Univerzita Palackého v Olomouci

Prirodovédecka fakulta

Mykoheterotrofni rostliny v

tropickych destnych lesich Bornea

Mgr. Martin Dancak, Ph.D.

Habilita¢ni prace

Olomouc 2020



Martin Dancak: Mykoheterotrofni rostliny v tropickych destnych lesich Bornea
© prosinec 2020 Martin Dan¢ak



Obsah

L UVOO oot 1
2 Mykoheterotrofie a mykoheterotrofit TOSHNY ........cccovriiiriineee e 3
2.1 FOrmy myKONETErOTrOTI . ......viieitiieeee e 4
2.2 MyKONEerotrofie U FOSHIIN.........ccoiieciee e 5
2.3 Mykoheterotrofni rostliny v mirnych pasech a v tropech...........ccccovvviiiiniiiiiniieiee 7
3 FIOTa BOTN@A ... 8
4 Mykoheterotrofini roStlny BOTNEa .........ccviiiiiiiiicic s 10
4.1 Ptehled druhti mykoheterotrofnich rostlin Bornea ..........cccccoovviiinieiininie e 10

5 Soucasna taxonomicka problematika u vybranych skupin myko-heterotrofnich rostlin Bornea 17

5.1 Celed OPhiOGIOSSACEAE. ...........ceveereeeieeeeeeres st eseses et er sttt n sttt en et 18
5.2 Celed BUIMANMIACEAR...........c..vveeiriiiicisessessese st 21
5.3 Celed OrChITACEAE. .........ccvveveieeieiseie et 25
5.4 Celed POIYGAIACEAE ..........oeevvieeeeeeeeeeete sttt en sttt sttt sttt nens 28
5.5 Celed TRISIMIACEAE ..........cvvvevviiiieiseie ettt 29
5.6 Celed THUMTACEAE ..........cvvrvieciseiesieie sttt 44
6 Shrnuti pfinosu uchazece k problematice habilita¢ni prace a mozné sméry budouciho vyzkumu
........................................................................................................................................................ 49
T ZLAVET ...ttt E e h e Re Rt E e Rt e b et R et e R bt Re e bRt e anreens 52
R oY () (O A 7 V1 OSSR UPT PP 53
D LHEEIATUNA ...t 54
PFiloha 1 ODBrazove taDULE ......c.eeiiiiiiiiiiiii ettt sbe e e snee b e 66
Ptiloha 2 Vybrané prace s tématikou mykoheterotrofnich rostlin Bornea ............cccccoovviiiiienen 73






1 Uvod

Nezelené rostliny odjakziva poutaly pozornost botanikd diky jejich zvlastnimu vzhledu,
relativni vzacnosti, ale zejména neobvyklému zpiisobu vyzivy. Vedle parazitickych rostlin
byly tradi¢né rozliSovany také rostliny saprofytni. Jiz na konci 19. stoleti zacalo byt zjevné,
ze tyto rostliny se nezivi saprotrofn¢, tedy aktivnim rozkladem odumftelych t€l organismt
(podobn¢ jako néckteré houby), ale vyuzivaji mykoriznich siti, z nichz odcerpavaji
organicky uhlik. Teprve az v 90. letech 20. stoleti J. R. Leake (Leake 1994) zavedl termin
mykoheterotrofni rostliny, ktery odrazi skute¢ny zpasob jejich vyzivy. Leakeho
monografie pak vnesla novy impulz do studia téchto rostlin, zejména jejich biologie.
Rozvoj vyzkumu biologie mykoheterotrofli pak nutné ptinesl i rozvoj ve vyzkumu jejich

systematiky, taxonomie a rozsiteni.

Mykoheterotrofni rostliny se vyskytuji prevazné v lesnim prostfedi a prestoze jsou
rozsitené i v mirnych zemépisnych Sitkach, jejich nejvétsi diverzita je soustiedéna do
tropickych destnych lest. Jednou z hlavnich oblasti rozsifeni tropickych destnych lesti na
Zemi je jihovychodni Asie, zejména Malesijska fytogeograficka oblast, ktera zahrnuje
Malajské souostrovi a Malajsky poloostrov. Nejvétsimi z ostrova této oblasti jsou Nova
Guinea a Borneo, které¢ jsou zaroven druhym a tfetim nejvétSim ostrovem svéta (po
Gronsku). Oba ostrovy jsou dodnes pokryty rozsdhlymi plochami tropickych destnych lest
a zaroven relativné malo botanicky prozkoumané. To doklada takeé to, Ze témét kazdorocné
je z té&chto ostrovu popisovano nékolik novych druhti rostlin (viz také Camara-Leret et al.
2020). Zejména Borneo vSak v poslednich desetiletich ztratilo zna¢né procento svych
primarnich destnych lesi (Gaveau et al. 2016). Tézba lest a jejich pfeména na zemédélskou
pudu je dnes hlavnim faktorem, ktery zpisobuje tibytek biodiverzity na ostrové. Vzhledem
k vysokému rostlinnému endemismu v bornejskych destnych lesich pak vyvstava otazka,
kolik rostlinnych druhii Bornea vyhynulo ¢i vyhyne, aniz bychom se kdy dozvédéli, ze
vibec existovaly. Tato otdzka se muze zdat nepodstatnd, zejména v soucasnosti, kdy je
upiednostiiovan aplikovany vyzkum, pfed vyzkumem zakladnim. Na druhou stranu ubytek
biodiverzity je v soucasnosti povazovan za jeden z nejvyznamnéjSich problémd, kterym
lidstvo cCeli a bude celit. A abychom druhy ohroZené vyhynutim mohli G¢inné chranit,

musime si jejich existence byt védomi.



V této praci se zabyvam mykoheterotrofnimi rostlinami Bornea. Jedna se o vysledky
dlouhodobého vyzkumu, ktery jsem mél moznost na Borneu od roku 2007 provadét
Vv primarnich tropickych destnych lesich, zejména v Brunejském sultanatu a malajskych
statech Sarawak a Sabah, v mensi mife také v Indonéskych provinciich Vychodni a Severni
Kalimantan. Poc¢atecni spoluprace na vyzkumu lesni dynamiky (viz napt. Hédl et al. 2009,
Qie et al. 2017, Sullivan et al. 2018, Sullivan et al. 2020) se postupn¢ posunula ke studiu
bylinného patra tropického destného lesa, vnémz se pravidelné uplatiuji i

mykoheterotrofni rostliny.



2 Mykoheterotrofie a mykoheterotrofni rostliny

Mykoheterotrofni rostliny jsou nezelené rostliny, které ziskavaji uhlik prostfednictvim
mykorhiznich hub napojenych na jejich kofeny (Leake 1994). Tento uhlik pochazi
ptevazné z okolnich zelenych rostlin (Selosse et al. 2002), se kterymi mykorhizni houby
tvofi symbiozu a spole¢né tvoti tzv. mykorhizni trofickou sit’ (Selosse et al. 2016; obr. 1).
Tim se mykoheterotrofni rostliny 1isi od rostlin parazitickych, u kterych je parazit napojen
na hostitelskou rostlinu pfimo pomoci haustorii (Merckx 2013). Zda je mykoheterotrofie
vztah vice paraziticky nez symbioticky, neni zcela jisté (Merckx 2013), i kdyz v posledni
dob¢ se hromadi duikazy pro spise paraziticky vztah (Perez-Lamarque et al. 2020). Nékteré
mykoheterotrofni rostliny (prokdzano to bylo zatim jen u vstavacovitych) tvofi interakci se
saprotrofnimi houbami a ziskavaji tedy organicky uhlik, ktery pochéazi nikoli pfimo
Z okolnich Zivych rostlin, ale z mrtvé biomasy (Suetsugu et al. 2020a, Yamashita et al.
2020). Mykoheterotrofni zpisob vyzivy umoznil rostlindm existenci v podminkach
s vyraznym nedostatkem svétla a naprosta vétSina mykoheterotrofnich druhti skute¢né roste

Vv lesnim prostiedi (Bidartondo 2005).

Carbon
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—

Carbon
transfer

Carbon transfer and uptake

Obrazek 1. Mykorhizni trofickd sit’ zobrazujici vztahy mezi jejimi jednotlivymi slozkami.
A: autotrofni rostlina, M: mykoheterotrofni rostlina, F: houba. Teckované jsou znazornény

hyfy hub.



Vyzkumu biologie mykoheterotrofnich rostlin je vzhledem K jejich odlisnosti od
autotrofnich rostlin pfirozené vénovana pomérné velkd pozornost, o to mén¢ jsou vsak
studovany po taxonomické strance. K tomu také ptispiva fakt, ze v soucasnosti neni
taxonomicky vyzkum téméi vibec podporovan organizacemi financujicimi védecky
vyzkum, a to ani v oblastech s vysokym zastoupenim nepopsanych ¢i malo znamych druh,
které jsou navic bezprostiedné ohrozené vyhynutim, jako naptiklad tropické destné lesy. V
této praci se proto zabyvam vyhradné taxonomickou problematikou mykoheterotrofnich

rostlin.

2.1 Formy mykoheterotrofie

Mpykorhiza je mezi rostlinami v§eobecné rozsifenym jevem, pifi némz mykorhizni houby
ziskavaji organicky uhlik vyrobeny fotosyntézou od zelenych rostlin (van der Heijden et
al. 2015). U mykoheterotrofnich rostlin doslo k obraceni tohoto toku, takze tyto rostliny
naopak ziskavaji organicky uhlik z mykorhiznich hub. Jak je ve skutec¢nosti mezi rostlinami
zavislost na uhliku ziskdvaném prostiednictvim hub rozsifend, stale neni zcela znamé
(Selosse & Cameron 2010). Také proto je termin mykoheterotrofie vniman riznym
zpusobem, obvykle podle toho, jak hluboce je konkrétni druh na mykotrofni vyzivé zavisly.
Zpravidla jsou rozliSovany rostliny inicialng, ¢aste¢né a pln¢ mykoheterotrofni (Merckx et
al. 2009). Jednotlivych forem, ¢i stupiit mykoheterotrofie je vSak vice a lze je rozdélit

nasledovné.

Skupina A. Rostlina je ve vSech stadiich svého zivota zcela nezavisla na vné&j$im piisunu
uhliku, je tedy pln¢ autotrofni. Timto zplisobem se vyzivuje vétSina vysSich rostlin. Do této
kategorie nalezi také nezelen¢ gametofyty semennych rostlin, které jsou vyZivovany
sporofytem a nezelené sporofyty nékterych mechorostli, které jsou naopak vyZivovany

gametofytem. Tyto rostliny tedy nejsou mykoheterotrofni.

Skupina B. Rostlina je po kratké a piechodné vyvojové stadium zavisla na vnéjs$im pfisunu
uhliku prostfednictvim mykorhizy a bez néj nemuze uskutecnit svilj Zivotni cyklus.
Typicky se tato forma mykoheterotrofie objevuje ve stadiu kli¢eni a semenacku, napi. u
vétsiny vstavacovitych (Orchidaceae) nebo hrustickovitych (Pyrolaceae). Tato forma je

oznacovana jako inicidlni mykoheterotrofie.

Skupina C. Rostlina je po cely sviij zivot nebo jeho podstatnou ¢ast zavisla na vnéjSim

piisunu uhliku prostfednictvim mykorhizy, pfi¢emz je ale stale schopna si ¢ast uhliku



zajistovat 1 vlastni fotosyntézou. Tento zpisob vyzivy byl prokazan u nékterych
vstavacovitych ~ (Orchidaceae),  hrustickovitych ~ (Pyrolaceae) a  hofcovitych

(Gentianaceae). Tato forma je ozna¢ovana jako ¢aste¢na mykoheterotrofie.

Skupina D. Rostlina je v jedné ¢asti svého Zivotniho cyklu, typicky ve stadiu gametofytu,
zcela neschopna fotosyntézy a plné zéavisla na vnéjSim piisunu uhliku prostfednictvim
mykorhizy. Sporofyt je bud’ pln€, nebo cCéaste¢né autotrofni. Typicky se tato forma
mykoheterotrofie vyskytuje u nékterych vytrusnych rostlin se samostatné zijicim
gametofytem a sporofytem, napf. u plavunovitych (Lycopodiaceae), hadilkovitych

(Ophioglossaceae) nebo prutovkovitych (Psilotaceae).

Skupina E. Rostlina neni v zadném vyvojovém stadiu ani fazi zivotniho cyklu schopna
fotosyntézy, a je proto plné€ zavisla na vnéj$im ptisunu uhliku. Tato a pfedchozi forma jsou

oznacovany jako Gplna mykoheterotrofie.

Terminem mykoheterotrof jsou obvykle oznacovany jen rostliny tiplné¢ mykoheterotrofni
(skupiny D a E v pfechozim textu) a v tomto pojeti je termin pouzivan i zde. V tad¢ praci
jsou vSak vytrusné mykoheterotrofni rostliny (skupina D) opomijené a termin myko-
heterotrof se zuzuje jen na skupinu E, pfipadné je témto rostlindm vénovana disproporcné
vétsi pozornost (viz napt. Merckx et al. 2013a). Nékdy, zejména u vstavacovitych, nelze
nékteré¢ druhy jednoznaéné zaradit do vySe uvedenych kategorii, naptiklad proto, ze
nezeleni jsou jen juvenilni jedinci, ktefi pozdé&ji v dospélosti zezelenaji (rod Pseudovanilla)
nebo jsou nezeleni jen néktefi jedinci v populaci (Corybas cheesemanii (Hook.f. ex Kirk)
Kuntze).

2.2 Mykoheterotrofie u rostlin

Mykoheterotrofie se mezi rostlinami vyskytuje pomérné¢ vzacné. Mykoheterotrofnich je
néco pres 1100 druhi vyssich rostlin (tab. 1), tedy asi jen 0,3 % z jejich odhadovaného
celkového poctu (Christenhusz et al. 2017). V pribéhu evoluce se vyvinula opakované a
vyskytuje u vétsiny hlavnich skupin vyssich rostlin (obr. 2), i kdyz u nékterych je velmi
vzacna, zejména mezi mechorosty a nahosemennymi. Nejvice rozsifend je naopak mezi
jednodé€loznymi rostlinami, které tvofi asi 45 % vSech mykoheterotrofnich rostlin (tab. 1).
Zajimavy je vyskyt mykoheterotrofie u monilofytnich rostlin, které jsou uplné
mykoheterotrofni vyhradné v gametofytni fazi zivotniho cyklu. Mykoheterotrofie se u nich

ziejme vyvinula nejméné dvakrat nezavisle v prubéhu evoluce, nebot’ se vyskytuje jednak



u vSech zastupcii dvou evolu¢né spfiznénych tadt eusporangiatnich kapradorosta,
Ophioglossales a Psilotales, ale také u nékolika zastupct leptosporangiatnich kapradin fadi
Gleicheniales a Schizaeales, vétsina jejichz zastupct ma ale gametofyty zelené, autotrofni,

stejné jako vSechny ostatni kapradiny.

Ferns S.L. ——
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Pinales C——
Gnetales

Amborellales
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Acorales
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Obrazek 2. Vyskyt pIlné¢ mykoheterotrofnich druhit u cévnatych rostlin (Sipkou).
Fylogeneze tfadi dle APG IV (2016).



Tabulka 1. Vyskyt mykoheterotrofie u vySsich rostlin. VétSina udaja je pievzata z prace
Merckx et al. (2013a) a aktualizovana ke stavu v roce 2020, tidaje oznacené hvézdickou (*)
jsou prevzaty z PPG 1 (2016).

vys$Si jednotka  Fad pocet druhii taxony
Marchantiophyta Jungermanniales 1 Cryptothallus mirabilis
Lycopodiophyta  Lycopodiales 388* v§echny druhy tadu
Ophioglossales 112* v§echny druhy fadu
Monilophyta Psilotales 17* vSechny druhy fadu
Gleicheniales 1* Stromatopteris moniliformis
Schizaeales 15* Actinostachys (vSechny druhy rodu)
Pinophyta Cupressales 1 Parasitaxus ustus
Petrosaviales 4 vSechny druhy fadu
. Dioscoreales 162 Burmanniaceae (52), Thismiaceae (110)
Liliopsida Pandanales 50 Triuridaceae (vSechny druhy ¢eledi)
Liliales 27 Corsiaceae (vSechny druhy ¢eledi)
Asparagales 287 Orchidaceae (285), Geosiris (2)
. Fabales 7 Epirixanthes (vSechny druhy rodu)
Rosopsida Ericales 17 Monotropaceae (16), Pyrolaceae (1)
Gentianales 25 Gentianaceae (étyfi rody)
celkem 1114

2.3 Mykoheterotrofni rostliny v mirnych pasech a v tropech

Vyrazna vétSina mykoheterotrofnich rostlin, asi 75 %, se vyskytuje v tropech, pfi¢emz
jejich preferovanym biotopem je tropicky destny les (Merckx et al. 2013b). Vyskytuji se
ale také v subtropickych, mirnych a ojedinéle dokonce 1 v severskych oblastech.
V temperatnim podnebném pésu je nejbohatSim regionem severni Amerika, kde roste
celkem 30 pIn€ mykoheterotrofnich krytosemennych druhi rostlin, nasledovana Asii s vice
jak 20 druhy (Merckx et al. 2013b). Evropa je dosti chudsi a napiiklad v Ceské republice,
pomineme-li vytrusné rostliny, se vyskytuje Sest plné mykoheterotrofnich druhti rostlin
nalezejicich do dvou celedi (Ericaceae a Orchidaceae) a péti roda (Corallorhiza,

Epipogium, Limodorum, Monotropa a Neottia; Kaplan et al. 2019).

V tropech je zdaleka nejbohatsi oblasti jihovychodni Asie, kde se vyskytuje kolem 200
druhli mykoheterotrofnich rostlin (aktualizovany udaj z prace Merckx et al. 2013b),
nasledovana tropickou Amerikou a Australasijskou oblasti; Afrika je naopak dosti chuda,
pfestoZze méa druhou nejvétsi rozlohu destnych lesti ze vSech kontinentti (Merckx et al.
2013b). V ramci jihovychodni Asie je pak diverzita mykoheterotrofii soustfedéna zejména
do Malesijské fytogeografické oblasti, zvlasté pak na Malajsky poloostrov a Sundské

ostrovy, ke kterym patii i Borneo.



3 Flora Bornea

Floéra Bornea je vyrazné ovlivnéna nejen jeho velmi dobie znamou ¢tvrtohorni geologickou
historii (napf. Hunt et al. 2012), ale také jeho souc¢asnymi pfirodnimi podminkami. Ostrov,
jehoz rozloha &ini 746 000 km?, je geograficky velmi ¢lenity, i kdyz pfevdzné nizinny
s centralni vrchovinou, jejiz nejvyssi vrcholy dosahuji obvykle vysek kolem 2000—2500 m
(MacKinnon et al. 1996). Tomu se vymyka pouze nejvyssi hora Bornea, Kinabalu, ktera je
o vic jak 1000 m vyssi nez vSechny ostatni hory ostrova a s nadmotskou vyskou 4095 m
jen také nejvyssi horou mezi Himalajem a Novou Guineou (Beaman 2005). Klima je
tropické, velmi vlhké a vétsinu ostrova tedy pokryva stalezeleny tropicky destny les (Slik
et al. 2003). Nelesni biotopy jsou vzacné, omezené pievazné na moiskd pobiezi, nejvyssi
hory, velké feky, vapencové masivy, hadcové oblasti, ojedinéla pfirozena jezera a centralni
(MacKinnon et al. 1996). Flora Bornea je tedy pfevazné lesni s diverzitou koncentrovanou

do niZinnych az podhorskych tropickych destnych lesti (Raes et al. 2009).

Borneo je soucasti Malesijské fytogeografické oblasti Paleotropické kvétenné fiSe
(Takhtajan 1986). Jeho flora je extrémné bohatd a ostrov patii ke svétovym centrim
rostlinné diverzity (Raes et al. 2009). Flora Bornea ¢itd odhadovanych 14 500 ptivodnich
druhti rostlin (Roos et al. 2004), tedy vic, nez naptiklad rozlohou tfikrat vétsi Demokraticka
republika Kongo (Buttler 2019). Endemismus cévnatych rostlin je odhadovéan na cca 28 %
(Roos et al. 2004), pfiCemz nejvyssi diverzita 1 endemismus jsou predikovany pro severni
cast ostrova (Raes et al. 2009). Borneo je rovnéZ svétovym centrem diverzity pro nékolik
vyznamnych celedi tropickych rostlin, zejména dfevinnych jako dvojkiidlacovité
(Dipterocarpaceae) a zederachovité (Meliaceae; van Welzen & Slik 2009), z bylinnych

Celedi pravdépodobné zazvorovité (Zingiberaceae), begoniovité (Begoniaceae) a dalsi.

Zajimavé jsou fytogeografické vztahy Bornea k holarktické flote. Na Borneu se
prekvapivé vyskytuje nékolik pfevazné Holarktickych rodu rostlin, které se jinde v oblasti
jihovychodni Asie bud’ nevyskytuji viibec, nebo jsou velmi vzacné. Tyto rody se vétSinou
vyskytuji jen v nejvysSich horskych polohach, obvykle v masivu Mt. Kinabalu a jsou zde
glacialnimi relikty (van Steenis 1964). Na Borneu se tak miiZzeme setkat s rody, které
divérmné zname ze stiedni Evropy, jako napiiklad Avenella, Euphrasia, Potentilla,

Ranunculus aj. Zajimavy je rod Platanthera, ktery je ve stfedni Evropé zastoupen dvéma



druhy, zatimco na Borneu rostou ¢tyii druhy, z nichz jeden, Platanthera saprophytica, je

endemicky a zaroven jediny znamy plné mykoheterotrofni zastupce rodu (viz tabule 4, obr.

M.).

Z floristického hlediska jsou tropické destné lesy hyperdiverznim prostiedim, predevsim
pokud jde o dfeviny, zejména pak stromy (Slik et al. 2015). Bornejské destné lesy jsou
Vv globalnim métitku druhé nejbohatsi a v poctu druhti stromt na hektar jen té€sn¢ zaostavaji
za Amazonii (Condit et al. 2005). Stromova slozka vegetace je také nejvice studovanou,
zejména v poslednich desetiletich v souvislosti s jejich schopnosti vazat oxid uhlicity
Z ovzdusi a ovlivnovat tak klimatickou rovnovahu (Qie et al. 2017, Sullivan et al. 2018,
Sullivan et al. 2020). Bylinné rostliny jsou na druhou stranu dosti opomijené. Studovany
jsou zejména atraktivni skupiny, jako jsou begonie, laCkovky ¢i zazvorovité rostliny.
Jmenované skupiny jsou shodou okolnosti na Borneu rovnéz hyperdiverzni a ostrov je
svétovym centrem jejich diverzity. Naptiklad rod begénie (Begonia) je na ostroveé
zastoupen asi 250 popsanymi druhy, pfi¢emz je odhadovano, ze pocet dosud nepopsanych
druhii prevySuje vyrazné pocet popsanych. Celkové je pocet druhti begonii na Borneu
odhadovan na zhruba 600 (Sang & Kiew 2014, Hughes et al. 2020), tedy vic nez u
kteréhokoliv jiného rostlinného rodu vyskytujiciho se na ostrové. Rovnéz u rodu lackovka
(Nepenthes) je z ostrova znamo 41 druhti, tedy zhruba 25 % celosvétového poctu (asi 160
druhil), pti¢emz jsou stale objevovany druhy nové (napt. Robinson et al. 2019, Golos et al.
2020). Zingiberaceae jsou na ostrové zastoupeny 19 rody (z nich 4 endemické) a cca 250
druhy, coz ptedstavuje zhruba 17 % jejich globalniho poc¢tu (Lamb et al. 2013), pficemz 1
u této Celedi jsou z ostrova stale popisovany nové druhy (napt. Meekiong 2016, Ooi et al.

2017, Aimi Syazana et al. 2018).

V tomto kontextu jsou mykoheterotrofni rostliny zcela okrajovou soucasti celkové
biodiverzity tropickych destnych lesit Bornea, coz je ziejmé také jeden z diivodi, pro¢ jim
dosud nebyla vénovdna vétSi pozornost. Nicméné v globalnim kontextu rozsifeni

mykoheterotrofnich rostlin je Borneo rovnéz jejich svétovym centrem diverzity.



4 Mykoheterotrofni rostliny Bornea

Diverzita mykoheterotrofnich rostlin v tropickych destnych lesich Bornea je enormni.
Zahrnuje 29 rodu nalezejicich do 23 Celedi s nejméné 125 popsanymi druhy. Toto ¢islo
predstavuje vic jak 11 % globalni biodiverzity mykoheterotrofnich rostlin. U semennych
rostlin s 21 rody naleZejicich do sedmi ¢eledi s nejméné 89 popsanymi druhy je to pak
dokonce 16 % (viz také tab. 1). Nejvic bornejskych mykoheterotrofii patii mezi
vstavacovité (Orchidaceae) s37 druhy ve 14 rodech, které jsou nasledovany
hvézdnatkovitymi (Thismiaceae) s24 druhy v jednom rodé. Nékteré rody (napf.
Didymoplexiella, Didymoplexis, Epirixanthes, Thismia a Sciaphila) maji na Borneu sva

centra diverzity (obr. 6, 10).

4.1 Piehled druhii mykoheterotrofnich rostlin Bornea

Taxonomické pojeti a nomenklatura v tomto piehledu primarné koresponduji s databazi
Plants of the world online (POWO 2019) s vyjimkou taxont, u kterych se aktualni stav
poznani neshoduje s udaji v této databdzi (napi. byly popsany nové druhy, které zatim do

databaze nebyly zafazeny). Seznam odpovida stavu piiblizné v poloviné roku 2020.

CELED LYCOPODIACEAE

Rod Huperzia
Huperzia australiana (Herter) Holub, Folia Geobot. Phytotax. 20(1): 70 (1985).

Huperzia beccarii (Alderw.) Holub, Folia Geobot. Phytotax. 20(1): 71 (1985).

Huperzia carinata (Desv. ex Poir.) Trevis., Atti Soc. Ital. Sci. Nat. 17(2): 247 (1874).

Huperzia dalhousieana (Spring) Trevis., Atti Soc. Ital. Sci. Nat. 17(2): 247 (1874). Tabule 1, obr. A.
Huperzia goebellii (Nessel) Holub, Folia Geobot. Phytotax. 20(1): 73 (1985).

Huperzia goliathensis (Alderw.) Holub, Folia Geobot. Phytotax. 20(1): 73 (1985).

Huperzia horizontalis (Herter ex Nessel) Holub, Folia Geobot. Phytotax. 20(1): 73 (1985).

Huperzia javanica (Sw.) Fraser-Jenk., Taxon. Revis. Indian Subcontinental Pteridophytes 10 (2008).
Huperzia nummulariifolia (Blume) Chambers, Jermy & Crabbe, Brit. Fern Gaz. 10: 176. 1971.
Huperzia phlegmaria (L.) Rothm., Feddes Repert. Spec. Nov. Regni Veg. 54: 62 (1944)

Huperzia phyllantha (Hook. & Walker-Arnott) Holub, Folia Geobot. Phytotax. 20(1): 75 (1985).
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Huperzia pinifolia Trevis., Atti Soc. Ital. Sci. Nat. 17(2): 247 (1874).

Huperzia prolifera (Blume) Trevis., Atti Soc. Ital. Sci. Nat. 17(2): 247 (1874).

Huperzia setifolia (Alderw.) Holub, Folia Geobot. Phytotax. 20(1): 76 (1985).

Huperzia squarrosa (G. Forst.) Trevis., Atti Soc. Ital. Sci. Nat. 17(2): 247 (1874). Tabule 1, obr. B.
Huperzia tetrasticha (Kunze ex Alderw.) Holub, Folia Geohot. Phytotax. 20(1): 77 (1985).
Huperzia verticillata (L. f.) Rothm., Feddes Repert. Spec. Nov. Regni Veg. 54: 60 (1944).

Rod Lycopodiella
Lycopodiella cernua (L.) Pic. Serm., Webbia 23: 166 (1968).

Rod Lycopodium
Lycopodium casuarinoides Spring, Bull. Acad. Roy. Sci. Bruxelles 8: 521 (1841). Tabule 1, obr. C.
Lycopodium clavatum L., Sp. PI. 2: 1101 (1753).
Lycopodium platyrhizoma J. H. Wilce, Nova Hedwigia 3(1): 99 (1961).
Lycopodium scariosum G. Forst., FI. Ins. Austr. 87 (1786).
Lycopodium volubile G. Forst., FI. Ins. Austr. 86 (1786).

Lycopodium wightianum Wall. ex Grev. & Hook., Enum. Filic. 379 (1831).

CELED OPHIOGLOSSACEAE

Rod Botrychium
Botrychium daucifolium Wall. ex Hook. & Grev., Icon. Filic. 2 (9): pl. 161. (1830). Tabule 1, obr. D.

Rod Helminthostachys
Helminthostachys zeylanica (L.) Hook., Gen. Fil. [Hooker]: pl. 47 (1842). Tabule 1, obr. E.

Rod Ophioglossum
Ophioglossum gramineum Willd., Abh. Kurfiirstl.-Mainz. Akad. Niitzl. Wiss. Erfurt. 5(2): 18 (1802).
Ophioglossum intermedium Hook., Icon. PI. 6: pl. 995 (1854).
Ophioglossum pendulum L. Sp. PI. (ed. 2) 2: 1518 (1763).
Ophioglossum petiolatum Hook., Exot. FI. 1: 56 (1823).

Ophioglossum reticulatum L., Sp. PI. 2: 1063 (1753). Tabule 1, obr. F.

CELED PSILOTACEAE

Rod Psilotum
Psilotum nudum (L.) P. Beauv., Prodr. Aethéogam. 112 (1805).
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Psilotum complanatum Sw., J. Bot. (Schrader) 1800(2): 110 (1801). Tabule 1, obr. H.

CELED SCHIZAEACEAE

Rod Actinostachys
Actinostachys digitata (L.) Wall., Numer. List [Wallich] n. 1 (1828). Tabule 1, obr. I.

Actinostachys inopinata (Selling) C. F. Reed, Bol. Soc. Brot. sér. 2, 21: 130 (1948).

Actinostachys wagneri (Selling) C. F. Reed, Bol. Soc. Brot. sér. 2, 21: 131 (1948).

CELED BURMANNIACEAE

Rod Burmannia
Burmannia championii Enum. PI. Zeyl. [Thwaites] 325 (1864). Tabule 2, obr. A.

Burmannia lutescens Becc., Malesia 1: 246 (1878). Tabule 2, obr. B.
Burmannia malasica Jonker, Monogr. Burmann. 152 (1938). Tabule 2, obr. C.
Burmannia sphagnoides Becc., Malesia 1: 246 (1878).

Rod Gymnosiphon
Gymnosiphon aphyllus Blume, Enum. PI. Javae 1: 29 (1827). Tabule 2, obr. D.

CELED GENTIANACEAE

Rod Exacum
Exacum tenue (Blume) Klack., Bot. Jahrb. Syst. 126(4): 478 (2006). Tabule 3, obr. A.

CELED ORCHIDACEAE

Rod Aphyllorchis
Aphyllorchis kemulensis J. J. Sm., Bull. Jard. Bot. Buitenzorg, sér. 3, 11: 84 (1931).

Aphyllorchis maliauensis Suetsugu, Suleiman & Tsukaya, Phytotaxa 367(1): 85 (2018).
Aphyllorchis montana Rchb. f., Linnaea 41(1): 57 (1876). Tabule 4, obr. C.
Aphyllorchis pallida Blume, Tab. PI. Jav. Orchid. ad f. 77 (1825).

Aphyllorchis siantanensis J. J. Sm., Repert. Spec. Nov. Regni Veg. 30: 327 (1932).
Aphyllorchis spiculaea Rchb.f., Linnaea 41(1): 58 (1876).

Aphyllorchis striata (Ridl.) Schitr., Bull. Herb. Boissier ser. 2, 6: 299 (1906). Tabule 4, obr. A.
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Rod Cyrtosia
Cyrtosia javanica Blume, Bijdr. Fl. Ned. Ind. 8: 396 (1825).

Rod Cystorchis
Cystorchis aphylla Ridl., J. Linn. Soc., Bot. 32: 400 (1896). Tabule 4, obr. D.
Cystorchis saprophytica J. J. Sm., Mitt. Inst. Allg. Bot. Hamburg 7: 23 (1927).

Rod Didymoplexiella

Didymoplexiella borneensis (Schltr.) Garay, Arch. Jard. Bot. Rio de Janeiro 13: 33 (1954). Tabule 4,
obr. E.

Didymoplexiella cinnabarina Tsukaya, M. Nakaj. & H. Okada, Acta Phytotax. Geobot. 56(3): 208
(2005).

Didymoplexiella forcipata (J. J. Sm.) Garay, Arch. Jard. Bot. Rio de Janeiro 13: 33 (1954).
Didymoplexiella kinabaluensis (Carr) Seidenf., Dansk Bot. Ark. 32(2): 175 (1978).
Didymoplexiella ornata (Ridl.) Garay, Arch. Jard. Bot. Rio de Janeiro 13: 33 (1954). Tabule 4, obr. F.
Didymoplexiella trichechus (J. J. Sm.) Garay, Arch. Jard. Bot. Rio de Janeiro 13: 34 (1954).
Rod Didymoplexis
Didymoplexis cornuta J. J. Sm., Bull. Inst. Bot. Buitenzorg 7: 1 (1925). Tabule 4, obr. G.
Didymoplexis latilabris Schltr., Bull. Herb. Boissier, sér. 2, 6: 300 (1906).
Didymoplexis obreniformis J. J. Sm., Bull. Jard. Bot. Buitenzorg, sér. 3, 14: 26 (1914).
Didymoplexis pallens Griff., Calcutta J. Nat. Hist. 4: 383, pl. 17 (1844).
Didymoplexis striata J. J. Sm., Icon. Bogor. pl. 104 B (1906). Tabule 4, obr. H.
Rod Epipogium
Epipogium roseum (D. Don) Lindl., J. Proc. Linn. Soc., Bot. 1: 177 (1857).

Rod Erythrorchis
Erythrorchis altissima (Blume) Blume, Rumphia 1: 200, pl. 70 (1837).

Rod Eulophia
Eulophia zollingeri (Rchb. f.) J. J. Sm., Fl. Buitenz. 6: 228 (1905).

Rod Galeola
Galeola nudifolia Lour., FI. Cochinch. 2: 520 (1790)

Rod Gastrodia
Gastrodia effusa P. T. Ong & P. O'Byrne, Malesian Orchid J. 10: 11 (2012).
Gastrodia grandilabris Carr, Gard. Bull. Straits Settlem. 8: 179 (1935).
Gastrodia javanica (Blume) Lindl., Gen. Sp. Orchid. PI. 384 (1840).

Gastrodia maliauensis Suetsugu, Suleiman & Tsukaya, Phytotaxa 367(1): 78 (2018).
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Gastrodia sabahensis J. J. Wood & A. L. Lamb, Malesian Orchid J. 1: 139 (2008).
Gastrodia spatulata (Carr) J. J. Wood, Orchids Mount Kinabalu 2: 355 (2011).

Rod Lecanorchis
Lecanorchis malaccensis Ridl., Trans. Linn. Soc. London, Bot. 3: 371 (1893). Tabule 4, obr. K.
Lecanorchis multiflora J. J. Sm., Bull. Jard. Bot. Buitenzorg, sér. 2, 26: 8 (1918). Tabule 4, obr. L.
Lecanorchis sarawakensis Suetsugu & Naiki, Phytotaxa 338(1): 135 (2018).

Rod Platanthera
Platanthera saprophytica J. J. Sm., Mitt. Inst. Allg. Bot. Hamburg 7: 12 (1927). Tabule 4, obr. M.

Rod Stereosandra
Stereosandra javanica Blume, Mus. Bot. 2: 176 (1856).

Rod Tropidia
Tropidia connata J. J. Wood & A. L. Lamb, Check-list Orchids Borneo 47 (1994)

Tropidia nagamasui (Tsukaya, M. Nakaj. & H. Okada) Ormerod & Juswara, Harvard Pap. Bot. 24(1):
30 (2019).

Tropidia saprophytica J. J. Sm., Mitt. Inst. Allg. Bot. Hamburg 7: 27 (1927). Tabule 4, obr. N.

CELED PETROSAVIACEAE

Rod Petrosavia
Petrosavia stellaris Becc., Nuovo Giorn. Bot. Ital. 3: 8 (1871). Tabule 6, obr. G.

CELED POLYGALACEAE
Rod Epirixanthes
Epirixanthes confusa Tsukaya, Suleiman & H. Okada, Phytotaxa 266(2): 147 (2016).
Epirixanthes cylindrica Blume, Catalogus 82 (1823).
Epirixanthes elongata Blume, Catalogus 82 (1823). Tabule 3, obr. B.
Epirixanthes kinabaluensis T. Wendt, FI. Males. 10: 491 (1988). Tabule 3, obr. C.
Epirixanthes pallida T. Wendt, Fl. Males. 10: 492 (1988). Tabule 3, obr. D.

Epirixanthes papuana J. J. Sm., Repert. Spec. Nov. Regni Veg. 10: 486 (1912). Tabule 3, obr. E.

CELED THISMIACEAE

Rod Thismia
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Thismia acuminata Hrones, Danc¢ak & Sochor, P1. Syst. Evol. 304(5): 705 (2018). Tabule 5, obr. B.
Thismia aseroe agg.

Thismia betung-kerihunensis Tsukaya & H. Okada, Syst. Bot. 37(1): 56 (2012).

Thismia bifida M. Hotta, Acta Phytotax. Geobot. 22: 161 (1967). Tabule 5, obr. J.

Thismia brunneomitra Hrones, Kobrlova & Dan¢ak, Phytotaxa 234(2): 173 (2015). Tabule 5, obr. A.
Thismia bryndonei Tsukaya, Suetsugu & Suleiman, Phytotaxa 312(1): 135 (2017).

Thismia clavigera (Becc.) F. Muell., Pap. & Proc. Roy. Soc. Tasmania 1890: 235 (1891).

Thismia cornuta Hrones, Sochor & Dancak, P1. Ecol. Evol. 151(1): 111 (2018). Tabule 5, obr. 1.
Thismia coronata Hrone$, Dan¢ak & Sochor, Willdenowia 50(1): 71 (2020).

Thismia episcopalis (Becc.) F. Muell., Pap. & Proc. Roy. Soc. Tasmania 1890: 235 (1891).

Thismia filiformis agg.

Thismia goodii Kiew, Gard. Bull. Singapore 51: 179 (1999). Tabule 5, obr. C.

Thismia hexagona Dan¢ak, Hrone$, Kobrlova & Sochor, Phytotaxa 125(1): 34 (2013). Tab. 5, obr. J.
Thismia inconspicua Sochor & Dan¢ak, Phytotaxa 295(3): 264 (2017).

Thismia kelabitiana Dan&ak, Hrones & Sochor, PLoS ONE 13(10): €0203443 (3) (2018). Tabule 5, obr.
D.

Thismia kinabaluensis T. Nishioka & Suetsugu, Phytotaxa 360(2): 174 (2018).

Thismia laevis Sochor, Dan¢ak & Hrones, Pl. Syst. Evol. 304(5): 708 (2018).

Thismia lauriana Jarvie, Blumea 41: 259 (1996).

Thismia minutissima Danc¢ak, Hrone$ & Sochor, Kew Bull. 75(2)-29: 2 (2020). Tabule 5, obr. F.
Thismia mullerensis Tsukaya & H. Okada, Acta Phytotax. Geobot. 56: 129 (2005).

Thismia neptunis Becc., Malesia 1: 251 (1878). Tabule 5, obr. G.

Thismia nigra Dancéak, Hrone§ & Sochor, Pl. Syst. Evol. 304(5): 711 (2018).

Thismia ophiuris Becc., Malesia 1: 252 (1878).

Thismia ornata Danc¢ak, Hrone$ & Sochor, Willdenowia 50(1): 66 (2020). Tabule 5, obr. H.
Thismia pallida Hrones, Dan¢ak & Rejzek, Pl. Ecol. Evol. 151(1): 115 (2018).

Thismia viridistriata Sochor, Hrone$ & Dancak, P1. Syst. Evol. 304(5): 714 (2018). Tabule 5, obr. E.

CELED TRIURIDACEAE
Rod Sciaphila
Sciaphila alba Tsukaya & Suetsugu, Phytotaxa 170(4): 284 (2014). Tabule 6, obr. C.
Sciaphila arfakiana Becc., Malesia 3: 337 (1890). Tabule 6, obr. E.
Sciaphila atra Dan¢ak, Hrone§ & Sochor, Phytotaxa 472(3): 278 (2020). Tabule 6, obr. A.
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Sciaphila betung-kerihunensis Tsukaya & H. Okada, Syst. Bot. 38(3): 600 (2013).
Sciaphila brevistyla Tsukaya & H. Okada, Syst. Bot. 38(3): 602 (2013).

Sciaphila densiflora Schltr., Bot. Jahrb. Syst. 49: 87 (1912).

Sciaphila inouei Tsukaya & Suetsugu, Phytotaxa 170(4): 284 (2014).

Sciaphila maculata Miers, Trans. Linn. Soc. London 21: 48 (1852).

Sciaphila major Becc., Malesia 3: 332 (1890). Tabule 6, obr. D.

Sciaphila micranthera Giesen, Pflanzenr. Heft 104; 54 (1938).

Sciaphila tenella Blume, Bijdr. Fl. Ned. Ind. 514 (1825). Tabule 6, obr. B.

Sciaphila winkleri Schlitr., Bot. Jahrb. Syst. 48: 88 (1912). Tabule 6, obr. F.
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5 Soucdasna taxonomicka problematika u vybranych skupin myko-

heterotrofnich rostlin Bornea

Taxonomicky vyzkum mykoheterotrofnich rostlin je komplikovan fadou okolnosti. V prvni
fad¢ je to vyrazné redukovand stavba téla, kterda se vyvinula jako reakce na
mykoheterotrofni zptisob vyzivy. Tato redukce logicky nejvice postihla asimilacni organy,
tedy predevsim listy, které se staly zbyteCnymi. Listy, u autotrofnich rostlin nositelé celé
fady taxonomicky zdsadnich znaki (napt. pocet, stavba, tvar, seratura, zilnatina, odéni aj.),
jsou u mykoheterotrofnich rostlin zakrnélé, obvykle Supinovité a jen malokdy poskytujici
vyznamnou taxonomickou informaci. Redukce je patrna také v celkové velikosti tél téchto
rostlin, které¢ jsou zpravidla velmi malé, obvykle zifeteIné mensi nez jejich autotrofni
pribuzni (existuji-li). Ostatni zakladni organy (kvét, plod, stonek a kotfen) obvykle
redukovany nejsou, i kdyz naptiklad kvéty mohou byt u nékterych skupin extrémné¢ malé
(napt. rody Sciaphila nebo Gymnosiphon) v souvislosti s malou velikosti celého téla
rostliny. Dal$i vyznamnou okolnosti komplikujici vyzkum mykoheterotrofu je zptisob
jejich zivota. U mnoha taxond (napf. typicky rod Thismia) je mykoheterotrofie spojena
S tim, Ze nadzemni ¢asti rostliny se objevuji jen sezénné a po relativné kratkou dobu, a to 1
V oblastech se stalym tropickym klimatem, coz vyznamné komplikuje dostupnost
studijniho materidlu. Nedostupnost studijniho materidlu je dale zesilena nemoZnosti
mykoheterotrofni rostliny péstovat. Vyzkum mykoheterotrofnich rostlin v tropickych
oblastech je rovnéz komplikovan nadmérnou administrativou a byrokracii spojenou se
ziskavanim povoleni k vyzkumu, sbéru materidlu a jeho exportu. V neposledni fadé¢ je
nutné zminit i globalni neochotu poskytovatelii dotaci na védecky vyzkum financovat
zakladni popisnou védu (Christenhusz & Byng 2016), pfestoze zejména v tropickych
oblastech ziistavad vyznamna ¢ast biodiverzity nepopsand a navic bezprostiedné ohrozena

vyhubenim.

V této kapitole shrnuji poznatky, které se tykaji vybranych taxonomicky zajimavych
skupin mykoheterotrofnich rostlin Bornea, ziskané terénnim vyzkumem b&hem expedic
uskuteénénych do riznych ¢asti Bornea v letech 2007-2020. Cast zde diskutovanych
problémil vyustila v publikace, které jsou bud’ soucasti této habilitacni prace, anebo jsou
citovany v textu. U nékterych skupin (Ophioglossaceae, Burmanniaceae a Orchidaceae)
jde vyhradné o dosud nepublikovana zjisténi, vétsSinou z divodu nutnosti dalsiho vyzkumu

v téchto skupinach.
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5.1 Celed’ Ophioglossaceae

Celed” Ophioglossaceae (hadilkovité) predstavuje vyznamnou skupinu vytrusnych rostlin,
které jsou plné mykoheterotrofni jen ve stadiu gametofytu (Merckx et al. 2013a). Rovnéz
sporofytni faze si u mnoha druhii zachovava v rizné mife zéavislost na mykorhiznich
houbach, i1 kdyz zadny zcela nezeleny druh, plné¢ mykoheterotrofni 1 ve stadiu sporofytu,
neexistuje (Hynson et al. 2013, Suetsugu et al. 2020b). Celosvétove je tato Celed’ tvofena
asi 112 druhy v 10 rodech (PPG | 2016), na Borneu se vyskytuje nejméné 7 druhti ve tiech
rodech (Botrychium, Helminthostachys a Ophioglossum, viz Tabule 1). Rody Botrychium
a Helminthostachys jsou na Borneu zastoupeny kazdy pouze jednim druhem (viz kapitola
4.1) a jsou taxonomicky zfejmé nezajimavé, zatimco rod Ophioglossum ma na tomto
ostrové nejméné pét zndmych druhii (Wieffering 1964, POWO 2019). Tento rod je navic
taxonomicky komplikovany kvili znacné plasticité fady druhli kombinované s velmi
jednoduchou télesnou stavbou (Patel & Narsimha 2019) a z toho vyplyvajicich obtizich pfi
delimitaci taxont. To dokumentuje také fakt, ze pro n€které druhy jsou uvadény pomérné
rozsahlé, ale ptfitom velmi nesouvislé aredly zahrnujici i n¢kolik kontinentt (viz POWO

2019).

5.1.1 Rod Ophioglossum

Z Bornea je riznymi prameny uvadéno az sedm druhd tohoto rodu, ackoliv databize
POWO (2019) akceptuje jen pét (viz kapitola 4.1). Vedle epifytniho paleotropického druhu
Ophioglossum pendulum a druhu O. intermedium, ktery muze rust epifytné i terestricky,
jsou vSechny ostatni terestrické. Ophioglossum gramineum je druh s dosti disjunktnim
paleotropickym rozSitenim (POWO 2019) v Malesijské oblasti ale dosti Casty (Wieffering
1964). Ophioglossum reticulatum je druh svelmi rozsdhlym pantropickym arealem
zasahujicim aZ na okraje mirnych pasa (POWO 2019). Ophioglossum intermedium je
naopak druh omezeny jen na Malesijskou oblast s pfesahem do severni Australie (POWO
2019). Ophioglossum petiolatum je druh novéji akceptovany jako samostatny (Barcelona
podobnym druhem O. reticulatum (viz napt. Wieffering 1964). Je rozsifen tropické a
subtropické Asii, Australii a rovné ve stfedni Americe (POWO 2019). Ophioglossum
parvifolium Grev. & Hook je druh popsany z Indie a rozsifeny v tropickych a subtropickych
oblastech Asie, Australie a Jizni Ameriky (POWO 2019) a nékterymi prameny uvadény i

z Bornea (Wieffering 1964, pod synonymnim jménem O. nudicaule var. macrorrhizum
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(Kze) Clausen)). Ophioglossum simplex Ridley je druh popsany ze Sumatry a databazi
POWO (2019) je povazovan za endemicky pro tento ostrov, piestoze jej Wieffering (1964)

uvadi mimo jiné rovnéz z Bornea.

Krom¢ vic jak pul stoleti staré prace Wiefferinga (Wieffering 1964) neexistuji zadné
souhrnné revize ¢i monografie tohoto rodu v celé Malesijské oblasti véetné Bornea.
Zejména v souvislosti s vyuzitim molekularnich metod, prochazi v soucasnosti taxonomie
rodu pomérné vyznamnym vyvojem. Dochazi ke zménam ve vymezeni nékterych taxont i
popistim taxont novych (Patil & Dongare 2014, Rajput et al. 2016, Patel & Narsimha
2019). Lze tedy usuzovat, ze v budoucnu dojde k dal$im zménam v seznamu druhi

vyskytujicich se na ostrove.

Jeden z moznych novych druhti, nejen pro Borneo, ale ziejmé i celkové, by mohly
ptestavovat morfologicky velmi specifické rostliny nalezené (Dancak, Hrone§ & Sochor,
nepublikovano) na dvou relativné vzdalenych lokalitach v Bruneji (obr. 3), v této praci
provizorné nazyvané Ophioglossum sp. Brunei. Tyto rostliny maji vyrazn¢ az zcela
redukovanou sterilni ¢ast listu (Ptiloha 1, Tabule 1G) a jsou tedy snadno odlisitelné od
vSech ostatnich druhti z Bornea dosud uvadénych. Vzhledem k tomu, Ze v celé Malesijské
oblasti je znam vyskyt pouze osmi druhti rodu (POWO 2019) a zadny z nich neni tomuto
podobny, jedna se skuteéné s nejvétsi pravdépodobnosti o nepopsany druh (viz tab. 2).
Témto rostlinam je morfologicky nejblizs§i druh Ophioglossum simplex, protoze také
zpravidla postrada sterilni Cast listu. Nelze vyloucit, ze Wiefferingovy udaje o vyskytu O.
simplex z Bornea (Wieffering 1964, neakceptované v databazi POWO) jsou zaloZeny praveé
na téchto rostlinach. Skutecnosti je, Ze stavba fertilni ¢asti listu je u obou druhli vyrazné
odli$na, nebot’ O. simplex ma obvykle vétsi pocet vytrusnic a ty jsou umisténé i na vrcholu
fertilni ¢asti listu, ktery ma zaokrouhleny tvar (viz také Bower (1901) a tab. 2).
Ophioglossum sp. Brunei ma naopak mensi pocet vytrusnic a vrchol fertilni ¢asti listu je

kratce zaspicatély, bez vytrusnic (Pfiloha 1, Tabule 1G).
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Tabulka 2. Porovnani zakladnich morfologickych charakteristik vSech malesijskych druhti

rodu Ophioglossum s Ophioglossum sp. Brunei. Udaje jsou pievzaty z protologi

jednotlivych druhti, poptipadé piimo z typového materialu.

druh ziv. forma  vrchol sterilni ¢asti Cepele  sterilni ¢ast éepele  fertilni ¢ast cepele
O. costatum terestrickd  bez vytrusnic vejcita vyrusté z fapiku
O.gramineum terestricka bez vytrusnic uzce kopinata vyrasta z fapiku
. . terestricka , . . , carkovita az Usta ze sterilni
O.intermedium .~ " """ s vytrusnicemi, tupy S VyTus®
i epifytni kopinata casti Cepele
O. parviflorum terestricka bez vytrusnic vejcité kopinata vyrasta z fapiku
0. pendulum epifytni s v{trusnicemi, tupy uzce kopinatd, ¢asto  vyrtista ze sterilni
' p » tupy vidlidnaté vétvend  &asti éepele
O. petiolatum  terestrickd bez vytrusnic, dlouze $picaty vejéita vyrusta z fapiku
O. reticulatum  terestrickd bez vytrusnic vejcité kopinata vyrista z fapiku
O. simplex terestricka s vytrusnicemi, zaokrouhleny chybi nebo zakrnéla  vyrusta z fapiku
. Lo . . . . ... Siroce carkovita o i u
O.sp. Brunei  terestrickd bez vytrusnic, kratce Spicaty ’ vyrasta z fapiku

Casto chybi

Obrazek 3. Rozsiteni Ophioglossum sp.

Brunei (®) v Brunejském sultanaté.



5.2 Celed’ Burmanniaceae

Celed Burmanniaceae je druhové relativnd nepoletnd Geled jednodéloznych rostlin
S pantropickym rozsifenim, v uzkém pojeti (tedy nezahrnujici Thismiaceae) tvotrena témet
100 druhy v 8-9 rodech (Christenhusz et al. 2017, Merckx 2020). Vsechny rody, kromé
rodu Burmannia, zahrnuji vyhradné mykoheterotrofni rostliny. Na Borneu je tato ¢eled

zastoupena rody Burmannia a Gymnosiphon (Jonker 1948).

5.2.1 Rod Burmannia

Rod Burmannia (v ¢estiné existuje pro tento rod jméno olachan, které se vSak nevzilo) ma
pantropické rozsiteni s centrem diverzity v tropické Asii (Maas et al. 1986, Maas-van de
Kamer 1998). Tento rod je pozoruhodny tim, Ze zhruba dvé tietiny jeho druht jsou zelené
a jedna tretina nezelend. Nékteré zelené druhy jsou pfitom plné autotrofni, jiné do rtizné
miry mixotrofni (Merckx et al. 2013a). U tohoto rodu tedy existuje prakticky plynuly
ptechod od pln¢ autotrofni vyzivy k plné mykoheterotrofni. PIné¢ mykoheterotrofni druhy
jsou vazany na lesni prostiedi a v tropickych destnych lesich Bornea je zndm vyskyt
nejméné étyt (POWO 2019) az péti (Jonker 1948) druhti. Vzhledem k tomu, Ze tomuto rodu
nebyla dosud vénovéana na Borneu z4dnd zvlastni pozornost, je velmi pravdépodobné, ze
pocet mykoheterotrofnich druhli zde rostoucich bude vyssi. Mykoheterotrofni zastupci
rodu na Borneu tvofi dvé morfologicky vyhranéné skupiny. Skupina kolem Burmannia
championii (Ptiloha 1, Tabule 2A) se vyznaCuje kvétenstvim husté na vrcholu
nahloucenych obvykle drobnych kvéti bez podélnych kiidel, zatimco skupina kolem B.
lutescens (Piiloha 1, Tabule 2B,C) se vyznacuje volnym kvétenstvim tvofenym spiSe
relativné velkymi kvéty poptipadé jednokvétymi rostlinami s kiidlatou kvétni trubkou.
Druhy rodu Burmannia se na Borneu vyskytuji jak v nizinnych tak i horskych tropickych

destnych lesich.

5.2.1.1 Skupina Burmannia lutescens

Na Borneu je tato skupina zastoupena pouze dvéma akceptovanymi druhy, Burmannia
lutescens a B. malasica (POWO 2019). Z ostrova byl popsan také dalsi druh, B. tridentata
Beccari, ktery je vSeobecné povazovan za identicky s B. lutescens (Jonker 1948, Govaerts
etal. 2007). V tomto piipadé je ovSem kuridzni, Ze jak B. lutescens, tak B. tridentata popsal

tentyZ autor v téze praci a na téze strance (Beccari 1878). Odoardo Beccari byl vynikajici
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taxonom, ktery z Bornea i dalSich oblasti Malesijské oblasti popsal stovky druhti rostlin.
Oba druhy znal nepochybné z autopsie, protoze typové lokality lezi v tizemi, kde fadu
mésict provadél terénni vyzkum (Sochor et al. 2018a). Stézi Ize proto pfijmout mySlenku,
ze timto zpusobem popsal pod riznymi jmény identicky druh. Rovnéz protology obou
druhti ukazuji, Ze t€émito dvéma jmény oznacCoval rostliny, které se skutecn¢ diametralné
lisi. Ve skutecnosti je B. tridentata morfologicky mnohem blizsi druhu B. malasica. Jaka

je tedy skute¢na identita B. tridentata, bude nutné zjistit dal$im studiem.

