CLARA INES OROZCO PARDO

.
-

EVOLUTIONARY BIOLOGY
. ~ OF BRUNELLIA
RUIZ & PAVON

(qunelliaceae, Oxalidales)

ACADEMIA COLOMBIANA DE CIENGIAS EXACTAS, FISICASY NATURALES
COLECCION JORGE ALVAREZ LLERAS No. 22



ACADEMIA COLOMBIANA DE CIENCIAS EXACTAS, FISICAS Y NATURALES
COLECCION JORGE ALVAREZ LLERAS No. 22

"EVOLUTIONARY BIOLOGY OF
BRUNELLIA RUIZ & PAVON
(Brunelliaceae, Oxalidales)

CLARA INES OROZCO PARDO
Profesora Asociada-Instituto de Ciencias Naturales,
Universidad Nacional de Colombia

BOGOTA, D.C., COLOMBIA 2002



i
|
|
|
|

© Académia Colombiana de Ciencias Exactas, Fisicas y Naturales
Trans. 27 No. 39A - 63 — Tel.: 3680365 — Fax: (571) 368 03 65
Apartado Aéreo 44763 - URL: http//www.accefyn.org.co

Reservados todos los derechos. Este libro no puede ser reproducido total o
parcialmente sin autorizacién.

ISBN: 958- 9205-19-4 (Obra completa)
ISBN: 90-76894-07-8

Clasificacién Dewey: 583.397
0769

Materias: Systematic, Taxonomy, Evolution

Bogot4: Academia Colombiana de Ciencias Exactas, Fisicas y Naturales, 2002.

Este volumen ha sido posible gracias al apoyo
del Ministerio de Educacién Nacional

Repiiblica de Colombia
MINISTERIO DE EDUCACION NACIONAL

Armada digital e Impresién:

EDITORA GUADALUPE LTDA.
E-mail: guada@coll.telecom.com.co
Tel.: 269 05 32, Bogotd, D.C., Colombia.

Printed and Made in Colombia - Impreso en Colombia, 2002

Evolutionary biology of Brunellia

(Brunelliaceae, Oxalidales)

ACADEMISCH PROEFSCHRIFT

ter verkrijging van de graad van doctor aan de Universiteit van Amsterdam
op gezag van de Rector Magnificus

Prof. dr. J.].M. Franse
ten overstaan van een door het college voor promoties ingestelde
commissie,
in het openbaar te verdedigen in de Aula der Universiteit
op dinsdag 4 december 2001 te 12.00 uur

door

CLARA INEs Orozco PArRDO

Geboren te Bogota (Colombia)



Promotores: Prof. Dr. H. Hooghiemstra and Prof. Dr. P. J. M. Maas

To Dr. Thomas Van der Hammen

and my family

Members of the promotion committee:

Prof. Dr. A. M. Cleef, Universiteit van Amsterdam
Dr. F Bouman, Universiteit van Amsterdam

Dr.  P.van Welzen, Leiden University

Dr.  R.vander Ham, Leiden University

Prof. Dr. J. Wolf, Universiteit van Amsterdam
Prof. Dr. F Weberling, Ulm University, Germany

Faculty of Sciences
Institute for Biodiversity and Ecosystern Dynamics (IBED) / Palynology and Paleo-Actuo-Ecology
Research School: Centre for Geo-ecological Research

Publisher: Universiteit van Amsterdam, Amsterdam

Th? research in this publication was made possible by financial support of the
Ux:nversidad Nacional de Colombia, Bogot4, Colombia partially supported by the Co-
mité de Investigacién y Desarrollo Cientifico (CINDEC) of the Universidad Nacional de

Colombia and also partially supported by the Smithsonian Institution and Amsterdam
University.

No part of this book may be reproduced in any format by print, photocopy, microfilm or by
another means without the written permission from the publisher / author.

Crara INes Orozoo Paroo, 2002



To the memory of Dr. José Cuatrecasas

.'nﬂv'ﬂl I.,‘.vp R BN e

) L Fpres s yIRFIE v a0
{ht\nmr'l .
"'d{lt

thﬂ LAty

‘..- -f .-.. -

N Ar=HT &

- i il AT

u |\ .
LS eh . , ‘i

we

Pha ”‘“h Al Wit e P
Roetrertlila, M )

il Oy ‘i' 'y
Vim0l ml}whamh y

ity

L T Ty e RenpY
v e "‘.'-..M'.l plri?. . TRl

iy | wy 'v"-"k;lfhlv*




EiT
R

CONTENTS

RESUMEN ......iiirimmininsneseiisissssssscssssssssssssseness e
CHAPTER 1 - INTRODUCTION

1.1 Current state of research on Brunellia ............ceereererereninnane
1.1.2. Phylogenetic research .............iircrcnnenesceererevenennns
1.1.3. Species concept and speciationudn Brunellia ...................
1.1.4. Origin of the current distribution of Brunellia .............

1.2. How can we recognize Brunellia?.............uevrvernnenrerernesnnne

1.3. Some ecological data .......cieiieeciiiensencennisersressessssesssssnenes

1.4. ODJECHIVES ..covvrrrercrrmrrirnsinrstnts st resssesssnsesssssssssesessenes

1.5. LIEErature ...ccocecrrierenernrsnsnssacsessncsessesssssssessnsensansssssessessssessssasssssssss

CHAPTER 2 - SOBRE LA POSICION SISTEMATICA
DE BRUNELLIA RUIZ & PAVON

RESUMEN L oorrciinniieisnsenisssiessesssssssssssssessessessssssssssnes

ABSTRACT ...oirrnrnnsrinnsiiessassesiassiassnsasssssssssesessssssons

2.2. Materiales ¥ MELOAOS ....cuuuieirieerinrniritiieciennnseseene e sssssessens
2.2.7. CAracCtereSs ccocerurevcerrrrvericnreisenssssiessseessssossnrressensssssssserssnsssssssss
2.2.2, TAXOMES eevererricrenrerrrranarresseressnsssssesssssesnessessessessssesssssssnsssssssenns .
2.2.3 Grupos exteINOS ......cciciireniesinicnnseeseesessssseesesssssenens
2.2.4. Analisis filOZENEGICO ...ccvvvvurnrerrrentrereceeereceereeressessesssesessesnssne

2.3, RESUIAAOS .corvvieirtritreirircitrccneesvesesenesssacsssesesnsssssessessssseessnssssssnesas

......................................................



