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RESUMO

SANTOS, Marianna Rodrigues, D.Sc. Universidade Federal de Vigmseggmbro de
2013. Filogenia molecular, taxonomia, biogeografia e conservacéo d@scocactus
Pfeiff. (Cactaceae) Orientadora: Flavia Cristina Pinto Garcia. Coorientadotgssio
van den Berg e Nigel Paul Taylor.

O numero de espécies escocactusPfeiff. pode variar de sete a 52 taxons,
dependendo da classificagdo. Esta divergéncia entret@sasde classificacdo reflete
a dificuldade na delimitacdo de suas espécies e subespéc@msseguentemente, na
elaboracao de politicas de conservacdo que possam prattgetagons. Este trabalho
teve como objetivo realizar estudos filogenético, méxoico e biogeogréafico de
Discocactuscom intuito de aumentar o conhecimento cientificere deste género e,
consequentemente, subsidiar outros estudos sobre sagidelecologia. Além disto, a
delimitacdo filogenética, taxondmica e geografica de ssdcees podera auxiliar no
estabelecimento de estratégias de conservacdo das ssp@ckeu habitat natural e
inclusdo de taxons ndo contemplados nas listas brasildéraespécies ameacadas de
extincdo. Para a realizacdo do estudo filogenéticanfautilizadas 69 amostras, sendo
62 deDiscocactusseis deArrojadoa Britton & Rose e uma delelocactugL.) Link &
Otto e destas foram obtidas sequéncias de cinco regides Aeplstidial e duas
nucleares. Os dados foram analisados através dos métodd&xiea Parcimbnia e
Bayesiana O tratamento taxonémico, chaves de identificacédo, apadi do risco de
extincdo e distribuicdo geografica foram baseados ernmabalho de campo extensjv
conduzido em toda area de distribuicdo do géneton estudo minucioso da literatura
disponivel e analise de espécimes depositados em herbarBeasib e exterior.O
status de conservacdo foi revisado através de critérios ddiagda da IUCN
(International Union for Conservation of Nature and uMalt Resources). O estudo
biogeografico foi conduzido através das andlises de riqueasersidade de espécies
pelo método de quadriculas. Padrdes de distribuicdo fdedimidos e o método de
UPGMA foi utilizado para verificar a existéncia de blocos $iocos Além disto, foi
realizado um levantamento de espécies do género em Unidadasnservacdo (UCs)
para avaliar se as espécies consideradas ameacadasi@stionente protegidas.
Apesar do numero de regibes do DNA utilizadas, a resoluggargares em geral foi
baixa, no entanto, pequenos grupos foram bem suportados. BQgEsS Sse

correlacionam com padrdes biogeogréaficos e morfolégapie ajudou nas decisdes
Xii



taxondmicas em comparacao com sistemas de classifiGag@riores. Ostatus de
Discocactus petr-halfarizachar é revisto como subespécieDdezehntneriBritton &
Rose, e alguns sinGnimos foram reposicionados. As red@@&iNA trnS-trnG rpl16,

ITS e phyC exibiram os maiores niveis de variacdo e sao indicanlo® doa opcéo
para futuros estudos filogenéticos envolvendo outros géder@actaceae. Os estudos
taxonémico, filogenético e de distribuicdo geografica mugeeDiscocactusabriga 11
espécies e trés subespécies. Em relacdo ao estudogvé@fgeo foi constatado que a
maioria das espécies do généroonhecida em menos de dez localidades e dois taxons
sdo micro-endémicos. Quase todas as espécies foramderadsis criticamente
ameacadas, vulneraveis ou ameacadas, principalmente p#iaicdlesdo habitat e
coleta ilegal. Contudo, a maioria destas espécies nagexegida enyC. A maior
riqueza e diversidade dgiscocactusestio concentradas em duas regides: no norte da
Bahia (proximo a Chapada Diamantina e Morro do Chapéciyimdo D. bahiensis
Britton & Rose e taxons d@. zehntnere na regiao central da Cadeia do Espinhagco em
Minas Gerais (Planalto de Diamantina e Grdo Mogol), dhdglacentiformis(Lehm.)

K. Schum, D. horstii Buining & Brederoce D. pseudoinsignidl.P. Taylor & Zappi sé&o
encontrados.
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ABSTRACT

SANTOS, Marianna Rodrigues, D.Sc. Universidade Federal de Vigdsaember,
2013. Molecular phylogeny, taxonomy, biogeography and conservation of
Discocactus Pfeiff. (Cactaceae).Adviser: Flavia Cristina Pinto Garcia. Co-Advisers
Céssio van den Berg and Nigel Paul Taylor.

The number oDiscocactuspecies may vary from seven to 52 depending on the
classification employed. This divergence among classibinagystems reflects the
difficulty in the delimitation of its species and subspecersd consequently in the
elaboration of conservation policies to protect thega. This study aims to understand
the phylogeny, taxonomy and biogeography of the g@msocactusPfeiffer., in order
to increase scientific knowledge about this group and therefssist other studies on its
biology and ecology. Moreover, a better genetic delinsitatiaxonomic and geographic
understanding of its species may assist in establishintegika for conservation in
their natural habitat and inclusion of taxa not included he tist of Brazilian
endangered species. To perform the phylogenetic analysisa@®ples, 62 of
Discocactussix of Arrojadoa Britton & Rose and one dflelocactus(L.) Link & Otto
were used and sequences were obtained from five DNA remiolsling plastid and
two nuclear. Data were analyzed using Bayesian and MaximunmiBass methods.
The taxonomic treatment, identification keys, assessnté extinction risk and
geographic distribution obiscocactustaxa were based on extensive field research
conducted throughout the area of distribution of the geaudetailed study of the
available literature and analysis of specimens depositedrirartiee both in Brazil and
abroad. The conservation status was determined by applying (@¥hational Union
for Conservation of Nature and Natural Resources) evaluatiriteria. The
biogeographic study was conducted by the analysis of richnespeacigs diversity by
the grid squares method. Distribution patterns were definddr@enUPGMA method
was used to verify the existence of floristic blocksattition, a survey about species
of the genus found within Conservation Units (CUs) was coteduto assess whether
the species considered threatened are properly protectedugtitta high number of
DNA regions was used, the resolution of phylogenetic trees generally low,
however, smaller groups were well supported. These groups carelated with
morphological and biogeographic patterns, which helped in tamimn decisions

comparing with previous classification systems. The st@ftiBscocactus petr-halfarii
Xiv



Zachar is revised as a subspecie®ofehntneriBritton & Rose and some synonyms
were repositioned. The DNA regiotS - trnG rpl16, ITS andphyC exhibited the
highest levels of variation and are indicated as goormgptfor future phylogenetic
studies involving other genera of Cactaceae. The studygshology, phylogeny and
geographical distribution suggest thatscocactusPfeiffer can be divided into 11
species and three subspecies. Regarding the biogeographicitstuaty,found that the
majority of species of the genus occurs in less thanldeations and two taxa are
micro-endemics. Almost all species are critically endeedjevulnerable or threatened
mainly by habitat destruction and illegal collection. However, unfortunatetpst of
the species of the genus are not protected in CUshighest richness and diversity of
Discocactusis concentrated in the northern region of Bahia (néer Chapada
Diamantina and Morro do Chapéu) includibg bahiensisBritton & Rose and taxa of
D. zehntnerand in the centre of the Espinha¢co mountain range (RiadeDiamantina
and Gréao Mogol), wher®. placentiformis(Lehm.) K.Schum D. horstii Buining &
Brederoo andD. pseudoinsignidl.P. Taylor & Zappi are found.
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INTRODUCAO GERAL

Estudos filogenéticos em Cactaceae

Nos primeiros trabalhos com enfoque filogenético para a fai@#ictaceae, o
estabelecimento do parentesco entre as linhagens faadmlatravés da morfologia
(Metzing & Kiesling, 2008). Contudo, nestes estudos nédo fatdirados as métodos
cladisticos que s6 foram incorporadas aos estudos damika a partir da década de
80. Entretanto, nestes trabalhos ndo foram englobadoserfaetes da familia como
um todo, sendo os estudos realizados com grupos menores$/ed de tribo (Taylor &
Zappi, 1989) e géneros (Zimmerman, 1985; Taylor, 1991). TerranZata& (2003)
realizaram o estudo cladistico para toda a subfamilia ideat utilizando trabalhos
gue detalharam a morfologia interna e externa da subfaanil@ngo dos anos.

O uso de sequéncias de DNA para a reconstrucao filogenétic2aetaceae,
iniciou-se com o teste do monofiletismo para a subfamgietdeae e neste estudo
foram utilizados dados dos marcadores de cloroplago®l, trnT-trnL e rpll16
(Wallace & Cotta, 1996; Aplenquist & Wallace, 2Q0Rutterworth et al., 2002).
Posteriormente, Nyffeler (2002), reconstruiu a filogeniaa @afamilia como um todo
com base em sequéncias combinadas dos marcadores de stortoplamatk e trnL-

F. Com este estudo foi reconhecido o monofiletismo deaCeae e, principalmente,
das subfamilias Opuntioideae e Cactoideae, estabelecendafiefiemo da subfamilia

Pereskioideae.

Recentemente, Griffth & Porter (2009) reconstruiram igdénia de
Opuntioideae com base em marcadores de cloroplasto (trre-Ruclear (ITS)
identificando duas linhagens principais para a subfamilia: (1)lumhmagem incluindo
as Opuntioideae com caule cilindrico, e (2) linhagem incluasdoom caule aplanado,

demonstrando o valor taxonomico do carater “forma do caule” para a taxonomia do

grupo.

Mais recentemente, Calvente (2010), reconstruiu a filogdeigRhipsalidae
usando marcadoresnQ-rpsl6, rpl324rn-L, psbA-trnH e ITS. Este estudo forneceu
evidéncias importantes para a redefinicdo de limites gesémeo Rhipsalidae,

especialmente eMatiora Britton & Rosee Schlumbergerdem.



A maioria dos estudos que aborda a filogenia em Cacté&weakborada para
géneros de Cactoideae: (Lpphocereus(Berger) Britton & Rose, com base nos
marcadoredrnL-F, trnC-trnD e trnS4rnfM (Hartmann et al., 2002); (Zachycereus
(A. Berger) Britton & Rose, com base nos marcadop$6, trnL-F e ITS (Arias et al.,
2003); (3)MicranthocereusBackeb., com base no marcadorL-F (Aona, 2003); (%
Mammillaria Haw. com base nos marcadorgad16 e psbA-trnH (Butterworth &
Wallace, 2004); (bPeniocereugBerger) Britton & Rose, com base nos marcadores
rpl16 etrnL-F (Arias et al., 2005); (6RebutiaK. Schum., com base nos marcadores
atpB-rbcL, trnL-F etrnK-rpsl6 (Ritz et al., 2007); {/RhipsalisGaertn., com base nos
marcadores de cpDNAIrnQ-rpsl6, rpl324rn-L, psbA-trnH, além do nDNA (ITS) e o
gene nuclear malato sintase (MS) (Calvente, 2010).

Até o momento, as filogenias de Cactaceae produzidas aitizaB marcadores
de cloroplastorpl16, rpoC1, trnT-trnL, trnL-F, psbA-trnH, trnK-matK, rbcL, atpB-
rbcL, trnL-rpsl6, trnC-trnD, trnS4rnfM, trnQ-rpsl6, rpl324rn-L), trés nucleares
(ITS, MS ephyC) e ummitocondrial (coX3). Estes estudos estabeleceram o
parentesco entre os grandes grupos e linhagens da familiajakeseete em
Opuntioideae e Pereskioideae, ressaltando a necessidadmaide estudos em
Cactoideae, uma vez que esta subfamilia inclui a maiersilade de cactos da familia

e um grande numero de tribos e géneros que ainda permapegeminvestigados.

A familia Cactaceae

Cactaceae pertence a ordem Caryophyllales que atualmente bgamilias,
entre elas, Aizoaceae, Caryophyllaceae, AmaranthaceaserBceae, Nyctaginaceae,
Polygonaceae e Portulacaceae (Stevens, 2010). Cactatéadivedida em quatro
subfamilias: Maihuenoideae, Pereskioideae, Opuntioideae e d&mdoiCactoideae
apresenta 0 maior nimero de géneros e espécies sendadiddEm nove tribos:
Hylocereeae, Cereeae, Echinocereeae, Trichocereldagcacteae, Rhipsalidae,
Browningeae, Pachycereeae e Cacteae (Hunt & Taylor, 1990keDestas, as tribos
Trichocereeae e Cereeae predominam em numero de génergecies no Brasil
(Taylor & Zappi, 2004).

Trata-se de uma familia botanica composta por espéciexrescbntes,

arbustivas, trepadeiras ou epifitas, geralmente sueslenperenes, sendo quase todas
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endémicas das Américas, onde se distribuem desde o CadadArgentina (Gibson &
Nobel, 1986; Monte®t al, 1997). Apenas trés subespéciesRigpsalis baccifera
(J.S.Muell.) Stearn Rhipsalis bacciferasubsp. mauritina (DC.) Barthlott, subsp.
erythrocarpa (K. Schum.) Barthlotte subsp.shaferi (Britton & Rose) Barthlott &

N.P.Taylor) sdo encontradas no Velho Mundo (Maxwell 1998, 1998). &) maior

centro de diversidade da familia encontra-se no México e stedoes Estados Unidos
seguido pelas cordilheiras Andinas, abrangendo o Perujdaitwdeste do Chile ead

Argentina e, posteriormente, o leste do Brasil (Hedtean& Godinez, 1994; Boyle &
Anderson, 2002; Taylor & Zappi, 2004).

As Cactaceae ocorrem entre as latitudes 35° Norte e Bta, &a nivel do mar
como até mais de 5000m de altitude (Boyle & Anderson, 2002; iT&yZappi, 2004).
Desta forma, as espécies desta familia possuem a capacidadsai em diferentes
ecossistemas, no entanto, a maior diversidade é eadarém regides aridas e semi-
aridas, onde sédo importantes fontes de recursos paraafivespécies de vertebragos
invertebrados, principalmente, na estacdo seca, época emaqyande escassez de
recursos (Taylor & Zappi, 2004). Adicionalmente, algumapéess de cactos
representam importante fonte de recursos alimentareetarphra seres humanos e
seus rebanhos, além de possuirem enorme valor orndif@rnega-Baes & Godinez-
Alvarez, 2006).

Em toda area de ocorréncia, a familia Cactaceae cordereéedd géneros e
1.438 espécies (Huet al, 2006), representando a segunda familia com maior nimero
de espécies endémicas das Ameéricas, sendo que Bromeliaopaeoogrimeiro lugar
(Taylor & Zappi, 2004). No Brasil é registrado até o motoe37 géneros, 233 espécies
(174 endémicas), 94 subespécies (80 endémicas) e uma valiéaapiet al, 2013).

Recentemente foi aprovado pelo ICMBio-MMA (Instituto GhidMendes,
Ministério do Meio Ambiente) o Plano de Ac¢do Nacionalapar Conservacdo de
Cactaceas que visa a ampliacdo do conhecimento solmetaseas no Brasil, além de
desenvolver acfes que irdo contribuir para o manejopdeies da familia que estéo no
Anexo | da Lista Oficial das Espécies da Flora Brasildimeacadas de Extincéo
(MMA, 2008).



Histérico de Discocactus Pfeiff.

Discocactudoi descrito como género em 1837 por Louis Pfeiffer que desare
D. insignise outras duas espécies em 1839)Jehmanniie D. linkii. Pfeiffer usou os
seguintes caracteres para distinguir as espécies do géxetabo do calice aderido ao
ovario, nu na base, nado dividido, sépalas conadas, heregpo. Pétalas numerosas que
formam uma corola tubulosa em forma de funil. Estarmiésrines, os externoso
nivel das pétalagsinternos mais curtos e aderidos ao célice do tubdetestilavado,
5 lobos, alongados, lienares. Frutos muito simples, 6idiss, com costelas e
espinhosos. Um cefalio falso no topo com la macia e ¢ulzer sem pélos (como em
Melocactu$. Flores surgem através das las no topo, longo tubo gidmagzao noturna,
deciduas, receptaculo persistente”. Esta descrigdo nao é perfeita porque a forma do fruto
nunca é discoide, ndo possui costelas e nao é espilitgies.caracteres sao referentes

ao cefalio ou caule que séo discoides e espinhosos.

Anteriormente em 1826.ehmann havia publicadGactus placentiformigjue,
posteriormente foi incorporada ao género. As trés espdeiscritas por Pfeiffer assim
como Cactus placentiformisLehm. foram combinadas por Schumann dn
placentiformis(Lehmann) Karl Schumann em 1894. Em 1846 e 1&n0alteolens
Lemaire ex Albert Dietrich e D. tricornis Monville ex Pfeifer foram descritas,
respectivamentelodas as espécies citadas acima se tratam de formaseiamleD.
placentiformisque é endémica do Estado de Minas Gerais (Taylor & Z2004;
Machado, 2004)

Em 1898 Malacocarpus heptacanthuBarbosa Rodrigues foi descrita e em
1900, Echinocactus hartmanniiKarl Schumann ambos os taxons referentes a
Discocactuse que posteriormente foram incluidas no género em 1922 rjitonB&
Rose (1922). Neste estudo os autores descreveram trés espeagepara o Estado da
Bahia,D. bahiensisD. zehntnerie D. subnudusSegundo Buining (1980), esta ultima,
provavelmente se trata de uma planta que foi danificada fogjo e que,

consequentemente ficou sem seus espinhos, 0 que inspirdato dpto a espécie.

Backeberg em 1960 descreveu paranaensigara o Estado do Parana, desde
entdo esta espécie nao foi recoletada sendo conhecidas qy@damalescricao original.
Em 1963, Backeberg descrevBu boliviensise o tipo foi coletado no leste da Bolivia

proximo a fronteira com o Brasil. Entre 1971 e 1980, um ndncensideravel e
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espécies foram descritas para o género, principalmente ywing & Brederoo que

publicaram 32 espécies e 2 subespécies sendo 26 espécies esfedeabrovas

(Buining, 1980) (Tabela)Outras espécies foram descritas no periodo entre 1978 a 2001

por Diers, Esteves, Brederoo & Broeck, Pierre JosetiBrentre outros (Machado,

2004) (Tabela). Entretanto, a maioria das espécies farmmirmizadas por Hungt al.

(2006) que consideraram apenas 11 espécies e duas subegqfé@tieln). Em 2008

Zachar descreved. petr-halfari no mesmo ano foi considerada subespéci®de
bahiensigor P.J. Braun & Esteves (2008).

Tabela. Histérico deDiscocactus.

Autor/ano

Espécies e subespécies publicadas e outras informacd

Pfeiffer 1837

PublicouDiscocactusomo género B. insignis

Pfeiffer 1839

PublicouD. lehmanniie D. linkii

Lemaire ex Albert Dietrich 1846

D. alteolens

Monville ex Pfeiffer 1850

D. tricornis

Schumann 1894

CombinouD. insignis, D. lehmannig D. linkii assim coma
Cactus placentiformiglescrita por Lehmanam 1826 em
D. placentiformis

Barbosa Rodrigues 1898

Malacocarpus heptacanthus

Schumann 1900

Echinocactus hartmannii

Britton & Rose 1922

Incluiu Malacocarpus heptacantheschinocactus
hartmanniino género e publicarabr bahiensisD.
zehntnerie D. subnudus

Backeberg 1960

D. paranaensis

Backeberg 1963

D. boliviensis

Buining & Brederoo 1971

D. boomianus

Buining & Brederoo 1973

D. horstii

Buining & Brederoo 1974

D. albispinus D. catingicola D. magnimammuys D.
mamillosuse D. patulifolius

Buining & Brederoo 1975

PublicaramD. cephaliaciculosusD. ferricola, D. griseus
D. pachytele D. rapirhizus D. semicampanifloruge D.
silicicola.

Diers 1978

D. estevesii

Esteves 1979

D. diersianus

Buining & Brederoo 1980

PublicaramD. araneispinusD. flavispinus D. latispinus
D. magnimammusubespbonitoensisD. nigrisaetosusD.
melanochlorus D. nigrisaetosus D. pugionacanthusD.
pulvinicapitatus D. silvaticus D. spinosior D.
squamibaccatue D. subviridigriseus




Cont. Tabela Historico deDiscocactus.

Autor/ano Espécies e subespécies publicadas e outras informacgdes

Diers & Esteves 1980 . cangaensisD. goianuse D. subterraneo-proliferans

Buining & Broek 1980 . woutersianus

Diers & Esteves 1981 . lindanus

D
D
D
D

P.J. Braun & Brederoo 1981 D. multicorispinus

W.R. Abraham 1987 . buenekeri

Diers & Esteves 1987 . pseudolatispinus

Diers & Esteves 1988 . proeminentegibus

N.P. Taylor & Zappi 1991 . pseudoinsignis D. zehntnersubespboomianus

P.J. Braun & Esteves 1994 D. crassispinus, D. magnimammawespsetosiflorus

P.J. Braun & Esteves 1995 D. cephaliaciculosusubespnudicephalusD. piauiensis

D
D
D
P.J. Braun & Esteves 1990 D. zehntneriar.horstiorum
D
D
D
D

P.J. Braun & Esteves 1996 D. crassispinussubesp.araguaensis, D. hartmannisubesp.

giganteus

P.J. Braun & Esteves 2001 D. bahiensisubespgracilis

Huntet al.(2006) Reconheceram apenas 11 espécidsas subespécies
sinonimizaram, principalmente, a maioria das espé
publicadas por Buining & Brederro, Diers & Esteves e
Braun & Esteves.

Discocactus bahiensiBritton & Rose,Discocactus boliviensi
Backeb., Discocactus catingicola Buining & Brederoo,
Discocactus diersiarsiEsteves Pereird)iscocactus hartmanni
(K.Schum.) Britton & Rosepiscocactus ferricolaBuining &
Brederoo, Discocactus heptacanthu@Barb.Rodr.) Britton &
Rose, Discocactus horstiiBuining & Brederoo, Discocactus
placentiformis(Lehm.) K.Schum. Discocactus pseudoinsign
N.P. Taylor & Zappi,Discocactus zehntneBritton & Rose:
Discocactus zehntnerissp. zehntenri Britton & Rose e
Discocactus zehntnersp. boomianus(Buining & Brederoo)
N.P. Taylor & Zappi.

Zachar 2008 D. petr-halfari

P.J. Braun & Esteves 2008 D. bahiensisubesppetr-halfari

O géneroDiscocactus Pfeiff.

O género Discocactus estd posicionado na subfamilia Cactoideae e antes
pertencia a tribo Trichocereeae (Taylor & Zappi, 2004)tretanto, sempre foi
associado ao génerdlelocactus Link & Otto (tribo Cereeae) devido ambos
apresentarem habito globoso e cefalio terminal, sendait@laridade vegetativa
motivo para supor que este seja um caso de convergénciehgtta 2004).

Atualmente, dados moleculares corroboram tal hipétess, geiacordo com Crozier
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(2005), estes géneros formam um grupo irmao, pertencenesma tribo (Cereeae) e
subtribo (Cactanae).

Discocactusreiine plantas com habito globoso-achatado ou disodédgqual a
regido florifera é diferenciada em cefalio (regido caslaréolas sdo dispostas de forma
mais compacta, sendo reprodutivamente ativas) posicioradpice do caule, de onde
surgem flores noturnas, brancas, apresentando a esfingoditieo sindrome de
polinizacado (Machado, 2004).

O numero de espécies DBiscocactug algo que tem causado muita divergéncia
entre os especialistas e sistemas de classificacdo. ddeguiming (1980), o género
possui 32 espécies e 2 subespécies. Braun & Estev@gaR&093 a, b, ¢, 1995, 2002)
reconhecem 51 taxons, sendo 25 espécies, 22 subespéciespiedsre 4 variedades.
Ja Taylor & Zappi (2004) reconheceram 10 taxons: 7 espécteds esubespécies.
Entretanto, apenas a regido leste do Brasil foi 0 @lgjetestudo destes autores, sendo
assim, eles nao incluiram os taxons que ocorrem n@oregste do pais e nos paises
vizinhos (Bolivia e Paraguai). Hurét al (2006) consideraram 11 espécies e 2
subespécies em toda a area de ocorréncia do género, (Bodisia e Paraguai), e, com

isto, sinonimizaram muitas espécies e subespéciesheridas por outros autores.

No Catalogo de Plantas e Fungos do Brasil (Flora do IBrasigénero esta
representado por 10 espécies (8 endémicas) e 2 subespéaidénitcas) (Zappet al.,
2013), entretanto, ainda ha muito o que discutir sobrenceral real de espécies e
subespécies eliscocactusSendo assim, a divergéncia na classificacao infraegecif
do género reflete a dificuldade na delimitacdo de espdeiBsscocactusapenas pela

morfologia e distribuicdo geografica.

Em relacdo a conservacdo, de acordo com a IUCN (Unido Miupdra a
Conservacdo da Natureza) (2011), todas as espéci€sdecactusse encontram
ameacadas de extingcdo podendo ser em maior ou menor graudd; tal avaliacdo da
IUCN foi realizada apenas para sete espécies, ndo considermmidaros taxons que
ocorrem na regido oeste do Brasil, Bolivia e Paradtstia situacdo traz a tona a
importancia de uma melhor delimitacdo de espécies do gé&texeés do maior
conhecimento sobre sua morfologialacdes filogenéticas e distribuicdo geografica
gue possibilitara a inclusdo de um maior nimero de taxondiseas de espécies

ameacadas de extingao.



As espécies dBiscocactuspossuem um numero reduzido de populagdes, além
disto, estas populacdes sé&o pequenas e possuem grandeicetgueifde habitat
ocorrendo em &reas bastante restritas o que as toitavulmeraveis a perturbacdo e
destruicdo de sehabitat Outro fator que ameaca a conservacao destas espécies é a
coleta e comercializagdo desenfreada realizada por caéemres ou simplesmente
pelos moradores de povoados carentes. Devido aos probfeemesonados, todo o
género esté listado no apéndice da CITES (Convenc@méaaional sobre o Comércio
de Espécies Silvestres, Lithy, 2001). Algumas também estaddaxlna Lista de
Espécies Ameacadas de Extincdo da Flora do Estado ds Rarais D. horstii, D.
placentiformise D. pseudoinsignis (Biodiversitas, 2006) e no Apéndice | da Lista
Oficial das Espécies da Flora Brasileira Ameacadas dedaxti (apena®. horstii)
(MMA, 2008). Outras estdo no Apéndice Il desta liRalfahiensiBritton & Rose D.
catingicola Buining & Brederog D. ferricola Buining & Brederog D. placentiformis
(Lehm.) K. Schume D. zehntneriBritton & Rose), que engloba espécies com dados

insuficientes.

