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Titanotrichumoldhamii(Gesneriaceae)isarareendemicplantfromwetlandsinthe
mountainsofTaiwan,South-EasternChinaandtheOkinawaIslands(Japan).This
plantwasfirstdiscoveredin1864byRichardOldham,thelastcollectorofthe
RoyalBotanicGardensKew,duringhistripinFormosa(Taiwan).

Thisenigmaticspeciesisnotablenotonlyforitsscarcestatus,butalsoforits
spectacularmorphology.Althoughitproducesinflorescencesofshowyflowers
(whichmayallowoutbreeding,althoughseed-setislow),italsoproduces
inflorescenceswheretheprimordiaproducenumerousembryo-likebulbilsinplaceof
flowers.

Thisfieldtripallowedmetoinvestigateitsfarestdistributionontheseremote
SouthernOkinawaIslands,especiallywhenmostofitspopulationsinTaiwanand
Chinahavebeensurveyed.Itwasobservedthatthisspeciesencouteredaseverely
imbreedingpressurewhichisduetothelackofeffectivepollinators.Yet,whenitwas
cultivatedingreenhouse,itiseasytogetseedsfromhandpollination.Sincelowland
forestsintheseareahavebeengreatlydisturbedbyhumanactivities.Itsdirect
pollinatorsmayhavebeenextinct.Therefore,inordertosurviveinhighlydiverse
nichesundersubtropicalnaturalforests,Titanotrichumoldhamiihasanalternative
breedingstrategywhichreplacesgenerativeseedswithincrediblebulbils.

Apollinationexperimentpreviouslyconductedinthewildandmoleculardata
collectedfromthistripbothindicatedthepopulationgeneticdiversityof
Titanotrichumoldhamiiisquitelimited.Itcanbeverypronetotheselection
pressuresimplybecauseclonalinbreedingmayleadtoreducethegeneticvariation.
Thisresultishopetoprovideadequatesuggestionforlocalgovernment
onspeciesconservation.

Fromthelivingmaterialscollectedfromthisjourney,theontogeneticdifference
betweenflowersandhomologusbulbilshasbeendistinguished.Itismysincerewish
thatthefruitfulresultofthisfieldtripcaneventuallycontributetoacademic
researchesthusencouragingsubsequentcollaborationbetweenBritainandother
countries.



FieldtripreportofinvestigatingTitanotrichumoldhamUinOkinawa
islands.

DiscoveryofTitanotrichumoldhamiianditssignificanceonsouthernOkinawa
flora

Thisplantwasfirstdiscoveredin1864byRichardOldham,thelastcollectorofthe
RoyalBotanicGardensKew,duringhistripinFormosa(Taiwan).Thisyoung
botanistshortlyafterwarddiedoffeverdiseaseinChina.Therefore,whenHemsleyin
1890describeditasanewScrophulariaceaespecies,hechosethenameRehmannia
oldhamiiasamemorialtoMr.Oldham.

ItisnowreducedtoscatteredlocationsinTaiwan,theFujienprovinceofChinaand
theOkinawaIslandsofJapan,accordingtotheredlistoflocalflora.AfterIhad
surveyeditspopulationsinChinaandTaiwan,thistripofferedmeagreatchanceto
investigateitsfarestdistributionontheseremoteOkinawaislands.Inaddition,its
distributionpatternmaystrikelyservesasanexampleoftheglacial/interglacialcycle
effectonOkinawaarchipelagoflora(Fig.2).Manyplantsandevensomereptiles
speciesdistributedinthisareashowedthesimilarpattern(endemisminTaiwan,
subtropicalSEChinaandSouthernOkinawa).Thisjourneyalsogavemeaprecious
opportunitytobrieflyexaminethishypothesis,bycomparingthelocalfloraof
SouthernOkinawawiththeemphasisonitsrelationtoTaiwanandChina.

Themysteriousplant

Thisenigmaticspeciesisnotablenotonlyforitsscarcestatus,butalsoforits
spectacularmorphology.Withitsuniquebulbils,seedmorphology,scalyrhizomeand
racemoseinflorescence,botanistsstilldonotyetknowitsphylogenyandwhereto
placeitintheirclassifications.Althoughtubularflowersinlongtaperingspikes
suggestaresemblancebetweenitselfandFoxglove(Digitalis),itsscalyrhizomesand
habitsuggestitsaffinitywithAfricanvioletfamily.

Recentchemotaxonomicandmolecularphylogenydataevenanomalyincludeditin
NewWorldGesneriaceae.Fromtheseintriguingconclusions,Titanotrichumoldhamii
willbethefirstGesnerspeciesinOldWorlddisjunctivelyrelatedtoNewWorld
ones.
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Fig.2MapofEastAsia,Squareindicatesresearchareaofthisreport.
(Iriomote,left;Ishigaki,right)

2AMapofEastasiashowingthelocationoftheokinawaislands
(RyukyuArchipelago);mapisafterOta(1999)

2BInferredlandconfigulationsoftheryukyuandadjacentregionsduringthe
middlePleistocene.(Yacyamagroup,i.e.Iriomote&Jshigakiwasconnected
toTaiwanduringthattime.);mapisafterOta(1999)



FromthistripIcollectedspecimenandlivingplantstogetherwithDNAsamplesback
toEdinburgh.ThecentreforPlantSciencewithintheInstituteofCellandMolecular
biology(ICMB)andRoyalBotanicGardenEdinburgh(RBGE)havehadalong
historyinvolvingplantdiversityresearchinOldWorldGesneriaceaespecies.Take
thisadvantage,itisconvenienttoconductcomprehensiveresearchesonthisplant.
ThesematerialsIcollectedmaythereforeprovidecrucialsuggestionstorevealits
morphologicalandmolecularphylogenybetweenGesneriaceaeandScrophulariaceae.