12 CLARA INEs Orozco PARDO

EvOLUTIONARY BiOLOGY OF BRUNELLIA Ruiz & PAVON (BRUNELLIACEAE, OXALIDALES) 13
Pag. Pég.
2.3.2. Grupos externos por separado ........cccceevreesrasesesisnennanns 45 : 4.6. LiteTatUure ...t tess s sssssarassssssassssessnsassessasases 97
2.3.3. Grupo externo Connarus ...........cevevneernrnersrnsesiesessennens 45
2.3.4. Cambios en la codificacién de los caracteres 4y 5...... 45 g CHAPTER 5 - A STUDY OF FLORAL
2.3.5. Caracteres y taXOnes ....oewerrsrserisssssssssssssssisssssscssessenscnns 45 MORPHOLOGY IN BRUNELLIA RUIZ & PAVON
2.4. Discusion y conclusiones.........vieciiinseiieninennrienssesiesenens 46 2
2.4.1. Posicién Sistematica de Bruntellia cc.oo.coooceevveeevvvcvrvecnnsne 46 :53? ABSTRACT woovoreeessreeesseesssesssssmsssssssssssssssssssesssssssmssssssssssssssssssssssssss 101
2.4.2. Cunoniaceae grupo nO MONOfIlEHCO uurvevumserrivieccrinnnecs 47 ; RESUMEN ....c..ocooorsesemmmsmnssssssssssssssssssssssmmmmsssssssssssssssssssassssssssssssssssssnssens 102
2.4.3. Eucryphia género de Cunoniaceae...........ceevreerisvsvsconeens 49 5.1. INETOAUCHON .cveeitrecereecerrreceesneeesersnessnsasasssnesssssssnensansassosesans 102
2:4.4 Relaciones de Rosidae y Hamamelidae .........ccoeeeeineues 49 5'2' Materials and mMEthOAS . 103
2.4.5. Tribus de CUNONIACEAL ......cccveeereeecrrrerecnsrccstiiisessnnrenssssnens 50 : 5'3' ROSUIES oo 105
3.4 Conceptos sobre apomorfa 3 plesiomortia. 30 5.4, Discussion and condhusions o I
%g ﬁigtg;igg:guentos """"""""""""""""""""""""""""""""""""""""""" g% 5.5. ACKNOWIEAEIMENLS ..courrvumirirmnimsiecrnsessaecenasmsssscessersasersssrassecessessasees 117
26, LIEEIAtULA ..coveceeeeerrienenneresineteraeressseesssessssesssssonnesssssssssssssnnssessasas 5.6, LIterature .o R ) 117
CHAPTER 3 - LEAF ANATOMY IN BRUNELLIA CHAPTER 6 - POLLEN MORPHOLOGY
RUIZ & PAVON § OF BRUNELLIA RUIZ & PAVON RELATED TAXA
‘lggSSUTll\z/IAI‘ECI:\IT gg ABSTRAGQCT ..oveieeeresreerennssnesessssssssesnsssssassssssssssosssnsenssssesaesssssorssssassessasses 119
3.1, Introductlon ....... 60 RESUMEN . ....coocisreeeerecssssesessesssssssssssssessessesssssassessasssorsossosnsrsssssssassansas 119
3.2. Materials andmethods ................... 61 6.1, INEFOAUCHON .o vererieeenrcerrrrveeserecsesseraeeseasaeseessessesnessessassassasssssessansens 120
B.3. RESUMS  covveerceeroeeserssooesosssessssoesssssssseesssssessr s ssssssesecsscces 61 6.2. Materials and MEthOMS wweuuvresvmrressmermssssscissssssssssssssissssssose 123
3.3.1. NOAAl ANALOMY .vvvevvrveersssmsmssesssssnnnesssssssssssnessssssssssessesssssssssss 61 6.3, RESUILS ...ovviiccnirernnriesisseeasssressssssssesssssssasssssnsessossensassssosssasssssessansesasss 123
3.3.2. PEHOLE cvvvvveveeseasrnsnsersssesnnensssssssssssessssssssssssssssssssssssesssssssassiness 63 6.3.1. Pollen morphological description .....cee..vvvveerrsrneennee. 123
3.3.3. PEHOIUIL ....ccooveuertrrereererereresrerneseesesnsssessesnseresseosasossssnessnsassnns 65 6.3.2. Categories of exine ornamentation ........ceeemseisenn. 123
3.3.4 FOHAT LAIIUIIA 1ot esssssnassessasssassnanenes 65 6.4. DISCUSSION weevrrrerereressrmessersrescaerssssssnsssasssssssssssssasassessssassnsassasessasssnss 125
3.3.5. MESOPRYIL c.oucunrvverrnecvvesncrensnssessscsssssanssssessssssssssssssssssssssssss 65 6.5. ACKNOWIEdGIMENLS ..cvecmrenccnrirncnsenmsescsseesssisssrenrenssssnsessasesssssssens 129
3.3.5.1 VasCULAT DUNALES ..c.oeoeeeeceeeeeeeesvvveessssssssvanssssssnsasannsssnnns 67 6.6, LItOTatUI@ .covcericrerreaersesnscicnnsinsciaestscssesaseresesssassssorssssessessressessanssness 134
3.2.5.2 DITUSES ...covevrrvrrerrerrrrissesesessessssesnsssarssssssssssaesassessssssessssasnns 67
3.4, DiSCUSSION «..ccvvrenrrrerrrrrriesrsserenesssesssssesssssesessassessesersssssssssssssesnsons 68 CHAPTER 7 - A CLADISTIC ANALYSIS
3.5. ACKNOWIEAGMENLS ...cvvvurreerrernirsenesssesssesssesnessssssssssssssisssssnassssinss 77 OF BRUNELLIA RUIZ & PAVON BASED
3.6. LItETAtUTE ...ccucveuereeerereeeerectcsenesnssesnsssesesseessessessssnssassssessssesassrnsosss 78 ON MORPHOLOGICAL CHARACTERS
CHAPTER 4 - A COMPARATIVE STUDY | ABSTRAGCT ..oeovieecrereneraessesaesssssassssssssssssssesssssssassessessasssssessassssnsssessassasss 137
OF INFLORESCENSES IN BRUNELLIA RUIZ & PAVON } RESUMEN .....cconererrersesmrressssesssassssessssssssssssssssasssesossanssassesssssarsesassssssesssns 137
AND RELATED TAXA ‘ 1. INATOAUCHION . everreesssreeiseressssossanesssseecssaressssesssssessssnssssssssssssssnsassssas 138
l 7.2. Materials and MethOdS .coevrirerrnrrnsiecsnineeisssnsseessssssssesssesssorsas 139
ABSTRACT ..ttt tersesessssessssssssssssssasssassssssssessssasssessesasanesss 81 i 7.2.1. TaXa SCIECHOM ..cccvreereerecrenteneerrnnsesnsssssansssessessnsssessassnnsseses 139
RESUMEN ....coctiiininiinrrrinnniessessissssssessosssessssssessnsssnsssssssssssssnsssasassassssssnss 82 ‘ 7.2.2. CRATACLETS «.covvvrerrerrerassmrsessessessessnssessossessessessessossossossonsassasssnes 144
4.1. Introd'uction .................................................................................... 82 7.2.3. CladiStic ANALYSIS .vcevrerirrniniinisecssissseississsssssisscssssssnsssies 144
4.2. Materials and methods ...........umercrmrersesconnsenencecsssncannns 84 ! 7.3, RESULES cvvrveeemmncessissesssssessssssssssssssssssssssssssssassssssssssssssssassssssnssssssessans 146
4.3. R?Sults: ............................................................................................. 84 ] 7.3.1. Tree SCLECTION 1 iireerinneccoinrreneinseccossrerensssrsssensssosssssnssressosasssssones 146
4.4. Discussion and conclUSioNs ........ccccceccvnsiercisrersssnecsssssrneninnnesnie 92 ; 7.3.2. CRAracter @VIAEICE .uveerirereerreneensseseeessessessasersasssssessssosens 146
4.5. Acknowledgments ... 97 ; 7 4. DiSCUSSION cevvuvrrerssearssneseesessssnsasessssssassssssssssssessesssssesensassssesasasssssasasas 152




14 CLARA INEs Orozco PARDO

Pag.
© 7.4.1. Infrageneric roups ......uecceruesisisinsesesssasseaisasseresssasnsns 152
7.4.2. Behavior of some characters within the genus ............ 157
7.4.3. Species CONCEPL.....ccuurrereiereretninreresissiseessesesssesessessssesessssasenes 158
7.5. Acknowledgments ..........eiiniiinvinicreninenieniiiiesses oo 158
7.6, LItETAtUIE ......cccuisieinirsencmrcacccncnncsasaseessesencassesssesessassnacssasnenne 159
CHAPTER 8 - PHYTOGEOGRAPHY
ABSTRACT .....oeitnresisnscnessssassssssasessasssissssisassssssesssessssasssescas 163
RESUMEN ........oiriieisisnssssscsssssecssscssessassessessssssssassessessssecsssassssesssass 163
8.1, INTOAUCHION ...uuieceincerrcreneseenasesssssessesasssessssssesssssensssssssssasnsess 164
8.2, RESUILS ....uucrevirensreesinsssecssensreassanrassssesssssssassssnssssssssesssssessasessssssssencs 166
8.3. DISCUSSION ..ouucvvercnrecesceasnessessnerssrsssnssssssessesssssssssssssssssssssssrsssssasssas 173
8.3.1. Origin of the current distribution of Brunellia ............. 173
8.3.2. Diversification area or ancient area .............oeosecreeeseeens 177
8.3.3. Speciation and speciation area ..........co..coeeerrrseresressrnserens 178
8.3.4. Patterns of geographical distribution ..........c...ce.esverveee 179
8.4. ACKNOWIEAGIMENLS ......cvueceveeeesiivencrreeescersernsensasssassassssssssassaesses 180
8.5. LItErature ....oucccceevemveusrsrsresnssennssensssssssssssassssnes vreresrsnsseesansanens 180
CHAPTER 9
GENERAL DISCUSSION AND CONCLUSIONS .........coevuverrrenees 189

SAMENVATTING

B runellia is een geslacht van boomsoorten met een wijde neotropische
verbreiding, in de tropische Andes vooral in Colombia. Ook zijn er soorten in
Centraal Amerika en de Caraibische eilanden. Vierenvijftig soorten worden in
deze studie formeel erkend. De algemene doelstelling van deze studie is het in
termen van evolutie verklaren van de waargenomen kenmerken in Brunellia,
alsmede de patronen van variatie (Brunelliaceae). Om dit doel te bereiken zijn
verschillende disciplines van de biologie gebruikt die niet eerder werden
toegepast of tot de nu bereikte resolutie in de kennis van de groep leidden. Twee
hoofdstukken betreffende de fylogenie zijn ontwikkeld in deze studie: een met
het presenteren van een hypothese betreffende de systematische positie van
Brunellia, gebaseerd op morfologische kenmerken (hoofdstuk 2), en een
betreffende de evolutionaire relaties tussen de soorten van Brunellia (hoofdstuk
7). Patronen van geografische verbreiding (hoofdstuk 8), gebieden van speciatie
en diversificatie zijn vastgesteld op basis van de fylogenetische studie van
Brunellia in relatie met andere taxa en geologische gegevens van de Andes,
Centraal Amerika en het Caraibische gebied. Hernieuwd onderzoek van
kenmerkende systemen omvatte de anatomie (hoofdstuk 3), patronen van
bloeiwijzen (hoofdstuk 4), bloemmorfologie (hoofdstuk 5) en pollenmorfologie
(hoofdstuk 6) om te worden gebruikt voor de studie van de evolutionaire relaties
van de soorten van het genus (hoofdstuk 7). De dieptestudie van deze systemen
van kenmerken leverden zeer belangrijke gegevens op vanuit het gezichtspunt
van ontwikkeling en ‘gedrag’ in relatie met andere taxa gerelateerd aan Brunellia.

In Hoofdstuk 2, uitgaand van de hypothese dat Brunellia een genus van
de Cunoniaceae is en niet het enige geslacht in de familie van de Brunelliaceae,
is de systematische positie van Brunellia onderzocht waarbij de fylogenetische
relaties van dit taxon, alsmede 20 morfologische kenmerken vergelijkenderwijs
geanalyseerd zijn met de elf geslachten van de Cunoniaceae. Twaalf taxa maken
deel uit van de ingroup. Het programma Hennig86 gebaseerd op de methode
van parsimonie werd gebruikt voor de selectie van de hypothesen van relaties.
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De gegevens van de ingroup werden eerst geanalyseerd met vier outgroups:
Connarus, Fothergilla, Davidsonia en Quercus, vervolgens met drie met uitsluiting
van Quercus, en tenslotte met elk van deze genera apart; in het laatste geval
werden de kenmerken gepolariseerd. De resultaten laten zien dat Brunellia een
taxon is dat verschillend is van de Cunoniaceae en dat de Cunoniaceae een
niet-monophyletische groep is. In deze studie wordt voorgesteld Brunellia,
Spiraeanthemum en Acsmithia te plaatsen in een familie verschillend van de
Cunoniaceae. Echter, Bradford (pers. med.), op basis van de resultaten van
moleculair onderzoek, signaleert Brunellia ook als een natuurlijke eenheid
onafhankelijk van Spiraeanthemum en Acsmithia. Meer onderzoek is nodig om
de hypothese betreffende de relaties van deze taxa te ondersteunen. Ook wordt
de monofyletische oorsprong van de Cunoniaceae ter discussie gesteld door de
aanwezigheid van Davidsonia binnen de inteme groep. De nauwe verwantschap
tussen de basale Rosidae met de lagere Hamamelidae wordt bevestigd. De
apomorfie en plesiomorfie van enkele kenmerken wordt bediscussieerd. Van
geen enkel tribus van Engler kon de monofylie worden bevestigd.