Diante do exposto, este trabalho teve como objetiMzae@studos filogenético,
taxondmico e biogeografico do génemiscocactus com intuito de aumentar o
conhecimento cientifico acerca deste grupo. Além distdendoauxiliar futuramente
estabelecimento de estratégias de conservacdo das ssp@ckeu habitat natural e
inclusdo de taxons ndo contemplados nas listas brasildéraespécies ameacadas de

extincao.
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Abstract — The present study usaegions of cpDNA and nuDNA to infer the
phylogeny of the genuBiscocactusaiming to understand the relationship among its
speciesFor this, we included 69 samples representing all known spécizisapcactus
and selected outgroups, then we performed parsimony and &ayebkylogenetic
analyses of DNA sequences from seven DNA regions (nudi&uphyC plastidmatK
gene, psbArnH andtrnS-trnGintergenic spacerspll6 andrpsl6introns). Despite the
number of DNA regions, the overall resolution was low, beveral small, well-
supported groups were recovered. These groups correlate to bmg@ogmnd macro-
morphological patterns, and helped in taxonomic decisiaesessing previous
classification systems. The statusbcocactus petr-halfarizachar is revised as a
subspecies dD. zehntnerBritton & Rose. The DNA regionsnS-trnG rpl16, ITS and
phyCdisplayed the higher levels of variation, and adidated as good choices for to

help in future phylogenetic studies involving other genel@axtaceae.

Key words: cacti, phylogeny, South America, nuDNA, cpDNA.
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INTRODUCTION

Cactaceae is assigned to the order Caryophyllales (Cagtitial. 2007; Stevens
2012), comprises 127 generdd38 species and is divided into four subfamilies:
Cactoideae, Pereskioideae, Maihuenioideae and Opuntioidea¢ €Hal. 2006). The
family is distributed from Canada to Southern Pataganfahile and Argentina (Speirs
1982; Kiesling 1988). OnlRhipsalis baccifergJ.S.Muell.) Stearn occurs in Africa,
Madagascar and Asia (Thorne 1973; Barthlott 1983). The gresgesies richness is
concentrated in Mexico, southwestern Andean region mméstern Brazil (Taylor and
Zappi 2004).

Cactoideae is the most diverse subfamily of cacti am$tdutes a monophyletic
group, characterized by a complete reduction of leavadfeldr 2002). Although
phylogenetic studies have been conducted for some genera asldfilCactoideae:
Hartmann et al. (2002)LophocereugBerger) Britton & Rose); Arias et al. (2003,
2006) PachycereugBerger) Britton & Rose); Butterworth and Wallace 2004; Gozi
(2004, 2005); Harpke and Peterson (20Qd@arqimillaria Haw.); Arias et al. (2005)
(Peniocereus(Berger) Britton & Rose); Ritz et al. (2007R€butia K. Schum.);
Calvente et al. (2011) (Rhipsalideae); Schlumpberger and R€20E2) Echinopsis

Zucc.), the relationships within this subfamily are still poantglerstood.

Discocactus Pfeiff. is a genus of globose cacti belonging to subfamily
Cactoideae and tribe Cereeae, hawgocactusLink & Otto as sister group (Crozier
2005). This genus is characterized by having a discoid to deprglsdede, single or
caespitose habit, the fertile part of the stem difiiated imo a terminal cephalium
bearing noctural, white flowers pollinated by moths and fruits dehiscing byradte
slits, the seeds with strongly tuberculate testa (Barthlott and Hunt 2000; Anderson
2001; Taylor and Zappi 2004; Machado 2004). The genus is |laneglycted to Brazil
with only two taxa occurring in bordering areas of Boliaizd Paraguay. In Brazil its
distribution comprises the Central-Western, Northeashech Southeastern regions of

the country (Fig.1).

The number oDiscocactusspecies is controversial and the divergence in its
classification amongst modern authors (Buining 1980; Taylor 188tlerson 2001,
Taylor and Zappi 20QHunt et al. 2006) reflects the difficulty of species defation
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in the genus. According to Hunt et al. (2006), the most receonhdaic treatment
Discocactusncludes 11 species and two heterotypic subspecies.
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Figure Distribution area oDiscocactuspecies.

Therefore, this work aims to do a phylogenetic studyHergenudiscocactus
in order to understand better the relationships amongdsies, thus throwing some
light on and hopefully elucidating the divergences among thieemt classification
systems that have been proposed for the genus. A déesmification ofDiscocactus
species will foster our knowledge of the evolution ofgkaus, and it will also serve to

accurately assess the actual conservation status ofiisticlt taxon.
MATERIAL AND METHODS

Taxon sampling— A total of 69 samples was collected of which 62 belong to
Discocactussix areArrojadoa Britton & Roseand oneMelocactus All species (11)
and two infraspecific taxa currently attributeddiscocactugHunt et al. 2006), besides
one more infraspecific taxaD( zehntnerisubsp.petr-halfarii), recently recognized

(Santos et al.,, 2013 chapt2) were sampled. We tried to sample the overall
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morphological variations of species throughout therifistion area. All voucher

specimens are deposited at the Herbarium of the Universi@ederal de Vigosa,

Vigosa, Minas Gerais, Brazil (VIC). Sampling details and Bzatk accession numbers
are presented in Appendix 1.

DNA extraction and purification— The CTAB protocol of Doyle and Doyle (1987)
with modifications was used to extract the total DNAnireslices of the stems
previously dried with a hairdryer and preserved in silica geé purification of the

DNA extracted was performed using chloroform/isoamyl alcof2dl:1) as in the

original protocol, adapted for 2 mL microtubes. The pellet washegtwice with 70%

ethanol and subsequentigsuspended in TE buffer. The concentration of the etdca

DNA was estimated on 1% agarose gleyscomparison with a 100 bp DNA ladder.

Amplification and sequencing— Double-stranded amplification of the target sequences
was done using the polymerase chain reaction (PCR) irRa336tem 9700 GeneAmp
thermal cycler. After initial tests seven regions eveelected (ITSnhatkK phyG psbA-
trnH, rpll6, rpsl6 and trnS-trnQ. Primer sequences used for amplification and

sequencing primers are shown in Table 1.

Table 1. Primers designed and used to amplify and sequence the @astiduclear
loci. All primers were used to amplify and sequence, excepwlfith was sequenced
using other primers*.

Regions Primer name:sequence (5’ to 3°) Reference

ITS 17SE: ACGAATTCATGGTCCGGTGAAGTGTTCG Sun et al., 1944
26SE: TAGAATTCCCCGGTTCGCTCGCCGTTAC

ITS* 92: AAGGTTTCCGTAGGTGAAC Desfeux et al., 1996
ITS4: TCCTCCGCTTATTGATATGC White et al. 1990
matK 1326: TCTAGCACACGAAAGTCGAAGT Cuénoud et al., 200z
390F: CGATCTATTCATTCAATATTTC
phyC F: AGCTGGGGCTTTCAAATCTT Helsen et al., 2009
R: TCCTCCACTTGACCACCTCT
psbA-trnH psbA: GTTATGCATGAACGTAATGCTC Sang et al., 1997
trnH: CGCGCATGGTGGATTCACAAATC
rpll6 F71: GCTATGCTTAGTGTGTGACTCGTTG Small et al., 1998
R1516: CCCTTCATTCCTCTATGTTG
rpslé  1F:5’-GTGGTAGAAAGCAACGTGCGACTT Oxelman et al., 1997
2R:5'-TCGGGATCGAACATCAAT TGCAAC
trnS-trnG  S: GCCGCT TTAGTCCACTCAG Hamilton, 1999

G:GAACGAATCACACTT TTACCAC
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The reactions were performed using the Top Taq MasterkkgQiagen) in a
total volume of 10-12 ptontaining the following components: 5-6.25 ul of Top Taq
2xMaster Mix, 0.24-0.75uM of each primer. For ITS reactions were used as additives
IM Betaine, 1pg BSA and 2% DMSO. The parameters of the amplification reactions
for each region are shown in Table 2.

Table 2. PCR conditions for the amplification of different gem®regions used in this
study.

Genomic Initial Denaturing Anneling Extension Final N° of
region melting °C/Time  °C/Time °C/Time extension Cycles
°C/Time °C/Time
ITS 94/3min 94/l min 50/1min  72/3min 72/ 7 min 28

matK 94/1 min 94/45s  48/30seg 72/1lmin  72/7 min 26
phyC 94/5 min  94/1 min 55/1:30 72/2 min 72/ 9 min 35
psbA-trnH  80/5min  95/1 min  66/4min - 66/10min 30
rpl16 94/5 min 94/30 s 52/1min  72/1:30  72/7 min 35
rpsl6 94/5 min 94/30 s 52/ min  72/1:30  72/7 min 35
trnSG 80/5 min  95/1 min 66/4min - 66/10min 30

All reactions were maintained at 4°C after final extension.

The PCR products were quantified using agarose gel electrogh(ités) with
Sodium Borate buffer (Brody and Kern 2004), for 40 min at 100V, ,620VmA in
electrophoretic source (Consort-E-832). The gel was stawith ethidium bromide
(5ug/mL) and visualized on a UV light transluminator (UV). Theoentrations (in ng)
of PCR products were estimated by comparing the intenslamds produced by PCR
with the intensity of bands DNA ladder marker through Kotlaksoftware 3.6.

All PCR products were purified by precipitation with polyethylemecol (PEG
8000) at 11% andesuspended in the same volume of PCR with ultrapure .witer
sequencing reactions were performedpl, with the Big Dye Terminator Kit version
3.1 (Applied Biosystems), 2.5 pmol primand 0.53ul PCR product. The amplification
for sequencing was performed for 35 cycles (except for I'B6 did not exceed 28
cycles) of 10s at 96°C, followed by 5s at 50°C and a finalheida for 4 min at 60°C.
Before sequencing, the reactions were purified by the following steps: 40 pl of
Isopropanol 80% (incubated during 15 minutes at room temperattihe idark, then
centrifuged for 15 minutes in maximum speed and after the rsatp@t was discarded),
twice with 150 pl of Ethanol 70% (centrifuged for 5 minutes in maximum speed and

after the supernatant was discarded). After these theps, 3he samples were allowed
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to dry and then reaspended with 10 ul of formamide used in sequencing process. The
samples were sequenced in both directions on an automajeeénser (Applied
Biosystems ABI3130XL) at UEFS.

Sequence editing and alignment— The electropherograms obtained were edited using
the programs PREGAP4 and GAP4 of the Staden Package (®taaleri998) and the
sequences obtained were submitted to BLASTn search on @&. N'he edited
sequences were aligned automatically with the software MESCEdgar 2004)
through the software MEGA 5.0 (Tamura et al. 2011). Theltnegualignments were
manually revised using BIOEDIT (Hall et al. 2009), following theidglines of
Kelchner (2000) for the plastid regions. Ambiguous regions \eactuded from the
analysis and indels were coded by the method of Simplengoimmons and
Ochoterena 2000) using the GAPCODER (Young and Healy 2003).

Congruence testing—The markers sampled for this study are located in bl aplast
(cp) and nuclear (n) DNA. For this reason, congruencedsst the primer data sets
was tested using the incongruence length difference (ILD) Festig et al. 1995).The
tests were conducted in PAUP *version 4.0b10a (Swofford 2002) tiengriterion of
Maximum Parsimony (MP), heuristic search with 100 replicdi8srandom additions
replicates were run using tree-bisection-reconnecti®&RjToranch swapping, Multrees
activated and saving 20 trees in each replication. Thts teere made initially
congruence between the regions pair to pair of each gefmmkear and plastid) and

then between the data sets of the two genomes.

Parsimony analyses— The Maximum Parsimony (MP) analyses were performed using
PAUP* version 4.0b10 (Swofford 2002) with Fitch parsimony ciatenhere characters
have equal weight and are unordered (Fitch 1971). Gaps card#spdo insertions-
deletions (indels) were coded as missing in the nucleotidexmibitit added as binary
characters in the end. For each heuristic search, 18@fom sequence addition
replicates were run using tree bisection-reconnection (TiB&)ch-swapping, limiting
the number of trees saved per replicate up to 10 to redueesfient in swapping on
large islands of trees. The shortest trees idedtifiem this search were then used as
starting trees for a second search, swapping on them up to 16e@80using TBR.
Internal support was evaluated with 1,000 bootstrap repliceedsefistein 1985) with

simple taxon-addition and the TBR algorithm, saving up to &8stper replicate. The
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character state optimization used was the Acceleratedsforamtion (ACCTRAN).
For assessment of bootstrap percentages (BP) we codsierH0% as strong, 75
84% as moderate, and-5Q1% as weak support (Kress et al. 2002).

Bayesian analyses—For Bayesian inference, we first selected evolutionaogets for
each DNA region using Akaike information criterion (AICPAk@ike 1974) in
MrModeltest 23 (Nylander 2008). The substitution models selected for esgibn can
be seen in Table 3. Bayesian analysis was performed usBayets 3.1 (Ronquisit al
2003, 2005) with a mixed-model approach. The algorithm consistegbahtlependent
runs with four chains for 10,000,000 generations, sampling ong #0680 trees. After
discarding the first 8,500 (70.8%) trees as burn-in, timair@ng trees (3000) were used
to assess topology and posterior probabilities (PP) in jaribyarule consensus in
MrBayes to provide posterior probabilities (PP). BecausenFBayesian analyses are
not equivalent to BP and are generally much higher (Erix@h 2003), we used >0.95
PP as well supported.

RESULTS

Missing data and sequence alignment — Our combined data sets include 69 samples,
but not all taxa were sequenced for all seven regionslg€T3a Appendix 1). Sequence
length of the studied regions varied considerably among #ligned length for all

regions is shown in Table 3.

Data partition combinability and phylogenetic analyses —The ILD test detected
significant incongruence at the 5% level but not at 1% betweelear and plastid
DNA regions p = 0.02), thus they were analyzed both combined and sepatately
compare their topologiedBecause the topology of huDNA treéd chot show good
resolution, here we will present for parsimony resuitses with all regions combined
and plastid combined (cpDNA) (Figs. 2 and 3).

The combined data matrix was 6705 bp long, of which 6091 charaaters
constant 369 parsimony-uninformative and 245 parsimony-informative. Géner
features of the DNA regions are presented in Table 3.aligpement oftrnS-trnG and
ITS plus indels were the longest and provided the majorityadéble and potentially
parsimony-informative sites (Table 3). The parsimony aisigs the seven loci matrix
resulted in 861 most parsimonious trees (CI=0.74, RI=0.80) (Fig. TAe
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Table 3. DNA data sets used in this study, in relation to one ofbst parsimonious trees resulting from combined analysisegolutive models

selected to Bayesian Inference (BI).

DNA regions N° Aligned N° of N° of potentially Number of Fitchtree  N° de Cl RI Evolutive
taxa  Length variables Parsimony changes/variable  Length Indels Model to Bl
Sites informative sites site
ITS region 59 853 64 (7.5%) 19 (2.2%) 1.70 109 - 0.31 0.27 GTR+I
ITS1 - 213 10 (4,7%) 2 (0.9%) 1.30 13 - 0.50 0.50 F81
5.85/18S/26S - 394 29 (7.4%) 6 (0.7%) 1.24 36 - 0.50 0.33 GTR+I
ITS2 - 246 25 (10.2%) 11 (4.5%) 2.40 60 - 0.24 0.24 HKY+G
Indels included - 1096 307(28.0%) 75 (6.8%) 1.46 449 0.35 0.18 -
Indels only 243 243 56 (23.0%) 1.13 338 243 0.71 0.18 -
matK gene 66 915 19 (2.0%) 7 (0.8%) 1.53 29 0.41 0.50 HKY
Indels included - 934 37 (4.0%) 28 (3.0%) 1.27 47 0.47 0.58 -
Indels only - 19 19 2 (10.5%) 1 19 19 1 1 -
phyCgene 63 999 63 (6.3%) 29 (2.9%) 1.81 114 - 0.45 0.68 HKY+I+G
psbA-trnHgene 67 484 24 (4.96%) 9 (1.9%) 2.83 68 0.25 0.56 GTR+I+G
Indels included - 491 30 (6.1%) 11(2.2%) 2.53 76 0.29 0.59 -
Indels only - 7 7 2(28.6%) 1 13 7 0.54 0.62 -
rpll6 intron 65 915 40 (4.37%) 17(1.9%) 1.10 44 0.90 0.96 F81+l
Indels included - 925 48 (5.19%) 21 (2.3%) 1.15 55 0.82 0.93 -
Indels only - 10 9 4 (44.4%) 2 18 10 0.50 0.73 -
rpsl6intron 68 928 24 (2.6%) 10 (1.0%) 1.92 46 0.31 0.51 GTR+I
Indels included - 937 33 (3.6%) 17 (1.8%) 2.42 80 0.27 0.46 -
Indels only 9 9 7(77.8%) 2.44 22 9 0.41 0.70
trnS-trnGspacer 69 1312 89 (6.8%) 68 (5.2%) 2.16 192 0.44 0.80 GTR+I
Indels included - 1323 96 (7.3%) 75 (5.7%) 2.47 237 0.37 0.76 -
Indels only 11 11 8 (72.7%) 1.72 19 11 0.58 0.88 -
NuDNA - 1852 127 (6.9%) 48 (2.6%) 1.75 223 - 0.39 0.66 -
cpDNA - 4554 196 (4.3%) 117 (2.6%) 1.93 379 - 0.42 0.90 -
All data combined - 6705 614 (9.2%) 245 (0.4%) 1.40 861 - 0.74 0.80 GTR+I+G

Note: Cl= Consistency Index , calculated excluding uninformatnegacters; RI= Retention Index, calculated excluding amimdtive characters.
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strict consensus trees of the parsimony combined and cpBhNABayesian are shown
in Figure 2, 3 and 4, respectively.

The CI and RI values of thenS-G rps16 psbA-trnHandmatKindels show that
they contributed relatively more to tree resolution ttiair corresponding nucleotide,
unlike of ITS andpl16 indels, which therefore contain a great deal of ndiséle 3).

Phylogenetic relationships among species— The samples of the speciBscatingicola
Buining & Brederrg D. diersianusEstevesD. hartmannii(K. Schum.) Britton & Rose
D. heptacanthugBarb. Rodr.) Britton & Rose an®. placentiformis(Lehm.) K.
Schum. do not had sufficient variatioto understand their relations. With they will
be discussed according with the small groups formed itogieogies (Fig. 2, 3 and 4).
The relationships among other speci€s pseudoinsigniN.P. Taylor & ZappiD.
horstii Buining & Brederog D. boliviensisBackeb.,D. ferricola Buining & Brederoo
andD. zehntnerBritton & Rose) will be related below.

Discocactus zehntnedomprises one species and three heterotypic subspecies
(subsp.boomianus(Buining & Brederoo) N.P. Taylor & Zappgubsp.petr-halfarii
(Zachar) M.R. Santos & Machado and sulrghntnen. The monophyly of this species
group was supported by parsimony consensus trees (BP=74%), cpDNB86®IP and
Bayesian (PP=1). It is represented by clade A in adlstrshowed (Figs. 2, 3 and 4).
Only in the Bayesian tree, the specimnzehntnerisubsp.zehntneriMM2 did not

group with other taxa of the group (Fig. 4).

Samples oDiscocactus placentiformisould not be grouped in a species for
lack of variation. However, some specimens clustered gothd support, e.g. in the
parsimony consensus tree (Fig. 2) the group D is formed byspleeimensD.
placentiformisMRS 110 and 112 (BP=74%). Already in the Bayesian conseresis tr
group E incluésthe already mentioned species, &hdplacentiformisMRS 100 with
0.72 of PP (Fig. 4).

The close relationship betwe&n pseudoinsigniendD. horstii is pointed out
by good support of the group represented by L in the parsimomsensus tre@BP=
72%) and group F in the Bayesian consensus tree (PP=1) (Rigs4).dn the cpDNA
consensus tree this relationship is showed as group D withdd9®B&. The affinity

betweerD. ferricola andD. boliviensisindicated by groups E (parsimony) and H
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Synonyms

51 D. horstii MRS 75 OO
72 D. pseudoinsignis MRS 74O O
Ribs type D. p.?‘eu{ioinsignis MRS76 O O o
WStraight 53 —0D. d{ers@nus MM1800O O D. cephaliaciculosus
DSIig(hl_\’ spiralled e D. diersianus MRS 230 O O D. cephaliaciculosus
DSpimlled _@84—‘:11 diersianus MM 2130 0O O D. cephaliaciculosus
D. diersianus MM 19 0 O O D. cephaliaciculosus subsp. nudicephalus

2’8‘;:: heteesarsles 63 f————D. diersianus GO 327 1 O O
A 0D diersianus GO 331 0o o D. goianus

’ ) 100 . ferricolaMRS 43 (1 @ @
OAusence D. ferricola MRS 44 (1@ @
Tubercles type 67 ———D. heptacanthus MRS 25 H @ @
@Flattened L——D. heptacanthus MRS 24 M @ < D. lindanus
@Rhomboid or pentagonal 74 D. plam;[,’fprmig MRS 110 OO D. placentiformis subsp. multicorispinus

@Rounded

D. placentiformis MRS 112 QO

OConical D. boliviensis MRS 51 (1 @ @
ORegular D. placentiformis GO 303 QO

71

D. placentiformis GO 352 MO0

D. catingicola GO 264 M@ @

D. catingicola
D. catingicola

catingicola

D.
D. catingicola
D.

catingicola

D. catingicola
D. catingicola

D. catingicola

71

D. catingicola

D. catingicola MM 15 H@® ®
D. diersianus MM 16 0 O O

D. diersianus MM 1730 Q

D. diersianus MM 22 1O O
D. diersianus MM BR196 1O O

D. placentiformis MRS 96 MO O
D. placentiformis MRS 97 O O

D. placentiformis MRS 105 OO

D. placentiformis MRS 145 QO

D. placentiformis MRS 101 QO

D. placentiformis MRS 113 O O
D. placentiformis MRS 35 lQ O

D. placentiformis MRS 38 MO O

D. placentiformis MRS 116 MO O
D. placentiformis MRS 144 MO O

D. placentiformis FZBBH HMOO
D. placentiformis MRS 106 OO

D. placentiformis MRS 100 B QO
D. catingicola GO 280 ® @

D.heptacanthus MRS 70 H@® @

D. hartmannii MRS 681 @O
_@_91|_'I:D. hartmannii MRS66] @O
D. hartmannii MRS65] @O

D. catingicola subsp. griseus

D. catingicola subsp. piauiensis
D. catingicola subsp. spinosior

D. cephaliaciculosus

D. cephaliaciculosus subsp. nudicephalus
D. cephaliaciculosus

D. cephaliaciculosus

D. placentiformis subsp. pulvinicapitatus
D. placentiformis subsp. multicorispinus
D. alteolens

D. placentiformis subsp. latispinus
D. placentiformis subsp. latispinus

D. placentiformis subsp. pulvinicapitatus

D. alteolens

D. catingicola subsp. rapirhizus
D.semicampaniflorus

D. patulifolius
D. mamilosus

64 D hartmannii MRS5501 @ (¢} D. maganimammus subsp. bonitoensis
LD, hartmannii MRS63C1@ O D. magani subsp,
ingroup 93
' (B )

———D. hartmannii MRS 40CJ@ O D. pachytele
L D. hartmannii MRS 720 @O

D. pachytele

98 D. hartmannii MRS 60 @O D. silicicola
L:D' zehntneri ssp. zehntneri Menezes 2561 @ @
% D. zehntneri ssp. boomianus MRS 99C1@ @ D boomianus

D. zehntneri ssp. petr-halfari Meiado 750 1@ @ D. petr-halfari
—74®— D. zehntneri ssp. zehntneri MM 226 1@ @
D. zehntneri ssp. zehntneri MM2 [] @ @
D. bahiensis MRS9SH® @
68 Arrojadoa albiflora MM65 8 O O

86 Arrojadoa dinae MM 66 lO O
99 Arrojadoa sp. MM67 O O
Arrojadoa multiflora MM63 O O
100 Arrojadoa penicillata CVDB cult MO O
Arrojadoa goiana MM64 MO O
Melocactus sp. CVDB cult 8O O

Figure 2. Strict consensus of 861 most parsimonious treesDiscocactusand
outgroups based on combined plastid and nuclear sequencestr&opercentages are
given above branches. CI=0.74 RI=0.80. Morphological featusdsted to ribs
morphology are shown by symbols.
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Synonyms

54 Discocactus catingicola GO 264 D. catingicola subsp. griseus
_:Dismcarms catingicola MRS 84
Discocactus catingicola MRS 87
Discocactus catingicola MM 10
Discocactus catingicola MM 52

=)

Discocactus catingicola MM 5 . catingicola subsp. piauiensis

Discocactus catingicola MM 6 D. catingicola subsp. spinosior

cactus catingicola MM 7

catingicola MM 8

Discocactus catingicola MM 9

Discocactus catingicola MM 15

Discocactus diersianus MM BR196 D. cephaliaciculosus

53

Discocactus diersianus MM 16 D. cephaliaciculosus

Discocactus diersianus MM 17 D. cephaliaciculosus subsp. nudicephalus
P Discocactus diersianus MM 18 D. cephaliaciculosus
e Discocactus diersianus MM 19 D. cephaliaciculosus subsp. nudicephalus

Discocactus diersianus MRS 23 D. cephaliaciculosus

Discocactus diersianus MM 21 D. cephaliaciculosus

8 Discocactus heptacanthus MRS 25
_@—_: Discocactus heptacanthus MRS 24 D. lindanus
Discocactus diersianus MM 22 D, cephaliaciculosus
61 Discocactus catingicola GO 280 D. catingicola subsp. rapirhizus
Discocactus heptacanthus MRS 70 D.semicampaniflorus

88 Discocactus ferricola MRS 43
87 Discocactus ferricola MRS 44
Discocactus boliviensis MRS 51
Discocactus horstii MRS 75
D Discocactus pseudoinsignis MRS 76
Discocactus pseudoinsignis MRS 74
Discocactus placentiformis GO 303
Discocactus placentiformis GO 352
Discocactus diersianus GO 327

Discocactus diersianus GO 331 D. goianus

Discocactus placentiformis MRS 110 D. placentiformis subsp. multicorispinus

Discocactus placentiformis MRS 112

Discocactus placgnnﬁwmis MRS 96 D. placentiformis subsp. pulvinicapitatus
& Discocactus placentiformis MRS 97 D. placentiformis subsp. multicorispinus

Discocactus placentiformis MRS 105 D. alteolens

Discocactus placentiformis MRS 145

Discocactus placentiformis MRS 101

Discocactus placentiformis MRS 113

Discocactus placentiformis MRS 35 D. placentiformis subsp. latispinus

Discocactus placentiformis MRS 38 D. placentiformis subsp. latispirius
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Figure 3. Strict consensus of 340 most parsimonious treesDiscocactusand
outgroups based on combined plastid sequences. Bootstrap pgeseantagiven above
branches. CI=0.74 RI=0.90.