5.2.1.2 Skupina Burmannia championii

Druh Burmannia championii ma velky areal zahrnujici zna¢nou ¢ast tropické a subtropické
Asie (Jonker 1948). | na tak rozsahlém tzemi se zda byt nepfilis variabilni (viz napt. Hsieh
& Ohashi 2000, Aoyama & Tsubotha, Suetsugu et al. 2014, Van Son et al. 2015). Na
Borneu se vyskytuji jak rostliny odpovidajici originalnimu popisu druhu (Pfiloha 1, Tabule
2A), tak nejmén¢ jeden dalsi ztetelné odlisny morfotyp. Tyto rostliny se od B. chamipionii
lisi vyS$$im vzrustem, obvykle vétSim poctem kvétd, které jsou delsi a stopkaté a
Sestihrannou kvétni trubkou a velmi dobfe odpovidaji druhu popsanému z Bornea O.
Beccarim v 19. stoleti pod jménem B. tuberosa (Beccari 1878). Toto jméno je ovSem nyni
povazovano za synonymum B. championii (Jonker 1948, POWO 2019). Jméno B. tuberosa
zpochybnéno. Na zaklad¢ studia rostlin z nékolika lokalit napfi¢ Borneem, protologi a
typového materialu obou jmen ale vyplyva, Ze jméno B. tuberosa oznacuje rostliny zfetelné
odlisné od B. championii (tab. 3, obr. 4) a m¢lo by tak byt vyjmuto z jeho synonymiky. Oba
druhy se lisi pfedevsim po¢tem Zeber na kvétni trubce, coz je v taxonomii rodu Burmannia
jeden z nejvyznamnéjsich znakt (Jonker 1938). Zatimco B. championii ma jen tfi nepfili§

vyrazna zebra, B. tuberosa ma Sest Zeber (tfi vyrazna a tii nevyrazna, obr. 4).

Tabulka 3. Morfologické srovnani Burmannia championii a B. tuberosa (Thwaites 1864,

Beccari 1878 a typovy material).

kvéty pocet kvéth  délka kvéti kvétni trubka
B. championii  pfisedlé 9-12 cca 6,5 mm 3zebra
B. tuberosa stopkaté 2-18 9-14 mm 6zebra
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Obrazek 4. Srovnani ilustraci z protologli a typového materialu Burmannia championii (1,
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2) a B. tuberosa (3, 4).



5.2.2 Rod Gymnosiphon

Rod Gymnosiphon ma pantropické rozsifeni s centrem diverzity v tropické Americe (Maas
et al. 1986, Maas-van de Kamer 1998). Vsichni jeho zastupci jsou plné mykoheterotrofni
rostliny (Merckx et al. 2013a). V Malesijské fytogeografické oblasti se vyskytuje osm
druhti (Pelser et al. 2019), pficemz na Borneu je uvadén pouze jediny, Siroce rozsifeny druh.

G. aphyllus (Jonker 1948).

5.2.2.1 Skupina Gymnosiphon aphyllus

Druh Gymnosiphon aphyllus byl popsan z Javy (Blume 1827), ale jeho areél tdajné saha
az do Thajska, na Tchaj-wan a Novou Guineu (Jonker 1938, POWO 2019). Jonker (1948)
jeho vyskyt uvadi jako jediného zastupce rodu i na Borneu, kde se rostliny odpovidajici
popisu tohoto druhu skute¢né vyskytuji (Ptiloha 1, Tabule 2Da). Kromé¢ nich lze na ostrové
rozliSit nejméné dal$i dva vyrazné morfotypy (Pfiloha 1, Tabule 2Dbc), které se od
typického G. aphyllus lisi zbarvenim, obvykle nevétvenym chudokvétym kvétenstvim i
tvarem a zbarvenim okvéti. Navzajem se pak tyto dva morfotypy ztetelné lisi zbarvenim
(bilé vs. fialové rostliny) a tvarem okvéti (kratké a tupé na okraji hrubé vroubkované cipy
vs. dlouhé a Spicaté témét celokrajné cipy). Tyto morfotypy vyzaduji dalsi studium, jehoz
cilem bude zjistit, zda jde o extrémni projevy variability druhu G. aphyllus, anebo jiné at’
uz popsané nebo nepopsané taxony. V poslednich letech byly popsany dva nové druhy rodu
z Filipin (Pelser et al. 2019, Nickrent 2020), odkud piedtim zadny druh rodu nebyl znam.
Vzhledem K piibuznosti flor obou oblasti, nelze vyloucit, ze néktery z téchto noveé
popsanych druhii by se mohl vyskytovat i na Borneu. Zejména jeden z obou nové
popsanych druhid, G. syceorosensis Nickrent, se velmi podoba jednomu z bornejskych
morfotypt (Pfiloha 1, Tabule 2Db). K uspokojivému zodpovézeni otazky kolik druht rodu
roste na Borneu a jaké jsou jejich spravna jména, bude také nutné vyfesit taxonomickou
identitu G. borneensis, druhu popsaného O. Beccarim (Beccari 1878) ze Sarawaku a nyni
povazovaného za identicky s G. aphyllus (Jonker 1948). Sam Beccari si byl védom znaéné
podobnosti s G. aphyllus a za zakladni rozdil mezi t€émi druhy uvadi vytrvalost, nebot’ G.
aphyllus je v originalnim popise charakterizovan jako jednoleta rostlina (Blume 1827). To
je ale zfejmé omyl, protoze jednoletost je u téchto rostlin pravdépodobné jen zdanliva, dana
mykoheterotrofnim zptsobem Zzivota, kdy po jeho zna¢nou cast rostlina roste skryté. Ve

skutecnosti je délka Zivota u tohoto rodu zcela neznama.
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5.3 Celed’ Orchidaceae

MV

s kosmopolitnim rozsitenim vyrazné koncentrovanym do tropti (Christenhusz et al. 2017).
Tato ¢eled’ je také zdaleka druhové nejbohatsi skupinou mykoheterotrofnich rostlin Bornea.
Z ostrova je znam vyskyt nejméné 37 druhi ve 14 rodech (viz kapitola 4.1), pii¢emz je
velmi pravdépodobné, zZe se zde vyskytuji dalsi dosud nepopsané druhy. Az donedavna byl
pro ostrov uvadén také jeden endemicky rod, Kalimantanorchis Tsukaya, M. Nakaj. & H.
Okada (Tsukaya et al. 2011), ktery byl ovS§em nov€é synonymizovan s rodem Tropidia
(Ormerod & Juswara 2019, Kikuchi et al. 2020). Mykoheterotrofni Orchidaceae patii dnes
k nejméné prozkoumanym skupinam rostlin na Borneu, coz je jednak dano velkym poctem
druhii a obtiznou taxonomii nekterych skupin, ale zfejmé také faktem, ze vyzkum této
skupiny je zatizen nadmérnou administrativou. VSechny Orchidaceae jsou zafazeny na
seznamu CITES a ziskat Gfedni povoleni k praci s organismy na tomto seznamu je v zemich
jihovychodni Asie velmi slozité a Casove narocné. Také z téchto divodi je v této praci tato

skupina, ptestoze na Borneu nejbohatsi, diskutovana jen ve velmi omezeném rozsahu.

5.3.1 Rod Aphyllorchis

Rod Aphyllorchis je rozsifen v tropické a subtropické Asii a Australii (Suetsugu et al.
2018a). Na Borneu je zastoupen sedmi popsanymi druhy (POWO 2019), z nichz je zdaleka
nejhojnéjsi A. pallida (vlastni pozorovani). Zbyvajici druhy jsou vzacné a ¢tyfti z nich (A,
kemulensis, A. maliauensis, A. siantanensis a A. spiculaea) pak dokonce endemity ostrova
(Suetsugu et al. 2017, 2018a), ne¢které pravdépodobné nalezené pouze svymi objeviteli a
nikdy poté znovunalezené. Vzhledem k tomu, Ze zejména ke diive popsanym druhtim
neexistuje ani obrazovy material a typovy materidl je nezndmo kde, je velmi obtizné
jakymkoliv zpisobem interpretovat nalezy rostlin, jejichZ morfologicky popis neodpovida
je také ptipad rostliny, kterou jsme nalezli v jiznim Sarawaku (Dancak, Hrones$ et Sochor,
nepublikovano) a ktera by mohla prave pattit k jednomu z endemickych druhti (Ptiloha 1,
Tabule 4B). Zajimavy je také ze Sabahu recentné popsany endemicky druh, A. maliauensis
(Suetsugu et al. 2018a), ktery je ovsem velmi podobny druhu A. montana. Aphyllorchis
montana je uvaden z rozsahlého arealu, od Cejlonu az po Indonésii a Japonsko (Suetsugu
et al. 2018a), pficemz popsan byl z Cejlonu (Reichenbach 1876). Pfirozené se nabizi

otazka, zda rostliny z tak vzdalenych tizemi, jako je Borneo, jsou pak skute¢né identické
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S typovymi populacemi druhu a zda neni A. montana v tomto tizemi nahrazen jinymi
podobnymi druhy, stejné jako v ptfipadech jinych zde diskutovanych rodl (napf.

Burmannia a Sciaphila), jejichz zastupci byli rovnéz popsani z Cejlonu.

5.3.2 Rod Gastrodia

Gastrodia je rod sdruzujici piiblizné¢ 90 druht s Sirokym rozsifenim v Paleotropech a
presahem do subtropickych az temperatnich oblasti Asie a Australie (Bandara et al. 2020).
V Malesijské fytogeografické oblasti se vyskytuje 19 druht z toho Sest také na Borneu
(POWO 2019) a z nich dva, G. grandilabris a G. maliauensis, jsou endemické (Suetsugu
et al. 2017, 2018b). Druhy rostouci na ostrové nalezi do sekci Codonathus a Gastrodia
(sensu Schlechter 1911). Nominatni sekce je zde zastoupena pouze jednim relativné
neddvno ze severni Casti ostrova (z oblasti nejvyssi hory ostrova, Kinabalu) popsanym
druhem, G. spatulata (Wood 2008). Na ostrov¢ vSak roste jesté nejméné jeden dal$i druh
této sekce (Dancak, Hrone§ et Sochor, nepublikovano, Ptiloha 1, Tabule 4I), ktery je
s nejvetsi pravdépodobnosti nepopsany. Tento druh nalezeny v oblasti Kelabitské vyso¢iny
v severnim Sarawaku se od G. spatulata lisi zejména odlisnym tvarem pysku a utvarenim
sloupku (tedy znaky u vstavacovitych taxonomicky zasadnimi, obr. 5), ale i zbarvenim
kvétu. Kvéty G. spathulata maji bilou kvétni trubku, oranzové okvétni cipy a hnédy pysk
(Wood 2008), zatimco u nepopsan¢ho druhu ze Sarawaku jsou kvétni trubka 1 cipy okvéti
Cisté bilé a pysk ma hnédobilou barvu. Rozdily mezi obéma druhy jsou zobrazeny na
obrazku 5. Také sekce Gastrodia je na ostrové zastoupena nejméné jednim dal$im
pravdépodobné nepopsanym druhem, ktery se vyskytuje v Bruneji (Dan¢ék, Hrone§ et
Sochor, nepublikovano, Pfiloha 1, Tabule 4J). Od ostatnich druhii sekce, zejména od velmi
podobnych druhd, které maji hnédé, bankovité, z vnéjsi strany bradavicnaté okvéti, G.
grandilabris, G. maliauensis a G. sabahensis, se kromé stavby sloupku a tvaru pysku na
prvni pohled li§i velmi vyrazné vyvinutymi polStarky houbovitého pletiva na vnitini strané

postrannich okvétnich listktl (Ptiloha 1, Tabule 4J).
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Obrazek 5. Srovnani Gastrodia spathulata (1) a Gastrodia sp. nov. (2). Zieteln¢ rozdilny
je tvar pysku (Ic vs. 2¢) a tvar bliznové plochy (1d vs. 2d, oznaceno Sipkami). Kresba

ptfevzata z prace Wood (2008), foto M. Sochor.
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5.4 Celed Polygalaceae

Celed’ Polygalaceae (vitodovité) je druhové relativné pocetné Geled’ o zhruba 900 druzich
ve 26 rodech s kosmopolitnim rozsitenim (Christenhusz et al. 2017). Na Borneu je tato
Celed” zastoupena Sesti rody, pfedev§im pak stromovym rodem Xanthophyllum, jehoz
zastupcei se hojné vyskytuji v nizinnych tropickych destnych lesich (van der Meijden 1988).
Mykoheterotrofni je jen jediny rod, Epirixanthes (Merckx et al. 2013a), jehoz nejblizsi
ptibuzni, rod Salomonia, jsou pln¢ autotrofni rostliny (Mennes et al. 2015) rovnéz se

vyskytujici na Borneu (van der Meijden 1988).

5.4.1 Rod Epirixanthes

Rod Epirixanthes je rozsifen pouze v jizni a jihovychodni Asii s centrem diverzity
vV Malesijské oblasti (van der Meijden 1988, obr. 6). Je znamo jen 7 druhti rodu, pficemz 6
Z nich se vyskytuje na Borneu (Dancék et al. 2017). Tento rod je zajimavym kontrastnim
patternem rozsifeni vici vét§ing ostatnich mykoheterotrofnich rodtt Bornea, protoze jeho
zastupci jsou zpravidla Siroce rozsifené druhy nejen na tomto ostrové, ale zasahuji také do
dalsich oblasti, zejména na Sumatru a Javu. Nejrozsahlejsi areal ma druh E. elongata, ktery
roste od Indie az po Moluky (Pendry 2010). Pouze jeden z bornejskych druhi, E. confusa,
je povazovan za endemicky (Tsukaya et al. 2016). Tento druh je ale z taxonomického
hlediska problematicky, protoze je velmi podobny §iroce rozsitenému druhu E. elongata a

je mozné, ze se jedna jen o jeho varietu.

Obrazek 6. Svétové rozsiteni a diverzita rodu Epirixanthes s poétem druhd pro kazdy

region a poétem endemickych druhti v zavorce (upraveno podle Dancék et al 2017).

28



U mnoha druhii je stidle neuplné¢ zndmé jejich skute¢né rozsifeni, coz je zpusobeno
jednak malym z&jmem o bylinné patro v tropickych destnych lesich, relativni nenapadnosti
rostlin, ale také determina¢nimi omyly (viz napt. Dancék et al. 2017) vychazejicimi mj. z
vybéru ne zcela vhodnych znakt do kli¢e publikovaného v dile Flora Malesiana (van der
Meijden 1988). Jednotlivé druhy rodu jsou si navzajem velmi podobné a jejich urovani
¢ini potize, o cemz svédc¢i nejen pomérne vysoka chybovost urceni u herbatovych dokladi,
ale také chyby ve florovych dilech. Napft. v seznamu cévnatych rostlin Bruneje (Coode et
al. 1996) jsou uvedeny tii druhy (E. cylindrica, E. elongata a E. pallida), pficemz jak zjistili
Dancak et al. (2017), na Gizemi statu se vyskytuji dalsi dva druhy (E. kinabaluensis a E.
papuana) a jeden byl naopak uvadén omylem (E. pallida). Dancak et al. (2017) také
publikovali novy kli¢ k ur€ovani druhid rodu zalozeny na znacich, které jednotlivé druhy

umoznuji spolehlivé rozlisit.

5.5 Celed’ Thismiaceae

Celed” Thismiaceae je druhové relativné nepocetna &eled” jednodéloznych rostlin z fadu
Dioscoreales s pantropickym rozsitenim, tvofena vic jak 100 druhy (POWO 2019)
S kolisajicim poctem rozliSovanych rodli od 5 do 8 (viz napf. Merckx et al. 2013a,
Christenhusz et al. 2017, Merckx 2020). Vsechny rody zahrnuji vyhradné mykoheterotrofni
rostliny. Fylogenetické vztahy v ramci fadu Dioscoreales a postaveni ¢eledi Thismiaceae,
zejména jeji vztahy k Celedim Burmanniaceae a Taccaceae patii k nejdiskutovangjsim
systematickym otdzkdm poslednich desetileti (napt. Caddick et al. 2002, Merckx et al.
2009, Lam et al. 2016). Velmi Casto jsou Thismiaceae spojovany s Burmanniaceae (napf.
APG IV 2016, Christenhusz et al. 2017), se kterymi jsou ovSem ziejm& jen vzdalenc
ptibuzné (Lam et al., 2016, 2018). Nicméné i ¢eled’ Thismiaceae v soucasném pojeti je
parafyletickd, protoze nezahrnuje rod Tacca, ktery fylogeneticky stoji mezi rodem
Afrothismia a zbytkem celedi (Merckx & Smets 2014). Vychodiskem by mohlo byt
zahrnuti soucasnych Thismiaceae do Taccaceae (vzhledem k tomu, Zze toto jméno ma
nomenklatorickou prioritu). Celed’ Taccaceae oviem zahrnuje morfologicky velmi odliiné,
autotrofni rostliny, a proto takové feSeni nenachazi vS§eobecnou podporu. Dal§im feSenim
by mohlo byt odstépeni rodu Afrothismia do samostatné ¢eledi (Hunt et al. 2014, Givnish
et al. 2018). I pfesto, Ze toto feSeni se nabizi jako nejlépe odrazejici realitu, dosud nebyly
provedeny zadné nomenklatorické zmény souvisejici s vyélenénim rodu Afrothismia do

samostatné Celedi (Shepeleva et al. 2020). Celed’ Thismiaceae tak v soucasném pojeti
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odpovida tribu Thismieae, ktery v ramci ¢eledi Burmanniaceae vy¢lenil Miers (1847) a
upiesnil Jonker (1938), i kdyZ jeho vnitini Clenéni je dnes jiz pickonané a rody

Haplothismia a Tiputinia nebyly v dob¢& publikace Jonkerovy monografie znamé.

Tak, jak je diskutabilni postaveni ¢eledi v ramci fadu, neexistuji jednotné ndzory ani na
vnitini Clenéni Celedi. Napiiklad piijimany pocet rodt se 1i§i od 5 (Afrothismia,
Haplothismia, Oxygyne, Thismia a Tiputinia; napt. Stevens 2001) po 8 (Afrothismia,
Desmogymnosiphon, Geomitra, Haplothismia, Oxygyne, Scaphiophora, Thismia a
Tiputinia v praci Christenhusz et al. 2017). Jak ale ukazuji posledni studie (napt. Shepeleva
et al. 2020) rodové pojeti v ramci Celedi Thismiaceae ziejmé dozna znaénych zmén. Uz
nyni je zfejmé, ze rody Geomitra a Scaphiophora lze stézi povazovat za samostatné (Sochor
et al. 2018b) a naopak rod Thismia bude ziejmé nutné rozdé€lit na Thismia s. str. sdruzujici
druhy Starého svéta a T. americana N. Pfeiff. a rod Ophiomeris, ktery sdruzuje druhy
neotropické (Shepeleva et al. 2020). RovnéZz u rodu Oxygyne existuje moznost, ze bude
rozdélen na Oxygyne s. str. sdruzujici druhy africké a rod Saionia sdruzujici druhy asijské
(Ohashi 2015), i kdyz situaci komplikuje extrémni vzacnost africkych druhd a z toho
vyplyvajici nedostupnost studijniho materialu (Cheek et al. 2018). Jak uZ bylo diskutovano
vyse, rovnéz udrzeni rodu Afrothismia v ¢eledi Thismiaceae se dle soucasnych poznatki
zda nerealné. Vyzkum fylogenetickych vtaht uvniti i vné ¢eledi Thismiaceae je ale velmi
pomaly a komplikovany pfedevsim jiz zminénou extrémni vzacnosti mnoha druhti a s tim

spojenou nedostupnosti experimentalniho materialu.

Na Borneu je tato ¢eled’ zastoupena jen rodem Thismia (Jonker 1948).

5.5.1 Rod Thismia

Rod Thismia ¢ita (ke konci roku 2020) téméf 90 druhii (Chantanaorrapint & Seelanan 2021,
Dancak et al. 2020a, Xu et al. 2020) rozsifenych pievazné v tropické a subtropické Asii az
temperatni Australii a pfevazné tropické Americe. Jak uz bylo zminéno, v poslednich
desetiletich se hromadi dikazy, ze rod je v soucasném pojeti parafyleticky a neotropické
druhy nejsou blizce ptibuzné s druhy Starého svéta. Zda se tedy pravdépodobné, ze
v budoucnu dojde k vyclenéni neotropickych druhi do samostatného rodu Ophiomeris
Miers 1847 (viz napt. Shepeleva et al. 2020). V soucasné dob¢ by vsak takova zmeéna byla
pied¢asna, protoze neotropické druhy jsou ve fylogenetickych studiich zastoupeny pouze

jednim druhem (Thismia panamensis (Standl.) Jonker) a neni tak jasné, jaké jsou
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piibuzenské vztahy ostatnich neotropickych druhti nejen ke druhiim Starého svéta, ale ani
k Thismia panamensis. Nedavno byl také publikovan novy navrh vnitrorodového ¢lenéni
(Kumar et al. 2017), ktery nahradil ptivodni, jiz davno piekonany Jonkertv (Jonker 1938).
Toto nové Clenéni je ale z¢asti zcela umélé a nezohlediuje fylogenetické vztahy mezi
jednotlivymi druhy ¢i skupinami. To se tyka predevSim sekce Sarcosiphon, ktera nyni
sdruzuje dvé zcela nepfibuzné skupiny druhti a také sekci Rodwaya a Glaziocharis, jejichz
druhy jsou navzdjem pomichané. Tato klasifikace také nezahrnuje nékteré vyznacné nove
popsané druhy a nékteré morfologicky unikatni druhy klasifikuje do existujicich sekci.
Proto zde navrhuji nové vnitrorodové ¢lenéni pro podrod Thismia, které ma nejen oporu ve

fylogenezi rodu (Shepeleva et al. 2020), ale také reflektuje tradi¢ni skupiny.

5.5.1.1 Navrh vnitrorodového ¢lenéni Thismia subg. Thismia (= Thismia s. str.)

Tento ndvrh pfindsi nekolik zmén, které se ukazaly jako nezbytné vzhledem k prohloubeni
znalosti o fylogenetickych vztazich uvniti rodu a objeviim novych druhi, nezatraditelnych
do soucasniho systému. Hlavni zménou je vymezeni novych skeci Mirabilis a Minuta, pro
indo¢inské druhy z pfibuzenstva druhu T. mirabilis a druh T. minutissima z Bornea.
Obnovena byla sekce Labiothismia pro druhy s vyrazné asymetrickymi kvéty. Pro skupinu
Odoardoa je nove narhovan rank sekce (namisto podeskce) a pro skupinu Geomitra rank

podsekce sekce Sarcosiphon.

Thismia subg. Thismia

Typovy druh: Thismia brunonis Griff.

Thismia subg. Thismia sect. Glaziocharis (Taub. ex Warm.) Hatus.

Diagnostické znaky: chybi interstaminalni Zlazy a bo¢ni ptivések konektivu, sténa
hypanthia bez pti¢nych piehradek; rozsifeni ve vychodni Asii a Sev. Americe (obr. 8).
Typovy druh: Thismia abei Hatus.

Ostatni druhy: Thismia americana, T. gongshanensis Hong Qing Li & Y. K. Bi, T.
huangii P. Y. Jiang & T. H. Hsieh, T. kobensis Suetsugu, T. nigricoronata Kumar & S.
W. Gale, T. taiwanensis Sheng Z. Yang, R. M. K. Saunders & C. J. Hsu, T. thaithongiana
Chantanaorr. & Suddee, T. tuberculata Hatus.
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Sekce Glaziocharis v pojeti piijatém v této praci je ve vétSiné recentnich fylogenetickych
studii jednim z hlavnich kladt rodu a v ramci podrodu Thismia jeho bazalni skupinou (viz
napt. Sochor et al. 2018b, Shepeleva et al. 2020, obr. 7). Tomu pak odporuje vymezeni
sekce tak, jak byla provedena v praci autorského kolektivu Kumar et al. (2017), protoze
zahrnuje i jeden druh (T. clavarioides K. R. Thiele), ktery ve zde piijatém vymezeni nalezi
do sekce Rodwaya, a sekce Rodwaya naopak obsahuje dva druhy (T. americana a T.
huangii), které jsou zde zatazeny do sekce Glaziocharis. Pro druh T. americana neexistuji
molekularni data, ale na zdkladé¢ morfologie, zejména absence interstaminalnich zlaz a

bo¢niho ptivésku konektivu, je jeji piislusnost do sekce Glaziocharis zjevna.

Thismia subg. Thismia sect. Rodwaya (Schitr.) Jonker

Diagnostické znaky: vnitini okvétni listky srostlé v mitru, koteny plazivé, nenahloucené,
vnéj$i okvétni listky s pfivésky, bo¢ni piivések konektivu ve tvaru kiesla; rozsifeni
V Australii a na Novém Zélandé¢ (obr. 8).

Typovy druh: Thismia rodwayi F. Muell.

Ostatni druhy: Thismia clavarioides, T. hillii (Cheeseman) N. Pfeiff., T. megalongensis
C. A. Hunt, G. Steenbee. & V. Merckx.

Tato sekce je ve zde pfijatém vymezeni tvofena Ctyfmi druhy s australsko-
novozélandskym rozsifenim (obr. 8). VéEtSinou do této sekee byl diive fazen (napt. Jonker
1938, Kumar et al. 2017) i vyhynuly severoamericky druh T. americana, ktery ale sdili
zakladni diagnostické znaky (zejména absence interstaminalnich 714z a bo¢niho ptivésku

konektivu) s druhy sekce Glaziocharis, a je proto ve zde piijatém pojeti jeji soucasti.

Thismia subg. Thismia sect. Minuta, ined.

Diagnostické znaky: vnitini okvétni listky srostlé v mitru, kofeny plazivé, nenahloucené,
vnéjsi okvétni listky bez piiveéski, bocni piivések konektivu ve tvaru rybiho ocasu;
rozsifeni na Borneu (obr. 8).

Typovy druh: Thismia minutissima (monotypicka sekce).

Tato sekce zahrnuje pouze jediny morfologicky unikatni druh z Bornea. Nejpodobnéjsi je
druhim sekce Rodwaya, od kterych se lisi dobfe vyvinutou lodyhou a tvarem boc¢niho
ptivésku konektivu (ktery je pro T. minutissima jedine¢ny). Tento druh také ve

fylogenetickych rekonstrukcich obvykle tvofi samostatnou vétev (obr. 7).
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Obrazek 7. Fylogram rodu Thismia zaloZzeny na tfilokusovém datasetu (ITS+18S+atpl;
hodnoty posteriornich pravdépodobnosti jsou uvedeny nad jednotlivymi vétvemi)
s vyznacenim sekci v pojeti navrzeném v této praci. Pfevzato a upraveno z Shepeleva et al.
(2020). Vsechny zde vymezené sekce s vyjimkou sekce Thismia tvoii monofyletické

skupiny. Chybi zastupci sekce Labiothismia, ktera je ale velmi vyhranéna morfologicky.
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Obrazek 8. Rozsiteni sekci Thismia subg. Thismia v Asii a Australii. Modfe — sect.
Glaziocharis (areal druhu T. americana nezobrazen); Cervend — sect. Rodwaya; Zelen& —
sect. Sarcosiphon; Zluté — sect. Mirabilis; Bile — sect. Odoardoa; Hnédé — sect. Thismia;
Fialové — sect. Labiothismia; Cerné — sect. Minuta; Oranzové — 1 T. aurantiaca, 2 T.
jianfenglinensis, 3 T. terengganuensis.

Thismia subg. Thismia sect. Sarcosiphon (Blume) Jonker

Diagnostické znaky: vnitini okvétni listky srostlé v mitru, kofeny koraloidni; rozsifeni v

Malesii a severni Australii (obr. 8).

Subsect. Sarcosiphon

Diagnostické znaky: konektivy na vnitini stran¢ bez podélného Zebra, vnéjsi okvétni
listky chybéji.

Typovy druh: Thismia clandestina Migq.
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Ostatni druhy: Thismia acuminata, T. brunneomitra, T. brunneomitroides Suetsugu
& Tsukaya, T. crocea (Becc.) J. J. Sm., T. episcopalis, T. laevis, T. lanternata W. E.
Cooper, T. nigra, T. verstegii J. J. Sm.

Subsect. Geomitra [Becc. (1878: 250) pro genus], ined.

Diagnostické znaky: konektivy na vnitini stran¢ s vyraznym podélnym Zebrem, vnéjsi
okvétni listky vyvinuty.

Typovy druh: Thismia clavigera.

Ostatni druhy: Thismia betung-kerihunensis, T. clavigeroides Chantanaorr. &
Seelanan, T. goodii, T. kelabitiana, T. kelantanensis Siti-Munirah, T. coronata, T.

sumatrana Suetsugu & Tsukaya.

Druhy s nejistym zafazenim do podsekci: Thismia appendiculata Schltr., T. gigantea
(Jonker) Hrones, T. hawkesii W. E. Cooper, T. tectipora Cowie, T. viridistriata, T.

yorkensis Cribb.

Vyznamnou synapomorfii sekce Sarcosiphon je koraloidni kofenova soustava, ktera se
nevyskytuje u zadné jiné skupiny rodu (Shepeleva et al. 2020). Nezafazené druhy Thismia
appendiculata, T. gigantea, T. hawkesii, T. tectipora a T. viridistriata se vyznacuji
k vytvofeni samostatné sekce ¢i dokonce rodu Scaphiophora (viz napt. Schlechter 1921,
Jonker 1938, Jonker 1948, Kumar et al. 2017), jak ale prokazali Sochor et al. (2018b) a
Shepeleva et al. (2020), tento znak snejvétsi pravdépodobnosti neni systematicky
vyznamny. Mnohem vétsi vahu ma naopak charakter kotenové soustavy, ktera je u téchto
druhti koraloidni. Proto jsou ve zde ptijatém pojeti soucasti sekce Sarcosiphon, spole¢né
se vSemi ostatnimi druhy s koraloidni kofenovou soustavou. Soucasny stav poznani
nicméné neumoziuje jejich jednoznac¢né zafazeni ani do jedné ze dvou vyse uvedenych
subsekci. Jednou z moznych variant je také vytvofeni samostatné podskece, kera by tyto
druhy sdruzovala. Posledni nezatazeny druh, T. yorkensis, kombinuje znaky obou vyse
uvedenych podsekci (piitomost vnéjsich okvétnich listkti charakteristicka pro subsect.
Geomitra a hladké vnitini stény konektivi charakteristické pro subsekci Sarcosiphon).
Sekce Sarcosiphon zasahuje z Filipin a Malajského polostrova az do severni Australie a
ma tak nejvetsi areal ze vsech sekci podrodu (obr. 8), pomineme-li to, ze sekce

Glaziocharis zasahuje diky druhu T. americana az do Severni Ameriky.
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Thismia subg. Thismia sect. Mirabilis, ined.

Diagnostické znaky: vnitini okvétni listky srostlé v mitru, kofeny plazivé, nenahloucené,
vnéjsi okvétni listky bez ptivéskl, usti kvétni trubky vyrazné konvexni; rozsiteni
V Indociné (obr. 8).

Typovy druh: Thismia mirabilis K. Larsen.

Ostatni druhy: Thismia angustimitra Chantanaorr., T. mucronata Nuraliev, T. nigricans
Chantanaorr. & Sridith, T. okhaensis Luu, Tich, G. Tran & Dinh, T. puberula Nuraliev,
T. submucronata Chantanaorr., Tetsana & Tripetch.

Druhy této sekce zacaly byt objevovany teprve az ve druhé poloviné 20. stoleti a jako
uplné prvni byla popsana Thismia mirabilis v roce 1965 (Larsen 1965). Nemohly se proto
objevit v zadném piechozim vnitinim ¢lenéni rodu. Jako prvni tyto druhy do
vnitrorodového ¢lenéni proto zaradili az Kumar et al. (2017), bohuzel ale zcela nevhodné
do sekce Sarcosiphon, se kterou nejsou blizce pfibuzné (viz napf. Shepeleva et al. 2020,
obr. 7). Vzhledem k tomu, ze tvoii morfologicky unikatni skupinu s jasné definovanym
aredlem a i ve fylogenetickych rekonstrukcich formuji monofyletickou skupinu a jeden

Z hlavnich kladid rodu (Shepeleva et al. 2020), je zjevné, Ze tvoti vlastni svébytnou sekci.

Thismia subg. Thismia sect. Odoardoa Schltr.

Diagnostické znaky: vSechny okvétni listky nesrostlé, s piivésky; rozsifeni na Borneu,

Sumatie a v Indoc¢ing (obr. 8).

Subsect. Odoardoa

Diagnostické znaky: vSechny okvétni listky stejného tvaru a velikosti.

Typovy druh: Thismia aseroe Becc.

Ostatni druhy: Thismia alba Holttum ex Jonker, T. annamensis K. Larsen & Aver.,
T. bifida, T. bryndonei, T. chrysops Ridl., T. claviformis Chantanaorr. & J. Wai, T.
cornuta, T. domei Siti-Munirah, T. filiformis Chantanaorr., T. fumida Ridl., T.
grandiflora Ridl., T. hexagona, T. inconspicua, T. kinabaluensis, T. lauriana, T.

mullerensis , T. ophiuris, T. ornata, T. pallida, T. racemosa Ridl.

Subsect. Sarawakia [Schltr. (1921: 35) pro sectione], ined.
Diagnostické znaky: vnéjsi okvétni listky jiného tvaru a velikosti neZ vnitini.

Typovy druh: Thismia neptunis (monotypicka podsekce)
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Sekce Odoardoa je jedna z tradi¢nich sekci (popt. podsekci) rodu, ktera je zaroven dobie
morfologicky i geneticky vymezena. Ve fylogenetickych rekonstrukcich rodu obvykle
tvoti jeden z jeho hlavnich kladd (viz napt. Sochor et al. 2018b, Shepeleva et al. 2020,
obr. 7). Z fytogeografického hlediska ma vyrazna centra diverzity na Borneu a Malajském
polostrové. Zajimavé je postaveni druhu Thismia neptunis, ktery byl diive povazovan za
soucast sekce Thismia (= Brunonithismia), a byl by tedy jedinym znamym druhem této
skupiny na Borneu. Geneticky je ovSem tento druh sptiznén s druhy sekce Odoardoa, a
proto je zde zatazen v této sekci a vzhledem k tomu, Ze je morfologicky unikatni, byla
pro n¢j vyhrazena samostatna subsekce Sarawakia, kterou jako samostatnou skupinu
(sekei) vyclenil uz Schlechter (1921).

Thismia subg. Thismia sect. Thismia [=subsect. Brunonithismia Jonker (1938: 242)]

Diagnostické znaky: vSechny okvétni listky nesrostlé, vnéjsi okvétni listky bez privéski;
rozsiteni Cejlon, Indo¢ina, Sumatra, Java, jizni Cina (obr. 8).

Typovy druh: Thismia brunonis Griff.

Ostatni druhy: Thismia arachnites Ridl., T. bokorensis Suetsugu & Tsukaya, T.
breviappendiculata Nob. Tanaka, T. gardneriana Hook. f. ex Thwaites, T. hong-
kongensis Mar & R. M. K. Saunders, T. javanica J. J. Sm., T. tentaculata K. Larsen &
Aver.

systematické postaveni pravdépodobné jesté dozna dalSich zmén. Ve fylogenetickych
rekonstrukcich rodu zaloZzenych na riznych molekularnich markerech ¢i jejich
kombinacich jsou zastupci této sekce obvykle jen chudé zastoupeni a jejich pozice je
navic nejasna (obr. 7), coz je zfejmé zplsobeno tim, Ze pouzité markery u této skupiny
nenesou fylogeneticky signal. Tato sekce je zde tedy vymezend zejména na zaklade
morfologie. Jediny druh, ktery se pon¢kud morfologicky vymyka je T. hongkongensis,
ten je ovSem fylogeneticky zjevné spfiznény s T. tentaculata, tedy druhem s typickym

vzhledem pro tuto sekci.

Thismia subg. Thismia sect. Labiothismia J. J. Smith
Diagnostické znaky: kvéty vyrazn€ zygomorfni, Gsti kvétni trubky umisténé bocné,
bocni ptivések konektivu a interstaminalni Z14zy chybi; rozsifeni v Indii, na Sumatie a

Malajském poloostrové (obr. 8).
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Typovy druh: Thismia labiata J. J. Smith.

Ostatni druhy: Thismia sahyadrica Sujanapal, Robi & Dantas.

Sekce Labiothismia, piestoze byla popsana uz v roce 1927 (Smith 1927), nebyla uznavana
ani monografem rodu Jonkerem (Jonker 1938), ani nebyla pfijata v nejnovéjSim
vnitrorodovém clenéni (Kumar et al. 2017). Dva druhy, které jsou do ni zafazené v této
praci, jsou ale natolik morfologicky specifické, Ze by je nebylo mozné zaradit do zadné
jiné sekce. Kromé sekce Glaziocharis je to jedina skupina rodu, které chybi postranni
piivésky konektivii a interstaminalni zlazy. To pfirozené¢ vede k otazce, zda tyto dvé
skupiny nejsou né¢jak blize spriznéné. Presto, Ze toto nelze vyloucit, nebot’ ve
fylogenetickych rekonstrukcich rodu se dosud zadny druh sekce Labiothismia neobjevil,
je vyrazné zygomorfni stavba kvétu s postrannim ustim u celého podrodu naprosto

vyjime¢ny znak.

Druhy nezarazené do Zadné ze sekci

Thismia aurantiaca Hareesh & M. Sabu
Thismia jianfenglinensis Han Xu, H. J. Yang & S. Q. Fang

Thismia terengganuensis Siti-Munirah

Nezatazené druhy, vSechny popsané v poslednich letech, ptedstavuji morfologicky
unikatni typy, jejichz zatazeni do existujici vnitrorodové klasifikace neni mozné jen na
zaklad¢é morfologie. Druh Thismia terengganuensis (Siti-Munirah & Dome 2019) by mohl
patiit do sekce Thismia, i kdyz jeho morfologicka stavba je dosti jedine¢na, predevsim
V tom, Ze jeho vnitini okvétni listky tvofi mitru. Zcela unikatni jsou pak dalsi dva druhy, T.
aurantiaca (Hareesh et al. 2018) a T. jianfenglinensis (Xu et al. 2020), které jsou ziejmé

fylogeneticky izolované a mohly by tak tvofit vlastni sekce.

5.5.1.2 Kli¢ k urc¢eni sekci a podsekci Thismia subg. Thismia

Vyse vymezené sekce podrodu Thismia je mozné urcit dle nasledujiciho klice.

la Bo¢ni piivések konektivu a interstamindlni z1azy chybéji ... 2
1b Bo¢ni ptivések konektivu a interstamindlni zlazy pfitomny ... 3

2a Kvéty vyrazné zygomorfni ... sect. Labiothismia
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2b Kvéty aktinomorfni ... sect. Glaziocharis
3a Kofenovy systém koraloidni; vnitini okvétni listky srostlé v mitru ... sect. Sarcosiphon

Ola Vnitini strana konektivu bez vyrazné¢ho podélného zebra; vngjsi okvétni listky

chybéji; vrchol mitry vzdy bez piivéska (> 2 mm) ... subsect. Sarcosiphon

01b Vnitini strana konektivu s vyraznym podélnym zebrem; vnéj$i okvétni listky

ptitomny, vrchol mitry bez nebo s piivésky ... subsect. Geomitra

3b Kofenovy systém tvofeny chudé vétvenymi plazivymi kofeny; vnitini okvétni listky

volné nebo srostlé ... 4
4a Vsechny okvétni listky volné, opatiené piivésky ... sect. Odoardoa

0la Vsechny okvétni listky stejného tvaru a velikosti ... subsect. Odoardoa

01b Vnitini okvétni listky se tvarem a velikosti 1i§i od vnéjsich ... subsect. Sarawakia
4b Okvétni listky volné nebo srostlé, ale pokud volné, pak vnéjsi bez ptivéska ... 5

5a Vnitini okvétni listky volné, rozestalé nebo se nad ustim kvétu prekryvajici ale nesrostlé,
vzdy opattené piivésky; vnéjsi okvétni listky (tvarem a velikosti odlisné od vnitinich) vzdy

bez ptivésku ... sect. Thismia

5b Vnitini okvétni listky srostlé v mitru, bez nebo s ptivésky; vnéjsi okvétni listky bez nebo

s piivésky ... 6

6a Usti kvétni trubky vyrazné konvexni; vrchol mitry bez ptivéski, nékdy s napadnymi

jamkami ... sect. Mirabilis

6b Usti kvétni trubky +ploché; vrchol mitry s alespoi kratkymi piivésky, vzdy bez jamek
T

7a Bo¢ni priveések konektivu ve tvaru rybiho ocasu ... sect. Minuta

7b Bo¢ni ptivések konektivu ve tvaru kfesla ... sect. Rodwaya

3.5.1.3. Rod Thismia na Borneu

Na Borneu je v soucasnosti (rok 2020) znam vyskyt 25 druhti rodu (Dancék et al. 2020a,
2020b) a dalsich dvou druhovych agregati (Dancak et al. 2019), pficemz jesté v roce 2012
to bylo jen osm druhii. Za poslednich 8 let se tedy pocet znamych druhli ostrova vic jak

ztrojnasobil. Naptiklad jen pro Brunejsky sultanat, ktery zaujima zlomek rozlohy Bornea,
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byly objeveny ¢tyfi druhy (Dancék et al. 2013, Hrones et al. 2015, Sochor et al. 2017,
Dancak et al. 2019), pficemz pied rokem 2013 z této zemé nebyl vyskyt rodu viibec znam
(cf. Coode et al. 1996). Na ostrové byla rovnéz objevena fada novych lokalit druhi diive
povaZovanych za stenoendemické ¢i dokonce vyhynulé (Dancak et al. 2020c). Aktualni

stav rozsifeni jednotlivych druhii rodu na Borneu je patrny z obr. 9.

Obrézek 9. Rozsiteni druhti rodu Thismia na Borneu. A T acuminata, o T. aseroe
agg., AT betung-kerihunensis, AT bifida, AT brunneomitra, AT bryndonei,
AT clavigera, AT cornuta, Q7 coronata, @r episcopalis, X7 filiformis agg.,
Or goodii, @r hexagona (incl. grandiflora), Or inconspicua, Or kelabitiana,
@ kinabaluensis, O T laevis, s lauriana, * T minutissima, N mullerensis,

M neptunis, E 7 nigra, H 7 ophiuris, *x 7 ornata, N pallida, U 7 viridi-
striata. Upraveno podle Danc¢dk & Hrones (2019) a Dancak et al. (2020c). Zahrnuty
jsou jen popsané druhy a druhové agregaty.
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Ptestoze poctem druht je Borneo globalné nejbohatSim uzemim (Dancék et al. 2020a),
fylogenetické diverzita v rdmci rodu je na tomto ostrové o néco nizsi, nez je v sousednich
oblastech lezicich zapadnim smérem. Na Borneo zasahuji jen tii sekce rodu, ptfitom
napiiklad do severni ¢asti Sumatry a na Malajsky poloostrov zasahuji 4 sekce (obr. 8).
Zajimava je absence sekce Thismia na Borneu, protoze tato sekce je zastoupena na Javeé,
Sumatife 1 Malajském poloostroveé, tedy v tizemich, jejichz flora je fytogeograficky
s Borneem blizce spjatd. Dominantni sekci je zde sekce Odoardoa, ktera je zastoupena 13
popsanymi druhy. Pro ostrov je pak endemicka jeji podsekce Sarawakia, zastoupena
druhem T. neptunis. Po¢tem druhti pak nasleduje sekce Sarcosiphon s 11 popsanymi druhy,
pficemz na ostroveé jsou zastoupeny ob¢ jeji podsekce i nezatazeny druh T. viridistriata.
Jak sekce Odoardoa, tak sekce Sarcosiphon maji centra diverzity pravé na Borneu. Tteti

sekce zastoupena na ostrové je endemicka a monotypicka sekce Minuta.

Sougasnych 25 druhii rodu zndmych z Bornea jisté neni kone¢né &islo. Rada oblasti
ostrova zustdva neprozkoumand a nalezy novych druhti Ize ocekavat i v relativné
prozkoumanych a dobie pfistupnych oblastech, jak doklad4 napt. popis druhu T. ornata
(Dancak et al. 2020a) jehoz typova lokalita lezi jen 20 km od velkomésta Kuching,
v narodnim parku Kubah, kde puisobila fada botanikt, po¢inaje O. Beccarim v letech 1865
1868 (Sochor et al. 2018a).

5.5.1.4 Kli¢ k rodu Thismia na Borneu

Vzhledem k tomu, Ze posledni tplny kli¢ pro uréeni druhti rodu na Borneu byl publikovan
v roce 2017 (Sochor et al. 2017) bylo potieba sestavit novy kli¢ doplnény o 12 druht
popsanych z ostrova od roku 2017.

la Okvétni listky volné, navzajem nesrostlé; kofeny plazivé, nenahloucené ... 2

1b Alespon nékteré okvétni listky srostlé nad Gstim kvétni trubky; kofeny nahloucené,

koraloidni nebo nenahloucené, plazivé ... 14
2a V8echny okvétni listky stejného tvaru a velikosti ... 3

2b Vnitini a vn&j$i okvétni listky se vyrazné 1isi tvarem i velikosti, vnéj$i na bazi
svybézkem ve tvaru dripu sméfujicim do usti kvétni trubky a velmi dlouhymi

vzptimenymi piivésky ... Thismia neptunis
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3a Mezi okvétnimi listky vyrista z okraje kvétni trubky 6 kratkych, ale ztfetelnych zoubkt

.4
3b Mezi okvétnimi listky nejsou zadné zoubky ptitomny ... 5
4a Sténa kvétni trubky s pfiénymi piehradkami ... Thismia aseroe agg.
4b Sténa kvétni trubky bez pfi¢nych piehradek ... Thismia ophiuris

5a Rostliny bezlodyzné nebo s lodyhou krat$i nez 1,5 cm; kvétni trubka vyrazné esovité

prohnutd ... 6

5b Rostliny obvykle se zietelné vyvinutou lodyhou delsi nez 1,5 cm; kvétni trubka pfima

nebo jen nevyrazné prohnuta ... 8

6a Kvétni trubka cca 15 mm dlouha; okvéti bilé v horni ¢asti s 12 svétle rizovymi prouzky,

usti kvétni trubky rizové; na vrcholu konektivu dva ptivésky ... T. cornuta

6b Kvétni trubka cca 7 mm dlouhd; okvéti svétle modré nebo hnédé, usti kvétni trubky

oranzové nebo hnédooranzové; na vrcholu konektivu 3-4 ptivésky ... 7

7a Okvéti svétle modré; privésky okvétnich listkli cca 6 mm dlouhé; na vrcholu konektivu

3 ptivésky ... T. kinabaluensis

7b Okvéti hnédé; piivésky okvétnich listkii cca 2 mm dlouhé; na vrcholu konektivu 4

ptivésky ... T. inconspicua

8a Vnitini strana kvétni trubky pokryta vyraznou oranzové zbarvenou sitkou, piicné

prehradky ve sténé kvétni trubky chybi ... Thismia ornata

8b Vnitini strana okvéti neni pokryta sitkou, pficné piehradky ve sténé kvétni trubky

vyvinuty nebo chybi ... 9

9a Vrchol konektivi se 2 pfivésky ... 10

9b Vrchol konektivi se 3 a vice ptiveésky ... 12

10a Ptivésky okvétnich listki az 70 mm dlouhé ... T. lauriana
10b Piivésky okvétnich listkl krat§i nez 20 mm ... 11

11a Kvétni trubka bila se svétle oranZovymi pruhy, ptivésky okvétnich listkli 10-11 mm
dlouhé¢; usti kvétni trubky je lemovano vyniklym tupé Sestihrannym prstencem ... T.

bryndonei
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11b Kvétni trubka bild s hnédofialovymi pruhy; piivésky okvétnich listkii cca 17 mm

dlouhé; Gsti kvétni trubky neni lemovano vyniklym prstencem ... T. mullerensis

12a Vrchol konektivil s nejméné 4 piivésky; usti kvétu lemovano vyniklym Sestihrannym

prstencem ... T. hexagona
01la Privésky okvétnich listkii 7-18 mm dlouhé ... T. hexagona var. hexagona
01b Privésky okvétnich listkti 29-43 mm dlouhé ... T. hexagona var. grandiflora

12b Vrchol konektivi s 3 nebo 5 privésky, Usti kvétu neni lemovano vyniklym

Sestihrannym prstencem (T. filiformis agg.) ... 13

13a Okvétni listky bez ptivéskli cca 5 mm dlouhé, ptivésky okvétnich listkt kratsi jak 5
mm, vrchol konektivu s 5 ptivésky ... T. pallida

13b Okvétni listky bez ptivéska 2-2,5 mm dlouhé, piivésky okvétnich listkd cca 15 mm
dlouhé, vrchol konektivu s 3 ptivésky ... T. bifida

14a Kofeny nenahloucené, plazivé; stonky 1 kvétni a plodni stopky bilé; kvéty bez priveéski

6-9 mm dlouhé; bo¢ni ptivések konektivu tvaru rybiho ocasu ... T. minutissima

14b Koteny koraloidni; stonky i kvétni a plodni stopky svétle az tmaveé hnédé; kvéty bez

privéska 10-28 mm dlouhé; bocni piivések konektivu tvaru kiesla ... 15
15a. Vrchol mitry s 1-3 piivésky zietelné del§imi nez 2 mm ... 16

15b. Vrchol mitry bez ptivéski nebo jen velmi kratkymi do 2 mm dlouhymi vystupky ...
18

16a. Vrchol mitry se 3 ptivésky ... 17

16b. Vrchol mitry s 1 pfivéskem (sloupkem), né€kdy na vrcholu trojlaloénym ... T.

viridistriata

17a. Okvéti zlutooranzové az rizove Cervené; vrchol konektivu trojuhelnikovity, Spicaty

... T. clavigera

17b. Okvéti modrozelené; vrchol konektivu okrouhly az mélce vykrojeny ... T. betung-

kerihunensis
18a. Vnéjsi okvétni listky pfitomny ... 19
18b. Vn¢jsi okvétni listky neptitomny ... 21
19a. Mitra jasn¢ modra nebo modrozelena ... T. goodii
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19b. Mitra oranzova nebo Zlutd az Zlutavé hnéda ... 20
20a Vnéjsi okvétni listky celokrajné s jedinym kratkym zubem ve stfedu ... T. coronata
20b Vngéjsi okvétni listky diipené ... T. kelabitiana

21a Semenik, zebra kvétni trubky 1 mitry pokryté bradavi¢natymi vyrustky; Zebra na vnitini
stran¢ okvéti vyrazné vystoupla a z¢asti odtrzena od stény trubky ... Thismia viridistriata
21b Semenik, zebra kvétni trubky ani mitry nejsou pokryté bradavi¢natymi vyrastky; zebra

na vnitini strané okvéeti nejsou vystoupld ani z¢asti odtrzend od stény trubky ... 22
22a. Bo¢ni ptivések konektivu zietelné presahuje vrchol konektivu ... 23
22b. Bo¢ni piivések konektivu neptesahuje vrchol konektivu ... 24

23a. Kvéty 13—-17 mm dlouhé; vrchol konektivu s 2 Sirokymi, tupé trojuhelnikovitymi
postrannimi laloky a jednim tizce trojahelnikovitym prostfednim lalokem, kazdy lalok

se $tétickou zlaznatych chlupt ... T. brunneomitra

23b. Kvéty 10-12 mm dlouhé; vrchol konektivu s 2 drobnymi postrannimi laloky a
nékolika dlouhymi jednoduchymi prahlednymi chlupy uprostied ... T. nigra

24a. Vrchol konektivu mélce vykrojeny, zcela hladky bez chlupi ¢i zubu ... T. laevis
24b. Vrchol konektivu nevykrojeny, chlupaty nebo zubaty ... 25

25a. Vrchol konektivu husté chlupaty az plstnaty s 4-5 kratkymi laloky nepravidelného

tvaru; okvéti v riznych odstinech hnédé ... T. acuminata

25b. Vrchol konektivu lysy az fidce chlupaty s 3 Spicatymi trojihelnikovitymi zuby; okvéti

Zlutooranzové ... T. episcopalis

5.6 Celed’ Triuridaceae

Celed’ Triuridaceae je druhové nepodetna &eled’ o zhruba 60 druzich rozsitena v tropech
celého svéta a lokalné zasahujici az do subtropickych oblasti (Maas & Riibsamen 1986,
Maas-van de Kamer & Weustenfeld 1998). Zahrnuje vyhradné mykoheterotrofni rostliny
obvykle velmi malé velikosti (Merckx et al. 2013a). Ackoli centrum jeji taxonomické
diverzity lezi v Neotropické oblasti (Sest rodi z celkovych osmi), druhova diverzita je
nejvyssi v jihovychodni Asii (30 druhit), kde se vyskytuji pouze zastupci jediného rodu,
Sciaphila (van de Meerendonk 1984).
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5.6.1 Rod Sciaphila

vvvvvv

mykoheterotrofnich rostlin Bornea (Dancak et al. 2020). To je dano jednak redukovanou
stavbou jejich téla umocnénou malou velikosti a pak také neudrzitelnym taxonomickym
konceptem ptijatym ve stézejnim dile Flora Malesiana (van de Meerendonk 1984, Suetsugu
et al. 2020c). Taxonomicky vyznamné znaky téchto rostlin jsou v pfevazné mife na
kvétech, které dosahuji velikosti jen nékolika milimetrd, pfi¢emz napiiklad praSniky,
jejichz stavba je zasadni, méfi obvykle mén¢ jak 1 mm. Navic rostliny ¢asto tvofi jen jeden
¢i dva kvéty, které 1ze pro ur¢eni nebo popis vyuzit a ty jsou navic u herbarovych polozek

neziidka zdeformované ¢i poskozené.

Z Malesijské oblasti bylo celkem popsano nékolik desitek druhi, zna¢na ¢ast z nich ale
nebyla pozdé&ji, v dile Flora Malesiana, akceptovana a jsou uvedena pouze jako synonyma
14 akceptovanych druht (van de Meerendonk 1984). V tomto pojeti jsou pak nékteré druhy
extrémné variabilni a maji rozsahlé arealy. Typickym piikladem je druh Sciaphila
secundiflora pospany z Cejlonu a dle dila Flora Malesiana rozsifeny od Cejlonu na zapadé
po Japonsko a Koreu na severu a Salamounovy ostrovy na vychod& (van de Meerendonk
1984, Ohashi et al. 2008). V ramci tohoto arealu jsou pak rostliny pfitazované k tomu druhu
velmi variabilni a s velkou pravdépodobnosti jde v nékterych ptipadech spise o samostatné
druhy (viz napf. Suetsugu et al. 2019, Suetsugu et al. 2020c). V piipad¢ Bornea se s velkou
pravdépodobnosti jedna o nejméné tfi svébytné druhy, pticemz prava S. secundiflora se zde
viibec vyskytuje (Dancék et al. 2020). Jednim z téchto druhti je Sciaphila major, popsana
O. Beccarim ze Sarawaku (Suetsugu et al. 2020c) ¢i Sciaphila atra recentné popsana rovnéz
ze Sarawaku (Dancédk et al. 2020). Jak se ukazuje také na nékolika recentné popsanych
druzich, jez jsou endemiti relativné malych tzemi (Suetsugu et al. 2016, Suetsugu &
Nishioka 2017, Suetsugu & Kinoshita 2020), rozsahlé¢ arealy zahrnujici rizné
fytogeografické oblasti zifejmé nebudou u tohoto rodu pravidlem. Dalsi piekazkou
komplikujici taxonomické studium rodu je fakt, ze soucasna taxonomie stale z velké ¢asti
stoji na analyze morfologie rostlin a prozatim nevyuziva molekularnich markera (ale viz
napt. Suetsugu et al. 2019). Bez jejich vyuziti bude stézi mozné piikrocit k revizi rodu nejen
v Malesii ale i v mnohem mensich uzemich. To se tyka i Bornea, které patii vedle Nové

Guineje a jizniho Japonska s vice jak 10 druhy k centrim diverzity rodu (obr. 10).
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Obrazek 10. Druhova diverzita rodu Sciaphila v asijské ¢asti arealu (zkompilovano dle
POWO 2019 a vlastnich dat).

Na Borneu je v soucasnosti znam vyskyt 13 popsanych druhti rodu, ztoho je 8
endemickych (POWO 2019). Né&kolik z téchto druhli bylo popsano aZ v poslednich 10
letech, i kdyz ptirastek druhd neni taky vyrazny jako u pfedchoziho rodu Thismia.
Z ostrova jsou ale uvadény také druhy, jejichz vyskyt je pfinejmensim nejisty. Krome vyse
zminéného druhu S. secundiflora je to také S. thaidanica (Tsukaya & Okada 2013), druh
popsany z Thajska (Larsen 1961). Jak diskutuji Dancak et al. (2020), rostliny, na nichz je
tento udaj zalozen, pravdépodobné nejsou totozné se S. thaidanica, ale patii k jinému
(ztejm¢ nepopsanému) druhu, ktery je znam také z Bruneje, kde byl mylné oznac¢ovan

jménem S. secundiflora (Coode et al. 1996).