Een groot deel van de informatie die gebruikt is in de analyse van de
evolutionaire verwantschappen van Brunellia (Hoofdstuk 7) is gebaseerd op de
resultaten van de anatomische studie (Hoofdstuk 3). In dit hoofdstuk wordt de
bladanatomische studie van 24 soorten van Brunellia gepresenteerd, inclusief
van stomata en nodale anatomie. De nodale anatomie van Brunellia is
uniloculair. Anatomische kenmerken van de bladsteel en de bladschijf hebben
taxonomisch belang. De vaatcilinder van de bladsteel is gewoonlijk continue in
het midden en distale deel van de bladsteel, terwijl deze meestal discontinue is
in het deel dicht bij de knoop.

Het adaxiale deel van de vaatcilinder van de bladsteel is samengedrukt
en vorrnen in weinig soorten als het ware B. foreroi aangetroffen worden. Onder
de meest bruikbare kenmerken van de bladschijf zijn de aanwezigheid van
holtes of golvingen en de aanwezigheid van een hypodermis. De reductie
blaadjes om opvallende of weinig opvallende stipulae op de bladsteel te maken
is in veel soorten met de verschijningsvorm van een enkel blad waargenomen.
Het onderzoeksresultaat geeft aan dat veel soorten ten onrechte met enkelvoudig
blad werdenbeschouwd; in feite hebben alle soorten van Brunellia samengesteld

bladeren. De stomata zijn actinocytisch, behalve in B. cutervensis met
anemocytische stomata.

Zoals anatomische kenmerken zijn cok kenmerken van de archtectuur
van bloeiwijzen (Hoofdstuk 4) gebruikt voor de analyse van de evolutionaire
verwantschappen van Brunellia. Dit hoofdstuk omvat het onderzoek aan 35
soorten, die tweederde van de soorten van deze monogenerische familie
vertegenwoordigen en representatief zijn voor de totale variatie van de bloeiwijzen
in dit genus. Het onderzoek werd gerealiseerd om de bloeiwijzemorfologie te

T

e T

e P e

EVOLUTIONARY BIOLOGY OF BRUNELLIA RuizZ & PAVON (BRUNELLIACEAE, OXALIDALES) 17

begrijpen en deze informatie te gebruiken voor taxonomische doeleinden, als
ook om de verwantschapsrelaties tussen de soorten te leren kennen. Voor de
interpretatie van de bloeiwijzen zijn de concepten van de school van Troll (1964)
gevolgd en voor een deel gecombineerd met die van Mora-Osejo (1987). De
resultaten laten zien dar Brunellia een prolifere monotelische synflorescentie
afeen anthocaul-monotelische patroon in de zin van Mora-Osejo (1987) vertoont.
Met andere woorden een open synflorescentie met okselstandige bloeiwijzen
met einstandige bloemen. Drie algemene patronen werden waargenomen
afhankelijk van afwezigheid (1) of aanwezigheid (2, 3) van subthyrsoiden: (1)
homocladische thyrsoiden (haplo-thyrsoiden) of (2, 3) heterocladische
thyrsoiden, of als (2) diplothyrsoid of (3) pleiothyrsoid, Andere variaties hebben
als resultaat verschillen in de grootte van de bloemdelen in relatie tot de totale
bloeiwijze, de lengte van de hypopodia en epipodia of de symmetrische of
asymmetrische verdeling van de takken. Dit alles beinvloedt de vorm en omtrek
van de bloeiwijze. Concaulescentie is altijd aanwezig. In enkele soorten is vroeger
proliferatie van paracladia waargenomen.

Gegevens van het onderzoek van de bloemmorfologie (Hoofdstuk 5)
werden ook gebruikt bij de analyse van de evolutionaire relaties. Bij 46 soorten
van Brunellia heeft bloemonderzoek plaatsgevonden. Ondanks de intraspecifische
variatie van het aantal kelkdelen en carpellen, taxonomisch zijn deze als
diagnostische kenmerken bij eerdere studies gebruikt. Bloemen van verschillende
collecties werden hierbij (v66r de anthesis) opengesneden en bestudeerd onder
de microscoop. De studie omvatte een intraspecifische analyse van de bloem
symmetrie, het aantal sepalen, carpellen en dispositie en aantal meeldraden. Veel
van de soorten laten een patroon zien van twee kransen van meeldraden, terwijl
weinig soorten frequent meer dan twee kransen hebben. Extra kransen van
meeldraden worden beschouwd als overgangsstadia (klaarblijkelijk polyandrie)
voor die soorten met veelvuldige aanwezigheid van twee kransen, Reductie van
de meeldraden werd ook waargenomen. De asymmetrie houdt verband met
verschillen in afmeting van de sepalen, aantal carpellen (is verschillend van het
aantal sepalen) en veranderingen in het aantal en de rangschikking van beide
kransen van meeldraden. Veranderingen in het aantal sepalen hebben invloed
op het aantal meeldraden en zeer waarschijnlijk op dat van de carpellen.
Protandrie wordt waargenomen. Tweeslachtige en eenslachtige bloemen zijn in
verschillende individuen aanwezig.

Enkele kenmerken van de pollenkorrel (Hoofdstuk 6) werden gebruikt bij
de studie naar de evolutionaire relaties van Brunellia. Pollen van 24 soorten van
Brunellia werd onderzocht met de lichtmicroscoop en met de electronenmicroscoop
(SEM) voor aanvullende kenmerken en ten behoeve van de analyse van de
fylogenetische verwantschappen. De pollenkorrels zijn 3-colporaat, tectaat en
met een grote variatie in de versiering van de exine, dat een bijna volmaakt
continuum vormt. Vijf categorieén van ornamentatie werden waargenomen:
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striaat-reticulaat (grote lumina en hoge muri), fijn reticulaat, variabel reticulaat
(muri en lumina van onregelmatige vorm en op verschillende niveaus), een
vorm van rugulaat (onregelmatig en uitstekende elementen) en punctaat (de
lumina zijn kleiner en rond to spleetvormig). De versiering van de exine heeft
fylogenetische betekenis voor enkele groepen van soorten en is gecorreleerd met
enkele kenmerken van vegetatieve organen van bloeiwijze en vrucht. Het
punctate type lijkt de plesiomorfe staat te zijn. De relaties tussen het pollen van
Brunellia en bepaalde geslachten van de Cunoniaceae worden bediscussieerd.

Hoofdstuk 7 omvat de studie naar de evolutionaire relaties van het genus
om de indeling onder genusniveau te evalueren en om de kenmerken te
identificeren die de natuurlijke groepen van soorten bepalen. Vierenveertig
kenmerken van de conventionele morfologie, bladanatomie, nodale anatomie,
bloeiwijzen, bloemmorfologie en versiering van de exine van de pollenkorrel,
werden gecodeerd voor 31 soorten van Brurnellia en van een outgroup van
Spiraeanthemum (Cunoniaceae), die vier soorten omvat. Toepassing van PAUP
en NONA resulteerde in de zelfde drie meer parsimone cladogrammen, waarvan
één wordt aanbevolen als werkhypothese voor de fylogenetische relaties van
Brunellia. De aanbevolen boom werd ook gevonden met HENNIG86, Pee-
Wee(K=6), en de ‘majority rule’ concensus boom werd verkregen met Pee-Wee

(K=1, K=3). Brunellia is monofyletisch. De infragenerische classificatie wordt
bediscussieerd.

Het ontbreken van fylogenetische studies voor groepen met een andiene
en Caraibische verbreiding vormt een beperking voor het genereren van een
hypothese betreffende de vicariantiebiogeografie. Andere ideeén van de
historische biogeografie zijn af te leiden van de vicariantie biogeografie. Als
punt van vertrek voor een biogeografische studie wordt een scenario van het
ontstaan van de verbreiding van Brunellia gepresenteerd (Hoofdstuk 8). Deze
stelllr.lgname is gebaseerd op de actuele verbreiding van de soorten van Brunellia,
op die van aan Brunellia verwante taxa, de fylogenie van Brunellia en de
geologische informatie betreffende de vorming van de Andes, Centraal Amerika
en de Caraibische eilanden. Gebieden van soortsvorming en diversificatie zijn
voor Brunellia in termen van fylogenie gedefinieerd. Het Gondwana ontstaan
van Brunellia staat ter discussie. De oorsprong van Brunellia in Centraal Arnerika
en de Caraibische eilanden wordt ook besproken met als uitgangspunt de
landconnecties met het noorden van Zuid Amerika gedurende het Eoceen en
Mioceen. De grootste speciatie en diversificatie in Brunellia voltrok zich
gedurende het midden van het Mioceen, de periode van de grootste opheffing
van de Andes. Brunellia is goed aangepast aan grote hoogte. Enkele soorten
hebben bepaalde anatomische structuren ontwikkeld als respons op grote
hoogte. Colombia heeft het grootste aantal soorten en het hoogste endemisme.
Tenslotte worden ook de patronen van geografische verbreiding bediscussieerd.