24



0.99

0.94

0.99,

.@J&:D' diersianus
D. diersianus MM 17

D. diersianus MM 18
D. diersianus MRS 23
D. diersianus MM 21

MM 16

D. catingicola MM 10
D. catingicola MRS 87
D. catingicola MRS 84
catingicola GO 264
catingicola. MM 52
catingicola MM 5

0.99

catingicola MM 6
catingicola MM 7
catingicola MM 8
catingicola MM 9

D. catingicola MM 15
D. diersianus MM 19
D. diersianus MM 22
D. catingicola GO 280
D. heptacanthus MRS 70
D. heptacanthus MRS 25
D. heptacanthus MRS 24
D. diersianus MM BR196

SESISESECR-RY

0.99

Synonyms

D. cephaliaciculosus
D. cephaliaciculosus
D. cephaliaciculosus
D. cephaliaciculosus

D. cephaliaciculosus subsp. nudicephalus

D. catingicola subsp. griseus

D. catingicola subsp. piauiensis

D. catingicola subsp. spinosior

D. cephaliaciculosus subsp. nudicephalus
D. cephaliaciculosus
D. catingicola subsp. rapirhizus

D.semicampaniflorus

D. lindanus

D. cephaliaciculosus

= D. ferricola MRS 43
. O 1 l ED. Sferricola MRS 44
D. boliviensis MRS 51

1 D. diersianus GO 327
C :D. diersianus GO 331

D. goianus
0.96 D. horstii MRS 75
(F) 1 l_:D. pseudoinsignis MRS 74
02 D. pseudoinsignis MRS 76
D. placentiformis MRS 110  D. placentiformis subsp. multicorispinus
)02 l_]_:D. placentiformis MRS 112
~ L—p placentiformis MRS 100
051 I'_D' ‘ylncgntifgrmis MRS 38 D. placentiformis subsp. latispinus

—D. placentiformis
D. placentiformis
D. placentiformis
1 D. placentiformis
D. placentiformis
D. placentiformis
D. placentiformis
D. placentiformis

D. placentiformis

D. placentiformis MRS 35 D.
D. placentiformis MRS 144

D. placentiformis FZBBHcult.
1)
D
D
D

MRS 116 D.
GO 303

GO 352
MRS 9 D.
MRS 97 D.
MRS 105 D
MRS 145
MRS 101
MRS 113

placentiformis subsp. pulvinicapitatus

placentiformis subsp. pulvinicapitatus

placentiformis subsp. multicorispinus

. alteolens

placentiformis subsp. latispinus

. placentiformis MRS 106
. hartmannii MRS 68

MRS 66 D.
MRS 65 D.
MRS 55 D. mag
MRS 63 D.
MRS 60

=

D. alteolens

. hartmannii
. hartmannii
. hartmannii
. hartmannii
D. hartmannii
. hartmannii MRS 40
. hartmannii MRS 72
bahiensis MRS98

1 D. zehntneri subsp. zehntneri MM2

. zehntneri subsp.p etr-halfari stat. nov. Meiado 750 D. petr-halfari
. zehntneri subsp. zehntneri Menezes 256

. zehntneri subsp. zehntneri MM 226

D. zehntneri subsp. boomianus MRS 99 D. boomianus

Melocactus sp. CVDB cult..

Arrojadoa albiflora MM 65

Arrojadon dinae MM 66

Arrojadoa sp. MM 67

Arrojadoa multiflora MM 63

Arrojadoa goiana MM 64

Arrojadoa penicillata CVDB cult.

0.97 patulifolius

mamilosus

0.99 subsp. bonitoensis

® ©

mag;

subsp.

D. silicicola

D. pachytele

®

ingroup o

i D.

D. pachytele

®
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(Bayesian) is tightly supported (cpDNA BP=87%; PP=1), buttha parsimony
consensus tree only the two specimen®oferricola grouped with BP=100%0Other
important groups formed are those relatedDio hartmannii specimens, where B
grouped the same samples in all treBs lgartmannii MRS 40 and 72) with great
support BP=93%, cpDNA BP=95%, PR=The group C, comprisinp. hartmannii
MRS55 and MRS63 presented RP=.99, but in parsimony analyses it was not
recovered due to low support. In cpDNA parsimony and Bayesias tineegroups G
and | are formed by two specimens O heptacanthus(BP=82%; PP=0.99,
respectively). On the other hand, in the parsimony consetnea this group was not
well supported. The relationship between specin@nb. catingicolawas not well
supported, but the affinity among samplesf diersianusis confirmed and it is
represented by groups ®.(diersianusGO331 and G0O327), D( diersianusMM16
and MM17) and L D. diersianusMM 18, MM21 and MRS23) in the Bayesian
consensus tree (PPA188 and 0.99, respectively) and by groupCF diersianusMM
19 and MM 21) in the strict consensus tree of parsimoRxga%).

DISCUSSION

Phylogenetic analyses — Despite the fact we included five plastid and two nuclear
regions in data analyses, this was not sufficient tolvesmany of the phylogenetic
relationships amon@iscocactusspeciesHowever, we couldesolve relationships in

several small growgof samples (Figs. 2, 3 and 4).

Furthermore, the low resolution of the trees could Is®@ated with the low
genetic variation oDiscocactusspecies, for which the DNAegions used in this study
were not sufficiently diverse to detect it. The low viaoia is also a problem in others
groups of Cactaceae (Hartmann et al. 2002, Arias et al. 20@&@rBorth and Wallace
2004, Helsen et al. 2009). The inclusion of more DNA regiorkbe&i necessary to
solve this problem, following a trend in molecular systérsateported by Degnan and
Rosenberg (2009) and Santos (2011). Besides, regions thahf@aweative indels such
astrnS-G rpsl16 psbA-trnHandmatK (Table 3) must be researched because it is likely

that they also can help in improving the resolutio®stocactugphylogeny.

However, maybe also it will be necessary to carry oudiss focusing genetic
and morphological variation using populational samplethe$e species, as done by

Machado (2004). Based on isozyme and morphometric data peigulations of
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Discocactusspecies that occur in Bahia, Brazil, he confirmed thiedivision of D.
zehntneriinto two subspecies as proposed by Taylor and Zappi (1991; 20043|sand
suggested the lack of differentiated subspecies wibhibahiensisandD. catingicola
However, tlat study did not sample the endemic populatio®ofehntnerisubsp. petr-

halfarii, which was not known at the time.

The presence of homoplasy within groups with lower taxoadavels is not
unusual and many of the morphological characters usebeirclassification can be
particularly homoplasic, in other words, very susceetitd rapid changes (Santos,
2011). One example of this Discocactuss the features related to ribs, because they
are physiologically adapted to the expansion and contracte&pending on the
availability of water in the environment (Buxbaum 1950; Gibanod Nobel 1986)Rib
type, grooves between areoles and tubercles shape magnedluhe adaptability of
each species regarding to water availability in the envirohniéhis great variation in
traits related to rib morphology can be observed in Figui®antos et al. 2018a

Biogeographic and morphological relationships — The speciesD. horstii, D.
placentifomisand D. pseudoinsignisare narrow endemics to northern Minas Gerais
(Taylor and Zappi 2004; Zappi et al. 2013). They share soamaymorphological
characters like straight ribs with grooves betweenlargouses and tubercles of regular
shape, but each has particular features which distinghesh {Santos et al. 2013a).
They occur in the southern half of the Espinhaco maumange and east of S&o
Francisco River in theerrado-campo rupestrelement on pure quartz sand and gravel
or on arenitic rocksl§. placentiformi¥ (Taylor and Zappi 2004). This broad region can
be subdivided into the Diamantina-Serra do Cip6 regg&amios et al. 2013b) where the
samples ofD. placentiformis(MRS100, 110 and 112) occur and their affinity is
confirmed by BP values (Figs. 2 and 4).

The Serra do Cabral and Engenheiro Dolabela subregmulisjunct area of the
Espinhaco range (Santos et al. 2013b), where the largamsts pbf the genus are
represented by samples MRS 38 and 116 that grouped only in Bayresiavith low
PP. Other specimens Bf placentiformisbelong to this subregion, but the relationship
among them is not well resolved phylogenetically. Anothdaregion is Grdo Mogol
(Santos et al. 2013b), separated from Diamantina, Serr@atboal and Engenheiro

Dolabela subregion by the Jequitinhonha River, mainly birittataries Itacambirugu
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and Macaubas rivers, whelbe horstiiandD. pseudoinsignisccupy similar habitat®.
pseudoinsigniccurs also in Cristdlia and Botumirim municipalities sejgargrom
Grao Mogol by the Itacambirucu River (IBGE 1997). These spestiew a very close
phylogenetic relationship and probably have a common amd&sgs. 2, 3 and 4).

Discocactus catingicolaD. diersianusandD. heptacanthusre geographically
widespread and morphologically variable (Fig. 2; Sant@s. &013a, b). These species
occur to the West of the Sdo Francisco River, Espmhange and the Chapada
Diamantina (Bahia). The distribution patternxfcatingicolg D. heptacanthuandD.
diersianusis Midwestern Brazil - Western Bahia and in the statd @fantins. The
samples oD. heptacanthugMRS23 and 24)ncluded in this study grouped with good
support in the Bayesian and cpDNA trees and present a shatedbudion in the
cerradovegetation zone on gravely or sandy soil (Taylor anppz2004), around the
Chapada dos Veadeiros National Park in Goias State and thed@ldgsmGuimarées in
Mato Grosso State (personal observation).

Some groups obiscocactus diersianusad good support in the trees (Figs. 2, 3
and 4). This specie occurr in eastern Goias and southeanfiios states on quartz and
granitic rocks surrounded by deciduous dry land vegetation (pérsbsarvation;
Santos et al. 2013apiscocactus catingicolaoccurs in a central area that includes
Southern Piaui, Western Bahia and Northern and Webtgras Gerais staseon sandy
soil west of the Sdo Francisco RiverGerradovegetation (Taylor and Zappi 2004
is also sometimes found on rocks composédron-manganese, known locally as
“canga”, in extreme Western Minas Gera{she “Triangulo Mineiro and Alto

Paranaiba”) and in upper drainage of the Sdo Franscisco River (personal observation).

Discocactus ferricolaand D. boliviensisare closty related phylogenetically
(Fig. 2), probably sharing a common ancestor confirmed byfisigni support in the
molecular trees. They occur in a subregion that lmartermed the Corumiizastern
Bolivia area,on “canga” and limestone outcrops, respectivelyDiscocactus hartmannii
has a morphology well differentiated with ribs stronglyraped, with pronounced
grooves between the areoles and conical teeth-like tebgiBuxbaum 1950; Santos et
al. 2013a). This specie is distributed in the CaffBouthern part of Mato Grosso do Sul

state and in Southeastern Paraguay, on sandy or grgualitz soil. The groups well
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supportedin the trees correspond to those closest geographically. (Eig3 and 4;
Appendix J.

The D. zehntnerigroup is well supported in all molecular trees and its
representatives likely therefore shared a common ancddte single species and two
subspecies occur in tlraatingavegetation of northern Bahia, northern Piaui and Ceara
(Taylor and Zappi 2004; Zappi et al. 2013) in a subregiomigéig to bwer drainage
of the S&o Francisco River. The representativeBi®roup share the same distribution
with another group represented by the takomahiensigTaylor and Zappi 2004 his
coexistence may have given rise Do zehntnerisubsp.petr-halfarii (Zachar) M.R.
Santos & Machado through an historic process of hybridzafioday, its population is
very well established reproductivelgnd it is best classified as subspecies oD.
zehntneripecause they share several morphological charg&antos et al. 2013a

Taxonomic changes— Compared to the classificatioof Hunt et al. (2006), we
recognize one extra subspecies mEcocactus (Fig. 5). The synonyms names of
species according to Hunt et al. (2006) are not in all casegmedfby the present
phylogenetic study, being the taxonomy study very importaigiy to take some
taxonomic decisions (Fig. 2; Santos et al. 201Bar exampleDiscocactus silicicola
Buining & Brederoo which was previously subsumedincatingicolag we now place
as a synonym dd. hartmannii(Figs. 2, 3 and 4; Santos et al. 20/1@ae to presence of
ribs with deep grooves between areplasnical and elongated tubercldiscocactus
lindanusDiers & Esteves Pereira, previously allied widh diersianus is nhow placed
here as synonym @. heptacanthuecause it grouped with good support in this study
with other sample oD. heptacanthusand has morphologid features shared that
confirm this change like, ribs forming nipple-like tuberclesnpeessed, flowers up to

110 mm, nectar chamber with curled hairs at the apexdSahal. 2013a)

Discocactus petr-halfarizachar, initially considered as a new species (Zachar
2008), does not show sufficient genetic divergence from thesothra ofD. zehntneri
to be assigned species status (this study; Figs. 2, 3 amtedge,D. petr-halfarii is

treated here as subspecie®okzehntnerialso due to some morphological characters
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Figure 5. Discocactus bahiensi@\, B); D. boliviensis(C, D); D. catingicola(E,F);D.
diersianus(G, H); D. ferricola (I, J); D. hartmannii (K, L); D. horstii (M, N); D.
heptacanthugO); D. placentiformis(P, Q);D. pseudoinsigni¢R); D. zehntnerisubsp.
zehntneri(S,T); D. zehntnerisubsp.boomianugU,V); D. zehntnersubsp.petr-halfarii
(X,2). Photo: Basarab Popa (N, O); Gerardus Olsthorn (Z)javiaa Santos (C, D, E,
H, 1,3, K, L M,P, Q, R); Marcelo Telles (A, S,; Marlon Machado (B, U,V,X); Pierre
Braun (G).
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shared like ribs broken into rounded tubercles well developeg@rangnent areoles not
sunken. HoweveD. petr-halfarii has some morphologic traits that distinguish it from
other subspecies of this group like the ausence of cermnaé,swhile the other
subspecies have 1-2 central spines (Santos et al.)2013a

Based on the present stydige DNA regionstrnS-trnG rpl16, ITS andphyC
were indicated to be a good choice to help studies invobtihgr genera of Cactaceae
due to a good number of informative sites. Indels of somems liketrnS-G rps16
psbA-trnH andmatK also contributéo tree resolutionVarious former synonyms are to
be referred to alternative synonymy based on the moleamirmorphological data
presented here. The selection of more DNA regions amyimg out studies about
genetic and morphologt variations, seem to be the way for solving the remginin
doubts in the relationships and species delimitation wibigcocactus.
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Appendix 1. Species and loci sequenced for this study, vouchers awdranace, herbarium code and GenBank acession numbers.

Geographic origin of ITS matk  phyC  psbA-trnH  rpll6 rpsl6 trnS-trnG

_ sample or distribution
Species Vouchers
Arrojadoa albiflora MM 65 (HUEFS) ? XXX XXX XXX XXX XXX XXX XXX
Arrojadoa dinaeBuining & Brederoo MM 66 (HUEFS) Monte AzulMG - XXX XXX XXX XXX XXX XXX
Arrojadoasp. Cultivated - XXX XXX XXX XXX XXX XXX
Arrojadoa multifloraF.Ritter MM63 (HUEFS) JacaracBA - XXX XXX XXX XXX XXX XXX
Arrojadoa goianaM.C. Machado MM 64 (HUEFS) ? XXX XXX XXX XXX - XXX XXX
Arrojadoa penicillata(Gurke) Britton & CVDB cultivated XXX XXX XXX XXX XXX XXX XXX
Rose
Discocactus bahiensBritton & Rose MRS 98 (VIC) Morro do ChapélBA XXX XXX XXX - XXX XXX XXX
Discocactus boliviensiBackeb. MRS 51 (VIC) Bolivia XXX XXX XXX XXX XXX XXX XXX
Discocactus catingicola Buining & MM 5 (HUEFS) CorrentePI - XXX XXX XXX XXX XXX XXX
Brederoo
Discocactus catingicola MM 6 (HUEFS) BarreirasBA XXX XXX XXX XXX XXX XXX XXX
Discocactus catingicola MM 7 (HUEFS) GilbuésPI XXX XXX XXX XXX XXX XXX XXX
Discocactus catingicola MM 8 (HUEFS) BarreirasBA XXX XXX XXX XXX - XXX XXX
Discocactus catingicola MM 9 (HUEFS) Aurora do Tocantin§<O XXX XXX XXX XXX XXX XXX XXX
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Appendix 1. Continued.

Species DNA source Geographic originof ITS matK phyC psbA-trnH  rpll6 rpslé trnStrnG
sample or distribution
Discocactus catingicola MM 10 (HUEFS) Sitio GrandeBA XXX XXX XXX XXX XXX XXX XXX
Discocactus catingicola MM 15 (HUEFS) NatividadeTO XXX XXX XXX XXX XXX XXX XXX
Discocactus catingicola MM 52 (HUEFS) Terra RoncasO XXX XXX XXX XXX XXX XXX XXX
Discocactus catingicola MRS 84 (VIC) Conego MarinhdG XXX XXX XXX XXX - - XXX
Discocactus catingicola MRS 87 (VIC) PandeirodviG XXX XXX XXX XXX XXX XXX XXX
Discocactus catingicola GO 264 (VIC) Joéo PinheirddG XXX XXX XXX XXX XXX XXX XXX
Discocactus catingicola GO 280 (VIC) CorrentinaBA - XXX XXX XXX XXX XXX XXX
Discocactus diersianussteves Pereira MM 16 (HUEFS) Almas-TO XXX XXX XXX XXX XXX XXX XXX
Discocactus diersianus MM 17 (HUEFS) Conceigéo do XXX XXX XXX XXX XXX XXX XXX
TocantinsTO
Discocactus diersianus MM 18 (HUEFS) ArraiasTO XXX XXX XXX XXX XXX XXX XXX
Discocactus diersianus MM 19 (HUEFS) ? XXX XXX XXX XXX XXX XXX XXX
Discocactus diersianus MM 21 (HUEFS)  Teresina de Goias_GC XXX XXX XXX XXX XXX XXX XXX
Discocactus diersianus MM 22 (HUEFS) Monte Alegre&O XXX XXX XXX XXX XXX XXX XXX
Discocactus diersianus MRS 23 (VIC) Funil do Paran& 0O XXX XXX XXX XXX XXX XXX XXX
Discocactus diersianus GO 327 (VIC) MarzagaosO XXX - - XXX XXX XXX XXX
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Appendix 1. Continued.

Species DNA source Geographic originof ITS matK phyC  psbA-trnH rpl16 rpsl6é trnStrnG
sample or distribution
Discocactus diersianus GO 331 (VIC) Piracanjuba GO XXX XXX - XXX XXX XXX XXX
Discocactus diersianus MM BR196 (HUEFS) Arraias-TO XXX XXX XXX - XXX XXX XXX
Discocactus ferricolaBuining & MRS 43 (VIC) CorumbaMs - XXX XXX XXX XXX XXX XXX
Brederoo
Discocactus ferricola MRS 44 (VIC) Porto da MangdS XXX XXX XXX XXX XXX XXX XXX
Discocactus hartmanniifK.Schum.) MRS 40 (VIC) AquidauanaMS XXX XXX XXX XXX XXX XXX XXX
Britton & Rose
Discocactus hartmanniii MRS 55 (VIC) Bonito-MS XXX XXX - XXX XXX XXX XXX
Discocactus hartmanniii MRS 60 (VIC) Porto MurtinhoMS XXX XXX XXX XXX XXX XXX XXX
Discocactus hartmanniii MRS 63 (VIC) CaracolMS - XXX - XXX XXX XXX XXX
Discocactus hartmanniii MRS 65 (VIC) Anténio JoaoMS XXX XXX XXX XXX XXX XXX XXX
Discocactus hartmanniii MRS 66 (VIC) Cel. SapucaiddS XXX XXX XXX XXX XXX XXX XXX
Discocactus hartmanniii MRS 68 (VIC) Paraguay XXX XXX XXX XXX XXX XXX XXX
Discocactus hartmanniii MRS 72 (VIC) CipolandiaMs XXX XXX XXX XXX XXX - XXX
Discocactus heptacantht MRS 24 (VIC) Alto ParaisosO XXX XXX XXX XXX XXX XXX XXX

(Barb.Rodr.) Britton & Rose
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Appendix 1. Continued.

Geographic originof ITS matK phyC  psbA-trnH rpl16 rpsl6é trnStrnG
_ sample or distribution
Species DNA source
Discocactus heptacanthus MRS 25 (VIC) Séo JorgésO XXX XXX XXX XXX XXX XXX XXX
Discocactus heptacanthus MRS 70 (VIC) Coxim-MS XXX XXX - XXX XXX XXX XXX
Discocactus horstii Buining & MRS 75 (VIC) Grao MogolMG XXX XXX XXX XXX XXX XXX XXX
Brederoo
Melocactussp. CVDB Cultivated XXX XXX XXX XXX XXX XXX XXX
Discocactus placentiformi MRS 38 (VIC) Joaquim FeliciaMG XXX XXX XXX XXX XXX XXX XXX
(Lehm.) K.Schum.
Discocactus placentiformis MRS 35 (VIC) Serra do CabrdG XXX XXX XXX XXX XXX XXX XXX
Discocactus placentiformis FZBBH-Cultivated Santana do Pirapama- - XXX - XXX XXX XXX XXX
MG
Discocactus placentiformis MRS 96 (VIC) Eng. DolabelaMG XXX XXX XXX XXX XXX XXX XXX
Discocactus placentiformis MRS 97 (VIC) Cons. MataMG XXX XXX XXX XXX XXX XXX XXX
Discocactus placentiformis MRS 100 (VIC) P.E. Biribiri-MG XXX XXX XXX XXX XXX XXX XXX
Discocactus placentiformis MRS 101 (VIC) Sopa-DiamantinddG XXX XXX XXX XXX XXX XXX XXX
Discocactus placentiformis MRS 105 (VIC) PARNA Sempre Vivas- XXX XXX XXX XXX XXX XXX XXX
MG
Discocactus placentiformis MRS 106 (VIC) MendanhaviG XXX XXX XXX XXX XXX XXX XXX
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Appendix 1. Continued.

Geographic originof ITS matK phyC  psbA-trnH rpl16 rpsl6é trnStrnG
_ sample or distribution

Species DNA source

Discocactus placentiformis MRS 110 (VIC) MonjolosMG XXX - XXX XXX XXX XXX XXX
Discocactus placentiformis MRS 112 (VIC) Chapada PERRIG XXX XXX XXX XXX XXX XXX XXX
Discocactus placentiformis MRS 113 (VIC) P.E. Rio PretaviG XXX XXX XXX XXX XXX XXX XXX
Discocactus placentiformis MRS 116 (VIC) Sitio-Engenheiro XXX XXX XXX XXX XXX XXX XXX

DolabelaMG
Discocactus placentiformis MRS 144 (VIC) DiamantinaMG - XXX XXX XXX - XXX XXX
Discocactus placentiformis MRS 145 (VIC) Bardo do GuaicuMG XXX XXX XXX XXX XXX XXX XXX
Discocactus placentiformis GO 303 (VIC) Fruta do LeiteMG XXX XXX XXX XXX XXX XXX XXX
Discocactus placentiformis GO 352 (VIC) Rio Pardo de Minas- XXX - XXX XXX XXX XXX XXX
MG

Discocactus pseudoinsignisN.P. MRS 74 (VIC) Grao MogolMG XXX XXX XXX XXX XXX XXX XXX
Taylor & Zappi

Discocactus pseudoinsignis MRS 76 (VIC) CristaliaMG XXX XXX XXX XXX XXX XXX XXX
Discocactus  zehntneri subsp. MRS 99 (VIC) P.E Morro do Chapéu - XXX XXX XXX XXX XXX XXX XXX

boomianus(Buining & Brederoo)
N.P. Taylor & Zappi

BA
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Appendix 1. Continued.

Geographic originof ITS matK phyC  psbA-trnH rpl16 rpsl6é trnStrnG
sample or distribution

Species DNA source

Discocactus zehntnesubsp.petr- Meiado 750 (HVASF) JuazeiroBA XXX XXX XXX XXX XXX XXX XXX
halfarii (Zachar) M.R. Santos &

M.C. Machado

Discocactus  zehntneri subsp. MM 2 (HUEFS) Sento SBA XXX XXX XXX XXX XXX XXX XXX
zehntenriBritton & Rose

Discocactus  zehntneri subsp. Menezes 256 Guaraciaba&E XXX XXX XXX XXX XXX XXX XXX
zehntenri

Discocactus  zehntneri subsp. MM BR226 Casa NovaBA - XXX XXX XXX XXX XXX XXX
zehntenri

Abreviations: PERP (Parque Estadual do Rio Preto) P.E. (P&sfadual) PARNA (Parque Nacion@dyYBBH (Fundacdo Zoo Botanica de Belo
Horizonte) BA(Bahia) CE (Ceara) GO (Goias) MG (MinasdsrMS (Mato Grosso do Sul) PI (Piaui) TO (Tocantins).
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CAPITULO Il

TAXONOMY, DISTRIBUTION AND CONSERVATION OF
DISCOCACTUS PFEIFF. (CACTACEAE)

This Chapter is formatted for submissiorPioytotaxa
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Abstract

The DiscocactusPfeiff. taxonomy is disputed and all specas considered threatened
or endangered. Then, this study aims increase informabont the genus through the
taxonomic study of the species providing descriptions tifilsation keys, illustrations,
besides geographic distribution and conservation stktusthis, field collections and
examination of herbarium material were made and theserwation status was
evaluated according to IUCN criteridnalysis of morphologil traits, phylogeny and
geographic distribution suggest tHaiscocactuscan be divided into 11 species and 3
heterotypic subspecies, giving a total of 14 taxa. Mostiepeaf the genus are
threatened, mainly by habitat destruction and illegal ctdle. Thus, there is a great
need for studiesf the phenology, pollination and reproductive b@y of the genugo
understand more about the biology and ecology of itsiesgpeMoreover, due to the
great variation ofDiscocactus species, studies that consider their genetic and

morphological variability are also of utmost importance.

Key words: Cereag conservation status, South America, cacti.
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Introduction

Discocactusis a genus of family Cactaceae, belonging to subfamily Ghezei
and tribe Cereeae (Crozier 2005). This cactus genus isctdrarad as having low-
growing, discoid to depressed-globose, single or casgpitabit (Machadet al 2004).
The fertile part of stems differentiated ito a terminal cephalium that produces
nocturnal white flowers, which are tubular or funnel-sikapsweet scented and
pollinated by moths (hawkmoth syndrome). The fruits aobage-clavate to oblong,
dehiscing by lateral slits, and the seeds are helmet-shapgdbular, witha strongly
tuberculate testa. The genus is restricted to South Aaeaimost all species being
restricted to Brazil, just two taxa occurring in borderamgas of Bolivia and Paraguay.
In Brazil its distribution comprises the Central-WestéNortheastern and Southeastern
regions of the country (Taylor & Zappi 2004, Machad@l. 2004.

