.

Soillseedpool

Tolstudylthepresenceloflsoil seedpooliand theldensityoflviableseeds/inthe(soil, [Soil Samples
werelcollected from/two [localitieslof'confusa’,[one[small(andlisolated [subpopulationwith few
fertile[plants (KW 4,51 samples)andlonelrelatively[large and [continuous population[with
many fertile plants[((KW1,28[samples). One[samplingfransectwas [established [in[KW1 [(5m
inlength)/and(two [ih KW 4 [(6[and 12 [mlinIength). Thesamplesiwerelcollectedin2 to[5 fows
at(30/0r100/émlintervalslalongleéachltransect. Thelarealofiéachlsoil samplewas 10 cmX10/c¢m
and[the 'maximum[depth{was[5[¢m.[Since Saintpaulialpredominantly growslon tocks, the
samples were(largelylobtained [bylscraping[the bryophytesandlorganicldebris from(thelrock
surface(using/alsmalllbrushlandaknife. After[¢ollecting, thesampleswere(lefttodrylin[the
sunland [then(stored(atfoom temperature until(further(study.Aftermine months, the 'samples
were(moisturized [and(leftto grow [for [6 honths. Emerging Saintpaulia'seedlingswereldounted
approximately/oncelamonth(Baskin/& Baskin2001).
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2.6 Genetics

2.6.1Geneticldiversity and divergence of the populations and morphotypes (III)

Thelmaintenance oflgeneticldiversitylis(aprimary0bjectivelin/the management oflthreatened
species, and[understanding[ thel genetic[ structure ofl populations!isl important[ becausel the
evolutionaryl ipotential “lofl alspecies/depends[lon[ the degreel lofl population[Isubdivision
(Frankham/ét[dl.[2003,[Allendorflet[al.[2007).[Tolinvestigate the level o figeneticdiversityland
divergenceloflthepopulationsand morphotypes, twelve populations were sampled [during the
field trips conductedbetweenDecember 2002 [and [January2004. ILeaflsampleswere[cdollected
from18to 34 individuals[per [population by [taking care thatthe[distance between [the 'sampled
individuals/was[always/more than/twometers. Thelleaves/were torn uplinto/slices/and[dried
with(silicalgellin[small[plastic/bags. [ Theldried[leaves were [kept[at toom[temperature during
the(field[trips(and [(were later(stored(at 180°C [untilthe [extraction [0 f IDNA.DNA isolation was
conducted from(a minute[portion(of'leaflusinga[DNAlisolation(Kit. Thirty(threelinter([simple
sequencel(repeat (ISSR) [primers [((UBC [primer [setno. 9, Biotechnology(lLaboratory, University
oflBritish[Columbia) were fested with[a[subsetlof samples. Fourloflthem[(840,842,[857 and
873)[producedlinterpretable polymorphiclbands, and[theywere(uised [for[thelanalysislof the
whole(set[0fl194[samples. Details 0flthe [polymerase(chain(teaction (PCR)[protocollare[given
in[thelarticle TII.[Amplification products werelanalyzedon[1.4%/[agarose gels, [stained [Wwith
ethidium bBromideand visualized inder WV [light. Band sizesWereleéstimated By comparison[to
a/DNAadder(loaded [simultaneously Wwith(the @amplified IDNAs.

2.6.2Inbreeding/and inbreeding depression (IV)

Thellevelloflinbreedinglin'populations

Thelsame[ DNAlsamples[that were ised [ for thel studylofl genetic diversity wereluised to
determinelJthelllevels[lofl linbreeding  inIthe /populations.[1Fourl[Ispecificllprimer[pairs
(StrepDN110, [StrepJH432, StrepCtg1 6[and[StrepD14), (which[determine microsatellitelocilin
the(delated (genus Streptocarpusandwhichhavebeen(shownto betransferableto Saintpaulia
velutinal(Hughes[et[al.[2004), were[tested [ withlal$ubsetlofl samples. [ Only the[primer[pair
determining(the locus/StrepD14[producedinterpretableland [polymorphicproducts/in/the [PCR
amplification, dnd, ‘thereafter, [thislocus was[genotyped inéach[DNA[sample. Theldetailsof
the PCR [and (genotyping(protocols are presented/in(article TV.

Enantiostyly

InUplants[lwith[JmonomorphiclJenantiostyly, [ Ithe lamount[Jofl Jinter [floral Jselfpollination
(geitonogamy) depends/on(the(ratio [0flleft Tand [right[styled[flowers [on'a[plant,lile., [themore
the(tatio [deviates from[1:1,the[morelthe condition tesembles dimorphic/enantiostyly [which
hasbeen[shown(to[best promotel¢rosspollination[(Jesson & Barrett(2002). Tolgain[a[tough
understanding 0 flthe @amount(oflgeitonogamylin/thestudyspecies, Iléxamined the Hatio [0flthe
stylar'morphs Conplants[ 'which[ I grew[ from[seeds[ that[originated [ from[ two[different
populations, Ngual(morphotype'difficilis') [and [Arbo[(morphotype'confusa'). [Imonitored ‘the
flowering[ofl 57 [plants[fromNgualand 46 plants from Arbol(representing 10 and[8[single!’
mother families, [fespectively)in[the greenhouse for(fourweeks. During/that/time, Iirecorded
themumber oflopen(flowerslin[éachplant(and(thedeflection/of'thelstyle inleachflower((left,
right/or(straight)at/about [four day/intervals.
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Theleffectlaflinbreedinglon progeny |fitness

Iflinbreeding occurslin(the Saintpaulialpopulations,litimay!(tesultlinlinbreeding[depression,
i.e.,[ reduced! fitness ofl thel inbred offspring[land, thus, [ lowered[ population viability. [
conducted an(eéxperiment(tolstudythe effect/oflselfinglon/progeny!fitness with[altotall0f136
plantsfromlone monlisolated and/onelisolated [patchlofithe morphotype'confusa'((1 8 [plants per
patch). [ Thelplants were grownlin pots[placedlinla tandom[pattern[inlal greenhouse. The
followingpollination(treatments Wwere appliedto[producelinbred [dand [outbred offspring: [1)[self
pollination/with[pollenfrom[the[same[plantlindividual,ii) [¢ross[pollination with[pollenfrom
another [plant/ofithesame(locality((cross(1)[andiii)cross pollination with pollenfrom(a(plant
of'thelother locality[(cross(2). For(thel¢ross pollinations, alpollendonor(plant((father)was
selectedrandomly forleach/motherplant(and ‘thesamefatherwasused for all flowers withinla
plantlassigned(for(éach/particular(treatment. Each(oflthe three treatmentsWwas/applied/fo three
flowers[ per[individuallplant.[Ripe[seedpodswerel collected about[three months[after the
pollination.