Unusualbreedingstrategiesforthisendangeredspecies-—makingclonesand
mating

Plantshaveevolvedavarietyofadaptivebreedingstrategiessubjecttoselection.
Titanotrichumoldhamiihasthreemethodsofreproduction:bulbils,branching
rhizomesandseeds.

Theplantsproducemanyshowyflowerseachsummer,whichindicateitisstilleager
toattractpollinators.However,seedsarehardlyeverset,bothinthewildand
cultivation.Instead,mostpopulationsseemtobeclonallymaintainedbypropagation
frombulbils.Frommyobservationinthistrip,thisplantisapparentlyless
competitivetoothercompanionspeciesbecauseofitshabitatsrequirementisstrict.It
onlygrowsindeepforestonpartialshadedslopewithconstantwaterdripping.It
alwaysstandonlimestonesoilperhapssomeessentialnutritionsareneeded.No
specificpollinatorsinthewildvisittheplantsregularly.Thisseverelyinhibitsits
pollinationprocess.Therefore,inordertosurviveinhighlydiversenichesunder
subtropicalnaturalforest,Titanotrichumoldhamiihasanalternativebreedingstrategy
whichreplacesgenerativeseedswithincrediblebulbils(Fig.3).

Thiscanbeseenfromtheresultofapollination
experimentpreviouslyconductedinTaiwan
(Table)).Thefruitandseedsetfromcrossings
withinpopulationsisapparentlylessthan
crossingsamongdistantpopulations.This
indicatesitisgenerallyanoutcrossingspecies.
Moreover,seedsetisextremelylowinthose
individualswhicharenaturallypollinated.
Itcanbesaidthatthegeneticdiversitywithin
populationofTitanotrichumoldhamiiisquite
restricted.Andinsufficientpollenflowamong
individualsisprobablyduetothelackof
effectivepollinators.Inotherwords,theycanbe
verypronetotheselectionpressuresimply
becauseclonalinbreedingmayleadtoreducethe
geneticvariation.

Fig.3Bulbiferousinflorescenceispresentedontop
oftherighthandside.4,5showhowbulbils
clustering.->
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Tosupportthisconclusionfirmly,thestudyofpopulationgeneticvariationbasedon
molecularmethodsisproceedinginRBGEmolecularlab.Bycomparingthegenetic
polymorphismindividuallywithinandamongpopulations,wecanthenestimatethe
geneticdiversityofTitanotrichumoldhatniitoprovideadequateinformationon
speciesconservation.

Table1.PollinationresultsofTitanotrichumoldhamii

fruits/flowersSeedsGerminationIndividuals

____________________________

(Fruitset)percapsulerate

Crossingamongdistantpopul.20/25(80%)323.75±154.570.92±0.05n10
Crossingamongadjacentpopul.17/30(56%)253.67±134.300.80±0.21n25
Crossingwithinpopul.19/35(54%)93.29±60.060.55±0.27n=25
NaturalCrossing/Control35/385(9%)30.06±42.780.16±0.21n=95
Selfing4/25(16%)4.00±2.830n=25

UnusualinflorescencedevelopmentTheontogeneticchangefromflowerto
bulbils

Ratherthanatypicalracerneinflorescence,Titanotrichumoldhamiihasbulbilsand
flowersariseinthesamespike,whichisneverreportedamongthefloweringplants
aroundtheworld.Thesetinybulbilsaregeneratedfromfloralmeristems,alongwith
ordinaryflowersintheinflorescence.Otherwise,completelybulbiferous
inflorescencecanevolvesimultaneouslyespeciallyintheendofthefloweringseason
orinonetotwoyearsoldyoungindividuals.Asthelivingmaterialscollectedfrom
fieldtripsgrewwellinRBGEgreenhouse,Ihavebeenabletocloselyexaminethe
developmentofbulbils.

Todistinguishtheontogeneticdifferencesbetweenbulbil,flowerandleaf(bract)
formationalonganinflorescenceshoot,developmentalstagesofalltheprimordia
wereexaminedbySEM(ScanningElectronicMicroscopy).Itisfoundthatthefloral
meristemsofTitanotrichuinoldhamiicanconvertintotheprimordiaofbulbilsor
leavesimmediatelyaftertheirtwolateralbracteoles(prophylls)divide(Fig.4).After
twobracteoles(prophylls)developed,threesubsidiarymeristemsarisefromtheaxile
oftheprimarymeristembetweenbractandbracteoles.Thenallthemeristemsdivide
repeatedlytogeneratethenumerousbulbilprimordia.Thus,eachfloralmeristem
mightgiveriseeventuallytohundredsofbulbils.