Discocactuswvas described as a genus in 1837 by Louis Pfeiffer wheguther
wrote on the specie®. insignis Pfeiff. Pfeiffer used the following characters to
distinguish the species of the genus: “the tube of the calyx adhering to the ovary, naked
at the base, undivided, connate form sepals wich areafrég top. Numerous petals
wich form a funnl-shaped corolla. Stamens thread-like, duter ones level with the
petals, the inner ones shorter and attached to the tupe &tyle clavate, 5 stigma
lobes, elongated, linear. Fruits very simple, disc-likkbbed and pickly. A false
cephalium at the top, existing of soft wool and not of yhaubercles (as on
Melocactu$. The flowers come through the woll at the top, withglgorrect glabrous
tube, nightflowering, deciduous, receptacle persist@Pfeiffer 1837). This description
is not perfect because the shape of the fruit is rdigeus-like, not ribbed or spiny. It is
indeed to the cephalium or stem that are discus-like angl. spin

Modern estimates of species numbers vary greatly dependipgn
circumscription at specific leveDiscocactusis an example of the divergence among
classification systems that characterizes the Caata€he taxonomy ddiscocactuss
disputed: 53 taxa have been described for the genus, anduttently proposed
classification systems are rather divergent. Buining aedefb species and one
subspecies (Buining 1980). Braun & Esteves Pereira (1993a-c, 1995, 268dnize
51 taxa: 25 species, 22 subspecies and four varieties. Taylapgi (2004) recognize
only ten taxa: seven species and three subspecies. Nowadlayset al (2006)

acknowledge 11 species and 2 subspecies. All these circunmswigireceeded
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publication of the specieB. petr-halfari Zachar (Zachar 2008) which is analysed in
this study.

The tribal placement ddiscocactushas also been controversiBiscocactushas
traditionally been associated wihelocactus(L.) Link & Otto (Britton & Rose 1919-
1923; Buxbaum 1958; Backeberg 1958-1962; Endler & Buxbaum 1974) because of
their similar morphology - both share a globular boalyd develop a terminal
cephalium, although flower, fruit and seed charactersliffierent (Melocactuspossess
diurnal, hummingbird-pollinated flowers, indehiscent fruitd aeeds usually without a
strongly tuberculate testa, whil®iscocactus possess nocturnal, moth-pollinated
flowers, dehiscent fruits and seeds with a strongly tubiete testa). More recently
Discocactushas been placed in tribe Trichocereeae (Taylor & Zapp4 Hunt et al
2006),in the belief that the similarities of body and cephaliletwleenDiscocactusand
Melocactusare due to convergent evolutioRjscocactussupposedly being closer to
Gymnocalycium Pfeiff. ex Mittler. However, a recent family-wide phylogeoet
investigation (Crozier 2005) plac&sscocactusas the sister group delocactus thus
reinstatingDiscocactusn tribe Cereeae.

All speciesof Discocactusare considered threatened or endangered (IUCN 2013,
Luathy 2001). The intrinsic reasons for this are the smathbar of populations per
species, the generally small population sizes, and halpgtificity leading to very
localized populations. These factors makdscocactus populations extremely
vulnerable to habitat modification and destruction, anccdbbecting. Many species
inhabit areas o€erradq a vegetation type that covers areas with nutrientidat soil,
which, nevertheless has been systematically destrdpedareas occupied by this
vegetation being progressively converted to agriculture, especiail soybean
plantations. This process has already destroyed a nuohliRiscocactuspopulations.
Discocactusspecies are very ornamental and the commercial dryigilcollection of
plants and seeds is another factor that endangers thel pajpuéations. As a result, the
whole genus is placed in Appendix | of CITES (Luthy 2001). Mogeposome species
are also included in federal (MMA 2008) and regional (Biodikas 2006) lists of
threatened species within Brazil.

Therefore, this study aims to achieve a taxonomic revisibnDiscocactus,
providing descriptions, identification keys, illustratiort®gsides noting geographic

distribution and conservation status. The phylogeny ofgimeus Discocactusmade
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previously will be used to help circumscribe the species arktter understand the
relationships among them. Thus we hopeesolve the divergentclassification systems
hitherto proposed for the genus. In addition, a cleauwiscription ofDiscocactus
species will aidin assessing the actual conservation status of each speuwleds

conservation needs.
Materials and Methods

Taxon Sampling

Discocactusspecies were sampled as listed by Hental (2006), including
localities from where some synonyms of curherccepted species of the genus were
described. We collecteDiscocactusthroughout the distribution area of the genus in
Brazil, Paraguay and Bolividcrom each population visited, voucher specimens were
collected and deposited at VIC (Herbarium of the Universideelgeral de Vicosa,
Brazil). A methodology of collect and herborizationrev@dapted t®iscocactusrom
Reyes-Aguero et al. (2007).

Taxonomic Treatment

The taxonomic treatment, identification keys and geogcapldistribution of
taxa are based on extensive field research conductedrée tountries of South
America (Brazil, Paraguay and Bolivia) whdbescocactusspecies occur. A detailed
examination of the literature and of collections frohe tfollowing herbaria was
realized: BHCB, CGMS, CPAP, EAC, HUEFS, HVASF, K, L, NMBM, R, RB, SPF,
U, UB, UC, UFMT, UFGUS, VIC and ZSS (Thiers 2013

The description of the genus was based on tfaitewed by a key to all species
according to morphological characters and geography. Uamare also cited when
observed during visits to botanic gardens. Besides nomentlataral
diagnostic/descriptive details, phytogeographical and emalbglata are provided,
likewise distribution records. The additional specimerasrared are listed in Appendix
1.

Geographical distribution and conservation assessment
The geographical distribution of species was obtained frenliterature, field

trips and from an extensive herbarium survey. When thedgcwies were not available
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in herbaria records, the informations were acquired frieannearest municipality. For
preparation of the maps we utilized the software ArcGIS 1B3R( 2012). The
conservation status of the species was revised throughJd evaluation criteria
(IUCN 2001). When a taxon was not assessed by IUCN we diseussiportance of
the speciegvaluation according to observations in the field, regardts distribution
and habitat conservation.

Results
Taxonomic Treatment

Analysis of morphologial traits and geographic distribution suggest that
Discocactudfeiffer can be divided im 11 species and 3 heterotypic subspecies, giving

a total of 14 taxa, including one new subspecies

Discocactus Pfeiff. (1837:241)
Type:— D. insignisPfeiff (=D. placentiformigLehm.) K. Schum.)

Plantslow growing.Stemdepressed-globose to globose, usually solitary (very small
to c. 10 x 25 cm) or eventually in some species branching bstefés lateral areoles.
Ribs 9-26, well-defined or somewhat broad basally and often comgridistinct
tubercles. Areoles small to large, oval or circular, 1.5-9 (-¥8)0-8(-12) mm,
sometimes sunken, 3-7 visible per rib above ground lesitédf when young, but soon
becoming glabrousSpinesstiff, woody, sometimes pectinate, white to yellowigtey,
reddish, brownistor black, curved, turned-up or straight, somewhat thickendteat
base, terete, circular or flattened in cross-sectahial spines 4-18 per areole, centrals
0-2. Cephalium terminal, bearing flowers and fruit, 0.5-9x2-11 cm, somesim
depressed, densely woolly, with or without bristlgeddish to black spineglowers
solitary or 2-10 developing rapidly at the same timenéam the periphery and centre
of the cephalim, tubular-funelshaped to salverform, white, anthesis noctuyrnal
sweetly scented (hawkmoth syndrome); scales of thd fidoa with apex olive green-
brown to brown or yellowish to white; pericapel ovoidhasally naked, with scales
above; tube (including nectar-chamber) elongate, bearafy beact-scales glabrous in
their axils; perianth-segments oblanceolate to lanceotagpatulate, margin irregularly

undulate and dentate; the outermost often greenish, bitownisven deep pink, inner

48



series white, rarely pale pinkish; flowers removed frogphalium bearing adherant
wool and bristles; stamens numerous, ireseelong the inside of the tube, and at its
apex, filaments short, sometimes the lowermost iedeiove a whorl of hairs, which
protect the nectar-chamber, with the nectariferossi¢iglifferent in colouto the inner
region of the floral tube, this differentiated tissuert@ating irregularly below the first
whorl of stamens; style long or short, stigma-lobes Siénder, whitish.Fruits
globose-clavate to oblong, naked, slightly fleshy, red, orgetjew, greenish or white
to pink, sometimes only the apex coloured; dehiscent by veslitalin the pericarpel,
pulp scanty, but very attractive to ants, perianth rem@nsistentSeedhelmet-shaped
to globular, 1-2 mm long (hilum to apex) and 0.8-2.2 mm wile;outer testa dark
brown to shining black ornamented with tubercules, the pajptiaged or elongate.

Etymology: from Greekdiskos a disc or quoit, andactusalluding to the flattish stem.

Vernacular names: cabeca-de-frade, roseata-diabo, coroado-diabo, coroa-de-frade,
Frade-de-cavalo, pelota-del-tigre.

Key to the species obiscocactus Pfeiff.

1. Plant with ribs not tuberculate or with only sinuositiestle space between

areoles.

2. Areoles with spines pectinate tightly adhered to stem,central spines.
................................................................................... 8.D. hortii.

2. Areoles with woody spines, straight or curved down or tipc@ntral spines.

3. Ribs slightly spiraledwith sinuosities and shallow grooves well marked (0.2
mm) or narrowing in thickness in the space between areolast§bf Serra do
Cabral) flower 85x75-85 mm, nectar chamber 1185 length style 30-45

1001 14 DA 9.D. placentiformis.

3. Ribs straight, no grooves and without narrowing in thesknin the space
between areoles, with sinuosities just below the arefilBser 75x60 mm,

nectar chamber 34mm of lengtlayle 54 mm...............10.D. pseudoinsignis.

1. Plants with ribs tuberculate
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4. Roots napiform..........c.cooevuiiiiiiiiii i 1.D. bahiensis
4. Roots branched.
5. Ribs tightly spiraled.

6. Ribs tuberculate, nipple like form (conical and eloedpt
grooves in the space between areoles up to 2 cm
depth...o 6. D. hartmannii

6. Ribs tuberculate with other forms, grooves between eseol2

cm.

7. Tubercles globular or rhomboid.

8. Tubercles globular ............................. 11.D. zehntneri.
8. Tubercles rhomboid ......................ceeeie 5.D. ferricola.
7. Tubercles pentagonal or rounded .............. 2.D. boliviensis.

5. Ribsweakly spiraled

9. Style length 15-22 mm, included inside of nectar
chamber; cephalium bristles 40-50x1-2mm, brown-
reddigh......oooovii 4.D. diersanus

9. Style length 36-76nm, exsertedcephalium bristles 1.5-
50x1 mm, grey to black.

10. Tubercles flattened, grooves between areole® 1.5-
cm depth apex of the inner perianth segments
cuspidate; styleexserted the last external whorl of

Stamens..........ocoovveeiiiiii 7. D. heptacanthus.

10. Tubercles not flattened , grooves between areoles
0.4-1.2 cm depth; apex of the inner perianth segments
acute; style of the same size of the last externairivh

ofstamens.................cooeiiinl. 3. D. catingicola.
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1. Discocactus bahiensis Britton & Rose (1922: 220Figure 2:AG.
Type:— BRAZIL. Bahia, Juazeiro2-6 June 1915R0se, J.N19.783 (holotype US!).

Plants low growing, solitary or producing small offsetRoots somewhatnapiform.
Stem3-7x5.5-18 cm, pale green, flattened-globular, half or rborged in the ground.
Ribs 10-16, well-defined, regular or spiralled, forming distingbercles, with ridges
between areoleéreoles2-5 visible per rib above ground level, oval to elliptic, 3-3:0x
8 mm, sometimes sunken; when young with white to creamhoine-like wool, but
soon becoming glabrou&pinesstiff, woody, cream to grey-brown, curved, terete or
flattened in cross-section; radial spines 5-14, 6-45x0#r3 2-4 pairs of spinest each
side of the areole; central spine Cephalium 0.9-2.1x2.2-4.7cm, sometimes
depressed, densely woolly; bristles yellow to black, to 30 Flowerbudgreenish to
brown; flower funnelshaped, 40-70x23-54 mm; perieb#p5%3.5 mm, ovoid, basally
naked, with scales naked in their axils above; receptabie43x10 mm, covered with
fleshy scales 1.5-5x1-5 mm, olive green to brown, lanceodgtex rounded or irregular,
margin undulating; transitional perianth-segments-éghorls, lanceolate, 20x5 mm,
fleshy, greenish brown, margin lightly undulated, smoattvith irregular form; inner
perianth-segments 8-20x5-7 mm, lanceolate to elliptic, imanggular, apex slightly
cuspidate, white; outer perianth-segments 18x5 mm, laneetleelliptic, margin and
tip irregular, greenish white; nectar-chamber tubular, 14-%5x2m, open (without
hairs at apex), with glands; stamen filaments 3-11namthers 1-2 mm, yellow; style
32-40 mm, golden yellow, reaching to the half of the receptable- stigma-lobes 5-8,
4 mm, cream to white, with papillae; ovules in clusters 8&f funicle with fine hairs.
Fruits 12-50x7-10 mm, clavate, naked, white to greenish, to reddish at eyaxa
(fruit apex) 3.5-50 mm; perianth remains persisteBeeddelmet-shaped, 1.2-1.8%61

1.9 mm, shiny black, testa with pointed tubercles.

Distribution and habitat: — BRAZIL. Endemic to Northeast region and @aatinga
Biome, occurs in Bahia, Ceara, Pernambuco and PiawdsStiaigure 1).Discocactus
bahiensisinhabits stony and loamy soil (red to orange). Nortleaatingaelement on
exposed, gravelly river terraces amongst limestone or-si@ned quartzite, and
seasonally inundated river flood plain, under and between gumeta Mimosa
tenuiflora (Willd.) Poir.) and carnatubappernicia prunifergMill.) H.E.Moore) within
the caatinga (Taylor & Zappi 2004).
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IUCN conservation assessment:— Previously this species was considered
Endangered (Taylor & Zappi 2004). It is now regarded as Vueid/’U A2c) based
on an estimated past population decline of greater than 30%easlaof the ongoing
decline in area and quality of the species habitat. The spha®sa very patchy
distribution; and its area of occupancy is less than 508 Rart of its range was
eliminated by permanent inundation from the Represa de @oboa(BA/PE) in the
1970s and the remainder has been heavily impacted by agricalidreoad/house
construction during the past 20 years. Some of the remammgifes are accessible by
road and visited by collectors. Found at-3&80 m, in the Rio S&o Francisco drainage
of northern Bahia (probably in adjacent Pernambuco), Qé&icdSalgado) and north-
western Piaui (Rio Canindé) (IUCN 2013).

Notes: — In the phylogenetic study, this species was considered eisiEscocactus
zehntneri(Santoset al, 2013).According to Machadet al. (2005) there is evidence of
introgression of genes from. zehntneriin a population oD. bahiensigSao Rafael-
BA), with the occurrence of two alleles exclusivelxozehntneriIn plants of this place,
there are diffences in areoles and spines (thinner anel munerous), where areoles are
more elongated, radial spines organization 3-4 pairs néspt each side of the areole
(Fig. 2 C).Discocactus piauiensiB.J. Braun & E. Esteves Pereira before considered
synonymous ofD. catingicola can be placed a®. bahiensissynonymous after
observation of morphological characters (irregulargimaof the perianth segments of
flowers that are characteristic Bf bahiensisFig. 2 D)in holotype material deposited
in UFG (14761). Flowering occurs most probably during November tau&egbwith a
peak probably in January, when most plants were observadflaxters. Usually 15

flowers arise at a time.

Specimens selectedi— BRAZIL. Bahia: Mun. JuazeiroRose & Russell9742 (NY,
US); l.c, 2-6 June 1915Ro0se & Russell9781 (NY, US); Ic. 26 June 1915Ro0se &
Russell 19783 (USNY); l.c., 3 Dec. 2011M.V. Meiado et aJ.751 (HVASF); 12 - 13
km W of Juazeiro, 19 Sep. 198Hprst & Uebelmannd38 (U, ZSS); l.c., between
Juremal and Curral Velho, s.dHprst & Uebelmanr633 (ZSS); I.c., south of town, 29
Mar. 2004 M. C. Machado et al370- 373 (HUEFS); I.c., ca. 12km from the village of
Juremal on road to Abreus, 30 Mar. 2004, C. Machado et al380- 383 (HUEFS);
l.c., near the village of Olhos D'Agua, 29 Apr. 2004,Machado420— 423 (HUEFS);
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l.c., besides the village of Goiabeira, 29 Apr. 2084, C. Machado430 — 433

(HUEFS); l.c., surroundings of the village of Abreus, 30 Apr. 2004L. Machadat40

— 443 (HUEFS); Mun. Campo Formoso, W of Abreus, W bank oRibeSalitre, s.d.,
Horst437 (U, ZSS); Mun. Morro do Chapéu, s.8raun & Esteves Pereira.n. (UFG);
21 Apr. 2004M.C. Machado204 (HUEFS); l.c., S&o Rafael, 21 Apr. 2004,C.

Machado et al390- 393 (HUEFS); I.c., 16 Apr. 2018antos, M.R98 (VIC). Cearé:
Mun. Lavras de Mangabeira, 25 Jan. 200@nezes, M.O.T. et 95 (EAC). Piaui:
Teresina, Mun. Francisco Ayres, 8 Sept. 1988tst & Uebelmanrd43 (K ZSS); I.c.
divisa dos estados da Bahia e Piaui, arredores da cidaderdet€, June 199Esteves
114 (UFG).

2. Discocactus boliviensis Buining & Brederoo (1977:258)igure 2: HM.
Type:— BOLIVIA. E Santa Cruz, San Cyrilo, 280mHorst 457 (U!).

Plants somewhat flattened globular, forming groups by offsgtéind seedlingsRoots
branched and thicked. Stem15x25-29 cm, light to dark greeRibs12-13, regular or
spiralled, forming rounded to pentagonal tuberche®oles2-5 visible per rib above
ground level, oval, 4-8x3-6 mm, sunke®pinesat first yellow, later brown to grey,
straight, or turned up or down, rounded in cross-sectiomlrapines 5-8, 16-35 mm,
central spine 0OCephalium1.5-7.0x3.5-60 cm; bristles brownishFlowerbud slender
with olive-brown scales; flower funnel-shaped, when open 388®5 mm; pericargl
4.5x4.5 mm, globularreceptacle-tube 32x12 mm, covered with fleshy scales 1-1.5x1-
3 mm, white inside, olive to light brown outside; transitioperianth-segments in &-
whorls, lanceolate, 17x4 mm, fleshy, margin entire, whitikh an olive-brown and
rounded to acute tip; inner perianth-segments lanceolat®, aqpege, margin entire
white; outer perianth-segments 16x3 mm, lanceolate, margooth, apex rounded to
acute, white; nectarhamber tubular, 11x1.5 mm, open (without hairs at apex)jesta
filaments 3-4 mm, anthers 1-5 mm, yellow; style 13 mnorteh than stamens, not
exceeding nectar-chamber, stigma-lobes 5, 1 mm, cadoured, adpresseavary
cavity oval-shaped, 2.5xthm, ovules in clusters of 3, funicles nakdetuits 28-30x9
mm, clavate, light brown to red; perianth remains pensisEeedshelmet-shaped, 1.7-

2.2x1.7-2 mm, shiny black; testa with many nipple-like tulestcl
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Distribution and habitat: —BOLIVIA, E Santa Cruz (Figure 3). Endemic to Bolivia,
occurs on limestone outcrops between bromeliads, surroundedcluuales forest,
altitude 280m.

IUCN conservation assessment— This species is listed as Vulnerable because it has
a very restricted area of occupancy of 4 to 1F kamd is known from only two
locations. Although there are no major threats affgctime species at present, it is
predicted that livestock farming may impact the specieseim#éar future which would
likely result init becoming Critically Endangered or even Extinct in sy\s&hort time
period. The potential mining of limestone is another thréhe species is known from
two sites; there are less than 2,000 mature individuals in @dtel population trend is
stable, but the sites are not protected (IUCN 2013).

Notes:— In the phylogenetic study this species was consideredtas afD. ferricola
(Santoset al. 2013). The morphological difference between them is oslated to the
shape of their tubercles where [ boliviensisare pentagonal to round and [n
ferricola has a rhomboid form. Last specie always occur alwaysutorops-lajedos”
constituted mainly by iron and manganege boliviensiswas found in flower in
January, but probably its flowering begins before this, mxdhere were vestiges of

old flowers and also fruits observed.

Specimens examined— BOLIVIA. Santa Cruz: E Santa Cruz, San Cyrilo, d-tbrst
& Uebelmanmd57, 458 (U); Mun. Mota Cucito, 18 Jan. 200M.R. Santosn Huaylla,
H. 3683 (VIC).

3. Discocactus catingicola Buining & Brederog(1974: 265267), Figure 4: AS.
Holotype:— BRAZIL.W Bahia, Mun. S&o Desidério, 19Morst 392 (U!).

Plants simple, flattened globular, not forming groups by offagt Rootsbranched.
Stem 3-9x8-20 cm, dark olive greerRibs 9-13, straight or slightly spiralled, not
forming flattened tubercles with deep grooves (0.4-1.2 cruyd®at successive areoles.
Areoles3-6 visible per rib above ground level, oval to elongae@x2-8 mm, sunken.
Spinesyellow to grey, sometimes with darker transverse hargtsaight or slightly

curved turned-up or down, rounded to flattened in cross-sectdidl spines 3-10, 2-
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36x1-3 mm, central spine 0-1, 8-20 m@ephalium0.5-4.5x2-7.5 cm; bristles 1.5-50
mm with vivid or dark coloursFlowerbudolive green; flower tubular, when open 48-
70x35-60 mm; pericag) 5-9x4.5-5 mm, ovoid; receptacle-tube 38-45x6-14 mm,
covered with lanceolate to spathulate scales 6.2-30xin&8fleshy, uppermost with
apex retuse or irregular, ciliate, without light olive greein and tip, white within
inner perianth-segments spathulate 16-25x4-8 mm, fleshy, aaqpe#&, margin smooth
or irregular, white; outer perianth-segments 16-30x5-8 mashyl, white, spathulate,
margin smooth or irregular, apex obtuse-dentate; nebtmber tubular, 18-22x24%-
mm, closed by a whorl of curled hairs; stamen filamént§ mm, anthers 1-2.5 mm,
yellow; style 36-45 mm (reach the last whorl of stamesgyma-lobes 4-6, 3-5 mm;
ovary cavity heart-shaped, 3-7x2.578n, ovulesin bundles of 1-5, funicles naked.
Fruit 25-45x6-8 mm, clavate, white togreenish at apex; perianth remanssstent.
Seedsoval to helmet-shaped, 1.161-2 mm, shiny black; testa with nipple-like
tubercles.

Distribution and habitat: —BRAZIL. Central-Sand W Bahia, E GoigsN Minas
Gerais and S Piaui (Figure 1). Westesrrado-caatingaecdone on exposed sandy
soils or rocks (iron;jcanga”), usually close to rivers, 450—-700 m, western and central-
southern Bahia and eastern Goias. In Minas Gerais Staterimg to the wesbf the

Rio Sao Francisco.

IUCN conservation assessment— Previously considered as Vulnerable, it is now
listed as Least Concern and is one of the most comraoti af this genus. It is
widespread and occurs in several protected areas. Thepemration declines in part
of its range as the area is transformed into agri@litand at a very fast rate. In need of
regular monitoring, since theerrado habitats are undergoing much destructive change.
Low morphologi@al and genetic differentiatiomwas observed among its populations.
The species habitat is declining due to large-scale agricutiahading soy bean and
cotton crops, an&ucalyptusplantationslt is a widespread and common plant but with
a declining population trend, especially in Minas Gerais, Baaml Piaui. The
population is relatively stable in the western part ofatgye, where habitat loss has not

been as severe as in the east. Population monitorihgresfore recommended.
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Figure 1. Map showing geographic distribution Discocactusspecies that are widely
distributed in the cerdW and NE regions of Brazil.
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Figure 2. A-G. Discocactus bahiensié\. Habit showing shape of stem and ribs. B-C.
Different types of areole. D. Longitudinal section afwer and perianth-segments. E.
Stigma-lobes. F. Stamen. G. Seed. H{Mscocactus boliviensisH. Habit showing
shape of stem and ribs. I. Areole. J. Longitudinal sectb flower and perianth-

segments. K. Stigma-lobes. L. Stamen. M. Seed.
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Notes: — In our phylogenetic study this species grouped with other spdbDie
heptacanthusand D. diersianu$ with bootstrap support of 94% (Santesal. 2013).
Discocactus catingicolais largely confused withD. heptacanthusonce they are
morphologically similar and both possess a broad Higian But some characters can
help to distinguish them like tubercles shape, whel®. ihneptachantushey are nipple-
like, flattened with grooves (1.5-2 cm of depth) between asewsldle it not occurs in
D. catingicolathat not possess tubercles flattened and the groowssdetareoles are
less deep (0.4-1.2 cmpome synonyms before not related Do catingicola was
recognized by Hunét al (2006) D. prominentigibbs Diers & EstevesD. silicicola
Buining & Brederoo and. silvaticusBuining & Brederoo). Howeveb. silicicola is
more related td. hartmanniidue to characters like ribs shapes that possess tubercles
well developed, nipple-like, conical and vertically positbiiEig. 5G).

The flowering ofD. catingicolawas observed in cultivated specimens and the
first flowers appear in the second half of September dfte first rains. In Centr&-
Bahia (Paramirim) it was observed by N.P. Taylor flowelimgNovember. Its flowers
are durable, openinfylly around 18h with a slight fragrance and remaining open until
the next day with limited fragrance. In the morning of sleeond day, their pinkish
inner perianth-segments form a tube and stay partially apgh12h p.m. when they
completely close. With this behaviour of maintag the flowers open until the next
day could mean that this species is adapting to anotbdingbor such as

hummingbirds, but this needs careful study to determir®atsgy and ecology.