Thel proportions ofl the[ maturel seedsl and[ the aborted[ seeds/unfertilized ovuleswere
determinedfrom(fwo[seedpods per(freatment perindividual(plant. Thelaverage [proportion(of
the maturelseeds! from twolseedpods per[treatment per[motherplantwas[usedlin[theldata
analysis.

Toltestlthe[germinationloflthe(seeds, Irandomly(chosetwentylseeds per/seedpodfrom[two
seedpods|per(treatmentper(plant. Thelseedswerel(sterilized[and[the [germinationwastested (on
1%lagar(medium with(light nutrient[solution. [ Thegermination(levelswere ¢checked[after[10,
20,30,[40Cand[ 60 days. Thelaveragel germination[tatelofl theseeds[ from twoseedpods per
treatment [per (mother [plant was used(inthedatalanalysis.

Ofltheseedlings(tesulting from[the[germination(trials, seventandomly(chosen(seedlings
fromlonelseedpod peritreatment [ perplantwerelplantedlin[$oil[in[3 [¢m[growing[¢ells.[ The
seedlingswerelgrownfor[30[days, afterwhich the juvenile mortality was[checked. [From/each
of'the three(treatments,two randomly(selected juveniles per motherplant were [transplanted(to
potsland[grownlin{growth[¢hambers for[eleven weeks. Thelsurvival, the[humber of flower
stalks,andthe[drymass[were[determined! for[ each/plant[at/thelend oflthelexperiment. The
averagel values[ofl the[two replicates pertreatment[per mother plant[werelusedlin theldata
analysis.

2.7Datalanalysis

Inlthe articlestudying(the reproductivelecology(l), the[differences between the morphotypes

in(thetiming[oflthe beginning[of flowering[andlin(the [duration[oflflowering[were [fested [with

MannWhitney[ U [ tests. Correlations[ between[ thel treel canopyl cover and[ beginningof
flowering, andthe free[¢anopy/coverland/duration[of flowering Were [fested (with[a[Spearman

correlation.[Variationlinlyearly fruit [production/dmong [the three morphotypes [was [tested Wwith

allonelway![Janalysis[ofl Jvariance [ |(ANOVA), Jand[pairwise[Jcomparisons[ Ibetween[Ithe

morphotypes werel conducted with Tukeyl HSD'multiple[ comparisons! tests. Differences

between[the morphotypes'difficilis'Cland"confusa'lin[the ovule humber and[the[number of
seedsper(seedpod wereltested with ¢[fests. Intheéxperiment studying thepollination[mode,

theldifferences(in(thelevel o ffruit [setlamong the[pollination[freatments Wwere[tested (with[0one [
waylANOVA lusing[ranked values.

Inlthelstudylofl populationlstagelstructure, survivalland tecruitment[(II), theleffects of
species, [habitat type, [free[canopylcoverandsubstratetypeon/population(stage(structure Wwere
tested [ with[chilsquareltests. Logistic[regression was[used to study[theleffects ofllife(cycle
stage, [Substrate, herbivore damage, [tree canopylc¢over, plant[density, Thabitat[type, and their
interactions/on/plant(survival.
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In'thelstudyloflthe population[geneticl structure [(III), [the ‘amplified (DN Aproducts/were
scoredlas(present((1)[oriabsent(0)toform[d Binary matrix, Wwhichwasiised[ds/anlinput file[for
Arlequin(3.01[(Excoffier(et[al.[2005). Nei'sgeneldiversity lover locil(/)wasused[fo quantify
thelamount[ ofl genetic[variationlin[each[population[(Nei[1987).[Thelanalysis[ofl molecular
variance (AMOVA)['was/ conducted[ tol calculatel thel partitioning ofl the[ variation[ among
morphotypes, among[populations[within[morphotypes, and[within populations. Tolineasure
the[Jpopulation/Jand imorphotype[Idifferentiation, pairwise Jgenetic[ /distances I(Fsr) [ Jwere
computed. The Mantel(testwasused(to testlif therelis/al¢orrelation between(the[geneticand
spatial[distances[ of! the[ populations.[ Tollevaluatel the[Igeneticl relationship[ between! the
morphotypes,(aprincipallcomponent analysiswas/donducted.