5.6.1.1 Kli¢ k uréeni druhi rodu Sciaphila na Borneu

Tento kli¢ je pfevzat a upraven z prace Dancéak et al. (2020). Nezahrnuje dva druhy (S.

thaidanica a S. secundiflora), jejichz vyskyt na Borneu neni jisty a naopak zahrnuje i dosud
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taxonomicky nejasny (ziejmé nepopsany) druh uvadény z Bornea pod jmény S. thaidanica

a S. secundiflora (zde je pojmenovan pracovnim jménem Sciaphila sp. Brunei).

la Rostliny s kvéty oboupohlavnymi i jednopohlavnymi ... 2

1b Rostliny s vyhradn¢ jednopohlavnymi kvéty ... 4

2a Okvétni listky 4(-5); ty¢inky 2 ... S. betung-kerihunensis

2b Okvétnich listkt 6; ty¢inky 3-6 ... 3

3a Sam¢i i oboupohlavné kvéty se 3 ty¢inkami ... S. maculata

3b Samdi kvéty s 6 ty¢inkami, oboupohlavné kvéty s (3-)6 ty¢inkami ... S. tenella
4a. Sam¢i kvéty s 6 ty¢inkami ... S. densiflora

4b. Samci kvéty s 2-3 tyCinkami ... 5

5a. Okvétni listky sam¢ich kvéth na vrcholu lysé ... 6

5b. Okvétni listky saméich kvéth na vrcholu chlupaté ... 10

6a. Cnélka vyrista tésné pod vrcholem semeniku, za plodu zietelné delsi nez semenik;

okvétni listky samcich kvéti na vrcholu kyjovité ztloustlé ... S. arfakiana

6b. Cnélka vyrustd z baze nebo boku semeniku, za plodu zieteln¢ kratS$i nez semenik;

okvétni listky samcich kvéti na vrcholu neztloustlé, Spicaté ... 7

7a. Samci kvéty s Cetnymi bradav¢itymi pistillodii; rostliny 3,5-7 cm vysoké, tmavé

fialové, kvéty téméef Cerné ... S. atra

7b. Sam¢i kvéty bez pistillodii; rostliny obvykle 7-30(-35) cm vysoké, bilé nebo

¢ervenofialové ... 8

8a PIn¢ rozkvetlé kvéty v priméru 6-8 mm; rostliny obvykle bilé, vzacné svétle

cervenofialové, (10-)15-25(-35) cm vysoké ... 9

8b Plné rozkvetlé kvéty v praiméru 3-4,5 mm; rostliny cervenofialové, 7-15 cm vysoké ...

Sciaphila sp. Brunei

9a. PIn¢ vyvinutd kvétenstvi 8-14 cm dlouhd; kvéty obvykle v poctu prevysujicim 20,
obvykle s 6 okvétnimi listky ... S. alba
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9b. PIné vyvinuta kvétenstvi 3-6 cm dlouha; kvéty obvykle v poc¢tu nedosahujicim 20,
obvykle s vice jak 6 okvétnimi listky ... S. major

10a. Prasniky ¢tyflalocné ... S. micranthera

10b. Prasniky dvojlalo¢né ... 11

11a. PraSniky pftisedlé ... 12

11b. Prasniky na zfetelnych nitkach ... 13

12a Kvétenstvi spirdln€ uspotadané; stopky kvéta kratké ... S. brevistyla
12b Kvétenstvi jednostranné; stopky kvéta velmi dlouhé ... S. lambirensis
13a Okvétni listky tupé; lazko saméiho kvétu napadné ztlustlé ... S. inouei

13b Okvétni listky $picaté; lazko sam¢iho kvétu neztlustlé ... S. winkleri
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6 Shrnuti piinosu uchazece k problematice habilitacni prace a mozné

sméry budouciho vyzkumu

Mykoheterotrofni rostliny Bornea jsou v soucasnosti po taxonomicko-chorologické strance
intenzivnéji studovany jen dvéma védeckymi tymy, které spolu navic vzijemné
spolupracuji. Vedle tymu japonskych botanikl (K. Suetsugu, H. Tsukaya a dalsi) je to také
tym z Univerzity Palackého v Olomouci (M. Dangak, M. Hrone$ a M. Sochor). Cesky tym
se soustfedi na rody Epirixanthes, Sciaphila a zejména Thismia. Publikoval celou fadu
praci s taxonomickou a fytogeografickou tématikou, jako jsou popisy novych druhti (napf.
Dancék et al. 2020a, b), taxonomicko-nomenklatorické prace (Hrones 2014, Suetsugu et al.
2020c), fylogenetické studie (Sochor et al. 2018b), rodové revize (Dancék et al. 2017) a

prace zabyvajici se rozsifenim a endemismem (Dancék et al. 2020c¢).

Pro rod Epirixanthes byla zpracovana jedina dosud existujici synopse celého rodu
spole¢né¢ s jeho revizi pro Brunejsky sultanat (Dancak et al. 2017). V této praci byl zaroven
publikovan ptepracovany kli¢ kuréovani druhli tohoto rodu, ktery je zalozen na
exaktnéjSich znacich, nez dosud publikované klice a s jehoz pomoci je tedy urceni
jednotlivych druhlt vyrazn€ ptesnéjsi. Tento kli¢ je také dosud jediny existujici, ktery

zahrnuje vSechny druhy rodu Epirixanthes.

Rod Sciaphila je studovan ve spolupraci s japonskym vyzkumnym tymem a
V soucasnosti byla publikovéana studie (Suetsugu et al. 2020c), kterd se zabyva nékterymi
spornymi taxony uvadénymi z ostrova, urcité znich pak zjeho flory vylucuje (S.
thaidanica) a jiné naopak znovu navraci, respektive vyjima ze synonymiky (S. major).
Kromeé této studie pak byl také publikovan objev nového druhu (S. atra) z Malajské ¢asti
ostrova (Dancak et al. 2020). Soucasti posledné zminéné préce je i vyrazné piepracovany
uplny kli¢ k druhtim tohoto rodu rostoucim na ostrové, ktery je podobné jako u pfedchoziho
rodu zaloZen na exaktnéjSich znacich a umoznuje tedy ptfesn¢jsi ur€ovani (viz téz kli¢

uvedeny zde v kapitole 5.6.1.1).

Rod Thismia je v soucasnosti nejintenzivnéji studovany mykoheterotrofni rod Bornea.
Do roku 2013 byl z ostrova znam vyskyt pouhych osmi druhii rodu, pficemz v sou¢asnosti
jeto 25, z toho 23 endemickych. Z téchto 23 endemickych druhti bylo ¢eskym vyzkumnym

tymem objeveno a védecky popsano 14. Dal§im vyznamnym piinosem bylo znovuobjeveni
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ikonického druhu T. neptunis, a to po vice jak 150 letech (Sochor et al. 2018a). Tento druh
byl povazovan za vyhynuly a jeho znovuobjeveni md znaény vyznam pro studium
fylogeneze rodu Thismia, protoze jde o druh morfologicky unikatni a izolovany.
Dusledkem jeho znovuobjeveni bylo mj. piefazeni druhu ze sekce Thismia do sekce
Odoardoa, v ramci které pak tvoii monotypickou podsekci (viz kap. 5.5.1.1). Velmi
vyznamnym piinosem pro vyzkum tohoto rodu pak mélo také zjisténi, ze jeho druhy, které
dosud byly obvykle povazovany za extrémné vzacné, neziidka stenoendemické rostliny,
mohou mit ve skutecnosti i pomérné rozsahlé arealy podobné jako nékteré jiné bylinné
druhy bornejskych tropickych destnych lest (Dancak et al. 2020c). To vedlo také
K upfesnéni miry ohrozeni u nékterych druhi vcetné navrhii na nova hodnoceni dle
mezinarodni klasifikace [UCN. Posledn¢ zminéna prace prichdzi rovnéz s poznatky, které
ukazuji na velmi zajimavy prib&éh mikroevoluce vtomto rodé. Geneticka variabilita
nckterych druh je totiz podstatné vyS$i nez variabilita morfologickd a geneticka
vzdalenost mezi né¢kterymi morfologicky témeét nerozliSitelnymi populacemi muize byt
stejna jako mezi populacemi dvou riznych jinych druhi. Jaké mikroevoluéni mechanismy

stoji za timto fenoménem, bude jednim z témat budouciho vyzkumu rodu Thismia.

Obecné se vyzkum mykoheterotrofnich rostlin Bornea bude v nésledujicich letech ubirat
nejen smérem objevovani novych dosud nepopsanych druhll (jejichZz existence se
ptedpokladd), ale také smérem kritickych taxonomickych revizi téchto rodd, revizi jejich
skute¢nych arealti a rovnéz fylogenetickych vztahd v ramci jednotlivych rodt. Ty jsou dnes
naptiklad jiz relativné dobfe znamy u rodu Thismia, ale prakticky neznamé jsou u rodd
Sciaphila a Epirixanthes. Zejména rod Epirixanthes dosud stal relativné na okraji zajmu, o
cemz sveédci také velmi maly pocet praci, které se tomuto rodu vénovaly. Kromé vyse
zminénych rodd by si ale podobnou pozornost zaslouzily také dal$i méné¢ studované
skupiny, zejména v textu habilitani prace (kapitoly 5.1, 5.2 a 5.3) diskutované rody
Burmannia a Gymnosiphon z ¢eledi Burmanniaceae, rod Ophioglossum z ¢eledi
Ophioglossaceae, ale také druhové nejpocetnéjsi skupina mykoheterotrofnich rostlin

Bornea, ¢eled” Orchidaceae.

Vyzkum taxonomie, rozsifeni, evoluce a fylogeneze mykoheterotrofnich rostlin neni
piirozené¢ mozné omezit jen na Borneo a jednotlivé skupiny je nutné studovat v cO
nejveétsich ¢astech jejich aredlli. To predpokladd dobrou znalost flor sousednich uzemi.
V piipadé¢ Bornea jde zejména o Javu, Sumatru a Malajsky poloostrov, které maji vlastni

velmi bohaté mykoheterotrofni flory. Zejména Sumatra patii nejen k floristicky nejméné
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prozkoumanym uzemim Malesijské fytogeografické oblasti, ale zaroven také k nejvice

ohrozenym ubytkem tropickych destnych lest.

Z védeckého hlediska by bylo jisté¢ zajimavé i zaddouci vyuzit dosavadni poznatky
v nadstavbovych studiich, zejména vétsich fylogenetickych studiich (na kterych ostatné jiz
spolupracujeme, viz napi. Shepeleva et al. 2020). Za situace, kdy s nejvétsi
pravdépodobnosti dosud neznamym a nepopsanym druhiim hrozi bezprosttedni vyhubeni
v disledku komer¢ni tézby dieva a konverze tropického destného lesa na zemédélskou
pudu, by mélo byt odpovidajici sili vénovano rovnéz na objevovani a moznou zachranu

téchto druht.
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[ Zavér

Mykoheterotrofni rostliny jsou vyznamnou slozkou biodiverzity tropickych destnych lest
Bornea, i kdyz vzhledem k jeho enormni rostlinné diverzité tvoii pouze jeji zlomek.
V globalnim méftitku 1ze Borneo povazovat za jedno z center diverzity mykoheterotrofnich
rostlin, nebot’ na ostrové je znam vyskyt zhruba 125 druht, tedy asi 11 % jejich celkové

znamé globalni diverzity.

Taxonomicky vyzkum mykoheterotrofnich rostlin na Borneu Vv poslednich 10 letech
vyrazné akceleroval. Jen od roku 2011 bylo z ostrova nové popsano 28 druht, pficemz
vV obdobi 1950-2010 to bylo jen 11 druhii. Pozornost je vénovana piedevS§im rodim
Thismia, Sciaphila a Epirixanthes. Naopak zejména rody celedi Orchidaceae jsou
studovany jen marginaln¢ a viceméné ndhodné¢. Zcela okrajova pozornost je vénovana také

vytrusnym mykoheterotrofnim rostlinam.

K hlavnim problémim, kterym soucasny taxonomicky vyzkum mykoheterotrofnich
rostlin, nejen na Borneu, ale v celé Malesijské oblasti, Celi, patii a) chybéjici revize
nékterych skupin (napt. Ophioglossaceae a Orchidaceae), b) neudrzitelné Siroky druhovy
koncept piijaty pii zpracovani nckterych rodt v dile Flora Malesiana (napf. u rodd
Burmannia, Gymnosiphon a Sciaphila), c¢) neochota grantovych agentur financovat
zakladni popisny vyzkum d) administrativni z4t€z spojend se ziskavanim vyzkumnych
povoleni, e) vzacnost mnoha druhil a s tim spojend obtiZzna dostupnost studijniho materidlu,

f) redukovana stavba téla a nepravidelny Zivotni cyklus rostlin.

Budouci vyzkum mykoheterotrofnich rostlin na Borneu by mél byt zaméten nejen na
objevovani dosud nepopsanych druhtli, které jsou neziidka bezprostfedné¢ ohroZzené
vyhubenim kvili ni¢eni jejich pfirozeného biotopu, ale také na obecnéjsi studium jejich

taxonomie, roz§ifeni, evoluce a fylogeneze.

52



8 Podékovani

Dé&kuji vSem, kteti se, at’ jiz piimo ¢i nepiimo, podileli na tom, Ze jsem dostal piilezitost

studovat tropické mykoheterotrofni rostliny.
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Priloha 1 Obrazové tabule

Tabule 1. Vytrusné mykoheterotrofni rostliny. A: Huperzia dalhousieana (Indonésie, Severni
Kalimantan), B: Huperzia squarrosa (Malajsie, Sarawak), C: Lycopodium casuarinoides (Indonésie, Severni
Kalimantan), D: Botrychium daucifolium (Malajsie, Sarawak), E: Helminthostachys zeylanica (Malajsie,
Sarawak), F: Ophioglossum reticulatum (Malajsie, Sarawak), G: Ophioglossum sp. (Brunej), H: Psilotum
complantaum (Malajsie, Sabah), I: Actinostachys digitata (Brunej). (A-D, F foto M. Dan¢ak; E, G, I foto M.
Sochor, H: foto T. Ballinger).

Tabule 2. Burmanniaceae. A: Burmannia championii (Indonésie, Vychodni Kalimantan) B:
Burmannia lutescens (Malajsie, Sarawak), C: Burmannia malasica (Indonésie, Vychodni Kalimantan), D:
Gymnosiphon aphyllus (Da Indonésie, Vychodni Kalimantan, Db a D¢ Brunej). (A, Ba, C, Da, Dc foto M.
Sochor, Bb foto M. Dancak, Dc foto Z. Spiéek).

Tabule 3. Gentianaceae a Polygalaceae. A: Exacum tenue (Malajsie, Sarawak), B: Epirixanthes
elongata (Malajsie, Sarawak), C: Epirixanthes kinabaluensis (Malajsie, Sarawak), D: Epirixanthes pallida
(Malajsie, Sarawak), E: Epirixanthes papuana (Indonésie, Vychodni Kalimantan). (A, C, D, E foto M.
Sochor, B foto M. Danc¢ék).

Tabule 4. Orchidaceae. A: Aphyllorchis striata (Brunej), B: Aphyllorchis sp. (Malajsie, Sarawak), C:
Aphyllorchis montana (Malajsie, Sarawak), D: Cystorchis aphylla (Malajsie, Sarawak), E: Didymoplexiella
kinabaluensis (Indonésie, Vychodni Kalimantan), F: Didymoplexiella ornata (Malajsie, Sarawak), G:
Didymoplexis cornuta (Malajsie, Sarawak), H: Didymoplexis aff. striata (Malajsie, Sarawak), I: Gastrodia
sp. (Malajsie, Sarawak), J: Gastrodia sp. (Brunej), K: Lecanorchis malaccensis (Indonésie, Vychodni
Kalimantan), L: Lecanorchis multiflora (Malajsie, Sarawak), M: Platanthera saprophytica (Malajsie,
Sarawak), Tropidia saprophytica (Brunej). (A, C, D, M foto M. Dan¢ak, B, E-N foto M. Sochor).

Tabule 5. Thismiaceae. A: Thismia brunneomitra (Malajsie, Sarawak), B: Thismia acuta (Malajsie,
Sarawak), C: Thismia goodii (Malajsie, Sarawak), D: Thismia kelabitiana (Malajsie, Sarawak), E: Thismia
viridistriata (Malajsie, Sarawak), F: Thismia minutissima (Malajsie, Sarawak), G: Thismia neptunis
(Malajsie, Sarawak), H: Thismia ornata (Malajsie, Sarawak), I: Thismia cornuta (Malajsie, Sarawak), J:
Thismia bifida (Brunej), K: Thismia hexagona var. grandiflora (Malajsie, Sabah). (A, B, DI foto M. Sochor,
C foto M. Dancak, J foto M. Hrones, K foto T. Utteridge).

Tabule 6. Petrosaviaceae a Triuridaceae. A: Sciaphila atra (Malajsie, Sarawak), B: Sciaphila
tenella (Malajsie, Sarawak), C: Sciaphila alba (Brunej), D: Sciaphila major (Malajsie, Sarawak), E: Sciaphila
arfakiana (Malajsie, Sarawak), F: Sciaphila winkleri (Malajsie, Sarawak). G: Petrosavia stellaris (Malajsie,
Sabah). (A, D, E, F foto M. Sochor, B foto M. Danéak, C foto M. Hrones, G foto R. van Vugt).
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Tabule 1. Vytrusné mykoheterotrofni rostliny. A: Huperzia dalhousieana (Indonésie, Severni
Kalimantan), B: Huperzia squarrosa (Malajsie, Sarawak), C: Lycopodium casuarinoides (Indonésie, Severni
Kalimantan), D: Botrychium daucifolium (Malajsie, Sarawak), E: Helminthostachys zeylanica (Malajsie,
Sarawak), F: Ophioglossum reticulatum (Malajsie, Sarawak), G: Ophioglossum sp. (Brunej), H: Psilotum
complantaum (Malajsie, Sabah), I: Actinostachys digitata (Brunej). (A-D, F foto M. Danéak; E, G, I foto M.
Sochor, H: foto T. Ballinger).
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Tabule 2. Burmanniaceae. A: Burmannia championii (Indonésie, Vychodni Kalimantan) B: Burmannia
lutescens (Malajsie, Sarawak), C: Burmannia malasica (Indonésie, Vychodni Kalimantan), D: Gymnosiphon
aphyllus (Da Indonésie, Vychodni Kalimantan, Db a Dc Brunej). (A, Ba, C, Da, Dc foto M. Sochor, Bb foto
M. Danéék, Dc foto Z. Spisek).
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Tabule 3. Gentianaceae a Polygalaceae. A: Exacum tenue (Malajsie, Sarawak), B: Epirixanthes elongata
(Malajsie, Sarawak), C: Epirixanthes kinabaluensis (Malajsie, Sarawak), D: Epirixanthes pallida (Malajsie,

Sarawak), E: Epirixanthes papuana (Indonésie, Vychodni Kalimantan). (A, C, D, E foto M. Sochor, B foto

M. Dancék).
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Tabule 4. Orchidaceae. A: Aphyllorchis striata (Brunej), B: Aphyllorchis sp. (Malajsie, Sarawak), C:
Aphyllorchis montana (Malajsie, Sarawak), D: Cystorchis aphylla (Malajsie, Sarawak), E: Didymoplexiella
kinabaluensis (Indonésie, Vychodni Kalimantan), F: Didymoplexiella ornata (Malajsie, Sarawak), G:
Didymoplexis cornuta (Malajsie, Sarawak), H: Didymoplexis aff. striata (Malajsie, Sarawak), I: Gastrodia
sp. (Malajsie, Sarawak), J: Gastrodia sp. (Brunej), K: Lecanorchis malaccensis (Indonésie, Vychodni
Kalimantan), L: Lecanorchis multiflora (Malajsie, Sarawak), M: Platanthera saprophytica (Malajsie,
Sarawak), Tropidia saprophytica (Brunej). (A, C, D, M foto M. Dan¢ak, B, E-N foto M. Sochor).
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Tabule 5. Thismiaceae. A: Thismia brunneomitra (Malajsie, Sarawak), B: Thismia acuta (Malajsie,
Sarawak), C: Thismia goodii (Malajsie, Sarawak), D: Thismia kelabitiana (Malajsie, Sarawak), E: Thismia
viridistriata (Malajsie, Sarawak), F: Thismia minutissima (Malajsie, Sarawak), G: Thismia neptunis
(Malajsie, Sarawak), H: Thismia ornata (Malajsie, Sarawak), I: Thismia cornuta (Malajsie, Sarawak), J:
Thismia bifida (Brunej), K: Thismia hexagona var. grandiflora (Malajsie, Sabah). (A, B, D-I foto M. Sochor,
C foto M. Dancak, J foto M. Hrones, K foto T. Utteridge).
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Tabule 6. Petrosaviaceae a Triuridaceae. A: Sciaphila atra (Malajsie, Sarawak), B: Sciaphila tenella
(Malajsie, Sarawak), C: Sciaphila alba (Brunej), D: Sciaphila major (Malajsie, Sarawak), E: Sciaphila
arfakiana (Malajsie, Sarawak), F: Sciaphila winkleri (Malajsie, Sarawak). G: Petrosavia stellaris (Malajsie,
Sabah). (A, D, E, F foto M. Sochor, B foto M. Dan¢ak, C foto M. Hrones, G foto R. van Vugt).
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ABSTRACT. The genus Epirixanthes Blume is revised for Brunei Darussalam. Four
species are recognised for the country: Epirixanthes cylindrica Blume, E. elongata Blume,
E. kinabaluensis T.Wendt and E. papuana J.J.Sm., with the two latter species being newly
recorded for the Brunei flora. A single collection from Brunei that was formerly identified as
Epirixanthes pallida T.Wendt is now confirmed as E. papuana. A revised key for the genus is
included.

Keywords. Distribution, herbs, Malesia, mycoheterotrophic plants, north-western Borneo,
taxonomy, understorey

Introduction

Epirixanthes Blume is a species-poor genus of holomycoheterotrophic herbaceous
plants from the family Polygalaceae which inhabit the understorey of tropical
rainforests (Van der Meijden, 1988; Merckx et al., 2013). It is sister to the autotrophic
genus Salomonia Lour. with which it shares several synapomorphies such as spike-like
terminal inflorescence and three antesepalous stamen primordia (Van der Meijden,
1988; Mennes et al., 2015). Members of the genus are generally tiny plants with
reduced bract-like leaves and dense spike-like inflorescences (Van der Meijden, 1988).
Due to the reduction of vegetative organs as a result of mycoheterotrophy, the set of
morphological characters useful for species determination is very limited and includes
mostly reproductive organs (i.e., bracts, bracteoles, sepals and fruits). Currently, only
seven species of Epirixanthes are recognised worldwide, and all of them are endemic
to Indo-Malesia (Van der Meijden, 1988; Pendry, 2010; Tsukaya et al., 2016). The
centre of its taxonomic diversity lies in Borneo where six of the species co-occur, with
one of them apparently endemic to the island (Fig. 1). In the Checklist of the Flowering
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Fig. 1. Global distribution and diversity of Epirixanthes with number of species for each region
and number of endemic species in parentheses.

Plants and Gymnosperms of Brunei Darussalam (Coode et al., 1996), three species of
Epirixanthes are reported from the country, namely E. cylindrica Blume, E. elongata
Blume and E. pallida T.Wendt. During our recent ecological research activities in
Kuala Belalong (Ulu Temburong National Park, Temburong district), we frequently
encountered Epirixanthes plants in the lowland dipterocarp forest understorey.
However, some of the observed plants did not match with any of the three species
reported from Brunei Darussalam by Coode et al. (1996), indicating they possibly
belong to unrecorded species. We therefore decided to clarify the taxonomic status of
these plants and present a revision of Epirixanthes in the country.

Material and methods

We examined specimens deposited in BRUN (Brunei National Herbarium) as well
as our field collections from Brunei Darussalam deposited in OL (Herbarium of the
Department of Botany at Palacky University in Olomouc). Available duplicates kept
in K (Royal Botanic Gardens Kew) and AAU (Science Museums, Aarhus University)
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were also seen. The identification of each specimen was checked and the identifications
updated when necessary. All cited specimens have been seen. Bruneian localities from
herbarium labels are sorted below according the current administrative districts of
Brunei Darussalam.

Results

Four species of Epirixanthes were found to occur in Brunei Darussalam, namely E.
cylindrica, E. elongata, E. kinabaluensis T.Wendt and E. papuana J.J.Sm. The two
former species were previously known from the country while the two latter species
are new additions to the country’s flora. Epirixanthes pallida should be excluded from
the Brunei checklist as all three duplicates (deposited in BRUN, K, and AAU) of the
single collection (Poulsen 3) cited in Coode et al. (1996) consist of misidentified plants
of E. papuana. All four species co-occur in the Lowland Mixed Dipterocarp forest of
the Ulu Temburong National Park in the Temburong district, which further highlights
the floristic and conservation significance of this area.

The Epirixanthes species of Brunei Darussalam
1. Epirixanthes cylindrica Blume, Cat. Gew. Buitenzorg 82 (1823). (Fig. 2A)

Global distribution. Its range includes Myanmar, Sumatra, Java, Borneo and New
Guinea (Van der Meijden, 1988).

Distribution in Brunei Darussalam. It is documented only from the Temburong district
in a few localities in Kuala Belalong — Bukit Belalong area. Its known elevational
range in Brunei Darussalam is from ¢. 100 m a.s.l. up to 850 m a.s.l.

Specimens examined. BRUNEI DARUSSALAM: Temburong: Amo, Ulu Belalong, L.P. 382,
north-facing slopes below campsite, 18 Jan 1994, Coode 7845 (BRUN); Amo, Bukit Belalong,
hill dipterocarp forest on Setap Shales ridgetop, 24 Feb 1992, Dransfield 1246 (BRUN); Amo,
Bukit Belalong, hill dipterocarp forest steep slope near valley bottom, 25 Feb 1992, Dransfield
1266 (BRUN); Bukit Belalong, east ridge, 20 Jul 1989, de Vogel 8989 (BRUN); Batu Apoi
Forest Reserve, ridge between K. Belalong and Bt. Belalong, Jalan Tengga, damp, flat area
below Bukit Belalong, 21 Mar 1992, Poulsen 304 (AAU, BRUN); Kuala Belalong, Batu Apoi
Forest Reserve, upstream the Sungai Belalong river from the Kuala Belalong Field Studies
Centre, along path, 10 Nov 1991, Hansen 1540 (BRUN); Kuala Belalong, E ridge of Sungai
Belalong, ca. 0.9 km ESE from its confluence with Sungai Temburong, ecological plot 1, 13
Jan 2014, Dancak 2014/161 (OL); ibidem, 30 Jan 2016, Dancak 2016/367 (OL).

Notes. This species is distinguished by a rather short and thick inflorescence. The apex
of the inflorescence is covered by imbricate bracts. As most of the specimens come
from middle altitudes this species seems to be rare in true lowlands.
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Fig. 2. Epirixanthes species of Brunei Darussalam. A. Epirixanthes cylindrica Blume. B. E.
elongata Blume. C. E. kinabaluensis T.Wendt. D. E. papuana J.J.Sm. E. E. pallida T.Wendt.
A-D, all from Kuala Belalong, Brunei Darussalam; E from Kelabit Highlands, Sarawak. (Pho-
tos: A: Ondiej Popelka, B, C: Michal Hrones, D, E: Michal Sochor)

2. Epirixanthes elongata Blume, Cat. Gew. Buitenzorg 82 (1823). (Fig. 2B)

Global distribution. The species range extends from eastern India and southern China
to the Moluccas (Van der Meijden, 1988; Chen et al., 2008).

Distribution in Brunei Darussalam. 1t is documented from various locations across
the Temburong district. Outside Temburong, it has only been collected from a single
locality around Labi in the Belait district. Its known elevational range in Brunei
Darussalam is from ¢. 40 m a.s.l. up to 420 m a.s.l.
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Specimens examined. BRUNEI DARUSSALAM: Belait: Labi, Sungai Rampayoh, ca. 3.5
km above road towards Waterfall No. 2, 9 Jan 1994, Coode 7784 (BRUN). Temburong:
Batu Apoi Forest Reserve, ridge W of Kuala Belalong Field Studies Centre, in Danish Plot,
mixed dipterocarp forest, 1991, Poulsen 224 (AAU, BRUN); Kuala Belalong, E ridge of
Sungai Belalong, ca. 1.5 km SE from its confluence with Sungai Temburong, depression NW
of ecological plot 2, 13 Feb 2015, Hédl & Chudomelova RH132015 (OL); Kuala Belalong,
E ridge of Sungai Belalong, ca. 0.9 km ESE from its confluence with Sungai Temburong,
ecological plot 1, 13 Jan 2014, Dancak 2014/6 (OL); ibidem, 13 Jan 2014, Dancak 2014/125
(OL); ibidem, 13 Jan 2014, Dancak 2014/160 (OL); ibidem, 13 Jan 2014, Dancak 2014/180
(OL); ibidem, 4 Feb 2015, Hrones & Kobrlova 702015 (OL); Sungai Temburong at Kuala
Belalong, 23 Jun 1989, Dransfield 1007 (BRUN); Apan, ridge to the north of the river, 13 Jul
1993, Sands 5786 (BRUN); Amo, southeast of LP 297 Bkt. Lutut, 6 Apr 2004, Ariffin et al.
BRUN 20797 (BRUN); Labu, Peradayan F. R., 5 Feb 2002, Ariffin et al. BRUN 19913 (BRUN).

Notes. This is the most common species of Epirixanthes. It is locally abundant
elsewhere in Borneo, and is presumably also common in Brunei Darussalam. In Kuala
Belalong it is almost ubiquitous and by far the most abundant species of Epirixanthes.
This species is easily recognised among Bruneian Epirixanthes as its bracts are shed
well before the flowers open and the inflorescence is very long and narrow. One of
the specimens studied (Hrones & Kobrlova 702015) is a very pale-coloured plant
conspicuously different from the typical brownish-purple plants of E. elongata. Such
pale ivory individuals are known to occur within populations of E. elongata and they
were described from West Kalimantan as E. elongata f. alba Tsukaya & H.Okada

(Tsukaya & Okada, 2012).

3. Epirixanthes kinabaluensis T.Wendt, F1. Males., Ser. 1, Spermat. 10(3): 491 (1988).
(Fig. 2C)

Global distribution. The species is found in Sumatra and Borneo (Van der Meijden,
1988).

Distribution in Brunei Darussalam. It is known only from two locations in the
immediate vicinity of the Kuala Belalong Field Studies Centre in the Temburong
district. Its known elevational range in Brunei Darussalam is very narrow as it is
recorded only from altitudes around 100 m a.s.l., even though its type locality, the
slopes of Mt. Kinabalu in Sabah, lies at around 900—1200 m a.s.l. We have observed
the species in the Kelabit Highlands of Sarawak up to ¢. 1300 m a.s.l.

Specimens examined. BRUNEI DARUSSALAM: Temburong: Kuala Belalong, Sungai Esu
valley, at its confluence with Sungai Belalong, 9 Jan 2014, Dancak 2014/162 (OL); ibidem, 18
Jan 2014, Dancak 2014/343 (OL); Kuala Belalong, Sungai Esu, clayey bank near its confluence
with Sungai Belalong, 21 Jan 2017, Dancak 2017/46 (BRUN); Kuala Belalong, Earthwatch
ecological plot ca. 0.3 km W from the Kuala Belalong Field Studies Centre, 28 Jan 2016,
Dancak 2016/292 (OL).
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Notes. This species is the most robust of all Bruneian Epirixanthes, although E.
elongata is usually taller. It has a rather thick inflorescence with long bracts which
sometimes persist on the axis of the inflorescence after the fruits are shed.

4. Epirixanthes papuana J.J.Sm., Repert. Spec. Nov. Regni Veg. 10: 486 (June 1912).
(Fig. 2D)

Global distribution. 1t is distributed throughout Malesia from Sumatra to the Solomon
Islands (Van der Meijden, 1988).

Distribution in Brunei Darussalam. It is known only from a few locations immediately
surrounding the Kuala Belalong Field Studies Centre in Temburong district and one
locality in the Bukit Sawat area in Belait district. However, its actual distribution in the
country could be much more extensive. Like most of the other species of Epirixanthes,
this species is likely to be overlooked by collectors and therefore poorly represented in
herbaria. Its known elevational range in Brunei Darussalam is rather narrow, reaching
from c¢. 20 m a.s.l. up to 180 m a.s.l. However, the species might potentially also
occur at higher elevations because the type collection from New Guinea comes from

altitudes from 500 m a.s.l. up to 1800 m a.s.l.

Specimens examined. BRUNEI DARUSSALAM: Belait: Labi, Bukit Sawat, Sungai Malayan,
10 Jun 2003, Ariffin et al. BRUN 20353 (BRUN). Temburong: Batu Apoi Forest Reserve, ridge
W of Kuala Belalong Field Studies Centre, mixed dipterocarp forest, 18 Mar 1991, Poulsen
3 (AAU, BRUN, K); Kuala Belalong, in Sungai Mata Ikan gorge near its confluence with
Sungai Belalong, 26 Jan 2015, Hrones & Kobrlova 662015 (OL); ibidem, 21 Jan 2017, Dancak
2017/55 (BRUN); Kuala Belalong, Sungai Mata Ikan valley ca. 0.5 km WNW from Kuala
Belalong Field Studies Centre, 28 Jan 2016, Dancak, M. 2016/291 (OL); Kuala Belalong,
Sungai Baki valley near its confluence with Sungai Temburong, 18 Jan 2014, Dancak 2014/342
(OL); Kuala Belalong, Sungai Esu, clayey bank near its confluence with Sungai Belalong, 21
Jan 2017, Dancak 2017/47 (BRUN).

Notes. This species is distinguished by its paler colour (creamy brownish) and the
rather short and narrow inflorescence with patent bracts that are turned-up at their
apices.

Notes on other species of Epirixanthes

Epirixanthes pallida T.Wendt, Fl. Males., Ser. 1, Spermat. 10(3): 492 (1988). (Fig.
2E)

Global distribution. The species is found in Borneo and Sulawesi (Van der Meijden,
1988).
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Notes. The species was included in the Brunei Checklist (Coode et al., 1996) based
on a single collection (Poulsen 3) originally identified as Epirixanthes pallida but
which has been reidentified as E. papuana. Therefore Epirixanthes pallida should
be excluded from the flora of Brunei Darussalam. Epirixanthes pallida is readily
distinguished from the Bruneian species by large and very early caducous whitish
or pinkish bracts. It seems that Epirixanthes pallida is a highland species and thus
probably does not grow in lowland rainforests. Its known altitudinal range is from
c. 600 m a.s.l. at the type locality up to c. 1200 m a.s.l. in the Kelabit Highlands of
Sarawak. As its type locality (slopes of Gunung Api in Sarawak, Malaysia) is just a
few kilometres from Brunei’s borders, it might potentially occur at higher altitudes in
the Temburong district. It is, however, unlikely that Epirixanthes pallida occurs in the
Tutong and Belait districts because of the generally lower terrain in these areas. Even
though the type locality is on a limestone bedrock, we have observed the species in the
Kelabit Highlands in Sarawak at several localities on sandstone bedrock.

Epirixanthes confusa Tsukaya et al., Phytotaxa 266(2): 147 (2016).
Global distribution. It is endemic to Borneo (Tsukaya et al., 2016).

Notes. This species is a recent addition to the genus and was described from Imbak
Canyon in Sabah, Malaysia (Tsukaya et al., 2016). It undoubtedly belongs to the group
of species with free sepals and wide fruits which also includes Epirixanthes elongata,
E. pallida and E. compressa Pendry, but differs by its long-persistent bracts. So far it
is known only from the type locality.

Epirixanthes compressa Pendry, Thai Forest Bull., Bot. 38: 184 (2010).

Global distribution. 1t is endemic to Thailand (Pendry, 2010).

Notes. This biogeographically remarkable species is narrowly distributed in south-
eastern Thailand (Chanthaburi Province) and is, therefore, the only member of the
genus which does not occur in Malesia. Like the previous species, it belongs to the
group of Epirixanthes with free sepals and wide fruits.

Key to the species of Epirixanthes

The following key is adapted from Van der Meijden (1988), Pendry (2010) and Tsukaya
et al. (2016).

la. Sepals free; fruit wider than 1ong ...........ccoccvveiiiiniiiiiieeecee e 2
Ib. Sepals connate for Y4—4; fruit longer than wide or equal .............cccvvveeveeennnnnnne. 5
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2a. Bracts caducous before the flowers open .........c.coocvveeviiieiiiiiiiiiiinieceee e 3
2b. Bracts persistent at least until the fruits mature ............cccceeeeeiveiiiieniieccieeeieeee, 4

3a. Both leaves and bracts hairy with glandular hairs; inflorescence apex + pointed,
not fully covered by bracts; bracts narrowly triangular, ¢. 1.2 mm long and 0.5 mm
wide, brown with central purple Stripe ........cccceeeveiiieeiiiiieeieeeee. E. elongata
3b. Both leaves and bracts glabrous; inflorescence apex + rounded, completely
covered in imbricate bracts; bracts ovate, 2-3 mm long and 1-1.5 mm wide,
whitish or pInKish .........oooviiiiii e, E. pallida

4a. Bracts glabrous, some of them persistent after the fruits have fallen; inflorescence
elongate, 2—-6 cm long; corolla caducous; endemic to Sabah .................. E. confusa
4b. Bracts minutely ciliate, all of them shed with fruits; inflorescence shortly
cylindrical, up to 2.5 cm long; corolla persistent; endemic to Thailand ..............
.......................................................................................................... E. compressa

5a. Each flower subtended by a bract and pair of subulate bracteoles; bracts + patent
during anthesis, linear with sharply upturned obtuse apex; fruit longer than wide,
much shorter than sepals ..........cccocvveeiiiiiiiiiiiceee e, E. papuana
5b. Each flower subtended only by a bract, bracteoles absent; bracts + erect during
anthesis, with straight acute or slightly curved apex; fruit as long as wide, as long
AS SEPALS OF LONEET ....viiiiiieiie ettt e e e rae e 6

6a. Bracts lanceolate, 2-2.5 mm long and 0.5-0.6 mm wide, brown with purple
central stripe, usually persistent after the fruits have fallen; inflorescence apex not
completely covered by bracts; fruit as long as sepals..................... E. kinabaluensis
6b. Bracts ovate, 1.5-2 mm long and 0.8-1.2 mm wide, brown with basal purple
patch, usually shed with fruits; inflorescence apex completely covered by
imbricate bracts; fruit longer than sepals .........ccceeviiiiiiiiniinininnne E. cylindrica

Conservation status of Epirixanthes

The forests of Borneo, including Brunei, Sabah and Sarawak, harbour the highest
diversity of Epirixanthes. Six species have so far been reported from this island
(Van der Meijden, 1988; Coode et al., 1996; Tsukaya et al., 2016). Similar to other
mycoheterotrophic plants, all species of Epirixanthes are closely tied to primary or
very lightly logged forests and as such are threatened by continuing deforestation.
However, published data on their distribution and ecology are very scarce and most
of the species are poorly represented in herbaria. For these reasons, we propose that
all species of Epirixanthes in this study be evaluated as data deficient (DD, ITUCN
Standards and Petitions Subcommittee, 2016) which emphasises the need for further
study and sampling.
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Abstract

A new species of Thismia (Thismiaceae) from Borneo is described. Thismia hexagona was discovered in 2013 in
lowland mixed dipterocarp forest in Ulu Temburong, Brunei Darussalam. The species is circumscribed, illustrated and its
position within the Malesian species of the genus is characterised by insertion into the existing determination key. Its
most conspicuous feature is bright yellow, sharply hexagonal flower annulus.

Kew words: tropical rain forest, mycoheterotrophy, Malesia, Burmanniaceae

Introduction

The Family Thismiaceae (Dioscoreales) is a small group of achlorophyllous mycoheterotrophic herbaceous
plants, formerly treated as a tribe Thismieae in the family Burmanniaceae (Merckx et al. 2006). It contains
five genera: Afrothismia Schlechter (1907: 138), Haplothismia Airy Shaw (1952: 277), Oxygyne Schlechter
(1907: 140), Thismia Griffith (1844: 221) and Tiputinia Berry & Woodward in Woodward et al. (2007: 158).
Its distribution covers tropical and subtropical zones globally, with a few species extending to temperate
regions (Maas-van de Kamer 1998, Woodward et al. 2007).

The genus Thismia, comprising about 50 species, is the most widespread and species-rich genus of the
family Thismiaceae. It has a pantropical distribution, with two main centres of biodiversity: the Atlantic Rain
Forest of South America and Southeast Asia (Jonker 1948, Mancinelli ef al. 2012). Members of the genus are
small herbs with reduced, scale-like leaves, actinomorphic or zygomorphic, urceolate to campanulate flowers.
Perianth lobes are six, free or three inner lobes connivent at the apex forming erect mitre with three holes
(Jonker 1948). After Jonker (1938), Southeast Asian species with mitre-like flowers are treated as section
Sarcosiphon (Blume) Jonker (1938: 251) while species with free perianth lobes as section Thismia. The latter
section is divided into two subsections: Odoardoa Schlechter (1921: 34) including species with all perianth
lobes that are equal in length and size, and Brunonithismia Jonker (1938: 242) including species with inner
perianth lobes that are larger than outer lobes.

Members of the genus Thismia are generally poorly-known, often collected only once or a few times.
They are easily overlooked in the field because of their small growth form and the ephemeral nature of their
aboveground parts (Larsen & Averyanov 2007). Many species are also likely extremely rare, with scattered
distributions. As a result of these factors, it is highly possible that undescribed species can still be found in
Southeast Asia (Larsen & Averyanov 2007, Chantanaorrapint 2012).
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During our field work at Kuala Belalong Field Studies Centre (KBFSC) in the Temburong District of
Brunei Darussalam in February 2013, we found a species of Thismia clearly belonging to the sect. Thismia.
The section is represented by five species on the island of Borneo, but no species has been reported from
Brunei Darussalam until now (Jonker 1948, Coode et al. 1996, Jarvie 1996, Tsukaya & Okada 2005). In their
general appearance and coloration, the plants resembled Thismia bifida M. Hotta (1967: 161) from Sarawak,
but differed in several important morphological characters from other previously described species of the
genus. We therefore report this as a first record of the family for Brunei Darussalam and describe it here as a
new species for science.

Description

Thismia hexagona Dancak, Hrones$, Kobrlova & Sochor, sp. nov., Fig. 1

Thismia hexagona differs from congeneric species in having the following combination of morphological traits: all
perianth lobes equal, tapering into long filiform tentacles, stigmas bifid, yellow hexagonal annulus and four anther
appendages.

Type:—BRUNEI DARUSSALAM. Temburong Distr.: Kuala Belalong, eastern ridge of Sungai Belalong, near its
confluence with Sungai Temburong. Coordinates WGS 84: N 04° 32.952’; E 115° 09.792’, elevation ca. 320 m
a.s.l., 13 February 2013. M. Dancdk, M. Hrones, M. Sochor & L. Kobrlovd 2013/17 (holotype BRUN [herbarium
specimen, accession number 23947], isotype OL [herbarium specimen, accession number 23093]).

Terrestrial, achlorophyllous, mycoheterotrophic herb. Roots thick, hardly branched, vermiform, creeping,
whitish. Stem erect, simple or poorly branched in upper part, brown, glabrous, 1.7—7.0 cm tall; stem branches
usually unequal in length. Leaves few, appressed, scale-like, narrowly triangular, ca. 4 mm long, ca. 2 mm
wide at the base, acute at the apex. Floral bracts one or two, similar in shape to the leaves, ca. 7 mm long, ca.
2.0 — 2.5 mm wide at the base. Flowers solitary at the top of each branch. Perianth actinomorphic with 6 tepals
fused into urceolate perianth tube with free, equal apical lobes; perianth tube ca. 1.0—1.5 cm long, pale
brownish with lower part usually white, with 12 faint brownish longitudinal streaks and brown-purple apical
stripe, widest at the upper quarter, at the apex with broad bright yellow, clearly hexagonal annulus (Fig. 1B);
inner surface of the perianth tube with 12 faint longitudinal ribs and densely covered with short horizontal
bars; perianth lobes brown-yellowish, equally triangular, abruptly ended with long filiform appendages 7—18
mm long, brown-yellowish at the base, white at the top. Stamens 6, borne on thickened margin of the perianth
tube; filaments curved downwards, connective broad, connate to form a tube, with two distinct teeth-like
appendages at the free apical margins and two thick cylindrical finger-shaped appendages positioned slightly
above the marginal ones (Fig. 1C, D, 2D). Stigma 3-lobed, lobes shortly bifid (Fig. 1E); ovary cup-shaped
usually with brown- purple stripe at the top. Fruit cup-shaped brown capsule. Seeds ellipsoid.

Habitat and ecology:—Thismia hexagona grows amongst leaf litter and on rotten logs in the lowland
mixed dipterocarp forest. It prefers humid places in gullies formed by small episodic streams (Fig. 3). A total
of 21 flowering individuals were found within the 1-ha permanent forest plot (Plot 1) belonging to Kuala
Belalong Field Studies Centre of Universiti Brunei Darussalam (Hédl et al. 2009).

Distribution:—Species is known only from the type locality: eastern ridge of Sungai Belalong, near its
confluence with Sungai Temburong. It is also the first record of the genus and family from Brunei Darussalam
(cf. Coode et al. 1996, J. A. Ahmad, pers. comm.).

Conservation status:—The studied population occurs within the designated research zone of Ulu
Temburong National Park, to which public access is restricted. The habitat, type locality and its surroundings
are thus protected from logging and similar destructive anthropogenic activities. However, it is impossible to
assess the current conservation status of this species because there is no information on its population size and
dynamics. Therefore, we suggest to evaluate the species as data deficient (DD) according to the IUCN Red
List Categories and Criteria (IUCN 2012).
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FIGURE 1. Thismia hexagona. A. Habit of the plant. B. View of perianth tube mouth with annulus and perianth lobes. C. Connective
with anther appendages, side view. D. Apical margin of connective with anther appendages, front view. E. Stigma.

Etymology:—Named after the conspicuous shape of flower annulus.

Variability:—The population as a whole was uniform, with no considerable morphological variation.
Most of the individuals were one-flowered, only few two-flowered and one individual with three flowers.
Some variability was observed in the colour of the perianth tube. A typical individual had an almost white
lower part of the perianth tube, with the upper part brownish and a more or less conspicuous brown-purple
stripe at the top just beneath the annulus (Fig. 2A). We found two flowering shoots, probably originating from
the same root system with a yellow stripe instead of the brown-purple one (Fig. 2B), which we suggest is a
result of mutation. Few individuals had perianth tubes that were brownish throughout with almost no white
basal portion. Most of the plants also had a brown-purple stripe at the top of ovary, which made an impression
of two-purple-striped perianth tube.
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FIGURE 2. Thismia hexagona. A. Plant with typical coloration of perianth tube. B. Plant lacking brown-purple stripe at the top of
perianth tube. C. Perianth tube mouth with annulus and perianth lobes. D. Longitudinal section of anther tube with anther appendages.

Discussion

It is believed by several researchers that some members of the genus Thismia could be very rare (Stone 1980,
Larsen & Averyanov 2007, Chantanaorrapint 2012). However, some of these presumed rare species may
actually be neglected. The recent discoveries of Thismia alba Holttum ex Jonker (1948: 23) and T clavigera
(Beccari) F. Mueller (1891: 235) from Thailand (Chantanaorrapint & Sridith 2007, Chantanaorrapint &
Chantanaorrapint 2009) indicate that these inconspicuous ephemeral plants tend to be overlooked or under-
collected. Most Thismia species do seem to be extremely rare, usually collected only once. If this is a true
observation and not an artefact of collection effort, this rarity could be caused especially by a combination of
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two mechanisms: (1) the tight bond of the plant with its host fungus and, (2) a specific mode of seed
dispersion. Merckx & Bidartondo (2008) discovered host-specific associations between members of a closely
related African genus Afrothismia and arbuscular fungi from the genus Glomus Tulasne & C. Tulasne (1845:
63). A similar pattern could also be expected in Thismia where the scarcity and limited distribution range of
its fungal host may lead to the rarity of plants in this genus. With respect to seed dispersal, Stone (1980)
suggested that seeds of Thismia are dispersed out of their capsules by rain-splash, thus implying that the seeds
are dispersed over very short distances. These hypotheses need further studies and additional observations to
be eventually accepted as plausible explanations for Thismia rarity.

From the morphological point of view, Thismia hexagona is clearly distinct from other Thismia species of
the Malesian region through a combination of following traits: 1. perianth lobes all equally sized, 2.
conspicuous hexagonal raised annulus, 3. bifid stigmas and 4. four anther appendages. Species that are
morphologically closest to Thismia hexagona are members of sect. Thismia subsect. Odoardoa with perianth
lobes triangular at the base and tapering into filiform appendages: Thismia bifida, T. lauriana Jarvie (1996:
259) and T. mullerensis Tsukaya & Okada (1995: 129) from Borneo, Thismia aseroe Beccari (1877: 252) from
Peninsular Malaysia and Thismia alba from Peninsular Malaysia and Thailand. Members of this
morphologically invariable group have a round annulus, thus the hexagonal annulus of 7. hexagona is
unique within the group. Also, the number of anther appendages (four) differs from the other members of
subsect. Odoardoa varying from 1 (T. alba) to 3 (T aseroe and T. bifida). As the shape and general appearance
of anthers provide useful characters for taxonomy of Thismia (Thiele & Jordan 2002), we consider the four
anther appendages in 7. hexagona as an important diagnostic feature. Some species of the subsection could be
superficially similar to 7. hexagona due to the pattern of their coloration (Thismia alba, T. aseroe and T.
bifida). However, they differ by some further morphological traits: Thismia alba and T. aseroe do not have
bifid stigmas and have small perianth appendages alternating the perianth lobes while T. bifida lacks
transverse bars throughout the perianth tube.

Similarly bright yellow, distinctly raised hexagonal annulus is also observed in Thismia javanica Smith
(1910: 32) from the Malesian region, Thailand and Vietnam and Thismia tentaculata Larsen & Averyanov
(2007: 16) from Vietnam and China. However, these two species clearly differ from 7. hexagona, being
members of subsect. Brunonithismia, as the inner perianth lobes are larger than the outer lobes.

Identification key

The species position within Malesian species is shown by insertion into the modified key of Malesian species
published by Tsukaya & Okada (2012):

- Perianth lobes triangular at the base, tapering into long, filiform tentacles .............ccocverveniieninenineeeeeee e 7
T SHEMAS DI ..ttt ettt sttt bttt eae e b e st em e e bt e a e btk ea b et ea e et en s e ee et et ent et e st ebeeneeteeneene 8
= Stigmas NOt DIfTd ......c.eiuiiiieiiee e 11 (no. 10 in Tsukaya & Okada 2012)
8. Transverse bars found only in the basal part of the perianth tube. Anther appendages 3 ..................... Thismia bifida
- Transverse bars found throughout the perianth tube inside. Anther appendages 2 or 4 ..........ccccocevererineneiieneeennee 9
9. Annulus bright yellow, sharply hexagonal; perianth tube brownish with lower part usually white, with 12 faint

brownish longitudinal streaks and dark brown-purple apical horizontal stripe; anthers with 4 finger-shaped append-

ages: 2 upper and 2 lower at the free apical margin of the connective .............ccceveeeieinncienenenn Thismia hexagona
- Annulus pale purple, round or weakly hexagonal; perianth tube white with 12 white or brownish purple longitudinal

streaks; anthers With 2 aPPENAAZES ........eeiiuiriiieiee ettt ettt sttt sttt et e st ettt seeeteebesbe st e b enee e eneenes 10
10. Perianth white with brownish purple streaks; lobes with tentacles ca. 17 mm ...............c.ccocceeene. Thismia mullerensis
- Perianth white with white streaks; lobes with tentacles ca. 70 MmM...........ccc.ooovviiiiiiiiiiiiiieeee . Thismia lauriana
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FIGURE 3. Habitat, Kuala Belalong, Brunei Darussalam.
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Abstract

A new species of Thismia (Thismiaceae) from northwest Borneo is described and illustrated. Thismia brunneomitra was
discovered in 2015 in lowland mixed dipterocarp forest in the Ulu Temburong National Park, Temburong district of Brunei
Darussalam. The new species is characterized by brown to blackish flowers with twelve darker vertical stripes on the peri-
anth tube, inner tepal lobes that are connate to form a mitre with three very short processes at the apex, three-toothed apical
margin of the connective and large wing-like appendage of the connective. An updated determination key of Thismia species
found in Borneo is included.

Key words: mycoheterotrophy, Malesia, mixed dipterocarp forest, Sarcosiphon

Introduction

Primary tropical rainforests of Borneo are one of the most species-rich ecosystems in one of the world’s biodiversity
hotspots (Myers et al. 2000). The island harbours some 15,000 vascular plant species in an area of 743,330 km?, of
which ca. 37% are endemic (Raes et al. 2009). The lowland mixed dipterocarp forest represents the dominant natural
forest habitat in Borneo (Primack & Corlett 2005). Unfortunately, these forests are threatened by large-scale timber
extraction, as they contain several economically important tree species (Bryan et al. 2013). Thus, a combination of
unique biodiversity and rapid deforestation has highlighted Borneo as a priority for nature conservation.

One of the most intriguing inhabitants of the primary tropical forests of Borneo are small mycoheterotrophic herbs
from the genus Thismia Griffith (1844: 221; Thismiaceae, or alternatively Burmanniaceae; for discussion see Merckx
et al. 2006). Species of this genus are achlorophyllous plants with very specific and complex morphology.

Currently, almost 60 species are recognized in the genus (Hrones 2014, Hunt et al. 2014, Mar & Saunders 2015,
Chantanaorrapint & Sridith 2015). Species of Thismia have scattered distribution through the (sub-)tropical areas of
the Asia, Australia, New Zealand and South America (Jonker 1938, Maas et al. 1986, Hunt et al. 2014). Along with
Thailand, Borneo represents one of the species diversity centres of the genus (Dancak ef al. 2013, Chantanaorrapint et
al. 2015).

According to Jonker (1938), Bornean species with free perianth lobes and creeping rhizomes are treated as section
Thismia, while species with connate perianth lobes forming mitre-like flowers and dense coralliform rhizomes are
treated as section Sarcosiphon (Blume 1850: 65) Jonker (1938: 251). In Borneo, two species from this section are
known: T. episcopalis (Beccari 1877: 250) F. Mueller (1891: 235) and T. goodii Kiew (1999: 179).

During our recent expedition to Ulu Temburong in January and February 2015, we found a species of Thismia
with fused tepals, which turned out to be another taxonomic novelty. This finding is only the second record of the
family Thismiaceae for Brunei Darussalam (see Dancak et al. 2013).
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Material & Methods

This study is based on material collected during February 2015 in the vicinity of the Kuala Belalong Field Studies Centre
(KBFSC), Brunei Darussalam. Morphological characters were studied using stereo microscope and high-resolution
macro photography. Collected specimens were thoroughly compared with original drawings and descriptions given in
protologues of Thismia sect. Sarcosiphon and also with high-resolution image of Thismia episcopalis type specimen
(Beccari 1504 deposited in FI).

Description
Thismia brunneomitra Hrones, Kobrlova & Dancak, sp. nov., Fig. 1

Similar to Thismia episcopalis, but differing in having 1-2 flowers per individual, presence of three short processes at the apex of the
mitre, free apical margin of the stamen connective with two broad obtusely triangular lateral lobes and narrowly triangular middle
lobe, large entire wing-like lateral appendage of the connective and brown to blackish colour of the perianth tube (Table 1).

Type:—BRUNEI DARUSSALAM. Temburong distr.: Kuala Belalong, right bank of the stream Sungai Mata Ikan, ca. 150 m NW from
the Kuala Belalong Field Studies Centre. Coordinates WGS 84: N 04°32°51.2"; E 115°09°24.5"; elevation ca. 105 m a.s.1., 3 February
2015. Hrones & Kobrlova 402015 (holotype BRUN! [herbarium specimen, accession number B031129], isotype OL! [herbarium

specimen, accession number 31594]).