Diaryofthefieldtrip

Day1,September3
IarrivedattheOkinawaairportonmorningofSeptember3andsoontransferredto
JapanesesouthernmostMainIsland(Ishigaki).Fromthisisland,Itookanexpress
boattoreachanislet(Iriomote)onitswest.Iriomoteisanationalreservedareawhich
remainstheonlytropicalforestinJapan.ByassistanceofDr.TokushiroTakasoin
TropicalBiosphereResearchCentrefromtheUniversityofRyukyu,Ithereforecould
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lessthan400squarekilometres.Inhabitantslivenearseashorethusmostoftheforests
remainnaturallyinthecentralmountainarea.Accordingtothelocationwherethe
literaturelistedandabotanistsformerfootnote,Dr.TakasoandIgotaroughidea
whereTitanotrichurnoldhatniishouldbe.Asshownonthemap,wehadtoswim
acrossthemangrovefromseashore,thencontinueupstreamafterclimbingtwosteep
waterfalls.Followedbythatiswalkingonslipperyrocksatleastonehourfor
searchingthisspeciesalongthecreek.Wewerenotsurewhetherwecouldfinditout
accordinglyornot.However,webothrealisedthiswouldbeaverytoughmission.

Day2,September4

Thismorningwewokeupinatropicalfillsun.Withwellingtonsandhelmet,we
attemptedtokeepourjourneysoothinglyandsafely.Inspiteofthat,ourfeetwerestill
boundbymudinmangrove.Theskinofourfeetsoonwenttornaswewalkedand
swaminwaterforalongtime.
Ittookusfivehourstoreachthetopofthecreek.Yet,wecouldnotfindany
Titanotrichunioldhamiisinceitwassoscarce.Afterwegaveuptobacktrack
downstream,wecrossedanothertributarycreekwhichwasdifferentfromwedid.
Fortunatelywefoundatinypopulationonasteepcliffwhereflowingwaterwas
dripping.Lessthanthirtyindividualssurvivedthere.Apparentlytheywereclonally
propagatedfromoneindividualonthetop.EventuallyIwasabletocollectfewliving
materialsandfixsomeleavessampleforDNA.
Dr.Takasowasappointedacommitteememberoftheuniversityentranceexam
abruptly.HeleftIriomotethatevening.

Day3,September5

WithoutthehelpfromDr.Takaso,Imanagedtogoforageneralcollectioninanother
sideoftheisland.TheforestsaredominatedbyMoraceaeandLauraceaespecies.
QuiteafewlowlandspecieshavetheirrelationstospeciesinSouthernTaiwanand
evenPhilippines.Incontrast,mostofthemountainspecieshavetheirrelationsto
speciesinNorthernTaiwan.Thismixedfloranotonlyimpliedthelandbridge
connectionbetweenSouthernRyukyuarchipelagoandTaiwan,butalsopostulated
speciesmigrationoftropicalelementsfromSouthernTaiwanorNorthernPhilippines.
Tostrengthenthishypothesis,IdecidedtogototheherbariumofRyukyuUniversity
forevidence.

Day4,September6

FinishingthecollectiontripinIriomote,IreturnedtoOkinawaMainIslandwherethe
Universityis.ProfessorHidetoshiOta,azoologistspecialisedonreptiles,gavemehis
preciousopinionontheformationoflocalfauna.Thisledmetocorrelateitwithlocal
flora.Dr.tvlasatsuguYokota,theherbariumcurator,allowedmetostayinherbarium
afterhoursespeciallyatyphoonattackedthisislandinthefollowingtwodays.Great
thanksareextendedtoall.

Day7,September9
IleftOkinawawithspecimenIcollected.



Conclusionandacknowledgement

SinceonlyfewbiodiversityresearchinspeciesabundantareaofSubtropicalAsia
nowadays,thisstudyexploredthenewfieldofaddingmoleculartecimiquesto
systematicbiologyandconservationbiologystudies.Theresultcanofferadequate
suggestionstolocalgovernmentinshapingaconservationpolicyforTitanotrichum
oldharniithusprovidinganexampleforsubsequentcollaborativeconservation
researchbetweenBritishandothercountries.Itisalsomysincerehopethatthisfield
tripcanextendourunderstandingonthebiologyofendangeredspecies.

Theseresultswillbepublishedinappropriatejournalswithfullacknowledgementof
thekindfinancialsupportfromtheDavisExpeditionFund.

Appendix:Photographsinthisfieldtrip
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CoastlineoftheIriomote7Ishigakiisland
Frommoutaintooverseethecoast
Mangroveforestalongthecoast
TheerectrootofFiats,whichiscommoninmangrove
Abatpollinatedspecies
Diversehabitateforsubtropicalforest
Titanotrichun,oldha,nii,10,habit;11,inflorescence;12,bulbilous
inflorescence;14,habit;15,rhizome
Waterfaliandriverbank
Anorchid
AGesnerspecies,Cyrtandrayaeyama
Acarnivousplant
ARhododendronspecies