In’thelstudyloflinbreeding/depression (IV),[a/twoway[ANOVAlwasused(fo[analyse(the
effect[ ofl pollination[ treatment and[ patch”onl seed[ production,[ seed! germination,[ juvenile
survival,[and[the mumber [ofl flower[stalks and[plant dry[mass. [ The[ Tukey(HSDand Mann![]
Whitney [ Ultestwere[ised for[pairwise comparisons'among!treatments[within patches.[The
magnitude oflinbreeding[depressionfor[eachperformanceparameter/wasassessed by[using
theléquation o= W/ W,), where W;lisithe hmean(performance ofithelinbredprogenyland W,
isthemean[performance oflthe outbred [progeny. Iflthe fitness [0 flinbred (o ffspring Wwashigher
than(that(ofloutbred o ffspring (W, [< W), Tlcalculatedlinbreedingdepressionas o3 (W,/ W)
1.[Thus,the measurelofl inbreeding[depressionlis bound[between(I1[and 1. Positive[Values
indicate[that(theoutbred[progenyloutperformed(inbred progeny, and megative [valueslindicate
that[inbred _progeny outperformed outbred[progeny[ (Agren[ & Schemske 1993, Carrlet[al.
1997).Inbreeding/depression/was(dalculated forthree [different [treatment [Gomparisons, [) [self
vs.Leross[ 1, i) [selflvs. [eross[ 2l and ii) [eross[1[vs.[cross[2.[ The multiplicativelinbreeding
depressionwas[lcalculated “using[ the [ productofl inbreeding[values ofl lseed maturation,
percentagegermination and/dry/weight[for(the offspringlof eachmother(plant, andthen(the
mean/multiplicativeinbreeding depression[was[¢alculated[for[eachlfreatment/comparisonlin
both[patches[ byl averaging[thelindividual[multiplicativelinbreeding depression!values.[For
eachl patchland[treatment’ comparison, alonelsample ¢[testwas[used[to determineifl the
inbreedingValues[(d) deviated[significantly from[zero. [ Differences[betweenpatcheslinlthe
multiplicativelinbreeding[depression[Vvalueswere tested using ¢[fest. Thelsoftware Arlequin
ver[3.01 [(Excoffierlet[al.[2005)was[nised [to[determine the fixationlindex (F)[in[thel[$tudy
populations.[The(fixationlindices were[dalculated ising [the formulaF =1 T1H/He, WhereH, is
thelobserved heterozygosityland H, theléxpected heterozygosityuinderrandom/mating (Hardy[
Weinbergleéquilibrium) (Wright[1951).Thelsignificanceoflthe[deviations 0flthe fixation/index
from(Zero was [tested ising(alchilsquare [test (Li/& [Horwitz1953).

AlllstatisticalanalysesWwere[performed using/¢ither [SPSS (for['Windows[(versions(12.0.1.
and(13.0)/orithe[SAS 9.1 [Software.

3RESULTS/AND DISCUSSION
3.1[Ecology

3.1.1[Flowering(andfruitingphenology((I)

Al¢lear[seasonallpatternofl flowering[and[fruiting was[observedforlalllthree[ morphotypes
(Figure[B;[1). [ Thelflower[ productionofl'confusa'and['difficilis'lincreases from[ August[to
November, [and[decreases[tolallow[levellin[January. The fruiting [0 fl these[two morphotypes
peaks[in[ December and[ January.[ Thel phenology ofl 'grotei'l lags! behind[thel other two
morphotypes bylaboutonemonth. The flowerproduction(ofl'grotei' [peaks [inDecember(and!is
followed By apeakinfruiting[in[February(Figure 3;T).
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Theloverlappingflowering [ times[observedherelénable[pollen(transferandhybridization
among [thestudied torphotypes. Full Synchronylofl'¢onfusa'land'difficilis' (flowering [probably
allows[pollen!transfer[ betweenl these[ two [ morphotypes, Whereas!thel partiall separationl of
floweringphenologylof'grotei' from['confusa'land'difficilis'imaylcontribute to haintaining ‘the
integritylofl'grotei'[(See article Il [for the genetic relationship 0 fithe horphotypes).

Thelobserved(seasonalitylin(the[floweringlof Saintpaulial¢reates(afloralldisplay(thatlis
likely[ tolattractl pollinators' (Stephenson[ 1979, Augsburger( 1980, Bawal1983). Seasonal
flowering is[ especiallylimportant/to[énsure pollination[in[plants that are(tarelin[timelorlin
space,[suchlas Saintpaulia. ' Massivelblooming[maylalsobelbeneficial[in[facilitating[partial
escapel from[ bud[and[ floral herbivores (Bawal[1983). Seasonality[in[ the[ abundancel of
pollinators[maylalsolselect( for[ seasonalitylin[ flowering.[ Bees[ 0fl the genus Amegilla, the
pollinators[of Saintpaulia, arehotlactivel throughout!thelyear[(D.[ Martins, [ pers.[comm.),
whichl suggests|that! pollinatorlabundancelandl activityl alsol contributel tolthel evolution[ of
flowering phenologylof Saintpaulia.

Several warm, [ calm, [ and [ sunny[ days[Jare[ needed [lduring[ the[ flowering season! for
successful[pollination, [becauselthe bees do[hot foragelin bad weather[ ¢conditions (Roubik
1992).[Sincelthe[ flowering[of Saintpaulial¢oincides withthe[short rains, adverseveather
conditionslarellikely to[prevail for at[least part ofl the flowering[season. Thus, prolonged
flowering/ may[ have beenlselected [ for[inlorder to maximisel thel¢hanceslof good weather
conditions for (pollination.

Theltreelcanopyl cover[and[the beginning[ ofl thel flowering[ season were[ positively
correlatedlin(both'confusa'land 'difficilis', [iLe., the more[closed the canopy, [the Tater(thestart
ofl thel flowering. Furthermore, [ there[was[ al significant hegativel correlation between! the
canopylcoverland[durationlofl the[ floweringseasonlin['difficilis',[i.e.,[the morel¢losed[the
canopy, thelshorter(the floweringperiod. These(resultsseem [to [Suggest that forestdisturbance
canlincreasel thel flowering[in Saintpaulia and,[therefore, alsolincreasel seed production
provided! thatl thereis[ sufficient[ pollinator[ service (Seel[3.1.3).[ However, [increased seed
productionlinlopen[ habitats[ would [ belof! little[ benefit[ to[the[ populations because ofl the
predictedhigh/seedlingmortality [caused by lincreased canopy/openness(See3.1.6).