SUMMARY

B runellia is a neotropical tree genus widely distributed in the Andes. Species
of this genus are also found in Central America and Caribbean islands. In this
study 54 species are recognized. The general objective of this study was to
explain the observed data for Brunellia as well as its patterns of variation in
evolutionary terms. To carry out this objective different disciplines of biology
were employed which had not previously been used or studied in depth for
this group. Two chapters on phylogeny are included: firstly a hypothesis on
the position of Brunellia based on morphological characters is presented in
Chapter 2, and secondly the relationships among the group of species in
Brunellia is established in Chapter 7. Patterns of geographic distribution,
speciation and diversification areas were proposed based on the phylogeny of
Brunellia, its relationships with other taxa and geological hypotheses for the
formation of the Andes and the Caribbean. The reexamination of some characters
and the in-depth study of anatomy (Chapter 3), pattemns of inflorescence (Chapter
4), floral morphology (Chapter 5) and pollen morphology (Chapter 6) were
carried out to provide a source of characters, here called systems of characters.
These were then used to define monophyletic groups in Brunellia, to establish
the relationships among the groups of species and to study the evolutionary
behavior of the characters (Chapter 7). In addition to using systems of characters
as a basis for the phylogenetic study, they also provided information on their
development and behavior as compared to other taxa.

In the chapter 2 was examined the systematic position of Brunellia by
studying the phylogenetic relationships of this taxon with eleven ingroup taxa
representing Cunoniaceae and twenty characters. This study was formulated
to taking into account the hypothesis that Brunellia belongs to Cunoniaceae
rather than being separated in Brunelliaceae. A total of twelve taxa represent
the ingroup. The Hennig86 program based on parsimony was used to choose
the hypotheses about relationships. The data of the ingroup was analyzed
first with four outgroups: Connarus, Davidsonia, Fothergilla, and Quercus, then
excluding Quercus and lastly with each of the outgroups independently. Data



20 CLaRA INEs Orozco PARDO

were polarized for the last analysis. Results showed that Brunellia does not
belong to Cunoniaceae, and that Cunoniaceae is not a monophyletic group. I
propose that Brunellia, Spiraeanthemun, and Acsmithia belong to a family distinct
from Cunoniaceae. However, BRADFORD (pers. comm.) based in molecular data
indicates that Brunellia is a natural group distinct to Spiraeanthemum and
Acsmithia. More research is necessary in order to corroborate the relationship
of these taxa. The monophyly of Cunoniaceae is doubtful because some of its
genera are nested with Davidsonia. The results also confirmed the relationships
between Rosidae and the lower Hamamelidae. A discussion about plesiomor-
phic and apomorphic conditions are given for the Rosidae. The monophyly of
none of Engler’s tribes is confirmed.

Most of the anatomical characters from chapter 3 were used in the
relationships of Brunellia (Chapter 7). In this chapter is presented the results
of the study of the leaf anatomy of 24 species of Brunellia, including observations
on the stomata and nodal anatomy. The nodal anatomy of Brunellia was
observed as unilacunar. Anatomical characters of the petiole and lamina were
found to have taxonomic value at species level. The vascular cylinder is usually
continuous in the middle and distal parts of the petiole, while, with few
exceptions, it is discontinuous in the proximal part near the node. The adaxial
portion of the vascular cylinder is compressed and in a few species semicircular
or lumpy-shaped. Cortical bundles are frequent at the distal and middle part
of the petiole and in the middle of the petiole, while medullary bundles are
only found in B. foreroi. Stomatal crypts or undulations and the presence of a
hypodermis were found to be among the taxonomically useful characters of
the lamina. Reduction of lateral leaflets to form conspicuous or inconspicuous
stipels on the petiole resulting in the appearance of a simple leaf was observed.
Stomata are actinocytic except in B. cutervensis which has anomocytic stomata.

As similar to the anatomical characters, the characters of inflorescence
architecture of Brunellia (Chapter 4) were used to the study of phylogeny of
Brunellia. In this chapter is presented the study of 35 species, that is, about2/3
of the species of the monogeneric family, covering the total inflorescence
variation of the genus. This study was carried out to understand the
morphology and incorporate this important information into taxonomic
proposals and for defining phylogenetic relationships among the species. The
results indicate, according to the concept of TroLL (e.g. 1964) that Brunelliahas a
proliferating monotelic synflorescence. In the sense of Mora-OsEjo (1987: 65) it
follows an anthocaule-monotelic pattern. In other words, the inflorescence
architecture corresponds to an open synflorescence with axillary floriferous
systems bearing terminal flowers. The ramification pattern of these floriferous
systems (paracladia of first order) can be characterized as thyrso-paniculate.
Three subpatterns can be distinguished according to the absence (1) or presence
(2-3) of subthyrsoids: 1) homocladic thyrsoids (haplo-thyrsoids) or (2-3)
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heterocladic thyrsoids either as 2) diplo-thyrsoids or as 3) pleio-thyrsoids.
Variations also result from differences in the size of the floriferous part in relation
to the total length of the inflorescence, the length of hypopodia and epipodia
and the symmetric or asymmetric division of the branches that influence the
shape and contours of the inflorescence. Concaulescence is nearly always
present. In some species early proliferation of paracladia was observed.

Data from the floral morphology (Chapter 5) were also used for the
proposed phylogeny of Brunellia. It was practiced the floral morphology study
on 46 species of Brunellia. In spite of intraspecific variation great value has
been assigned to sepal and carpel numbers as taxonomic characters. Flowers
before anthesis were dissected and studied by light microscopy. This study
included an analysis of intraspecific variation in floral symmetry, number of
sepals, carpels, the arrangements of the stamens, and breeding systems. Most
of the species have two whorls of stamens, the outer whorl alternates with the
sepals and the inner whorl is opposite to the sepals. Two whorls of stamens
are frequently present in most species although a few species often present
additional whorls of stamens. Additional whorls of stamens are considered as
transitional states in species that always have two whorls of stamens. It was
found that additional whorls of stamens result from rearrangements of the
space among floral parts by fusion of sepals and, consequently, the stamens of
a previous implied floral arrangement are placed in an extra whorl. Asymmetry
is often present and was seen to be related to differences in the size of the
sepals, carpel number (different from the sepal number), and changes in the
number of stamens and their arrangement. Changes of sepal merosity was
found to affect stamen merosity and very probably that of the carpels.
Reduction of stamens was also observed. Bisexual and female flowers were
frequently observed in different individuals.

Some characters of the pollen grain (Chapter 6) were used in the
phylogeny of Brunellia. In this study pollen of 24 species of Brunellia were
examined with LM and SEM in order to find additional characters for
phylogenetic analysis. The pollen grains were found to be 3- colporate, tectate
and to have a variable ornamentation which forms an almost perfect
continuum. Five categories of exine ornamentation were observed: striate
reticulate (large lumina and high muri), finely reticulate, modified reticulate
(muri and lumina irregular in shape and at various levels), modified rugulate
(irregular and protruding tectal elements) and punctate (the lumina are smaller
and round to slit-shaped). The exine ornamentation provides phylogenetic
information for some groups of species, and in some cases it is correlated with
vegetative, inflorescence and fruit characteristics. The punctate type could be
the plesiomorphic character state. Relationships in the pollen morphology of
Brunellia and certain genera of Cunoniaceae are discussed.
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In the chapter 7 is presented the study of the phylogeny of Brunellia. This
study was performed to determine the relationships among the species, to
evaluate the infrageneric clasification, to identify characters defining natural
groups of species. Forty-four characters from conventional morphology and the
exine sculpture of the pollen grain were coded for 31 Brunellia species and one
outgroup taxon, Spiraeanthemum (Cunoniaceae) represents four species of
Cunoniaceae. PAUP and NONA found the same three most parsimonious
cladograms, of which one is recommended as the current working hypothesis
for Brunellia relationships. The preferred tree was also found by HENNIG86,
Pee-Wee (k=6), and majority rule consensus of trees obtained with Pee-Wee
(K= 3, k=1). Brunellia is monophyletic, and the infrageneric clasification is
discussed.

The absence of phylogentic studies for groups with Andean and
Caribbean distribution is a limiting factor in producing a historical
biogeographical hypothesis from of point of view of vicariance biogeography.
However, given the importance of a starting point for a biogeographic study,
a scenario on the origin of the distribution of Brunellia is presented here
(Chapter 8), based on its current distribution, the phylogeny of Brunellia, the
related taxa and the geological formation of the Andes, Central America and
Caribbean Islands. A diversification and speciaiton area is defined for Brunellia
in terms of phylogenetic lineages. A Gondwanan origin by mass migration
from south to the north is discussed as well as the origin of Brunellia in Central
America and Greater Antilles by land connections with the north of South-
America, during Eocene- Miocene. The highest speciation and diversification
of Brunellia took place in the Mid-Miocene with the main upheaval of the Andes.
Brun.ellm is well adapted to high altitudes and some species have developed
special anatomical leaf characters as a response to these altitudes. Colombia
has the highest number of Brunellia species and the highest rate of endemism.
Patterns of geographic distribution are presented.

RESUMEN

B runellia es un género, arbéreo, neotropical ampliamente distribuido en los
Andes especialmente en Colombia. Las especies del género se encuentran tam-
bién en Centro América y las Islas del Caribe. Cincuenta y cuatro especies son
aquf reconocidas. Como objetivo general de este estudio se plante6 el explicar
en términos evolutivos los caracteres observados en Brunellia, como también los
patrones de variacién (Brunelliaceae). Para lograr este objetivo se desarrollaron
diferentes disciplinas de la biolégia, no estudiadas con anterioridad o en
profundidad en el grupo. Dos capftulos de filogenia se desarrollan en este
estudio: para presentar una hip6tesis sobre la posicién sistematica de Brunellia,
con base en caracteres morfolégicos (Capftulo 2) y para establecer las relacio-
nes evolutivas entre grupos de especies en Brunellia (Capitulo 7). Patrones de
distribucién geogréfica (Capftulo 8), dreas de especiacién y diversificacién son
establecidas con base en el estudio filogenético de Brunellia, en las relaciones
con otros taxones y datos geol6gicos de los Andes, Centro América y el Caribe.
Ademas del reexamen de caracteres se estudiaron sistemas de caracteres como
anatomia (Capitulo 3), patrones de inflorescencias (Capftulo 4), de morfologia
floral (Capitulo 5) y morfologia del grano de polen (Capftulo 6) fueron desarro-
llados para el encuentro de otra fuente de caracteres en el estudio de las relacio-
nes evolutivas de las especies en el género (Capitulo 7). El estudio en
profundidad en estos sistemas de caracteres arrojan datos muy importantes
desde el punto de vista de su desarrollo y comportamiento en relacién con otros
grupos relacionados con Brunellia.