Description:—Perennial achlorophyllous mycoheterotrophic herb, 6.2—8 cm tall. Roots coralliform, slightly branched
towards the apex, whitish. Stem 4.5-6.5 cm tall, ascending to erect, simple, one or two flowered, sparsely shortly hairy,
mostly pale brown (Figs 1A, 2A, B), blackish when young (Fig. 2C); pedicel dark brown to blackish and elongating
after anthesis (Fig. 2D). Leaves 67, spirally arranged, well-spaced, scale-like, triangular, acute, entire, 3.5-5 mm
long, 2-3 mm wide at base, pale brown, glabrous. Floral bracts three, similar in shape to leaves but slightly larger, 5.5—
7 mm long, 3-3.5 mm wide at base, keeled, enveloping base of flower, pale brown. Flowers bisexual, actinomorphic,
1.6-1.7 cm long, 0.9—1 cm wide at top of perianth tube; perianth tube urceolate, of 6 fused tepals; outer surface with six
longitudinal ribs, dark brown to blackish when young, later pale brown to brown with 12 vertical dark brown stripes;
outer tepal lobes absent; inner tepal lobes well-developed, connate at top and forming mitre with three holes, 5—7 mm
tall; holes reniform-elliptic to almost rounded, 4—6 mm wide, 2—4 mm high; mitre dark brown to blackish when young,
at maturity dark brown with paler brown to reddish-brown apex and margins of holes, topped by three short obtuse
processes (Figs 1B, 2E). Annulus absent. Stamens 6, hanging from top of perianth tube, bluish to purplish (Figs 2G-I);
connectives flattened, ribbon shaped, connate to form tube; individual connective with two tufts of glandular hairs
on adaxial side and three lobes on free apical margin; lateral lobes wide, obtusely triangular; middle lobe narrowly
triangular (Figs 1D, 2I); each lobe terminated by tuft of glandular hairs; lateral appendage of connective flattened,
large, wing-like, protruding outwards to the perianth tube, with marginal glandular hairs; thecae whitish (Figs 1C, 2G).
Style trifid, papillose, terminated by very shallowly notched stigmas (Fig. 2F); ovary obconical, with six vertical ribs
on surface and blackish horizontal line at apex. Capsule cup-shaped, brown to dark brown, sparsely hairy, topped by
basal ring of perianth tube and withered style (Fig. 2D). Seeds not seen.

Variability:—The basic colour of the perianth tube and the mitre varies from almost black to brown-reddish. The
number of flowers in one individual varies from one to rarely two.

Habitat and ecology:—Shaded understory of lowland mixed dipterocarp forest. The only known site is in a
ravine of a small stream. The terrain is steep, rocky and somewhat disturbed, with patches of bare mineral soil.
Plants were found primarily in these bare patches with several individuals growing on a rock crevice just next to the
stream in association with Diplazium cordifolium Blume (1828: 190), Epipremnum falcifolium Engler (1898: 11),
Mapania monostachya Uittien (1935: 194), Schismatoglottis asperata Engler (1879: 297) and Selaginella involvens
agg. Several other mycoheterotrophic species were recorded around, within a distance of 5 m: Epirixanthes elongata
Blume (1823: 82), E. papuana J.J.Smith (1912: 486), Sciaphila densiflora Schlechter (1912: 87), S. secundiflora
Thwaites ex Bentham (1855: 10) and Gymnosiphon aphyllus agg.

Distribution:—Thismia brunneomitra was found near the Kuala Belalong Field Studies Centre in the Temburong
district of Brunei Darussalam. The only known population occurs on the right bank of the small stream Sungai Mata
Ikan, approximately 100 m from its confluence with the Belalong River and near the “Ashton trail” forest circuit.
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05 cm

05 cm

FIGURE 1. Thismia brunneomitra. A. Habit of the plant. B. Flower. C. Stamen with lateral appendage and thecae, outer view. D. Stamen
with apical lobes, inner view. Drawn by K. Janosikova.

Conservation status:—Population of 7. brunneomitra occurs within the designated research zone of Ulu
Temburong National Park, to which public access is restricted. The type locality and its surroundings are thus protected
from logging or other destructive anthropogenic activities. However, given that after a thorough search, no more than
15 individuals were noticed, and that the population is situated near relatively frequented forest trail, we suggest
evaluating the species as critically endangered (CR) according to the IUCN Red List Categories and Criteria (IUCN
2012).
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FIGURE 2. Thismia brunneomitra. A-B. Habit of the plant. C. Habit of the immature plant. D. Elongated stem with a capsule after the
anthesis. E. Flower. F. Style. G. Perianth with removed mitre and proximal part showing stamens with anthers and lateral appendage. H.

Longitudinal section of perianth tube with anthers and style. I. Section of the perianth and anther tube showing apical anther appendages.
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Etymology:—Name of the species is composed from Latin words brunneus (brown) and Greek mitra, referring
to the typical colour and shape of the flowers.

Taxonomic affinities

Thismia brunneomitra belongs to the section Sarcosiphon. Members of this section share several characteristics, such
as coralliform rhizomes, three floral bracts enveloping the base of the flower and inner tepal lobes fused at the top
and forming a mitre. Up to now, this section included five species, Thismia clandestina (Blume 1850: 65) Miquel
(1855: 616) from western Java, 7. crocea (Beccari 1877: 249) J. J. Smith (1909: 193) from West Papua, T episcopalis
and 7. goodii Kiew (1999: 179) from Sarawak and 7. yorkensis Cribb (1995: 51) from northern Australia. Moreover,
two other species, 7. clavigera (Beccari 1877: 251) F. Mueller (1891: 235) and T. betung-kerihunensis Tsukaya &
Okada (2012: 56), both known from western Borneo, are sometimes included to this section (Tsukaya & Okada 2012).
Thismia brunneomitra is readily distinguished from the two last species by the absence of the long clavate segments
on the apex of the mitre. Flowers of 7. yorkensis are white with well developed outer perianth lobes and inner perianth
lobes wide, forming hemispherical mitre (Cribb 1995). Thismia crocea flowers have much longer perianth tube with a
distinct constriction in the middle, stamen tube inserted near the constriction inside and the mitre with small triangular
holes formed by wide inner perianth lobes (Beccari 1877). The remaining species from Java and Borneo are therefore
morphologically most similar. Thismia goodii differs by the blue colour of the flowers and glabrous stamens, and 7.
clandestina differs by its conspicuous annulus, shorter mitre and two (or sometimes three) asymmetrical lobes on the
free apical margin of the connective (Smith 1911, Jonker 1938, Kiew 1999). This leaves 7. episcopalis the most similar
to T brunneomitra (see Table 1).

TABLE 1. Main morphological differences among members of Thismia sect. Sarcosiphon (1. betung-kerihunensis and T.
clavigera excluded) from Borneo and Java.

T. brunneomitra T. clandestina T. episcopalis T goodii

number of flowers 1(-2) 1-3 1-7 1(-2)

perianth coloration brown to blackish with ~ pale brown to dark orange-yellow white with faint dark
12 longitudinal dark greenish gray with 12 green tinge and narrow

outer perianth lobes
height of mitre (mm)
mitre apex

teeth on free apical part

of connective

hairs on apical part of

connective
lateral appendage of the

connective

brown stripes

absent

5-7

not fully connate with
three short erect obtuse
projections

3; middle lobe narrowly
triangular, lateral lobes
larger, obtusely triangular
present

large, entire, exceeding
whole apical part of the

connective

longitudinal dark brown

stripes

absent

ca2(-4)

obtusely acuminate

without any projections

2-3; asymmetrical, with
additional several bristle-
like laciniae

present

dentate, not exceeding
apical part of the

connective

absent
cal
obtuse without any

projections

3; all teeth obtusely
triangular, all similar in
shape and size

present

entire, slightly undulated,
not exceeding apical part
of the connective

dark blackish green

longitudinal stripes
distinct

(5-)7(-9)
acuminate without any

projections

3; middle lobe wide,
triangular, lateral lobes

smaller
absent

? (not stated in the

protologue)

The colour of the perianth tube of 7. episcopalis is described as “/uteo-crocei” by O. Beccari, i.e. yellow-orange,
whereas in our species perianth tube is brown to blackish. Number of flowers is generally higher in 7 episcopalis, in
which varies from 1 to 7, than in 7. brunneomitra, in which only one or rarely two flowers per individual plant were
recorded. The mitre of 7. episcopalis has round holes and entire, blunt apex in comparison with 7. brunneomitra, in
which mitre holes are rather reniform-elliptic and there are three short erect obtuse projections on the apex, which
represent tips of the perianth lobes. Differences between these two species also exist in the size and shape of the
stamens. Free apical margin of connective in both species bear three teeth. However, the teeth architecture differs—all
three teeth are + similar in shape and size in 7. epicopalis, but in T. brunneomitra the two lateral teeth are noticeably
larger and obtusely triangular while the central tooth is narrowly triangular. Lateral appendage of the connective
is much larger, exceeding whole apical part of the connective when viewed from the outside of the flower in T.
brunneomitra, while the appendage of T. episcopalis is noticeably shorter than the apex of the connective (Table 1).
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Revised key of genus Thismia in Borneo modified after Tsukaya & Okada 2012

1. Perianth lobes free; roots Creeping, VEITITOIIIT ......c.coiriiiiieieiteitert ettt ettt ettt ettt ettt e st est et e testesbesae e st eseeneentensebeebeebeeneenis 2
- Perianth lobes connate above the mouth of the perianth tube; roots clustered, coralliform ...... 7
2. All perianth lobes simple, of the same length and SIZE ...........coeiiiiiiiiiiie et 3
- Inner perianth lobes simple, outer perianth lobes consisting of three parts ... . Thismia neptunis
3. Perianth tube with distinct transverse bars at least at the base; stigmas Difid .........cccooiviiiiiiiiiii e 4
- Perianth tube without transverse bars; stigmas N0t Difid ..........cccooeiiiiiiiiiii e Thismia ophiuris
4. Transverse bars found only in the basal part of the perianth tube; anther appendages 3 .... Thismia bifida
- Transverse bars found throughout the perianth tube; anther appendages 2 0T 4 ........cccooieieirieienienereeree e 5
5. Annulus bright yellow, sharply hexagonal; anthers with 4 finger-shaped appendages: 2 upper and 2 lower at the free apical mar-
N OF thE COMMECTIVE ....ititiiiieiieietet ettt ettt ettt b e bt b e eh e eseea e e st e st et et e s beebeebeeneeseeneeneensensan Thismia hexagona
- Annulus pale purple, round or weakly hexagonal; anthers with 2 appendages ..........cccooceeieieieierieneneseeeeee s 6
6. Perianth tube white with brownish-purple streaks; lobes with appendages ca. 17 mm ... Thismia mullerensis
- Perianth tube white; perianth lobes with appendages ca. 70 MM .........oceeieieiierieninieeeieeeeee e Thismia lauriana
7. Inner perianth lobes form three free, long, almost erect, clavate appendages above the mitre; free apical margin of the connective
ENLIre OF SHIGNELY CIMATZINALE .....ioviitiitiiiieiieieiet ettt ettt et ettt e st et et et e b e bt e st e st ea e ea s e s s e beebeebeebeeseeneenbensensenbenbeeseaneanean 8
- Inner perianth lobes lack any elongated appendages; free apical margin of the connective clearly trilobed ..........cccccoevininennnne. 9
8. Flowers yellow-orange to pink-red; free apical margin of the connective triangular, acute ...........cccceeeveereneennene Thismia clavigera
- Flowers blue-green; free apical margin of the connective rounded to slightly emarginate ................. Thismia betung-kerihunensis
9. Flowers blue; outer perianth lobes distinct; free apical margin of the connective glabrous, without any hairs or ciliae ...................
..................................................................................................................................................................................... Thismia goodii
- Flowers yellow, orange, brown or blackish; outer perianth lobes not distinct; free apical margin of the connective hairy .......... 10
10. Perianth tube yellow-orange; apex of the mitre obtuse without any projections; free apical margin of the connective with lobes of
the £ same 1eNGth AN SIZE ...c..oouiiiiriiiiiiee ettt b ettt et ettt ettt eae s Thismia episcopalis
- Perianth tube brown to blackish; apex of the mitre acuminate with three very short projections; free apical margin of the connec-
tive with lateral lobes larger, obtusely triangular and the middle lobe narrowly triangular .......................... Thismia brunneomitra
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Abstract

A new species belonging to the mycoheterotrophic genus Thismia is described and illustrated. Thismia inconspicua was
found in a lowland mixed dipterocarp forest in Ulu Temburong National Park, Brunei Darussalam. It is characterized by
its sepia-brown perianth with free equal lobes with very short terminal appendages, two pairs of appendages on connective
apices, perianth tube displaced from the ovary axis and short stem. DNA sequence data from commonly studied nuclear
and mitochondrial loci are provided. Phylogenetic analysis confirmed the close relationship with other members of section
Thismia, subsection Odoardoa. An updated determination key of Thismia species of Borneo is included.

Key words: atpA, Burmanniaceae, Malesia, SSU rDNA

Introduction

Tropical rain forests of Southeast Asia in general and Borneo in particular belong to the most threatened and richest
biodiversity hotspots in the world (de Bruyn et al. 2014, Myers et al. 2000). Their anthropogenic destruction is currently
at an unprecedented rate (Wilcove et al. 2013), whereas research activities are still being blocked by multiple obstacles
in many countries (Brunei Darussalam being a rare exception within the region). Therefore, our knowledge of the
diversity of organisms in these valuable tropical ecosystems is far from complete.

Mycoheterotrophic plants are one of the least explored ecological groups due to their inconspicuous appearance
and the ephemerality of their above-ground organs, which makes them predominantly visible only in the rainy seasons
of the year (Merckx et al. 2006), i.e. in the periods usually avoided by field botanists. Moreover, some of them are
believed to be extremely rare as a result of specificity of biotic interactions (Merckx & Wapstra 2013). Although
most mycoheterotrophic plant taxa can associate with a wide range of arbuscular mycorrhizal fungi, some, such as
Arachnitis, Petrosavia and most Thismiaceae species only associate with a single or few fungal species (Merckx et
al. 2012). Not surprisingly, mycoheterotrophic herbs are thus found mainly in humid primary forests with undisturbed
biotic networks (Merckx et al. 2006) and their diversity often reflect floristic richness of these habitats (Tsukaya et
al. 2014). On the other hand, the specific association with a fungal symbiont does not imply an association with any
particular autotrophic host taxa (Merckx & Wapstra 2013).

The genus Thismia Griffith (1844: 221; family Thismiaceae, order Dioscoreales; Merckx et al. 2009, Merckx &
Smets 2014) is a good example of such a taxon containing species with scattered distributions and rare occurrence. To
date, around 60 species have been described worldwide (Nuraliev et al. 2015), of which only a few have been found
more than once; most species are therefore known only from the type locality and some are even considered extinct
(Merckx et al. 2006, Merckx & Smets 2014). Recent interest in the genus has led to the discovery and description
of many new species during the past few years, especially from Southeast Asia which includes the main centres of
Thismia diversity (Averyanov & Larsen 2007). Furthermore, many findings still await to be published. In this paper,
we report a third finding of the family Thismiaceae in Brunei Darussalam (Dancék et al. 2013, Hrones et al. 2015).
This discovery turned out to be another taxonomic novelty and we describe it as a new species.
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Material and Methods

The study is based on a single population found in Brunei Darussalam in January 2016 that comprised 10 individuals
(one in full flower, two in bud stage and seven in different stages of fruit, including two plants with detached yet
preserved perianths). Morphological characters were studied using stereomicroscope (40x magnification) and macro-
photography. The observed characters were compared with original drawings and descriptions in protologues of species
of Thismia sect. Thismia.

DNA was extracted from silica gel-dried fruit pedicel using the CTAB method (Doyle and Doyle 1987) and
molecular sequence data were generated from two loci. The small subunit of ribosomal DNA (SSU rDNA) and internal
transcribed spacers (ITS) were amplified and sequenced with primers NS1, NS4, NS5 and ITS4 (White et al. 1990),
with an additional internal primer ITS2 used for sequencing only. The mitochondrial gene atpA was amplified and
sequenced with primers developed by Eyre-Walker & Gaut (1997). PCR was performed with Kapa polymerase (Kapa
Biosystems) following a standard protocol with 37 cycles and annealing temperature of 56°C. The PCR products were
purified by precipitation with polyethylene glycol (10% PEG 6000 and 1.25 M NaCl in the precipitation mixture)
and sequenced from both directions by Sanger method at Macrogene Europe. Sequences were edited and aligned in
GENEIOUS (ver. 7.1.7., Biomatters). The data obtained for 7. inconspicua and T. hexagona Dancak et al. (2013: 34)
from the type localities and all available sequences of other relevant taxa from NCBI Genbank were analysed using
maximum parsimony methods and tested by 1000 bootstrap replicates in MEGA (ver. 5.2.2; Tamura et al. 2011). All
sequences were deposited in NCBI Genbank (accession numbers KU948541-KU948545).

Description
Thismia inconspicua Sochor & Dancak, sp. nov., Fig. 1.

Thismia inconspicua differs from congeneric species in having the following combination of morphological traits: short stem, all perianth
lobes free and equal, tapering into very short terminal appendages, perianth tube displaced from the ovary axis, two pairs of dimorphic
appendages on connective apices, three-lobed stigma with lobes entire or bifid.

Type:—BRUNEI DARUSSALAM. Temburong Distr.: Kuala Belalong, a ridge between Temburong and Belalong river valleys ca. 1.4 km
SE of their confluence. Coordinates WGS 84: N 04°32°33”; E 115°09°59”, elevation ca. 280 m a.s.l., 27 January 2016. M. Sochor
MS1/16 (holotype BRUN [accession number B 031 202], isotype OL [accession number 33410]).

Description:—Terrestrial achlorophyllous mycoheterotrophic herb, 1.6 to ca. 5 cm tall when flowering and to 8.5 cm
tall when fruiting (Figs 1A, 2A—C). Roots ca. 0.75 mm thick, hardly branched, vermiform, creeping, cream-coloured.
Stem erect, ascending, horizontal or almost missing, simple or simply branched, whitish, glabrous, usually less than
1.5 cm (or to 3.8 cm when fruiting) long. Leaves 0-3, appressed, scale-like, same colour as stem, narrowly triangular
with acute apex, (2—)5-8 mm long and ca. 2 mm wide at the base (Fig. 2E), margins decurrent and forming long
thin lamellae on the stem (stem thus ribbed). Floral bracts two or three, similar to leaves in shape and size, often
indistinguishable from them. Flowers solitary. Perianth actinomorphic with 6 tepals fused into an urceolate perianth
tube with free, equal apical lobes; perianth tube ca. 7 mm long and 7 mm wide below the apex, (light) brownish with
12 sepia-brown longitudinal ribs, both ribs and background gradually darkening toward the apex; basal part of perianth
tube inclined at an angle to the ovary, thus the upper part of the perianth displaced from the ovary axis; Figs 1A,
2A); inner surface of the perianth tube with 12 longitudinal ribs and faint, pale horizontal bars; apical annulus raised
moderately, 4 mm in diameter with opening ca. 2.3 mm wide, sepia-brown on the outer margin, brownish-orange to
light orange on the inner margin and grayish in between, inner margin with three shallow notches situated in extensions
of the axes of the inner perianth lobes (Fig. 2B); perianth lobes sepia-brown, narrowly triangular, 2.5 mm wide at base
and 6-6.5 mm long (including 2 mm long terminal appendages arising from the abaxial side of each lobe). Stamens 6,
borne on thickened apical margin of the perianth tube; filaments free, short, curved downwards, connectives broad and
flattened, laterally connate to form a tube, with two pairs of appendages at the free distal margin — each pair consisting
of a club-shaped appendage pointing centripetally and a tooth-shaped appendage pointing centrifugally (Figs 1D, 2G);
outer side of connective with box-shaped lateral appendage on the distal end protruding towards perianth tube (Figs
1E, 2F). Style short, stigma 3-lobed, papillose, lobes longitudinally furrowed (Figs 1B, 2D) and sometimes split from
the top (then stigmas shallowly to deeply bifid; Fig. 1C). Capsule cup-shaped, pinkish-brown, on elongated pedicel (to
6 cm long). Seeds beige, ellipsoid, ca. 0.7 x 0.2 mm (Fig. 2H).
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FIGURE 1. Thismia inconspicua: flowering plant (A), immature capsule with stigma (B), bifid type of stigma (C), longitudinal section of
perianth tube (D) and outer view of stamens (E). Drawn by K. Janosikova.
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FIGURE 2. Thismia inconspicua: flowering plant (A), plants in different developmental stages (B, C, E), capsule with stigma (D), outer

view of stamens (F), appendages on connective apices (G), mature capsule with seeds (H) and the type locality (I).
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Variability:—The studied population exhibited very low morphological variability. The most prominent variation
was observed for stem length; some plants were almost acaulescent (with leaves and floral bracts forming a single
rosette) while the stem of one individual was as long as 3.8 cm. Only small differences were detected in the number
of flowers (one or two per individual plant), number of leaves (none to three) and floral bracts (two or three). Due to
the limited number of fully developed flowers, variation in generative characters could not be evaluated. Differences
in flower coloration, shape of stigma (lobes entire or bifid) and fruit pedicel length (0.5-6 cm) could be ascribed to
different developmental stages of each plant and/or plasticity.

Habitat and ecology:—The only known locality of the species is situated in primary lowland mixed Dipterocarp
forest in a relatively light gap with a dead standing tree (Fig. 21). Thismia inconspicua grows on decaying fallen
branches, lianas and epiphytes, and on organic matter formed after their decomposition. A few individuals were found
growing on the lower side of rotten branches. During our study, the locality was still being disturbed by falling limbs
and branches, which resulted in slow vegetation restoration. Several other mycoheterotrophic plant taxa were found
within 20 m—-Epirixanthes elongata Blume (1823: 82), Tropidia saprophytica Smith (1927: 27), Gastrodia sp. and
Gymnosiphon sp.

Distribution:—The species is known only from the type locality, 0.9 km ESE of the Kuala Belalong Field Studies
Centre, Universiti Brunei Darussalam in the Temburong District, Brunei Darussalam.

Conservation status:—The population of 7. inconspicua is protected against logging and other anthropogenic
disturbance thanks to its location in Ulu Temburong National Park. Despite intensive botanical and ecological research
on the locality in the past decades, the species was discovered only recently and by accident. The possibility of
its presence being overlooked elsewhere in Brunei or Sarawak thus cannot be precluded due to its inconspicuous
appearance and ephemeral growth. Therefore, we suggest evaluating the species provisionally as data deficient (DD)
according to the IUCN Red List Categories and Criteria (IUCN 2012).

Etymology:—The specific epithet reflects the inconspicuous colour and appearance of the plants on decaying
wood during flowering period.

Taxonomic affinities

With its creeping vermiform roots and free and equal perianth lobes, T inconspicua is clearly placed in section Thismia,
subsection Odoardoa Schlechter (1921: 34). It is distinguished from other members of this subsection by the following
traits: 1) two pairs of appendages on connective apices; ii) very short terminal appendages on perianth lobes; iii) short
(sometimes almost absent) stem; iv) three-lobed stigma with lobes entire or bifid; v) perianth tube displaced from
ovary axis; vi) notched inner margin of annulus (although this trait was clearly observed only in a single flower).

The morphologically most similar species is 7. chrysops Ridley (1895: 323) described from the Malay Peninsula.
Both taxa share several traits, such as perianth tube displaced from its axis, the four anther appendages, sepia-brown
perianth lobes, and three-lobed stigma. Also, both species seem to be ecologically similar as they were found on
rotten wood in lowland forests. Nevertheless, 7. chrysops differs significantly in possessing longer and ciliate terminal
appendages on its perianth lobes, few additional processes on the connective apices, a bright yellow annulus, dark
brown perianth tube, short black pedicels and long stems.

A superficially similar species to 7. inconspicua is T. filiformis Chantanaorrapint (2012: 69) from Thailand. Both
taxa share the brown colour of perianth (although different in shade) and relatively short tentacles (although longer
in the latter species). Nevertheless, 7. filiformis differs by, for example, possessing three apical anther appendages,
tuberculate longitudinal ribs on a straight perianth tube, long stems, larger flowers and thicker branched roots.

The other known Bornean species of subsection Odoardoa — T. bifida Hotta (1967: 161), T. hexagona, T.
lauriana Jarvie (1996: 259), T. mullerensis Tsukaya & Okada (2005: 129) and T. ophiuris Beccari (1877: 252) differ
in most characters (shape of anthers and stigma, colour, overall appearance) and probably form different evolutionary
lineages.

Molecular phylogenetic analysis

DNA sequencing resulted in three continuous reads in 7. inconspicua of total length of 3,479 bp. Two reads comprised
almost 2.4 kbp long SSU-LSU rDNA region which was nevertheless interrupted by a ca. 80 bp gap around NS4/
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NS5 primer binding sites. ITS and the adjacent part of SSU rDNA could not be read in 7. hexagona due to unknown
technical difficulties. Phylogenetic analyses were thus performed only on a#pA (alignment of 1132 bp) and part of SSU
rDNA (1042 bp alignment). Both 7. inconspicua and T. hexagona formed a strongly supported clade with 7. aseroe and
T. javanica (Fig. 3), although relationships between these four species could not be determined due to only limited data
of unknown quality for 7. javanica and a number of ambiguous sequence positions in SSU of 7. aseroe. The highest
pairwise sequence identity of 7. incospicua was 97.7 % with T. hexagona in SSU rDNA and 99 % with T. aseroe in
atpA. The sequences of T incospicua were deposited in NCBI Genbank (accession numbers KU948542, KU948544
and KU948545).

971 T. javanica KF692535
T. hexagona
T. aseroe AF309404
T. inconspicua
T. rodwayi KF692538
100% T. clavarioides KF692533
T. clavigera AF309405
T. taiwanensis DQ786080
100 T. huangii KF692534

T. panamensis DQ786081
o8 o Afrothismia korupensis EU420991
100 Afrothismia gabonensis FJ215766
100 LjAfrothismia winkleri EU420992
98- Afrothismia hydra FJ215765
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FIGURE 3. Phylogenetic position of 7. inconspicua in Thismiaceae and related taxa based on SSU rDNA (A) and atp4 mitochondrial
gene (B). Branch length corresponds to number of mutational changes, bootstrap values shown at the branches.

Key of genus Thismia in Borneo (modified after Hrones et al. 2015)

1. Perianth lobes free; roots creeping, Vermiform ..........c..cccoveeveoineininiiineniceneeneeeseeeeeeee
- Perianth lobes connate above the mouth of the perianth tube; roots clustered, coralliform ...
2. All perianth lobes simple, of the same length and S1Z€ ...........cccoiiiriiiiriiiiiinii ettt
- Inner perianth lobes simple, outer perianth lobes consisting of three parts ...........c.ccceeeeerevinernienccncneeean Thismia neptunis
3. Free distal margin of connective with 2 club-shaped and 2 tooth-shaped appendages, stem very short or missing (usually less than
1.5 cm), perianth sepia-brown, appendages of perianth lobes ca. 2 mm, subconical, perianth tube displaced from ovary axis ........
.......................................................................................................................................................................... Thismia inconspicua
- Connective with 2, 3 or 4 finger-shaped or filiform appendages, stem distinct (usually more than 3 cm), perianth white or at least
partly yellow, appendages of perianth lobes longer than 7 mm, filiform, perianth tube + straight ............ccoccovviniiininnnnincnnne 4
4. Perianth tube with distinct transverse bars at least at the base; stigmas bifid ..........ccoocviiiiiiniiiniiicceee 5
- Perianth tube without transverse bars; stigmas not bifid .........c..cccoeeiiineiininiinecncneen . Thismia ophiuris
5. Transverse bars found only in the basal part of the perianth tube; anther appendages 3 ..........cccceceveinveniiincinenne Thismia bifida
- Transverse bars found throughout the perianth tube; anther appendages 2 08 4 .......c..ccoiiiiriiiininiiiicecee e 6
6. Annulus bright yellow, sharply hexagonal; anthers with 4 finger-shaped appendages: 2 upper and 2 lower at the free apical margin
OF the COMMECTIVE ....uuiiiiiiiieiet ettt ettt et b ettt b ettt a et b e enes Thismia hexagona
- Annulus pale purple, round or weakly hexagonal; anthers with 2 appendages .........c..cccoeoirireiininiiineineeeeeerec e 7
7. Perianth tube white with brownish-purple streaks; lobes with appendages ca. 17 mm .........cccecevecvncnncnncnnn Thismia mullerensis
- Perianth tube white; perianth lobes with appendages ca. 70 MM ......c..ccoviriiiiniiiiniiiineeeceeeee e Thismia lauriana
8. Inner perianth lobes form three free, long, almost erect, clavate appendages above the mitre; free apical margin of the connective
ENLIre OF SHIGNELY CIMATZINALE .....eoviitiitieiieiieieet ettt ettt ettt et e st e st e st et et e b e e bt e st e st e st enten s e s s e beeseebeeseeseeneentensensessenseeseeneanean
- Inner perianth lobes lack any elongated appendages; free apical margin of the connective clearly trilobed
9. Flowers yellow-orange to pink-red; free apical margin of the connective triangular, acute ...........ccccoeevrereeuennee Thismia clavigera
- Flowers blue-green; free apical margin of the connective rounded to slightly emarginate Thismia betung-kerihunensis
10. Flowers blue; outer perianth lobes distinct; free apical margin of the connective glabrous, without any hairs or ciliae ...................
..................................................................................................................................................................................... Thismia goodii
- Flowers yellow, orange, brown or blackish; outer perianth lobes not distinct; free apical margin of the connective hairy .......... 11
11. Perianth tube yellow-orange; apex of the mitre obtuse without any projections; free apical margin of the connective with lobes of
the £ same 1eN@th AN SIZE .....cc.eiiuiiiiiiiiiiic ettt Thismia episcopalis
- Perianth tube brown to blackish; apex of the mitre acuminate with three very short projections; free apical margin of the connective
with lateral lobes larger, obtusely triangular and the middle lobe narrowly triangular ..........c..ccccccoeeinennncne Thismia brunneomitra
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Two new species of Thismia subsect. Odoardoa
(Thismiaceae) from Borneo
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Background — Two new species of the sect. Thismia subsect. Odoardoa, Thismia cornuta Hrones, Sochor
& Dancak and Thismia pallida Hrones, Dancdk & Rejzek, from Malaysian Borneo are described and
illustrated. The former species is distributed in the Bario area of the Kelabit Highlands of Sarawak, and
the latter occurs in the SAFE (Stability of Altered Forest Ecosystem) Project area, northwest of Tawau in
Sabah.

Methods — This study is based on field observations in several forest localities in Sarawak and Sabah
and herbarium material deposited in SAN, SAR and OL. Both conventional herbarium techniques and
comparison with protologues of described species were applied.

Results — Thismia cornuta is morphologically closely related to 7. inconspicua Sochor & Dancak from
Brunei Darussalam and 7. chrysops Ridl. from the Malay Peninsula but it differs from both species by the
presence of only two appendages at apical margin of the connective, by horn-like projection on each side of
the lateral appendage and by white colour of perianth tube. It was found at three localities and is preliminarily
treated as endangered (EN). Thismia pallida is morphologically close to 7. filiformis Chantanaorr. from
Thailand but differs by the presence of five appendages at apical margin of connective, by box-shaped
lateral appendage exceeding apex of connective and by shorter filiform appendage of perianth lobe. It was
found at a single locality within twice logged secondary forest and it is preliminarily treated as critically
endangered (CR). This is only the second record of Thismia species inhabiting secondary forests in tropical

Asia.

Key words — Malesia, mycoheterotrophy, Sabah, Sarawak, tropical rain forest.

INTRODUCTION

Thismia Griff. (family Thismiaceae, sometimes included also
into Burmanniaceae; Merckx et al. 2006, The Angiosperm
Phylogeny Group 2016) is a genus of delicate mycohetero-
trophic monocot plants. The genus comprises about 70 ac-
cepted species (Nuraliev et al. 2015, Chantanaorrapint et al.
2016, Cowie & Liddle 2016, Kumar et al. 2017, Sochor et al.
2017, Suetsugu et al. 2017, Sujanapal et al. 2017, Tsukaya
et al. 2017) and is distributed mostly in the tropical regions
of Asia, Australia and South America and extending into the
subtropical or even temperate regions of Japan, New Zea-

land, Australia and the USA (Maas et al. 1986, Merckx et al.
2013). Two main centres of its diversity in Southeast Asia
are located in the Malay Peninsula and Borneo, both with
thirteen recognized species (Jonker 1948, Chantanaorrapint
et al. 2016, Sochor et al. 2017, Suetsugu et al. 2017, Sujana-
pal et al. 2017). Ranges of the majority of species are very
small areas and most of the species are even reported as be-
ing steno-endemic (Jonker 1948, Jarvie 1996, Dancék et al.
2013, Mar & Saunders 2015). It is also commonly believed
that Thismia species are confined to primary virgin rainfor-
ests where they grow in the leaf litter and therefore may be
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easily overlooked (Stone 1980, Merckx et al. 2006, Chanta-
naorrapint et al. 2016, Sochor et al. 2017).

Vegetative organs of Thismia are highly modified due to
the full mycoheterotrophy and the individuals are probably
able to persist underground for a considerable period during
the year gaining all nutrients from their fungal “symbiont”
(Stone 1980, Mar & Saunders 2015). Aboveground parts
probably emerge only for a short period of time during the
rainy season (Stone 1980). Flowers of Thismia are highly
specialized, most likely for the pollination by small flies
(Stone 1980, Mar & Saunders 2015). Stamens of Old World
species usually have flattened connectives which are fused
together and forming a “tunnel” for the pollinators. The
connectives are furnished by variously shaped appendages,
which possibly direct the move of the pollinator and restrict
self-pollination (Mar & Saunders 2015). These appendages
are generally considered species-specific and are used as dis-
criminating morphological character for separating the spe-
cies (e.g. Ridley 1895, Jonker 1948, Chantanaorrapint 2012,
Dancak et al. 2013, Chantanaorrapint et al. 2016, Sochor et
al. 2017).

Current infrageneric classification of the genus is based
mostly on the morphology of the roots and perianth lobes
(Jonker 1948, Kumar et al. 2017). Two subgenera (Old-
World Thismia subgen. Thismia and neotropical Thismia
subgen. Ophiomeris (Miers) Maas & Maas) and seven to
eight sections are recognized (Maas et al. 1986, Kumar et al.
2017). Four major groups are recognized in the Old World:
Thismia sect. Thismia with vermiform creeping roots and
free perianth lobes, Thismia sect. Rodwaya (F.Muell.) Schltr.
and Thismia sect. Gaziocharis (Taub. ex Warm.) Hatusima
with vermiform roots and outer perianth lobes fused togeth-
er to form a mitre, and Thismia sect. Sarcosiphon (Blume)
Jonker with clustered coralloid roots and outer perianth lobes
also fused together to form a mitre. The first section is fur-
ther divided into two subsections: Thismia subsect. Brunoni-
thismia Jonker with perianth lobes of two different sizes and
shapes and Thismia subsect. Odoardoa Schltr. with perianth
lobes all equal in shape and size (Jonker 1948, Danc¢ék et al.
2013, Hrones 2014, Hunt et al. 2014, Hrones et al. 2015).

During our field trips to Pulong Tau National Park in
the Kelabit Highlands of Sarawak and experimental plots
of SAFE project in Sabah (both Malaysian Borneo) in early
2017, we have discovered two species of Thismia clearly
belonging to the sect. Thismia subsect. Odoardoa by their
vermiform roots and all six perianth lobes free and of same
length and size. However, the combination of their morpho-
logical characters did not match any of the described taxa and
we, therefore, describe them here as new species.

MATERIALS AND METHODS

Material

This study is based on material collected during January and
February 2017 in the Bario area, Kelabit Highlands, Sarawak
and in LFE block of the SAFE (Stability of Altered Forest
Ecosystem) Project (Ewers et al. 2011) near Tawau, Sabah.
Morphological characters were studied using hand lens (30—
60x magnification), stereo microscope and macro photogra-
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phy. Collected specimens were thoroughly compared with
original drawings and descriptions given in protologues of
representatives of Thismia sect. Thismia. Herbarium vouch-
ers for this study are deposited in SAN, SAR and OL.

Terminology

Morphological terminology used to describe Thismia flowers
is sometimes confused as various authors use different terms
for the same floral part, e.g. adaxial appendage vs. abaxial
appendage vs. lateral appendage. We prefer to use the term
lateral appendage as it describes the structure which is at-
tached to the flat surface of the connective (although not on
its margin) in contrast to apical appendages which occur on
the apical margin of the connective. Strictly the use of the
term lateral is not correct but it is perfectly understandable
and established (see e.g. Mar & Saunders 2015). On the oth-
er hand, the term adaxial appendage suggested by several
authors (e.g. Nuraliev et al. 2015) is confusing as the con-
nective was turned down during evolution from his original
erect position so that its adaxial side became abaxial.

While describing the perianth tube sometimes the term
hypanthium (or floral tube) is used. However, this is not gen-
erally accepted, as hypanthium should include also ovary and
vegetative tissues (i.e. upper part of floral receptacle, e.g.
Hickey & King 2000, Beentje 2010). In Thismia the ovary
and peduncle are clearly free from the rest of the flower and
moreover the perianth tube is caducous. It is thus formed only
by tepals and anther filaments. Therefore, we prefer use of the
term perianth tube.

TAXONOMIC TREATMENT

Thismia cornuta Hrones, Sochor & Dancék, sp. nov.

It differs from its congeners by the combination of following
morphological characters: stem very short or absent, flower
slightly zygomorphic, perianth tube white and verrucose out-
side, annulus pinkish, only two appendages at apical margin
of the connective and small horn-like projection arising from
each side of the lateral appendage. — Type: Borneo, Sarawak
(Malaysia), Kelabit Highlands, Pa’Umor village, Anak Kadi
Ridge, 4.4 km SSE of the village, 3°42'1"N, 115°3128"E,
1195 m alt., 13 Jan. 2017, Sochor et al. BOR2/17, whole
plant in spirit (holo-: SAR) and pressed (iso-: OL).

Small perennial achlorophyllous herbs. Roots creeping,
vermiform, + horizontal, hardly branched, pale brown. Stem
very short or absent, white, 0—15 mm long, ascending, gla-
brous. Leaves spirally arranged, reduced, scale-like, trian-
gular, acute, c. 3 mm long, 1-3 per stem. Bracts 3, similar
to leaves but larger, 6-7 mm long. Flowers usually solitary
(rarely 2), slightly zygomorphic, sessile. Perianth of 6 tepals
fused to form perianth tube apically with 6 free tepal lobes.
Perianth tube urceolate, ¢. 15 mm long, 9 mm wide at upper
third, translucent-white, sometimes with 12 inconspicuous
pinkish longitudinal stripes in the upper part, without trans-
verse bars inside, verrucose outside, basally bent or inclined
at an angle to the ovary, thus the upper part of the perianth
displaced from the ovary axis. Apex of perianth tube fused
with stamen bases to form thin, pinkish, circular, slightly
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raised annulus 3 mm in diameter. Perianth lobes 6, all equal
in shape and size, long triangular, 5-6 mm long, 2-3 mm
wide at base, white, tapering into white, filiform appendage,
8—10 mm long. Stamens 6, pendent from the annulus, trans-
lucent; filaments short, free, curved downwards; connectives
laterally connate, forming a tube; each connective with 2
club-shaped appendages of the same shape and size inserted
at apical margin and large cap-shaped lateral appendage on
the distal part protruding towards perianth tube; lateral ap-

A

pendage with irregularly dentate apex and 2 horn-like projec-
tions arising from the middle part of each side; projections
apically with cluster of hairs. Style short, stigma 3-lobed,
papillose, lobes apically shallowly bilobed. Ovary white,
inferior, cup-shaped, almost entirely surrounded by bracts.
Fruit a cup-shaped white capsule, 5 mm long, 4.5-9 mm in
diameter, topped by withered style and borne on elongated,
35-85 mm long, white fruiting pedicel. Seeds not seen. Figs
1 &2.
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Figure 1 — Thismia cornuta: A, habit of flowering plant; B, habit of plant with flower bud; C, style with stigma; D, outer view of stamens;
E, inner view of stamen. Scale bars: A & B =5 mm, C-E = 1 mm. Drawn by Katefina Janosikova. A from Sochor et al. BOR10/17; B-E

from Sochor et al. BOR2/17 (type).
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Additional specimens examined — Borneo, Sarawak (Malaysia):
Kelabit Highlands, Pa’Lungan village, Arur Bedalawid, 3.3 km N of
the village, 3°5022"N, 115°30'57"E, 1218 m alt., 15 Jan. 2017, So-
chor et al. BOR24/17 (SAR); Kelabit Highlands, Pa’Lungan village,
Arur Bedalawid, 3.1 km N of the village, 3°50'18"N, 115°31'06"E,
1136 m alt., 16 Jan. 2017, Sochor et al. BOR10/17 (OL).

Distribution and habitat — So far known only from the Bar-
io area, Kelabit Highlands, Sarawak, north-western Borneo
(possibly endemic). Although most of the Thismia species
are reported from a single locality (e.g. Jonker 1948, Stone
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1980, Chantanaorrapint 2012), we have discovered 7. cor-
nuta in two valleys which are located 15 km apart. This natu-
rally raises a question on its real distribution. As we found
the two sites more or less by chance and a plenty of similar
localities exist across the Bario area, we believe it might oc-
cur elsewhere in this region. The habitat of the species was
the same in both localities — river ravine in the primary rain-
forest, in humus-rich soil, at elevations ¢. 1190-1220 m a.s.1.
(fig. 21).

Figure 2 — Thismia cornuta: A & B, habit of flowering plant; C, habit of flowering and fruiting plant; D, perianth tube with removed part
showing stamens with anthers and lateral appendages; E, apical part of connective with appendages; F, horn-like projection on lateral
appendage; G & H, style with stigma; I, type locality. Photographs: Michal Sochor (A & C—H), Michal Hrones (B & I). A from Sochor et al.
BOR10/17; B from Sochor et al. BOR24/17; C—H from Sochor et al. BOR2/17 (type).
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Preliminary conservation status — Endangered [EN
2ab(iii,v)]. The extent of occurrence (EOO) of T. cornuta
was not estimated but its minimal area of occupancy (AOO)
could be estimated to be 12 km? (within the limits for En-
dangered status under the criterion B2). Thismia cornuta
is endemic to Borneo and is known from three specimens.
Two were collected in protected forests of Pulong Tau Na-
tional Park, without immediate threats, but the third one
was collected outside the national park, and might be po-
tentially threatened by commercial logging. The species is

thus known from three specimens that represent three sub-
populations. These three subpopulations represent a total of
two “locations” (sensu IUCN 2012), falling within the limit
for Endangered status. We project that the ongoing loss of
its habitat will induce a continuous decline in the number of
subpopulations and mature individuals. Thismia cornuta is
therefore assigned a preliminary status of EN 2ab(iii,v).

Etymology — From the Latin cornutus (horned). The name
points to the horn-like projections on lateral appendage re-

Figure 3 — Thismia pallida: A, habit of flowering plant; B, side view of flower; C, top view of flower; D, inner view of stamens; E, outer
view of stamens; F, style with stigma. Scale bars: A—C = 5 mm, D—F = 1 mm. Drawn by Katetina Janosikova. A—F from Nilus & Svdtek SAN

158204 (type).
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sembling horns on a Viking helmet, a morphological trait so
far not known in the genus.

Thismia pallida Hrones, Dancék & Rejzek, sp. nov.

Similar to Thismia filiformis Chantanaorr. but differs in the
presence of 5 (vs. 3) appendages at apical margin of the con-
nective, by box-shaped lateral appendage exceeding apex of
the connective, by longer perianth tube and shorter append-
ages of the perianth lobes. — Type: Borneo, Sabah (Malay-
sia), Kalabakan, SAFE project, plot LFE-10, 4°44'36.41"N,
117°35'16.93"E, c. 485 m alt., 3 Feb. 2017, Nilus & Svdtek
SAN 158204, whole plant in spirit (holo-: SAN).

Small perennial achlorophyllous herbs. Roots creeping,
vermiform, + horizontal, hardly branched, pale brown. Stem
white to pale cream brown, 2545 mm tall, erect, glabrous.
Leaves spirally arranged, reduced, scale-like, triangular,
acute, 2-3 mm long, 5-6 per stem. Bracts 3, similar to leaves
but 4-5 mm long, lanceolate-triangular, acute, surround-
ing the base of the ovary. Flowers solitary (rarely 2) at the
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top of the stem, actinomorphic, sessile. Perianth of 6 tepals
fused to form perianth tube apically with 6 free tepal lobes.
Perianth tube urceolate, c. 9 mm long, cream to pale brown,
sparsely verrucose, with 12 vertical grooves on outer surface,
apically with 12 orange-brown longitudinal stripes, without
transverse bars inside. Apex of perianth tube fused with sta-
men bases to form fleshy, circular to weakly hexagonal fun-
nel-shaped, yellow-brown to pale brown annulus. Perianth
lobes 6, all equal in shape and size, narrowly triangular, c.
5 mm long, c. 2 mm wide at base, cream brown, tapering
into a filiform appendage, c. 3 mm long. Stamens 6, translu-
cent, pendent from the annulus; filaments free, short, curved
downwards; connectives broad and flattened, laterally con-
nate, forming a tube; each connective with 5 appendages at
apical margin, large box-shaped lateral appendage on the
distal part protruding towards perianth tube and interstami-
nal gland inserted on the line of fusion between connectives;
appendages on the apical margin arranged as follows: outer
pair of appendages very short, rounded, pointing outwards,
inner pair ca. 4 times longer than the outer one, + straight,

g TN

Figure 4 — Thismia pallida: A, habit of flowering plant; B, habit of fruiting plant; C, top view of flower showing annulus and perianth
appendages; D, two-flowered plant with root system; E, outer view of stamens; F, inner view of stamens. Photographs: Michal Hrones§ (A—F).

A-F from Nilus & Svatek SAN 158204 (Type).
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Table 1 — Comparison of morphological characteristics in Thismia cornuta, T. chrysops (Ridley 1895) and T. inconspicua (Sochor et

al. 2017).

Thismia cornuta

Thismia chrysops Thismia inconspicua

length of perianth tube c. 15 mm

translucent-white, with 12 pale
pinkish longitudinal stripes
in the upper part

perianth coloration

annulus protrusion degree,

shape and coloration slightly raised, pinkish, circular

length of perianth appendages 8—10 mm

appendages at apical margin of

. 2 club-shaped
connective

slightly raised, bright yellow,

c. 8 mm c. 7 mm

rose pink with longitudinal
stripes, in the upper part
chocolate-brown

(light) brownish with 12 sepia-
brown longitudinal stripes

moderately raised, sepia-brown
on the outer margin, brownish-
orange to light orange on the

hexagonal . - S
inner margin and greyish in
between, circular
c. 7 mm c.2 mm

2 club-shaped and several shorter 2 club-shaped and 2 tooth-shaped

Table 2 — Comparison of morphological characteristics in Thismia pallida and T. filiformis (Chantanaorrapint 2012).

Thismia pallida

Thismia filiformis

length of perianth tube
perianth coloration

annulus coloration

length of perianth appendages

number and length of appendages at
apical margin of connective

lateral appendage of connective

c. 9 mm

cream to pale brown, apically with 12
orange-brown longitudinal stripes

yellow-brown to pale brown

c.3mm

5; middle one the longest

box-shaped, exceeding apex of connective

4.5-5.5 mm

creamy white, with 12 pale brown to
orange-brown longitudinal stripes

orange-brown

5-8 mm
3; middle one the shortest

skirt-like, with central lobe notched,
not exceeding apex of connective

cylindrical to slightly club-shaped, obtuse, pointing inwards,
the middle (unpaired) appendage longest, acute, curved.
Style short, stigma 3-lobed, papillose. Ovary pale brown, in-
ferior, obconical, indistinctly ribbed. Fruit a conical to cup-
shaped pale brown, ribbed capsule, 4-5 mm long, topped by
withered style, borne on elongated, 7-20 mm long fruit stalk.
Seeds small, fusiform, brown. Figs 3 & 4.

Distribution and habitat — So far known only from small
population of seven individuals in twice selectively logged
forest near SAFE Project base camp (LFE blocs), south of
Danum Valley Conservation Area and northwest of Tawau,
Sabah, at elevation c. 485 m a.s.l. Secondary forest species of
Thismia are very rare globally. Among Neotropical species
only 7. pannamensis (Standl.) Jonker is reported to grow also
in secondary or fragmented forests (Guilherme et al. 2016).
Among Old World species only two species were reported
from secondary forests: 7. rodwayi F.Muell. often occurs at
sites that have been subjected to intensive and relatively re-
cent human activities, including clear-cutting and regenera-
tion burns (Roberts et al. 2003) and T. hongkongensis Mar
& R.M.K.Saunders is only known from the secondary forest
in Hong Kong (Mar & Saunders 2015). Therefore, 7. pallida
is probably only the second Thismia species discovered in a
secondary forest in tropical Asia.

Preliminary conservation status — The species is given a
Red List status of Critically Endangered [CR B2ab(iii, v)].
The extent of occurrence (EOO) of 7. pallida cannot be es-
timated because the species is only known from the type
collection. Its area of occupancy (AOO) is estimated to be
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4 km?, which falls within the limits for Critically Endangered
status under criterion B2. The only known subpopulation
is from non-protected forest on a logging concession, so it
might be potentially threatened by commercial logging. This
subpopulation represents thus one location (sensu TUCN
2012), which is the upper limit for Critically Endangered
status under subcriterion ‘a’ of criterion B2. The site where
T. pallida has been collected was recently included into a re-
search area which should be prevented from logging in the
future (Ewers et al. 2011), however the past destruction of its
habitat has probably already affected the population. Then,
even if the species might be more widespread in the region,
the loss of the habitat of 7. pallida has led to a continuing de-
cline in the number of mature individuals. We then assigned
to T pallida a preliminary status of CR B2ab(iii, v).

Etymology — From the Latin pallidus. The name refers to the
pale colour of the whole plant.

DISCUSSION

Borneo harbours about 15000 vascular plant species with c.
37% being endemic (Raes et al. 2009). Among them 20 gen-
era are mycoheterotrophic (e.g. Tsukaya et al. 2011, Tsukaya
& Suetsugu 2014, Dancéak et al. 2017) and Thismia with its
thirteen species being one of the largest (Sochor et al. 2017,
Tsukaya et al. 2017). From the systematic point of view, five
species belong to the sect. Sarcosiphon, one species to the
sect. Thismia subsect. Brunonithismia and seven species to
the sect. Thismia subsect. Odoardoa, respectively (Jonker



1948, Hrones et al. 2015, Sochor et al. 2017, Tsukaya et al.
2017). Both new species described here have creeping ver-
miform roots and free equal perianth lobes, therefore they
belong to sect. Thismia subsect. Odoardoa as well.

Given its unusual morphology, Thismia cornuta is well sepa-
rated from all known Thismia species. Thismia inconspicua
Sochor & Dancak from Brunei Darussalam and 7. chrysops
Ridl. from the Malay Peninsula seems to be morphological-
ly closest to T cornuta as they share several morphological
traits, such as perianth tube bent or displaced from its axis
resulting in flower zygomorphy and presence of club-shaped
appendages at apical margin of the connective (Ridley 1895,
Sochor et al. 2017; table 1). Moreover, flowers of 7. cornuta
are almost sessile like in 7. inconspicua. However, T. cor-
nuta differs substantially from both species by its white peri-
anth, by only slightly raised pinkish annulus, by presence of
only two appendages (vs. at least four in 7. inconspicua and
T. chrysops) at the apical part of the connective (fig. 2E) and
by the presence of a pair of horn-like projections on later-
al appendage (fig. 2F) which has not been reported for any
Thismia species so far. Thismia chrysops and T. grandiflora
Ridl. may have similar projections according to their illustra-
tions (Ridley 1895) although it is not mentioned in written
descriptions. However, it is almost impossible to judge from
the illustrations if the depicted structures are identical with
those seen in 7. cornuta.

Flowers of T cornuta open just above the ground and
they are sometimes almost completely covered by the leaf
litter or even soil. Mar & Saunders (2015) reported that the
flowers of 7. hongkongensis were visited by small dipteran
flies. In the case of 7. cornuta, the pollinators may as well be
some small ground invertebrates, however we failed to ob-
serve any visitors of the flower.

The second discovered species, Thismia pallida, resem-
bles T. filiformis Chantanaorr. from Thailand by its indistinc-
tive pale brown colour and rather short perianth appendages
(Chantanaorrapint 2012). However, these two species differ
in the inner architecture of the flower. While the connective
of T. filiformis bears three appendages on its apical margin,
the middle one being the shortest, 7. pallida bears five ap-
pendages of three different shapes, the middle one being the
longest (figs 3D & 4E). Both species also differ in shape and
size of lateral appendage of connective which is box-shaped
and exceeding apical part of the connective in T pallida (vs.
skirt-like appendage with central lobe notched and not ex-
ceeding apex of the connective in 7. filiformis). While T. fili-
formis has perianth tube up to 5.5 mm long and perianth ap-
pendages 5-8 mm long, 7. pallida has perianth tube up to
9 mm long and much shorter perianth appendages (c. 3 mm
long; table 2). Other two somewhat similar species from sect.
Thismia subsect. Odoardoa that occur in Borneo are 7. bifida
M. Hotta and 7. ophiuris Becc. (Beccari 1878, Hotta 1967).
Both species differ from 7. pallida by having a lower number
of appendages at apical margin of the connective (three and
two, respectively), by more prominent annulus, longer peri-
anth appendages (more than 10 mm) and also by colour (the
perianth tube is mostly yellow to yellow-orange).
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Abstract

Thismia neptunis, as many of its congeners, is a poorly understood species that has only been known from the type collec-
tion and its limited original description. In January 2017 it was rediscovered in the type area in the Gunung Matang massif,
western Sarawak, Borneo, Malaysia. The paper provides the amended description and drawings of the species, very first
available photographs and short notes on taxonomy and historical context of Beccari’s work on Thismia.

Key words: Brunonithismia, Burmanniaceae, fairy lanterns, Kubah, Monte Mattan, Sarawak

Introduction

Thismia Griffith (1844: 221; fairy lanterns, Thismiaceae, or Burmanniaceae s.1.) is a genus of small mycoheterotrophic
plants with the main centre of diversity in tropical Asia. Although the genus in the taxonomic sense exists since 1844,
many species or populations have been being discovered only in the last decade. For instance, out of total of ca 76
species, 30 have been described since 2011 (Hunt et al. 2014, Chantanaorrapint et al. 2016, Cowie & Liddle 2016,
Cooper 2017, Kumar et al. 2017, Sochor et al. 2017, Suetsugu et al. 2017, Sujanapal et al. 2017, Tsukaya et al. 2017,
Chantanaorrapint & Suddee 2018, Hrones et al. 2018, Suetsugu et al. 2018, Sochor et al. 2018) and several others (ca
>10) await formal description. The real diversity of fairy lanterns is therefore being uncovered only recently. At the
same time, their preferred habitats, i.e. mostly primary tropical rainforests, have been facing unprecedented worldwide
decline. Quite many species may therefore be already extinct now, particularly when we consider the fact that very many
species appear to be stenoendemic, usually known just from the type collections. An illustrative example (although
atypical in habitat and distribution) is 7. americana Pfeiffer (1914: 123), which was observed in the type area for a few
years after its first discovery in 1912, but has then never been found again despite many intensive searches (Merckx &
Smets 2014). Therefore, it may seem somewhat paradoxical that new localities of formerly described taxa, although
still not numerous, are being discovered mainly recently, in the time of massive landscape changes and conversions
(e.g. Chantanaorrapint & Sridith 2007, Chantanaorrapint & Chantanaorrapint 2009, Tsukaya et al. 2014). Nevertheless,
it is often unclear whether the new findings belong to some known, or rather to a new species (e.g. Tsukaya et al. 2014,
Chantanaorrapint et al. 2015). One of the problems is insufficient description and documentation for the old names. In
some extreme cases, e.g. Thismia clandestina (Blume 1850: 65) Miquel (1859: 616) which was described based on a
fruiting specimen, unambiguous interpretation of the name becomes impossible (Suetsugu et al. 2017).

One of the species with incomplete documentation is 7. neptunis Beccari (1878: 251). Its original description
is restricted to external appearance and so is the original drawing, otherwise very detailed (Fig. 1). Other characters,
particularly structure of connectives, which is crucial for Thismia species delimitation (Sochor et al. 2018), were
unknown. In January 2017, the species was discovered in the type area, possibly the type locality, 151 years after
its type collection. To our knowledge, it is only the second finding of the species in total. We therefore provide its
amended description, inclusive internal characters, and very first photographic documentation of this iconic and, due
to its peculiar appearance and also the name, almost mythical plant.
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FIGURE 1. Original Beccari’s drawing of Thismia neptunis (from Beccari 1878).
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FIGURE 2. Thismia neptunis: flowering plant (A), upper view of flower (B), stigma (C), outer view of connective
tube (D). Drawn by K. Janosikova.
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Material and Methods

The studied population consisted of two flowering individuals and one bud. Morphological characters were studied
using hand lens (30—60x magnification) and macro photography. Collected specimen was thoroughly compared with
original drawing (Fig. 1) and description given in protologue of 7. neptunis and with digital image of holotype in FI
via JSTOR Global Plants (2017) initiative.