3.1.2[Floral biology and fruit production (T)

Onlaverage,the flowers[0f'confusa'lstayed [0pen for fivedays. Only(25.8% (oflthe flower buds
developedintoseedpods, andloverhalf oflthelabortions[(63.2%)[0ccurred [alreadyatthe bHud
stage.[ Some[ofl the flowers[seemed to[be predated; insectlarvaeWwerel frequently observed
browsing[the(florallstructures. The high(levelloflabortionslalready(atthebud(stageiayldlso
indicate[tesource limitation, and[¢onsequent/allocationlof tesourcesto[the developing[fruits
(e.g.,[Stephenson(1981).The production/ofisurplusflowers thatlarethenaborted contributes to
thelfloralldisplay(that[attracts[pollinators andthusleénhancesloverall teproductivelsuccess.
Furthermore, the/abortedflowers may/also (have/donated [pollen(dand, thereby, [contribute tolthe
plant’smalefitness (Sutherland (1987).

'Difficilis'[producedonaverage 99, 'confusa' 23 [and 'grotei' 9 [seedpodsper (1 m’ study(plot
per[year.[ The[mean numberlof ovules per[flower[was[1326, ofl which[anlaverage of 72%
developedlinto (maturel$eeds. The high mumberloflseeds per[fruit ¢ontributes tothelsexual
regeneration/oflthe [populations.In habitats ‘that/dare favourable for seedling[establishment, [the
levelloflsexualregeneration/observed|is(likely(to [Beénoughto [ensure population viability.
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3.1.3Pollination mode/((I)

Theltesults of’ thel pollination’ experiment[ suggest! that(lconfusa' isl ablel[to produce! fruits
equallylwell following[¢ross/land selflpollination[(fruit(sets[100%,[and[98.9%,tespectively;
Figure(6; ). [When pollinators were [eéxcluded by (bagging [the flowers, o fruitswere [produced,
whichlindicates(that[spontaneous/selfipollination(does motoccur.[Almost[60% [oflthe Maturally
pollinated flowers[ produced! fruits, which[is[ clearly[ less[ than[thelvalues in[ both hand
pollination/treatments.

Since[both/cross(land(selflpollinationconducted by handlyielded (better fruit [Sets/than/did
natural[pollination, my(tesults(suggest(that(the fruit/setofI'confusa'lis limited by pollination.
Furthermore, (becausel(the/éxclusion/oflpollinators(resulted [in(zero fruit(sets, [pollinatorsseem
to[belnecessaryl for[thelsexualltegenerationlof Saintpaulia.lSince[many of the Saintpaulia
populationsloccurlin fragmented [habitatsandarelisolated, it[is[possible[that 'some[of them
suffer from(limited [pollinator(service. Thus, more(datalis needed ‘on[pollinator/abundanceland
on'thelreproductivelsuccess of smalllandlisolated, Versus(largeand(lesslisolated, populations
of Saintpaulia. Sincelselfl fertilization[produced(alfruit[set[nearlylequallto outcrossing, selfl]
incompatibility mechanisms[ donot[seem/toloperatelin Saintpaulia. However,[selfing[may
resultlinlinbreeding  depression, which Wwill[bel expressedas[loss[ ofl vigour[in[thel selfed
compared! tooutcrossed [progeny (Charlesworth & Charlesworth[11987). The[effects of
inbreeding on/seed productionlandprogeny fitness aredealt Withlin/thearticle V.

3.1.4Population stage structures/(IT)

Allfourlife stageswere[presentlinthe study sites [duringthe [tesearch[period. [ The mumber [of
adult[Iplants[Jremained[ Irather[constant, /whereasJthe[ Inumber[]ofl Iseedlings[fluctuated
considerably[(Figure[3;[1I). [ The telative frequencies ofl the life ¢yclestages differed [among
themorphotypes. Therewas(dlower[frequencyloflseedlings((57.9%)[and [d[higher frequency
ofljuvenile([(13.3%) and[adult[plants[(28.8[%) in"confusa'thanlin'difficilis'[(74[%,10.7%
and[15.30%,[tespectively). [ Thel relative frequencies ofl the[life ¢ycle[stages[ differed[also
between(thelstream[valleysand[slopes, andbetween the open (<90[%) and[¢losed [(>90[%
cover) canopies. Moreover, lthere were[significant(differences/in/therelative frequencies 0flthe
liferhistory stages/between [the[substrates. (On[the humusSubstrate, [the [@adult [plants 'were more
frequentdnd juvenileplants(less/frequent thanleéxpected. (Onlsubstrates with[densebryophyte
cover, juvenilesland! fertile[adults[werelless frequent [and[sterile[adults[morel frequent[than
expected. Onlsubstrates [with[Sparse bryophyte[¢over andon[baretock Surfaces, adult[plants
werellessandjuveniles/more frequent than/expected.

The'studied [populations[appear[fo [be[viablelin/terms oflpopulation[stage structure. The
observed(high, dalthough(fluctuating, mumber of'seedlingsindicates [that/the populations(dre(of
the[dynamictypel(Oostermeijer[etlal.[1994). Since[the twolmorphotypes occurlinldistinct
habitats[(i.e., [ West/facing[slope Vversus thelstream[valleys), theldifferences observed inlthe
population[ stagel structures/ between!the two[morphotypes maylalsolteflect environmental
differences between[ the habitat[ types, [ in[ addition to[inherent differences in[population
structure Between [the horphotypes perise. Thelower proportion(ofifertileplantsand(seedlings
inlthe(stream(Valleys[¢ompared(to[theslope couldlat[least partly[beleéxplained[bylthe lower
light [intensity[inthe stream[ valleys. Inanlexperiment[ conducted Wwithal commercial S.
ionanthahybrid, Tow light[intensities[inhibited (florallinitiation[(Stinson[&[Laurie[1954).[The
higher( ifrequency ofl seedlings/Jin["the  'difficilis'Jpopulations[on[ theslopellis[lalllogical
consequenceloflthe high[fruitproduction((I), Which, [in[furn, may(suggest(thatpollinators/are
morel active or[ morel abundanton[the[ slopel than[in thelstream[valleys. Thel observed
association/between the humus substrate[and/fertile[adult ‘plantsis[most(likelyeéxplained [by
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thetendencylofllarge(plantsto'collect'lorganicdebris on(toplof them[(J. Kolehmainen, [pers.
obs.), whichwill furtherénhance theirsurvival land reproduction.