En el capitulo 2, partiendo de la hip6tesis de Brunellia como género de
Cunoniaceae y no como tinico género de la familia Brunelliaceae, se reexamina
la posicién sistemética de Brunellia analizando las relaciones filogenéticas de
este taxén con once taxones que representan a Cunoniaceae, y 20 caracteres
morfolégicos. Un total de doce taxones hacen parte del grupo interno. El pro-
grama Hennig86 basado en el método de simplicidad (parsimony) fue usado
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para la eleccién de las hipétesis de relaciones. Los datos del grupo interno
fueron analizados primero con cuatro grupos externos: Connarus, Fothergilla,
Davidsonia y Quercus, con tres excluyendo a Quercus y con cada uno de ellos
por separado; para este tiltimo caso los caracteres fueron polarizados. Los
resultados muestran a Brunellia como tax6n diferente de Cunoniaceae y a
Cunoniaceae como grupo no monofilético. Se propone en este trabajo la inclu-
sién de Brunellia, Spiraeanthemum y Acsmithia bajo una familia diferente de
Cunoniaceae. Sin embargo, BRADFORD (com. pers.) de acuerdo con los resultados
moleculares sefiala a Brunellia como grupo natural independiente de
Spiraeanthemum y Acsmithia. Mayor investigacién es necesaria para corrobo-
rar la hip6tesis de relaciones de estos taxones. Se cuestiona también la monofilia
de Cunoniaceae por la presencia de Davidsonia dentro del grupo interno. Se
confirma la relacién estrecha entre las Rosidae basales con las Hamamelidae
inferiores. La apomorfia y plesiomorfia de algunos caracteres es discutida. La
monofilia de ninguna de las tribus de Engler es confirmada.

Gran parte de la informacién usada en el andlisis de relaciones evoluti-
vas de Brunellia (Capitulo 7), se basa en los resultados obtenidos en el estudio
anatémico (Capitulo 3). En este capitulo se presenta el estudio anatémico de
la hoja de 24 especies de Brunellia, incluyendo observaciones de estomas y de
anatomia nodal. La anatomia nodal de Brunellia se observé unilacunar. Se en-
contré que caracteres anatémicos del peciolo y la lamina tienen valor
taxonémico. El cilindro central del peciolo es usualmente continuo en la parte
distal y media del peciolo mientras que fue observado con pocas excepciones
discontinuo en la parte proximal al nodo. La parte adaxial del cilindro vascular
del peciolo es comprimida y en pocas especies los haces vasculares tienen la
apariencia de formar arcos. Haces corticales son frecuentes en la parte distal y
media del peciolo, mientras que haces medulares se encuentran en B. foreroi.
Entrg los caracteres taxon6micos m4s titiles de la ldmina se encuentra la pre-
sencia de criptas o undulaciones y la presencia de hipodermis. La reduccién
foliar para formar conspicuas o inconspicuas estipelas sobre el peciolo se ob-
servé anatémicamente en muchas especies con apariencia de hojas simples.
Este resultado indica que muchas especies que fueron erré6neamente considera-
das como especies de hojas simples, son como todas las especies de Brunellia de

hoja compuesta. Los estomas son actinociticos excepto en B. cutervensis con
estomas anomociticos.

Aligual que los caracteres anatémicos, caracteres de arquitectura dela
inflorescencia (Capitulo 4) fueron usados en el an4lisis de relaciones evoluti-
vas de Brunellia. En este capitulo se muestra el estudio de 35 especies que
corresponden a 2/3 de las especies de la familia monogenérica, y que repre-
sentan la variacién total de la inflorescencia en el género. El estudio fue realizado
para entender la morfologia de las inflorescencias mas all4 de los limites
netamente descriptivos y usar esta informacién para propdésitos taxonémicos
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como también para el encuentro de relaciones de parentesco entre las especies.
Para la interpretacién de las inflorescencias se sigui6 la escuela de TroLL (1964)
parcialmente combinada con los conceptos de Mora-Osgjo (1987: 65). Los resul-
tados muestran que Brunellia presenta (en el sentido de TroLL 1964) una
sinflorescencia proliferante monotélica, o un sistema antocaulo-monotélico en
el sentido de Mora-Osgjo (1987: 65). En otras palabras, una sinflorescencia abierta,
con sistemas floriferos axilares sosteniendo flores terminales. Tres patrones
generales fueron encontrados, de acuerdo con la ausencia (1) o presencia (2-3)
de subtirsoides: 1) tirsoides homoclddicos (haplo-tirsoides) o 2-3) tirsoides
heteroclddicos 2) diplo-tirsoides o 3) pleio-tirsoides. Otras variaciones resultan
de diferencias en el tamaiio de las partes floriferas en relacién con la
inflorescencia total, de la longitud de los hipodios y epipodios o la divisién
simétrica o asimétrica de las ramas. Todos ellos influyen en la forma y el contor-
no de la inflorescencia. Concaulescencia es siempre presente. Casos de prolife-
racién de inflorescencias se observaron en algunas especies.

Datos del estudio de la morfologia floral (Capitulo 5) fueron también
usados en el andlisis de relaciones evolutivas. El estudio floral se practic6 en
46 especies de Brunellia. A pesar de la variacién intraespecifica del niimero de
piezas del céliz y de carpelos, taxonémicamente han sido usados como carac-
teres diagnésticos en trabajos previos. Flores antes de la antesis, procedentes
de diferentes colecciones fueron disectadas y estudiadas bajo el microscopio.
El estudio incluye un anélisis intraespecifico de la simetria floral, niimero de
sépalos, carpelos, disposicién y niimero de estambres. Muchas de las especies
presentan un patrén de dos verticilos de estambres, mientras que pocas espe-
cies presentan frecuentemente més de dos verticilos. Verticilos adicionales de
estambres se consideran como estados transicionales (aparente poliandria)
para aquellas especies con frecuente presencia de dos verticilos. Reduccién de
estambres fue también observado. La zigomorfia esté relacionada con dife-
rencias de tamafio de los sépalos, niimero de carpelos (diferente del niimero
de sépalos) y cambios en la condicién de dos verticilos de estambres. Estam-
bres y verticilos adicionales son el resultado de rearreglos de los espacios flo-
rales cuando hay fusién de sépalos y en consecuencia, estambres de una previa
condicién de dos verticilos ocupan un extra verticilo. Se observé protandria.
Flores bisexuales y unisexuales estdn presentes en diferentes individuos.

Algunos caracteres del grano de polen (Capitulo 6) fueron usadosen el
estudio de relaciones evolutivas de las especies de Brunellia. El polen de 24
especies de Brunellia fue examinado en el microscopio de luz (ML) y el mi-
croscopio electrénico (MES) para encontrar caracteres adicionales y usar esta
informacién en el estudio de relaciones filogenéticas. El grano de polen es 3-
colporado, tectado y con una alta variabilidad en la ornamentaci6n de la exina
la cual forma un casi perfecto continuo. Se observaron cinco categorias en la
ornamentacién de la exina del grano de pollen: reticulado a finamente
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reticulado, reticulado modificado (muros y liminas de forma irregular y en
varios niveles), rugulada modificada (irregular y proyectando elementos
tectales) y la ornamentacién de tipo punteado (las liiminas son pequefias, re-
dondeadas o en forma de lineas). La ornamentacién de la exina tiene importan-
cia filogenética para algunos grupos de especies y presenta correlacién con
algunos caracteres vegetativos de inflorescencias y del fruto. El tipo de orna-
mentacién punteado parece ser el estado plesiomérfico. Se discuten las relacio-
nes del grano de polen de Brunellia y ciertos géneros de Cunoniaceae.

En el Capitulo 7 se desarroll6 el estudio de las relaciones evolutivas del
género, para evaluar la divisién infragenérica y para identificar qué caracte-
res definen grupos naturales de especies. Cuarenta y cuatro caracteres de
morfologfa convencional, anatomia de la hoja, nodal, inflorescencias , morfo-
logia floral, ornamentaci6n de la exina del grano de polen, fueron codificados
para 32 taxones de Brunellia y un grupo externo Spiraeanthemum (Cunoniaceae)
el cual representa cuatro especies de la familia Cunoniaceae. PAUP y NONA
encontr6 los mismos tres méds parsimoniosos cladogramas, de los cuales uno
es recomendado como la hipétesis de trabajo para las relaciones filogenéticas
de Brunellia. La hip6tesis recomendada fue también encontrada con
HENNIGB86, Pee-Wee(K=6), y el 4rbol de consenso de mayoria obtenido con
Pee- Wee (K=1, K=3). Brunellia es monofilético. Se discute la clasificacién infra-
genérica.