Taxonomic treatment

Thismia neptunis Beccari (1878: 251), Figs 1-3
Type:—MALAYSIA. Ragiato di Sarawak, Mattang. April 1866. O. Beccari p.b. 1508 (holotype FI-B 013453!)

Description:—Terrestrial achlorophyllous herb, ca. 9 cm tall when flowering. Roots ca. 0.7-1.5 mm thick, hardly
branched, vermiform, creeping, cream-coloured to light brown. Stem ascending, simple or simply branched, ribbed,
whitish or creamy, glabrous, ca. 4 cm long. Leaves 3-5, appressed to erecto-patent, scale-like, of the same colour as
stem, narrowly triangular with acute apex, entire, with prickle-like transparent processes on abaxial side, 5-8 mm long
and ca. 2 mm wide at the base. Floral bracts 3, similar to leaves, but larger and slightly curved, up to 12 mm long.
Flowers 1-3. Perianth actinomorphic with 6 tepals fused into an urceolate perianth tube with free, unequal apical
lobes; perianth tube 12 mm long and 7 mm wide at the widest point, whitish, partly transparent (upper part therefore
seemingly orange due to connectives shining through), with 12 thin longitudinal ribs and ca. 12 transverse bars;
longitudinal ribs white in lower half and dark orange in upper half, widened between bases of filaments and forming
dark orange to reddish + rhombic spots between perianth lobes; perianth tube apex =+ flat, without prominently raised
annulus, opening 2.2 mm in diameter; outer perianth lobes + conical, pointed, ca. 10 mm long, including a 7 mm long
filiform appendage arising from the abaxial side; inner lobes with a complex three-segment structure; proximal segment
claw-shaped, pointed towards the perianth tube opening, reddish-brown; middle segment + flat (basally triangular in
section), obovate in outline, growing horizontally from central abaxial part of the proximal segment; distal segment
growing vertically from centre of the middle segment, filiform, gradually tapering towards apex, yellowish-brown,
4.5 cm long. Stamens 6, hanging against perianth lobes; filaments short, flat, reddish on sides, otherwise yellow
adaxially and whitish with orange longitudinal stripe abaxially; connectives broad and flattened, laterally connate to
form a tube, almost glabrous (long hairy only around thecae and on lateral appendage), shortly papillose, vivid orange
in the proximal part to orange-red at the distal end; interstaminal glands prominent, hemispherical, placed between
bases of lateral appendages; appendages at the distal margin of connective three, filiform, two longer (1.6 mm), one in
the middle shorter (1.1 mm long); lateral appendage not reaching the connective apex, hairy and reddish at margins,
composed of three lobes, lateral lobes (vertical) obtusely fishtailed, central lobe wavy (with a distinct longitudinal
ridge between two furrows). Ovary obconical to cup-shaped, whitish to light beige, almost completely surrounded by
bracts. Style light beige, ca. 1 mm long, stigma 3-lobed with lobes long, flat, erect, bicuspidate and reddish on top.
Capsule cup-shaped, whitish to light beige, on elongated pedicel. Seeds not seen.

Additional specimens examined:—MALAYSIA. Sarawak, Kuching, Kubah National Park, 0.4 km NE of
Matang Wildlife Centre. Coordinates WGS 84: 1°36°41”N, 110°9°48”E, elevation 38 m, 26 January 2017. M. Sochor
and Z. Egertova BOR51/17 (OL 35279).

Habitat and ecology:—The only known locality is in primary lowland mixed dipterocarp forest on a river
alluvium. Thismia species are generally accompanied by other mycoheterotrophic plants; in this case it was Sciaphila
cf. alba Tsukaya & Suetsugu (2015: 284). Albeit pollination ecology was not studied, ca. seven flies of family Sciaridae
(Diptera) and one individual of family Braconidae (Hymenoptera) were observed being stuck on inner perianth lobes
of the two flowers (Fig. 3A, D, E, F). Although the braconid was probably only a coincidental victim, the flies may
represent potential pollinators, as several dipteran taxa have been reported as visitors and probable pollinators of fairy
lanterns (Li & Bi 2013, Mar & Saunders 2015). Nevertheless, why had they been attracted to and finally trapped on
the perianth lobes surface can only be speculated. Tepals are apparently hydrophilic (possibly as a mean of maintaining
turgor in the long thin appendages) as indicated by a number of rain drops persisting on them long after the rain.
But they do not appear to be sticky and no other particles tended to be trapped on them either in the field or during
our manipulation. Therefore, the insects seem to have been attracted by smell (or other signals) of the flowers and
accidentally drowned on the wet surface of perianth lobes.
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FIGURE 3. Thismia neptunis: flowering plants (A, B), bud (C), detail of flower (D), section of floral tube and outer
view of connective tube (E), detail of inner perianth lobe (F), stigma (G), lateral appendage (H).

Distribution:—The species is known from a restricted area in western Sarawak, Borneo, Malaysia. Beccari
(1878) described the locality simply as “Monte Mattan” or “Mattang”, which is an area now generally known as
Matang massif which Kubah National Park is part of it. The present locality is placed at the park’s western border and
may be identical or close to that of Beccari.
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Conservation status:—The extent of occurrence (EOO) and the area of occupancy (AOO) of T. neptunis cannot be
estimated because the species is only known from the type area/locality. Its inconspicuous appearance may potentially
contribute to our limited knowledge on its distribution as it may be easily overlooked in the field. Nevertheless, due to
the facts that 1. it is probably restricted to primary lowland rainforests, i.e. a habitat that has experienced a significant
reduction in Sarawak in the last decades; 2. the only known population occurs in a primary forest just around 100 m
from its edge and the whole locality is therefore susceptible to changes in plant community composition due to edge
effect (Qie et al. 2017); and 3. its known population can be estimated to just a few (<50) individuals, it fulfils criteria
B2, C2 and D of critically endangered species (CR) according to the IUCN Red List Categories and Criteria (IUCN
2012).

Taxonomic affinities:—Having free perianth lobes of unequal length and shape, 7. neptunis belongs to section
Thismia (Euthismia Schlechter, 1921: 34), subsection Brunonithismia Jonker (1938: 242). This group comprises nine
species (Kumar et al. 2017, Suetsugu et al. 2018) of very diverse morphology as for symmetry of perianth, modification
of perianth lobes and structure of connectives. Half of the species are, nevertheless, only poorly documented. Thismia
neptunis is unique among other fairy lanterns in the very complex three-segmental structure of inner perianth lobes
that are terminated by long filiform appendage pointing vertically upwards. This striking morphology led Schlechter
to creation of monotypic section Sarawakia Schlechter (1921: 35) within his system of Thismia (Schlechter 1921).
However, his approach has not been generally accepted (Jonker 1938, Kumar et al. 2017).

Beccari was also well aware of morphological uniqueness of 7. neptunis. In the protologue (Beccari 1878), he
stated that 7. neptunis seems to have connectives similar to 7. brunonis Griffith (1844: 221). However, T. brunonis
have apical part of the connective covered by numerous short teeth (Griffith 1845) while 7. neptunis have only three
rather long appendages. Nevertheless, Beccari himself was not absolutely sure about the character of connectives
as he studied only two pressed and dried plants. In having whitish perianth tube with 12 orange streaks 7. neptunis
superficially resembles 7. javanica Smith (1910: 32) and 7. arachnites Ridley (1905: 197). Both of them, nevertheless,
differ in having short rounded outer perianth lobes and simpler spreading inner perianth lobes, and the latter species
also in having “numerous short teeth” at the apical end of connectives. Connectives of 7. javanica, although similar at a
first glance, differ from those of 7. neptunis in colour (white vs. orange, respectively) and three short teeth at the apex,
each bearing 1-2 long hairs of similar length (vs. three unequal filiform appendages in T neptunis). Thismia neptunis
is so far the only known member of subsection Brunonithismia occurring in Borneo.

Odoardo Beccari as a collector of Thismia

Odoardo Beccari (1843-1920) was an Italian botanist who is considered one of the founding figures of biological
research in Sarawak (Boyce & Wong 2007). He spent three years (1865-1868) in Borneo and another four years
(1872-1876) in other Sunda Islands, mainly New Guinea (Pichi Sermolli & van Steenis 1983). Although his main
object of interest was palms (Arecaceae), he collected and described hundreds of other plant species, among them
also six species of Thismia, the number not yet surpassed by any other collector. One of these species originates from
New Guinea (Thismia crocea (Beccari 1878: 249) Smith (1909:193)), one from Singapore (Thismia aseroe Beccari
(1878: 252)) and the others from Sarawak (Thismia clavigera (Beccari 1878: 251) Mueller (1891: 235), T episcopalis
(Beccari 1878: 250) Mueller (1891: 235), T. neptunis and T. ophiuris Beccari (1878: 252)). Interestingly, three of
these species come from one locality in southwestern Sarawak called by Beccari as “monte Mattan”. This refers to
Gunung Matang, a mountain massif included in present-day Kubah National Park, northwest of Kuching. This area
was Beccari’s favourite place during his stay in Sarawak in 1865—1868 and he spent many months in a forest hut called
“Vallombrosa” on eastern flanks of the massif (Beccari 1902). Beccari himself gave only very limited information
about collecting localities of the three Thismia in Matang which was however a common practise in those times. On the
other hand, he gave an interesting description of ecological requirements of Thismia species, probably the first of its
kind. He writes in his book Nelle foreste di Borneo (Beccari 1902) that Thismia and other achlorophyllous plants were
areward for his patient and careful search in places where the forest was thickest, the shade densest and the soil richest.
This unambiguously illustrates that Beccari was aware of ecology of Thismia and he probably systematically searched
for them in Matang. The current locality of T° neptunis is on the other side of the Matang massif than Beccari’s hut used
to exist and it is hard to say if it is identical with the locus classicus. The massif itself is not huge and it is not difficult
for experienced person to walk across it. As the forests of the Matang massif has been preserved almost unaltered since
Beccari’s stay, we believe that the chance for rediscovery of the two remaining species described by Beccari from this
locality, i.e. Thismia episcopalis and T. ophiuris is still high.
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Abstract

Thismia kelabitiana, a new unique species from the Sarawak state of Malaysia in the island
of Borneo is described and illustrated. This new species is not similar to any species of This-
mia described so far especially by having a unique form of mitre and outer perianth lobes
deeply divided into 8—10 acute lobes and forming striking fringe around perianth tube open-
ing. The species appears to be critically endangered due to ongoing logging activities in the
region. It may potentially become a surrogate species for lower montane forests of the
region and thus help protect them against further destruction.

Introduction

Mycoheterotrophs, i.e. achlorophyllous plants able to obtain carbon via the mycorrhizal fungi
associated with their roots, are important components of primary tropical rain forest biodiver-
sity across the globe [1]. The island of Borneo is still covered with significant primary forests,
although their area has been rapidly decreasing in the past decades [2]. Commercial logging
and subsequent land conversion (mostly for oil palm plantations) drastically reduced the area
of pristine old-growth forest from 55.8 Mha in 1973 to 20.6 Mha in 2015 [3].

Borneo’s rainforests host enormous diversity of mycoheterotrophic plants: twenty genera
belong to seven families with at least 70 described species, i.e. 17% of the global biodiversity of
mycoheterotrophs, orchids with 13 genera and more than 30 species being the richest family.
Most of them have been poorly studied, and the knowledge on their taxonomy (as well as ecol-
ogy and distribution) has been increasing only in recent years, e.g. [4], [5], [6], [7], [8].

An excellent example of this group may be Thismia, a genus of more than 75 species of
mycoheterotrophic plants distributed mainly in tropical regions of Asia and the Americas,
Borneo with 19 species [9], [10] being its centre of diversity. Thismia species usually prefer pri-
mary tropical rainforests—a habitat that faces unprecedented destruction in Borneo. Nature
conservation efforts in this region could be potentially supported by discoveries of charismatic
organisms that easily attract attention of the public, e.g. [11]. Such species may become
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surrogate species, i.e. species that are used to represent other species or aspects of the environ-
ment to attain a conservation objective [12]. Surrogate species are widely used in nature con-
servation as a shortcut for conservation planning [13] especially in regions where detailed data
on biodiversity are lacking [14]. Umbrella and flagship species are generally known examples
of such surrogate species. They are usually large mammals such as apes, pachyderms and car-
nivores or other distinctive animals as birds of prey and butterflies [15] that attract attention of
the general public. Among plants, notable examples are orchids and parasitic Rafflesia [16]
famous thanks to its large flowers which appear in tropical forests of Asia. Although Thismia
species are tiny and usually inconspicuous plants in comparison to large mammals or Rafflesia,
in close view they are fairly strange-looking and some of them are attractive and colourful.
Their odd appearance, together with their peculiar life strategy and strong links to the primary
forests, makes them exceptional among rainforest herbs. Thus, they are potential candidates
for good surrogate species.

A few years ago, we received photographs of an unknown achlorophyllous plant, which was
accidentally discovered by a group of our colleagues on a hike to the Kelabit Highlands of Sara-
wak in 2010. The pictures showed an undoubtedly undescribed striking species of Thismia. In
2017, we therefore launched an expedition to find the locality and the plant from these photo-
graphs. The successfully discovered plant with a series of unique traits is described here as a
new species. Owing to its size, colour and distinctive morphology, this species is among the
most eye-catching representatives of the genus.

Materials and methods
Ethic statement

The new species reported in this study was collected from a forest site located outside any pro-
tected area of Sarawak State of Malaysia. The research as well as collection and export of plant
material was permitted and approved by relevant Sarawak authorities. Since this species is cur-
rently undescribed, it is inevitably not yet included in any of the existing Red Lists and lists of
protected species.

Morphological observations

Morphology of the new species was studied in a field camp using hand lenses (20x-60x magni-
fication) and macrophotography. Specimens of whole plants were taken from the type subpop-
ulation in form of pressed herbarium and alcohol (70% ethanol) specimen and deposited in
SAR and OL.

Nomenclature

The electronic version of this article in Portable Document Format (PDF) in a work with an
ISSN or ISBN will represent a published work according to the International Code of Nomen-
clature for algae, fungi, and plants, and hence the new names contained in the electronic publi-
cation of a PLOS ONE article are effectively published under that Code from the electronic
edition alone, so there is no longer any need to provide printed copies.

In addition, the new name contained in this work has been submitted to IPNI, from where
it will be made available to the Global Names Index. The IPNI LSIDs can be resolved and the
associated information viewed through any standard web browser by appending the LSID con-
tained in this publication to the prefix http://ipni.org/. The online version of this work is
archived and available from the following digital repositories: PubMed Central, LOCKSS.
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Results
Taxonomic treatment

Thismia kelabitiana Danc¢ak, Hrones & Sochor, sp. nov. [urn:sid:ipni.org:names: 77187919-
1] (Figs 1,2 and 3).

Type. MALAYSIA, Sarawak: Kelabit Highlands, Pa’Umor village, Anak Kadi Ridge, 4.4 km
SSE of the village. Coordinates WGS 84: N 03°42’; E 115°31’, Elevation 1195 m a.s.., 13 Janu-
ary 2017. M. Sochor, M. Hrone§, M. Dancdk, Z. Egertova & J.R. Pasan BOR1/17 (holotype
SAR [in spirit and herbarium specimen, accession number Sochor/BOR-1/17], isotype OL
[35272]).

Diagnosis. Thismia kelabitiana differs significantly from all congeneric species by the com-
bination of the following traits, e.g., flowers large (up to 2.8 x 1.8 cm), outer perianth lobes
deeply divided into 8-10 acute lobes and forming striking fringe around perianth tube open-
ing, mitre relatively small and flat elevated by three long filiform pillars, connectives with
prominent longitudinal rib and three appendices on apical margin.

Description. Achlorophyllous herb, ca. 5-18 cm tall. Roots short, clustered, coralliform,
light brown. Stem 1.5-16 cm long and 2 mm in diameter, erect (or sometimes ascending), sim-
ple or sparsely branched in upper part (branches developing after anthesis), longitudinally
ribbed, dark pinkish to reddish brown (to almost grey or orange); bearing 1 or 2(-3) flowers.
Leaves (3-)6-10, spirally arranged, scale-like, triangular, acute to acuminate, entire, 4.5-5.5
mm long and 1.8-2 mm wide at base, light brown to pinkish. Bracts 3, widely triangular to
ovate, entire to irregularly dentate and often deeply torn, ca. 6-8 x 2.5-4 mm, pinkish to
brown. Flowers sessile, actinomorphic, 2.6-2.8 cm long; perianth tube of 6 fused tepals, fun-
nel-shaped in the basal part, urceolate at the apical part, widest (1.2-1.3 cm) at its upper quar-
ter, white to bright yellow at the top, with six brownish non-prominent longitudinal ribs and
six yellow to brown longitudinal stripes on outer surface, inner surface net-like structured;
outer perianth lobes falcate in outline, much wider than long, ca. 9 mm wide and 5 mm long,
deeply divided into 8-10 acute lobes, bright yellow, arranged in one plane and together form-
ing striking fringe around mouth of perianth tube, 1.6-1.8 cm in diameter; inner perianth
lobes bright yellow to brownish-yellow, turned upwards, connate at the end and forming
mitre, the proximal part of the lobe filiform, bent upwards, pillar-like, ca. 1.2 cm long and 0.8—
1.0 mm wide in diameter, the distal part of the lobe + flat, rhombic in outline, with central rib
and two tetrahedral depressions on upper surface of each lobe; the lobes joined to form almost
flat mitre, roundly triangular in outline, 7-8 mm wide. Stamens 6, pendent from the apical
margin of the perianth tube; annulus absent; filaments yellow, curved downwards, with bases
slightly emerged above perianth tube apex, not connate and forming six apertures apparent
from upper view; connectives broad, laterally connate to form a tube, ca. 7 mm long, each with
prominent longitudinal rib extending along the whole length of the inner side of the connec-
tive, apex of each connective with one central lobe (extension of the rib) and two smaller lobes
pointing somewhat centrifugally and bearing one transparent trichome each; lateral appendage
box-shaped, protruding towards perianth tube, not reaching the apex of the connective, shal-
lowly dentate and sparsely hairy on free margins; thecae whitish, surrounded by tufts of hairs;
interstaminal glands inserted on the line of fusion between connectives. Style short, stigma
3-lobed, papillose, lobes + rectangular, longitudinally furrowed; ovary inferior, obconical, dark
brown-reddish, covered by bracts. Capsule cup-shaped, 5-7 mm in diameter, dark brown to
blackish or reddish before maturity, later pinkish, on very short pedicel; seeds numerous,
brown, ellipsoid, ca. 0.3 x 0.5 mm.

Variability. The species is rather uniform, although only ca. 20 individuals were seen alto-
gether. Stem is rather variable in colour and its length varies from 1.5 cm to 16 cm, which may
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Fig 1. Thismia kelabitiana. A, Plant with flower bud. B, Plant with young flower. C, Plant with mature flower. D, Whole plant with root system. E, Detail of mitre and
perianth opening. Photos Michal Sochor.

https://doi.org/10.1371/journal.pone.0203443.9001
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Fig 2. Thismia kelabitiana. A, Outer view of stamens showing the lateral appendages and apical parts of connectives. B,
Young capsule with persistent stigma. C, Inner view of stamens showing ribbed connectives. D, Seeds inside mature
capsule. Photos Michal Sochor.

https://doi.org/10.1371/journal.pone.0203443.9002

be attributed to phenotypic plasticity likewise in many other species of the genus. The number
of flowers is usually two, a few three-flowered individuals were also observed. Almost no vari-
ability was detected in flower size, colour and structure.

Habitat and ecology. The species occurs in lower montane primary tropical rainforest at
an altitude around 1200 m a. s. L. It was found in humid stream ravines as well as in relatively
drier open forest sites (Fig 4). A variety of other mycoheterotrophic species were abundant at
the type locality, including Aphyllorchis pallida, Burmannia lutescens agg., B. championii,
Cystorchis aphylla, Gymnosiphon aphyllus agg., Epirixanthes kinabaluensis, Exacum tenue, Pla-
tanthera saprophytica, Sciaphila arfakiana, S. cf. nana, S. tenella, Thismia cornuta, T. minutis-
sima ined., T. aff. nigra and T. viridistriata. Herbaceous vegetation was otherwise sparse.
Thismia kelabitiana seems not to prefer any particular environmental conditions at the locality
as it occurs in various aspects of slopes with various inclinations either in rugged ravines or rel-
atively flat terrain in various distances from a stream.
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Fig 3. Thismia kelabitiana. A, Habit of flowering plant. B, Side view of flower. C, Inner view of stamens. D, Style with stigma. E, Outer view of stamens. Drawn
by Katefina Janosikova.

https:/doi.org/10.1371/journal.pone.0203443.9g003
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Fig 4. Habitat of Thismia kelabitiana. Ravine of a small stream in lower montane tropical rain forest. Photo Michal Sochor.

https://doi.org/10.1371/journal.pone.0203443.9g004

Distribution. The species is known only from the type locality and the other, 600 m distant
locality, where plants have only been photographed. Both localities are found on a ridge south-
east from Pa’Umor village in the Bario district of Sarawak (Malaysia).

Etymology. The specific epithet reflects the geographical origin of the species in the Kelabit
Highlands, the land of the Kelabit people.

Common name. Pa’Umor Fairy Lantern. There is no widely accepted generic common
name for the genus Thismia. The recent wave of interest as well as potential conservational
employment, nevertheless, calls for this name. Sometimes the name Fairy Lantern is used [17],
[18] which has originally belonged to Thismia rodwayi (either in singular or plural form as
Fairy Lanterns). Since the name has already been used for a few other Thismia species, we fol-
low this approach. We suggest calling Thismia kelabitiana Pa’Umor Fairy Lantern. The name
is derived from Pa’Umor village community in whose forest the species occurs.

Conservation status. Both known subpopulations occur in primary rainforest that does
not have any official protection status and falls under logging concessions [19]. Although the
species may be locally common and the possibility of its occurrence in neighbouring regions
of Sarawak and Indonesia cannot be excluded, its distribution is probably limited and scarce.
It is one of the most robust Thismia species so far recorded, with conspicuous yellow flower
and attractive appearance. Despite this, it was not recorded from nearby national parks Pulong
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Tau and Kayan Mentarang. The extent of occurrence (EOO) of T. kelabitiana cannot be esti-
mated because the species is only known from the type collection. The sites of the two subpop-
ulations represent one location (sensu IUCN [20]; a geographically or ecologically distinct area
in which a single threatening event can rapidly affect all individuals of the taxon present) and
its area of occupancy (AOO) is estimated to be 4 km?, which falls within the limits for Criti-
cally Endangered status under criterion B2 of IUCN Red List Categories and Criteria [20].
Moreover none of the subpopulations contains more than 50 mature individuals. The species
therefore fulfils criteria CR B2ab (iii,iv,v) and C2a(i), as well.

Discussion
Taxonomic affinities

Having coralliform roots and three perianth lobes that are connate at the top to form a mitre,
the species clearly belongs to Thismia sect. Sarcosiphon [21]. However, it is unique among the
known Sarcosiphon species in having several unparalleled traits. The flowers are relatively large
among Thismia species, with almost 3 cm in length and nearly 2 cm in width are among the
most robust in the whole genus. The form of mitre is also unique as it is relatively small, flat
and positioned high above the perianth opening elevated by three filiform pillars. Further-
more, the presence of striking fringe around the perianth opening, apparently representing the
outer perianth lobes, is very distinctive. Ribbed connectives are rare in the whole genus as well.
Undoubtedly the most similar of all species of Thismia is T. goodii from Sabah [22]. In this spe-
cies the outer perianth lobes are also extremely wide and short (although they are entire on
margin) thus they form a discontinuous ring around the opening of the perianth tube and its
mitre is structurally similar to that of T. kelabitiana as well. Although the drawing of connec-
tives is not so detailed in the protologue of T. goodii, it is clear from the description that they
are likewise very similar to those of T. kelabitiana. Interestingly, Thismia clavigera has
extremely similar inner structure of the flower, though it was once classified in family mono-
graphs [23], [24] to another genus Geomitra on the basis of three long appendages arising
from the top of the mitre. The only other known member of the former Geomitra, Thismia
betung-kerihunensis shows some similarities to T. goodii as well (and hence also to T. kelabiti-
ana), especially in the form of mitre. However, the rather poor description of connectives in
the protologue of T. betung-kerihunensis [25] does not allow for comparison with the other
species. These four species therefore might be in fact closely related and the presence of mitre
appendages could be variable among them. Another pair of Thismia species, T. gigantea and T.
appendiculata, i.e. genus Scaphiophora sensu Jonker, also shows some similarities to T. kelabiti-
ana, especially in the form of the mitre. Nevertheless, they have a single erect appendage aris-
ing from the apex of the mitre. This pair of species belongs, however, among the least known
species of Thismia, both being collected only once in the Philippines and New Guinea, respec-
tively [23].

Conservational implications

We believe that T. kelabitiana may well become a surrogate species for lower montane primary
tropical rainforest of the Bario part of the Kelabit Highlands. Thanks to its distinctive look, it is
readily recognizable and thus may serve as a flagship species. As the only effective way of its
protection is the conservation of its habitat, it is also a good candidate for an umbrella species.
Forests in the southern part of the Kelabit Highlands have been almost completely disturbed
by a dense network of logging and connection roads and subsequent selective logging. The
nearest, newly-built road is less than 3 km from the type locality. However, the relatively small
area (dozens of km?) of primary forests between Pa’Umor village and abandoned village of
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Pa’Main remains intact and the local community makes a remarkable effort to protect their
land despite the fact that it is still under the logging concession. One possible way of helping to
save at least some aspects of the traditional way of life of the Kelabit people that does not ham-
per socioeconomic development is ecotourism. Besides orchids and carnivorous plants, which
traditionally attract public attention, Thismia kelabitiana may be another plant species that
will increase the attractiveness of the region for ecotourism. As a flagship species, T. kelabitiana
may then help local initiatives in obtaining any official protection status for the Pa’Umor for-
ests, from Community Forest to a National Park.
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signed a preliminary conservation status of CR.
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tropical rain forest
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Introduction

Thismia Grift. (Thismiaceae) is a genus of monocotyle-
donous plants that typically inhabit the understorey of
tropical and subtropical forests. The genus comprises
about 85 species (Dancdk & al. 2018; Suetsugu & al.
2018b) and is distributed mostly in the tropical regions
of Asia, Australia and South America and extending into
subtropical and temperate regions of Japan, New Zea-
land, Australia and the USA (Merckx & al. 2013). Two
main centres of Thismia diversity in Southeast Asia are
located on the Malay Peninsula and in Borneo, with 16
and 22 recognized species, respectively (Jonker 1948;
Chantanaorrapint 2018; Dancdk & al. 2018; Nishioka

& al. 2018; Siti-Munirah 2018; Tanaka & al. 2018;
Siti-Munirah & Dome 2019; Dancdk & al. 2020). The
number of described species has been increasing rap-
idly over the last few years, which is probably one of
the highest rates among angiosperms (Stevens 2001+).
For example, 14 species were described in 2018 alone
(Chantanaorrapint & Suddee 2018; Dancdk & al. 2018;
Hrones & al. 2018; Nishioka & al. 2018; Siti Munirah
2018; Sochor & al. 2018; Suetsugu & al. 2018a, 2018b,
2018c; Tanaka & al. 2018).

During our field trip to Sarawak (Malaysian Borneo)
in January and February 2019 we found two new species
of Thismia and describe them in this article, which brings
the number of Bornean species to 24.
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Material and methods

This study is based on material collected during January
and February 2019 in Limbang and Kuching Divisions of
Sarawak. Morphological characters were studied using
a hand lens (30—-60x magnification), stereo microscope
and macro photography. Collected specimens were thor-
oughly compared with original drawings and descriptions
given in protologues of representatives of Thismia sect.
Thismia and T. sect. Sarcosiphon (Blume) Jonker. Herbar-
ium vouchers for this study are deposited in SAR and OL.
Because Thismia populations are sometimes composed of
a few or even a single reproductive individual, voucher
specimens were not always collected to prevent unnec-
essary harm to the population. In these cases only DNA
samples were taken because for DNA analysis substan-
tially less material is needed than for useful herbarium
specimens. Also, herbarium vouchers were not collected
if the only plants available were not in full bloom. In both
cases plants were documented by photographs. Addition-
ally, herbarium material deposited in K and SAR was
studied (herbarium codes according to Thiers 2019+).

DNA was extracted by the CTAB method (Doyle &
Doyle 1987) from a silica gel-dried piece of tissue from
one individual per population. Sequence data were gen-
erated for three nuclear and two mitochondrial loci. The
small subunit of ribosomal DNA (SSU rDNA) was ampli-
fied and sequenced with primers NS1 and NS6, internal
transcribed spacers of ribosomal DNA (ITS) with prim-
ers ITS1 and ITS4 (White & al. 1990) and large subunit
of ribosomal DNA (LSU rDNA) by primers N-nc26S6
and 2134rev (Kuzoff & al. 1998). The mitochondrial
genes atpA and matR were amplified and sequenced with
primers developed by Eyre-Walker & Gaut (1997) and
primers 26F and 1002R (Meng & al. 2002), respectively.
All PCRs were performed with Kapa polymerase (Kapa
Biosystems) following a standard protocol with 37 to 40
cycles and annealing temperature of 56°C (rDNA, apA)
or 47 °C (matR). The PCR products were purified by pre-
cipitation with polyethylene glycol (10% PEG 6000 and
1.25 M NaCl in the precipitation mixture) and sequenced
in both directions by Sanger method at Macrogene Eu-
rope. The most variable locus, ITS, was sequenced in
all collections to screen variation, whereas the other loci
were only analysed in selected specimens.

Sequences were edited and aligned in GENEIOUS 8
(Biomatters) and deposited in NCBI GenBank under ac-
cession numbers MN067232-MN067237, MN067250—
MNO067259, MNO067281-MN067283, MN067288,
MNO067290, MNO067300, MNO067302, MNO067303,
MNO067307, MNO067309, MNO067318-MN067320,
MNO067327 and MNO067328. The newly generated se-
quences were added to the dataset from Sochor & al.
(2018) and Dancak & al. (2020), which included nine
species whose sequences were downloaded from NCBI
GenBank. The alignments are provided as supplemen-
tal content online. Bayesian phylogeny inference from
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concatenated data from the five loci (or four in the Gen-
Bank accessions) was computed in MRBAYES (ver. 3.2.4;
Ronquist & al. 2012) with 2x107 generations, sampling
every 3000™ generation, in two independent runs, each
with four chains; the first 107 generations (50%) were ex-
cluded as burn-in. The substitution model for each locus
was used as determined by Sochor & al. (2018; ITS1,
ITS2 and 5.8S rDNA were treated as separate partitions).

Results and Discussion

Thismia ornata Dancak, Hrone§ & Sochor, sp. nov. —
Fig. 1 & 2.

Holotype: Malaysia, Sarawak, Kubah National Park,
0.8 km NE of Matang Wildlife Centre, WGS 84:
01°36'49"N, 110°09'57"E, elevation 60 m a.s.l., 7 Feb
2019, Sochor, Hrones & Dancdk BOR51/19 (SAR! [in
spirit]; isotype: OL! [pressed specimen]).

Diagnosis — Thismia ornata differs from the most simi-
lar known species, T. filiformis Chantanaorr., by flower
size (to ¢. 10 cm in diam. vs to c. 3 cm including tepal
appendages), inner surface of floral tube (with very fine
bright orange reticulum inside vs lacking any reticulum),
length of tepal appendages (to 35 mm vs to 8§ mm), ap-
pendages on apical margin of connective (five of three
different shapes vs three of two different shapes) and
shape of lateral appendage (with small horn-shaped pro-
jection arising from each side of the lateral appendage vs
lacking any horn-shaped projections).

Description — Achlorophyllous herb, 7—11 cm tall. Roots
creeping, vermiform, + horizontal, poorly branched, pale
brown. Stem white to pale cream-brown, 4.5-8 cm tall,
erect, ribbed, verrucose, bearing 1 or 2 (or 3) flowers.
Leaves spirally arranged, appressed, scale-like, narrowly
triangular, acute, entire, 4—6 mm long, light brown to
pinkish. Bracts 3, similar to leaves, surrounding base of
ovary, lanceolate-triangular, acute, entire, verrucose, to
10 mm long, light brown to pinkish. Flowers (sub)ses-
sile, actinomorphic, 1.7-2.2 cm long; floral tube funnel-
shaped toward base, slightly urceolate at apex, widest
(0.9-1.1 cm) in upper quarter, with 12 orange longitu-
dinal ribs and conspicuous bright orange reticulum on
inner surface, outer surface pinkish with 12 thin reddish
brown longitudinal stripes, verrucose. Annulus circular,
outer margin markedly raised and brownish yellow, in-
ner margin bright yellow, middle part brownish orange.
Tepals 6, all equal in shape and size, narrowly triangular,
6—10 mm long, c. 4 mm wide at base, yellow with 3 lon-
gitudinal red stripes, tapering into a white filiform ap-
pendage 20—35 mm long. Stamens 6, connate and form-
ing a tube, pendent from floral tube aperture, translucent;
filaments free, short, curved downward; connectives
broad and flattened, each connective with 5 appendages
at apical margin and a large box-shaped lateral append-
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Fig. 1. Thismia ornata — A: habit of flowering plant; B: flower bud; C: detail of flower, apical view; D: stigma; E: inner view of
stamens,; F: seed; G: outer view of stamens and inside of floral tube. — From Sochor & al. BOR 51/19 (A, C-E, G), BOR54/19 (B),
BOR 56/19 (F). — Drawn by Katefina Janosikovd.

age on distal part protruding toward floral tube with an
interstaminal gland inserted on line of fusion between
connectives; lateral appendage dark brown, with small
horn-shaped projection arising from both sides, append-
ages on apical margin arranged as follows: outer pair
of appendages directed outward, triangular, c. 0.8 mm
long, apex acute; inner pair inserted above margin and
directed inward, cylindric, c. 1 mm long, + straight, apex
domed; central solitary appendage caudate, c. 1.8 mm
long, + pendent. Ovary inferior, obconic, indistinctly
ribbed, verrucose, whitish to pale brown, darker on apex;
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style c. 1.5 mm long; stigma 3-lobed, lobes bifid, hairy,
c. 1.2 mm long. Fruit an obconical to cup-shaped pale
brown ribbed capsule, 4—5 mm long, borne on very short
fruit stalk. Seeds ellipsoid, beige with fine brown reticu-
lum, 0.38-0.45 mm long, 0.17-0.21 mm wide.

Distribution — Thismia ornata occurs in western
Sarawak in a number of locations surrounding Kuching,
including Kubah National Park, Santubong National
Park, Dered Krian National Park and Fairy Cave Nature
Reserve (Fig. 3).
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Fig. 2. Thismia ornata — A, B: overall appearance; C: detail of flower, apical view; D: ovary, stigma and inner surface of floral tube
(background grid spacing = 1 mm); E: seeds; F: inner view of stamens; G: lateral view of connective after cutting off neighbouring
connective; H: outer view of stamen. — From Sochor & al. BOR53/19 (A), BOR51/19 (B-D, F-H) and BOR56/19 (E).
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Fig. 3. Distribution of Thismia ornata (yellow circles) and T. coronata (red circle). — Aerial image modified from Google Earth

(https://www.google.com/earth/).

Habitat — Thismia ornata inhabits a wide range of tropi-
cal lowland rain forest habitats with an altitudinal range
from 40 m to c. 300 m a.s.l. It is known from rather dry
limestone outcrops, lowland mixed dipterocarp forests,
riverine forests including forests with some anthropo-
genic disturbance.

Conservation status — Thismia ornata is endemic to
Borneo. Most, if not all, known populations occur within
national parks and other protected areas. While the extent
of occurrence (EOQO) is c¢. 270 km?, its minimal area of
occupancy (AOO) could be estimated to be 30 km?. It is
known from several populations, which represent three
locations (sensu IUCN 2012). Thismia ornata is there-
fore assigned a preliminary conservation status of VU
(D142) according to the IUCN Red List categories and
criteria (IUCN 2012).

Etymology — The specific epithet is the feminine form of
the Latin adjective ornatus (ornate or decorated), which-
reflects the colourful flowers and very fine bright orange
reticulum inside the floral tube that resembles lace.
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Remarks — Thismia ornata is not completely unknown
to the scientific community; it has been collected several
times (see Additional material examined) and many of
its photographs circulate on the internet, especially from
limestone outcrops around Bau town (e.g. Fehland 2019).
Howeyver, it has been misidentified as 7. aseroe Becc., a
superficially morphologically similar but not closely
related species (unpublished data). Thismia ornata was
also studied under the name of 7. aseroe in an extensive
study of floral morphology and development in Diosco-
reales (Caddick & al. 2000) and is adequately described
and illustrated in that work. Correspondingly, the DNA
sequence entries in GenBank that are based on the speci-
men Caddick 349 (K, SAR!) and stored under the name
T. aseroe belong to T. ornata (see Fig. 4).

Thismia ornata belongs to T. sect. Thismia subsect.
Odoardoa Schltr. on account of its having six free tepals
of the same size and shape. Relationships of 7. ornata
within this section however are unclear. Its morphology
is rather unique although it superficially resembles 7.
filiformis (and its relatives). The inner morphology of
the flower is different. The bright orange reticulum in-
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Fig. 4. A: Bayesian phylogeny tree based on five-locus analysis of a wider Old World species set. — B: Bayesian phylogeny tree of
Thismia sect. Thismia and T. sect. Sarcosiphon based on ITS sequences. — Posterior probabilities are shown above the branches.
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side the floral tube is absent in other Bornean species of
Thismia, with the exception of T. kelabitiana Dancak,
HroneS & Sochor, which is somewhat reticulated. For
T. ornata, the apical margin of the connective bears five
appendages of three different sizes and shapes. The sin-
gle central appendage is the longest while the remain-
ing appendages are considerably shorter. One pair of
these appendages sits directly on the apical margin of
the connective while the other pair is shifted upward to
the surface of the connective and resembles appendages
known in 7. hexagona Dancdk, HroneS, Kobrlovd &
Sochor and T. bryndonii Tsukaya, Suetsugu & Suleiman
(Dancdk & al. 2013; Tsukaya & al. 2017). Although it
has been frequently misidentified as 7. aseroe, the two
species are different. Thismia aseroe has a prominently
raised annulus and small teeth alternating with the te-
pals, which make it appear different to the naked eye.
The structure of the connectives is also strikingly differ-
ent between the two species (for comparison see Groom
1895 and Fig. 2).

Although no variation was detected among the seven
studied specimens (six of them from Kubah) at the ITS
locus (see also Fig. 4B), one SNP was detected at each
of the SSU and matR loci in the Santubong population
(Fig. 4A). Such a small difference, of course, cannot
have consequences in taxonomy, but it implies that the
species exhibits some small geographical genetic vari-
ation. Nevertheless, no significant variability in pheno-
type was observed.

Additional material examined — BORNEO, SARAWAK
(MALAYSIA): 1% Division, Bau, Tai Ton, 2 Jan 1977, P.
J. Martin 38504 (SAR); 1* Division, Bau, limestone
hill behind lake, 11 Nov 1989, P. Cribb 89/16 (K); Bau,
Seburan, 8 Jun 1966, J. A. R. Anderson 25524 (SAR);
Matang National Park, Sungai Rayu, 150 m a.s.l., 21
Oct 1998, L. Caddick, V. B. Kasik, D. Jude, M. Kapi
LRC 349 (SAR); Kubah National Park, Matang Wildlife
Centre, near the crocodile cage, WGS 84: 01°36'31"N,
110°09'42"E, 45 m a.s.l. 9 Feb 2019, Sochor, Hrones &
Dancdk BOR55/19 (only DNA material, no voucher spec-
imen); Kubah National Park, 0.8 km SW of headquar-
ters, WGS 84: 01°36'25"N, 110°11'30"E, 235 m a.s.l.,
9 Feb 2019, Sochor, Hrones & Dancdk BOR56/19 (only
DNA material, no voucher specimen); Kubah National
Park, 30 m SW of Park hostel, WGS 84: 01°36'42"N,
110°11'43"E, 170 m a.s.l., 9 Feb 2019, Sochor, Hrones
& Dancdk BOR58/19 (only DNA material, no voucher
specimen); Gunung Santubong, along contour trail, WGS
84:01°43'55"N, 110°19'34"E, ¢. 300 m a.s.l., 8 Feb 2019,
Sochor, Hrones & Dancdk BOR54/19 (OL).

Thismia coronata Hrone$, Danc¢ak & Sochor, sp. nov. —
Fig. 5,6 & 7.

Holotype: Malaysia, Sarawak, Limbang Division, La-
was District, Long Tuyo village, primary forest between
camps 1 and 2 on trail to Paya Maga mountain plateau,
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WGS 84: 04°26'37"N, 115°33'07"E, elevation 1305 m
a.s.l., 29 Jan 2019 Sochor, Hrones & Dancdk BOR11/19
(SAR! [in spirit]; isotype: OL! [pressed specimen]).

Diagnosis — Thismia coronata differs from T. kela-
bitiana by the shape of outer tepals (entire with a sin-
gle tooth in the middle vs deeply divided into several
acute lobes), mitre apex (without tetrahedral depres-
sions on upper surface vs with tetrahedral depressions
on upper surface), smaller size of flower (1.8—2.3 cm vs
2.6-2.8 cm long) and flower colour (dark yellow to or-
ange across whole flower vs white floral tube and bright
yellow upper parts).

Description — Achlorophyllous herb, 4.5-8 cm tall.
Roots coralliform, short, clustered, light brown. Stem
2.4-4.2 cm long, erect (or sometimes ascending), un-
branched or sparsely branched in upper part (branches
developing after anthesis), indistinctly longitudinally
ribbed, reddish brown to orange, bearing 1-6 flowers.
Leaves 4—11, spirally arranged, appressed, scale-like,
triangular, acute to acuminate, entire, 2—5 mm long,
1-2 mm wide at base, light brown to reddish. Bracts 3,
lanceolate-triangular, entire to irregularly dentate, 4—8 x
2—3 mm, reddish to brown. Flowers sessile, actinomor-
phic, 1.8-2.3 cm long; floral tube funnel-shaped toward
base, urceolate at apex, widest (0.7—1 cm) in upper quar-
ter, dark yellow to orange throughout, with 6 brown-
orange prominent longitudinal ribs alternating with 6
brown-orange longitudinal stripes on outer surface, in-
ner surface with a weakly net-like pattern, especially
toward apex. Tepals 6; outer 3 tepals falcate, c. 2 mm
long, 6—7 mm wide, entire or slightly sinuate at margin,
sometimes somewhat wavy, usually with a single tooth in
centre, bright orange, arranged in one plane and together
forming fringe around mouth of floral tube, 0.9-1.2 cm
in diam.; inner 3 tepals orange, pillar-like and arched
over floral tube, connate at apex and forming a rather
flat triangular mitre 5—7 mm wide, proximal part of tepal
0.5-0.9 mm long, c. 1 mm wide, distal part of tepal + flat
with 3 joined ribs. Annulus absent. Stamens 6, pendent
from floral tube aperture; filaments orange, curved down-
ward, with bases slightly protruding above floral tube
apex, not connate and forming 6 lateral apertures visible
from upper side; connectives broad, laterally connate to
form a tube, 5-6 mm long, each with prominent longi-
tudinal rib extending along whole length of inner side
of connective, apex of each connective white to bluish,
with 1 central lobe (extension of rib) and 2 smaller lobes,
each lobe bearing 1 very long transparent trichome; later-
al appendage box-shaped, protruding toward floral tube,
not reaching apex of connective, shallowly dentate and
hairy on apical margin, with tufts of hairs on lateral mar-
gins, yellow-tinted; thecae creamy, surrounded by tufts
of glandular hairs; interstaminal glands inserted on line
of fusion between connectives. Ovary inferior, obconic,
dark brown, covered by bracts, placentae 3, ovules nu-
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Fig. 5. Thismia coronata — A: lateral view of flower; B: apical view of flower; C: habit of flowering plant; D: stigma; E: outer view
of stamens; F: inner view of stamens. — From Sochor & al. BOR11/19 (A-H). — Drawn by Katefina Janosikova.

merous, anatropous; style short; stigma 3-lobed, pap-
illose, lobes + rectangular, longitudinally furrowed.
Capsule cup-shaped, 5—-7 mm in diam., pale brown to
reddish at maturity; fruiting pedicel 10—25 mm long.

Seeds numerous, light brown, ellipsoid.

Distribution — Thismia coronata is known only from the
type locality and its close surroundings in the Paya Maga
mountain range in northern Sarawak (Fig. 3). At least 40

individuals were recorded at the locality.
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Habitat — Thismia coronata occurs in lower montane
primary tropical rainforest at an altitude around 1300 m
a.s.l. It was found in relatively humid forest with dense
understorey (Fig 7C). A variety of other mycohetero-
trophic species were abundant at the type locality and
surroundings, including Burmannia lutescens Becc. agg.
(Burmanniaceae), Cystorchis aphylla Ridl. (Orchida-
ceae), Epirixanthes kinabaluensis T. Wendt, E. pallida
T. Wendt (both Polygalaceae), Exacum tenue (Blume)
Klack. (Gentianaceae), Lecanorchis multiflora J. J. Sm.
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Fig. 6. Thismia coronata — A: flower prior to anthesis; B, C, D: overall appearance; E: apical view of flower; F: stigma; G: roots;
H: outer bottom view of stamen. — Finest grid spacing in D and G = 1 mm. — From Sochor & al. BOR11/19 (A-H).
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Fig. 7. Thismia coronata — A: connective tube viewed from lower side; B: floral tube apex and opening showing 6 lateral apertures
between stamens; C: type locality, 29 Jan 2019, photograph by M. Sochor. — From Sochor & al. BOR11/19 (A-C).

(Orchidaceae), Sciaphila arfakiana Becc., Sciaphila sp.
(both Triuridaceae) and Thismia viridistriata Sochor,
Hrone§ & Dancdk. Herbaceous vegetation was other-
wise sparse.

Conservation status — Thismia coronata is endemic to
Borneo and the only known population occurs outside
national parks and other protected areas. The number of
mature individuals observed is fewer than 50. The extent
of occurrence cannot be estimated because the species
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is known only from the type locality and its area of oc-
cupancy (AOO) is estimated to be only 4 km?. Thismia
coronata is therefore assigned a preliminary status of CR
(B2ab(iii); D) according to the IUCN Red List categories
and criteria (IUCN 2012).

Etymology — The specific epithet is the feminine form of
the Latin adjective coronatus (crowned), which reflects
the shape and colour of the tepals resembling a royal
crown.
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Remarks — Thismia coronata superficially resembles 7.
kelabitiana mostly by its colour, which is, nevertheless,
darker and nearly homogeneous across the flower. How-
ever, the flower shape is similar to 7. goodii Kiew, which
differs in colour (blue tepals and white floral tube with a
green tinge), smaller mitre and hairless apex of the con-
nective. These three species (T. coronata, T. goodii and
T. kelabitiana) are clearly closely related (see also Fig.
4), forming a morphologically distinct group within 7.
sect. Sarcosiphon. They share the well-developed outer
tepals that are wider than long, trilobed apex of the con-
nective and a prominent central rib along the inner side
of the connective. Thismia goodii is almost sympatric
with T. coronata: it is known from a nearby site only
1.5 km away (Ampeng & al. 2013). All three species
occur in the highlands of northern Borneo and have no
apparent relatives outside this region. Interestingly, this
group bears some similarities to the group of T. cla-
vigera (Becc.) F. Muell. (see also Dancdk & al. 2018).
Although both groups are superficially rather different,
primarily due to the three mitre appendages present in
the 7. clavigera group, the structure of the stamens is
somewhat similar in both groups because the filaments
reach the floral opening (which has no annulus) and the
connectives have a prominent central rib along their in-
ner side.

Additional material examined — BORNEO, SARAWAK
(MALAYSIA): Limbang Division, Lawas District, Long
Tuyo village: primary forest between camps 1 and
2 on trail to Paya Maga Mountain plateau, WGS 84:
04°26'36"N, 115°33'04"E, elevation c. 1280 m a.s.1., 29
Jan 2019 Sochor, Hrones & Dancdk BORI13/19 (only
DNA material, no herbarium specimen).
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Thismia minutissima (Thismiaceae), a remarkable new
mycoheterotrophic species from Sarawak, Borneo

Martin Dan¢ak' ®, Michal Hrone$? & Michal Sochor®

Summary. Thismia minutissima, a distinctive minute species of the mycoheterotrophic genus Thismia is described
and illustrated. It was found in several localities in mountain areas of Sarawak, Malaysia. The new species is
superficially similar to members of Thismia sect. Rodwaya from Australia and New Zealand but differs by several
distinctive morphological traits, including a fishtail-like lateral connective appendage and a perfect mitre. Its

ecology, distribution and taxonomic status, as well as phylogenetic placement, are discussed.

Key Words. Burmanniaceae, funiculus, fairy lantern, Malesia, rainforest, seed, taxonomy.

Introduction

Fairy lanterns, Thismia Griff. (Thismiaceae, or
alternatively Burmanniaceae sensu APG IV; The
Angiosperm Phylogeny Group 2016), are non-
photosynthetic mycoheterotrophic herbs of mainly
tropical distribution. The number of known species
in the genus has been increasing rapidly in recent
years, with 85 species recognised at the end of 2018
(e.g. Chantanaorrapint & Suddee 2018; Dancak et al.
2018; Hrones et al. 2018; Siti-Munirah 2018; Sochor
et al. 2018b; Suetsugu et al. 2018a; Suetsugu et al.
2018b; Tanaka et al. 2018). New records of the genus
have recently been published for Lao PDR, the
Andaman Islands and peninsular India (Kumar et al.
2017; Sujanapal et al. 2017; Hareesh et al. 2018) as well
as rediscoveries of some earlier described taxa
(Chantanaorrapint 2018; Sochor et al. 2018a).

The infrageneric taxonomy of Thismia still remains
controversial despite the current progress (e.g. Kumar
et al. 2017; Sochor et al. 2018b). Four main groups are
recognised in the Old World: sect. Thismia, sect.
Sarcosiphon (Blume) Jonker, sect. Rodwaya (Schltr.)
Jonker and sect. Glaziocharis (Taub. ex Warm.) Hatus.
(Kumar et al. 2017). However, several species cannot
be placed into the current infrageneric system, e.g.
T. sahyadrica Sujanapal, Robi & Dantas (Sujanapal
et al. 2017; Shepeleva et al. 2020).

During our recent field trips to Sarawak (Malaysian
Borneo), several populations of a unique Thismia were
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discovered. They are distinct from all previously
described species, both in their morphology and
molecular markers. We describe these populations as
a species new to science here.

Material and Methods

Morphology was studied in the field using hand lenses
(20 — 60x magnification) and macrophotography.
Specimens were preserved in the form of pressed
herbarium and alcohol (70% ethanol) specimens and
deposited in SAR and OL; a piece of tissue from one
individual per population was silica gel-dried for
subsequent DNA extraction.

DNA was extracted by the CTAB method (Doyle &
Doyle 1987) and sequence data were generated for
three nuclear and two mitochondrial loci. The small
subunit of ribosomal DNA (SSU rDNA) was amplified
and sequenced with primers NS1 and NS6, internal
transcribed spacers of ribosomal DNA (ITS) with
primers ITS1 and ITS4 (White et al. 1990) and the
large subunit of ribosomal DNA (LSU rDNA) by
primers N-nc2656 and 2134rev (Kuzoff et al. 1998).
The mitochondrial genes atpA and matR were ampli-
fied and sequenced with primers developed by Eyre-
Walker & Gaut (1997) and primers 26F and 1002R
(Meng et al. 2002), respectively. All PCRs were
performed with Kapa polymerase (Kapa Biosystems)
following a standard protocol with 37 — 40 cycles and
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an annealing temperature of 56°C (rDNA, atpA) or
47°C (matR). The PCR products were purified by
precipitation with polyethylene glycol (10% PEG 6000
and 1.25 M NaCl in the precipitation mixture) and
sequenced in both directions by the Sanger method at
Macrogen Europe.

Sequences were edited and aligned in GENEIOUS
8 (Biomatters) and deposited in NCBI GenBank. The
newly generated sequences were added to the dataset
from Sochor et al. (2018b), which included nine
species whose sequences were downloaded from NCBI
GenBank (for a complete list of analysed specimens,
see Electronic Supplementary Material S1). Bayesian
phylogeny inference from concatenated data from the
five loci (or four in the case of GenBank accessions)
was computed in MRBAYES (ver. 3.2.4; Ronquist et al.
2012) with 9x107 generations, sampling every 3000th
generation, in two independent runs, each with four
chains; the first 107 generations (50%) were excluded
as burn-in. A substitution model for each locus was
used as determined by Sochor et al. (2018b; ITS1, ITS2
and 5.8S rDNA were treated as separate partitions).

Taxonomic Treatment

Thismia minutissima Dandik, Hrones & Sochor sp. nov.
Type: Malaysia, Sarawak, Kelabit Highlands, Miri
Division, Bario Subdistr., Pa'Umor village, Anak Kadi
Ridge, 4.4 km SSE of the village, 03°42'01"N,
115°31'28"E, alt. 1195 m, 13 Jan. 2017, M. Sochor, M.
Hrones, M. Dancak, 7. Egertovi & J. R. Pasan BOR4/17
(holotype SAR! [in spirit, accession number Sochor/
BOR-4/17]; isotype OL! [in spirit, accession number
35278]).

Achlorophyllous herb, 2.5 — 5 cm tall. Roots vermiform,
creeping, sparsely branched, c. 1 mm thick, whitish to
light brown. Stem 1.5 — 2 cm tall, ascending (then up to
5 cm long) to erect, unbranched, single-flowered,
1.5 mm thick, whitish. Leaves 2 — 4, spirally arranged,
triangular to narrowly triangular, scale-like, acute,
entire, 3 — 5 mm long, c. 1 mm wide at base, whitish.
Bracts 3, similar to leaves but slightly larger. Pedicel 3 —
5 (- 12) mm long, elongating after anthesis, white.
Flowers terminal, actinomorphic, 6 — 9 mm long
(excluding free perianth appendages), 2.5 — 4 mm
wide in the upper "4 of floral tube; floral tube
urceolate, 3 — 4 (- 5) mm long, outer surface with 6
low, longitudinal ribs, orange, with 6 small, oblong,
red spots going down from between perianth lobes
and larger whitish, diffuse spots between ribs in the
upper % of floral tube; inner surface smooth without
transverse bars and other ornamentation; outer peri-
anth lobes free, small, often rather inconspicuous,
broadly triangular or rounded to tongue-like, 0.3 —
1 mm long, orange, with several teeth-like protrusions
on abaxial side; inner perianth lobes well-developed,
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inseparably fused and forming dome-like mitre leaving
three holes and each bearing narrowly conical to
filiform appendage arising from the central rib on its
outer surface; mitre c. 1.5 mm tall, bright red to dark
orange, with distinct to indistinct lines of fusion, holes
more or less rounded; mitre appendages 3.5 — 6 (- 8)
mm long, orange, with distinct warts spread from the
base of the appendages down to the upper part of
floral tube mainly along ribs; annulus crenate, formed
by 12 short lobes, densely hairy, bright red. Stamens 6,
pendent from the apical margin of the floral tube, +
colourless or pale orange-pink to orange, densely
covered with transparent hairs all over, the hairs on
connectives short, on filaments and around anthers
long; filaments free, short, curved downwards; con-
nectives broad and flattened, laterally connate to form
a tube, c. 1.8 mm long, with + unlobed to shallowly
irregularly dentate apex bearing several transparent, +
cylindrical, c. 0.1 mm long single-celled trichomes;
outer side of connective with bilobed, fishtail-like
lateral appendage protruding towards floral tube, not
exceeding the apex of connective, mostly bright red,
bearing dense, long, transparent hairs on margins,
each stamen with 2 thecae (dehiscing towards inner
surface of floral tube, c. 0.55 mm long); interstaminal
glands translucent, inserted on the line of fusion
between connectives at the level of attachment of
appendages. Ovary inferior, unilocular, slightly urceo-
late to cup-shaped, white; placentas 3, free, forming
columns and arising from the bottom of the ovary;
ovules anatropous, numerous. Style c. 1 mm long
(twice the length of the stigma), pale orange; stigma
papillose, 3-lobed, with lobes + rectangular, bright
orange to orange-red. Fruit a cup- to (later) funnel-
shaped capsule, 4.5 — 6.5 mm in height and diam.,
white to creamy, borne by an elongated pedicel up to
47 mm long. Seeds whitish, ellipsoid, c. 0.9 (incl.
thickened part of funiculus) x 0.4 mm, dorsally
encircled by, and on the chalazal pole covered by, a
thickened, light brownish funiculus. Figs 1 — 3.