Demographicl monitoring[ over[ several  yearsand[thelusel ofl matrix[ population models
would[beheededto predict/thelong term[Viability[oflthe[populations[(Caswell[2001). [ The
resources/available[for[this[studyldid[not permit[$uchllongfermmonitoring, ‘but thelstudy
provided[informationonlthel seasonal dynamics[inl the[ populations, which[is[ heeded' for
planning(ofllongterm/demographic(studies. [Anlimportant(aspect/to (belinvestigatedin'aTong[]
term(demographic study!is theleffect/ofiforest[disturbance level [On/the growth/and survivallof
Saintpaulia'populations/(c.f.[Sletvold (& Rydgren2007).

3.1.5Recruitment/and(soil seed [pool (II)

Thelhumberlofl seedlingsbegantolincreasel from(thelend[oflthe March—-May![tainy[season
onwards,[and tecruitment/c¢ontinued up [fo[Augustlinmanylpopulations!(Figures(2[and[3;1I).
The average mumber(ofitransitions from seedling[to juvenile stage (per(1 m’(plot(duringthe 12
monthsiwas[14[in"¢confusa'land 16 indifficilis'.

Onlaverage, four(seedlings(persample/émerged/from/the samples(collected from/thelarge
and[densepopulation (KW1), [ whereas only[twolseedlingspersample emerged [from[those
collected from/thelisolated patch (KW 4) within the population'Arbo".

Thelabundant[recruitment[ofl seedlings and[ the[ presencel ofl viable[ seeds in the[habitat
indicatelthepotential for[successfullsexuallregenerationlin'the Saintpaulia populations/studied
here. Thelabruptlincreaselin/the numberloflseedlings from[thelendlofltheMarch—May[tainy
season onwards[¢ould[suggest thatlallarge proportion ofl seedsproducedlin[the[December—
Februaryfruiting[season[(I) [germinatelin[the following[fainyseason. [Similarly, (in d[seasonal
tropicallforest[in[Panama, Garwood[(1983)[observed that(75% [oflspecies[(n=185)[germinated
with[thearrivallofl thenext rainy[reasonlfollowinglseed dispersal. [ Becausel various/ factors
affect[seed[Viabilityland germinationlin(the(field[(e.g.,[Silvertown[&[Lovett[Doust[1993,[p.
82),studieson/thelongevitylof Saintpauliaseedslinthe(fieldare necessarywhen/assessing(the
rolelofl thel seedbankin[the[ dynamics,[survivalland[potential managementl of Saintpaulia
populations.

3.1.6/Survival (IT)

Themumberloflindividuals (perstudy/plot decreased fromDecember(tfo March[(Figure3;I).
Thel number [ofl plants[ per plot[ was[ lowest[in |April[after[ the ldryand[hot[ seasonlof
January/February.[Mortality[(number of  deaths[observed) and fainfall loflthe [previous month
correlated negatively(in'confusa', lile., theTower(therainfall, thehigher[the mortality(Fig.5a;
IT).[Onlaverage, (0ver30% oflthe harked [plants(died[during [theresearchperiod[0fl12 [months.

Whenltheldatalon/survival was(dnalyzeddacross orphotypes, the life [cycle stage[was the
mostlimportant[factor that'explained[the[probability[ofl survival [((P[<[0.0001; Table[1;1I).
Survivallwas[lowestin[juvenile[plants, higher[in[sterile[adultplants, and Thighest[in/fertile
adultplants[(Figure[6a;11).[ The[second mostimportant factor[that[$ignificantly[eéxplained
survivallwasthelinteraction betweentree canopy/cover/and(plant/density((P[<[0.0001). In[Sites
with[openlcanopy, [ survivalWwashigher[inlhighldensity[ plots,[Whereas[in[sites With[ closed
canopy, | plant[density[did not[affect[survival[(Figure 6b;1I).[Onlthe average, Survivallwas
8.9% higher[in[ closed [ canopy[sites thanlinopenl canopy!sites.[ Thelinteraction between
substrateland (habitat ‘type Was [the [third mostimportant factorexplaining [survival [((P=[0.035).
InTbothlstream(Valleys and[slopes, survival[Wwas[highestlin[plants growing on humusland
lowestlonbare rock(surfaces(Figure6¢;II).
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Thelseasonallalteration[of dryland[rainy periods appears(tobelthe mainlfactor/¢ausing
fluctuation/inlsurvivallinboth'confusa'land"difficilis'.[Seedlings[dnd juvenile plants [are more
likely(to [die[during the [dry[season, Because they/cannot [resist/drought(ds wellldas(can/theddult
plants(thatare(dble [to [storewateréspeciallylintheir thickSucculent[stems.On/the[other hand,
theldegreelof tree canopy closurelis(a major habitat[factor(affecting[survival.[Density oflthe
forest[ canopy! largely determines( the temperature,[ telative humidity and [ wind[ conditions
inside theforest, [ Which, [in[turn, affect [the tate[of transpiration[(Richards 1996). [ Thelower
survivallof Saintpaulia’observedlonlthelslope, [ Wherelthel canopylis morelopen, ¢could(be
attributableto [the (higher rate(ofltranspiration, [éspecially[duringthe dry(season. In(sites with(a
morelopen/¢anopy, [theplantsican, perhaps, teduce transpiration/bylgrowinglin[denselstands
that[imay![ tretain moisture from[the morning[ mist[ forlallonger[time thanwould sparsely
growinglindividuals. Very[brightllight[ ¢anlalsolinduceldirect[ physiologicall damage![tolthe
plants; [ Wwater[ droplets[left onlthelleaves from morning/dewloraltain shower[ work[asla
magnifier(that[¢anburn/theleaves[(c.f. [Hill[&[Goodship[1999).[IflSuch[damagelis[severe, it
couldeventuallyleadto the [plant’s(death.