La ausencia de estudios filogenéticos, en grupos con distribucién
andina y distribuci6n en las Islas del Caribe, es una limitante para la
generaci6n de hipé6tesis de biogeograffa histérica. Otras ideas de biogeografia
histérica se apartan de la biogeografia vicariante. Como un punto de partida
para un estudio o planteamiento biogeogréfico, se presenta un escenario del
origen de la distribucién de Brunellia (Capitulo 8). Este planteamiento es ba-
sado en la actual distribucién de las especies de Brunellia, en los taxones
relacionados con Brunellia, 1a filogenia de Brunellia, y 1a informacién geol6gica
sobre la formacién de los Andes, Centro América y las Islas del Caribe. Areas
de especiacién y diversificacién son definidas para Brunellia en términos
filogenéticos. Es discutido el origen Gondwanico en Brunellia por migracién
de masas de tierra desde el sur de América. El origen de Brunellia en Centro
América y las Islas del Caribe es también discutido con base en las conexiones
de tierra con el norte de Sur América durante el Eoceno y el Mioceno. La
mayor especiacién y diversificacién de Brunellia ocurri6 a mediados del
Mioceno, época del mayor levantamiento de los Andes. Brunellia es bien
adaptada a altas altitudes. Algunas especies han desarrollado estructuras
anatémicas en respuestas a las altas elevaciones. Colombia tiene el mayor
nimero de especies y el més alto endemismo. Son también discutidos los
patrones de distribucién geogréfica.

Chapter1
INTRODUCTION

CLArA InEs Orozco

1. 1 CURRENT STATE OF RESEARCH ON BRUNELLIA

According to the evolutionary thought on angiosperm evolution, Brunellia
is a group with primitive characters. The apetalous flowers, the apocarpous
ovary and the presence of five vascular bundles in the carpel structure are
characters shared by Brunellia and primitive angiosperms. Taxa from the subclass
Rosidae related to Brunellia (Davidsoniaceae, Eucryphiaceae, Cunoniaceae,
Connaraceae) have been studied with regard to different biological aspects, such
as floral morphology (DiciasoN 1975), leaf, floral and wood anatomy (Dickison
1971, 1973, 1975 a,b, 1977, 1978,1980), and pollen morphology (HmEux and
FERGUSON 1976, DickisoN 1979). In the 70°s DickisoN considered these taxa as the
core group of Rosidae with close relationships to the paraphyletic subclass
Hamamelidae (MaNos et al. 1993). The systematic position of Brunellia was
studied by Hurrorp and DickisoN (1992) who included Brunellia within
Cunoniaceae. Doubts with regard to these relationships are due to the absence
of a synapomorphy in the group in which Brunellia was included within
Cunoniaceae, and the lack of complete information about character variation in
Brunellia. First, this study asks whether Brunellia is a taxon of Cunoniaceae or
whether it belongs to a different family. With respect to this question the
relationship of Brunellia was revised by Orozco (1997, see chapter 2). BRADFORD
(in prep.) has focused on the phylogenetic relationships of Cunoniaceae on basis
of molecular data. He found that Brunelliaceae has close relationships with
Cunoniaceae and the Australian family Cephalotaceae. The research group APG
(1998) placed Brunelliaceae, Cunoniaceae, and -Connaraceae in the order
Oxalidales, having previously considered it to belong to the order Rosales.
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1. 1. 2 Phylogenetic research

CuATrecasas presented the first taxonomic study of Brunelliaceae in 1970.
In his supplement of 1985 he presented a taxonomic arrangement similar to
that of the 70°s, but including a different species concept, and sections and
subsections as well as eight new taxa. In 1985 he also included a hypothesis of
the relationships of the subsections based on the assumption that B. boliviana
shows primitive characters and therefore considered this taxon the primitive
form from which remaining taxa were derived.

Today, the biologist sees life as a single pattern of common descent with
modifications, such modifications are due to processes including speciation
and extinction. The phylogenetic or cladistic approach, based on the principles
of HENNIG (1966), is currently used by most researchers who wish to find the
pattern of relationships based on observed data as the result of evolution.
They also try to define a natural diversity based on monophyletic groups which
are defined by shared evolutionary novelties. Phylogeny as a discipline is the
result of multiple efforts by the biologist to try to explain the pattern of variation
through hypotheses of relationships which are judged by their ability to explain
the observations. As in other scientific theories, the phylogenetic hypothesis
is continuously evaluated in its concepts and methods. The technological
advances, the development of algorithms included in different computational
packages and molecular biology have also influenced the development of its
concepts.

An unsuccessful attempt to obtain a pattern of relationships for the
species in Brunellia, based on HENNIG's (1966) concept was carried out by Orozco
in 1993 (unpublished). This preliminary hypothesis showed that additional
information for the outgroups used and morphological data for species of
Brunellia were necessary. Extensive morphological data for species of Brunellia
were obtained by studying different systems of characters in depth. In addition
to these systems of characters providing a good source of morphological
characters, a wider knowledge of the biology of Brunellia is now available.
The evidence presented in the following chapters also contributes to the
understanding of DickisoN’s core families of Rosidae and their relationships:
leaf anatomy (Chapter 3), inflorescence morphology (Chapter 4), floral
morphology (Chapter 5), and pollen morphology (Chapter 6). A phylogenetic
analysis of Brunellia has been carried out based on the morphological data
observed and a hypothesis of the relationships within Brunellia is proposed in
chapter 7. Additional exploration of the relationships of Brunellia with other
taxa is necessary, for example, with regard to molecular analysis, pollination,
and dispersal mechanisms. In the case of Brunellia and other dioecious families
pollination reports are unknown (RENNER and FeiL 1993).
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1. 1. 3 Species concept and speciation in Brunellia

The species concept has been one of the most discussed topics in the last
forty years, particularly in the distinction between species as an evolutionary
unit or as a category. Most of these discussions were centered on the reality of
the species. Species are broadly recognized as evolutionary entities on the nature
of which research in biodiversity and conservation is carried out.

Brunellia was previously recognized by the morphological- geographical
concept (CuATRECAsas 1970, 1985) which was also used for many years to
recognize different taxa. The geographical distribution of Brunellia had more
importance than morphological characters for defining the species. Most of
the species defined under the geographical concept were found to be
synonymous to others (Orozco in prep.). One of these cases is the continuous
geographical distribution of populations of the same species through the
western Andes from Ecuador to Costa Rica which were named differently; for
example, B. acostae was described for Ecuador and it is the same species as B.
diversifolia described for Colombia and B. darienensis described for Panama
(see chapter 8). These populations are also similar to B. costaricensis and B.
standleyana from Costa Rica, however, additional evidence is necessary to decla;e
these species as synonyms of B. acostae as well (Orozco in prep.). Another
problem found in the species definition of Brunellia was related to the variations
and mistakes in the definition of the characters previously used for recognizing
species. Most of these referred to vegetative characters, such as the arrangement,
whorled or opposite, and form of the leaves. The character of the leaf indument
was also wrongly defined with regard to interspecific differences and therefore
it was necessary to redefine and delimit the variation of this character (Orozco
1999). Most importance was given to the calyx and carpel merosity at
interspecific level which are actually very variable within the species (see
chapter 5). Due to the weakness of the characters previously used in defining
Brunellia, a reexamination of these characters and the use of other features were
necessary (Chapters 3-6). The autapomorphic concept of species (NxoN and
WHEELER 1990, Davis and Nixon 1992) is proposed for Brunellia. The species are
defined by an autapomorphy or by a unique combination of characters working
as a unit (unique evolutionary novelty- see chapter 7).

1. 1. 4 Origin of the current distribution of Brunellia

Regarding the distribution of Brunellia, Croizat (1952) wrote that Brunellia
was present in the New World before the Andes began to rise, entered from the
south, and migrated from Bolivia and Peru to the northern Andes, Central
America and the Greater Antilles. However, doubts concerning this theory were
presented by CUATRECAsAS (1970) who considered that Croizat’s evidence of the
phytogeographical distribution was not enough to affirm that Brunellia came
from the south of South America. He considered that Brunellia could also have
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arrived from North America. A preliminary analysis is presented in chapter 8
where the origin of Brunellia is considered with basis on the available data.
Despite the absence of a study of the biogeographic history of Brunellia, a
historical scenario as well as diversification and speciation areas are discussed.

1.2HOW CAN WE RECOGNIZE BRUNELLIA?

Species of Brunellia are trees. In primary forest they can reach 25 to 30 m
in height while in disturbed forest smaller trees of up to 10 m are found (Fig. 1.1
a). The species have lateral stipules that vary in number (Fig. 1.1 b). Stipels are
present on the rachis of the species with compound leaves or on the petiole of
species with unifoliolate leaves (Fig. 1.1 c). Brunellia species, especially their
leaves, are generally covered with unicellular hairs which fall into different
indument groups (Orozco 1999, Fig. 1.1 d-g). The leaves are opposite or whorled,
unifoliolate, or compound (Fig. 1.2 a-f). Some species present unifoliolate and
compound leaves on the same individual (Fig. 1.2 a). The flowers lack petals,
are apocarpous and are disposed in axillary inflorescences (Fig. 1.2 a-f). The
fruit is usually covered with indument and in some cases with hirsute hairs.
The follicles vary in form depending on the shape of the endocarp (Fig. 1.3 a-d).
Seeds are red and arillate (Fig. 1.3 e).

1.3 SOME ECOLOGICAL DATA

Brunellia is an important element of the Andean vegetation. RANGELset al.
(1997) have reported five associations of Brunellia in the Andean forest. These
associations are distinguished by an arboreal type of vegetation with elements
that reach up to 18 m high, as is the case of the two associations of Brunellia
macrophylla and Clethra. These associations share the presence of Ocotea calophyla
and Saurauia brachybotrys. Other species associated with B. macrophylla, include
Miconia stipularis, Weinmannia pubescens, and species of Hedyosmum. Three
additional associations were defined for Brunellia occidentalis, distinguished by
forest like vegetation of pendent soils, sometimes clearly epiphytics, and localized
in a transition zone between Andean and subandean regions. These associations
are found between 1980-2400 m and are defined by the presence of Acnistus
arborescens, Hedyosmum racemosum, Pilea goudotiana, Pteris mucronata, Xanthosoma
jacquini, and species of Blakea, Clusia, Cyclanthus, Geonoma, Miconia, Palicourea,
Pilea, and Oreopanax.