Specimens selected— BRAZIL. Bahia: W Bahia, Mun. Barreiras, 197H#lorst &
Uebelmann205A (U, K, ZSS); 11-12 Sept. 1988{orst & Uebelmanm49 (K ZSS);
l.c., Redondo waterfall, 14 Jan. 2004,C. Machado et al310- 313 (HUEFS); Mun.
Sao DesidérioHorst & Uebelmann392 (U); Mun. Santandjorst 448 (U ZSS);17
Jan. 2004M. Machado et al340- 344 (HUEFS); Mun. Santa Maria da Vitéria, 4 Oct.
1985 Horst& Uebelmann760 (K ZSS); Mun. CoribeHorst & Uebelmann760A
(ZSS); 16 Jan. 200M.C. Machadd46 (HUEFS); Ic. cent.-S Bahia, Mun. Paramirim,
28 Nov. 1988;Taylor in Harley 25558 (K). Goias: E Goias, Mun. Posse, 15 Jan. 2004,
M. Machado et al320 (HUEFS); near Rio Araguaia, 19Fstevess0 (UFG); Mun.
Gurupi, 1980,Estevesi51 (UFG) Mun. Porto Novo, 1975Horst & Uebelmanm48
(V) (ZSS) Ex. Cult. (ZSS). Minas Gerais: N Minas GerMsin. Cénego Marinho, 19
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Mar. 2011,Santos, M.R84 (VIC); l.c., 19 Mar. 2011Santos, M.R85 (VIC); Mun.
Januaria, 19 Mar. 201Bantos, M.R87 (VIC); I.c.; 19 Mar. 2011Santos, M.R88
(VIC); Mun. Joao Pinheiro, 13 May, 201%G. Olsthoorn264 (VIC); Mun. Rio
Paranaiba, 16 Mar. 201Bpnseca, R.S. & Arruda, D.ML081 (VIC); Il.c. Serra dos
Alegres,Horst & Uebelmanr843 (U ZSS.

4. Discocactus diersianus Esteves Pereira (1979:179-186), Figure MH-

Type: — BRAZIL: Goias: ‘SE region of the state of Golas50 m, s.d Esteves
Pereira87 (KOELN). Paratype: S of Goiania. May 20@steveslO, P.J. Braun304
(ZSSs))

Plants simple, single or offsetting when damaged by, filesc-shaped to flattened
globose.Rootsbranched. Stem10-13x25-26 cm, olive green to dark greRibs13-18
arranged vertically or slightly spiralf with a V-shaped depression or furrow just
below each areole making the ribs appear to be moressrdissolved in rows of
rounded tubercles and forming a sinuous groove between adjigen@reoles4-6
visible per rib above ground level, more or less o%al,.2x0.7 mm, sunkerSpines
grey to brownish or blackish grey, tips dark brown to blackyed strongly or hooked,
round or quadrangular in section; radial spines 4-10, 60-80x5central spine 051
40%x2-3 mm.Cephalium9x10 cm; bristles to 40-50x1-2 mm, brownish to reddish.
Flower budwhite to greenish; flower tubular to slender funnel-shapéd@n open 40-
60x30-60 mm; pericagd 4-7x3-4 mm, ovoid with very few rudimentary pointed
scales slightly constricted between pericarpel and receptacle-tiifee latter 50x4%
mm, flared somewhat in its upper part, white to greenisHpsch5-70x1-2 mm,
lanceolate to spathulate, light greenish to white and sowee with a fine red to
brownish tip, margin smooth, at its reddish apex, sonestistightly dentate or crenate;
inner perianth-segments lanceolate 25x3 mm, with acute toirzentip, very thin,
margin entire but often somewhat undulate, white; outer meérsegments 30x4 mm,
lanceolate with retuse to acute apmargin entire but very often undulate, apex;red
nectar-chamber tubular, 20x1.5-2.5 mm, closed by a whodudéd hairs; stamen
filaments 0.5-3 mm, anthers 1.4-1.8 mm, cream; styl@2l&m, short, reaching only
to beneath the stamens, i.e. inside nectar-chamber,astias 4-6, 4-5 mm, long,

white, finely papillose; ovary cavity oval to heart-shaped}x3:5-2.5, ovules in
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bundles of 2-3, funiculi often branched at base, witte fhairs.Fruit 45x7-8 mm,
slender clavate, white to cream-coloured, greenish to bsbwnear apex, with
persistent perianth remains; when ripe dehiscing lengthveisgerl fruits containing 70-
80 seedsSeedsoval to helmet-shaped, 1.2-1.7x1.4-1.55 mm, testa shiny ®abk
more or less elongated tubercles, these becoming slaodenearly flat towards the

hilum margin.

Distribution and habitat: — BRAZIL. SE, N Goias and S Tocantis (Figure 3).
Discocactus diersianusccurs at an altitude of about 650 surrounded by dry forests
The plants grow in small groups together with Bromeliaceae)daliating rocks of
granite outcrops interspersed with humus. They are eagodall sunlight.

IUCN conservation assessment— This species was not assessed until 2010 for the
IUCN Red List. It is listed as Endangered because it sccufragmented patches of
crystalline rock in Goias and Tocantins, Brazil. It iarfd at five to ten locations, which
add up to an area of occupancy of less than 500 Kimere has been a population
decline of more than 50 percent in the last 60 years (g@retangth is 20 years), and

it is estimated that no more than 5,000 mature individuaisam in total, with the
largest subpopulation consisting of less than 1,000 indilsd@i@e main threats to the
species are quarrying, cattle ranching, and the removahofspby farmers to avoid
cattle getting injured by the cactus spines. These thegatsinderstood, but have not
ceased and are, at least in part, not reversible. Qoliefcr ornamental trade is another

threat that has wiped out complete subpopulations (IUCN 2013).

Notes: — With morphology studies we saw that the synonymbugstevesibefore
belonging toD. catingicolaaccording with Hungt al. (2006), probably cabe placed

as D. diersianussynonymous due to traits related to stem and flower morgiolo
where the plants ob. estevesiido not have deep grooves between areoles and have
flower size and the reddish apex in outer perianth-segntike D. diersianus But the
results about phylogeny not show good resolution, then weé mege researches to
understand the phylogenetic relation betwd2n diersianusand D. estevessi Its
flowering begins in September and was observed in cudtivapecimesDiscocactus

diersianusflowers open totally at 19h p.m. and close around 5-6h a.theofext day
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Figure 4. A-G. Discocactus catingicolaA. Habit showing stem and rib shape. B.
Areole. C. Longitudinal section of flower and periagdggments. D. Detail of curled
hairs at top of nectar-chamber. E. Stigma. F.StamenSé&ed. H-M.Discocactus
diersianus H. Habit showing stem and rib shape. I. Areole. J. itad@al section of
flower and perianth-segments. L. Areole. K. Stigma. bedb
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Specimens examined—BRAZIL. Goias: Mun. Maripotaba/Crominia, 197Esteves
10 (UFG); S of Goiania, 17 Oct. 1987. J. Braun304 (K ZSS); between Mun.
Goiatuba and Mun. Cachoeira Alta, 19E3teve® (UFG); Mun. Teresina de Goias, 15
Aug. 2010,M.R. Santo223 (VIC); l.c. Rio Parana, 1973, 198Hprst & Uebelmann
431 (U ZSS) Ex cult. (ZSS); Mun. de Itumbiara, 2012, Olsthoorn330 (VIC); Mun.
Marzagéao, road GO 139, 2013, Olsthoorn327 (VIC); Mun. Natividade, 198%jorst

& Uebelmann645 (K, ZSS) Ex cult. (ZSS). Tocantins. 50 km N of Arraias, 1986. P.
J. Braun 716 (ZSS); Campo Cerrado near Natividade, F283 Braun547 (ZSS);
Mun. Parana, 11 Nov. 199Hatschbach56072 (MBM); between Mun. Parand and
Teresina de Goias-GO, 21 Apr. 19%steves402 (UFG); Mun. Conceicdo, 1990,
Esteved 48 (UFG).

5. Discocactus ferricola Buining & Brederoq1975: 2-5) Figure 5: AF.
Type:— BRAZIL, Mato Grosso do Sul, Corumbé, 19Hgrst & Uebelmanri95 (U!).

Plants simple, flattened globular to globular, forming groups bfgeifing and with
seedlingsRootsbranched. Stem8-9x7-25 cm, pale to dark gredRibs11-15, running
spirally, tubercles with globular to rhomboid fori#reoles3-6 visible per rib, oval,
15x7 mm, sunkerSpinesat first yellowish, when older brown-reddish to grey, egesd
radially, more or less recurved; radial spines 5-9, 15-50m1 central spine 0-1, 30-35
mm. Cephaliuml1-7x1.9-6.5 cm; bristles to 50 mm, dark coloufédwer-budgreenish
brown; flower tubular, when open 55x35 mm; perieaf<3.5mm, ovoid; receptacle-
tube 27x12 mm, bearing few small scales 4x2 mm, lanceolateg wiltitin, outside
and apex greenish brown; transitional perianth-segmergevieral whorls, lanceolate
to spathulate, 20x4 mm, fleshy, margin crenate, white, -tliregvn along the midvein;
inner perianth-segments 18x@m, spathulate, acute to cuspidate at apex, white; outer
perianth-segments 23x5 mm, lanceolate, acute to cuspidatriathamber tubular,
14x2 mm, open (without hairs at apex); stamen filamerésn®n, anthers 1 mm,
yellow; style 17 mm, extending to between nectar-chambefimbdvhorl of stamens,
stigma lobes 4, 1 mm, white to cream coloured, with papillagry cavity heart-
shaped, 2.5x1.5 mm, ovules in bundles of 2-3, funicles ndked. 30-40x5-9 mm,
clavate, white to light brown; perianth remains persist8aedgylobular, 1.5x1.5 mm,

shiny black; testa with short nippliee tubercles.
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Distribution and habitat: — BOLIVIA. (E Santa Cruz, border with Brazil). BRAZIL
NW Mato Grosso do Sul (Figure 3). Plants endemic to @ahtbiome, growing in
clusters of seedlings and with offsetetween bromeliads, mosses and very bmal
shrubs on flattened acid rocks containing iron and mangaradiedcanga

IUCN conservation assessment— This species was not assessed until 2010 for the
IUCN Red List. It is listed as Endangered (EN (B2ab(iii, Bgcause it occurs only in
the region of Corumbéa and along the border with Baligind has an area of occupancy
of no more than 20 kinThe species habitat is degrading due to mining activities and
urbanization, which has led to a population decline of 30&¢ the last 30 years. The
threats have not ceased, and thus continue causing detlinature individuals and
suitable habitat. Generation length is 10 yéldre main threat to the species is mining,
especially in Bolivia, and human settlements. The flakycareas are cleaned of any

remaining vegetation during the urbanization process.

Notes: — In the phylogenetic study. ferricola was considered as sister Dk
boliviensis with 100% bootstrap support (Santes al, 2013). Morphological
differences between these species were stated in Notes lofliviensisdescription.
Discocactus ferricoldorms a carpet of adult plants and their plantletsir{ipalerived
from vegetative reproduction that occurs with the emergariceew plants from
areolas) on the iron rocks. Often accumulate arouadribther plant and is possible to
observe the plants piled up one over anotbescocactus ferricolavas found in flower
in January, but probably its flowering begins before thibse there were vestiges of

old flowers and also fruits.

Specimens examined— BRAZIL. Mato Grosso do Sul: Corumbé, 17 Jan. 2011,
Santos, M.R43 (VIC); l.c., 17 Jan. 2011Santos, M.R44 (VIC); l.c. Parque do
Pantanal, 12 Nov. 2006].S. Garcia55 (CGMS); l.c. surrounding Corumba, 1974,
Horst & Uebelmanrl95 (U ZSS); I.c. Corumba, 16 Nov. 1989,J. Pott1157 (MBM).
BOLIVIA. Santa Cruz: E Santa Cruz, 18 Jan. 2(84ntos, M.R52 (VIC); I.c., 18 Jan.
2011,Santos, M.R53 (VIC).
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6. Discocactus hartmannii (K. Schum.) Britton & Rose (1922: 21 Bigure 5: GM.

Type: — PARAGUAY, N of Paragay, Capivary, San Pedrd@;rosse(B, destroyed).
Lectotype:— designated by Taylor & Zappi in Bradleya 9 (1991:86).

D. silicicola Buining & Brederoosyn. nov.Holotype: — Mato Grosso do Sul, Porto
Murtinho, 1975Horst 325 (U!).

Plants simple, disc-shaped to globularootsbranched.Stem4-7x7-19 cm, dark green.
Ribs 14-22, with deep grooves between ribs (>2 cm), without ridges,camprising
conical (acute) and elongated tubercles, tightly spiralkegolesoval to elongated, 3-
visible per rib, 2-6x1.75-4 mm, sunkeBpinesat first yellowto horn-coloured, later
grey to brown, arranged radially, rounded in cross-sectiolgre or lesgecurved,
apical spines decurved; radial spines 3-12, 2-20 mm, cespimle 0-1, 1-8 mm.
Cephalium 1.3-3.5%2.7-@ cm; bristles 2-40 mm, vivid to dark coloureélower bud
light brown to olive green; flower tubular, when open 70-76x42-55 paricarpel 4.5-
8x4-5 mm, ovoid; receptacle-tube 45-58x8-9 mm, bearing laateeskcales, 1.6-
28x0.5-6.5 mm, white to light-olive green within, light-browitheut, tip emarginate
to cleft, sometimes with a fingernail-like tip; inner petiasegments 23-26x3-6.5,
white, spathulate, acute to cuspidate, sometimes witfperfnail-like tip, margin
undulate or dentate; outer perianth-segments 22-28x4-7 anggdlate, acute, margin
undulate or dentate; nectar-chamber tubular, 20-34x3-5 fosed by hairs at apex;
stamen filaments 4-11 mm, anthers 1-2 mm, yellow; styi13rhm, extending to the
midpoint or upper part of the floral tube, stigma-lobe8, 3.5-7 mm, with papillae;
ovary cavity oval, 3-6x2-3 mm, ovules in bundles of Zuhicles naked or with hairs.
Fruit 38-44x9-11 mm, clavate, white thipinkish apex; perianth remains persistent.
Seedsl1.6-2.2x1.2-1.8 mm helmet-shaped, shiny black; testa with nedorygate

tubercles.

Distribution habitat: — BRAZIL. SW Mato Grosso do SUPARAGUAY. SE
Paraguay (Figure 3)Discocactus hartmanniiis endemic to Chaco Vegetation,
occurring on stony hills composed of loam, sand, gravebaky soil containing much
mica, between low shrubs, 280-700m altitude. In Paraguay occunirgandy soil,

with palms, near places similar to the Brazilian Veredas.
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IUCN conservation assessment-— This species is listed as Critically Endangered
(A2ac), because in the pd3iscocactus hartmannivas widespread and common, but
now it only occurs in fragmented patches due to severdahdbss. As a result of
deforestation for large-scale agriculture, the populatiemse declined by an estimated
80% in the last 30 years (generation length is 10 yeads}has decline is continuing.
The main threat to this species is agriculture. In the¢, gasall-scale agriculture was
destroying the habitat, which has now been replaced witengixe agro-industry
farming in the last ten to 20 years, mainly consistindgcotalyptusplantations, crops
for renewable energy and cattle ranching (IUCN 2013). Inquéati the former habitat
in Mato Grosso do Sul and the border area with Paraguapnipletely deforested. In
Paraguay, the main threat to the species is livestochiranc

Notes: — According to Huntet al. (2006),D. silicicola is a synonymous belonging to
D. heptacanthysbut in morphological studies (due mainly to ribs withercles shape
conical and elongated). silicicola was resolved as related@o hartmannii Huntet al
(2006) recognized some synonyms before not relat&l twartmannii(D. patulifoliug

D. mamillosusD. pachyteleD. magnimammyd. magnimammusubsp bonitoensis
D. hartmannii subsp.setosiflorus D. hartmannii subsp.giganteuy and we confirm
these synonymizations because the specimens analyzed simphological characters
determinants to identiffp. hartmanniithat is the form of tubercles cited above arel th
ribs tightly spiralled. The speciewas found in flower in January, but probably its

flowering begins before this, because there were vesifgad flowers and also fruits.

Specimens examined— BRAZIL. Mato Grosso do Sul: Mun. Bonito, 20 Jan. 2011,
M.R. Santo$5 (VIC); Ic. near Bonito, 1983. J. Braun216 (ZSS); 15 km W Bonito,
22 June 197%lorst & Uebelmanrl93 (U ZSS) Ex cult. (ZSS)Mun. Caracol, 22 Jan.
2011, M.R. Santos$3 (VIC), P. J. Braun220 (ZSS); l.c. 21 km E of Caracol, Bela
Vista, 1971, 29 May 197Zorst & Uebelmann324 (U, ZSS); Mun. Anténio Jodo
towards to Capao Bonito, 23 Jan. 20MLR. Santo$5 (VIC); W and N of Rio Apa, 28
May 1973,Horst & Uebelmanrl91 (U, ZSS); Road leaving Coronel Sapucaia, 25 Jan.
2011, M.R. Santos6 (VIC); Ic. near Iguatemi, 198%. J. Braun208 (ZSS); Serra
Maracaju, 1983P. J. Braun214 (ZSS); along Rio Iguatemi and along Rio Ibaré, 26
May 1972 Horst & Uebelmanrl90(U, ZSS); Mun. Aquidauana, Aldeia Corrego Seco,
16 Jan. 2011M.R.Santog2, 73 (VIC); road living Aquidauana towards Cipolandia, 16
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Jan. 2011M.R. Santos 4QVIC); l.c. NE of Aquidauanatorst & Uebelmanri98 (U);
Mun. Porto Murtinho, 21 Jan. 2018.R. Santo$0 (VIC); near Porto Murtinho, 30
May 1972,Horst & Uebelmann325 (U, ZSS) Ex. Cult. (ZSS) PARAGUAY. San
Pedro: Mun. San Estanislao, 26 Jan. 20dR. Santo$8 (VIC); Ic. near Yhu, 1983,
P. J. Braun204 (ZSS); Amambay, Bela VistAprst & UebelmanrHU 556 (ZSS).

7. Discocactus heptacanthus (Barb.Rodr.) Britton & Rose (1922: 21&jigure 5: NQ.
Type: —BRAZIL, Mato Grosso, ear Cuiaba, Barb.Rodr. (Britton & Rose, I.c.).
Lectotype:— (designated in Taylor & Zappi, 2004): Rodrigues, Pl. Mattosp@$898:
tab. 11).

Discocactus lindanug. Diers & Esteves Pereirgyn. novisotype — Brazil: Goias: E
to NE region of the state of Goias, 19E3teves Pereir@ (UFG!).

Plants simple, flattened globular, to almost globulRootsbranched. Stem3-9x%8-16
cm, pale to olive greerRibs 9-16, straight or slightly spiralled, forming nipgike
tubercles flattened with grooves between areoles (0.4m.@epth) Areoles2-6 visible
per rib above ground level, oval, 3-8x2-7 mm, suni&inesyellow, pale yellow to
grey to brown, straight or slightly curved, turned-uglown, rounded in section; radial
spines 3-9, 3-35x1-2 mm, central spine 0-1, 15-24x2 @ephaliuml-2.7x2.5-6 cm;
bristles 20-50 mm vivid or dark coloeat Flower budolive green; flower tubular to
funnel-shaped, when open 52-110x45-70 mm; pericarpel 4-10x4-7 maid; ov
receptacle-tube 44-70x12-20 mm, bearing lanceolate to firabsizdles 3-30x1.5-10
mm, brown-green along the midvein and at apmtherwise white; inner perianth-
segments spathulate 22-27x6-12 mm, cuspidate, margin demkétie, outer perianth-
segments 23-30x6-11 mm, white, spathulate, margin smoaite ar obtuse; nectar-
chamber tubular, 11-28%2.5-5 mm, closed by curled hairs; stélaments 2.5-20 mm,
anthers 1-2 mm, yellow; style 44-76 mm, more or lessaxkng the upper whorl of
stamens, stigma-lobes 4-7, 4-12 mm; ovary cavity héaped, 2,5-5x2.5-3nm,
ovules in bundles of 4-Fruit 25-42x6-12 mm, clavate, white with greenish-pink
apex; perianth remains persisteBeedselongate to helmet-shaped, 1.0¥1.1-1.8

mm, shiny black; testa with dense nipple-like tubercles.
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Distribution and habitat: — BRAZIL. N and W of Goias, S Mato Grosso and N Mato
Grosso do Sul (Figure 3). The specie ocaninsesterncerrado vegetation, on exposed
gravel or sand, cerrado and cerrado-caatinga ecotone.

IUCN conservation assessment— This species is listed as Near Threatened
according to criteria A2ac+Adadiscocactus heptacanthus widespread in part of
Brazil and adjacent Bolivia, but only occurs in fragteeinpatches. It has suffered from
a population decline in the range of 20 to%@ver the last 20 years due to large-scale
deforestation for agriculture as well as mining and urbéiniza The decline is
presumed to continue at an even higher rate, as tlienregunder ongoing pressure
from agro-industrial and urban development. The main thsedeforestation of the
species habitat for cattle ranching and renewable enewps.cMining is another
important threat in areas where the species grows arritl rock known as “cangd.
Urbanization is threatening the population in the surrousdirigcuiaba. In the Pocone

region, pollution from mining activities is also affexithe plants (IUCN 2013).

Notes: — At the locality where the synonymous. squamibaccatuBuining &
Brederoo was described, little red scales are found tosestaat on the reddish fruit.
According to Huntet al. (2006)D. lindanusL. Diers & Esteves is a synonpms of D.
diersianus but in our phylogenetic study this taxon grouped vilthheptacanthus
(Santoset al, 2013 Chapter 1) and morphological characters also @auprove this
proximity like the flattened tubercles and the pistil exieg the corolla aperture.
Others synonyms are cited by Huett al. (2006) related tdD. heptacanthusas D.
flavispinus Buining & Brederoo, D. melanochlorus Buining & Brederoo, D.
semicampanifloruBuining & Brederoo and. subterraneo-proliferand.. Diers &

Esteves that also share morphological traits as ordiabove.

Specimens selected— BRAZIL. Goias: Mun. Posse, 15 Jan. 2004.C. Machado
131b (HUEFS); 1973Horst & UebelmannHU 200 (U ZSS); Mun. Goiania, 1 dec.
1988, Horst 585 (K); NE Goias, 17 Sep. 198forst & Uebelmanrb26 (K); sin locq
s.d., Horst & Uebelmanr632 (K); 3km S of Rio Parana, s.Hlorst & Uebelmanm31
(K); sin loco,1 Jan. 1989Horst & Uebelmanrb88 (K); sin locoHorst & Uebelmann
649 (K); 3n loco, 1985Horst & Uebelmann720 (K); 1985,Horst & Uebelmannt31
(K); sin locq May 1865,Burchell 7215 (K);sin locq 1985,Horst & Uebelmanr648
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(K); Mun. Alto Paraiso, 15 Aug. 2010). R. Santo5 (VIC); Ic. 10 Km from Alto
Paraiso, 15 Aug. 20104.R.Santo4 (VIC); sin locq 1972,Horst & UebelmanrHU
392 (U).Mato Grosso: Mun. Nova Xavantina, 24. Sep. 194dmos et al6503 (K); I.c.
near Nova Xavantina, May 1948jck, H B436 (RB); Mun. Chapada dos Guimaraes,
17 Sep. 1979P.I. Oliveira 84 (MBM, NY); l.c., 5 Sept. 1993Guarim Neto, G.
(UFMT); Mun. Cuiaba, 1972Horst & UebelmannHU 326 (U ZSS); near Cuiaba,
Chapada dos Guimaraes, 19H#rst & Uebelmanm53 (U, ZSS); Mun. JaciaraHorst
& Uebelmann326a (ZSS); Ic. Cérrego do Surucucu, 10 Oct. 1868séca, S.G1365
(UB). Mato Grosso do SuMun. Corguinho, 10 Feb. 2003,S.Garcia60 (CGMS);
Mun. Coxim, 6 June 1972orst & UebelmanrHU 198a (U) (ZSS); I.c. 40 km Coxim,
29 Jan. 2011M.R. Santog0 (VIC); l.c., 29 Jan. 201M.R. Santog1 (VIC); l.c. hills
along Rio JuaruHorst & Uebelmanm55 (ZSS).

8. Discocactus horstii Buining & Brederoo 1973 igure 7: AF.
Holotype:— BRAZIL. Minas Gerais, Mun. Grao MogdHorst 360 (U!).

Plants simple, depressed globuldRootsbranched. Stem2x6 cm, purplish brown to
green. Ribs15-22, straight, not tuberclat&reolesoval to elongate, 4-6 visible per rib,
1-1.5x0.25-1 mm, not sunke8pinesbrown with grey coating, pectinate, adpressed to
stem; radial spines 9-11, 3-3.5x0.5-0.75 mm, central dpirfi@ephalium1-1.5%1.8-2
cm; bristles 20 mm, vivid to dark colouredlower-budtinged yellow-brown; flower
tubular, when open 60-75x@0m; pericarpel 5x4.5 mm, ovoid; receptacle-tube 38x4-
mm, bearing oblong, scattered, raised scales, 15-2dmil yellow-brown without,
white within; inner perianth-segments 20-24x5.5fn, white, lanceolate to oblong,
cuspidate and slightly crenate at apex; outer perianthesggrB0-35x3.5-8 mm,
lanceolate to oblong, acute and crenate at tip; nectantoér tubular, 17x2-2.5 mm,
open; stamen filaments 3-4 mm, anthers 0.7 mm, yelloge 87x0.5 mm, extending
to midpoint of the floral tube, stigma-lobes 6, 3 mm, vp#pillae; ovary cavity ovoid
to rounded, 3x2 mm, ovules in bundles of 2-4, funiclegedak with hairsFruit 30x4
mm, tubular clavate, white; perianth remains persistgggds1-1.1x0.9-1 mm helmet-

shaped, shiny black; testa with nipple-like tubercles arramgemlvs.
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Distribution and habitat: — BRAZIL. N Minas Gerais (Figure 6). Endemic $outh-
easterrcampo rupestréGrao Mogol) element, in quartz gravel and sand berstattbs
in campo rupestrec. 1000 m, Serra do Bar&o, northern Minas Gerais.

IUCN conservation assessment— PreviouslyD. horstiiwas considered Endangered,
but now is listed as Vulnerable (VU D2). This species has arestyicted range; its
extent of occurrence is less than 100km2 and its areacopancy is around 6Kmand

it is known from onlythree locations. It declined substantially in the past due to
collection for the international horticultair trade as well as quartz extraction, but
populations are stable at present, as the entire populationder strict protection and
included in the Parque Estadual de Grao Mogol. However, that thfenining could
potentially return, which would bring the species to the brihkxinction in a very
short time. Its survival depends on the continuing pratedf its sites. This remarkable
Brazilian cactus was heavily collected in the 1970's for Eheopean horticultural
market (Buining 1974: 70). In the past mining (or digging) for quastztals destroyed
large parts of the habitat (IUCN 2013).

Notes:— This species was observed flowering mainly in December andgda In our
phylogenetic study this species is considered as sister pseudoinsignisvith strong
support (Santost al, 2013). These species are sympatric, but there araidiesthat
prove gene flow between them. The pectinate spih&s horstii seem to have another
function besides protection as cited Rizzini (1987) bectheseare porous and able to
absorb water like a sponge. Its outer casing of thdras walls with parietal

organization just described for this species.

Specimens examined— BRAZIL. Minas Gerais: Mun. Grao Mogol, 197Horst &
Uebelmann360 (U); l.c., 1987, P.Braun 851 (ZSS); l.c., Jan. 2006jachado, M.C.
765 (HUEFS); I.c., 16 Mar. 2011/. R. Santog5 (VIC).