Highlsurvivallonlsubstrate/ with[humuslis[best[explained[ by the[better [ preservation of
moisture onl thel substrate during[ thel dry[period. Thelbryophytel coverl on!theltock[ face
probablylalso[buffersdagainst/desiccation, andthus/eénhances(thesurvivallof Saintpaulia. The
lowest[Survivallwas[observed on[bare [Hock [Surfaces, [where the [conditions [are [the most[Severe
during(spellslofidryweather. Locall¢climate[characteristics affect/the [quality of the substrates
and[the[formationlofl humuslisprobablylteducedonlthe west[facing[slope because lower
humidity(teduceslitter[decomposition (Williams[&[Gray[1974). LLower tainfall[and Thumidity
arelalsollikely[ tol[ reducel the ‘abundancelofl bryophytes[ithat  require[ water[ for[sexual
reproduction (Gurevitchlet[al.[2002).[Previously, [Johansson[(1978) has[observed[that[tree
canopylcover(and(substratelqualityaffectedtheperformancelof Saintpaulialintermedia inlthe
SigilRiver[ gorgelonlthe hearbylcoastal lowland. The[plants growinglon[microsites Wwith[a
builduploflorganic/debrislin[ateasonable shadelofltrees werellarger, in[terms oflleafl length
and [(Wwidth, [thanwere[plants[growingon/bare tock faces[that were eéxposed to direct sunlight
for(shortlperiods(eévery(day.

3.2 Genetics

3.2.1(Geneticldiversity and divergence of the populations and morphotypes (III)

Considerable [amountsloflintrapopulation[genetic[variation[were observed, and[thelevels[of
variation[ (/) Were[very[similar[across/all populationsand morphotypes[(min[=[0.28,max =
0.35,[mean(=[0.32;[Table[1;1II). [ These[telatively highlintrapopulation genetic diversities
indicate [the[adaptive potential(0flthe [populations. [SimilarTevels(ofigeneticdiversityhave (been
reported/inlotherlinvestigationsforOutcrossing [plant(species(e.g. Nybom[2004).

Ofltheltotal molecularvariance,[93.7%/Ivaslattributed to[Variation[Within[populations,
3.5%/toJpopulationalIdifferences[ ‘within[Jmorphotypes, [ Jand[lonly[2.8% [to [imorphotype
divergence[(Table[2;II).[Thelgeneticldivergenceloflthe populations was low, [ with[a[mmean
pairwise Fsrlvaluel0.06, whichlismuch(less/than[what hasbeen(teported for other(outcrossing
species[ (Nybom/[2004; mean Gs;[=[0.22,[ B8 studies). This[was[ hot[ surprising[ because
outcrossing[ species generally havel highlevels ofl within[population[variability and low
interpopulationall differentiation(Schoen & [Brown[1991).[Allow[degreeloflinterpopulation
differentiationJwas[ Ipresumed(also[/from[Jthe[short [JgeographicIdistances[ Ibetween[ Ithe
investigated populations.[ Therel was[ no! correlation between! thel geneticl and geographic
distanceslamong the populations.

When! conductingl AMOV Al with[al datal set'in[Which!theltosulateltypes['confusa'land
'difficilis'(were[combined and[the'hybrid'[type[Wwere[excluded, the divergence between!the

21



rosulate[ and [ trailing[ types[Wwas[higher, [ 5.5%/[ oflthel totallimolecular[variance. [ Whenl just
rosulate [types(werelincluded/intheanalysis, [0nly[0.9% (of'the total variance was(eéxplained by
morphotypeldivergence.[Alweak butsignificant[divergencelof the morphotypesWwas(detected
alsofrom! thelpairwise Fsl[values! calculated for[thel morphotypes[(populations within
morphotypes(pooled). Therosulate types!'difficilis'land 'confusa'[werethe[thost/similar[while
thel greatest/ genetic/distances were between(theltrailing["grotei'land [the[two[tosulate types.
Thesel tesultslindicatel that[there[is[ ho[ genetic basis for[ thel taxonomicl distinction[ oflthe
rosulate[ morphotypes['confusa' and['difficilis'. [ Theltrailing['grotei', however, is[ genetically
distinct [from the(tosulate[types, (Which[suggests|that[these two[growth[forms havebegun/to
diverge[ geneticallyl through[adaptation[ tol differentl environments. [ Spatial[variation[in[the
precipitation, [fopography, and[the[pattern(ofl forest[fragmentation,[arelikely to be important
factorsldriving(thelevolutionary(divergence oflthe populations. Thicker(andmore hairyleaves
characteristic(to'difficilis'(are[presumed (to[be[an(adaptation[tomore0pen and/drylhabitats(in
the[Wiand [N (part/ofithe(studylarea, [ whereas(in the ‘more shaded[and rainy['grotei'land[some
'confusa'habitats [(E and[ S[partslofl thel studylarea)[thin[andsmooth[leaveslare[ probably
selected(for. Variableldvailability[oflpollinators/isdlso(likelyto play @ rolelin the[eévolutionary
divergenceloflthelstudied [tosulate and[trailing[morphotypes. Therosulate(types/that produce
numerous!flowers butlinvest little[in vegetative growth[mainly grow[on[the morelopenland
drier[slopelhabitats, 'where pollinatorsare[ probably morelabundant thanin[thelshadedand
moist'grotei'[(and[Some ofl'confusa') [habitats. [Inhabitats [with [few [pollinators, ‘anlincreased
investment(in/clonaligrowthishouldbelanladvantage.