RECOGNITION. Thismia minutissima differs from all its
congeners by the following combination of traits: roots
vermiform; stem and fruiting pedicel very thin, pure
white; floral tube orange, short, 3 — 4 (- 5) mm long;
outer perianth lobes very short; inner perianth lobes
inseparably fused into a mitre with three appendages,
with the lateral appendage of the connective fishtail-like.
VARIABILITY. The species is not noticeably variable in
phenotype and shows only slight variability in quantitative
traits like stem and pedicel length, size of the flower etc.
both within and among populations. Observed differ-
ences in the colour of the connectives (+ colourless or
pale orange-pink to orange) can be probably attributed to
flower age and refraction of light (connectives are partly
translucent). Plants from the single very distant popula-
tion found in Gunung Penrissen (Fig. 2C) are slightly
larger than the plants from northern Sarawak (e.g. length
of floral tube mostly 4 — 5 mm vs 3 — 3.7 mm), have slightly



KEW BULLETIN (2020) 75:29 Page 30of 9 29

w i ﬂéw-/
¢ AR Ry 4

AN /

T mm

Fig. 1. Thismia minutissima. A overall appearance of flowering and fruiting plants; B flower; C outer view of connective tube; D
ovary with stigma; E flower with longitudinally dissected floral tube showing connective tube. A, B, D from Sochor et al. BOR4/17,
C, E from Sochor et al. BOR5/17. DRAWN BY R. MELICHARKOVA.
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Fig. 2. Thismia minutissima. A plant at pre-anthesis stage; B — D overall appearance; E detail of flower. A from Sochor et al.
BOR4/17; B, D from Sochor et al. BOR28/19; C from Sochor et al. BOR63/19; E from Sochor et al. BOR5/17.

more erect and longer mitre appendages (5 — 8.5 mm vs
3.5 — 5 mm) and distinct outer perianth lobes (tongue-
like, 0.8 — 1 mm long vs shortly triangular or rounded, 0.3
— 0.5 mm long). Some individuals from Gunung
Penrissen are also less warty at the base of the mitre
appendages and in the upper part of floral tube.
Otherwise they are identical with the type population
and all the populations from northern Sarawak. However,
the population from Gunung Penrissen differs signifi-
cantly at each of the studied DNA loci, with pair-wise
difference being 0.4% at atpA (plus a 3bp indel), 1% at

© The Board of Trustees of the Royal Botanic Gardens, Kew, 2020

SSU, 2.1% at matR (plus three indels of 13 bp), 2.7-3% at
LSU, and 25.1 — 25.4 % at ITS (plus 17 indels of 30 bp)
from the northern Sarawak populations.

DISTRIBUTION. The species is known from three regions
of Sarawak across the central highlands of Borneo
(Map 1). The northernmost group of localities occurs
south of the village of Long Tuyo (Lawas district) in
north-eastern Sarawak. The middle group is found in
the Kelabit Highlands, south of the village of Pa'Umor
(Bario subdistrict). The southernmost population is
located in the Gunung Penrissen area of south-western
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Borneo.

Sarawak, SW of the village of Annah Rais (Kuching
district).

SPECIMENS EXAMINED. MALAYSIA. Sarawak, Kelabit
Highlands, Miri Division, Bario Subdistr.,, Pa'Umor
village, Anak Kadi Ridge, 4.4 km SSE of the village,
03°42'01"N, 115°31'28"E, 1195 m, 13 Jan. 2017,
M. Sochor, M. Hrones, M. Dancik, Z. Egertova & J. R.
Pasan BOR4/17 (holotype SAR!, isotype OL!); Sarawak,
Kelabit Highlands, Miri Division, Bario subdistr., Pa'Umor
village: 4.4 km S of the village, 03°41'58"N, 115°31'08"E,
1258 m, 13 Jan. 2017, M. Sochor, M. Hyones, M. Dandcdk, 7.
Egertova & . R. Pasan BOR5/17 (SAR!); Sarawak, Limbang
Division, Lawas Distr., Long Tuyo village: primary forests S
of the Tuyo R. 04°2724"N, 115°29'18"E, 610 m, 30
Jan. 2019, M. Sochor, M. Hrones & M. Dancak BOR28,/19
(OL!, SAR!); Sarawak, Limbang Division, Lawas Distr.,
Long Tuyo village: primary forests S of the Tuyo R,
04°27'55"N, 115°29'46"E, 540 m, 31 Jan. 2019, M. Sochor, M.
Hrones & M. Dancak BOR39/19 (OL!); Sarawak, Kuching
Division, Padawan subdistr., Annah Rais village, Borneo
Highland Resort, at the trail to Mt Penrissen, 01°06'58"N,
110°13'02"E, 1020 m, 3 Feb. 2019 M. Sochor, M. Hrones &
M. Dancak BOR63/19 (OL!).

HABITAT AND ECOLOGY. The species inhabits primary,
undisturbed lowland to lower-montane tropical
rainforests and its known elevational range is from c.
540 - c. 1260 m. In all cases observed, the species co-
occurred with some other mycoheterotrophic plants,
such as species of the genera Epirixanthes Blume
(Polygalaceae), Sciaphila Blume (Triuridaceae) and
also other species of Thismia (see also Sochor et al.

2018b).
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CONSERVATION STATUS. Thismia minutissima is believed
to be endemic to Borneo and all known populations
occur outside national parks and other protected
areas. While the extent of occurrence (EOO) of
T. minutissima is c. 25,700 km?, its minimal area of
occupancy (AOO) is estimated as only 16 km® The
species is known from five populations representing
three locations (sensu IUCN 2012). Thismia
minutissima is, therefore, assigned a preliminary status
of Vulnerable (VU D1+D2) according to the JUCN Red
List Categories and Criteria (IUCN 2012). However,
more localities probably exist in the highlands of
central Borneo, with possible occurrences in protected
areas. For example, it is likely to be present in the
Kayan Mentarang and Betung Kerihun National Parks
of Kalimantan, Indonesia.

ETYMOLOGY. The specific epithet reflects the flower
size which is probably the smallest in the genus.
NOTES. Based on its external appearance (vermiform
roots, developed outer perianth lobes and inner perianth
lobes bent upwards and connate to form a mitre with
filiform appendages), Thismia minutissima superficially
resembles species of Thismia sect. Rodwaya. However, it
differs from sect. Rodwaya by the perfect dome-like mitre,
the presence of a distinct fishtail-shaped lateral appendage
of the connectives, rectangular stigmatic lobes, very short
outer perianth lobes (<1 mm) without any appendages and
by a prominent stem. It is also similar to some species of
sect. Glaziocharis but they all differ by the complete absence
of a lateral appendage of the connectives. In overall
appearance, T. minutissima shows some affinities to
T. hongkongensis Mar & R.M.K.Saunders but the latter
species does not form a true mitre (the free perianth lobes
are just upright and touching each other) and the shape of
the lateral appendage of the connectives is rather different.
Compared to other Thismia species, T. minutissima has
extraordinarily large seeds (c. 0.9 x 0.4 mm) whose funicle is
significantly enlarged (Fig. 3D). To our knowledge, such an
enlarged funicle has never been reported in any 7hismia
species and its function is unknown. Thus, no species of
Thismia shows considerable similarity with 7. minutissima
which makes it a morphologically isolated species. Our five-
locus molecular phylogenetic analysis confirms this conclu-
sion as the species forms a separate evolutionary lineage
sister to Thismia sect. Thismia (Fig. 4). Similar results,
although with a rather unclear placement of the species
in the phylogenetic reconstruction, were also obtained
from a three-locus analysis of 42 Old World Thismia species
(Shepeleva et al. 2020). Therefore, we do not propose any
placement of T. minutissima in the existing infrageneric
taxonomy of Thismia.

Thismia minutissima, while uniform in morphology
of stamens (the trait considered very important in
Thismia taxonomy; Sochor et al. 2018b) and stigma, is
remarkably variable in the studied DNA markers. The
population from Gunung Penrissen in south-western
Sarawak, although only slightly different in external

© The Board of Trustees of the Royal Botanic Gardens, Kew, 2020
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Fig. 3. Thismia minutissima. A section of floral tube showing stamens; B longitudinal section of perianth and connective tube; C
stigma; D seeds; E apical view of empty capsule showing three placentae; F radial section of capsule with two of the three
placentae and attached seeds. A, B from Sochor et al. BOR5/17; C from Sochor et al. BOR4/17; D from Sochor et al. BOR28/19; E
from Sochor et al. BOR63/19; F from Sochor et al. BOR39/19.
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T. hillii
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T. huangii

T. taiwanensis

0.07 expected changes per site
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Fig. 4. Bayesian phylogeny inference based on five-loci data set. Posterior probabilities are shown above branches; samples of
Caddick and those without collection numbers were downloaded from GenBank and partly compiled from different collections (see
Electronic Supplementary Material ST for Genbank accession numbers). Thismia "aseroe" Caddick 349 was redetermined as T.
ornata Dancak, Hrone$ & Sochor in Dancak et al. (2020) shortly before this paper was published.

floral appearance from the type population (Fig. 2C;
see also Variability), substantially differs genetically
from all populations from north-eastern Sarawak.
Surprisingly, the genetic distance of this population
from the others is much larger than that commonly
found among related, yet phenotypically distinct,
species of Thismia (especially within sect. Sarcosiphon,
e.g. T. brunneomitra Hrone§, Kobrlova & Dancak,
T. laevis Sochor, Danc¢ak & Hrones and 7. acuminata
Hrones, Dancdk & Sochor; Fig. 4). Nevertheless, due
to their rather uniform morphology, we prefer to treat
all the populations as one species at the present time.

The distribution of Thismia minutissima, spanning
some 700 km across Borneo, is exceptionally wide
compared to most Thismia species, which are largely
considered to be narrow endemics. For several Old
World species, ranges larger than or equal to that of
T. minutissima are known. These are T. arachnites Ridl.
(Chantanaorrapint 2018), T. clandestina (Blume) Miq.
(Chantanaorrapint et al. 2015), T. clavigera (Becc.)
F.Muell. (Chantanaorrapint & Chantanaorrapint
2009), T. episcopalis (Becc.) F.Muell,, T. javanica
J.J.Sm., T. ophiuris Becc. (Jonker 1938) and

T. tentaculata (Ho et al. 2009). However, for some of
these species, serious doubts exist about the identity of
the distant populations when compared to their type
populations. One such example is a population of
T. clavigera from Sumatra which has now been
described as a distinct species: 7. sumatrana Suetsugu
& Tsukaya (Suetsugu et al. 2018b). The strong genetic
differentiation in 7. minutissima suggests that the
situation in other Thismia species may be even more
complex.
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Abstract

Fairy lanterns (Thismia Grift.) is a genus of poorly known mycoheterotrophic plants with unclear infrageneric classification.
Commonly used approaches that utilize just a single or few traits in higher-level taxonomy lead to an apparently artificial
system. In this contribution, four new species from Sarawak, northern Borneo, are described and illustrated. Thismia acumi-
nata, T. laevis and T. nigra belong undoubtedly to section Sarcosiphon. Thismia viridistriata exhibits a high morphological
variability with some individuals fitting section Scaphiophora based on the presence of a column on the top of the mitre, but
otherwise perfectly matching the morphological characteristic of section Sarcosiphon. Five-locus (SSU, ITS, LSU, marR,
atpA) phylogeny inference revealed paraphyly or polyphyly in the studied infrageneric taxa and showed that the importance
of some traits traditionally used in Thismia taxonomy was overestimated. Most of the markers provide comparable phylo-
genetic signal; LSU performs best and is highly recommended for further phylogenetic studies. On the other hand, ITS is
hypervariable and thus informative only within (sub)sections, as well as on intraspecific level, as proven in 7. viridistriata
with two distinct ITS (and also LSU and marR) alleles and two morphotypes within a small geographic area, which leads
to an assumption of strong reproductive isolation even among nearby populations. For delimitation of species, the key trait
appears to be the structure of the connective and any of the molecular markers used here.

Keywords Fairy lanterns - Kelabit Highlands - Mycoheterotrophy - Pulong Tau - Sarcosiphon - Thismia

Introduction Japan, Australia and New Zealand. Around 72 species are

currently recognized in the genus, of which more than half

Fairy lanterns (Thismia Grift.; Thismiaceae, or Burmanni-
aceae s.l.) are a genus of small, mycoheterotrophic plants
distributed mainly in Southeast Asia, tropical America,
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is restricted to Southeast Asia, particularly the Malesian
floristic region (Hrone§ 2016; Cooper 2017; Kumar et al.
2017; Sochor et al. 2017; Sujanapal et al. 2017; Suetsugu
et al. 2017; Tsukaya et al. 2017; Chantanaorrapint and Sud-
dee 2018; Suetsugu et al. 2018). As obligate mycohetero-
trophs, fairy lanterns are dependent on their fungal symbi-
onts that are further associated with their autotrophic plant
symbionts and other organisms (Bidartondo 2005). Fully
functional biotic networks may therefore be the crucial fac-
tor for Thismia occurrence and survival. That is possibly
the main reason why these plants are found predominantly
in primary tropical rainforests (Merckx et al. 2013b) which
are renowned for richness of biotic interactions. Further-
more, the mycorrhizal association is often highly specific
and phylogenetically conserved in Thismiaceae and distri-
bution of the fungal symbionts may thus limit occurrence
and spread of the plants (Merckx et al. 2012, 2017). On the
other hand, the associated fungi are probably widespread
and enable relatively rapid expansions of fairy lanterns into
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new areas, as was observed in 7. rodwayi F.Muell. and
T. hillii (Cheeseman) N.Pfeiff. (Merckx et al. 2017). Most
Thismia species are considered extremely rare, though. The
underlying reasons may vary from true rarity of the spe-
cies (resulting from their narrow niche), to our poor ability
to detect them. Their ephemeral aboveground growth and
inconspicuous appearance in combination with their habi-
tats (mostly difficultly accessible tropical rainforests) and
phenology (flowering predominantly during rainy seasons)
make them quite a problematic study object.

Besides the difficult detection, several other factors com-
plicate taxonomical studies on fairy lanterns. Obligate myco-
heterotrophy resulted in many reductions in vegetative mor-
phology, and only very few characters apart from those on
flowers can be used in taxonomy. The systematics of Thismia
is mostly based on organization of perianth lobes. According
to the latest monographic treatment of the genus by Jonker
(1938), the Old World species with free perianth lobes are
treated in section Thismia (Euthismia Schlr.) with two subsec-
tions—Odoardoa Schlr. (with all perianth lobes equal in size
and shape) and Brunonithismia Jonker (with reduced outer
lobes). Sections Rodwaya Schiltr. and Glaziocharis (Taub. ex
Warm.) Hatus. include species whose inner tepal lobes are
bent inwards but are usually not or only imperfectly connate.
Species with inner tepals connate and forming a mitre above
the flower opening were included in section Sarcosiphon
(Blume) Jonker, but only if they lack any filiform append-
ages on the top of the mitre. If appendages are present, Jonker
(1938) treated such species in the separate genera Scaphi-
ophora Schltr. and Geomitra Becc. (with one or three append-
ages, respectively), which were recently reduced to sectional
status (Kumar et al. 2017). However, such systems based on
absolute importance of a single trait may not reflect the true
phylogenetic relationships and may thus be artificial.

Species of Thismia are traditionally delimited by various
traits, from overall habitus to inner flower anatomy (Jonker
1948; Hrones 2016). Nevertheless, many species are only
known from type collections, sometimes very poor (single
flowering or even fruiting individual), covering often just a
small fragment of true natural variation of the species. Com-
mon problem, typical for old plant names but underlined by
the limited use of standard (i.e. pressed) herbarium speci-
mens in Thismia, is insufficient description with incomplete
documentation. Moreover, many species are desperately inac-
cessible not only for morphological evaluation, but also for
DNA analyses due to their rarity and very limited usability of
herbarium specimens. Little is known also about population
(genetic) structure, reproductive biology, dispersal abilities
or population dynamics, among others, despite some recent
advances (Mar and Saunders 2015; Merckx et al. 2017). Con-
sequently, making any natural taxonomic system, as well as
defining a proper species concept, is problematic. This fact
is becoming apparent with increasing number of Thismia
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collections, new taxa descriptions and involvement of molec-
ular methods during the last decade (Merckx et al. 2017).

During our recent expedition to the Kelabit Highlands,
Borneo, eight undescribed species of Thismia were dis-
covered, some of which exhibited extraordinarily common
occurrence as well as extreme variability in outer morphol-
ogy. In this paper, we aim 1. to describe formally four of
these species as new to science; 2. provide data on their
morphological and molecular (ribosomal and mitochondrial
DNA) variation; and 3. discuss usefulness of different mor-
phological traits and DNA loci for taxonomy and phylogeny
inference in fairy lanterns.

Materials and methods

Plant material for this study was collected during a 10-day
expedition in the vicinity of Pa’Umor, Pa’Lungan and Bario
villages, the Kelabit Highlands, Sarawak, Malaysia. Thismia
plants were searched systematically in several localities that
were mostly selected in advance based on our previous expe-
riences. Each population of each found morphological type
(separated by ca > 100 m from the neighbouring population)
was studied morphologically in the field camps using hand
lenses (20 X — 60 X magnification) and macrophotography.
Specimens of whole plants were taken from each population
in form of pressed herbarium and/or alcohol (70% ethanol)
specimen. Piece of tissue (e.g. pedicel, capsule, part of stem)
from one individual per population was silica gel-dried for
subsequent DNA extraction. Several fruiting individuals of
unknown identity were also added to the molecular analyses,
as well as samples of T. hexagona Dancéak, Hrones, Kobrlova
& Sochor, T. inconspicua Sochor & Dancék, T. brunneomi-
tra Hrones, Kobrlova & Dancak, T. neptunis Becc. and T.
pallida Hrones§, Danc¢ak & RejZzek from the type localities in
Brunei, western Sarawak and Sabah, respectively.

DNA was extracted by the CTAB method (Doyle and
Doyle 1987), and sequence data were generated for three
nuclear and two mitochondrial loci. The small subunit of
ribosomal DNA (SSU rDNA) and internal transcribed
spacers (ITS) were amplified and sequenced with prim-
ers NS1, NS6, NS5 and ITS4 (White et al.1990) or 268rev
(Kuzoff et al. 1998) and large subunit of ribosomal DNA
(LSU rDNA) by primers N-nc26S6 and 2134rev (Kuzoff
et al. 1998). Amplification of the LSU region adjacent to
ITS2 was attempted by primers N-nc26S1 and 1229rev or
1499rev, but most reactions did not provide specific prod-
uct and were therefore not analysed further. The mitochon-
drial atpA gene was amplified and sequenced with prim-
ers developed by Eyre-Walker and Gaut (1997) and marR
gene with primers 26F and 1002R (Meng et al. 2002). All
PCRs were performed with Kapa polymerase (Kapa Bio-
systems) following a standard protocol with 37 to 40 cycles
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and annealing temperature of 56 °C (rDNA, atpA) or 47 °C
(matR). The PCR products were purified by precipitation
with polyethylene glycol (10% PEG 6000 and 1.25 M NaCl
in the precipitation mixture) and sequenced in both direc-
tions by Sanger method at Macrogene Europe.

Sequences were edited and aligned in GENEIOUS (ver.
7.1.7., Biomatters) and deposited in NCBI GenBank
under accession numbers MG008338-MG008393 and
MG765543-MG765546. Alleles of each locus were dis-
tinguished based on single-nucleotide polymorphisms
(sequences differing at least in one mutation were considered
different alleles). For characterization of molecular variation
at each locus, twelve (morpho)species were selected whose
data from all five loci were available (one individual per spe-
cies); seven from sect. Sarcosiphon and five from sect. This-
mia. Maximum parsimony trees were computed in MEGA
(ver. 6.06; Tamura et al. 2011) by subtree-pruning-regrafting
method and MP search level of 5 and tested by bootstrapping
with 1000 replications. Bayesian phylogeny inference was
computed in MRBAYES (ver. 3.2.4; Ronquist et al. 2012) with
107 generations, sampling every 3000th generation, in two
independent runs, each with 4 chains; first 2.5 x 10° genera-
tions (25%) were excluded as burn-in. Substitution model for
each locus was determined in IMoDELTEST (ver. 2.1.4; Dar-
riba et al. 2012) using Akaike information criterion (AIC).
The models used are shown in Table 1. The individual gene
trees were subsequently visually compared among loci and
analytical methods. Phylogeny inference from concatenated
data from the five loci was performed by the same meth-
ods as above for the sample set including additional eleven
species whose sequences (at least four loci for the ingroup
taxa) could be downloaded from NCBI Genbank (Online
Resource 1). The substitution models for this analysis were
determined in PArRTITIONFINDER2 (ver. 2.1.1; Lanfear et al.
2017) using the corrected AIC (AICc) and a greedy search,

and partitions were set subsequently according to the loci
in MrRBAYEs (ITS1, ITS2 and 5.8S rDNA were treated as
separate partitions; see Table 1).

Results

Nine different morphological types (morphotypes) of This-
mia were discovered in the field. Two of them were later
found to belong to the same species; eight species were
therefore detected. Six of them were mitriform species with
coralliform roots. One of these was morphologically unique
species not similar to the rest of the species, and it will be
described separately as Thismia kelabitiana ined. (Dancak
et al. submitted). In another morphospecies, Thismia aff.
nigra, only immature individuals were found, and it cannot be
formally described until additional material is collected. The
four remaining species of this group are formally described
here as T. acuminata, T. laevis, T. nigra and T. viridistriata.
Based on morphology, three of them belong undoubtedly to
section Sarcosiphon and the remaining one, T. viridistriata,
either to this section, or, due to the presence of a column on
top of the mitre in some individuals, to the genus Scaphi-
ophora sensu Jonker (1938) which is now reduced to Thismia
(Merckx et al. 2013a; Kumar et al. 2017). The remaining two
species were T. cornuta Hrones, Sochor & Dancék (Hrone$
et al. 2018) and an undescribed species, which is not treated
here and will be described in a separate paper.

Detailed morphological evaluation could be performed in
all discovered morphotypes except for the one that was only
found with one developing (but not open) flower and pos-
sibly represented different species. This was treated as 7. aff.
nigra in further analyses (i.e. similar but not identical to T.
nigra). Intraspecific morphological variability was generally
low, except for T. viridistriata with two distinct morphotypes

Table 1 Comparison of different loci in terms of total and parsimony-informative variability and usefulness for maximum parsimony (MP) and
Bayesian (BI) phylogeny inference; ITS locus covers only the ITS1-5.8S rDNA-ITS2 region

Locus SSU ITS LSU atpA matR
Alignment length [bp] 1713 691 957 1167 1003
Variable SNPs (% of total) 189 (12%) 492 (71%) 239 (25%) 50 (4%) 155 (15%)
Informative SNPs (% of variable SNPs) 125 (66%) 354 (72%) 179 (75%) 20 (40%) 70 (45%)
# most parsimonious trees 7 1 2 6 6
MP tree length 262 851 395 61 140
# splits with BS < 50% 2 1 2 4 3
# splits with PP < 95% 4 5 3 4 5
Substitution model (based on AIC GTR+1+G/ GTR+I1+G/ TIM3 + G/IGTR+G TVM +1/ TIM1 + G/GTR + G
in JMopELTEST/AICc in PARTITION- GTR+1+G GTR + 1+ G, GTR+1+G
FINDER2) SYM + G*

SNP single-nucleotide polymorphism, BS bootstrap value, PP Bayesian posterior probability, AIC Akaike informative criterion, AICc corrected

AIC
*For 5.8S rDNA region of the sequence
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and several transitional individuals (Table 2). The best char- s ..
acter that distinguishes all of the species was revealed to be E £ é E g g
connective morphology which was very stable within and 3 % E ‘;:‘ %“ 2 E
among populations of the same species. Morphological vari- ; % E = T§~ ; i
ation is further discussed in Taxonomic treatment. g E = S g é‘“ S
All of the five studied genomic loci could be amplified j g g ;z = s g
and sequenced easily in most samples. ITS region could < 2 £ ‘:? % % g g =
not be amplified in 7. hexagona using primer ITS4 due to g ED S ‘:; = E 2 = E §
two point mutations in the primer complementary sequence 5 N £ 5 E § < E‘)* g ; -g :;‘
in this species. The region was therefore amplified and “§ mJ/ © é g; % % E g 2 é“ E
sequenced with primer 268rev, which anneals further in the i 17 é T8 FEsS & ﬁ 92 E
LSU region.
In the dataset of twelve studied species from two sections, 7@ ° B
each locus was clearly able to distinguish between differ- 2 > % 2 TED* ED
ent morphologically defined species, with an exception of E E -g‘ 3 fn i
atpA in T. nigra and T. aff. nigra. The highest variability was é = é é 8 %D
observed in the ITS region and most of this variation was ﬁ s é % 'gs ~
parsimony informative (Table 1). It also exhibited the high- ¥ &= S s %
est intraspecific polymorphism (ten SNPs and one indel in %D ;f ;j ; B g
T. viridistriata and one SNP in T. cornuta; Online Resource e g g 2 % =
2). Other intraspecific polymorphisms were detected at LSU g o E B 2 § £ % 2 :;x 2
and marR (two and one SNPs in T. viridistriata, respectively, B i w1 % g Z2 £3 8%
resulting in two alleles at each locus that corresponded to the = @ Fa=Aa .
ITS alleles; Online Resources 1 and 2), and at SSU (three 4 i 2
SNPs in T. cornuta forming three alleles). Only very few § gé ;o
short conserved domains were detected at the ITS locus o Tg g E B g
among species (all in 5.8S rDNA region), and the alignment f§ . ‘é £ fé . 2 =
was therefore very ambiguous, particularly among sections. g E g g gﬁ 5 2 g g
Each of the remaining loci provided both considerable poly- ; g %3 E 4 g E* éﬂ
morphism (see Table 1) and multiple conserved motives that = E = 5 = § o £
allowed for unambiguous alignment. § %‘3 g § E ._cé g E .*%
Ribosomal and mitochondrial DNA markers performed =18 e o e g & § .é) g é 3
comparably in resolving phylogenetic relationships (Online % 3 :g i CE 238§ £ = E
Resource 3). The best resolving markers according to the 3|S5y =0 o © A
number of maximally parsimonious trees and the number of E . g % 5 B2
highly supported splits were ITS and LSU (Table 1, Online § E E E go < s
Resource 3). These were also the only markers that provided 2‘ 5 g 5 i % i
a phylogenetic signal (although slightly different from each § ; 2 ? w8 -°§
other) within the “core Sarcosiphon” clade (Online Resource S g ; g 2\ . % = E 5
3). Considering serious ambiguities in alignment of ITS and z b2 g5 % = g ? =
therefore its limited usability among distant lineages, LSU ; &b £ 5 % = i 2 —é % %
remains the most suitable marker for whole-genus phylogeny ui § é g é Z _‘g § é E § S
reconstruction, although it has never been used in fairy lan- i § - ;r\ E\ < § % i:‘b = 2 g ;% =
terns until now. Nevertheless, slight incongruencies among é g o o E & E $£285 2 £2 & g 'E
loci call for necessity of multilocus phylogenetic inferences. k& Hlo®w s~ =0 < A A
After inclusion of other species for which at least four of g e
the studied loci were publicly available (Online Resource g i
1), a well resolved Bayesian multilocus phylogenetic tree E ) %‘3 . 5
with most branches well supported was obtained (Fig. 1). % 2 % % S 2 é 7
Bootstrap consensus maximum parsimony tree exhibited g 228 E 8 2 = 8
similar topology, except for a few splits (Online Resource 3). . E/ ° 2 S .3 é g 5 8
Four lineages were clearly distinguished that correspond to 9 En é 8 é § 5 2 é’ %)
several infrageneric taxa—sect. Thismia, sect. Sarcosiphon § 2 2 E 228 S 3§ 3
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- 0.71 T.hexagona
0.05 0.6 | .
. T.pallida
1 sect. Thismia,
T.aseroe subsect. Odoardoa
1 T.inconspicua
: sect. Thismia,
T.neptunis subsect. Brunonithismia
T.aff.nigra
0.92 T.nigra
] T.laevis sect. Sarcosiphon
T.brunneomitra
1 .
T.acuminata
! T.clavigera sect. Geomitra
1
l T.kelabitiana I sect. Sarcosiphon
e sect. Sarcosiphon /
T.viridistriata sect. Scaphiophora
1 r T.clavarioides sect. Glaziocharis
1] 0.82 T.rodwayi
1 .
T.hillii
. sect. Rodwaya
1 ——— T.megalongensis
1 [ T.huangii
— T.taiwanensis sect. Glaziocharis

Haplothismia exannulata

T.panamensis
outgroup

Fig. 1 Bayesian tree inferred from five-locus concatenated alignment; posterior probabilities shown above branches. Infrageneric placement fol-
lows the treatment of Kumar et al. 2017, but note that, e.g. Thismia clavarioides was originally placed in sect. Rodwaya

(including sections Scaphiophora and Geomitra), and sec-
tions Rodwaya and Glaziocharis (sensu Kumar et al. 2017)
sharing two evolutionary lineages. Thismia clavigera Becc.,
assigned to sect. Geomitra, groups with species of section
Sarcosiphon. Three of the four species described here form a
well-separated cluster (T. nigra, T. laevis and T. acuminata),
whereas T. viridistriata forms different, basal lineage within
the Sarcosiphon clade (Fig. 1; Online Resource 3).

Discussion

Connective morphology is the most appropriate
character for species distinction

Despite the recent wave of interest that resulted in descrip-
tion of many new species and some new insights into biol-
ogy and evolution of fairy lanterns, the genus Thismia
remains a poorly understood plant genus. For instance, no
or only poor and/or indirect data are available on popula-
tion structure, reproduction systems, clonality, life cycle,

dispersal ability, specificity of biotic interactions, etc.
Intraspecific variation is also virtually unknown as most
species are known only from the type collections. These
facts greatly limit the development of taxonomical concepts
in the group, including species concept (i.e. definition of
species boundaries) and delimitation of higher taxa, par-
ticularly sections and subsections. Different approaches
are therefore appearing. Whereas some authors treat mor-
phologically atypical populations as infraspecific taxa
(e.g. T. hexagona var. grandiflora; Tsukaya et al. 2014) or
conspecific without further taxonomical distinction, e.g.
T. clandestina Blume (Chantanaorrapint et al. 2015, Suet-
sugu et al. 2017), T. crocea Becc. and T. versteegii J.J.Sm.
(Jonker 1938), or formerly conspecific T. rodwayi and T.
hillii (Hunt et al. 2014), the common approach is describ-
ing new species. The main diagnostic characters for delim-
itation of species range from external traits (coloration,
appendages on perianth lobes, etc.; e.g. Hunt et al. 2014;
Chantanaorrapint et al. 2016; Tsukaya et al. 2017) to inner
flower structure (e.g. Hrones$ et al. 2015), or usually com-
bination of several traits.
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During our fieldwork, several populations of two dis-
tinct morphotypes were detected that shared inner flower
morphology, but differed in outer characters, particularly in
colour of flower, presence and length of terminal appendage
on top of mitre, shape of perianth tube, flower size, number
of stems from one root, number of flowers per stem and
stem length (see Taxonomic treatment of 7. viridistriata).
Both morphotypes exhibited only low variation in molecular
markers (Online Resources 2 and 3); two related alleles were
detected at each of the ITS, LSU and marR loci; one allele
was detected in both of the morphotypes and the second
allele (rarer) in one of them (Online Resource 1). Moreo-
ver, some populations appeared transitional between both
morphotypes in their morphology. Therefore, the observed
variation could be considered as intraspecific. For delimita-
tion of this species, the main diagnostic traits were inside the
flower—mainly structure of connectives. Shape of stigma
was also constant in this case, although it can be variable
in Thismia and may reflect the anthesis phase (Sochor et al.
2017; see also Taxonomic treatment). Connective morphol-
ogy is crucial also in distinguishing 7. nigra and T. brunn-
eomitra, which are strikingly similar to each other in exter-
nal appearance, but well differentiated in molecular markers
(Fig. 1, Online Resources 1 and 2). Importance of connec-
tive appendages morphology in taxonomy on the species
level was noticed earlier (e.g. Tsukaya et al. 2014; Hrone§
et al. 2015; Chantanaorrapint et al. 2016) and may be critical
for comparison of geographically distant populations among
which some differentiation can be expected, at least in sect.
Sarcosiphon. Though, relatively little attention appears to be
paid to this feature in some of the new species descriptions
(e.g. Jarvie 1996; Kiew 1999; Chiang and Hsieh 2011; Tsu-
kaya and Okada 2012; Dancék et al. 2013; Mar and Saun-
ders 2015; Tsukaya et al. 2017). Another species-diagnostic
marker could be any of the conservative genomic regions
analyzed here. Unfortunately, herbarium specimens (particu-
larly old and pressed ones) usually do not permit analysis
of either of these traits (those on connectives or molecular
ones) and the use of old names that are based on insufficient
protologues may therefore be very difficult. An illustrative
example is Thismia clandestina originally described from
Java (see, e.g. Smith 1911) and recently reported from Thai-
land, although slightly differing from the Javan population
(Chantanaorrapint et al. 2015; Suetsugu et al. 2017).

Perianth morphology has been overestimated
in infrageneric taxonomy

Delimitation of higher infrageneric taxa (mainly sections
and subsections) is also very unclear and awaits wider
phylogenetic analyses and subsequent thorough revi-
sion (Hrone§ 2016). The currently accepted concepts
(e.g. Govaerts et al. 2007; Kumar et al. 2017) consider
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mainly modifications of petal lobes, as introduced by
Schlechter (1921) and Jonker (1938). Although our pre-
liminary screening covers only six infrageneric taxa (7.
sect. Thismia subsect. Odoardoa and Brunonithismia, T.
sect. Rodwaya, T. sect. Glaziocharis, T. sect. Sarcosiphon
and T. sect. Geomitra), four of them (i.e. all with more
than one sampled species) appear poly- or paraphyletic.
Sect. Rodwaya includes at least two unrelated, yet mor-
phologically very similar lineages (Fig. 1; Merckx et al.
2017; Sochor, Dancék, Hrone§, unpublished data). Sub-
sect. Odoardoa is only monophyletic if subsect. Brunoni-
thismia is included, and sect. Sarcosiphon should include
sect. Geomitra. Interestingly, although very similar in
morphology to the “core Sarcosiphon” clade (T. nigra, T.
laevis, T. acuminata, etc.), T. viridistriata clearly forms
a basal lineage of the whole Sarcosiphon—-Geomitra
clade (i.e. including T. clavigera and morphologically
very distinct 7. kelabitiana; Fig. 1). This position is well
supported by every method and marker used (Online
Resource 3). Also section Glaziocharis, if distinguished
by the presence of appendages on outer perianth lobes
(Kumar et al. 2017), is clearly polyphyletic (Fig. 1).
These contradictions between phylogeny and classical
taxonomy may indicate either convergent evolution or
limited anagenesis in morphology of perianth in some
distantly related lineages. Traits such as the presence of
mitre and terminal appendages on perianth lobes there-
fore appear to have been overestimated in infrageneric
taxonomy.

In contrast, root morphology should receive more atten-
tion in taxonomy. Root systems of Old World Thismia are
of two architectural types—vermiform and coralliform
(see, e.g. Jonker 1948, Imhof et al. 2013). Already Jonker
(1938) pointed out the importance of root system in infra-
generic taxonomy of Thismia as he used it in character-
istics of his sections. He was also aware of coralliform
roots of Scaphiophora but not Geomitra. However, due to
scarcity of species with coralloid roots this was generally
not emphasized in later research (see, e.g. Merckx et al.
2006). Nevertheless, it seems that root morphology could
indeed be a good character of systematic importance as the
coralliform roots are exclusively found in one of the four
evolutionary lineages studied here (see Fig. 1) that cor-
responds to section Sarcosiphon, including Geomitra and
Scaphiophora. Roots of the other groups are vermiform
(or tuberous in neotropical outgroup taxa). Interestingly,
the occurrence of coralliform roots is associated with other
traits, e.g. species with coralliform roots always have per-
fect mitre and outer perianth lobes absent, considerably
reduced or at least modified. To conclude, proper delimita-
tion of infrageneric taxa and their morphological charac-
terization needs to be critically re-evaluated in Old World
fairy lanterns.
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Thismia populations may be reproductively isolated
at small geographic scale

Thanks to the two morphotypes and two ITS/LSU/marR
alleles, as well as to the relatively common occurrence in the
studied region, 7. viridistriata may represent a unique model
for further studies on evolution in fairy lanterns. Although
the morphotypes were not always clearly separated and tran-
sitional forms were observed in some populations, no mixed
signal was detected in the ITS or LSU sequences despite the
fact that these are multi-copy nuclear markers that are usu-
ally able to detect recent, yet not always ancient hybridiza-
tion (Kovarik et al. 2005; Sochor et al. 2015). Thismia virid-
istriata therefore appears to be a single species with multiple
isolated populations (or other evolutionary units) that do
not interbreed with each other (or only in an extent that pre-
cludes complete homogenization of both molecular and phe-
notypic traits in the metapopulation). Existence of cryptic
species (although in an early stage of speciation) within 7.
viridistriata cannot be ruled out either, but the present data
do not allow any finer taxonomical treatment. Interestingly,
the studied area was relatively small (ca 10 X 18 km) and
both of the morphotypes and genetic lineages were discov-
ered even within one river valley just a few hundred meters
apart, mostly not high enough above the water level, so that
dispersal of seeds and whole plants by water is, hypotheti-
cally, well possible. Isolation by distance, physical barriers,
environmental conditions or absence of the fungal symbi-
ont is therefore hardly imaginable. Such a pattern, neverthe-
less, may be shaped in other ways of reproductive isolation.
Based on a characteristic complex inner morphology of the
flower and probable (yet tentative) protandry, outcrossing
via cross-pollination by flies is generally presumed to be the
dominant reproduction mode (see Mar and Saunders 2015
for details). These physical mechanisms preventing selfing,
nevertheless, would be insufficient in case of uniclonal popu-
lation structure or asexual seed development, for instance.
Another mechanism leading to the among-population dif-
ferentiation in both molecular and phenotypic traits could be
strong preference of pollinators for particular flower shape
and/or colour, which could also explain the differences in
outer flower morphology (but see Kay and Sargent 2009).
Nevertheless, all of these examples are only speculative at
this state of knowledge and need to be systematically stud-
ied, before any conclusion can be made.

Taxonomic treatment

Thismia acuminata Hrone$, Dancdk & Sochor, sp. nov.—
HOLOTYPE: Malaysia, Sarawak, Kelabit Highlands,
Pa’Lungan village, Arur Bedalawid, 3.0 km N of the vil-
lage, 1152 ma. s. 1., 3°50'14"N, 115°31'08"E, 15 Jan 2017,

Sochor et al. BOR6/17 (holotype: SAR [accession number
Sochor/BOR-6/17]; isotype: OL [accession number 35271])
(Figs. 2, 3).

Etymology: From the Latin acuminatus, reflecting acuminate
shape of mitre.

Diagnosis: Similar to T. laevis Sochor, Dan¢ak & Hrones
but differing in tall acuminate mitre and by having several
small lobes and tomentum of long hairs on connective apex
and nose-shaped central lobe of lateral appendage.

Description: Achlorophyllous ground herb, ca 3-5 cm tall.
Roots short, clustered, coralliform, light beige to brown.
Stem 14-50(-70) mm long, creeping, ascending to erect,
sparsely branched or unbranched, pale to rich brown, pink-
ish, greyish to almost orange; branching sympodial, with one
bud covered in bracts of the flower in anthesis and growing
as the main stem after anthesis, pedicels indiscernible dur-
ing anthesis, elongating during fruit maturing to ca 1.5 cm.
Leaves 3—6 below the first flower, spirally arranged, scale-
like, triangular, acute (to acuminate), entire, sometimes
with prominent central rib, 2.2-3.0(-6) X 1.2-1.5(-2.0)
mm, of the same colour as stem. Floral bracts usually 3,
of the same shape and colour as leaves, but slightly larger
(4-6 x 1.5-1.7 mm). Flowers 1-2 (—4) per stem, actinomor-
phic, 15-19 mm long, 5-6 mm wide at widest part; perianth
tube narrowly urceolate, widest at its upper quarter, often
with slight narrowing above the middle; outer surface grey-
ish or light beige to sometimes brownish orange, with 12
dark brown (to almost blackish) or reddish brown longitu-
dinal stripes, with 6 longitudinal ribs; outer perianth lobes
absent; inner perianth lobes bent upwards, connate at top
and forming mitre with 3 holes; holes elliptic to rounded,
3-4 mm wide, 2-3 mm high; mitre tall and narrow, acumi-
nate, ca 6 mm high, perfectly connate at the tip (without
processes), with 3 longitudinal ribs, dark reddish brown to
almost blackish with paler base (columns); annulus formed
by 12 low crenate lobes, hairy. Stamens 6, pendent from
the apical margin of the perianth tube; filaments free, short,
curved downwards, hairy, light brown-violet to brown-
pinkish; connectives broad and flattened, laterally connate
to form a tube, densely hairy to tomentose in the apical half,
sparsely hairy to glabrous in the basal half, ca 4 mm long,
pale violet or pinkish to whitish; interstaminal glands not
prominent, oblong, ca 0.5 mm long and 0.25 mm wide,
placed between bases of lateral appendages; apical end of
individual connective far exceeding lateral appendage, bear-
ing several (ca 4-5) + irregular short processes (sometimes
almost hidden in the tomentum in young flowers); lateral
appendage almost glabrous above, dark brown-violet, com-
posed of 3 lobes—central lobe nose-shaped with irregularly
dentate and straight to slightly convex margin, lateral lobes
straight, with tuft of hairs on the upper margin. Style rather
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Fig.2 Thismia acuminata: a habit; b outer view of connective tube; ¢ ovaries with stigmas; d longitudinal section of connective tube (from
Sochor et al. BOR6/17). Drawn by R. Melicharkova
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Fig.3 Thismia acuminata: a, b habit; ¢ outer view of connective tube; d longitudinal section of connective tube; e detail of appendages on con-
nectives; f, g ovaries with two types of stigma; h mature capsule with seeds (from Sochor et al. BOR6/17)
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short but distinct (ca 0.3 mm), dark brown; stigma 3-lobed,
light beige to whitish, papillose and sometimes with sparse
long hairs; each lobe usually deeply divided, forming two
triangular lobes or sometimes trilobed (the middle lobe
being smaller), laterally adnate to the adjacent stigmatic
lobes. Capsule cup-shaped, longitudinally ribbed, dark
(violet-)brown to almost blackish, ca 5 mm in diameter, on
elongated pedicel. Seeds light yellow-brown, ellipsoid, ca
0.3-0.4 x 0.16 mm.

Habitats: Thismia acuminata was observed in closed canopy
primary lower montane tropical rainforest in humus-rich soil
in a river ravine.

Distribution area: The species is known only from the type
locality in the Kelabit Highlands, Sarawak, Borneo.

Proposed conservation status: The population of T. acumi-
nata is protected against anthropogenic disturbance thanks
to its location in the Pulong Tau National Park. Although
the inconspicuous appearance and ephemeral growth may
contribute to overlooking of the species in the field, the total
population size can be estimated to < 50 mature individu-
als at the present state of knowledge. Therefore, we suggest
evaluating the species as critically endangered (CR) based
on criterion D of IUCN Red List Categories and Criteria
(IUCN 2012).

Notes: Despite the fact that the observed population con-
sisted of 8 individuals with ca three well preserved and two
old flowers, quite large variation was observed in flower
colour (reddish to dark brown or almost blackish), colour
of stem (light brown or greyish to dark reddish brown)
and shape of stigmatic lobes (bilobed with deep incision
between the lobes to trilobed with middle lobe being small-
est). Tomentum on connective apex varied probably due to
the age of the flower.

Having coralliform roots, mitre-forming inner perianth
lobes and reduced outer perianth lobes, T. acuminata clearly
belongs to section Sarcosiphon. Based on outer morphology,
the most similar species is probably 7. laevis which differs
in acute and rather low and wide mitre. From this and other
related species (e.g. T. brunneomitra, T. clandestina, T. epis-
copalis Becc., T. nigra), T. acuminata also differs in having
several small lobes and tomentum of long hairs on connec-
tive apex and nose-shaped central lobe of lateral append-
age. Lobed and hairy (although described as ciliolate and
minutely verrucose) connective apex is present also in the
New Guinean T. versteegii, which nevertheless has differ-
ent shape of lateral appendage (described as obtrapeziform
with inflexed lateral margins), smaller flowers (7.25 mm
long above the ovary and 4.7 mm in diameter), light yellow-
orange perianth with red-brown stripes and mitre, small but
apparent outer perianth lobes, rather low mitre with obtuse
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apex and slit-like mitre openings (which, nevertheless, may
only reflect an early anthetic phase).

Thismia laevis Sochor, Dancak & Hrones, sp. nov.—
HOLOTYPE: Malaysia, Sarawak, Kelabit Highlands,
Pa’Lungan village, Arur Bedalawid, 3.0 km N of the
village, 1108 m a. s. 1., 3°50"13"N, 115°31'11"E, 16 Jan
2017, M. Sochor et al. BOR9/17 (holotype: SAR [acces-
sion number Sochor/BOR-9/17]) (Figs. 4, 5).

Etymology: From the Latin laevis (smooth) referring to the
smooth apex of connectives.

Diagnosis: Similar to T. episcopalis Becc., but differing in
glabrous, shallowly bilobed apex of connectives, greyish
perianth tube with 12 (dark) brown stripes and dark (red-)
brown to blackish mitre.

Description: Achlorophyllous ground herb, ca 5.5-10.5 cm
tall. Roots short, clustered, coralliform, light brown. Stem
ca 13 cm long (but mostly under ground or in leaf lit-
ter), creeping, ascending to erect, sparsely branched,
pale brown to pinkish; branching sympodial, with one
bud covered in bracts of the flower in anthesis and grow-
ing as the main stem afterwards; pedicel very short or
almost missing, elongating markedly (to ca 11 cm) after
anthesis. Leaves around 4 below the first flower, spirally
arranged, scale-like, triangular, acute, entire, 4-4.5 mm
long and 1.5-2 mm wide at base, of the same colour as
stem. Floral bracts of the same size and shape as leaves,
pinkish, enveloping base of flower and a young bud. Flow-
ers around 4 per stem, actinomorphic, 18 mm long, 7 mm
wide below top of perianth tube; perianth tube narrowly
urceolate with slight constriction above the middle, of 6
fused tepals; outer surface with 6 longitudinal ribs, grey-
ish, with dark brown to blackish apex and ribs and brown
stripes between the ribs (together making 12 longitudinal
dark stripes); outer perianth lobes absent; inner perianth
lobes bent upwards, connate at top and forming mitre with
3 holes; holes elliptic, 5.5 mm wide, 3.5 mm high; mitre
with 3 distinct sutures, 3 ribs and short obtuse processes
on the top, 6 mm tall, dark (red-)brown to blackish with
paler apex and margins of holes; annulus formed by 12 low
lobes, each consisting of several small lobes. Stamens 6,
pendent from the apical margin of the perianth tube, dull
orange; filaments free, short, curved downwards; connec-
tives broad and flattened, except for lateral appendage and
area around anthers glabrous, laterally connate to form a
tube, ca 4 mm long; interstaminal glands not prominent,
flat, oblong, ca 0.5 mm long, placed between bases of lat-
eral appendages; apical end of individual connective shal-
lowly bilobed, without any processes, far exceeding lateral
appendage; lateral appendage large, (rather sparsely) hairy
on margin, box-shaped, composed of 3 lobes—central lobe
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Fig.4 Thismia laevis: a habit; b detail of flower; ¢ section of flower with outer view of stamens; d longitudinal section of connective tube; e
ovary with stigma (from Sochor et al. BOR9/17). Drawn by R. Melichirkova
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Fig.5 Thismia laevis: a habit; b detail of flower; ¢ section of flower and outer view of stamens; d outer view of stamens; e section of connective
tube; f upper view of mitra; g stigma; h capsule with seeds (from Sochor et al. BOR9/17)
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convexly down-curved and with slightly concave margin,
making acute angles with lateral lobes from outer view.
Style short, dark brown, stigma 3-lobed, + smooth to
smoothly papillose, each lobe with 2 large and 1 small lobe
on apical margin, curved upwards and together forming
triangular cup-like structure. Capsule cup-shaped, pink-
ish-brown, ca 7 mm in diameter, on elongated pedicel (to
11 cm long). Seeds beige, ellipsoid, ca 0.4 X 0.16 mm.

Habitats: Thismia laevis was observed in primary lower
montane tropical rainforest under closed canopy in humus-
rich soil in a river ravine.

Distribution area: The species is known only from two
nearby localities in the Kelabit Highlands, Sarawak, Borneo.

Proposed conservation status: Population of T. laevis is
protected against anthropogenic disturbance thanks to its
location in the Pulong Tau National Park. Although wider
occurrence of the species can be expected, the total popula-
tion size can be estimated to < 50 mature individuals due to
low population densities. Therefore, we suggest evaluating
the species as critically endangered (CR) based on criterion
D of IUCN Red List Categories and Criteria (IUCN 2012).

Additional specimens examined: Malaysia. Sarawak Kelabit
Highlands, Pa’Lungan village, Arur Bedalawid, 3.4 km N of
the village, 1224 m a. s. 1., 3°50"26"N, 115°30'54"E, 4 Feb
2016, M. Sochor and Z. Egertovd BOR-PL/16 (OL [acces-
sion number 34700]).

Notes: Based on corraliform roots, inner perianth lobes
forming mitre and reduced outer perianth lobes, 7. laevis can
be placed in the sect. Sarcosiphon. Morphologically most
similar species is T. clandestina which was described from
West Java in 1850 based on a fruiting individual (Blume
1850). Our current understanding of the species’ floral mor-
phology therefore comes from later descriptions of plants
from the type area (Smith 1911) and Southern Thailand
(Chantanaorrapint et al. 2015, but see Suetsugu et al. 2017).
Both of these populations share several characteristic traits
with T. laevis, such as overall habitus, connective apex far
exceeding lateral appendage and 3-lobed stigmatic lobes
with the middle lobe smaller (not clear for the Javan plants).
Nonetheless, they differ in having 3-lobed, hairy connective
apex, straight margin of lateral appendage and acuminate
(rather than acute) and rather narrow mitre. While the plants
from Java do not differ from T. laevis in perianth colour
(greyish with dark brown to blackish stripes), Thai plants
are orange-brown. Another similar species is 7. episcopalis.
Both species share similar shape o mitre (although more
obtuse in T. episcopalis), but T. episcopalis differs clearly
in shape of connective apex (hairy with 3 teeth), flower
colour (orange-yellow) and shape of perianth tube (rather
short urceolate without constriction above the middle). T.

acuminata differs mainly in having several small tomentose
lobes on connective apex, nose-shaped brown-violet central
lobe of lateral appendage and narrow, tall, acuminate mitre.
Superficially similar is also recently described Australian 7.
lanternatus W.E.Cooper, particularly in colour of perianth
tube, mitre and connectives, and in position and shape of lat-
eral appendage. Nevertheless, it differs, e.g. in underground
stem, flattened mitre, connectives with 3- or 4-toothed apices
and, importantly, in vermiform roots (Cooper 2017).

Thismia nigra Dancak, Hrone§ & Sochor, sp. nov.—HOLO-
TYPE: Malaysia, Sarawak, Kelabit Highlands, Pa’Lungan
village, Arur Bedalawid, 3.4 km N of the village, 1224 m
a.s. 1, 3°5026"N, 115°30'54"E, 15 Jan 2017, M. Sochor et al.
BORS/17 (holotype: SAR [accession number Sochor/BOR-
8/17]; isotype: OL [accession number 35274]) (Figs. 6, 7).

Etymology: From the Latin nigrum (black) referring to the
colour of the perianth.

Diagnosis: Similar to T. brunneomitra Hrone§, Kobrlova
& Dancak, but with smaller flowers (10-12 mm long vs.
16—17 mm), apex of connective with two small lobes and
one tuft of long simple hairs, and lateral appendage skirt-like
with concave curved lower margin.

Description: Achlorophyllous ground herb, ca 2.5-7 cm tall.
Roots short, clustered, coralliform, light brown to orange-
brown. Stem 0.9-8 cm tall, usually erect, sometimes basal
part creeping in leaf litter, sparsely sympodially branched
or unbranched, with 1-4 flowers, glabrous, pale brown to
dark reddish brown or greyish; pedicel of the same colour
as stem, indiscernible or very short during anthesis, elon-
gating markedly (up to ca 9 cm) after anthesis. Leaves 3—6
per branch, spirally arranged, scale-like, triangular, acute,
entire, 3—4 mm long, ca 2 mm wide at base, pale brown or
greyish-brown to reddish brown. Floral bracts 3, similar to
leaves but slightly longer (3.5-5 mm), sometimes keeled
and sparsely dentate, enveloping base of flower. Flowers
solitary or usually 2—5 per stem, bisexual, actinomorphic,
10-12 mm long, 4.5-6 mm wide below the top of perianth
tube; perianth tube urceolate, of 6 fused tepals; outer surface
with 6 (or sometimes more) longitudinal ribs, dark greenish-
grey with 1 transversal and 12 vertical blackish stripes; outer
tepal lobes absent; inner tepal lobes well developed, bent
upwards, connate at top and forming mitre with 3 holes,
3-3.7 mm tall; holes elliptic to almost rounded, 1-2 mm
wide, ca 2.5 mm high; mitre dark brown to blackish with
greyish base, usually topped by 3 short obtuse processes
or rarely rounded on top. Annulus not prominent, black-
ish, ca 0.9 mm thick and with opening ca 1.3—1.8 mm in
diameter, flat with raised inner margin formed by six low
rectangular lobes. Stamens 6, hanging from top of perianth
tube (outer margin of the annulus), blue; filaments flat and
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Fig.6 Thismia nigra: a habit; b detail of flower with annulus; ¢ outer view of stamens; d section of connective tube (a from Sochor et al.
BOR14/17 & BOR15/17; b from Sochor et al. BOR19/17; ¢, d from Sochor et al. BORS8/17). Drawn by R. Melicharkova
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Fig.7 Thismia nigra: a, b, ¢ habit; d stigma; e outer view of stamens; f section of connective tube (a from Sochor et al. BOR19/17; b from
Sochor et al. BOR15/17; ¢~f from Sochor et al. BORS8/17)
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rather thin (ca 0.6 mm wide, 40-60% of the width of con-
nective), hairy in lower part; connectives flattened, connate
to form tube; interstaminal glands flat, circular, ca 0.32 mm
in diameter, placed between lateral appendages; individual
connectives shortly hairy in the apical quarter, with 2 small
lobes (sometimes not prominent) and several (usually around
5) long simple transparent hairs in the middle of the apex;
lateral appendage exceeding the connective apex, skirt-like,
with concavely curved lower margin and 2 rather small
lateral lobes, with long hairs on margins. Ovary inferior,
cup-shaped, blackish in upper part and pale otherwise, lon-
gitudinally ribbed, often covered in bracts; stigma 3-lobed,
each lobe deeply divided into 2 long triangular lobes and lat-
erally adnate to the neighbouring lobes, papillose. Capsule
cup-shaped to funnel-shaped, ca 6 mm in diameter, pinkish-
brown to dark brown.

Habitats: All populations were found in primary lower
montane tropical rainforest in elevation above 1200 m a.s.l.
near streams or rivers, usually around the line of maximum
water level, sometimes also in fresh fluvial sediments, in
sandy, clayey and humus-rich soils. All populations were
accompanied by other mycoheterotrophic species, such as
Epirixanthes spp., Sciaphila spp., Thismia viridistriata and
Thismia laevis.

Distribution area: The species is known from five nearby
localities in the Pulong Tau National Park, Kelabit High-
lands, Sarawak.