9. Discocactus placentiformis (Lehm.) K. Schum (1894: 190), Figue

Type: — ‘Brasilia meridionali’, apparently not preserved. Neotype: — (designatedy
Taylor & Zappi, 2004): Lehmann in Nov. Act. Nat. Cur. 16(1) (1832 1&.
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Figure 5. A-F. Discocactus ferricolaA. Habit showing stem and rib shape. B. Areole.
C. Longitudinal section of flower and perianth-segraem. Stigma. E. Stamen. F.
Seed. G-MDiscocactus hartmanniiG. Habit showing stem and rib shape. H. Areole. I.
Longitudinal section of flower and perianth-segmentStigma. K. Stamen. L. Fruit.

M. Seed. N-Q.Discocactus heptacanthusl. Habit showing stem and rib shape. O.
Areole. P. Fruit. Q. Seed.
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Plants depressed-globose, solitariRoots branched. Stem3.5-13.4x6-29 cm, dark
green. Ribs9-26, well-defined, vertical owveakly spiralled, forming distinct tubercles,
with shallow grooves (0.2 mm) between successive arebtesles3-9 visible per rib
above ground level, oval to elongated, 3-15x2-12 mm, surignesgrey to brown,
flattened or rounded in cross-section; radial spines 3-26x3-4 mm, central spine O-
1, 9-20x1 mm.Cephalium 0.5-%1-11 cm, sometimes depressed, densely woolly;
bristles vivid and dark coloured, 10-45 mighower budolive green to brownish; flower
slender funnel-shaped, to *8%-85 mm, borne on the periphery and centre of the
cephalium, white, sweetly scented; periedfp 7x4-5 mm, ovoid, white and red-brown
to pinkish; receptacle-tube 34-50x7-12 mm, bearing fleshy scélds1.5-6 mm, olive
green to brown, lanceolate, apex retuse, margin entirer perianth-segments 15-
30%x2-57 mm, white, lanceolate to spathulate, acute to cuspstabetimes cleft; outer
perianth-segments 18-35x%3-7 mm, lanceolate, rounded to gceemish-white; nectar-
chamber tubular, 11-25%2-3.5 mm, open, with glands; stan@ments 4-5 mm,
anthers 0.75-2 mm, yellow; style 30-45 mm, golden yellow, extgnbeyond the
midpoint of the receptacle-tube, stigma-lobes 4-8, 3.5-8 smeam to white, with
papillae; ovary cavity ovoid 4-5.5x2.5-4 mm, ovules in bundiel-5.Fruit 30-50x5-

15 mm, clavate, naked, white to reddish at apex; cupula 3.5 mnangeremains
persistentSeeddelmet-shaped but somewhat variable in form, 1.2-1.9x1-2shmy

black; testa with nipple-like tubercles irregularly distitiéd.

Distribution and habitat: — BRAZIL. N Minas Gerais (Figure)6 Endemic to the
core area within Minas Gerais, widespread South-eastanmpo rupestreerrado
element on arenitic rocks, quartz sand and graeetado/campo rupestrearely within
the southern limits of theaatingg 550-1450 m, east of the Rio S&o Francisco, central

and northern Minas Gerais..

IUCN conservation assessment— Previously considered Vulnerable, but now listed
as Least ConcerrDiscocactus placentiformiss widespread in central and northern
Minas Gerais, Brazil. In parts of its range it is locallgry abundant, with several
thousand mature individuals, while in other areas the fubgons are smaller and
have suffered from exploitation for making candy asllvas habitat loss due to

agricultural development. The populations are still declinimgf, not fast enough to
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qualify for any of the IUCN threatened categories in trer figture. When located close
to villages, formerly, this species was affected by exgtioib for the production of
candies. The majdhreats arelue to conversion of its habitat into pasture land forecattl
ranching, for cropr for Eucalyptusplantations and collecting for horticultural (IUCN
2013).

Notes: 2-16 flowers arise at the same time. Many morphologiteracters vary
according to substrate (personal observations), thé folan, size, and spines being the
most variables traits when plants occur on rocks, sargravelly soil (Figure 8). On
rocks the plant body is more globose and elongated, wheregravel or sandy soil it is
more depressed. The population reported by Heringer in Oct. 1958uim Sete
Lagoas, MG, at Lagoa Grande is locally extinct. The pojuatported by Martius at
Ouro Branco, Minas Gerais was not found and may haverkeeerded in error, so that
the populations at Santana do Pirapama are considered thersoudst extant records

of its range.

Specimens selected— BRAZIL. Minas Gerais: Mun. Grdo Mogol, 31 Jan. 1991,
Taylor et al.1512 (K ZSS BHCB); Mun. Claros dos Pocdes, June 199Esteves
Pereira1lll (UFG); Mun. Jequitai, 27 Jan.199Hhylor et al 1450 (K BHCB); Mun.
Francisco Dumont, 7 Aug. 198Bggli s.n. (ZSS); Mun. Bociauva, s.d., Faz. Laginha,
Horst & Uebelmann548 (ZSS, K); l.c. Engenheiro Dolabela, 24 Mar. 20M1R.
Santos92-96 (VIC); Mun. Buenodpolis, 13 Oct. 198Baylor & Zappiin Harley 24988,
24993 (K); Mun. Augusto de Lima, 31 Aug. 198%orst & Uebelmanr356 (K ZSS);
Mun. Joaquim Felicio, 20 Oct. 1998Blatschbach et al69382 (MBM); l.c. Parque
Estadual da Serra do Cabral, 22 Oct. 2M@®R. Santos38 (VIC); l.c., 22 Oct. 2010,
M.R. Santos39 (VIC); Mun. Diamantina, 1982orst & Uebelmanrb48 (K, ZSS);
ibid., c. 15 km NE of Diamantina on road to Mendanha, 30 @60, Irwin et al. (K,
NY, UB); ibid., estrada para Conselheiro Mata, KM 165, 18 July 188@pi et al.in
CFCR 11297 (SPF); l.c. Sopa, 14 may 20MR. Santo401 (VIC); Mun. Mendanha,
15 May 2011,M.R. Santosl07 (VIC); Mun. Couto de Magalhdes de Minas, 3 Aug.
1988, Eggli 1056 (ZSS)Horst & Uebelmanmi232 (K) (U) (ZSS); l.c. Parque Estadual
do Biribiri, 14-15 May 2011M.R. Santo400 (VIC);l.c.; 14-15 May 2011IM.R. Santos
102 (VIC); Mun. Datas, 17 Feb. 1988upthut8835 (ZSS); l.c. Bardo do Guaicuy,
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1973, 1985, 16 Aug. 1988jorst & Uebelmann357 (K ZSS); Mun. Sete Lagoas, 16
Oct. 1959,Heringer 7228 (UB); Mun. Sado Goncalo do Rio Preto, 16 May 204 R.
Santosl13 (VIC); Mun. Serro, 2 Sep. 20(R,C.Motal626 (BHCB); Mun. Conselheiro
Mata, 17 May 2011M.R. Santo4.08 (VIC);l.c., 17 May 2011M.R. Santo409 (VIC),

l.c., 17 May 2011M.R. Santosl10 (VIC); Mun. Santana do Pirapama, 21 July 2009,
Zappi. D.C. 2210 (RB).

10. Discocactus pseudoinsignis N. P. Taylor & Zappi (1991:86Figure 7: GO.
Holotype:— Minas Gerais, Mun. CristaliZappi et alin CFCR 12045 (SPF!).

Plants depressed-globose, solitafgootsbranched. Stem4.9-10.5x10-21 cm, pale to
light green.Ribs12-13(-15), well-defined, straight or slightly spiralled, wigaio non-
tuberculate, with elevated ridges between adjacent aréolesles: 3-6 visible per rib
above ground level, oval to elongated, 1.@<8-6 mm, not sunkenSpinesgrey to
blackish, rounded in cross-section, short, straight,ecuidown or turned-up, dagger
shaped; radial spines 4-9, 3-42x1-2 mm, central spineQ&B0x0.5-2 mmCephalium
0.5-5x2-9 cm, more or less globular, with white to greyisiol; bristles dark coloured
32-40 mm.Flower bud brownish to olive green; flower tubular to funnel-form, 75x60
mm, borne mainly in centre of the cephalium, white, dakesweetly scented;
pericarpel 7.5x4 mm, ovoid, cream-coloured to white; recptabe 60-68%4-5 mm,
bearing lanceolate to spathulate scales, 1-24x1.5-6 mamd olive green without
white within, apex obtuse and irregularly dentate, marginreeninner perianth-
segments 22x2 mm, white, lanceolate to spathulate, acutep@ate, sometimes cleft;
outer perianth-segments 30x4 mm, lanceolate, acutanayesen without, white olive
green within, midvein and tip brown; nectar-chamber tubdx2.5mm, open, with
glands; stamen filaments 5-8 mm, anthers 1.5 mm, yelloje 54 mm, yellow to
orange, extending to the midpoint of the receptacle-tulggna-lobes 7, 6 mm, cream
to white, with papillae; ovary cavity elongate to heart-sdap&.5x2 mm, ovules in
bundles of 5Fruit 32-45x5-9 mm, clavate, naked, cream-white to yellow- orahge a
apex; perianth remains persisteS8eedshelmet-shaped, 1-1.4x1-2 mm, shiny black;

testa with nipple-like tubercles regularly distributed.
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Distribution and habitat: — BRAZIL. N Minas Gerais (Figure 6 Endemic toSouth-
easterrcerradocampo rupestréMun. Cristalia, Botumirim and Grao Mogol) element
In pure quartz sand or sand between arenitic raekapo rupestre700-1200 m.

IUCN conservation assessment— Previously evaluated as Endangered [EN BZlab(iii)
+ 2ab(iii)] (3) (Taylor & Zappi 2004) and here also conedeEndagered but based
upon different criteriaEN (Blab (iii, v)). Discocactus pseudoinsignis endemic to
northern Minas Gerais, Brazil. It has an extent of aertwe of approximately 1,000
km® and it is found in few locations. Two subpopulations odaithe Parque Estadual
de Gréao Mogol, but those subpopulations outside of the pedtecea are declining due
to habitat loss from quarrying, urbanization, and firese Tauses of decline are
understood, but have not ceased and are, at least innparteversible. They are
therefore expected to continue reducing the number of memdikeduals as well as the
extent of occurrence and area of occupancy of this cactlSN12013). The major
threats are habitat modification, mainly the quarrying sahd and urbanization.

Botumirim region, it has been severely damaged by fideEarcalyptugplantations.

Notes:— In our phylogenetic study (Santesal, 2013) it was shown to be sisterf
horstii with strong supportDiscoactus pseudoinsignand D. horstii have ribs not
tubercled (what distinguishes them from otléscocactuy but can be distinguished
from each other mainly by presence of spines pectinayeiobl. horstii. The flowering
period of this species begins in November and it was alserss with few flowers
until March in Cristélia, MG.

Specimens examined— BRAZIL. Minas Gerais: Mun. Grao Mogol, 1972974
1985,Horst & UebelmanrB47 (U, K, ZSS) Ex cult. (ZSS); I.c., 10 km NW of the town,
22 Oct. 1978Hatschbach41634 (MBM); l.c., Vale do Ribeirdo das Mortes, 4 Sep.
1986, 1. Cordeiro & R.Mello-Silvain CFCR 10088 (SPF); l.c., Corrego Escurona, 13
May 1990,Zappi et al.in CFCR 12901 (SPF); l.c., Varzeas Escuras, 6 Nov. 1897,
Fernandeg(K); in Parque Estadual de Grao Mogol, Serra do Barédo, 16 MxAth,
Santos, M.R74 (VIC); Mun. Cristalia, 28 May 198&appi et al.in CFCR 12045
(SPF).; l.c. around the city, 17 March 208Hantos, M.R76 (VIC); l.c., 17 March
2011,Santos, M.R77 (VIC); l.c., 17 March 2011Santos, M.R.78 (VIC).
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Figure 7. A-F. Discocactus horstiiA. Habit showing stem and rib shape. B. Areole. C.
Longitudinal section of flower and perianth-segments. iyn&. E. Stamen. F. Seed

form. G-O. Discocactus pseudoinsigni&. Habit showing stem and rib shape. H-I.
different types of areole. J. Longitudinal sectionflofver and perianth-segments. K.

Stigma. L. Stamen. M. Ovules. N. Fruit. O. Seed.
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Figure 8. Discocactus placentiformisA. Habit showing stem and rib shape. B. Plant
body variation depending on substrate (on rocks and sanD)ff€ent types of areole.

D. Longitudinal section of flower and perianth segmefts Stigma. F. Stamen. G.
Fruit. H. Seed form variation.
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11. Discocactus zehntneri Britton & Rose (1922: 218).

Type: — BRAZIL. Bahia, Mun. Sento Sé, 191Behntnerin Rose & Russell9779
(Ush.

Plants depressed-globos® globose, producing offsets at the baReotsbranched.
Stem1-7x2-15 cm, pale greerRibs 11-26, broken o rounded tubercles spirally
arrangedAreoles:5-7 visible per rib above ground level, oval to ellipfic-13x0.4-10
mm, not sunkenSpinesgrey to brown, rounded in cross-section, long, strasgid
spreading on both sidesalmost hiding the stem; radial spines 7-18, 4-40x1-2 mm,
central spines 0-2, 26-702lmm. Cephalium 0.6-3.5%x2-4.5 cm, with white to greyish
wool; with or without bristles, when present with vivid andkdaolours, 7-60 mm.
Flower-bud greenish; flower funnel-shaped, 33-77x35-55 mm, white, naked, sweetly
scented; pericarpel 2.5-4x2-4 mroyoid, cream-coloured to white; receptacle-tube 5-
35%x4-8 mm bearing lanceolate to spathulate scales, 8-25x2-5white, green or
reddish without, white within, apex rounded to acuminate, gteereddish; inner
perianth-segments 17-25%4-6 mm, lanceolate to spathuaies ® cuspidate, white;
outer perianth-segments 19-35x3.5-6 mygneen to yellowish, lanceolate to spathulate,
rounded to acute; nectar-chamber tubular, 12x3-3.5mm; sty®) 28m, extending
beyond the midpoint of the receptacle-tube,stdobes 5-6, 5 mmFruit 18-46x5-9
mm, pink to reddish; perianth remains persist8eiedoval to cap-shaped, 0.8-2x0.8-

2.3 mm testa with small to elongate tubercles.

D. zehntneriis divided into three subspecies, one being recognizeal foerthe first

time:

Key to the subspecies dD. zehntneri

1. Plant body globose to depressed-globose; centma¢ €pi2; stem not hidden by

spines (up to 2 mm tickness).

2. Spines straight, central spines 0-2; style 26-30.mm11.1.D. zehntneri

subsp.zehntneri
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2. Spines curved, central spines 0; style 128 ............. 11.3. D.
zehntneri subsp.petr-halfarii

1. Plant body globose to elongate, caespitose; cespiireg 0-1 stem obscured by spines
that are like bristles (up to 1 mm tickness).....11.2.D. zehntneri subsp.boomianus.

11.1.Discocactus zehntneri subsp.zehntneri Figure 10: AG.

Plantsglobose to depressed, caespitésaotsbranchedStem3-8x5.5-13.6 cm, light to
dark green.Ribs 12-13(-21), broken to rounded to elongated, spiralled tubercles.
Areoles 3-5 visible per rib, oval, 3-13x2-10 mm, not sunk&pinesgrey to brown;
radial spines 7-14, 22-75x1-2 mm,; central spines 0-2, 35-70x1-2napt,Cephalium
1-3.5%x2-4.5 cm, with white to greyish wool; bristles on peeiphery of the cephalium,
grey with light brown to orange tip, 7-80-5 mm.  Flower tubular, 33-77x35-55 mm,
naked, sweetly scented; receptacle-tube scales 7-22x1-5amreplate, fleshy, white
to light brown, margin finely dentate, tip acute; inner geth-segments 17-25>@1-
mm, lanceolate to spathulate, acute to cuspidate, whiter perianth-segments 19-
35x3.5-6 mmJanceolate, white to light green, apex rounded to acuteamelbaimber
tubular 12 mm; receptacle-tube 24-35x5-6 mm; style 26-30 mm, its agéioped a
little above the middle of the receptacle-tube; stigat®es$ 5, 5 mm; ovary cavity 2x2
mm; stamens 1-5 mnFruit 18-46x6-9 mm, bright red, white or greenisbeeds

helmet-shaped, 0.84%0.8-2.3 mm, testa with small to elongate tubercles.

Distribution and habitat : — BRAZIL. N Bahia and NW Ceara (Figure Northern
caatingaelement on exposed gndssocks and gravelly soil isaatingg 456-500 m,
north of the Chapada Diamantina, Mun. Sento Sé, nortBahia. Endemic to Bahia

and Ceara.

IUCN conservation assessment— In 2002 the species was considered Vulnerable
but is now assessed as Near Threatened accordingtedacBlab (iii), because its
extent of occurrence is less than 20,000.Kfne subpopulations in the lowland and in
some high altitude localities are declining, while other highuak subpopulations

occur in a protected area and are stable. The main thrgaarrying of the rock, sand
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and iron ore on which this cactus thrives, and thisxjseeted to lead to further
population decline Part of the species range was flooded as a conseqoénbe
construction of the Sobradinho dam in the 1970s (Tayldagpi 2004, IUCN 2013).

Notes: — D. zehntnersens. lat. shown to be monophyletic (Sambal, 2013) with a
good support in Bayesian and Parsimony analysis. Morphalbgthis subspecies can
be differentiated from others by presence of until twoitre¢ spines that is
perpendicular to the areola and its radial spines agerlgup to 75 mm), not curved.
The flowering occurs mainly between November to February. Wsoaly a single
flower develops at a time.

Specimens examined— BRAZIL. Bahia: Mun. Sento Sé¢, 5-6 June 19Z8hntnerin
Rose & Russell9779 (US, NY); 29 km SE of the old town, July 19FAérst 441 (U,
ZSS); l.c., Serra do Francisco, sldgrst & Uebelmanm390 (U ZSS) Ex cult. ZSS;
l.c., near the village of Brejo Grande, 28 Apr. 2004, Machado206 (HUEFS);
ibid.1973,Horst & Uebelman41l (ZSS) Ex cult. ZSSCeara: Guaraciaba do Norte, 22
Jan., 2011Menezes, M.O.T. 259&AC).

11.2. Discocactus zehntneri subsp. boomianus (Buining & Brederod N.P. Taylor &
Zappi (1991: 86), Figure 10: K-
Holotype:— BRAZIL. Bahia, Mun. Morro do Chapétjorst 222 (U!).

Plantsglobose to elongate, caespitoR@otsbranchedStem1-7x3-12 cm, light to dark
green.Ribs13-26, broken ito rounded, spiralled tubercle&reoles4-7 visible per rib,
oval, 2-7x1-3 mm, not sunkeBpinesgrey to brown; radial spines 9-18, 4-40x1 mm,
central spine 0-1, 30-42 (60)x1 mm; = 5 pairs of spines pedinateanged at each
side of the areoleadpressed; stem almost obscured by dense spin@@phalium0.6-
5.1x1.3-5.4 cm, with white to greyish wool; bristles oe geriphery of the cephalium
14-44(-91)x1-5. Flower tubular, 33-77x35-55 mm, naked, sweetly scented; receptacle-
tube scales 5-28x2-4 mm, lanceolate to lineate, white tostedanidrib and apex red,
margin smooth but slightly undulate, acuminate; innerapénisegments 17-25G}-
mm, lanceolate to spathulate, acute to cuspidate, whiter @erianth-segments 19-

35%3.5-6 mmlanceolate to spathulate, rounded to acute, light green twy&ii; nectar
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-chamber tubular 12x3 mm; receptacle-tube 5-26x4-8 mm; style 2325 apex
reaching the whorls of stamens, stigma-lobes 6, 5 mmy warty cordate in long
section, 2x2 mm, ovules in fasicles of 4, funicles bdmbrgus; stamens 1-2 mifruit

18-46x6-9 mm, pink to reddislseedgylobose to helmet-shaped, 0.8%0.8-2.2 mm,

testa with small to elongate tubercles.

Distribution and habitat: — BRAZIL. N Bahia (Figure 9). Northeroampo rupestre
(Chapada Diamantina) element: on exposed arenitic rocks or ‘pedra canga’ (iron- and
manganese rich conglomerate rock), often with anraat@tion of gravel, or in pure
guartz sandcaatinga/ campo rupestrec. 706-1000 m, Mun. Morro do Chapeu and
Mun. Sento Sé, northern Bahia. Endemic to Bahia.

IUCN conservation assessment— This subspecies received the same assesasent
D. zehntnerisubsp.zehntneri and is listed as Near Threatened according torierite
Blab (iii), because its extent of occurrence is leas #0,000 ki(IUCN 2013)

Notes: — Discocactus zehntnesubsp.boomianusgrouped with other®. zehntneri
subspecies with good support in Bayesian and Parsimony anstiysisng that thé®.
zehntnerigroup is monophyletic (Sant@t al, 2013).D. zehntnerisubsp.boomiams
can be differentiated morphollogicaly from others subgseby cephalium with more
bristles and these are thinner as well as their spirfesr $pines (radials 4-5 pairs in
each side of areole may reach up to 18 radial spines ificigde those who are at the
bottom and top of the areola) are like bristles more a&dhter the stem covering it and
sometimes is not possible to see easily the plant bedy difficult to visualize the
number of ribs. The flowering occurs mainly during NovembeFebruary and the
peak seems to be in December when most plants haverslotugt this needs to be

further investigated. Usually, 1-6 flowers develop at a time.

Specimens examined— BRAZIL. Bahia: Mun. Sento Sdéjorst & Uebelmann40
(V) (ZSS) Ex cult. ZSS; I.c., Mimoso, 1 Jan. 1988, Horst 667 (K ZSS HUEFS);
l.c., near the village of Campo Largo, 26 Mar. 2004, Machado et al350 — 356
(HUEFS); l.c., near the village of Limoeiro, 28 Apr. 2004, Machado400 — 403
(HUEFS); 28 Apr. 2004M.C. Machado 25c (HUEFS); 26 Mar. 2004M.C. Machado
201 (HUEFS); Mun. Morro do Chapéu, 25 Dec. 1988ylor & Zappiin Harley 27395
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(K); 11 Out. 2008,M.C. Machadal167 (HUEFS); 23 July 198&ggli 1274 (ZSS); I.c.
Cafarnaum towards Morro do Chapéu, Z88rst & Uebelmanr222 (U, K, ZSS); I.c.,

ca. 21 km to the west of town on road BA 052, 12 Jun. 2804achado et al450—

454 (HUEFS); l.c., ca. 26 km to the west of town on road BA @22Jun. 2004M.
Machado et al460— 464 (HUEFS); l.c., ca. 25 km to the west of the town, 12 Jun.
2004,M. Machado et al470- 474 (HUEFS); sin loco, 198Q).Y. Clark cult. (K); I.c.
BA052, 16 Apr. 2011santos, M.R9 (VIC).

11.3. Discocactus zehntneri subsp. petr-halfarii (M. Zachar) M.R. Santos & M.C.
Machadostat. nov, Figure 11.

Holotype:—BRAZIL, Bahia, Mun. Juazeiro, 200K)]. Zachar(UFG!).

Plants depressed-globoge globose.Rootsbranched.Stem4-5x2-15 cm, greerRibs
10-14, broken ito rounded tuberclesAreoles2-5 visible per rib, oval to elliptic, 0.5-
1.4x0.4 mm, not sunken, with much beige to white indumanBpinesgrey to yellow;
radial spines 7-12, 10-25x1.5 mm, arranged in c. 3 pairs dnséde, central spine. 0
Cephalium0.6-20x2.6-3 cm, with white to greyish wool; with little or Hwristles
Flower funnel-shaped, 34-36x23-26 mm, white, naked, perianth-segméhtsilkiate
margins (when observed under microscope), sweetly sceertptacle-tube scales 2-
8x0.5-40 mm, cream to white, apex acuminate to acute; inner pkrgagments 15-
22x3-6 mm, white lanceolate to spathulate, acute to cuspaater perianth-segments
10-24x4-6 mmJjanceolate to spathulate, acute, cream to white; stylE81@m, apex
upper halfof corolla, stigma-lobes 5, 3-4 mm; stamens 1-2 Fmit 35x5 mm, pink to
reddish, about 100 seeds per fruit; perianth remains petsiSeedshelmet-shaped or

more elongated, c. 1x1 mm, testa with small to elongénertles.
Distribution and habitat: — BRAZIL. N Bahia (Figure 9)occurs in “Caatinga”, on
stony clay soil at an altitude of 350-550 m.

IUCN conservation assessment— this taxon has not yet been assessed for the IUCN
Red List. However, it could receive an assessment asdlljitEndangered, becsait

is known from only one population occurring in area <106. km
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Figure 10. A-G. Discocactus zehntnesubsp zehntneri A. Habit showing stem and rib
shape. B. areole. C. Longitudinal section of flowed gerianth-. D. Stigma-lobes. E.
Stamen. F. Fruit. G. Seed. K- Discocactus zehntnesubsp.boomianus H. Habit

showing stem and rib shape. I. areole. J. Fruit. KdSe
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Figure 11. A-B. Habit showing stem, rib shape and areole morpholodyisdocactus
zehntnerisubsp petr-halfarii subsp. novC. Longitudinal section of flower and perianth
segments. D. Stigma. E. Stamen. F. Seed.

Notes: — Previously regarded as a synonym and subspdciz dahiensisD. petr-
halfarii Zachar (Zachar 2008) is now placed as a subspecid3. aehntneri In
phylogenetic study of the gendsscocactusthis taxon grouped with other samples of
D. zehntnergroup with good Bootstrap support and Probability Posterior (Santals
2013) Morphologically this taxon is also very related with zehntnerigroup due to
the plant body globose, ribs with globular tubercde®l can be differentiated from
others subspecies mainly for central spines absent] sgiliees curved and areole well
developed. Discocactus zehnetnersubsp. petr-halfarii is an established taxon,
occurring as a large population that is morphologically aunif and which is self-
sustaining reproductively. The flowering occurs between Noventéviarch, and

fruits can be found until June.
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Specimens examined— BRAZIL. Bahia: Juazeiro, 4 March 200Zachar, M.(UC)
(UFG); Frade, 26 km of Juazeiro in BR-235, Dec. 3, 204),. Meiado et al. 750
(HVASF, VIC).

Conclusions

According to previous phylogenetic study and morphologicaliss made here
we recognize 11 species and three heterotypic subspédcigisomcactus The results
related to the phylogenetic study (Chapter 1) and taxondmg ¢hapter) led to some
changes in taxonomfiscocactus as the new status &. petr-halfarii now being
considered as subspeciedbfzehntneri Synonyms before related to other species were
repositioned: D. silicicola, for example, considered related as a synonymDof
catingicolg this work has been repositioned as a synonymDofhartmannii
Discocactus lindanyswvhich was synonymous with. diersianus was more related to

D. heptacanthus

Only two species of the genu®.(catingicola and D. placentiformi¥y were
considered Least Concern by IUCN Red List assessmenitis.thi& most species and
subspecies of the genus (84%) are threatened, mainly byathdedtruction and illegal

collection.