3.2.2Inbreeding/and inbreeding depression (IV)

Inbreedinglevelslinthe populations

Ithwaslexpected thatlinbreeding levels within[populations would (be relativelylow [(because [the
observed [ ISSR [based geneticdiversities within[populationswere[telatively Thigh.[However,
thellevel ofl inbreeding based on[ the StrepD14[microsatellite[ locus[ varied[ considerably
between! the[ Ipopulations, [from[ highlinbreeding [ J(F[/=[10.58)[Jin[ INdolal/B[to[Isurplus
heterozygosity [(F=[10.29)in[KW[12[(Table1;TV). Themean fixationlindex[(F) [of'the[study
populationsequalled10.21.Thellobserved[ variation[Jin[the level lofl linbreeding[ lamong
populations[ismost(likely[eéxplained by(differences/among(the populationslin(the degreelof
subdivision/andlin plant[density, becauselinbreeding/canbelcaused By [populationsubdivision
(Keller[&[Waller2002),[and [(because [flower[density oflSaintpaulialionanthalssp. groteilhas
beenlobserved tolc¢orrelate with[patch(visitation tate[0flthe[pollinating (bees[in(the studylarea
(V.[Heimala, lunpublished[data). [Furthermore, [iftheratio [0flthe right [Tand (left [styled [flowers
on/plants(varies@among the populations, [it[islikely [to[affect the[inbreeding rates((c.f. Jesson (&
Barrett[12002).Because! theestimates[lofl thellinbreeding[ rate were based on[JalIsingle
microsatellite[ locus, theyarel suggestive and[ shouldnot['be used[ asalbasis! for[ genetic
management(decisionsWithout [prior [Verification[usingddditionalloci.

Theloccurrence0f bothlhighgeneticldiversities[(I11, TV)[and high fixationlindices (IV)[in
many[ ofl thel studied[ populations imay[ bel explained byl withinpatchlinbreeding. This[is
becauselinbreeding Wwithinlindividual (patches/ofla[substructuredpopulationmay [result(in Tow
heterozygosityat thepopulationlevel, butthe/diversity0flallelesmayIstill behighlasdifferent
alleles/can/be [present(in(differentpatches/(Frankham/(éet/al.2003).

Enantiostyly

TherelWwerelalmost equall proportions ofl left Tand[tight[styled [ flowers[in[both[ populations
studied((49.8(Vs.[43.0%and[47.4(Vs.[51.2%,[tespectively) [ withlalvery[small proportion of
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straight[styled [flowers[(7.2[and[1.4%).[Themean(tatio [0flthe [left (L), [tight [((R)[and [Straight [
styled[(S) [flowers [per(individual (plant (was[1L[49.0 R 43.2[2[S[7.8% in[Ngualand[L(47.9 R
50.20181.9%in[Arbo [ (Figure[ 2;[1V).[ Monomorphicl enantiostyly, Which both[ énhances
outcrossinglandlenablessomellevelloflselflfertilization, [is[probablyan/doptimal tating[strategy
for Saintpauliafortwo [reasons. [Firstly,[selfing’énhances [the purgingofldeleterious(recessive
alleles/that accumulatelin(the heterozygous/individualslinloutcrossing/ (Lande[ & [Schemske
1985).[Secondly, [ in[ plants that[ depend[ on[ animal[pollinators, suchlas Saintpaulia, the
intermediate(selfing(ratelislexpected/to[belevolutionarilystable (Lande[&[Schemske[ 1985,
Aide[ 1986, Barrett &[ Eckert[ 1990, Johnson[1998). Saintpaulial populations arelusually
substructured/or(smalllandlisolated,thus(a[situation wherelonly(alsingle(or(afew individuals
are[simultaneouslylin[flowerlinla[patchlislikelyto[belquite[common. With this[population
structure, al mixed ‘mating[ system[ should[ providelbetter[ sexuall reproductivel success’ than
obligateloutcrossing.

Inbreedingdepression

Fitness 'measurementsofl ithe inbred [Jand [ loutbred progenyshowedthat Saintpaulial’is
susceptible[ tolinbreeding[ depressionlifl reproduction’occurs by selfing[ br between! close
relatives. Inbreeding depression/was [observed to(be highlduring seed [maturation[ (o =[0.28)
(meanlacross all_’comparisonsand populations), in the[humber of! flower[stalks (mean J =
0.30)[and[inthe[dry mass[(mean ¢ =[0.22)[(Table[4;1V). Therelwaslittle or(molinbreeding
depressionlin[fitness(in thelintervening(stages,(i.e.,[the seedgermination[(mean ¢ =[0.01)[or
the(juvenile survivall(mean ¢ =[0.03).[Thelaverage multiplicativeinbreeding depression[was
higherlin/the mon(isolated [patch[(6 =[0.49)(imeanacross/dll[comparisons)/thanlin/thelisolated
patch[(0 =[0.22),[whichliay[suggest/thatlinbreeding has been morelintenselin[the isolated
patch,[purging ' muchlof thelgenetic[load. Outbreeding[depression[was[not observedlin[the
crossinglexperiment(as(thefitness 0flthe [progenyfrom(the (between patchcrosses Wwas[similar
toor[ higher[ than[the[ fitness[ 0fl thel progeny! from[ the  within[patchcrosses. Therefore,
translocationoflplants/between(populationsas(amanagement measure (recoveryoflsmallland
isolated[populations[with[low[ geneticl diversity)[is hotllikely to[disruptlocaladaptation of
populations, (at(leastlificonducted(inigeographicalscales similar(to this[study.