1.4 OBJECTIVES

The objectives of this thesis are as follows:

- To explain the observed data for Brunellia, and its natural diversity,
in terms of evolutionary patterns of variation found by the
application of systematic phylogenetics.
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Fig. 1.1 (a) Habit of Brunellia goudotii. (b) Position of stipules in Brunellia. (c) Stipel
position in B. amayensis, unifoliolate and compound leaves. (d) Arachnoid indument
in B. pallida. (e) Woolly indument in B. putumayensis. (f, g) Appressed indument
(f) B. acostae. (g) B. boliviana.
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Fig. 1.3 Endocarp shapes in Brunellia. (a) U shaped. (b) Urceolate. (¢) Navicular
modified. (d) Navicular. (e) Arillate seeds.

- To reexamine morphological characters used previously and to
identify other sources of characters to contribute to the knowledge
of the biology and relationships within Brunellia and its
relationship with other groups of the subclass Rosidae.

- To find evolutionary novel characters in order to define
monophyletic groups in Brunellia.

- To propose a species concept for Brunellia based on a phylogenetic
study:.

- To propose a scenario of the current diversification of Brunellia
using the available information.

1.5 LITERATURE
Fig. 1. 2. (a) Unifoliolate and compound leaves in the same node of B. amayensis. APG, 1998. An ordinal classification for the families of flowering plants.
(b, ¢) Unifoliolate leaves (b) B. goudotii. (c) B. rufa. (d-f) Compound leaves, (axillary Ann. Missouri Bot. Gard. 85 : 531-553
inflorescence and fruits in f). (d, e) B. sibundoya. (f) B. susaconensis. (g) Bisexual . . ; '
flowers of B. comocladifolia ssp. dominguensis. Photos C. 1. Orozco (a-f), P. J. M. Croizar, L. 1952. Manual of phytogeography, or an account of plant-dispersal
Maas (g). throughout the world. W. Junk, The Hague.
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Chapter 2

SOBRE LA POSICION SISTEMATICA DE
BRUNELLIA RUIZ & PAVON!

CrarA INEs OrRozco

RESUMEN

Bajo el concepto de Brunellia como género de Cunoniaceae y no como
Unico género de la familia Brunelliaceae, el presente trabajo examina la
posicién sistemaética de Brunellia analizando las relaciones filogenéticas de
este tax6n con once taxones que representan a Cunoniaceae, y 20 caracte-
res morfolégicos. Un total de doce taxones hacen parte del grupo interno.
El programa Hennig86 basado en el método de simplicidad (parsimony)
fue usado para la eleccién de las hipétesis de relaciones. Los datos del
grupo interno fueron analizados primero con cuatro grupos externos:
Connarus, Fothergilla, Davidsonia y Quercus, con tres excluyendo a Quercus
y con cada uno de ellos por separado; para este tiltimo caso los caracteres
fueron polarizados. Los resultados muestran a Brunellia como taxén diferente
de Cunoniaceae y a Cunoniaceae como grupo no monofilético. Se propone
en este trabajo la inclusién de Brunellia, Spiraeanthemum y Acsmithia bajo una
familia diferente de Cunoniaceae. Mayor investigacién es necesaria para
corroborar la hipétesis de relaciones de estos taxones. Se cuestiona también
la monofilia de Cunoniaceae por la presencia de Davidsonia dentro del grupo
interno. Se confirma la relacién estrecha entre las Rosidae basales con las
Hamamelidae inferiores. La apomorfia y plesiomorfia de algunos caracteres
es discutida. La monofilia de ninguna de las tribus de Engler es confirmada.

1 Published in Caldasia (1997), 1-2: 145-164.
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ABSTRACT

Under the concept that Brunellia belongs to Cunoniaceae rather than
being separated in Brunelliaceae, this paper principally examines the
systematic position of Brunellia by studying the phylogenetic relationships of
this taxon with eleven ingroup taxa representing Cunoniaceae and twenty
characters. A total of twelve taxa represent the ingroup. The Hennig86 program
based on parsimony was used to choose the hypotheses about relationships.
The data of the ingroup was analyzed first with four outgroups: Connarus,
Davidsonia, Fothergilla, and Quercus, then excluding Quercus and lastly with
each of the outgroups independently. Data were polarized for the last analysis.
Results showed that Brunellia does not belong to Cunoniaceae, and that
Cunoniaceae is not a monophyletic group. I propose that Brunellia,
Spiraeanthemun, and Acsmithia belong to a family distinct from Cunoniaceae.
More research is necessary in order to corroborate the relationship of these
taxa. The monophyly of Cunoniaceae is doubtful because some of its genera
are nested with Davidsonia. The results also confirmed the relationships
between Rosidae and the lower Hamamelidae. A discussion about
plesiomorphic and apomorphic conditions are given for the Rosidae. The
monophyly of none of Engler’s tribes is confirmed.

2.1 INTRODUCCION

Engler en 1897 estableci6 la familia Brunelliaceae y la ubic6 dentro del
orden Rosales sefialando la posicién epitropa de los 6vulos, como condicién
principal para considerar a Brunellia en una familia separada pero con relacio-
nes muy estrechas a Cunoniaceae. En los més recientes sistemas de clasifica-
cién las dos familias son consideradas dentro del orden Rosales (CRONQUIST
1981, THORNE 1983) o dentro del superorden Rosiflorae, orden Cunoniales
(DAHLGREN 1980) 0 Rosanae (TAkHTAJAN 1980). DickisoN (1989) comenta sobre
el amplio consenso entre los filogenetistas de que las familias Cunoniaceae,
Davidsoniaceae, Brunelliaceae y Eucryphiaceae, esta tltima considerada como
un género de Cunoniaceae (Hurrorp and DickisoN 1992), est4n muy relaciona-
das formando una unidad coherente que podria considerarse como primiti-
vas Rosidae, por la posicién basal que ocupan dentro del complejo roseliano.
Las caracteristicas de la anatomfa del lefio de las Cunoniaceae refuerzan su
posicién basal dentro del complejo.

Diferentes trabajos en los que se discuten la definicién de Brunelliaceae
y Cunoniaceae como unidades naturales (ENGLER 1897, CUATRECASAS 1970, 1985,
DickisoN 1975, 1980, 1989, EHRENDORFER et al. 1984, HurFFORD 1992, HUFFORD and
DickisoN 1992). Sin embargo, opiniones originadas en diferentes fuentes cues-
tionan la monofilia de Cunoniaceae, basadas principalmente en la amplia di-
versidad morfol6gica y anatémica y la ausencia de un caracter comtin para el
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grupo (Dickison 1975, 1989, RutisHAUSER and DickisoN 1989). Otros como Hickey
and TAYLOR (1991) muestran, con base en caracteres foliares, que Cunoniaceae
no es un taxén monofilético, aunque en su investigacién la familia no fue su-
ficientemente muestreada. '

Los conceptos sobre las relaciones estrechas de Brunellia con dos géne-
ros, Spiraeanthemum y Acsmithia de Cunoniaceae y por ende la no monofilia de
Cunoniaceae fue inicialmente insinuada por DickisoN (1975, 1980) y
EHRENDORFER et al. (1984) al dar a conocer las diferencias de Spiracanthemum y
Acsmithia con los restantes taxones de la familia y la estrecha relacién de estos
dos géneros con Brunellia. Estos géneros comparten la condicién apétala, la
condicién apocérpica, la presencia de cinco o cuatro trazas vasculares y la
posicién epitropa de los 6vulos. También tienen en comtin un xilema no espe-
cializado con perforaciones escalariformes (EYDE 1970, Dicxison 1980) condi-
ciones no frecuentes en las Rosales, por lo que se les identifica como géneros
basales dentro de Rosidae. Debido a la estrecha relacién evolutiva de estos
tres taxones, DickisoN (1975, 1980) y EHRENDORFER et al. (1984) coinciden en con-
siderarlos en una familia separada; opinién compartida por CUATRECASAS
(1985). Por el contrario, Hurrorp and DickisoN (1992) en su hipétesis de rela-
ciones consideran a Brunellia como género de Cunoniaceae y a la familia como
grupo monofilético. Sin embargo, aunque Brunellia, Spiracanthemum y Acsmithia
se encuentran dentro de un mismo clado de Cunoniaceae, ninguna sinapomorfia
es declarada para estos géneros (Fig. 2. 1). En la hipé6tesis de relaciones mues-
tran también la inclusién de Eucryphia dentro de Cunoniaceae considerado
dentro de Eucryphiaceae por Focke (1895). Por otro lado, los autores confirman
las dudas de DickisoN (1975) sobre la monofilia de la tribu Spiraeanthemeae tal
como fue delimitada por ENGLER (1928).

En este trabajo se examina la posicién sistemética de Brunellia, reconoci-
do como tnico género de Brunelliaceae y considerado recientemente como gé-
nero de Cunoniaceae. El examen se fundamenta en el uso en previos trabajos de
interpretaci6n errada de algunos caracteres especialmente de Brunellia, tax6én
del cual he recopilado bastante informacién. También se pretende reconocer las
sinapomorfias de Cunoniaceae, familia reconocida como monofilética pero sin
definicién de los caracteres por los cuales se considera como grupo natural y
aportar mayor conocimiento para Rosidae en general. :

2.2 MATERIALES Y METODOS

2, 2, 1 Caracteres

El estudio se basa principalmente en caracteres morfolégicos extraidos
para el caso de Brunellia de colecciones depositadas en COL y colecciones de-
positadas en otros herbarios especialmente de US y MO. Todas las especies
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actualmente reconocidas ca. de 52 (Orozco en preparacién) fueron examina-
das. Colecciones de Spiraeanthemum y Acsmithia fueron revisadas en US.

Caracteres anatémicos, como también informacién de los restantes
taxones contemplados en el anélisis, fueron tomados de trabajos previos (BoGLE
1970, Burcer 1977, CroNQuist 1981, DickisoN 1971,1975, 1980, 1989, FOrRero 1983,
HoocGLanp 1960,1979, HurroRD and DickisoN 1992, MEeTcALFE and CHALK 1988,
MuLLer 1960, RuTHISHAUSER and DickisoN 1989).