There is a great need for studies of phenology, pollinaénd reproductive
biology of Discocactusto understand more about the ecology of their species.
Moreover, due to the great variation of its species, stut@sconsider genetic and
morphological variability are also of utmost importanespecially for species that have

wide distributions and grow in different types of soil aodks.
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Appendix 1. List of examined specimens.

Species and source/voucher

Discocactus bahiensis Brazil. Bahia:sine locg 23 Aug. 1988,Horst &

UebelmanrHU 902 (ZSS); Mun. Juazeiro-@ June 1915Rcse & Russell9742
(US, NY); L.c.,, 26 June 1915Rose & Russell19781 (US, NY); l.c., 26 June
1915,Rose & Russell9783 (US, NY);M.V. Meiado et al. 751 (HVASF); I.c.,
29 Apr. 2004 M.C. Machado208c (HUEFS); l.c., 24 Apr. 2004/.C. Machado
207b (HUEFS); l.c., 30 Mar. 200M1.C. Machado203 (HUEFS); Il.c., 10 Jar
1991, Taylor et al.1387 (K); 12 - 13 km W of Juazeiro, Fazenda Seca, 19
1985,Horst & Uebelmanm38 (U, ZSS); I.c., 7 April 2000E.A. RochaB7 et al

(K); l.c., E of town, 26 June 1915Ro0se & Russell9764 (US); I.c., betwee
Juremal and Curral Velho, s.dHorst & Uebelmann633 (ZSS); l.c., south o
town, 29 Mar. 2004M. C. Machado et al370- 373 (HUEFS); l.c., ca. 12kr
from the village of Juremal on road to Abreus, 30 Mar. 2004C. Machado el
al. 380- 383 (HUEFS); I.c., near the village of Olhos D'Agua on roatli®us,
29 Apr. 2004,M. Machado420 - 423 (HUEFS); Il.c., besides the village

Goiabeira, 29 Apr. 20041. C. Machado430- 433 (HUEFS); I.c., surrounding
of the village of Abreus, 30 Apr. 2008).C. Machado440 — 443 (HUEFS);
Mun. Campo FormosoHorst 437 (U ZSS) Ex cult. ZSS; Mun. Morro d
Chapéu, s.d.Braun & Esteves Pereira.n. (UFG); l.c. 21 Apr. 2004M.C.

Machado 204 (HUEFS); l.c., 21 Apr. 2004\.C. Machado et al390 — 393
(HUEFS); l.c., 16 Apr. 2011Santos, M.R98 (VIC); l.c., Febr. 1978 Horst &

UebelmannHU 485, Ex cult. ZSS. Ceara: Mun. Lavras de Mangabeira, 25
2009,Menezes, M.O.T. et d95 (EAC). Piaui: Teresina, Mun. Francisco Ayr
8 Sept. 1988 Horst & Uebelman®43 (K, ZSS).

Discocactus boliviensiBolivia. Santa Cruz: E Santa Cruz, San Cyrilo,,s.d.
Horst & Uebelmanm57 (U); I.c., s.d.Horst & Uebelmanm58 (U); Mun. Mota
Cucito, Santa Cruz, 18 Jan. 20M.R. Santosn Huaylla, H.3683 (VIC).

Discocactus catingicolaBrazil. Bahia: W Bahia, Mun. Barreiras, 19Horst &
Uebelmann205A (U, K, ZSS) Ex cult. ZSS; 11-12 Sept. 198dprst &
Uebelmanm49 (K ZSS); I.c., Redondo waterfalll4 Jan. 2004M.C. Machado
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et al. 310- 313 (HUEFS); l.c., 14 Jan. 200¥|.C. Machadol125c (HUEFS);
Mun. S&o DesidérioHorst & Uebelmann392 (U); l.c., 13 Jan. 2004.

Machado et al300—- 303 (HUEFS), 13 Jan. 2004.C. Machadol05 (HUEFS);
Mun. SantanaHorst 448 (U ZSS) Ex. Cult. ZSS; l.¢Braun341 (ZSS); l.c., 17
Jan. 2004 M. Machado et al.340 — 344 (HUEFS); l.c., 17 Jan. 2004.C.

Machado160b (HUEFS); Mun. Santa Maria da Vitéria, 4 Oct. 198%st &

Uebelmann/60 (K ZSS) Ex cult. ZSS; Mun. Coribéjorst & Uebelmanr760A
(ZSS); I.c., 16 Jan. 2004). Machado et al330- 333 (HUEFS); 16 Jan. 20C
M.C. Machadd46 (HUEFS); Mun. Paramirim, 28 Nov. 198Baylor in Harley

25558 (K). Goiés: E Goias, Mun. Posse, 15 Jan. 28D4Vlachado et al320
(HUEFS); Mun. Porto Novo, 197%{orst & Uebelmanm48 (U, ZSS) Ex. Cult.
(ZSS). Minas Gerais: N Minas Gerais, Mun. Cénego Mariftavgue Estadue
Veredas do Peruagu, 19 Mar. 208Bntos, M.R84 (VIC); l.c., 19 Mar. 2011
Santos, M.R85 (VIC); Mun. Januaria, Refugio Pandeiros, 19 Mar. 2@hhtos,
M.R. 87 (VIC); l.c., 19 Mar. 2011Santos, M.R88 (VIC); Mun. Joao Pinheirc
13 May, 2011G. Olsthoorn264 (VIC); Mun. Rio Paranaiba, Serra do Salitre,
Mar. 2013,Fonseca, R.S. & Arruda, D.MLO81 (VIC); l.c. Serra dos Alegre
Horst & Uebelmanr843 (U ZSS) Ex. Cult. ZSS.

Discocactus diersianudBrazil: Goias: S of Goiania. type locality BsteveslO,
17 Oct. 1987P. J. Braun304 (K ZSS); Mun. Teresina de Goias, 15 Aug. 20
M.R. Santo23 (VIC); l.c. Rio Parana, 1973, 1983%0rst & Uebelmann431 (U,
ZSS) Ex cult. ZSS; Mun. de Itumbiara, 2012, Olsthoorn330 (VIC); Mun.
Marzagao, 2012G. Olsthoorn327 (VIC); Mun. Natividade, 1985Horst &
Uebelmanrb45 (K, ZSS) Ex cult. ZSS. Tocantins: ¢. 50 km N of Arraias, 1€
P. J. Braun716 (ZSS); Mun. Natividade, 1984. J. Braun547 (ZSS); Mun.
Parand, Road to Caldas, 11 Nov. 1994tschbaclb6072 (MBM).

Discocactus ferricolaBrazil. Mato Grosso Do Sul: Mun. Corumbé, 17 J
2011, Santos, M.R43 (VIC); l.c., 17 Jan. 2011Santos, M.R44 (VIC); l.c.
Parque do Pantanal, 12 Nov. 2006S. Garciab5 (CGMS); l.c., surroundin
Corumba, 1974Horst & Uebelmanrl95 (U, ZSS); I.c. Corumba, 16 Nov. 19¢
V.J. Pott1157 (MBM CPAP). Bolivia. Santa Cruz: E Santa Cruz, 18 Jan. 2
Santos, M.R52 (VIC); I.c., 18 Jan. 2018antos, M.R53 (VIC).

92



Discocactus hartmanniiiBrazil. Mato Grosso do Sul: Mun. Bonito, 20 J:
2011,M.R. Santo%5 (VIC); Ic. near Bonito, 198%. J. Braun216 (ZSS); 15 kir
W Bonito, 22 June 197%orst & Uebelmannl93 (U ZSS) Ex cult. ZSS; Mun
Caracol, bridge over the Caracol River, 22 Jan. 2M.R, Santo$3 (VIC), P. J.
Braun220 (ZSS); l.c. 21 km E of Caracol, Bela Vista, 1971, 29 May 19d%5t

& Uebelmann324 (U, ZSS); Mun. Antonio Jo&o, 23 Jan. 20¥IR. Santo$5
(VIC); W and N of Rio Apa, 28 May 1973 orst & Uebelmann 91l (U ZSS);
l.c., Mun. Coronel Sapucaia, 25 Jan. 20M.R. Santos66 (VIC); Ic. near
Iguatemi, 1983P. J. Braun208 (ZSS); Serra Maracaju, locus classicus t
Maneco, 1983P. J. Braun214 (ZSS); along Rio Iguatemi and along Rio bt
26 May 1972,Horst & Uebelmannl90 (U ZSS); Mun. Aquidauana, 16 Ja
2011,M.R.Santos/2 (VIC); l.c., 16 Jan. 201M.R.Santos/3 (VIC); l.c., road
living Aquidauana towards Cipolandia, 16 Jan. 20MlR. Santos 4QVIC);

Mun. Porto Murtinho, 21 Jan. 201 M.R.Santo$0 (VIC); near Porto Murtinho
30 May 1972 Horst & Uebelmanr325 (U ZSS), Ex. Cult. ZSS. Paraguay. S
Pedro: Mun. San Estanislao, Estancia Apepu, 26 Jan. 20R., Santos68
(VIC); Ic. near Yhu, 1983P. J. Braun204 (ZSS); Amambay, Bela Vista, s.i
Horst & UebelmanrHU 556 (ZSS).

Discocatus heptacanthusBrazil. Goias: Mun. Posse, 15 Jan. 2004,C.

Machado 131b (HUEFS); l.c., 1973{orst & UebelmannHU 200 (U ZSS);
Mun. Goiania, 1 dec. 1988&jorst 585 (K), Ex. Cult. ZSS; NE Goias, 17 Se
1987 Horst & Uebelmann526 (K); sin locoHorst & Uebelmann632 (K) EX.
Cult. ZSS; 3km S of Rio ParanBlorst & Uebelmanm31 (K); sin locol Jan.
1989,Horst & Uebelmanrb88 (K), Ex. Cult. ZSSsin locoHorst & Uebelmann
649 (K); sn loco 1985Horst & Uebelmann720 (K), Ex. Cult. ZSSl.c., 1985,
Horst & Uebelmanr631 (K) Ex. Cult. ZSSsin locq May 1865,Burchell 7215
(K); sin locq 1985, Horst & Uebelmann648 (K), Ex. Cult. ZSS; Mun. Altc
Paraiso, around the Parque Nacional Chapada dos Veadeiros, ZDADG.R.
Santos25 (VIC); Ic. 10 Km from Alto Paraiso, 15 Aug. 201d,R.Santo4
(VIC); sin loco, 1972Horst & UebelmanrHU 392 (U); l.c. Mata AzulHorst &

Uebelmann(U) (Holotype). Mato Grosso: Mun. Nova Xavantina, near @Ja2#.
Sep. 1967Ramos et al6503 (K); I.c. near Nova Xavantina, May 198ick H.

B436 (RB); Mun. Chapada dos Guimardes, 17 Sep. 1B79,Oliveira 84
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(MBM, NY); Mun. Cuiaba, 1972Horst & UebelmannHU 326 (U ZSS) Ex.
cult. ZSS; l.c., near Cuiab4, Chapada dos Guimarées, Hargt & Uebelmann
453 (U, ZSS) Ex. Cult. ZSS; Mun. Jaciardprst & Uebelmanr326a (ZSS) Ex
cult. ZSS; Ic., Corrego do Surucucu, 10 Oct. 1968 séca, S.G1365 (UB).
Mato Grosso do Sul: Mun. Corguinho, 10 Feb. 20D3%,Garcia60 (CGMS);
Mun. Coxim, 6 June 197ZXorst & UebelmanHU 198a (U, ZSS); l.c., 40 kr
Coxim, 29 Jan. 201MM.R. Santog0 (VIC); l.c., 29 Jan. 201M.R. Santog1
(VIC); l.c., hills along Rio Juaru, E of Coxiriorst & Uebelman®55 (ZSS) EX.
Cult. ZSS.

Discocactus horstii Brazil. Minas Gerais: Mun. Gréao Mogol, Serra do Bar
1971, Horst & Uebelman360 (U); I.c., 1987P.J. Braun851 (ZSS); l.c., Jan
2006,Machado, M.C765 (HUEFS); Il.c., 16 Mar. 201M. R. Santog'5 (VIC).

Discocactus placentiformisBrazil. Minas Gerais: Mun. Grdo Mogol, 31 Je
1991, Taylor et al.1512 (K ZSS BHCB); Mun. Claros dos Pogdes, June 19
E. Esteves Pereird11 (UFG); Il.c., 1986P.J. Braun707 (ZSS); Mun. Jequita
27 Jan.1991Taylor et al 1450 (K BHCB); Mun. Montes Claros, 8 Sep. 19¢
Horst & Uebelmann543 (K ZSS), Ex cult. ZSS; Mun. Francisco Dumont
Aug. 1988,Eggli s.n. (ZSS); Mun. Bociauvéjorst & Uebelmanrb48 (ZSS, K);
l.c., Faz. Olho d’Agua, 1978, Horst & Uebelmann461 (ZSS); l.c. nea
Engenheiro Dolabela, 1985, 18 Aug. 19B®yst & Uebelmanr640 (K, ZSS) Ex
cult. ZSS; l.c., near Rio Jequitai, 3 Sept. 1986rst & Uebelmanm?25 (U, K,
ZSS) Ex cult. ZSS; l.c. Engenheiro Dolabela, 24 Mar. 20LR. Santo®92-96
(VIC); Mun. Buenopolis, Serra do Cabral, 13 Oct. 1988ylor & Zappiin

Harley 24988 (K); I.c., 13 Oct. 1988,aylor & Zappiin Harley 24993 (K); l.c.5

Oct. 1985Horst & Uebelmanr639 (K ZSS); ibid. Serra do Cabral, 1978, 19¢
Horst & Uebelmanri46 (U ZSS) Ex cult. ZSS; Mun. Augusto de Lima, 31 Al
1985,Horst & UebelmanrB56 (K, ZSS) Ex cult. ZSS; ibid., near road BR 135
km from the border of Mun. Corinto, 6 Aug. 198Bggli 1096 (ZSS); Mun.
Joaquim Felicio, 20 Oct. 199%atschbach et al69382 (MBM); l.c. inside
Parque Estadual da Serra do Cabral, 22 Oct. 200R,Santo38 (VIC); l.c., 22
Oct. 2010,M.R.Santo39 (VIC); Mun. Diamantina, 198Zlorst & Uebelmann
548 (K, ZSS) Ex cult. ZSS; ibid. 10 Dec. 1992A. Lombardil81 (BHCB); I.c.,
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near Senador Mouréo, 26 Aug. 198mrst & Uebelmanrv04, 707 (KZSS) Ex
cult. ZSS; l.c., 29 Aug. 198Fjorst & Uebelmanni05 (K U) Ex. Cult. ZSS;
ibid., c. 15 km NE of Diamantina on road to Mendanha, 301269, Irwin et al.
(K, NY, UB); from Diamantina to Mendanha, 26 Sep. 199glett700 (K,UB);
ibid., between Diamantina and Biribiri, 8 Mar. 199plett 808 (UB); ibid.,
estrada para o vilarejo de Trés Barras, 15 Apr. 198ppi in CFCR 10540
(SPF); ibid., estrada para Conselheiro Mata, 18 July 12&3pi et al.in CFCR
11297 (SPF); 1 km from Conselheiro Makégrst & Uebelmanrb42 (ZSS); I.c.
near Diamantina, 31 Aug. 1985, 198Blorst & Uebelmanr603 (ZSS) Ex cult.
ZSS; l.c. Sopa, 14 may 201M.R. Santosl01 (VIC); l.c. from Diamantina t
Monjolos, 17 May 2011M.R. Santosl08 (VIC); l.c. between Mendanha ai
Inhai inside Parque Nacional das Sempre Vivas, 15 May MH., Santod05
(VIC); l.c., 15 May 2011 M.R. Santosl06 (VIC); Mun. Mendanha, 15 Ma
2011, M.R. Santos 107 (VIC); Mun. Couto de Magalhdes de Minas, 3 A
1988,E9gli 1056 (ZSS); I.c., s.dHorst & Uebelman232 (K, U ZSS) Ex. cult.
ZSS; |.c. Parque Estadual do Biribiri, 14-15 May 20M1R. Santo4.00 (VIC);
l.c., 14-15 May 2011M.R. Santo402 (VIC); Mun. Datas, 5.5 km N of Datas,
Feb. 1988,Supthut8835 (ZSS); I.c. Bardo do Guaicuy, 1973, 1985, 16 #
1988, Horst & Uebelmanm57 (K ZSS) Ex cult. ZSS; I.c., 18 July 2014, R.
Santos 144 (VIC); l.c., 18 July 201IM.R. Santos 145 (VIC); Mun. Gouveia
just east of Ponte de Parauna (E of Pres. Juscelino),t169%8,Heringer 7228
(UB); Mun. Sdo Gongalo do Rio Preto, Parque Estadual dd°Rito, 16 May
2011,M.R. Santo413 (VIC); l.c. Parque Estadual do Rio Preto, Chapada re:
18 May 2011 M.R. Santo412 (VIC); ibid. 24 Feb. 200M.F.O Mota et al.908
(BHCB); Mun. Serro, 2 Sep. 200R.C.Motal1626 (BHCB); Mun. Conselheir:
Mata, 17 May 2011M.R. Santo4.08 (VIC); l.c., 17 May 2011M.R. Santo4.09
(VIC); l.c., 17 May 2011M.R. Santo4.10 (VIC); l.c. 54 Km from ltuiutaba, 2
Mar. 1959, Leg. Castellano22413 (R); Mun. Santana do Pirapama, 21 .
2009,Zappi. D.C.2210 (RB).
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Discocactus pseudoinsigni8razil. Minas Gerais: Mun. Grao Mogol, 197
1974 1985,Horst & Uebelmanr847 (U, K, ZSS) Ex cult. ZSS; l.c., 10 km NV
of the town, 22 Oct. 1978&Jatschbach1634 (MBM); I.c., Vale do Ribeirdo de
Mortes, 4 Sep. 1986, Cordeiro & R.Mello-Silvain CFCR 10088 (SPF); I.c
Cérrego Escurona, 13 May 199@appi et al.in CFCR 12901 (SPF); Il.c
Varzeas Escuras, 6 Nov. 199, FernandegK); in Parque Estadual de Gr¢
Mogol, Serra do Bardo, 16 March 20Hantos, M.R74 (VIC); Mun. Cristalia,
28 May 1988 Zappi et al.in CFCR 12045 (SPF).; l.c. around the city, 17 Ma
2011,Santos, M.R76 (VIC); l.c., 17 March 2011Santos, M.R77 (VIC); l.c., 17
March 2011 Santos, M.R78 (VIC).

Discocactus zehtneri subsp. boomianBsazil. Bahia: Mun. Sento Séjorst &
Uebelmanm40 (U ZSS) Ex cult. ZSS; I.c., Mimoso, 1 Jan. 1988, Horst667
(K, ZSS HUEFS); l.c., near the village of Campo Largo, 26 Mar. 2004,
Machado et al350- 356 (HUEFS); l.c., near the village of Limoeiro, 28 A
2004,M. Machado400- 403 (HUEFS); I.c., 28 Apr. 2004).C. Machado @5c
(HUEFS); l.c., 26 Mar. 2004y1.C. Machado201 (HUEFS); Mun. Morro dc
Chapéu, 25 Dec. 1988aylor & Zappiin Harley 27395 (K); I.c., 11 Out. 200¢
M.C. Machado 1167 (HUEFS); l.c., 23 July 198&qggli 1274 (ZSS); l.c.
Cafarnaum towards Morro do Chapéu, s.tHprst & Uebelmann222 (U, K,
ZSS); l.c., 12 Jun. 2004. Machado et al450 -454 (HUEFS); l.c., 12 Jur
2004,M. Machado et al460—- 464 (HUEFS); I.c., 12 Jun. 200¥1. Machado et
al. 470 - 474 (HUEFS); sin loco, 1980,.Y. Clark cult. (K); I.c., BA052, 16
Apr. 2011,Santos, M.R99 (VIC).

Discocactus zehtnesubsp petr-halfarii. Brazil. Bahia: Juazeiro, March 200
Zachar, M.(UFG); l.c., Frade, Dec. 3, 201D14.V. Meiado et al50 (HVASK
VIC).

Discocactus zehtnesubsp.zehntneri Brazil. Bahia: Mun. Sento Sé, 5-6 Ju
1915,Zehntnerin Rose & Russell9779 (USNY); l.c., July 1974Horst441 (U,
ZSS); l.c., Serra do Francisddprst & Uebelmanm390 (U ZSS Ex cult. ZSS;
l.c., near the village of Brejo Grande, 28 Apr. 2004,Machado206 (HUEFS
84844); ibid.1973, Horst & Uebelmann44l1 (ZSS), Ex cult. ZSS. Cear
Guaraciaba do Norte, 22 Jan., 20enezes, M.O.T. 25&AC).
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CAPITULO I

BIOGEOGRAPHY AND CONSERVATION STATUS ASSESSMENT OF
DISCOCACTUS PFEIFF. (CACTACEAE): AN ENDEMIC GENUS OF SOUTH
AMERICA

This Chapter is formatted for submissiorBtanical Journal of Linnean Society
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ABSTRACT

Discocactusis a genus of Cactaceae endemic to South Americh, Mitspecies and
two heterotypic subspecies recognized, many of them coedidlereatened, occurring
in Cerradq Caatingaand Pantanalbiomes. The aims of this study were characterize
the biogeographic patterns, richness, diversity and endemfsDiscocactusspp;
compare their distribution with Full Protected Conseoratinits (FPCUSs) and priority
areas for biodiversity conservation; and determine consenvatiatus, indicating
important areas for conservation. For analysis obibgeography of the genus studies
of herbarium records, field work, parsimony analysis a@ewgraphic information
systems were undertaken. The conservation status was deficedding to IUCN
categories. The majority of the species are knowm fiess than ten sites, and two taxa
are micro-endemics, being founded in only one place. Almdsspecies were
considered Critically Endangered, Vulnerable or Endangeredubfdrtunately, most
of them are not protected in FPCUs. The highest richnessligersity ofDiscocactus

is concentrated in the northern region of Bahia (rtbar Chapada Diamantina and
Morro do ChapéuincludingD. bahiensisand taxa oD. zehntneriand in the Middle of
the Espinhaco mountain range (Planalto de DiamantinaGaéd Mogol) whereD.
placentiformis D. horstii and D. pseudoinsignisre found. The local and regional
endemism ofDiscocactusspecies needs further studyspecially in relation to the
creation of new protected areas or amplification ofttisting Conservation Units.

KEYWORDS: cacti- UPGMA - diversity— richnessgeogrpabhic distribution.

98



INTRODUCTION

DiscocactusPfeiff. is a genus of Cactaceae, belonging to subfamilyoiEae
tribe Cereeae (Crozier, 2005) and is characterized asghéomv-growing, discoid to
depressed-globose, single or caespitose habit (Madataalo 2005). The fertile part of
stem is differentiated to a terminal cephalium, that produces nocturnal white, &bul
or funnelshaped flowers, which are sweet scented and padlibgtenoths. Thie fruits
are globose-clavate to oblong, dehiscing by lateral slitd,seeds are helmet shaped to
globular, witha strongly tuberculate testa (Buining, 1980; Barthlott & Hunt, 2000

The genus is endemic to South America, almost all spderg restricted to
Brazil, just two taxa occurring in bordering areas ofinBa and Paraguay. In Brazil the
genus occurs ikerradg CaatingaandPantanalbiomes and its distribution comprises
the Midwest, Northeastern and Southeastern (Minas Gegdis) 8egions of the country
(Taylor & Zappi, 2004; Machadet al, 2005; Zappet al, 2013.

All speciesof Discocactusare considered threatened or endangered (Luthy,
200% IUCN, 2012). The intrinsic reasons for this are the smatibrer of populations
per species, the generally small population sizes andahabpigcificity leading to very
localized populations. These factors makdscocactus populations extremely
vulnerable to habitat modification and destruction andcadecting. Many species
inhabit areas o€erradq a vegetation type that cover areas with poor soiloagnic
point of view), yet it has been systematically coreerto agriculture, mainly for
soybean plantations.

However, accordindo Haridasan (2008), the concept of nutritional deficiency
well established in agriculture, should not be extended indiisately to native plants
in natural ecosystems (ecological point of view). Thehhidant species richness in
Cerrado is a factor which reinforces the view that thiks €d this ecosystem are not
poor in nutrients in relation to the needs of natianfd. Currently, they are described
and cataloged more than 12,300 native species of plantsiviemet al, 2008) and the
percentage of endemic species (that do not occur elsewleaehes 44% (Silva &
Bates 2002). These factors contributed to the Cerrado biome be inciudedg the 34
priority ecosystems for conservation on Earth (Mitteier et al. 2004).

Discocactusspecies as well as other cacti occur on rocky outceysh as
granite, quartzite and limestone that can be affected bymihang. They are very

ornamental and commercial collection of plants anddseis another factor that
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endangers the natural populations. As a result, the wholesge placed in Appendix |
of CITES (LuUthy, 2001). Moreover, some species are aldodad in federal (MMA,
2008) and regional (Biodiversitas, 2006) lists of threatepediss within Brazil.

Thus, this study aims to: 1) characterize geographic digtibupatterns,
richness, diversity and endemism@tcocactus2) compare the distribution records of
the genus with Conservation Units of Full Protection amdas indicated for
biodiversity conservation; 3) indicate important arefas the conservation of
Discocactus4) define the conservation status of the species @dicgpto the categories
and their criteria proposed by IUCN (Luthy, 2001).

MATERIAL AND METHODS

ANALYSIS OF THE GEOGRAPHICAL DISTRIBUTION PATTERNS, RICHNESSND
DIVERSITY

The data of geographical distribution of 11 species ande thegerotypic
subspecies obiscocactusaccepted in the taxonomic revision of the genus (Saettos
al., chapter 2) were obtained through examination of specinreribe following
herbaria: BHCB, CGMS, EAC, HUEFS, HVASF, K, L, NY, MB\R, RB, SPF, U,
UB, UC, UFMT, UFG, US, VIC and ZS§ hiers, 2013), besides consulting specialized

literature and observation of natural populations.

All distribution data were converted into geographicoordinates (decimal
degrees) and localitiess were plotteded on America's Bage (Bletteret al 2004).
Grids of T x 1° were superimposed on the distribution area of thdespaepresenting
Operational Geographic Units (OGUs). Analyses were performedidioness (total
number of species per grid) and diversity (calculated usinghiamnon index, which
takes into account the contribution of each speciesspeare). The maps of the
distribution of richness and diversity were made usingpitegram DIVA GIS 7.5
(Hijmanset al,, 2012).