Additional specimens examined: Malaysia. Sarawak Kelabit
Highlands, Pa’Lungan village, Arur Dutu, 5.6 km N of the
village, 1208 m a. s. 1., 3°51'40"N, 115°31'22"E, 19 Jan
2017, M. Sochor et al. BOR14/17 (SAR [accession number
Sochor/BOR-14/17]); Kelabit Highlands, Pa’Lungan vil-
lage, Arur Dutu, 5.7 km N of the village, 1210 m a. s. 1,,
3°51'43"N, 115°31'24"E, 19 Jan 2017, M. Sochor et al.
BOR15/17 (SAR [accession number Sochor/BOR-15/17]);
Kelabit Highlands, Pa’Lungan village, Arur Dutu, 5.8 km N
of the village, 1210 m a. s. 1., N3°51'46", E115°31'26", 20
Jan 2017, M. Sochor et al. BOR19/17 (SAR [accession num-
ber Sochor/BOR-19/17]); Kelabit Highlands, Pa’Lungan vil-
lage, Arur Dutu, 5.9 km N of the village, 1210 m a. s. 1.,
3°51'48"N, 115°31'28"E, 20 Jan 2017, M. Sochor et al.
BORA46/17.

Proposed conservation status: In the studied area, the spe-
cies seems to occur locally more commonly than is usual in
most other Thismia species and is under protection of the
Pulong Tau National Park. The fact that it is so far known
only from this small region, nevertheless, could be attrib-
uted to its possible stenoendemism. Considering its low
population densities (usually only one or a few individuals),
the total population size can be estimated to < 250 mature
individuals at the present state of knowledge. Therefore, we
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suggest evaluating 7. nigra as endangered (EN) based on
criterion D of ITUCN Red List Categories and Criteria TUCN
2012).

Notes: Similarly to the previous species described here, T
nigra belongs to section Sarcosiphon. Based on the mor-
phology, the closest relative is undoubtedly 7. brunneomi-
tra which is known from Brunei, less than 90 km from the
localities of T. nigra. Both species exhibit similar overall
appearance (habitus, flower shape and colour), and even
colour of connectives. Nevertheless, they differ in shape
of connectives, flower size and number and also ecology,
among other traits that may vary. Whereas 7. brunneomitra
has three large lobes on connective apex, which are ended
by glandular hairs, 7. nigra has only two small lobes in the
centre of connective apex with only one tuft of a few long,
simple, straight or hooked hairs. Shape of lateral append-
age also differs in the two species (compare Figs. 6c, 7e
and Hrones et al. 2015). Flowers of the former species are
in number of 1-2, ca 1.7 X 1 cm long, but those of T. nigra
are usually 2-5 and smaller (ca 1.1 X 0.5 cm). Also, stigma
in T brunneomitra is shallowly notched whereas in T. nigra
is deeply divided, although this trait may be generally vari-
able within Thismia species. And although both species
were found always on river banks in primary rain forest, the
locality of T. brunneomitra is in lowland Dipterocarp forest
ca 105 m a.s.l., whereas T. nigra grows in lower montane
forest > 1200 m a.s.l. Differentiation of both species was
further detected in molecular markers, particularly LSU
(Fig. 1; Online Resource 2).

Another similar species, 7. brunneomitroides Suetsugu
& Tsukaya, described recently from Thailand, has ivory-
coloured perianth, two teeth with glandular hairs on api-
cal margin of the connective and convex margin of lateral
appendage. T. episcopalis, known from western Sarawak,
differs in having more flowers per stem (up to 7), orange-
yellow flowers, taller mitre (ca 5 mm), no projections on
mitre, 3 teeth on connective apex and lateral appendage not
reaching connective apex. Three other similar species, 7.
laevis, T. acuminata and T. clandestina differ in the connec-
tive apex that is of different shape and far exceeding lateral
appendage, in trilobed stigmatic lobes with middle lobe
being smallest, in the absence of projections on mitre (only
in T. laevis very small projections are present) and usually
in colour and shape of flowers.

Thismia viridistriata Sochor, Hrone$ & Dancak, sp. nov.—
HOLOTYPE: Malaysia, Sarawak, Kelabit Highlands,
Pa’Lungan village, Arur Bedalawid, 3.2 km N of the village,
1182 m a. s. 1., 3°5020"N, 115°31'01"E, 16 Jan 2017, M.
Sochor et al. BOR11/17 (holotype: SAR [accession number
Sochor/BOR-11/17]) (Figs. 8, 9).
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Fig.8 Thismia viridistriata: a habit; b, ¢ flowers of two differ- from Sochor et al. BOR3/17; d from Sochor et al. BOR13/17; e from
ent morphotypes; d outer view of stamens; e section of floral tube Sochor et al. BOR23/17). Drawn by R. Melicharkova
(a from Sochor et al. BOR11/17; b from Sochor et al. BOR7/17; ¢
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«Fig.9 Thismia viridistriata: a, b two different morphotypes; ¢ plant
with typical green-striped ovary; d detail view of floral inner struc-
ture—stigma, vertical ribs on perianth tube and longitudinal section
of connective tube; e outer-bottom view of stamens; f section of con-
nective tube; g top of mitre; h example of the species’ habitat diver-
sity—a plant growing on a bare vertical rock (a, ¢ from Sochor et al.
BOR3/17; b, f, g from Sochor et al. BOR7/17; d, h from Sochor et al.
BOR23/17; e from Sochor et al. BOR11/17)

Etymology: From the Latin viridis (green) and striae
(stripes) referring to the green longitudinal stripes on ovary,
sometimes very prominent.

Diagnosis: Thismia viridistriata differs from congeneric
species in having the following combination of morphologi-
cal traits: coralliform roots, inner perianth lobes forming
mitre, mitre topped by a single cylindrical column or three
short obtuse processes, prickle-like protrusions on ovary
and perianth, greenish stripes on ovary, vertical ribs partly
detached from inner surface of perianth, and apex of connec-
tives with many short hairs and one tuft of several long hairs.

Description: Achlorophyllous ground herb, ca 2-4.5(-9) cm
tall. Roots short, densely clustered, coralliform, light beige,
forming a dense, spheroidal, tuber-like system, 1-2.5 cm in
diameter. Stem 0.5-3(-8) cm long, creeping, ascending or
erect, simple or sparsely branched, brown to whitish; branch-
ing sympodial, branches short (usually < 1 cm); pedicels
indiscernible or very short during anthesis, elongating mark-
edly during fruit maturing (up to ca 6 cm). Leaves usually
2-6, spirally arranged, scale-like, triangular, acute, entire,
3—-6 mm long and 1.5-2 mm wide at base, of the same colour
as stem. Floral bracts 3, of the same size and appearance
as leaves. Flowers 1-5 per stem, actinomorphic, 13-21 mm
long, 4.5-6 mm wide in the widest point; perianth tube
urceolate (widest in the middle or upper third); outer surface
with 6 verrucose longitudinal ribs, greyish to rich brown or
reddish brown with darker transversal stripe in the middle
and 12 dark brown (to almost blackish) or reddish brown lon-
gitudinal stripes; perianth inside with 12 transparent vertical
ribs partly detached from its surface, most prominent in lower
third to half (below connectives); outer perianth lobes usu-
ally absent or very short, obtusely triangular; inner perianth
lobes bent upwards, connate at top and forming mitre with 3
holes; holes discorectangular or ellipsoid, 1.2-2 X 2-3.5 mm;
mitre + hemispherical, almost smooth, verrucose or covered
by short prickle-like protrusions, especially on the 3 central
ribs, top of mitre with a single cylindrical, up to ca 6 mm
long column (usually dark brown) or with 3 short protru-
sions (usually dark pink to reddish), basal part of mitre pink-
ish or light brown to greyish, upper part darker (reddish or
dark brown to blackish); annulus thin, often markedly raised,
divided into 6 rectangular lobes. Stamens 6, pendent from
the apical margin of the perianth tube; filaments free, curved
downwards, glabrous adaxially, covered by long straight hairs

on margins abaxially, dark violet to dark reddish brown; con-
nectives broad and flattened, laterally connate to form a tube,
ca 2-2.5 mm long, adaxially, apically and abaxially below
lateral appendage densely covered by short transparent hairs,
greyish-green (especially in section) or sometimes pinkish;
interstaminal glands not prominent, + flat, slightly oblong,
ca 0.45 mm long, placed between lateral appendages and
sometimes hidden under their lateral lobes; apical end of
individual connective with 1 wide lobe (sometimes divided
by notch into 2 short lobes) bearing several (usually 5) trans-
parent, ca 0.15-0.2 mm long hairs; lateral appendage not
reaching the connective apex, distinctly 3-lobed (central lobe
being smallest), densely hairy on margins. Ovary inferior,
cup-shaped, light brown with 12 grey-green to dark green
stripes, usually covered by long prickle-like protrusions;
stigma 3-lobed, individual lobes shallowly bilobed, curved
upwards and together forming triangular cup-like structure.
Capsule cup-shaped, 5-9 mm in diameter, pinkish, light
brown to greyish-brown, usually with darker longitudinal
stripes. Seeds beige, ellipsoid, ca 0.5-0.75 X 0.2-0.3 mm.

Habitats: Eleven of the twelve known localities are placed
in primary lower montane tropical rainforest in elevation of
ca 1100 to 1200 m a.s.l. One rich population was found on
a borderline between primary forest and old forest clear-
ing (possibly former pastures or fields, now overgrown by
Pteridium aquilinum). All individuals were discovered near
streams or rivers, usually just above the line of maximum
water level, but sometimes also in fresh fluvial sediments
or on drier slopes up to ca 20 m above the river; in sand,
humus-rich soils or even on almost barren rocks. At most
localities, it grew together with other mycoheterotrophic
taxa, mainly Epirixanthes kinabaluensis, Sciaphila spp.,
Exacum tenue, Burmannia lutescens agg. and other This-
mia species.

Distribution area: The species is known from 11 localities
within an area of ca 10 X 18 km in the Kelabit Highlands,
Borneo, Malaysia.

Proposed conservation status: Although T. viridistriata
seems to be one of the most common Thismia species in the
Kelabit Highlands, it is known from just a small geographic
area (minimal extent of occurrence 121 km? and minimal
area of occurrence ca 20 kmz). Also, the fact that it had
not been detected earlier may imply its limited distribution
area or its rare occurrence elsewhere. Four of the detected
populations are furthermore unprotected from human activi-
ties, and one of them has already probably vanished due to
road construction between Bario and Ba’kelalan. The region
experienced an extensive logging and development in the
last decade, which very likely influenced the total popula-
tion size and further loss of populations can be expected in
the future outside the Pulong Tau National Park. Therefore,
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we suggest evaluating the species as endangered (EN) based
on criterion C2ai of [IUCN Red List Categories and Criteria
(IUCN 2012).

Additional specimens examined: Malaysia. Sarawak Kela-
bit Highlands, Pa’Umor village, Anak Kadi Ridge, 4.4 km
SSE of the village, 1195 m a. s. 1., 3°42'1"N, 115°31"28"E,
13 Jan 2017, M. Sochor et al. BOR3/17 (SAR [accession
number Sochor/BOR-3/17]); Kelabit Highlands, Pa’Lungan
village, Arur Bedalawid, 3.1 km N of the village, 1175 m
a. s. 1., 3°50'18"N, 115°31'3"E, 15 Jan 2017, M. Sochor
et al. BOR7/17 (SAR [accession number Sochor/BOR-
7/17]); Kelabit Highlands, Pa’Lungan village, Arur Beda-
lawid, 3.0 km N of the village, 1164 m a. s. 1., 3°50"15"N,
115°31'16"E, 16 Jan 2017, M. et al. BOR12/17 (SAR
[accession number Sochor/BOR-12/17]); Kelabit High-
lands, Pa’Lungan village, Arur Dutu, 5.5 km N of the vil-
lage, 1206 m a. s. 1., 3°51'38"N, 115°31"21"E, 19 Jan, M.
Sochor et al. BOR12/17 (SAR [accession number Sochor/
BOR-12/17], OL [accession number 35266]); Kelabit High-
lands, Long Rebpun (Rapung), Pa Tabanul, 6.1 km NE of
Pa’Lungan village, 1093 m a. s. 1., 3°51'6"N, 115°33"26"E,
18 Jan 2017, M. Sochor et al. BOR16/17 (SAR [accession
number Sochor/BOR-16/17]); Kelabit Highlands, Pa’Lungan
village, Upper Pa’Lungan river, 5.7 km N of the village,
1200 m a. s. 1., 3°51'43"N, 115°31'20"E, 20 Jan 2017, M.
Sochor et al. BOR17/17 (SAR [accession number Sochor/
BOR-17/17]); Kelabit Highlands, Pa’Lungan village, a ridge
between Upper Pa’Lungan river and Arur Dutu, 5.8 km N
of the village, 1230 m a. s. 1., 3°51'45"N, 115°31'23"E,
20 Jan 2017, M. Sochor et al. BORI18/17 (SAR [accession
number Sochor/BOR-18/17]); Kelabit Highlands, Bario,
Arur Dalan village, 0.9 km WSW of the longhouse, 1120 m
a.s. 1., 3°45'8"N, 115°26'16"E, 22 Jan 2017, M. Sochor and
Z. Egertova BOR23/17 (SAR [accession number Sochor/
BOR-23/17]); Kelabit Highlands, Pa’Umor village, Pa’Pidap
river catchment, 3.1 km SSE of the village, 1135 m a. s. L.,
3°42'41"N, 115°30'57"E, 7 Feb 2016, M. Dandcdk et al.
MD2016/431 (OL [accession number 355512]).

Notes: Compared to other known Thismia species, T. viri-
distriata exhibits an extremely high variability in outer
macromorphological characters. The greatest variation was
observed in colour of flower, particularly mitre (from pink
through brown to greyish-brown) and in the presence of
cylindrical projection on top of mitre and its length (from
absent to ca 6 mm). Outer perianth lobes are sometimes
well developed but are frequently lacking with no relation
to the presence or absence of the mitre column. Some vari-
ation was observed also in shape of perianth tube (widest in
the middle or in upper third), flower size (13—21 mm, incl.
mitre), number of stems from one root (1-6), number of
flowers per stem (1-5) and stem length (0.5-8 cm). Other
traits, such as presence and shape of prickle-like processes
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on flowers, colour of connectives (greyish-green to rather
pinkish) or bilobed connective apex, can be partly attributed
to flower age and preservation.

As a mitriform species with distinct apical column on
the top of the mitre in some individuals, T. viridistriata
could be placed into the genus Scaphiophora, together with
T. appendiculata Schltr. and T. gigantea (Jonker) Hrones.
However, this genus is now generally reduced to Thismia
(e.g. Maas et al. 1986; Merckx et al. 2013a; Kumar et al.
2017). The example of Thismia viridistriata clearly shows
that this approach is correct because the main diagnostic
trait, i.e. the presence of the apical column, may vary even
within the species. This also brings into question the exist-
ence of Scaphiohora even as a section of Thismia. With
coralliform roots, inner perianth lobes forming mitre and
outer perianth lobes reduced or lacking, T. viridistriata
(as well as the other species of Scaphiophora) can well be
placed into section Sarcosiphon. T. viridistriata differs from
members of this section by, e.g. the presence of cylindrical
column on top of mitre, prickle-like protrusions on flowers
(especially on ovary), vertical ribs partly detached from the
inner surface of perianth tube, and shape of connectives.
Individuals that lack the mitre column may be superficially
similar to 7. brunneomitra, T. nigra and T. acuminata which
differ (beside the above mentioned) in having dark brown to
blackish flowers, narrowly urceolate perianth tube, narrower
mitre and + smooth outer surface of flower. In our phyloge-
netic analysis, T viridistriata forms a distinct, basal lineage
within the Sarcosiphon clade (Fig. 1) and the morphological
similarity with the above-mentioned species may therefore
reflect either convergent evolution, or limited morphological
anagenesis in both lineages.

Identification key of Thismia sect.
Sarcosiphon (incl. Scaphiophora

and Geomitra, excl. Indochinese species
with vermiform roots)

la. Mitre at its top with 1-3 appendages, at least 2 mm long

1b. Mitre at its top without any appendages or with very
short, up to 2 mm long processes .............c.c.cc...... 8
2a. Mitre at its top with 3 appendages ........................ 3
2b. Mitre at its top with 1 appendage (column), sometimes
trilobed at S tOP «.evvenvineie i 4
3a. Perianth yellow-orange to pink-red; connective apex
triangular, acute .............ccoviiiiinnnnn. T. clavigera
3b. Perianth blue-green; connective apex rounded to slightly
emarginate ...........oceeevnnnnn. T. betung-kerihunensis
4a. Appendage at top of mitre 2—-6 mm long ............... 5
4b. Appendage at top of mitre at least 6 mm long ......... 6
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Sa. Perianth tube verrucose, greyish to rich brown or red-
dish brown; outer perianth lobes absent or very short,
obtusely triangular; connective apex with 1 wide lobe
(sometimes divided by a notch into 2 short lobes) bear-
ing several short hairs ..................... T. viridistriata

5b. Perianth tube smooth, yellowish white; outer perianth
lobes small, ear shaped; connective apex with 1 filiform
median appendage........................ T. appendiculata

6a. Mitre appendage dark brown to blackish, apically dis-
tinctly trilobed, the lobes acute, mitre black ... T. hawkesii
6b. Mitre appendage orange to red, apically clavate to very
shallowly trilobed, the lobes obtuse; mitre yellow, orange
OF PINK «oueiii 7
7a. Mitre fleshy, its margin reflexed and extending down-
wards over the upper perianth tube, covering their open-
ings; mitre appendage clavate; connective apex without
aAPPENdages «......ovueuiiiiiiii e T. tectipora
7b. Mitre slender, with large distinct openings; mitre append-
age shallowly trilobed at its apex; connective apex with

S5appendages .......ooiiiiiiii T. gigantea
8a. Outer perianth lobes present, distinct ..................... 9
8b. Outer perianth lobes absent or indistinct ............... 11
9a. Mitre thick, flashy; connective apex bilobed; mitre pur-
plishbrown ...........oooiiiiiiiiiin.. T. yorkensis

9b. Mitre thin, slender; connective apex with one central
lobe and two smaller lateral lobes; mitre yellowish or
bluish ..o 10
10a. Outer perianth lobes deeply dentate, bright yellow; mitre
elevated by three filiform pillars ... 7. kelabitiana ined.

10b. Outer perianth lobes smooth with a single cen-
tral short tooth, blue; mitre not elevated by filiform
Pillars ... T. goodii

11a. Annulus and stamens sunken inside perianth
TUDE .« T. crocea
11b. Annulus and stamens positioned at the perianth tube
opening not sunken inside perianth tube ............ 12

12a. Ovary and perianth tube covered by prickle-like protru-
sions; vertical ribs elevated and partly detached from
inner surface of perianth tube ............ T. viridistriata

12b. Ovary and perianth tube verrucose to smooth; vertical
ribs not distinctly elevated on inner surface of perianth
BUDE .oeetieiii e 13

13a. Lateral appendage of connective clearly exceeding con-
NECHIVE APEX .eneeneeieeneateteeeeeteeeeeeeeneanenns 14
13b. Lateral appendage of connective not exceeding connec-
(RN 131 RPN 15

14a. Flowers 16—17 mm long; connective apex with 2 wide,
obtusely triangular lateral lobes and narrowly trian-
gular middle lobe, each lobe with tuft of glandular
hairs ......cocooiviiii T. brunneomitra

14b. Flowers 10—12 mm long; connective apex with 2 small
lobes and several long simple transparent hairs in the
middle of the apex .............ccoevviiiiiine. T. nigra

15a. Connective apex smooth, without any hairs, teeth or
PTOCESSES weuvtenteententeenienieeieeeeenneennannes T. laevis
15b. Connective apex at least hairy or dentate ............ 16
16a. Mitre apex with 3 short acute processes; ovary densely
verrucose; perianth tube ivory ... T. brunneomitroides
16b. Mitre apex without any processes; ovary glabrous or
sparsely verrucose; perianth tube yellow-orange to

DIOWIL ..o 17
17a. Connective densely hairy to tomentose, bearing ca 4-5
irregular short processes at apex ......... T. acuminata
17b. Connective glabrous to sparsely hairy, bearing at most
3 PrOCESSES At APEX . venvernerneeneeneeneeneeniennennennens 18
18a. Connective apex shallowly trilobed or
ODEUSE .tveviniiieei e T. clandestina
18b. Connective  apex with 3  sharp triangular
LN 1o T. episcopalis
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Thismia: the rarest of the rare? Ranges of some Bornean species are much larger
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Abstract

Fairy lanterns (Thismia; Thismiaceae, Dioscoreales) are believed to be extremely rare and narrowly endemic plants. Despite
that, many new Thismia populations have been recently discovered in Borneo. These are summarized and discussed here and
all twelve Bornean Thismia species with multiple localities are reviewed. New localities of 7. brunneomitra, T. hexagona, T.
neptunis, T. pallida and T. viridistriata are reported which considerably enlarge ranges of these species. New conservational
statuses are proposed for 7. brunneomitra, T. goodii, T. hexagona and T. neptunis. New or unpublished localities are also
reported for 7. cornuta and T. goodii. Although the known within-species morphological variability is extended only little or
not at all by these finds, geographically distant populations often exhibit relatively large genetic differences, in some cases
similar to those among distinct species (namely 7. brunneomitra and T. minutissima). The new data show that, at least in
some tropical species of Thismia, we can expect quite normal type of distribution with multiple localities over relatively
large geographical areas.

Keywords: conservation status, Dioscoreales, distribution, Malesia, tropical forest

Introduction

Rare plants have always fascinated biologists and have also been a subject of curiosity for the general public. Today,
rarity is a well described and understood biological phenomenon and large numbers of rare organisms are known and
studied (Murray et al. 2002, Ohlemiiller et al. 2008). Among plants, such an example could be Thismia Griffith (1844:
221; fairy lanterns, Thismiaceae, or Burmanniaceae s.1.), a genus of strange-looking tiny mycoheterotrophic monocot
plants which inhabit mostly tropical and subtropical forests. There are around 85 species currently described. At least
55 of them are known only from their type localities and at least 38 species were only seen by their discoverers, in
extreme cases as a single individual, e.g. Thismia bokorensis Suetsugu & Tsukaya (2018c: 65), T kobensis Suetsugu
(2018a: 121)., T. puberula Nuraliev (2015: 135) and others.

Thismia are usually very small and inconspicuous plants with highly localized occurrence. Some species are
also highly seasonal thus their flowers appear only in certain period of the year, usually during the wet season (Stone
1980). These factors make them very hard to spot in the field, especially if one does not concentrate to find them. This
naturally results in the fact that they are easily overlooked. For example, Thismia neptunis Beccari (1877: 251), an
iconic species described by O. Beccari in 1878 and never seen since until 2017 (Sochor et al. 2018a), must have been
overlooked for more than 150 years in an area with relatively high level of botanical activity in the Kubah National
Park of Sarawak.

In recent years, we have discovered several new species of Thismia across Borneo which we originally considered
very rare and endemic to their type localities or areas. However, further investigation revealed that some of them
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have much broader distribution and may be even common over large parts of the island. Additionally, we discovered
another two new species (Thismia minutissima Dancak, Hrone§ & Sochor (2020a: 2) and 7' ornata Dancak, Hrones
& Sochor (2020b: 66)), which also have considerably large ranges with multiple localities. Finally, we found several
new localities of the above mentioned previously presumably extinct Thismia neptunis. These new distributional data
change substantially our understanding of distribution, rarity and endemism of Thismia with implications to their
conservation strategies and assessments.

In the following text we review all Bornean Thismia species with multiple localities and summarize all data
related to their distribution.

Material and methods

New localities were discovered during our three expeditions in November 2018, January/February 2019 and January
2020 to Sabah and Sarawak, Borneo. Individuals from newly found populations were studied using hand lens (30—
60x magnification), stereo microscope and macro photography. Collected specimens were thoroughly compared with
original drawings and descriptions given in protologues of representatives of Thismia. Herbarium vouchers of new
localities reported in this study are deposited in SAN, SAR and OL. Because Thismia populations are sometimes
composed by a few or even a single reproductive individual, voucher specimens were not always collected to prevent
unnecessary harm to the population. In these cases, plants were documented only by photographs and usually also by
DNA sample. Additionally, herbarium material deposited in K, SAN and SAR was studied (herbarium codes according
to Thiers 2020) and unpublished records were added as well.

DNA was extracted by the CTAB method (Doyle & Doyle 1987) from a silica gel-dried piece of tissue from
one individual per population. Sequence data were generated for three nuclear and two mitochondrial loci. The small
subunit of ribosomal DNA (SSU rDNA) was amplified and sequenced with primers NS1, NS6, internal transcribed
spacers of ribosomal DNA (ITS) with primers ITS1 and ITS4 (White et al. 1990) and large subunit of ribosomal
DNA (LSU rDNA) by primers N-nc26S6 and 2134rev (Kuzoff ez al. 1998). The mitochondrial genes atpA and marR
were amplified and sequenced with primers developed by Eyre-Walker & Gaut (1997) and primers 26F and 1002R
(Meng et al. 2002), respectively. All PCRs were performed with Kapa polymerase (Kapa Biosystems) following a
standard protocol with 37 to 40 cycles and annealing temperature of 56 °C (rDNA, atpA) or 47 °C (matR). The PCR
products were purified by precipitation with polyethylene glycol (10% PEG 6000 and 1.25 M NaCl in the precipitation
mixture) and sequenced in both directions by Sanger method at Macrogene Europe. The most variable locus, ITS,
was sequenced in all collections to screen variation, whereas the other loci were only analysed in selected specimens.
Reads were assembled, aligned, manually checked, trimmed and analysed in GenElous 8 (Biomatters). Sequences
were uploaded to NCBI Genbank under accession numbers MG008340-MG008388, MG765543—-MG765546 and
MNO067225-MN067332.

Protologues and other relevant literature for all known Thismia species were thoroughly searched for number of
localities and altitudinal distribution of each species. In this work, locality is defined as a place with occurrence of at
least one Thismia individual distant from another place with occurrence of the same species by at least several hundred
metres and usually separated by environment unsuitable for occurrence of this species. It differs from location sensu
IUCN (2012) which is defined as “a geographically or ecologically distinct area in which a single threatening event
can rapidly affect all individuals of the taxon present”. Therefore, in Borneo rainforests, a location usually covers much
larger area than a locality and may contain a number of them.

Results

Thismia brunneomitra

Thismia brunneomitra Hrones, Kobrlova & Dancak, Phytotaxa 234(2): 173. 2015.

Type:—Brunei Darussalam, Temburong distr.: Kuala Belalong, right bank of the stream Sungai Mata Ikan, ca. 150 m NW from the Kuala

Belalong Field Studies Centre. WGS 84: N 04°32'51.2", E 115°09'24.5"; ca. 105 m a. s. 1., 3 Feb 2015, M. Hrones & L. Kobrlova
402015 (holotype BRUN).
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New localities:—Malaysia, Sarawak, Limbang Division, Lawas District, Long Tuyo village: primary forests along
a tributary of the Tuyo river, two sites: WGS 84: N 04°27'31", E 115°29'16", 550 m a. s. 1., 30 Jan 2019, Sochor, Hrones
& Dancdak BOR25/19 (OL), ca. 20 individuals covering an area of ca. 100 m?, WGS 84: N 04°27'28”, E 115°29'14",
545 m a. s. 1., 30 Jan 2019, Sochor, Hrones & Dancik BOR26/19 (OL, SAR), ca. 25 individuals covering an area of
ca. 100 m?; primary forests south of the Tuyo river, two sites: WGS 84: N 04°27'56", E 115°29'52", 545 m a. s. 1.,
31 Jan 2019, Sochor, Hrones & Dancdak BOR37/19 (OL), five individuals covering an area of ca. 30 m?;, WGS 84: N
04°27'55", E 115°29'46", 540 m a. s. 1., 31 Jan 2019, Sochor, Hrones & Dancak BOR38/19 (OL), ca. 20 individuals
covering an area of ca. 500 m? — Malaysia, Sabah, Tawau Division, Tawau District, Tawau Hills National Park:
along trail to sulphur hot springs, primary forest, WGS 84: N 04°24'46", E 117°53'49", ca. 330 m a. s. 1., 12 Feb 2019,
Hrones & Dancak 02/2019 (OL, SAN), one flowering and two fruiting individuals covering an area less than 1 m2.

A T. brunneomitra
A T cornuta

@ T. goodii

@ T hexagona
@ T kelabitiana
) | BT laevis

X T minutissima
W T neptunis

W T nigra

2 T ornata

W 7 pallida

O T viridistriata

4°S

0 100 200 3?0

108°E 112°E 116°E

FIGURE 1. Distribution of Bornean Thismia species with multiple localities based on our field survey and herbaria revisions. Symbols
with H letter inside show localities based on herbaria records, other observations are ours. Multiple localities or locations within 15 km
distance are mapped by a single symbol due to the scale of the map. Position of localities with multiple species is indicated by black lines
leading from particular symbols.

This species, originally believed to be endemic to Brunei’s Temburong district and known from a single locality
(Hrones et al. 2015), has now a range spanning some 300 km across northern Borneo, from Brunei Darussalam through
neighbouring Sarawak (Lawas District) as far as Tawau Hills National Park in east Sabah (Fig. 1). With three new
localities presented here the number of currently known localities has increased to four (Tab. 2). Compared to the
original description (Hrones et al. 2015), the new populations exhibit more flowers per stem (up to six), 1.3—7.5 cm
long stem, flowers 13—17 mm long and 5.5-7.5 mm wide, mitre apex obtusely acuminate with or almost without three
very small projections, light greyish to very faintly bluish stamens, and rather irregular connective apices with two or
three short lobes that can be further divided (Fig. 2A—-D). Molecular differentiation was detected mainly for the Tawau
population, which was distinct at each of the studied loci, but with differences well comparable with those within other
species (Fig. 4, Supplementary material 1). While the population from Tawau hills is genetically somewhat distant
to those from Brunei and Sarawak, morphologically are all populations almost identical, though more variable than
supposed before. Its elevational maximum is now at 550 m near Long Tuyo village in northern Sarawak.
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FIGURE 2. Thismia brunneomitra: variation in overall appearance (A, B) and connective apices (C, D); T. viridistriata: variation in
flower morphology (E, F), and section of ovary showing placentae (G); I. neptunis: variation in overall appearance (H, I); 7. cornuta from
the Kelabit Highlands (J). From Sochor et al. BOR26/19 (A, C, D), BOR25/19 (B), BOR5/19 (E), BOR27/19 (F, G), uncollected population
from NP Kubah (H), Sochor et al. BOR52/19 (1), BOR10/17 (J). (All photos M. Sochor).
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Thismia brunneomitra was assigned a preliminary conservation status of critically endangered (CR) based on
criterion D (Hrone$ et al. 2015). As the number of known localities and individuals increased considerably and no
longer fulfils the criteria for critically endangered species (IUCN 2012), we propose a new conservation status EN
(B2ab(iii)) for this species.

Thismia cornuta
Thismia cornuta Hrones, Sochor & Dancak, Pl. Ecol. Evol. 151: 111. 2018.

Type:—Borneo, Sarawak (Malaysia), Kelabit Highlands, Pa‘Umor village, Anak Kadi Ridge, 4.4 km SSE of the village, N 03°42'1", E
115°3128", 1195 m a. s. 1., 13 Jan 2017, Sochor et al. BOR2/17 (holotype SAR).

New locality:—Malaysia, Sarawak, Miri Division, Bario Subdistrict: Kelabit Highlands, Pa’Umor village, 4.4 km
SSE of'the village, WGS 84: N 03°42'10", E 115°31'5", ca. 1250 m a. s. 1., 19 Nov 2018, M. Dancdk (only photographed,
not collected). Two fruiting individuals covering an area less than 1 m?,

Thismia cornuta (Fig. 2J) has been known from two localities in two valleys in the Kelabit Highlands of Sarawak
which are located 15 km apart (Hrones ef al. 2018). The new locality is located only ca. 0.8 km from the type locality
and is at slightly higher elevation than all previously recorded localities. The new finding brings the number of known
localities to three.

Thismia cornuta was assigned (Hrones$ et al. 2018) a preliminary conservation status of endangered (EN) based
on criterion B2ab(iii,v) and this remains unchanged by the new discovery.

Thismia goodii
Thismia goodii Kiew, Gard. Bull. Singapore 51(2): 179. 1999.
Type:—Borneo, Sabah, Sipitang, Ulu Maligan, 19 Mar 1999, Ruth Kiew RK 4611 (holotype SAN).

New locality:—Malaysia, Sarawak, Limbang Division, Lawas District: Long Tuyo village, Paya Maga mountain
plateau, primary forest ca. 200 m NW of camp 2, WGS 84: N 04°27'09", E 115°33'26", ca. 1610 m a. s. 1., 20 Jan 2020,
Hrones & Dancdk 332020 (OL, SAR). Twelve flowering and fruiting individuals covering an area of 6 m>.

Due to its bright blue colour (Kiew 1999) this Thismia is one of the iconic species of Borneo (Fig. 3A-D). The
type locality in Sabah lies within an area heavily affected by deforestation and might no longer exist (R. Kiew, pers.
comm.). However, we found another locality of this species some 20 km south of the type one, on Sarawak side of the
border in Paya Maga mountain range in Lawas district. Interestingly, this locality is probably identical or is situated
nearby the one mentioned in a book on the Paya Maga area (Ampeng et al. 2013) where a photograph of the plant
appeared but without an exact locality and other details related to the finding. This new locality lies at rather high
altitude, around 1610 m, which makes Thismia goodii one of the highest growing Thismia species (see Tab. 3).

As Thismia goodii was not yet assigned any conservation status (IUCN 2012) we propose to evaluate it as CR
based on criterion B2ab(ii, iii, iv).

Thismia hexagona
Thismia hexagona Dancak, Hrone$, Kobrlovéa & Sochor, Phytotaxa 125(1): 34. 2013.

Type:—Brunei Darussalam, Temburong Distr.: Kuala Belalong, eastern ridge of Sungai Belalong, near its confluence with Sungai
Temburong. Coordinates WGS 84: N 04° 32.952'; E 115° 09.792', ca. 320 m a. s. L., 13 Feb 2013, M. Dancak, M. Hrones, M. Sochor
& L. Kobrlova 2013/17 (holotype BRUN).

New localities:—Malaysia, Sabah: Maliau Basin Conservation Area, on path from Maliau Basin Studies Centre
about 100 m along shortcut from the block leading NE down to Maliau river, N 04°44'19", E 116°59'03", 16 Aug 2007,
T. Utteridge (a photograph deposited in K); Tongod, Sungai Imbak, logged-over forest, Pinangah Forest Reserve, 3 Sep
1992, K. M. Wong WKM2356 (SAN). Both specimens represented Thismia hexagona var. grandiflora. The labels did
not mention size of the populations.
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FIGURE 3. Thismia goodii: variation in overall appearance (A, B) and inner flower morphology (C, D); T. cf. hexagona: plant from the
Belaga area, Sarawak (E); 7. filiformis agg.: plant from Gunung Penrisen area, western Sarawak (F); T. pallida: plants from Tawau Hills
(G). From Hrones & Dancak 332020 (A, B, C, D), uncollected population from the Belaga area by Ling Chea Yiing (E), Sochor et al.
BOR42/19 (F), Hrones & Dancak 03/2019 (G). (Photos: A, B, C, D, G: Michal Hrones, E: Ling Chea Yiing, F: Michal Sochor).

This species is known from three considerably distant (ca. 200 km) locations. Apart from the type locality in
Temburong district of Brunei Darussalam, it is known from three localities in the Maliau Basin Conservation Area in
Sabah (Tsukaya et al. 2014), although only two localities are explicitly mentioned in the referred article, and the new
locality reported here. Another new locality reported here, Imbak Canyon in Sabah, represent the third location with
occurrence of this species. All the known populations outside Brunei belong to a distinct variety, Thismia hexagona
var. grandiflora Tsukaya, Suleiman & H.Okada (2014: 142). Based on photographs we have seen from the Bakun
Dam area by Ling Chea Yiing (Fig. 3E), T hexagona var. grandiflora occurs very probably also in Sarawak. If the
occurrence in the Bakun area is proven, T. hexagona would almost equal the size of range of 7. minutissima (see
below).

The population occurring at the type locality is rather unique compared to the other Thismia species because
plants are regularly observed here since the time of its discovery in 2013, i.e. for eight consecutive years.

Thismia hexagona was assigned a preliminary conservation status of data deficient (DD) by Dancék et al (2013).
As we have more data now to evaluate the species we propose conservation status endangered (EN) based on criterion
B2ab(iii) (IUCN 2012).

250 « Phytotaxa 455 (4) © 2020 Magnolia Press DANCAK ET AL.



c
§
= o
o o 5 s g = F § £ F 2 =2 L s
= T £ & 0 © g 53 o @ © 2 o
-~ o ; o = . c N = o > > o =
n 0 B = nw X O S o & § & & 4 5
ITS/atp A g 8 2 £ % @ c 3 2 52 22t 2 2 2 s e
<22 ¢gadad g 882 §¢ 883K 8 8 g 8 Q
9 20 g g3z g0 dd3d 3888484843823 =
XX J a2 = o a0z z z oy o oy o 222
f 888 8¢¥¥LYLYSSS5s5SsSSSEEE
HEX-GRA (type)
HEX (type) 1 20 16 16 17 17 15 21 21 27 27 27 24 24 29 23 23 23 23 27 27 27
ORN (type) Bor51/19 12 13 138 5 11 11 17 17 17 12 12 17 15 15 15 15 21 21 21
ORN Bor54/19 198 19 12 13 13 5 11 11 17 17 17 12 12 17 15 15 15 21 21 21
FIL agg. Brunei 173 0 1 1 7 11 11 17 17 17 14 14 18 15 15 15 15 21 21 21
FIL agg. Bor42/19 G. Penrisen | 178 1 1 1 7\ 11 11 17 17 17 14 14 18 15 15 15 15 21 21 21
PAL (type) 173 26 0 8] 12 12 18 18 18 15 15 19 16 16 16 16 22 22 22
PAL MH3_19 Tawau 173 173 187 187] 18 24 8] 12 12 18 18 18 15 15 19 16 16 16 16 22 22 22
FIL type 110 114 108 106 6 6 12 12 12 9 9 14 10 10 10 10 16 16 16
COR Bor2/17 0 7 7 7 7 7 12 8 8 8 8 13 13 13
COR Bor24/17 2 7 7 7 7 7 12 8 8 8 8 13 13 13
NEP Bor52/19 Santubong 0 o 13 13 18 14 14 14 14 17 17 17
NEP Bor51/17 Kubah 35 o 13 13 18 14 14 14 14 17 17 17
NEP Bor49/19 G. Singai 34 3 13 13 18 14 14 14 14 17 17 17
MIN type 0 5 7 7 7 7 13 13 13
MIN Bor39/19 Long Tuyo 3 5 7 7 7 7 13 13 13
MIN Bor63/19 G. Penrisen 158 156 12 12 12 12 18 18 18
VIR Bor12/17 Pa'Lungan 0 0 of 10 10 10
VIR Bor27/19 Long Tuyo 13 0 of 10 10 10
VIR Bor05/19 Paya Maga 10 9 of 10 10 10
VIR Bor09/19 Paya Maga 22 12 18 10 10 10
BRU type 0 2
BRU Bor25/19 Long Tuyo 5 2
BRU MH2/19 Tawau 21 22

FIGURE 4. Heatmap of pairwise genetic distances (SNP’s+indels in bp) between selected populations; species or species aggregates
outlined in bold. Abbreviations: HEX-GRA—T. hexagona var. grandiflora, HEX—T. hexagona, ORN—T. ornata, FIL—T. filiformis,
PAL—T. pallida, COR—T. cornuta, NEP—T. neptunis, MIN—T. minutissima, VIR—T. viridistriata, BRU—T. brunneomitra.

Thismia kelabitiana
Thismia kelabitiana Dancak, Hrone§ & Sochor, PLoS ONE 13(10): 0203443 (3). 2018.

Type:—Malaysia, Sarawak: Kelabit Highlands, Pa‘Umor village, Anak Kadi Ridge, 4.4 km SSE of the village. Coordinates WGS 84: N
03°42'; E 115°31, 1195 m a. s. L., 13 Jan 2017, M. Sochor, M. Hrones, M. Dancak, Z. Egertova & J. R. Pasan BOR1/17 (holotype
SAR).

This species is actually known from only two very close localities, the type one and the other, ca. 600 m distant locality
(Dancék et al. 2018) which effectively represent a single location (sensu [UCN 2012).

Thismia laevis

Thismia laevis Sochor, Dan¢ak & Hrones, Pl. Syst. Evol. 304(5): 708. 2018.

Type:—Malaysia, Sarawak, Kelabit Highlands, Pa‘Lungan village, Arur Bedalawid, 3.0 km N of the village, N 03°50'13", E 115°31'11",
1108 ma. s. 1., 16 Jan 2017, M. Sochor et al. BOR9/17 (holotype SAR).

As the previous one, this species is also known from only two very close localities, the type one and the other, ca. 650
m distant locality (Sochor et al. 2018b).

Thismia minutissima
Thismia minutissima Dan¢ak, Hrone§ & Sochor, Kew Bull. 75(2)-29: 2. 2020.

Type:—Malaysia, Sarawak: Kelabit Highlands, Pa‘Umor village, Anak Kadi Ridge, 4.4 km SSE of the village. WGS 84: N 03°42'01"; E
115°3128", 1195 m a. s. 1., 13 Jan 2017, M. Sochor, M. Hrones, M. Dancdk, Z. Egertova & J.R. Pasan BOR4/17 (holotype SAR).
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This recently described species has the largest range of all Bornean Thismia species and one of the largest among Old
World Thismia (Dancak et al. 2020a) as it spans nearly 700 km across the central highlands of Borneo. Its elevational
range is also quite extensive and spans more than 700 m from upper lowland forests to lower montane belt (5401260
m). As discussed in the original paper, all the known populations exhibit little morphological differences, but the
population from western Sarawak is strikingly divergent in DNA markers, with genetic distance similar to those
between distinct species, and possibly belongs to a different, cryptic taxon from the phylogenetic point of view (see
Discussion, Fig. 4, Supplementary material 1).

Thismia neptunis
Thismia neptunis Beccari, Malesia 1: 251. 1877.
Type:—Malaysia, Ragiato di Sarawak, Mattang, Apr 1866, O. Beccari p.b. 1508 (holotype FI-B 013453).

New localities:—Sarawak, Kuching Division, Bau District: Gunung Singai, along the Summit Trail, WGS 84: N
01°30"13", E 110°09'59",417 m a.s. 1., 6 Feb 2019, Sochor & Hrones BOR49/19 (OL, SAR), three individuals covering
an area of less than 1 m?. Sarawak, Kuching Division, Lundu District: Kubah National Park, 0.9 km ENE of Matang
Wildlife Centre, WGS 84: N 01°36'48", E 110°10'02", 40 m a. s. 1., 7 Feb 2019, Sochor, Hrones & Dancak BOR50/19
(OL), ca. 15 individuals covering an area of ca. 30 m?; Kubah National park, 0.5 km ENE of Matang Wildlife Centre,
WGS 84: N 01°36’40”, E 110°09'53", 40 m a. s. 1., 9 Feb 2019, only photographed (Fig. 2H), not collected, ca. 40
individuals covering an area of ca. 100 m*. Sarawak, Kuching Division, Kuching District: Gunung Santubong, along
the contour trail, WGS 84: N 01°44'24" E 110°19'32", 209 m a. s. 1., 8 Feb 2019, Sochor, Hrones & Dancdk BOR52/19
(OL), three individuals covering an area of ca. 1 m? Kubah National park, 0.8 km SW of headquarters, WGS 84: N
01°36"24", E 110°11'30", 251 m a. s. 1., 9 Feb 2019, Sochor & Hrones BOR57/19 (OL), five individuals covering an
area of ca 30 m?.

Thismia neptunis was once considered an extinct narrowly endemic species and was rediscovered only recently
in its type area within Kubah National park of Sarawak (Sochor ef al. 2018a). We found three new localities of this
species in Kubah National park and two others outside of this area, i.e. Gunung Singai south of Kubah and Gunung
Santubong north of Kuching. Compared to the description provided in Sochor et al. (2018a), the newly found plants
only differed in quantitative traits (considerably shorter or somewhat longer stem and smaller flowers — flower tube
7-8 mm long, 5 mm wide, and up to five flowers per stem, see Fig. 2H, I). Although sequencing of the collection from
Santubong was only successful for three loci, it was differentiated at two of them with relatively large distances, yet
still small compared to usual interspecific distances (11 SNP’s at LSU, 34-35 SNP’s at ITS; Fig 4, Supplementary
material 1). The extent of occurrence (sensu IUCN 2012) of Thismia neptunis is now more than 110 km? and minimal
area of occupancy 16 km? with a total of six populations. Its elevational range is from ca. 40 m to ca 420 m.

Thismia neptunis was assigned the conservation status of critically endangered (CR) based on criteria B2, C2 and
D (Sochor et al. 2018a). As the number of known localities and individuals increased considerably and no longer fulfils
the criteria for critically endangered species (IUCN 2012), we propose a new conservation status endangered (EN) for
this species based on criterion B2ab(iii).

Thismia nigra
Thismia nigra Dancak, Hrone$§ & Sochor, Pl. Syst. Evol. 304(5): 711 (2018).

Type:—Malaysia, Sarawak, Kelabit Highlands, Pa‘Lungan village, Arur Bedalawid, 3.4 km N of the village, 3°50'26"N, 115°30'54"E,
1224 m a. s. 1., 15 Jan 2017, M. Sochor et al. BORS/17 (holotype SAR).

The species is known from five nearby localities in the Pulong Tau National Park, Kelabit Highlands, Sarawak (Sochor
et al. 2018b). No variation in DNA markers and only negligible variation in morphology were observed. This species is
closely related to Thismia brunneomitra and is probably an example of geographical vicariance as the two species are,
according to the current knowledge, separated by a high mountain range. They are also very closely related as implied
by small genetic distances between them (3, 21, 9, 1 and 1 SNP’s at SSU, ITS, LSU, atpA and matR, respectively;
Sochor et al. 2018b; compare to Fig. 4 and Supplementary material 1).
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Thismia ornata
Thismia ornata Danc¢ak, Hrone§ & Sochor, Willdenowia 50(1): 66. 2020.

Type:—Malaysia, Sarawak, Kubah National Park, 0.8 km NE of Matang Wildlife Centre, WGS 84: N 01°36'49", E 110°09'57"E, 60 m a.
s. L., 7 Feb 2019, Sochor, Hrones & Dancak BOR51/19 (holotype SAR).

This only recently described species previously misidentified as Thismia aseroe Beccari (1877: 252) (see Dancak et
al. 2020b) was also revealed to have several localities in western Sarawak, which makes it one of the most common
species of Thismia (see Tab. 1). On the other hand its extent of occurrence is rather small as it is only known from
surroundings of the Kuching city. Correspondingly, molecular variation within the species is small (one SNP at each
of the SSU and MatR loci; Dancék et al. 2020b).

TABLE 1. Species of Thismia with more than 10 localities. Bornean species are in bold. EOO = extent of occurrence (sensu
IUCN 2012).

Species Continental distribution =~ Number of localities EOO (km?)
Thismia hillii (Cheeseman) N. Pfeiffer Australasia >25 ca. 680,000*
Thismia ornata Dancak, Hrone§ & Sochor SE Asia 12 270

Thismia panamensis (Standl.) Jonker C and S America >15 ca. 3,348,000
Thismia rodwayi F. Muell. Australasia >30 ca. 67,000%**
Thismia viridistriata Sochor, Hrone§ & Danc¢ak SE Asia 17 550

*Including New South Wales site (New Zealand part of range is ca. 60,000 km?).
**Including Victoria site (Tasmanian part of range is ca. 43,000 km?).

Thismia pallida
Thismia pallida Hrones, Dancak & Rejzek, Pl. Ecol. Evol. 151(1): 115. 2018.

Type:—Borneo, Sabah (Malaysia), Kalabakan, SAFE project, plot LFE-10, 4°44'36.41"N, 117°35'16.93"E, c. 485 m a. s. 1., 3 Feb 2017,
Nilus & Svdtek SAN 158204 (holotype SAN).

New locality:—Sabah, Tawau Division, Tawau District, Tawau Hills National Park: along trail to sulphur hot
springs, primary forest, WGS 84: N 04°24'46"N, E 117°53'49", ca. 330 m a. s. 1., 12 Feb 2019, Hrones & Dancdk
0372019 (OL, SAN). Five flowering individuals covering an area of ca. 4 m2.

The newly discovered locality is situated some 50 km apart from the type locality (Hrones et al. 2018) and the plants
from the new locality are perfectly identical with those occurring at the type locality (Fig. 3G). Molecular divergence
was only observed at the LSU and ITS locus (5 and 4 SNP’s, respectively; Fig. 4, Supplementary material 1). The
currently known elevational range is from ca. 330 to ca. 485 m.

Despite the discovery of the new locality, we retain its conservation status as CR (Hrones ef al. 2018) because the
known population size remains extremely small (13 individuals altogether).

Thismia pallida belongs to the group of Thismia filiformis Chantanaorr. (2012: 69), a species described from
Thailand. This group is represented by several populations across Borneo with some of them morphologically rather
distinct, as Thismia pallida, yet others hardly morphologically distinguishable from Thismia filiformis s. str. (Fig. 3F).
Based on photographs we have seen (by Dome Nikong, Edward Entalai and others), the same situation is in Malay
Peninsula. The situation is further complicated by the fact that Bornean populations regardless of morphological
similarity to Thismia filiformis seem to be genetically more related to each other than to Thismia filiformis s. str., whose
genetic distance to the Bornean populations corresponds to a distance between rather distantly related species (Fig. 4,
Supplementary material 1; see also Shepeleva et al. 2020).
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Thismia viridistriata
Thismia viridistriata Sochor, Hrone§ & Dancék, P1. Syst. Evol. 304(5): 714. 2018.

Type:—Malaysia, Sarawak, Kelabit Highlands, Pa’Lungan village, Arur Bedalawid, 3.2 km N of the village, 3°50'20"N, 115°31'01"E,
1182 ma. s. 1., 16 Jan 2017, M. Sochor et al. BOR11/17 (holotype SAR).

New localities:—Sarawak, Limbang Division, Lawas District, Long Tuyo village: Primary forests south of the
Tuyo river, two sites: WGS 84: N 04°27'28", E 115°29'14", 545 m a. s. 1., 30 Jan 2019, Sochor, Hrones & Dancak
BOR27/19 (OL), several individuals covering an area of ca 10 m?, WGS 84: N 04°27'24", E 115°29'18", 585 m a. s.
1., 30 Jan 2019, Sochor, Hrones & Dancdk BOR29/19 (OL), several individuals covering an area of ca. 10 m?. Paya
Maga range, primary forest between Camps 1 and 2, three sites: WGS 84: N 04°26'37", E 115°33'14", 1375 ma.s. 1.,
29 Jan 2019, Sochor, Hrones & Dancak BOR9/19 (only DNA material, no voucher specimen); WGS 84: N 04°26'36",
E 115°33'09", 1270 m a. s. 1., 29 Jan 2019, Sochor, Hrones & Dancdk BOR10/19 (only DNA material, no voucher
specimen); WGS 84: N 04°26'33", E 115°33'01", 1247 m a. s. 1., 29 Jan 2019, Sochor, Hrones & Dancak BOR14/19
(only DNA material, no voucher specimen), one or two individuals at each site. Paya Maga range, upper part of
trail in a primary forest between Camps 1 and 2, WGS 84: N 04°26'48", E 115°33'23", 1445 m a. s. 1., 27 Jan 2019,
Sochor, Hrones & Dancak BOR01/19 (only DNA material and photograph taken, no voucher specimen), one fruiting
individual. Paya Maga mountain plateau, primary forest ca. 200 m NW of camp 2, WGS 84: 04°27'9"N 115°33"26"E,
1610 ma. s. 1., 20. Jan. 2020, Hrones & Dancdk 332020 (OL), five individuals covering an area of ca. 5 m?. Paya Maga
mountain plateau, waterfall near Camp 2, three sites: at the trail, WGS 84: N 04°27'07", E 115°33'43", 1625 m a. s. L.
28 Jan 2019, Sochor, Hrones & Dancak BOR04/19 (OL, SAR), ca. 15 individuals covering an area of ca. 30 m?; left
river bank, WGS 84: N 04°27'06", E 115°33'44", 1625 m a. s. 1. 28 Jan 2019, Sochor, Hrones & Dancdik BOR05/19
(OL), three individuals covering an area of ca. 1 m?; at the trail, WGS 84: N 04°27'06", E 115°33'42", 1625 m a. s. 1.,
28 Jan 2019, Sochor, Hrones & Dancak BOR06/19 (OL), ca. 10 individuals covering an area of ca. 10 m>. Paya Maga
mountain plateau, primary forest ca. 2 km ENE from Paya Maga summit, WGS 84: N 04°26'30", E 115°34'47", 1665
m a. s. L., 20 Jan 2020, L. Majesky & V. Cermdk s. n. (OL), 15 individuals covering an area of ca 5 m?.

Thismia viridistriata has been know from 11 localities (Sochor et al. 2018b) and we report 6 more here. With 17
localities, it is one of the commonest Thismia ever recorded (see Tab. 1), after 7. rodwayi F. Mueller (1890: 115) which
is known from some 30 localities (Threatened Species Section 2019) and 7. hillii (Cheeseman 1908: 420) N. Pfeiffer
(1914: 122) which is known from some 25 localities (New Zealand Plant Conservation Network 2020). However, the
known range of Thismia viridistriata is not as large and spans some 85 km across the mountains of northern Sarawak.
Also, many of its localities lie very close each other, therefore the number of locations is much smaller (5) than the
number of localities. Reaching the altitude of 1665 m a. s. 1. it is also one of the highest-occurring species of any
Thismia (see Tab. 3). Its lowest locality was recorded at 545 m a. s. L., thus its elevational range is some 1120 m, the
widest in all known Thismia species, with only Thismia hillii reaching approximately the same elevational range (New
Zealand Plant Conservation Network 2020). Phenotypic variation as originally described was not extended by the
new finds (Fig. 2E-G), but four genetic lineages, distinguishable by ITS and partly by LSU and MafR (Supplementary
material 1), were detected in total, three in the Long Tuyo area, two in the Kelabit Highlands.

Thismia viridistriata was assigned a preliminary conservation status of endangered (EN) based on criterion C2ai
(Sochor et al. 2018b). Although the number of known localities and individuals increased considerably the species still
fulfils the criteria for endangered species (IUCN 2012).

Discussion

The new distributional data for several Bornean species of Thismia show that, at least for some species of Thismia,
we can expect quite normal type of distribution with multiple localities over certain geographical areas rather than
unusually narrowly endemic distribution so far expected for this genus (Jonker 1948, Stone 1980). Why Thismia
species have previously been perceived to be so rare is, however, unclear and multiple factors probably contributed
to this. One of the main factors is the scarcity of Thismia collections in the past, especially during Jonker’s work on
the genus (Jonker 1938, 1948). This is closely connected to the intensity of botanical research in the 19" and early
20" century when many areas were inaccessible for collectors. In combination with highly localised occurrence of
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most Thismia populations (a population occupies usually only several m?), small size of plants and seasonal growth,
it resulted in scarcity of collections and the impression that most species are extremely narrow endemics. Even today,
when the intensity of botanical research is much higher and rainforest is much more easily accessible, many species are
still known from a single locality (see below). We can only speculate that also these species must have more localities
as it seems not very likely that a single population covering only several m? can survive at a site over a long period of
time a in such a dynamic environment as is tropical rain forest. What is the cause of highly localised occurrence of most
Thismia populations, however, remains unclear as the studies examining the factors influencing this pattern are rare.
Among the plausible explanations of patchy occurrence of Thismia populations are the mycorrhizal specificity, with
distributions constrained by the occurrence of their fungal partners and the tie to specific low-nutrient soil conditions
(Gomes et al. 2017, 2019).