4[CONCLUSIONS

Keylfindingslandtheirimplications

Inlthis thesis, [I[haveéxamined[Somelimportant[dspects0flthe feproductivelécology, [seasonal
dynamics[ and[ genetics[ of! threatened Saintpaulialpopulations that! form[al taxonomically
controversiallgroupinalrelatively [little fragmentedprotected forest.
Theltesultsoflthelstudieson(teproductivelecology (I, 1) suggest(that Saintpaulia'has’a
good[teproductiveperformancein forestswith[low disturbancellevel in[the[East[Usambara
Mountains. [This[is[probably(telated(tothe availability[oflpollinators/and[fo the (mixed mating
system(whichleénables/seedproduction/bybothiself(land cross(fertilization.[Anotherimportant
finding['was[that[Iseed [ Jproduction[depends[lonsufficient[pollinatorservice. /Thus,[the
availability ofl pollinators[is an[important( factorto[ beltaken[intoaccountlinlthe in[situ
management(ofithreatenedpopulations.
Thelobserved/dynamicJpopulationIstage[Istructures](II) [Jindicate[Jthat[Ithe[Istudied
populationslare alsol demographically[viable. Although(therelis[highmortality ofl seedlings
and[juvenileslin(the[dryseason,sufficientshadeland [moistureenablethe establishmentlofla
large mumber(oflyoung(plants. Decreased habitat [qualityassociated with forestfragmentation
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(i.e.,[teduced(tree[canopyl¢losureandsubstratequality) [is likely [fo [éxacerbate[seedling[and
juvenile mortality[and [therefore[forest fragmentationand [disturbance dre seriousthreats[to the
regeneration/of Saintpaulia. Restorationloflsufficient [shadeltoleénhancelseedlingleéstablishment
is[the[most/important’ conservation measurelin/ populations/located in disturbed[forests,[in
small[lforest[ fragments[Jand[Jon[forest[ledges. /Long/term[demographiclImonitoringlis
recommended(in(disturbedhabitats,[althoughit[is¢ostlyland [Taborious(fo carry out, and [eéven
dangerouslin/dertain habitats.

Thehighlgenetic[diversity observedlin(thepopulations[(III) [Suggests that populations in
forests(ofllow fragmentation(levels/inthe East WsambaraMountains(possess the variation that
is[needed(forevolutionary/responses inal¢changing/énvironment. Thus, geneticmanagement
of'thelstudied [populations/doesnot/seem/necessarylaslong(as ‘thehabitatsfemain/suitable for
Saintpaulia. [ However, inbreeding depressionlislalpotential threat (IV), especially[ifl large
outcrossing [ populations[that havel accumulated[ deleterious( tecessive and[ partly tecessive
alleleslin heterozygouslindividualssuddenlybecomefragmented. Inherent[substructuring(of
thepopulations, whichlis typicallin Saintpaulia dueltoltheldependencelonlrocklsubstrate,
probablylcounteracts(the/inbreedingdepression/through/purging(ofideleterious/alleles(in/small
inbreeding [population/fragments(e.g., Barrett(& [Charlesworth(1991).

Theldistinctmorphotypes with(distinct[geographicloccurrenceland(relatively 'weak [genetic
divergence(lend [Support to the hypothesis/oflLindqvist (& [Albert(1999)that the[populationsin
the Usambara/lowlands(region represent/disegregating (metapopulation, ormorelikely, [Several
metapopulations,wheresubpopulations(are(adapting[to [their [particular(environments. Partial
separation[ ofl thel flowering[ phenologyl ofl theltrailing['grotei' from[the tosulateltypes[(I)
probably(reduces(gene flow [between(these two growth forms, andlis therefore(likelyfo[playla
rolelinltheir(eévolutionaryldivergence. Thelpartial/genetic lintegrity((I1I) [and [the distinct[trailing
habitlofithe, 'grotei’, Wwould justify/its [placement/into [a'taxonomic rank [0 flits[0wn, [perhapsinto
a/subspecificrank.

Recommended futurevesearch

Future[populationlécological’and/geneticltesearch(on Saintpaulia’shouldfocuslonlsmallland
isolated[ populations[inl smalll forest[ fragments, [ especially[in[thel coastal lowland where
periodicalldroughtsandhigh[temperatures posealthreat tothe(tegenerationlof Saintpaulia.
Specifically, Ustudieson[ the[availability ofl pollinators,[ levelsofl seed[ set[ ‘and[ juvenile
establishment, and[$eedlongevity, are[ recommended. Demographiclstudies combined[with
studies[ofl genetic[diversity[and[inbreeding[depression, and[studies[that’comparesmallland
isolated[Versuslarge populations wouldlhelp(toassess/whether[thelViabilitylof Saintpaulia
populations[depends morelonldemographiclor[genetic[factors(c.f.[Richards2000). Genetic
fingerprinting(methods[(preferably taxon specificlmethods,suchlas microsatellite markers)
should[belused/to solvelthe[genetic structure(of the[Usambaras/lowlands metapopulations(of
Saintpaulia. Knowledgeloflthegenetic structure oflthese metapopulations/is needednotonly
for(theldefinition’oflmanagementunits ‘for inlsifuland ex[siful¢onservation, butlalsofor(the
verification(oflithe genetic basis(ofithe(recently/defined[taxonomiclentities (Darbyshire2006).

Thisthesisvesearchlintheloverallldontext of Saintpaulialconservation

Thisthesis helped(to(fill[some[gaps/in'the knowledge oflthe écologyland population/genetics
of Saintpaulia. Unfortunately, biologicaltesearchldloneldan(onlylsolveldsmalllfraction/ofithe
problems/oflplant/conservation, ‘éspecially(inla/country/like(Tanzanialwhere(a high[population
growth[rate[resultsinthe overlexploitation ofl forest tesources, and[ wWhere environmental
conservation[ tendsto receivel less attention[ than does!the[ pursuit of economic growth.
Becausel conservation' ofl the Saintpaulialhabitatsl conflicts/ with[thelheedsl ofltheladjacent
humanJcommunities, [ lthe Jsuccess lofl Iconservation Jefforts Jessentially[ Idepends lon[the
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availabilitylof,[and the[willfo (uise, the[limited conservation[tesources/ for[¢combatinglillegal
tree(felling, [for(the training[6fl ¢communities inforest[¢onservation and[for(thelgeneration[of
livelihoods [thatitilize forest [in'alsustainableway. Thecurrent/trend ih[donservationthat [Seeks
integration[ ofl conservationland social development((e.g.,[ Hughes! &[Flintan[2001, Berkes
2004)lshence aldesired [approach(alsolintheconservation Saintpaulia.
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