The distribution patterns were defined according to Menini N&téorzza
(2013) which are considered species with: (1) widespread distributioen found in
more than ten grid squares; (2) intermediate distributidren found in two to ten grid
squares; (3) restricted distribution, when found in only gme& square, but with more

than one known site of occurrence; and (4) micro-endemtien found in only one grid
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square and with only one known site of occurrence (TableAl® performed a cluster
analysis (UPGMA, Unweighted Pair-Group Method with Arithmetieawl) with set
squares, using the Jaccard index in the program Past version Bdmméret al,
2001). This analysis aims to verify the existence of flaristocks that could help in
understanding the relationship between species and the mmeints in which they
occur. The methodology was adapted from studies accomplgh¥érola (2008) and
Menini Neto & Forzza (2013).

DISTRIBUTION OF SPECIES IN PROTECTED AREAS AND INDICATION OF RRITY AREAS
FOR CONSERVATION

The information about the distribution of the specweas overlapped on
occurrence of the Full Protection Conservation UniBGBs), at both state and federal
levels, and the priority areas for conservation cdzdian biodiversity (Administrative
Rule no. 9 of the Ministry of the Environment, 23 January 208vailable on the
Ministry of the Environment (Ministerio de Meio Ambiente) website
http://mapas.mma.gov.br/i3geo/datadownload)htfine indication of priority areas for
conservation oDiscocactuswas based on the previously mentioned analysis and by

superimposing their distribution on existing conservatioits.
CONSERVATION STATUS

Through observations of populations in the field and amalpf herbarium
material, the conservation status was defined for dardtocactus species and
according to the categories of IUCN (2013), as presentedbieTL. The results were
compared with existing lists of threatened plant speoxtk im Brazil (MMA, 2008)
and in Minas Gerais State (Biodiversitas, 2007), and thertdhservation status of

each species was updated.
RESULTS
GEOGRAPHICAL DISTRIBUTION PATTERNS

The species dDiscocactusare restricted to South America, more specifically to
Brazil, Bolivia and Paraguay (Fig. 1) with the followingstdibution limits: north,

Guaraciaba municipality, Ceard state (-4.13 S, -41.05 W), viiececactus zehntneri
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Table 1 Conservation status and geographical distributions pattéiscocactus

Conservation status

Species* This studyy Biodiversitas  MMAZ Geographical distribution
(2007) (2008) Patterns
Discocactus bahiensis VU (A2c) - Anexo Il Widespread distribution
Discocactus boliviensis VU (D2) - - Restricted distribution
Discocactus catingicola LC - Anexo Il Widespread distribution
Discocactus diersianus EN (A2ac) - - Intermediate distribution
Discocactus ferricola EN (B2abiii, v)) - Anexo Il Restricted distribution
Discocactus hartmannii CR (A2ac) - - Intermediate distribution
Discocactus heptacanthus NT CR - Intermediate distribution
Discocactus horstii VU (D2) CR Anexo |  Micro-endemic
Discocactus placentiformis LC - Anexo Il Intermediate distribution
Discocactus pseudoinsignis EN (Blabiii, v)) - - Restricted distribution
Discocactus zehntnesibsp. boomianus VU (Bi1abiii,iv)+D2))" - - Intermediate distribution
Discocactus zehntnesubsp petr-halfarii** CR (A3c; Blab(iii,v)+2abiii,v)) - - Micro-endemic
Discocactus zehntnesubsp. zehntneri NT - Anexo Il Intermediate distribution

**This subspecies was evaluated previouslp&ocactus petr-halfarjibut according to Santos et al (in prep.) it is torbated as a subspeciedofzehntneri.

1 CR, Critically Endangered; EN, Endangered; VU, Vulnerable; LC, Least Concern; NT, Near Threatened.; NE, Not Evaluated. The items in parentheses are the adopted criteria by

IUCN (2001) regarding Red List statd$In the current evaluation, this taxon is not evaluated (N@&)informally may merit this status. It was evalugtesliously as Vulnerable by Taylor & Zappi
2004.

1In MMA list, the species included in Anexo | and Anexo |l eoasidered, rgectively, ‘threatened” and ‘data deficient’.

8Geographical distribution patterns are explained in text.
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subsp.zehntneriBritton & Rose occursD. hartmannii (K.Schum.) Britton & Rose
reaches further south in San Estanislao, Paraguay (-24.496.19 S); east, Lavras de
Mangabeira municipality, Ceard (-6.44 S, 38.59 W), wHerscocactus bahiensis
Britton and Rose has been recorded, and west, San Cyrptg Banta Cruz, Bolivia (-
19.02 S, -57.51 W), wheil®iscocactus boliviensiBuining & Brederoo is located.

Three species dDiscocactusoccur in more than two Brazilian states, namely:
Discocactus bahiensi@ahia, Ceara and Piaui) aBiscocactus catingicol®8uining &
Brederoo (Bahia, Goias, Minas Gerais, Piaui and Tocantiwisich are considered
widely distributed according to the patterns adopted in #tigly. Discocactus
heptacanthugBarb.Rodr.) Britton & Ros&as considered to have an intermediate scale
of distribution and occurs in Goias, Mato Grosso and Matesso do Sul. The other
species and their respective distribution patterns stegllin Table 1 and shown in Fig.
1.

RICHNESS AND DIVERSITY PATTERNS AND FORMATION OF FLORIST REGIONS

The region with greatest richness is in Eastern Braepresented by grid
squares 8, 12, 18 and 40. Each of these grids has three spatieslocated in the
Espinhaco mountain range, where the first three ceamphe northern part of the
Chapada Diamantina in Bahia State and grid 40 correspondgida of Grdo Mogol in
Minas Gerais State (Fig. 2A). The diversity map (Fig. &®)ws that the main centre of
diversity ofDiscocactuss formed by grid squares 12, 18 and 40. The secondary centre
of diversity of the genus is in grid squares 22 and 48 vieltbby 8, 9, 41 and 46.

The cluster analysis obtained a high cophenetic caoelabefficient (0.9877)
and the following groups were identified: (A) central-southtd1Grosso do Sul and
southeastern Paraguay; (B) mid Espinhaco range (nortMinas Gerais); (C) west
side of the S&o Francisco River in Bahia, northerniRiad Tocantins, Brazil Midwest
and (D) lower reaches of the S&o Francisco River intham Bahia (Chapada
Diamantina), western and northeastern Piaui, ancheastiern Ceara. However, the

groups C and D do not show a good Bootstrap support (Fig.3).
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Figure 1. Records oDiscocactuspecies in Brazil, Bolivia and Paraguay. Brazilian
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Figure 2. Richness oDiscocactususing 1°x1° grid squares (A), diversity of the genus
calculated by Shannon index (B). The numbers represengriiesquares used in

UPGMA analysis.
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Figure 3. Dendogram obtained in similarity analysis (UPGMA, Jaccard’s index),
showing formation of floristic regions (vertical barsfCophenetic correlation
coefficient=0.9877. Bootstrap percentages are given abomeHas.
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DISTRIBUTION OF SPECIES VERSUS CONSERVATION UNITS

The Figure 5 and Table 2 show that only four specie®istocactusare
recorded in state or federal Full Protection Consematinits (FPCUs), being all
registered in Minas Gerais State in vegetation typeSesfada Thus, all species of
Discocactughat occur in this state are protected in one or moresbown in Table 2.
Most of areas where populations@Ecocactusspecies occur (mainly those considered
the more threatened (Table 1) is outside of full proteeress or in other types of
Conservation Units that not have an effective protection

CONSERVATION STATUS

The conservatiostatusof eachDiscocactusspecies is presented in Table 1 and
compared with the previously published lists of threatened espeshowing that the
knowledge about conservation status of the genus has beeredipdiato taxa are
currently placed in the Critically Endangered categ@ryHartmanniiandD. zehntneri
subsp. petr-halfarii (Zachar) M.R. Santos & M.C. Machado for differemtasons.
Discocactus hartmanniccurs in fragmented patches due to severe habitatdosea
by agriculture, and its population has declin@idscocactus zehntnesubsp. petr-
halfarii is CR category because its only population occupiesrea less than 10 Km
and is suffering decline due to illegal collection by hottigal interest. Four taxal(
bahiensis D. boliviensis D. horstii andD. zehntnerisubsp.boomianu} are classed in
the Vulnerable category, mainly because of a decline in théygobtheir habitats and
fragmented distributiorD. horstii, specifically, occurs in only one place in the Serra do
Barao in Grao Mogol municipality, Minas Gerais, but is dogtely protected within a
State Conservation UniDiscocactus zehntnesubsp.boomianuswas not evaluated
separately in current IUCN study (IUCN, 2013) but we believestégus may be
Vulnerable (Table 1), because is subject to illegal collectémd its habitat is

fragmented.

Three speciesOiscocactus diersianu&steves PereiraDiscocactus ferricola
and Discocactus pseudoinsighiare designated in the Endangered Category, attributed
mainly to reduction in extent of occurrence, fragmentsttidution and degradation of
habitat quality.Discocactus heptacanthandD. zehntnerisubsp.zehntneriare scored
as Near Threatened and finaly, catingicolaandD. placentiformisare judged as of
Least Concern, because they have various known populagiengrally formed of
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many mature individuals and have a wide distributidn. catingicola is widely
distributed in four states, but even thouBh placentiformishas an intermediate
distribution pattern (Table 1), it is broadly distribditen the northern part of Minas
Gerais state (Fig.1).

@ Discocactus records
~ | [] Protected areas
[T] Priority areas for biological f
conservation ‘

0 50100 200 300 400
e 1 ¢ 1 ¢ 1 1 |

Km

Figure 4. Comparison oDiscocactugecords with the distribution of priority areas for
biodiversity conservation, and federal and state coatervunits, according to MMA
(2007).

DISCUSSION
PATTERNS OF GEOGRAPHICAL DISTRIBUTION, DIVERSITY, RICHNESS ANENDEMISM

This is the first study focusing on the biogeography of aleimgenus of
Cactaceae in this geographical area, but researche€agtaceae in general and other
plant families, such as Orchidaceae, Bromeliaceae anddttaceae have been made
(Giulietti & Hensold, 1990; Costat al, 2008; Taylor & Zappi, 2004; Zappi & Taylor,
2008; Verola, 2008; Versiewst al, 2008; Menini Neto & Forzza, 2013).
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Table 2. Occurrence obDiscocactusin Full Protected Conservation Units (FPCUS) in
Brazil.

Species Conservation Units Sphere  Vegetation
Type*
Discocactus catingicola P.E. Veredas do Peruabllc ~ State Campo limpo -
Reflgio Pandeiro$G State  next to Veredas
Discocactus horstii P.E. de Grao MogeiMG State  Campo rupestre
Discocactus P.E. do Biribiri-MG State Campo rupestre
placentiformis P.E. do Rio Pret®dAG State
P.E. Serra do CabrdG State

PARNA Sempre Viva$dG Federal

Discocactus P. E de Grao MogoMG State  Campo rupestre
pseudoinsignis

P.E.= Parque Estadual; PARNA=Parque Nacional * All vegetdiipe belong to Cerrado Biome.

The patterns of geographical distribution diversity, ricen@sd endemism are
similar in part withDiscocactusspecies, mainly when the focus is Espinhagco mountain
range (in Minas Gerais and Bahia) and disjunct areashthat thecampo rupestre
vegetation type (Giulietti & Hensold, 1990; Giuliettt al, 1997; Verola, 2008;
Versieuxet al, 2008; Menini Neto & Forzza, 2013).

Verola (2008) studied the biogeographical patternsiaffmannseggelldd.G.
Jones, a genus of Orchidaceae, and found as important ri@mkeskversity areas the
Planalto da Diamantina and Serra do Cip0 region thiingeto Espinhaco range.
Studies of Eriocaulaceae (Giulietti & Hensold, 1990; Cestal, 2008) also recognize
these areas as having the most diversity, richness areimemd of species of the

family, the Chapada Diamantina (Bahia) being in second place

Already recognized in the Cactaceae, are both aforeomedtiareas as being
characterized by greater diversity, richness and endermsthe family (Taylor &
Zappi, 2004; Zappi & Taylor, 2008). F@riscocactuss not different, because the grid
squares 8, 12, 18 (with. bahiensisand D. zehntnerisubspecies) and 40 (witD.
placentiformis D. pseudoinsigniandD. horstii) (Fig. 2), and groups B and D clustered

in UPGMA correspond to these areas. The Figure 3 includesitsengentioned above
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and they form different floristic blocks showing thdtete is maintenance of the
diversity in the Espinhago mountain range through thetisutisn of species.

The secondary regions of richness and diversity aredeutse Espinhaco range
and is formed by grid squares 22 and 48, whBrecatingicola, which is always
associated wittcerrado vegetation, exceptampo rupestreD. heptacanthusand D.
diersianuson different types of rock outcrops (arenitic, graniti dron outcroups
known as “canga”) and soils commonly times associated with the dry forest vegetation

known as “Mata Seca”.

DEFINITION OF THE STATUS AND INDICATION OF PRIORITY AREASGR THE
CONSERVATION THROUGH ANALYSIS OF GEOGRAPHICAL DISTRIBUTION

The analysis of geographical distribution has playedingportant role in
determining the natural distribution patterns of organisfesddas & Miranda-
Esquivel, 1999), evaluating biological affinities betweestikct areas (Trejo-Torres &
Ackerman, 2001; Sigrist & Carvalho, 2008) and defining areandémism and high
biodiversity (Smidtet al; 2007; Verola, 2008; Chiron, 2009; Menini Neto & Forzza,
2013). Consequently, it also becomes important from tha pbdiview of conservation,
recognizing regions with a distinct biotic composition dmgh degree of endemism
(Posadas & Miranda-Esquivel, 1999).

Discocactuspopulations are extremely vulnerable to habitat modiboatind
destruction. Moreover, their species are very ornaahemd commercial collection of
plants and seeds is another factor that endangers thalnadpulations (Luthy, 2001).
The analysis of the geographical distribution of the igsecsuperimposed on the
Conservation Units and priority areas for biodiversiimservation, portrays a negative

picture regarding the effective conservatioigcocactuspecies (Figy

We know that the existence of a Conservation Unit is aaajuarantee of
biodiversity protection, at least in Brazil (because wfiding issues and lack an
appropriate supervision), but the importance of the protectsst is undeniable, if they
are established and administrated properly (Rylands & Brar2la®f), as they are
internationally considered to be the main tool for the eoraion of species and
ecosystems (UNEP-WCMC, 2008).
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Only four species ofDiscocactus were recorded in state and federal
Conservation Units, all them in Minas Gerais state, oowyin different vegetation
types of Cerrado (Table 2). Three of themD( placentiformis D. horstii and D.
pseudoinsignis show significant endemicity in the southern parts of Bspinhaco
range (Planalto Diamantina and Grao Mogol).

With the exception of those species protected in UCMimas Gerais and
recorded fromcerrado vegetation, other taxa of the genus that are considered
Vulnerable D. bahiensisD. boliviensis D. zehntnerisubsp.boominauy Endangered
(D. diersianus D. ferricola) and Critically EndangeredD( hartmannij D. zehntneri
subsp.petr-halfarii) do not have any populations registered until now inside FPCUs.
Some of these species like e zehntnerisubspecies and. bahiensisoccur in areas
near the Parque Estadual do Morro do Chapéu and PARNA Chéapandeanting
Bahia, respectively. In this case it maybe desirable to eijese units to include such
taxa with the reserves. However, BDrscocactus zehntnesubsp.petr-halfarii, which
occurs incaatingavegetation, this would require the creation of a new Gwasion
Unit in Juazeiro, Bahia statevhere the only known population is found and with it,

some adjacent populationsdf bahiensisvould be benefit.

The twoDiscocactusspecies that occur in Mato Grosso do Sul are in Pantanal
Biome and none is within any Full Protection Conservatimit. They suffer major
threats from human actionBiscocactus ferricolabccurs on outcropsf “canga” in the
region of Corumbd, on private properties where cattle gnezing, as well as
exploitation of these outcrops by mining companies. Thigore needs urgelyt of
implementation of a FPCU, because besiBéscocactus ferricolathat is endemic
occur other cactus species and bromeli@liscocactus hartmannoccurs in a type of
Chaco vegetation that is very similarderradoin Brazil and Paraguay and corresponds
to the group of grid squares clustered in UPGMA in the group A &idt shows the
importance of conservation, in spite of not being endemmia only one grid square,
since this species is endemic to central-southern MatssGralo Sul state and

southeastern Paraguay.

Inside Brazil, D. hartmanniiis recorded in some municipalities like Bonito,
Jardim and Porto Murtinho that are included in area of RARNA da Serra da

Bodoquena, but their populations are have not been registgr till now within the
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park’s boundary. Here, a study is recommended to consider whether these areas of
occurrence can be included with the park or, if this is pussible, due to the great
fragmentation of remaining natural habitats found in th@resoybean cultivation and
livestock), its populations should be included in protectedsané municipal status, for

protection in each municipality where it ocsur

The conservation unit neargstpopulations oDiscocactus heptacanthasdD.
diersianusis PARNA Chapada dos Veadeiros, Goias, which is within Geerado
Biome. Until now no population of either species wasntbinside the limits of the
park. Therefore, it is necessary to perform a comgeteey throughout the park area,
to determine whether these taxa occur inside the bound&ARNA.

DISCOCACTURAND HABITAT ADAPTATION

Cerradoor Brazilian Savanna is an ecosystem adapted to firen([Ei972). The
fires have occurred with historic frequencyderradofor several years and even severe
events do not destroy this vegetation. There are recodfiie in Cerradosince the late
Pleistocene, 32.400 years ago (Miramtaal, 2002). Therefore, the fire influences the
distribution and floristic composition oferradg affecting vegetation structure and
acting positively on groups adapted and negatively in non-adapted g(Mapsira,
1996, 2000; Nevest al, 2011). The widespread occurrenceDidcocactusn cerrado
areas (Fig. 1), confirms that this genus among many dbCeae in South America, is a

group belonging to species adapted to the fire dynamics of tmgebi

Morphological characteristics such as the flatilestem, epidermis coated by a
layer of wax, plus the ability to grow on different tgpef substrates (sand, gravel, and
rocky outcrops), where fire can often be avoided, areesofnthe adaptations that may
be allowing the colonization dDiscocactusspeciesin vegetation types of Cerrado.

These characteristics make the genus evolutionarilyessfid.

Unlike other taxa allied to the genusMdlocactus (L.) Link & Otto,
ColeocephalocereuBackeb. andArrojadoa Britton & Rose), Discocactusspecies
survive fires, where the vegetative parts are partially dathdin the region of the
areole, the apex of the ribs and cephalium). However, thera high survival rate
(personal observation) Arrojadoa dinae Buining & Brederoo andCipocereus

crassissepaluBuining & Brederoo are an exception, but they have @mifft survival
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mechanism, because they produce tuberous stems or rootglafice, the shoot dies.
Following the plant regenerates from the underground storage strumitinmay take
years to reach reproductive capability ag8@iiscocactushas a stem and cephalium that
ensure thareproduction, even after this type of damage, can asstiGpecies with
such adaptations to fire are those with a broad distoibuthis fact was observed for
this study inD. catingicolg D. diersianus D. placentiformis D. hartmanniiand D.
heptacanthugTable 1, Fig. 1), the latter being found more on limestoutcrops that
occur in areas of transition between Cerrado and degtor

However, not all species of the genus have such capdtibse species that
occur in the Caatinga biome that are older gropsbéhiensisD. zehntne)i and are
also occasionally subject to fire, cannot resist burning,santbey occur on rocky
outcrops, which is the case Df zehntneriexceptD. zehntng subsp. petr-halfarii and
D. bahiensisthat occur in a site with gravelly and loamy soil.

CONCLUSIONS

The highest richness and diversityiscocactuss concentrated in the northern
region of Bahia (near Chapada Diamantina and Morro do Qhay®ere there occub.
bahiensisand D. zehntneri, sens. latand in the Middle of the Espinhaco mountain
range (Planalto de Diamantina anda@mMogol) where occuD. placentiformis, D.
horstii andD. pseudoinsignisThis study found two types of endemism, i.e. at local and
at regional level. The first is represented by the aece ofD. hostiiin Grdo Mogol,
Minas Gerais and. zehntnerisubsp petr-halfarii near Juazeiro, Bahia. The regional
endemism is represented by the occurrenc®.oferricola and D. boliviensisnear
Corumbéa and in adjacent eastern Bolivia andbigartmanniithat occurs in the south-
central region of Mato Grosso do Sul and southeasterag®ay. Other regional
endemism is represented by the occurrenceDistocactus placentiformisn the
Planalto de Diamantina and Serra do Cabral, &ndpseudoinsignisdistributed

throughout the region of Grdo Mogol.

Two species of the genuB (catingicolaandD. placentiformi¥ were considered
Least Concern, so most of the species and subspddttes genus (84%) are threatened
mainly by habitat destruction and illegal collection. Only ERGn the State of Minas
Gerais are effectively protecting four speciesDigcocactus it being desirable that

thorough survey of Conservation Units is made to deterrhm@itesence or absence of
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otherDiscocactusspecies that require protection. If they are not found withe limits
of protected areas, it will be necessary to study the expans$iexisting Conservation
Units or create new CUs, especially where locally and regionalligmic taxa occuin
addition, there is a great need for partnership betweemafedtate and municipal
governments and also among neighbour countries for tlaicoreof a conservation
strategy forDiscocactusspecies and other cacti that are under thbeatuntil now are
not effectively protected.

It is noteworthy that the evolutionary succesigcocactusspecies relates to
the colonization ofCerrado environments where the fire regime preventhe
occurrence of other cacti that are not adapted to itsnaigsa Studies on reproductive
biology, physiology and anatomy are indispensable for stal®ling more aboube

success of this genus.

Moreover, it is important to highlight that conservatiohthe areas where
Discocactusoccur is an opportunity to protect several threatened spkeeiesging to
other families, including Bromeliaceae, Eriocaulaceae, Gesreae, Orchidaceae and
Velloziaceae. Many of these are important in the cartearnamental horticulture, and
endangered because of pressures created by collection stnactien of their habitat
especially outside the CUs. Therefore, the creatioRR&ZUs incorporating the areas
containing different types of substrate (rock outcropsdsand gravel) is of extreme
importance to the preservation of the richness and esdewmi Discocactus cacti in

general and other botanical families.
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CONCLUSOES GERAIS

Sao reconhecidas 11 espécies e 3 subespécBsamrcactusD. bahiensisD.
boliviensis D. catingicolg D. diersianusD. hartmannij D. heptacanthydD. horstii, D.
placentinformis D. pseudoinsignisD. zehntnerie suagrés subspecies heterotipicas:
subespboomianus subesppetr-halfarii e subespzehntneri A circumscricdo adotada
baseia-se nos resultados obtidos na literatura e a partdados morfolégicos e
filogenéticos apresentados neste estudo.

As sete regides do DNA (4 plastidiaés 2 nucleares) apresentaram baixa
variagdo em comparacdo a outros estudos, o que culmindaixe resolucdo das
arvores construidas pelos métodos de parsimonia e Bayedlanentanto, algumas
regides comadrnS-trnG rpll6, ITS e phyC apresentaram o maior numero de sitios
informativos, podendo ser indicados como uma boa esqmdina estudos futos
envolvendo outros grupos em Cactaceae. Os indels de alguni@es régnS-trnG
rpslg psbA-trnHe matK) também mostraram-se bastante informativos, camido
com bons resultados de Cl e RI e, consequentemente, agesolacdo das arvores

apresentadas.

Os resultados relacionados ao estudo filogenético (Capijul taxondémico
(Capitulo 2) geraram algumas mudancas na taxonomiissecactuscomo: 0 novo
statusdeD. petr-halfariique passou a ser considerado como subspe@e zi=hntneri
Sinbnimos antes relacionados a outras espécies fefaicionadosD. silicicola, por
exemplo, consideradorelacionada como sinbnim® deatingicolg neste trabalho foi
reposicionado como sinbnimo @ hartmannij D. lindanus, que erainénimo deD.

diersianus mostrou-se mais relacionadd®aheptacanthus

O estudo biogeografico e de conservaca®ideocactusmostrou que a grande
riqueza e diversidade do género estdo concentradas emedifges uma ao norte da
Bahia (Chapada da Diamantina e Morro do Chapéu), ondeeatbr. bahiensise D.

zehntnerisens. lat e na regido central da Cadeia do Espinhaco em Mimagiss

119



(Planalto de Diamantina e Grao Mogol), onde ocorinplacentiformis D. horstii e
D. pseudoinsignis

Foram identificados dois tipos de endemismo, em nivel logpiesentado por
D. horstiiem Gréao Mogol, MG ®. zehntnerisubesppetr-halfarii em Juazeiro, BA e
em nivel regional, representado farferricola e D. boliviensisem Corumbé/oeste da
Bolivia, D. hartmanniique ocorre no centro-sul do Mato Grosso do Sul e Sudeste d
Paraguai, D. placentiformis (Planalto de Diamantina e Serra do Cabral)De
pseudoindignisque esta distribuida em toda regido de Grao Mogol no Wale
Jequitinhonha. E importante ressaltar o sucesso evolufizoDiscocactus na
colonizacédo de ambientes de Cerrado, onde o regime de gasimgpede a ocorréncia
de outros cactos ndo adapatados a dindmica deste tipo de &egetac

Quase todas as espécies do género sao consideradas amdagaxtancdo em
menor ou em maior grau, principalmente, devido a fragm&ntdo habitat e coleta
ilegal. A protecéo efetiva de espécies ameacadas dedexangla deixa a desejar, pois
apenas quatro espécies dscocactus (D. placentiformis, D. catingicola, D.
pseudoinsignie D. horstii) estdo protegidas em Unidades de Conservacao de Protecéo
Integral, sendo todas as UCs localizadas no Estado de Mimags.G& maioria dos
registros de ocorréncia das demais espécies em outade®se encontram no entorno
de UCs.

Com isto, ha uma grande necessidade de parcerias engengo\federal,
estadual, municipal e também entre governos de paisesog@zpara elaboracdo de
politicas e estratégias de conservacdo para que as espgDissocactuse de outras
cactaceas ameacadas sejam devidamente protegidas, sa@irelpa limite de UCs ja

existentes ou criando novos parques.

Como perspectivas para novos estudos, devido a grande varag@dogica e
baixa variacdo genetica encontrada fRisgzocactusa selecdo de mais regides de DNA
e estudos que abordem a variabilidade genetica e morfoE@pcanprescindiveis para
uma melhor delimitacdo de suas espécies assim como oductes de relacdo
filogenética entre elas. Além disto, estudos sobfenalogia, polinizacdo e biologia
reprodutiva sdo importantes para entendermos como énpodamento ecoldgico e
biolégico das espécies do género frente a todas as asngae vem sofrende, que

podem estar comprometendmanutencdo destas espécies em seu habitat natural.
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