The assessment of distributional ranges for many Thismia species is hampered by taxonomical issues, especially
when inadequate material is available for identification. Therefore, in many species the question arises whether
populations from distant regions are conspecific with the type area population/populations. A good example can be
Thismia clavigera (Beccari 1877: 251) F. Mueller (1891: 235), originally described from Borneo but later found
in Sumatra and Langkawi Island off the west coast of the Malay Peninsula (Stone 1980) and on the neighbouring
island of Tarutao (Chantanaorrapint & Chantanaorrapint 2009). However, recently, two species very similar to Thismia
clavigera were described from Sumatra and the Malay Peninsula (Siti-Munirah 2018, Suetsugu et al. 2018b), which
naturally raises a question of taxonomical identity of populations previously classified as 7. clavigera outside of Borneo.
Similarly, another two Bornean species, Thismia episcopalis (Beccari 1877: 250) and Thismia ophiuris Beccari (1877:
252), were also reported to occur at two localities (Jonker 1938). Both species were described by Beccari (1877) from
western Sarawak and Jonker (1938) reported their occurrence also in Sabah, based on specimens collected by Clemens
at the foot of Mt. Kinabalu. At the time of Jonker’s work on his monograph, a single mitriform species of Thismia was
known from Borneo (apart from Thismia clavigera which he treated in the different genus Geomitra Beccari (1877:
250), so one would easily assume that with limited and taxonomically almost useless material available, Jonker had not
any other clue than identify the Clemens’s gathering as Thismia episcopalis. Interestingly, all specimens from Borneo
deposited in K herbarium and identified as Thismia episcopalis (Chew et al. 1909, Collenette 638, Cox 347) in fact
represent another undescribed species from the taxonomical group of Thismia goodii, i.e. the group not very similar to
T. episcopalis. The same actually applies to Thismia ophiuris as it was the only Thismia subsect. Odoardoa Schlechter
(1921: 34) known from Borneo at that time. From current perspective it seems improbable that the populations from
Kinabalu were conspecific with those from western Sarawak. The crucial task is to rediscover both species at their type
localities as Thismia ophiuris remains missing since Beccari’s times and Thismia episcopalis was seen only once at the
type locality in 1968 (colour photograph of the whole plant in K by J. Dransfield).

On the other hand, as is obvious from new localities presented here, some species of Thismia may occur over
relatively large areas. The best known examples are Thismia rodwayi and T. hillii, both with ranges significantly
extending 10,000 km? (Tab. 1). Besides, these two species have a relatively large number of localities (over 30 in T.
rodwayi). These two species are also a good example how morphology-based taxonomy in Thismia may lead to wrong
classification. Although originally described as two different species, they were merged soon and considered one
species until recently when use of molecular markers revealed that they were two clearly distinct species (Merckx et
al. 2017). Among Bornean taxa we discovered several species with considerably large ranges. These are especially 7.
minutissima, T. brunneomitra and T. hexagona whose ranges span hundreds of kilometres. Some other species have
ranges spanning dozens of kilometres, notably 7. viridistriata, T. ornata, T. neptunis and T. pallida. The high number
of localities for some Bornean species (Tab. 2) is hardly comparable to other species with high number of localities, as
Thismia rodwayi and T. hillii, because the latter have much larger ranges and their localities are usually more distant
(have larger extent of occurrence). On the other hand, we probably do not know whole ranges of many Bornean species
and we can expect some of them having much broader ranges than we are aware of today. This applies especially for
Thismia viridistriata and Thismia minutissima. Nonetheless, there are still many species known only from the type
locality. Among recently described species, this applies to 7. acuminata Hrones, Dan¢ak & Sochor (in Sochor et al.
2018b: 705), T. betung-kerihunensis Tsukaya & H.Okada (2012: 56), T. bryndonii Tsukaya, Suetsugu & Suleiman
(2017: 135), T. coronata Dancak, Hrone$ & Sochor (2020b: 71), T. inconspicua Sochor & Dancak (2017: 264) and T.
kinabaluensis T.Nishioka & Suetsugu (2018: 174).

As was mentioned earlier, the use of molecular markers helped considerably to understand the taxonomy and
morphological variation in Thismia. Interestingly, some of the studied species exhibit considerable genetic variation
which is little expressed in their morphology. An example is 7. neptunis whose population from Gunung Santubong
differs considerably genetically from those found in Kubah and Gunung Singai (Supplementary material 1) but
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morphologically they are totally indistinguishable. In 7 minutissima, the population from Gunung Penrissen is only
slightly morphologically different from those found in northern Sarawak but the genetic distance between them is
enormous (Dancék et al. 2020a; Supplementary material 1). Also the population of 7. brunneomitra from eastern Sabah
is morphologically only slightly different from the type population but its genetic distance is quite large (Supplementary
material 1). This is an interesting phenomenon which may have several explanations. The distant populations may
represent a cryptic species geographically isolated for a long time from the parental species. Alternatively, they may
represent marginal populations which seem genetically distant because of undersampling of geographically intermediate
populations. Either way, isolation by distance appears to play an important role and the populations can be effectively
isolated even over a very short distance. This was demonstrated in Thismia hongkongensis Mar & R. M. K.Saunders
(2015: 23) whose seeds are probably spread by rain-splash over less than 1 m and pollination is carried out by fungus
gnats (Guo et al. 2019), a short-lived, weak-flying insects. What keeps the different genetic lineages isolated even at
a single locality (as in T viridistriata), nevertheless, remains unclear and calls for more data from population genetics
and reproductive biology of these plants.

TABLE 2. Number of localities for all Bornean species of Thismia. Number in brackets shows number of localities outside
of Borneo.

Species Number of localities Number of locations sensu [UCN
Thismia acuminata Hrones, Danc¢ak & Sochor 1 1
Thismia betung-kerihunensis Tsukaya & H. Okada 1 1
Thismia bifida M. Hotta 1 1
Thismia brunneomitra Hrones, Kobrlova & Dancak 4 3
Thismia bryndonii Tsukaya, Suetsugu & M.Suleiman 1 1
Thismia clavigera (Becc.) F. Muell. 1(3) 4
Thismia cornuta Hrone$, Sochor & Danc¢ak 3 2
Thismia coronata Hrones$, Dancak & Sochor 1 1
Thismia episcopalis (Becc.) F. Muell. 1 1
Thismia goodii Kiew 2 2
Thismia hexagona Dancak, Hrones, Kobrlova & Sochor 6 3
Thismia inconspicua Sochor & Dancak 1 1
Thismia kelabitiana Dan¢ak, Hrone§ & Sochor 2 1
Thismia kinabaluensis T. Nishioka & Suetsugu 1 1
Thismia laevis Sochor, Dan¢ak & Hrones 2 1
Thismia lauriana Jarvie 1 1
Thismia minutissima Dancak, Hrone$ & Sochor 5 3
Thismia mullerensis Tsukaya & H. Okada 1 1
Thismia neptunis Becc. 6 3
Thismia nigra Danc¢ak, Hrone§ & Sochor 5 1
Thismia ophiuris Becc. 1 1
Thismia ornata Dan¢ak, Hrone$ & Sochor 12 3
Thismia pallida Hrones, Dan¢ak & Rejzek 2 2
Thismia viridistriata Sochor, Hrone$ & Danc¢ak 17 5
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TABLE 3. Altitudinal maxima for Thismia species occurring above 1200 m. Bornean species are in bold.

Species Max. altitude (m)
Thismia gongshanensis Hong-Qing Li & Yu-Ke Bi 2275
Thismia taiwanensis Sheng Z., Yang, R. M. K. Saunders & C. J. Hsu 2050
Thismia viridistriata Sochor, Hrone$ & Dan¢ak 1665
Thismia goodii Kiew 1610
Thismia huangii P. Y. Jiang & T. H. Hsieh 1500
Thismia coronata Hrones$, Dan¢ak & Sochor 1305
Thismia janeirensis Warm. 1300
Thismia kelabitiana Dan¢ak, Hrone$ & Sochor 1300
Thismia submucronata Chant. 1300
Thismia minutissima Danc¢ak, Hrones & Sochor 1260
Thismia caudata Maas & H. Maas 1250
Thismia cornuta Hrone$, Sochor & Danéak 1250
Thismia fungiformis (Taub. ex Warm.) Maas & H. Maas 1250
Thismia glaziovii Poulsen 1250
Thismia hillii (Cheeseman) N. Pfeiffer 1250
Thismia hyalina (Miers) Benth. & Hook.f. ex F. Muell. 1250
Thismia laevis Sochor, Dan¢ak & Hrone§ 1225
Thismia nigra Dan¢ak, Hrone$ & Sochor 1225
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Thismia: the rarest of the rare? Ranges of some Bornean species are much larger than previously believed
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Heatmaps for pairwise genetic distances (SNP's+indels in bp) between selected populations; species or species aggregates outlined in bold. Abbreviations: HEX-GRA - T.
hexagona var. grandiflora, HEX - T. hexagona, ORN - T. ornata, FIL - T. filiformis, PAL - T. pallida, COR - T. cornuta, NEP - T. neptunis, MIN - T. minutissima, VIR - T.
viridistriata, BRU - T. brunneomitra.
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Abstract

Sciaphila atra (Triuridaceae) from northern Borneo is described and illustrated. This species is similar to Sciaphila thaidanica
from northern Thailand, but differs in distinctly darker stem and flowers, lower number of flowers, larger female flowers
which usually have more tepals and wider tepals of male flowers. Taxonomy of Sciaphila secundiflora species complex is
discussed in the paper. Key to currently accepted species of Sciaphila in Borneo is included.

Keywords: Malesia, rainforest, Sarawak, Sciaphila secundiflora complex, taxonomy

Introduction

Sciaphila Blume (1826: 514) is a genus of small achlorophyllous plants distributed in tropical and subtropical regions
of the world (Averyanov 2007). Currently 46 species are accepted (POWO 2019) with another one only recently
described (Suetsugu & Kinoshita 2020). Harbouring over 20 species, Malesia is the centre of diversity of this genus
(Ohashi et al. 2008). Borneo is especially rich in Sciaphila with around 15 species reported to occur in the island, five
of them described only recently (Tsukaya & Okada 2013, Tsukaya & Suetsugu 2014, Suetsugu 2018).

Taxonomy of Sciaphila in Malesia is still hazy mainly due to very broad species concepts adopted in Flora
Malesiana treatment (van de Meerendonk 1984) underestimating geographical distributional patterns and morphological
differences among populations of superficially similar plants (cf. Suetsugu et al. 2019). An excellent example of
such a species is Sciaphila secundiflora Thwaites ex Bentham (1855: 10) originally described from Ceylon and later
expanded by van de Meerendonk (1984) and Ohashi (2000) to include as many as 15 previously described species.
More recently, Suetsugu et al. (2019) and Suetsugu et al. (2020) showed that S. secundiflora should be treated as a
species complex rather than a single polymorphic species. Two other species that have always been recognized as taxa
separate from S. secundiflora, e.g. S. thaidanica K. Larsen (1961: 48) and S. alba Tsukaya & Suetsugu (2014: 284),
also clearly belong to this complex.

During our field trips to Sarawak (Malaysian Borneo) in 2017 and 2019, we found two populations of Sciaphila
with distinctive morphology that obviously belonged to the S. secundiflora complex and we describe them as a new
species in this paper.

Material and methods

This study is based on material collected in January 2017 and January 2019 in northern Sarawak (Borneo, Malaysia).
Morphological characters were studied using hand lens (30-60x magnification), stereo microscope and macro
photography. Collected specimens were compared with original drawings and descriptions given in protologues of
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representatives of Sciaphila reported from Borneo and neighbouring areas. Herbarium vouchers for this study are
deposited in SAR and OL. Additionally, herbarium material deposited in BRUN, K, SAN, SAR and SING was studied
(herbarium acronyms according to Thiers 2020).

Results
Sciaphila atra Danc¢ak, Hrones & Sochor sp. nov. Fig 1

Type:—MALAYSIA. Sarawak, Limbang Distr.: Long Tuyo village, Paya Maga, primary submontane forest between camps 1 and 2, WGS
84: N 04°26°43”; E 115°33°19”, elevation ca. 1420 m a. s. 1., 29 Jan 2019, M. Sochor, M. Hrones & M. Dancak BOR15/19 (holotype
SAR, isotype OL).

Diagnosis:—Sciaphila atra differs from the most similar known species, S. thaidanica, by female flower diameter (6—7 mm vs 5 mm),
number of flowers (3—5 vs 5-7), stem and flower colour (deep purple to blackish vs purple), width of male flower tepals (0.7-0.9
mm vs 0.5 mm) and number of female flower tepals (68 vs 6).

Description:—Terrestrial, achlorophyllous herb. Roots wiry, poorly branched. Stem erect mostly straight, grooved
throughout, poorly branched or unbranched, 3.5-7 cm tall, blackish purple, glabrous. Leaves 14, reduced, scale-
like, bowl-shaped, ovate-obovate in outline, obtuse, appressed to stem, reddish-brown, 2.2-2.8 mm long and 1.5-2.0
mm wide. Inflorescence lax secund raceme, usually shorter than 1 cm, with 1-2 female and 2—3 male flowers; lower
flowers female, upper male. Floral bracts similar to leaves in shape and size. Pedicels curved, very short, 0.5-2.0 mm,
purple. Flowers actinomorphic, unisexual, dark purple to almost blackish in bud, with 6-8 equal ovate-lanceolate,
patent tepals. Male flowers ca. 5-6 mm in diameter, tepals 6, 1.5-2.3 mm long, 0.7-0.9 mm wide at base, acute and
glabrous at apex; stamens 3, surrounded by densely long-papillose dark purple pistillodes; anthers white, sessile,
elliptic, bilobed. Female flowers ca. 67 mm in diameter, tepals (6-)7(=8), 1.7-2.5 mm long acute and glabrous at
apex; carpels numerous, dark purple, ovary obovoid, covered by dense cylindrical papillae at apex, ca. 0.35 mm
long; style inserted laterally; stigma clavate, long papillose, ca. 0.5-0.6 mm long, much exceeding the ovary. Fruits
aggregated in globose heads 5-6 mm in diameter, consisting of ca. 50 deep purple, oblique obovoid achenes; each
achene ca. 1.7-2.2 mm long, densely covered by numerous cylindrical papillae on upper part, style and stigma much
shorter than the fruit. Seeds clavate, ca. 1.7 mm long and 0.5 mm wide, with reticulated coat, brown.

Variability:—Sciaphila atra is not noticeably variable. The single plant collected in the Kelabit Highlands is
somewhat smaller in all traits than plants from the Paya Maga range. In addition, its colour is lighter than plants from
the Paya Maga but still it is very dark coloured.

Habitat and ecology:—Sciaphila atra inhabits submontane closed-canopy primary tropical rain forests. Its
elevational range is rather narrow and it is known only between ca. 1150 and 1450 m a. s. 1.

Distribution:—Sciaphila atra is known only from two localities in northern part of central highlands of Borneo.
The type locality lies in the Paya Maga mountain range in Limbang district of Sarawak while the other locality is
situated in the Kelabit Highlands in Miri district of Sarawak.

Conservation status:—The extent of occurrence (EOO) of S. atra has not been estimated but its minimal area
of occupancy (AOO) is estimated to be 8 km? (within the limits for Critically Endangered status under the criterion
B2). Sciaphila atra is endemic to Borneo and is known from two specimens. One was collected in a protected forest of
Pulong Tau National Park, without immediate threats. Conversely, the second one was collected outside the protected
area network, in a patch of primary forest surrounded by a previously logged forests and therefore might be potentially
threatened by commercial logging. The species is thus known from two subpopulations which represent two locations
(sensu IUCN 2012), falling within the limit for Endangered status. We project that the ongoing loss of its habitat
will induce a continuous decline in the number of subpopulations and mature individuals. Sciaphila atra is therefore
assigned a preliminary status of “Endangered” [EN B2ab(iii,v)] according to the [UCN Red List Categories and Criteria
(IUCN 2012).

Etymology:—The species name reflects the colour of plants which are very dark, almost blackish purple.

Additional specimens examined:—MALAYSIA. Sarawak, Miri Distr.: Kelabit Highlands, Pa’Lungan village,
Arur Bedalawid, 3.1 km N of the village, WGS 84: 03°50°18”N 115°31°4”E, elevation 1166 m a. s. 1., 15 Jan 2017, M.
Sochor, M. Hrones, M. Dancak & Z. Egertova BOR29/17 (OL).
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FIGURE 1. Sciaphila atra: detail of inflorescence with male and female flowers (A), male flower (B), inflorescence and infructescence
(C), mature infructescence with persistent tepals (D), overall appearance (E), habitat (F). From M. Sochor, M. Hrones & M. Dancak
BOR15/19. (All photos M. Sochor).
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Discussion

Sciaphila atra belongs to the taxonomical complex of S. secundiflora defined by large, strictly unisexual flowers with
unstable number of tepals, glabrous tepal tips and subgynobasic styles. This group consists of numerous morphotypes
described as distinct species in the past but consequently synonymised with S. secundiflora by van de Meerendonk
(1984). This approach, however, appears untenable (Suetsugu et al. 2019). Sciaphila secundiflora was described
from Ceylon (Bentham 1855) and it is reported to occur from Ceylon to Solomon Island, including Borneo by Flora
Malesiana account (van de Meerendonk 1984). Its occurrence in Borneo is probably based only on opinion that Sciaphila
major Becc. (1890: 332), a species described from Sarawak (Malaysian Borneo), is conspecific with S. secundiflora.
However, Suetsugu et al. (2020) demonstrated that S. major is a distinct species and resurrected it from synonymy of
S. secundiflora. This, consequently, raises a question whether S. secundiflora s. str. occurs in Borneo. During our field
and herbaria surveys no plants identical with S. secundiflora s. str. were found. Sciaphila secundiflora is included in
Brunei checklist (Coode at al. 1996) but plants labelled by this name are not S. secundiflora and are probably identical
with plants reported from Kalimantan under the name S. thaidanica (Tsukaya & Okada 2013). However, S. thaidanica
was described from northern Thailand and its occurrence in Borneo would be rather surprising. The photographs
published in Tsukaya & Okada (2013) are insufficient to confirm the identity of those plants and because the paper
does not contain any morphological description, we prefer to consider occurrence of S. thaidanica in Borneo at least
as questionable as was previously noted also by Suetsugu (2018). If these plants are a new yet undescribed species or
another species not yet known from Borneo remains to be confirmed.

Sciaphila atra is strikingly different from both Sciaphila secundifiora s. str. and S. major but remarkably similar
to abovementioned S. thaidanica. Beside the fact that occurrence of this species in two distant and phytogeographically
unrelated regions is not very likely, there are also some important morphological differences between the two species.
According to the protologue of S. thaidanica (description with line drawings; Larsen 1961) it differs from S. atra
especially in number of flowers per stem, size and colour of female flowers, number of tepals of female flowers and
width of male flower tepals. Additionally, plants of S. thaidanica are usually richly branched at the base, while plants
of S. atra are almost unbranched. The main morphological differences among all four discussed species (S. atra, S.
major, S. secundiflora s. str. and S. thaidanica) are summarised in Table 1. Another Bornean species belonging to the
S. secundiflora group, S. alba, can be easily differentiated from S. atra by much taller (usually 15-30 cm) white stems,
spirally arranged flowers and absence of pistillodes in male flowers.

TABLE 1. Morphological comparison of Sciaphila thaidanica, S. atra, S. major and S. secundiflora. Values for S. thaidanica
are taken from Larsen (1961), for S. major from Suetsugu et al. (2020) and for S. secundiflora from Suetsugu et al. (2019).

species S. thaidanica S. atra S. major S. secundiflora
Height (cm) ca. 5 3.5-7 (10-)15-25(-35) (10-)20-33
Stem colour purple dark purple white or pale pinkish whitish purple
Inflorescence secund secund spirally arranged secund
Number of flowers 5-7 3-5 8-18(—40) 5-20

Flower pedicel length (mm) 1-2 0.5-2 2.5-4 2-7(-11)

F flower perianth segments 6 (6-)7(=8) (6-)7-8(-10) 6

M flower diameter ca. 5 5-6 7-8 7-8

F flower diameter 5 67 6-8 7-9

M flower pistillodes present present absent absent

Tepal length (mm) 2 1.5-2.5 2.9-3.8 34

M tepal width (mm) 0.5 0.7-0.9 0.6 0.4-0.6

Tepal colour purple blackish white or pale pinkish whitish purple?

There are several other species of S. secundiflora complex, such as S. papillosa Beccari (1890: 334) from New
Guinea, S. tosaensis Makino (1905: 140) from Japan and Korea, S. megastyla Fukuyama & Suzuki (1936: 412) from
Japan and Taiwan and S. kozushimensis Suetsugu (Suetsugu & Kinoshita 2020: 159) from Japan. All of these species
occur outside Borneo, usually in quite distant regions. They also differ in morphology from S. atra, e.g. by paler stems
and flowers and by absence of pistillodes in male flowers.
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Key to the Bornean species of Sciaphila

Species with unconfirmed occurrence in Borneo, i.e. S. secundiflora and S. thaidanica are not included.

la Plants with both hermaphrodite and UniSEXUAL FIOWETS. .......cc.evvirieieieieieieieese ettt ettt et seese e s e s esbesesbeebeeseessessessenes 2
1b Plants wWith only UnISEXUAL fIOWETS.........cuirieuiiiiiiiieete ettt ettt ettt ettt ettt et e bt seene et e e beenenene
2a Perianth segments 4(-5); stamens 2

2b Perianth SEZMENtS 65 STAIMEIS 370 ......c.eiuirieiiiieietiiei ettt ettt ettt b et b et es e b et e s et es e et e e et e s en e et et e s et e st et et eseseene et et enesnenene
3a Male and bisexual flowers With 3 StAMENS.........c.oiiriiiriiiitiiere ettt ettt S. maculata
3b Male flowers with 6 stamens; bisexual flowers With (3—)6 StAMENS..........cccceeeeieiierierieieriereeee ettt et sre e sre e eseeseens S. tenella
4a Male fIOWETS With 6 SEAIMEIIS ......c.veuitiuieiiieiiiteiet ettt ettt b et s bbb s b et ettt e st sb et et et en e st et ebestenesteneenens S. densiflora
4b Male flowers with 23 stamens.............

Sa Apex of male flower tepals glabrous

5b Apex of male flower tepals NAITY ........ccooiiiiiiiieee e

6a Style subapicaly attached, clearly longer than fruit, male flower tepals knobbed at the tip .........ccceceveirereienecincne S. arfakiana
6b Style basally or laterally attached, clearly shorter than fruit, male flower tepals acute, not knobbed ............c.cccveveiiniininncnennn 7
Ta Plants 3.5-7 cm tall, deep purple, flowers almost blackish, male flowers with numerous papillose pistillodes... S. atra
7b Plants mostly 15-30 cm tall, usually white, rarely pale red, male flowers without pistillodes ............cccoerevereireneiineireeceen 8
8a Fully developed inflorescence 8—14 cm long, flowers usually more than 20, usually with 6 tepals ..........ccccecevereiencnenne S. alba
8b Fully developed inflorescence 3—6 cm long, flowers usually less than 20, usually with more than 6 tepals ...........c.cc...... S. major
9a ANENETS 410D ...ttt ettt etttk h et ekt n et n bt n et enenas S. micranthera
9b ANENEIS 2-10DCA ...ttt ettt ettt a ettt a ket R Ao a £kt h ke s e bt n bt h s e st bt b et e st bennas 10
108 ANENEIS SESSILE ....eutiuitiieiiiteiet ettt ettt b et s e bbb st bt h b st ekt e E b e n e Aot eh et e a ket e Rt e E et ket n et et ettt ene et e e eneenenes 11
10b  Anthers on diStNCt fIIAMEINES ......c.co.eiiiiiiieiie ettt ettt b bttt eh e b et et e st st e eb et e st et et eb et ene et e e eneeaens 12

I1la  Inflorescence spirally arranged, PediCels SNOTT ...........cciriiiiiiiiie ettt S. brevistyla
11b  Inflorescence secund, PEAiCelS VEIY 10N .....c.oouiieuiiiiiiiiieiieie ettt sttt neene S. lambirensis
12a  Tepals obtuse, male flower bed conspicuously thiCkened............ccooueiriiiiiiiiniee e S. inouei
12b  Tepals acute, male flower bed N0t thiCKENEd..........ccvieiiiiiieieieee et b e ae s s eneas S. winkleri
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Abstract

This paper presents a re-evaluation of the taxonomic identity of Sciaphila major described from Sarawak, Borneo, Malaysia
which has been considered conspecific with S. secundiflora. We revealed that S. major is clearly distinguishable from S.
secundiflora s.s. by the arrangement of flowers on rachis (spirally and subdensely arranged vs. secundly and laxly arranged),
rachis length in a fully developed inflorescence [(2—)3—6(=7) cm vs. 6—19 cm], tepal length of male flowers (2-2.3 mm
vs. 3—4 mm) and the number of perianth segments (more than 6 vs. 6). By spirally-arranged and white flowers, S. major is
most similar to S. alba, but is distinguishable by plant height (15-25 cm vs. 25-35 cm in S. alba), rachis length in a fully
developed inflorescence [(2—)3—6(—7) cm vs. 8—14 cm)], the number of flowers (usually less than 20 vs. usually more than
20), the arrangement of flowers on rachis (subdensely arranged vs. laxly arranged), the number of male perianth segments
(usually more than 6 vs. usually 6) and the condition of floral disc (flat vs. bowl-shaped). We also provide an updated key to
the species of Sciaphila distributed in Borneo.

Keywords: Malesia, Mycoheterotrophy, Sarawak, species revision, taxonomy

Introduction

The family Triuridaceae is a group of fully mycoheterotrophic plants that grow in deep shade understory of ever-wet
forests in the tropics and subtropics worldwide, reaching their northernmost limits in temperate region of Japan (van
de Meerendonk 1984). The genus Sciaphila Blume (1826: 514), which contains more than 40 species, is the largest
group within the family (van de Meerendonk 1984, Suetsugu et al. 2019).

In taxonomic studies of the genus, species have been primarily discriminated on the basis of the following floral
traits: bisexual or unisexual nature of flowers, number and shape of stamens and perianth segments, shape of apical
perianth segments, and shape and length of styles (van de Meerendonk 1984; Hsieh et al. 2003; Chantanaorrapint &
Thaithong 2004; Averyanov 2007; Ohashi et al. 2008; Xu et al. 2011, Suetsugu et al. 2016, 2019; Suetsugu & Nishioka
2017; Suetsugu 2018). However, key characters of male flowers, which are crucial for precise identification, have
not been documented for some species, especially if individual specimens were too young at the time of collection
(Tsukaya & Okada 2013; Tsukaya & Suetsugu 2014). Given the difficulty of precise identification, the taxonomy of
Sciaphila remains to be revised.

The taxonomic identity of Sciaphila secundiflora Thwaites ex Bentham (1855: 10) has remained particularly unclear
(Suetsugu et al. 2017, 2019, Suetsugu & Kinoshita 2020). The species was first described from Sri Lanka (Bentham
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1855). Van de Meerendonk (1984) and Ohashi (2000) defined the species in a broad sense, thereby synonymising as
many as 15 species with S. secundiflora (hereafter called S. secundiflora s.1.). Besides Sri Lanka, Sciaphila secundiflora
s.1. is widely distributed in the Pacific islands, Malesia, Hongkong, Taiwan, Japan, and Korea (van de Meerendonk
1984; Ohashi 2000; Ohashi et al. 2008). According to van de Meerendonk (1984) and Ohashi (2000), S. secundiflora
s.l. can be characterized by unisexual flowers (the female towards the base and the male towards the apex of the
inflorescence), 4—8 equal perianth-segments of the male flower without any hair or appendage, 3 stamens, and clavate
style and stigma. However, our previous investigations based on the type materials of S. secundiflora s.l. showed that
gross morphology, floral size and shape of perianth segments often differ among the species that have been considered
as synonyms of S. secundiflora s.s (Suetsugu et al. 2019; Suetsugu & Kinoshita 2020). Therefore, it is highly likely that
these treatments are based on the ambiguity of the original species description and that the species complex, in fact,
comprises several distinguishable taxa. Suetsugu et al. (2019) revealed that both Sciaphila tosaensis Makino (1905:
140) and S. megastyla Fukuyama & Suzuki (1936: 412) are distinct species rather than synonyms of S. secundiflora,
based on both molecular and morphological data.

The present study investigated the taxonomic identity of Sciaphila major Beccari (1890: 332) that was described
from Sarawak, Borneo, Malaysia by examining the detailed morphology of the type specimens and specimens collected
around the type locality. A thorough review of relevant literature, herbarium specimens and online digitized plant
collections, including JSTOR Global Plants (http://plants.jstor.org/), allowed us to determine that S. major is clearly
distinguishable from S. secundiflora s.s. by the arrangement of flowers on rachis (spirally and subdensely arranged
vs. secundly and laxly arranged), rachis length in a fully developed inflorescence [(2—)3—6(—7) cm vs. 6—19 cm], tepal
length of male flowers (2-2.3 mm vs. 3—4 mm) and the number of perianth segments (more than 6 vs. 6; Figs 1-2).
In spirally arranged and white flowers, S. major is morphologically similar to S. alba, but our detailed comparison
of morphological characters between these two species revealed that S. major can be distinguishable also from S.
alba. Here, we provide an emended description of S. major based on the type specimen supplemented with newly
collected specimens because some important characters were not mentioned in the protologue of the Beccari’s original
description (1890). We also provide an updated key to Sciaphila species distributed in Borneo.

Material and Methods

Plants were studied using hand lens (30—60 x magnification), stereo microscope and macro photography both in the
field and in herbaria. We checked the specimens of S. secundiflora, S. major and S. alba kept in the following herbaria:
B, BM, BRUN, FI, FR, FU, K, KYO, OL, OSA, P, SAR, SING, TI and TNS. A distribution map was drawn using
QGIS 3.10 (2020).

Taxonomic Treatment
Sciaphila major Beccari (1890: 332) Figs. 3-5.

Type:—MALAYSIA. Borneo, Sarawak: Kuching Division, December 1865, O. Beccari 1210 (syntype, FI, image!), Kuching Division,
Sul Monte Mattang, April 1866, O. Beccari 1507 (syntype, FI and K, image!).

Description:—Monoecious, mycoheterotrophic, perennial herbs. Roots filiform, hairy. Stems erect, underground
parts white, aerial parts white to ivory, rarely pale purple, simple or branched at the middle or base, (10—)15-25 cm
tall. Scale leaves ovate to lanceolate, ca. 2.5 mm long, apex acute. Inflorescence racemose, rachis (2—)3—6(—7) cm
long; flowers 8—18(—30) per inflorescence, spirally and subdensely arranged, male flowers towards the apex of the
inflorescence, female flowers towards the base of the inflorescence, internodes 2—6 mm. Bracts appressed to a pedicel,
triangular lanceolate, 2 mm long, apex acute. Pedicels 1.5-2 mm long in male flowers and 2-3 mm in female flowers,
patent at 90° from rachis, straight. Male flowers: 6—7.2 mm in diam., perianth segments (6—)7—10, white or pale purple,
equal in size, narrowly triangular, 2-2.3 mm long, 0.6 mm wide at the base, central parts thick and ridged, fused
basally, opening to a flat plane at the base, apex acuminate, smooth, recurved. Floral disc surrounding the stamens,
bowl-shaped. Stamens 3, sessile; anthers 2-locular, 0.6 mm long. Female flowers: 6—8 mm in diam., perianth segments
(6—)7-11, white or pale purple, equal in size, narrowly triangular, 2.2-2.5 mm long, 0.7 mm wide at the base, fused
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basally, apex obtuse or acute, smooth, recurved. Carpels more than 30, ellipsoidal, 0.6—0.7 mm long, rounded at apex;
style and stigma clavate, 0.7-0.8 mm long, papillate, laterally inserted at the base of ovary.
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FIGURE 1. Holotype of Sciaphila secundiflora (excluding the upper-left two plants, G.H.K. Thwaites s.n. in C.P.2665) deposited in K.
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FIGURE 2. Line drawings of Sciaphila secundiflora. Reproduced from a monograph by Giesen (1938). A. Habit. B. Male flower. C.
Immature carpel with style and stigma.
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FIGURE 3. Line drawings of Sciaphila major. Reproduced from a paper by Beccari (1890) that is the original description. A. Habit. B.
Inflorescence. C. Male flower. D-E. Female flowers. F. Immature male flower. G. Immature female flower. H. Immature carpel with style

and stigma. . Immature fruits.
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FIGURE 5. Sciaphila major. A-B. Inflorescence in Similajau National Park (Hrones & Dancdk 512020). C-D. Inflorescence in Kubah
National Park (Sochor, Hrones & Dancak BOR52/17). E. Flowering plant in Similajau National Park (Hrones & Dancak 512020). (Photos:
A, B, E: Michal Hrones, C, D: Michal Sochor). Scale bars A-D=1cm. E=3 c¢m.
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Additional specimens examined:—MALAYSIA. Borneo, Sarawak, Kuching Division, Kuching district:
Kuching, 6 February 1892, Haviland s.n. (SING); Matang, 1903, Ridley 11707 (SING); Matang, September 1904,
Ridley s.n. (SING); Kubah National Park, evergreen dipterocarp forest, 01°36’19.91"N, 110°11'23.15"E, alt. 317 m,
4 December 2017, Tagane, Zhang & Komada SWK4639 (FU, SAR); Kubah National Park, along the Rapids Trail,
01°37'1"N, 110°10'0"E, 7 November 2015, Macat s.n. (OL); Kubah National Park, 0.4 km NE of Matang Wildlife Centre,
01°36'41"N, 110°9'48"E, 26 January 2017, Sochor, Hrones & Dancdk BOR52/17 (OL); Bako National Park, Telok
Asam, 6 Feb 1957, Purseglove 5584 (SING); Tanjong Dolima, Bako National Park, 7 February 1957, Purseglove 5584
(SING); Bintulu Division: Bintulu District, Similajau National Park, trail to Batu Anchau, 03°21'44"N, 113°9'55"E, 28
January 2020, Hrones & Dancadk 512020 (OL, SAR); Tatau District, Tubau, in mixed dipterocarp forest, preserved for
water catchment for Rh. Ayaing, 03°16'14.11"N, 113°47'42.73"E, alt. 106 m, 26 January 2017, A. Naiki, N. Okabe, A.
Kawakubo, S. Tagane & Y. Takeuchi SWK4034 (FU, SAR).

Distribution:—Sarawak (Kuching and Bintulu Divisions; Fig. 6). The majority of herbarium specimens for this
species was collected from Kubah National Park near Kuching which can be considered as the type locality. Beccari
(1890) described the locality simply as Monte Mattang, which is an area now generally known as Matang massif where
Kubah National Park is located. This species also occurs in Bako National Park, Sarawak, where field photographs were
published on a website [http://angio.bergianska.se/Bilder/monocots/Pandanales/Triuridaceae/Sciaphila/]. Furthermore,
it occurs in Bintulu district which is located more than 370 km NE of Kuching (Fig. 4). Further explorations are needed
to determine the precise distribution of S. major, especially in western Sarawak and adjacent West Kalimantan.

FIGURE 6. Map showing occurrence of Sciaphila major and S. alba. Pink circles: S. major in Borneo. White circles: S. alba.
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Sciaphila alba Tsukaya & Suetsugu (2014: 284) Figs. 7-8.

Type:—MALAYSIA. Borneo, Sarawak: Miri Division, Miri District, Lambir Hills National Park, along the Lambir Pantu trail, under
dipterocarp forest, 3 March 2013, K. Suetsugu s.n. (holotype SAR! [spirit coll.], isotype KYO! [spirit coll.]).

Description:—Monoecious, mycoheterotrophic, perennial herbs. Roots filiform, hairy. Stems erect, underground
parts white, aerial parts white to pale pinkish white, unbranched, 25-35 cm tall. Scale leaves ovate to lanceolate,
ca. 2.5 mm long, apex acute. Inflorescence racemose, rachis 8—14 cm long; flowers (15-)20—40 per inflorescence,
spirally and laxly arranged, male flowers towards the apex of the inflorescence, female flowers towards the base of
the inflorescence, internodes 3—10 mm. Bracts appressed to a pedicel, triangular lanceolate, 2 mm long, apex acute.
Pedicels 2.5-3.5 mm long in male flowers and 3—4 mm in female flowers, patent at 90° from the rachis, straight. Male
flowers: 7-8 mm in diam., perianth segments 6(—8), pale pinkish white or rarely reddish purple at the base, fading to
pale pinkish white at apex, equal in size, narrowly triangular, 2.9—-3.5 mm long, 0.5 mm wide at the base, fused basally,
opening to a flat plane at the base, apex obtuse, smooth, recurved. Floral disc surrounding the stamens, flat. Stamens
(2-)3, sessile; anthers 2-locular, 0.5-0.7 mm long. Female flowers: 7-8 mm in diam., perianth segments 6—7(-9), pale
pinkish white, equal in size, triangular, 3.2-3.8 mm long, 0.7 mm wide at the base, fused basally, apex obtuse or acute,
smooth, recurved. Carpels more than 30, ellipsoidal, 0.7-0.8 mm long, rounded at apex; style and stigma clavate,
0.8-0.9 mm long, papillate, laterally inserted a little above the base of ovary.

FIGURE 7. Sciaphila alba (from the holotype). A. Flowering plant. B. Male flowers. C. Female flower. (Photos: Kenji Suetsugu). Scale
barA=3cm. B, C=2 mm.
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FIGURE 8. Sciaphila alba. A. Inflorescence in Andulau (Dancak 2017/56). B. Inflorescence in Bukit Teraja (Hrones & Dancak 192020).
C. Inflorescence in Lambir Hills National Park (Sochor s.n.). (Photos: A, B: Michal Hrones, C: Michal Sochor). Scale bar =3 cm.

Additional specimens examined:—BRUNEI DARUSSALAM. Belait District: Teraja Forest Reserve, 18
December 1963, M. Hotta 12710 (KYO); Bukit Teraja, between Wasai Wong Kadir and access road to the summit,
04°19'58"N, 114°26'57"E, 8 July 2019, Dancadk 2019/30 (OL); Bukit Teraja, forest SE Wasai Wong Kadir, 04°20'12
"N, 114°27'5"E, 13 January 2020, Hrones & Dancdk 192020 (BRUN); Labi, Sungai Rampayoh, c. 3.5 km above
road towards Waterfall no. 2, 04°21'N, 114°28'E, alt. 40 m, 9 January 1994, Coode 7783 (BRUN); Seria, Badas forest
reserve, 04°35'N, 114°25'E, alt. 5-10 m, 24 March 1993, Coode 7344 (BRUN); Sungai Liang Arboretum, beside the
pool, 04°40'N, 114°29'E, alt. 15 m, 14 January 1994, Dransfield 7345 (BRUN); Sungai Liang, north-western margin
of Andulau forest reserve, 04°39'34"N, 114°31'19"E, 23 January 2017, Dancak 2017/56 (OL); Melilas, Ulu Ingei,
W of LP-101A, near Sungai Ingei, 04°07'N, 114°43'E, alt. 30 m, 5 March 1996, Said BRUN 17313 (BRUN); Batu
Melintang to Batu Patau, near Sarawak border, 04°06'N, 114°46'E, alt. 1-180 m, 3 January 1989, De Vogel 8871
(BRUN). MALAYSIA. Borneo, Sarawak: Miri Division, Miri District, Lambir Hills National Park, ca. 0.4 km NW of
the main entrance, in primary forest, 04°12'05"N, 114°02'27"E, alt. 130 m, 8 February 2016, Sochor s.n. (OL); Miri
Division, Miri District, Lambir Hills National Park, en route to Gn. Pantu, 04°12'00.20"N, 114°01'43.40"E, alt. 170
m, 9 January 2017, S. Tagane, U. Shimizu-kaya & 1. Asano SWK3502 (SAR), Bintulu Division, Tatau District, Tatau,
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a water catchment forest of Rh. Sayong, a kerangas forest dominated by species of Dipterocarpaceae, 02°18'52.1"N,
112°56'07.4"E, alt. 105 m, 2 February 2016, 4. Naiki et al. SWK1331 (OSA); Bintulu Division, Tatau District, Rh.
Sayong, kerangas forest dominated by the species of Dipterocarpaceae, 02°18'47.00"N, 112°56'14.99"E, alt. 109 m,
29 September 2017, Toyama, Naiki, Lawrence, Sim & Layang SWK5257 (FU).

Distribution:—Brunei Darussalam (Belait District) and Malaysia (Miri and Bintulu Divisions, Sarawak) (Fig.

6).

TABLE 1. Morphological characters of Sciaphila secundiflora, S. major and S. alba.

Characters

S. secundiflora

S. major

S. alba

Plant height

Plant coloration

Rachis length

Arrangement of flowers
on rachis

Pedicel length

Condition of floral disc

Number of perianth
segments

Male flower size

Shape of male perianth
segments

Female flower size

Position of style and
stigma

Length of style and
stigma

(10-)20-33 cm

whitish purple

6—-19 cm

5-20-flowered, secundly and laxly
arranged

2-5(-11) mm

flat

constantly 6 for both male and
female

7-8 mm in diam.

narrowly triangular, 3—4 mm long,
0.4-0.6 mm wide at the base

7-9 mm in diam.

laterally inserted at a little below
the middle of ovary

0.8 mm long, as long as ovary in
the flowering stage

(10-)15-25 cm

white to ivory, rarely pale purple

(2-)3-6(~7) em

8-18(—30)-flowered, spirally and
subdensely arranged

1.5-3 mm

bowl-shaped

7-10 for male and 7-11 for
female

6—7.2 mm in diam.

narrowly triangular, 2-2.3 mm
long, 0.6 mm wide at the base

6—8 mm in diam.

laterally inserted at the base of
ovary

0.7-0.8 mm long, as long as or
slightly exceeds ovary in the
flowering stage

25-35 cm

white to pale pinkish white

8-14 cm

(15-)20—40-flowered, spirally and
laxly arranged

2.5-4 mm

flat

6(—8) for male and 6-7(-9) for
female

7-8 mm in diam.

narrowly triangular to acuminate,
2.9-3.5 mm long, 0.5 mm wide at
the base

7-8 mm across

laterally inserted a little above the
base of ovary

0.8-0.9 mm long, as long as or
slightly exceeds ovary in the
flowering stage

Data of S. secundiflora from Giesen (1938) and our own examination of the type specimens deposited in B, BM, FR, K and P.

Discussion

Sciaphila major is similar to S. secundiflora in having unisexual flowers (female ones located at the base and male
ones at the apex of the inflorescence), equal perianth segments of a male flower without any hair and appendage, 3
stamens, and clavate style and stigmas. However, S. major is clearly distinguishable from S. secundiflora s.s. by the
arrangement of flowers on rachis (spirally and subdensely arranged vs. secundly and laxly arranged), rachis length in
a fully developed inflorescence [(2—)3—6(-7) cm vs. 6-19 cm], tepal length of male flowers (2-2.3 mm vs. 3—4 mm)
and the number of perianth segments (more than 6 vs. 6; Figs 1-2). It is noteworthy that the arrangement of flowers
on the rachis is secund in not only S. secundiflora s.s. but also most other species that have been considered as the
synonyms of S. secundiflora. In contrast, S. major has spirally arranged flowers. Both types of flower arrangement are
steadily recognizable by the position of flowers on the inflorescence rachis even in specimens with only a few flowers.
Secund arrangement makes one sided inflorescence (Figs 1 and 2) whereas spiral inflorescences have flowers growing
to several sides from the rachis. Even if the inflorescence is lax (Fig. 5B and D), the flowers point to several directions.
Therefore, S. major is clearly distinguishable from almost all the species of the S. secundiflora species complex.
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In having spirally arranged flowers and usually white flowers, S. major is most similar to S. alba, but can be
easily distinguished by plant height (15-25 cm in S. major vs. 25-35 cm in S. alba), rachis length in a fully developed
inflorescence (3—6 cm vs. 8-14 cm), the number of flowers (usually less than 20 vs. usually more than 20), the
arrangement of flowers on rachis (more densely arranged vs. laxly arranged), the number of male perianth segments
(usually more than 6 vs. usually 6), and the condition of floral disc (flat vs. bowl-shaped). On the other hand, Tsukaya &
Suetsugu (2014) noted that S. alba differs from S. secundiflora in having much larger flowers, but further examination
of the type specimens of S. secundiflora revealed that both S. secundiflora and S. alba have flowers 7-8 mm in diam.
However, S. alba can be easily distinguished by the arrangement of flowers on rachis (spirally arranged vs. secundly
arranged) and the number of flowers (less than 20 vs. usually more than 20). In addition, these three species can be also
distinguished from each other by combination of several morphological characters other than those discussed here. For
a detailed comparison of morphological characters among S. secundiflora, S. major and S. alba, see Table 1.

Geographically, S. alba and S. major seem to have different distribution ranges in Borneo (Fig. 4). According
to available records, S. alba occurs mostly in Brunei and eastern Sarawak with an isolated occurrence also in central
Sarawak, and S. major occurs mostly in western Sarawak but reaching the central Sarawak as well.

Key to the Species of Sciaphila in Borneo (modified after van de Meerendonk 1984)

1. Plants with bisexual and UNISEXUAL fIOWETS .........ccuviiuiiiiieiicie ettt ettt ettt e et e et e et e e aeeeae e teeeaeete e s e enteeneeensesaeeessesseesseeeseenrean 2
2. Perianth SEZMENLS 401 5) .oouiiuiiiieiieieieietieteete ettt ettt et st e st e eteete e e eseesee st essessesbeeseeseeseesaessensenseseeseeseeseeseesaeneens S. betung-kerihunensis
2. Perianth segments 6

3. Male and bisexual flowers With 3 SLAMEIS ........c..ccviiiiiiiiiiietieeteeete ettt eete et et e e et e eteeeteeeaeeeaeeeseeesseseenseenseenseeasesneeeneenns S. maculata
3. Male flowers with 6 stamens; bisexual flowers with 3—6, but generally 6 StAMENS..........c.cceveriririeireiirieeeeee S. tenella

1. Plants with unisexual flowers only
4. Perianth SEZMENLS CQUAL .......ceiieeieieieieteeteet ettt ettt et et et e s testesteeteeseeseessessesse s esseeseeseessessessessessessesseeseeseeseeseessessensenseseeseeseeseessensensenes
5. FIOWers SECUNALY QITANZEA .......c.eiieiiiiiiieiiieii ettt ettt s et b e e bt b et s et et s e st b e st e b et e st et et et e e e st et et ebeneent et et eneneenene
6. Male flowers 1.3—-1.4 mm in diam. when flattened; perianth segments bearded at apex ...
6. Male flowers 7-8 mm in diam.; perianth segments glabrous at apeX..........c.cccceeevrereenennee
5. Flowers Spirally arranged..........coeceeeeieieieieriesiesiesieeteeeieietetesessestesse e esaesaessessessessessessesseas
7. Flowers white, rarely pale purple; male flowers more than 5 mm in diam ........ccccoeieiiieiiiniiniiceeeeee e
8. Rachis in a fully developed inflorescence 8—14 c¢cm long; flowers usually more than 20, male perianth segments usually 6,

NATTOWLY TTTANGUIAT ...ttt ettt ettt ettt s et b et e st e et e bt e e st et et ee e et ea e ek et es et e s e eb e et es e et eneenenseneenens S. alba

8. Rachis in a fully developed inflorescence 3—6 cm long; flowers usually less than 20; male perianth segments usually more

than 6, ACUIMINALE AT APEX ..evveuveverrirtierieriesietetetestessessesseeseeseeseesaessessesesseaseeseassessessessassessessessessesseessessessessensessessesseessessessessen s S. major
7. Flowers purple, male flowers less than 5 mm in diam

9. Male flowers ca. 1.2 mm in diam. when flattened; perianth segments with hairs at apex ...........ceceevvevvevverierierenens S. brevistyla

9. Male flowers 3—4 mm in diam.; perianth segments without hairs at apex ......... S. thaidanica sensu Tsukaya & Okada (2013)*

4. Perianth segments unequal (3 larger alternating with 3 smaller ones)

10. Stamens in male flower 3
T1. ANTNETS 2-T0DEA ...tttk b et bbb e st e bt h b st b s h b st bt e st ettt st et eneeene

12. Apex of perianth segments acute; perianth segments of female flowers 3 longer ones (1.0-1.2 mm long) alternating with

3 shorter ones (0.4—0.6 MM LONE).....cuiiiiiiiiiei ettt et es et b e st b et st e s b e e e bt e st e be e eseasene S. winkleri
12. Apex of perianth segments obtuse; perianth segments of female flowers 3 longer ones (1.4 mm long) alternating with 3
ShOTEEr ONES (1.1 MM LOMNE)..cuvitiiiieiieiieiieieiet ettt ettt e b e teeteesaesa e b e sessesseeseeseeseessensensensesseaseeseessessessensensessensensens S. inouei
L1, ANTRETS 3-T0DEM ...ttt b bbbt e st b et b bbbt s et b s e S. micranthera
10. Stamens iN MAIE TIOWET 6......cviiviiiieiieeieiieieieiet ettt et et et e s seete e st e st estessesse s e se et e eseesaessessessesensesseeseaseaseassanses S. densiflora

*As noted by Suetsugu (2018), Sciaphila sp. recently recorded as “S. thaidanica” by Tsukaya & Okada (2013) from Borneo will be
different from S. thaidanica Larsen (1961: 48) described from northern Thailand in that flowers are spirally arranged on rachis (vs. secund
in S. thaidanica; Larsen 1961). Further studies are needed to elucidate the taxonomic identity of S. thaidanica sensu Tsukaya & Okada
(2013).

Acknowledgement

We thank the curators of B, BM, BRUN, FI, FR, FU, K, KYO, OL, OSA, P, SAR, SING, TI and TNS for herbaria access
and/or sending the images of the genus Sciaphila. We also gratefully acknowledge the sponsorship and the support of
JSPS KAKENHI Grant Number 17H05016 (KS) and 15H02640 (TY), and the Environment Research and Technology
Development Fund (4-1601) of the Ministry of the Environment, Japan. MD and MH thank to Rahayu S. Sukri, Faizah
Metali and Salwana Jaafar from Universiti Brunei Darussalam and Jangarun Eri from Brunei National Herbarium for

36 + Phytotaxa 459 (1) © 2020 Magnolia Press SUETSUGU ET AL.



field assistance, logistic support and invaluable help with obtaining permissions. Michal Sochor is acknowledged for
providing photographs of S. major and S. alba. The field work in Lambir Hills National Park and Kubah National Park
by ST was approved by the Sarawak Forest Department (SFD, Kuching, Malaysia), and conducted in accordance with
the Memorandums of Understanding signed between the SFD and the Japan Research Consortium for Tropical Forests
in Sarawak in November 2012. The fieldwork in Sarawak by MD and MH was conducted under the permits No.
NCCD.907.4.4 (JLD.13)-337 and (298) JHS/NCCD/600-7/2/107 issued by Sarawak Forestry Department; data from
Brunei Darussalam were collected during the period when MD was appointed as a visiting researcher at Univerisiti
Brunei Darussalam.

References

Averyanov, L.V. (2007) The genus Sciaphila Blume (Triuridaceae) in the flora of Vietnam. Taiwania 52: 12—19.

Beccari, O. (1890) Malesia raccolta di osservazioni botaniche intorno alle piante dell’ arcipelago Indo-Malese e Papuano pubblicata da
Odoardo Beccari, Volume 3. Tip. dei fratelli Bencini, Firenze-Roma.

Bentham, G. (1855) On the South American Triuridaceae and leafless Burmaniaceae form the collection of Mr. Spruce. Hooker s Journal
of Botany and Kew Garden Miscellany 7: 8-17.

Blume, C.L. (1826) Sciaphila. Bijdragen tot de flora van Nederlandsch Indié 10: 514.
https://doi.org/10.5962/bhl.title.395

Chantanaorrapint, S. & Thaithong, O. (2004) Sciaphila nana Blume (Triuridaceae), a new record for Thailand. Thai Forest Bulletin
(Botany) 32: 12—-14.

Fukuyama, N. & Suzuki, T. (1936) Three new saprophytic species of plants from the Island of Kétosyo, Taiwan. Journal of Japanese
Botany 12: 410-416.

Giesen, H. (1938) Triuridaceae. In: Engler, A. (Ed.) Das Pflanzenreich. Regni vegetabilis conspectus 1V. 18. Verlag von Wilhelm
Engelmann, Leipzig, pp. 1-84.

Hsieh, T.-H., Wu, C.-S. & Yang, K.-C. (2003) Revision of Sciaphila (Triuridaceae) in Taiwan. Taiwania 48: 239-247.

Larsen, K. (1961) Studies in the flora of Thailand. Liliaceae, Triuridaceae, Trilliaceae, Iridaceae, Polygonaceae. Dansk Botanisk Arkiv 20:
37-54.

Makino, T. (1905) Observations on the flora of Japan. The Botanical Magazine, Tokyo 19: 131-158.

Ohashi, H. (2000) A new treatment in Sciaphila (Triuridaceae) in Taiwan and Japan. Taiwania 45: 351-354.

Ohashi, H., Kato, H., Kobayashi, S. & Murata, J. (2008) A revision of Triuridaceae of Japan. Journal of Japanense Botany 83: 20-35.

QGIS Development Team (2020) QGIS Geographic Information System. Open Source Geospatial Foundation Project. Available from:
http://qgis.osgeo.org (accessed 9 September 2020)

Suetsugu, K. (2018) Sciaphila lambirensis (Triuridaceae), a new mycoheterotrophic plant from Sarawak, Borneo, Malaysia. Acta
Phytotaxonomica et Geobotanica 69: 175-180.

Suetsugu, K. & Nishioka, T. (2017) Sciaphila sugimotoi (Triuridaceae), a new mycoheterotrophic plant from Ishigaki Island, Japan.
Phytotaxa 314: 279-284.
https://doi.org/10.11646/phytotaxa.314.2.10

Suetsugu, K. & Kinoshita, A. (2020) Sciaphila kozushimensis (Triuridaceae), a new mycoheterotrophic plant from Kozu Island, Izu
Islands, Japan, based on morphological and molecular data. Phytotaxa 436: 157-166.
https://doi.org/10.11646/phytotaxa.436.2.5

Suetsugu, K., Tsukaya, H. & Ohashi, H. (2016) Sciaphila yakushimensis (Triuridaceae), a new mycoheterotrophic plant from Yakushima
Island, Japan. Journal of Japanese Botany 91: 1-6.

Suetsugu, K., Naiki, A., Takeuchi, Y., Toyama, H., Tagane, S. & Yahara, T. (2017) New distributional records for the mycoheterotrophic
plant Sciaphila alba (Triuridaceae), outside the type locality. Acta Phytotaxonomica et Geobotanica 68: 123—126.

Suetsugu, K., Kinoshita, A. & Hsu, T.C. (2019a) Emended description and resurrection of Sciaphila tosaensis and S. megastyla
(Triuridaceae). Phytotaxa 413: 231-243.
https://doi.org/10.11646/phytotaxa.413.3.4

Suetsugu, K., Kinoshita, A. & Akai, K. (2019b) A new variety of the mycoheterotrophic plant Sciaphila yakushimensis from Okinawa and
Ishigaki Islands, Japan. Acta Phytotaxonomica et Geobotanica 70: 41-47.

Tsukaya, H. & Okada, H. (2013) Two new species of Sciaphila Blume (Triuridaceae) from Kalimantan, Borneo, with a new record of S.
thaidanica from Borneo. Systematic Botany 38: 600—605.
https://doi.org/10.1600/036364413X670476

SCIAPHILA MAJOR Phytotaxa 459 (1) © 2020 Magnolia Press ¢ 37



Tsukaya, H. & Suetsugu, K. (2014) Two new species of Sciaphila (Triuridaceae) from Sarawak (Borneo, Malaysia). Phytotaxa 170:
283-290.

Van de Meerendonk, J.P.M. (1984) Triuridaceae. In: Steenis, C.G.G.J. van (Ed.) Flora Malesiana ser. I, 10. Martinus Nijhoff, The Hague,
Boston, London, pp. 109-121.

Xu, H., Li, Y.-D. & Chen, H.-Q. (2011) A new species of Sciaphila (Triuridaceae) from Hainan Island, China. Novon 21: 154-157.
https://doi.org/10.3417/2009016

38 « Phytotaxa 459 (1) © 2020 Magnolia Press SUETSUGU ET AL.



	Abstract
	Introduction
	Description
	Discussion
	Acknowledgements
	References
	Thismia minutissima (Thismiaceae), a remarkable new mycoheterotrophic species from Sarawak, Borneo
	Summary
	Introduction
	Material and Methods
	Taxonomic Treatment
	References


	New insights into variation, evolution and taxonomy of fairy lanterns (Thismia, Thismiaceae) with four new species from Borneo
	Abstract
	Introduction
	Materials and methods
	Results
	Discussion
	Connective morphology is the most appropriate character for species distinction
	Perianth morphology has been overestimated in infrageneric taxonomy
	Thismia populations may be reproductively isolated at small geographic scale

	Taxonomic treatment
	Identification key of Thismia sect. Sarcosiphon (incl. Scaphiophora and Geomitra, excl. Indochinese species with vermiform roots)1a. Mitre at its top with 1–3 appendages, at least 2 mm long ………………………………………………………… 21b. Mitre at its top without any appendag
	Acknowledgements 
	References