Tabla 2. 1 Caracteres y estados de caracteres polarizados con excepcién de los
caracteres 1, 2 y 3. Los caracteres fueron tratados como no aditivos = desordena-
dos, y aditivos = ordenados.

" 4. Arreglo de la hoja 2. Posicién de las estipulas
Alternas =0 B Incepcién lateral =0
. Opuestas =1 Incepclén interpeciolar= 1
Verticilo =2 Ausentes =2
3. Hipodermis foliar 4. Forma de los estomas
Presente =0 Anomocitico =0
Ausente =1 Paracitico =1
Anisocitico =2
§. Venacién Secundaria
Brochidédroma =0 6. Pétalos
Semicraspedddroma = 1 Presentes =0
Craspedédroma =2 Ausentes =1
7. Namero de carpelos 8. Condicién del gineceo
162 =0 Apocérpico =0
Mayorque 2 =1 Sincarpico =1
9. Sutura Ventral de los carpelos 10. Trazas carpelares
Prasente =0 Cinco trazas =0
Ausente =1 Tres trazas =1
11. Estivaci6n de los l6bulos del céliz 12. Numero de dvulos
Valvada =0 162 =0
Imbricada= 1 Mayor que 2 =1
13.Posicién de los 6vulos 14, Estilo
Epitropa =0 Acanalado =0
Otras formasg= 1 Sélido =1
15. Posici6n del estigma 16. Estambres
Terminal =0 Dipléstemono =0
Decurrente =1 Hapl6stemono =1
Polisteméno =2
17.Disposicién de las flores en
Inflorescencias elongadas =0 18. Posicién de la inflorescencia
En cabezas cortas =1 Axilar =0
Flores solitarias =2 Terminal =1
19. Superficie estigmatica 20. Semillas unidas al exocarpo por el funiculo
Papllas ausentes =0 Ausente =0
Papilas presentes =1 Presente =1
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En este andlisis se usaron 20 caracteres (Tablas 2.1, 2.2) de los cuales la
presencia de sutura ventral de los carpelos (caracter 9), la condicién epitropa
de los 6vulos (caracter 13) y la presencia de papilas en la superficie estigmatica
(caracter 19) no fueron utilizados en trabajos anteriores. Con base en la infor-
macién para Brunellia, Spiraeanthemum y Acsmithia y de acuerdo con los datos
de los grupos externos, se modificé la informacién de los caracteres contempla-
dos por Hurrorp and DickisoN (1992): arreglo de las hojas (caracter 1), niimero
de carpelos (caracter 7), trazas carpelares (caracter 10), disposicién de los es-
tambres (caracter 16) y disposicién de las flores (caracter 11). Son caracteres
multiestados los caracteres 1, 2, 4, 5, 16, 17.

Es de sefialar que de los 44 caracteres usados por Hurrorp and DickisoN
(1992) solamente son conocidos para el grupo externo 22 estados del caracter
(El grupo externo es sintético, basado en Hamamelidaceae, Fagaceae y
Rosaceae).

2, 2, 2 Taxones

Doce taxones terminales (Tabla 2.2) conforman el grupo interno, uno de
ellos corresponde a Brunellia (Brunelliaceae) y los once restantes a Cunoniaceae.
Los taxones Spiraeanthemum y Acsmithia estin representados en un taxén tini-
co, Spira-Acsmithia. Los once taxones representan la variacién total de
Cunoniaceae como también corresponden al muestreo de diferentes clados ob-
tenidos en Hurrorp and Dickison (1992) Fig. 2.1. El 4rbol de la figura 2.1 es
presentado por los autores como uno de los 47 4rboles més simples cuyo indice
de consistencia y retencién es desconocido.

La eleccién de once taxones de Cunoniaceae en vez de los 24 utilizados
por Hurrorp and DickisoN obedece al muestreo de s6lo 20 caracteres (Tablas
2.1,2.2) por la variacién exhibida en los grupos externos o por la ausencia de
informacién confiable para utilizar otras fuentes.

2, 2. 3 Grupos externos

Con el prop6sito de establecer por comparacién la polaridad de los ca-
racteres (estados plesioméficos y apomorficos) se eligieron inicialmente cua-
tro grupos externos. Estos cuatro grupos externos estdn representando a
Connaraceae (Connarus), Davidsoniaceae (Davidsonia), Fagaceae (Quercus, re-
presentando a las Hamamelidae superiores) y Hamamelidaceae (Fotherghilla,
representando las Hamamelidae inferiores). La eleccién de los grupos exter-
nos se basé6 principalmente en la revisién de literatura, en donde se destaca la
relacién existente de Connaraceae y Hamamelidaceae especialmente con los
grupos basales de Rosidae (Dickison 1989, Hickey and TAyLor 1991, HurrorD
and DickisoN 1992, MaNos et al. 1993). Rosaceae fue excluida del anélisis por
presentar gran variacién de caracteres.
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Los cuatro grupos externos fueron usados todos juntos en un mismo
anélisis para observar el comportamiento de ellos en relacién con el grupo
interno, posteriormente con solo tres grupos externos excluyendo a Quercus
por la ausencia de informaci6n para algunos caracteres (Apéndice, Tabla 2.6).
Luego se corrieron los datos con cada uno de los grupos externos para cono-
cer cudl de las relaciones es més simple.

Se opt6 por usar diferentes grupos externos en un mismo anélisis para
no interpretar erréneamente a un grupo como monofilético cuando se tratan
los datos con el programa Hennig86 y un grupo externo (LYNCH com. pers.).

2, 2. 4 Andlisis filogenético

Cuando se usaron cuatro y tres grupos externos no se polarizaron los
datos por encontrarse en ellos un solo estado del caracter o los dos estados del
caracter en el caso de caracteres doble estado (Tabla 2.2). La mayoria de los

Tabla 2.2 Matriz de datos. Elsigno interrogante (?) significa polimorfismo para el
grupo interno y para el caracter 3 en Connarus y Quercus. Significa datos confusos
o perdidos para los caracteres 3 y 9 en Fothergilla, el caracter 3 en Davidsonia y los
caracteres 10, 11, 14 y 16 en Quercus.
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caracteres fueron polarizados, cuando se usé un solo grupo externo (MADDISON
etal. 1984) con excepcién de los caracteres 1,2y 3 (Apéndice, Tablas 2.3 a,2.3 b,
2.4 -2.6). Con Connarus como grupo externo se practicé un andlisis en el que no
se polarizaron los caracteres 4 y 5, Tabla 2.1, Apéndice tabla 2.3 b, debido a
opiniones encontradas en cuanto al estado plesiomérfico.

Los datos de cada una de las matrices se analizaron con el programa
Hennig86 (Farris 1988) basado en el método de simplicidad. La condicién
resuelta de los 4rboles (libre de politomias) se consider6 dentro del concepto
de simplicidad.

En el grupo interno el signo interrogante (?) es una condicién
plesiomérfica del caracter. En los grupos externos el signo interrogante para
el caracter 3 significa polimorfismo en Connarus y Quercus y desconocido para
Fothergilla y Davidsonia (Tabla 2.1, Apéndice, Tablas 2.3-2.6). También son des-
conocidos para Quercus los caracteres 10, 11, 14 y 16. La informacién para
Fothergilla de los caracteres 9 y 17 es dudosa.
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Fig. 2.1 Uno de los 47 cladogramas igualmente parsimoniosos de HurForD y DickisoN
(1992) sobre las relaciones de Cunoniaceae basado en 44 caracteres. Los puntos
negros indican los taxones usados en el andlisis.
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Fig. 2. 2 Cladogramas resultantes de los anélisis de las relaciones de Brunellia con
otro§ tax9nes, con cuatro grupos externos. a. Uno de los cladogramas mais
parsimoniosos obtenido con la opcién ie-, caracteres no ditivos. b. Arbol de
consenso entre los drboles mas parsimoniosos obtenidos con la opcién bb*, con
caracteres no aditivos. c. Arbol de consenso entre los &rboles igualmente
parsimoniosos obtenidos al aplicar pesos sucesivos, con caracteres no aditivos.
dés. Uno de los drboles més parsimoniosos obtenido con la opcién ie-, caracteres
aditivos.
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Fig. 2. 3 Cladogramas resultantes de los andlisis de Brunellia con otros taxones,
cuatro y tres grupos externos. a. Cladograma resultante al aplicar pesos sucesivos,
cuatro grupos externos, caracteres no aditivos. b. Uno de los drboles mas
parsimoniosos con al opcién ie-, tres grupos externos y caracteres no aditivos. c.
Arbol mé4s parsimonioso obtenido con la opcién ie-, caracteres aditivos y tres
grupos externos. d. Arbol resultante al aplicar pesos sucesivos, caracteres aditivos
y tres grupos externos. e. Arbol de consenso con los caracteres en forma aditiva
y con Connarus como grupo externo.
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Cuando se corrieron los datos con cada uno de los grupos externos fue-
ron excluidos del andlisis o inactivados por ser autoapomorfias los caracteres
9,15y 20. El caracter 20 fue también excluido cuando se corrieron los datos con
cuatro y tres grupos externos. El caracter 19, sinapomorfia del grupo interno, se
excluyé de los anélisis (Tablas 2.1, 2.2, Apéndice, Tablas 2.3-2.6). Aunque estos
caracteres fueron excluidos de los anélisis, ellos se tuvieron en cuenta en las
hipétesis que finalmente se presentan. Los restantes caracteres se trataron en
forma ordenada (aditivos), y desordenados (no aditivos).

Se us6 la opci6n ie- con la cual se genera un &rbol de longitud minima,
seguida por la opcién bb*, que crea un nuevo archivo de arboles por inter-
cambio de ramas y genera todos los drboles mds cortos que se puedan en-
contrar, ademés permite soluciones exactas. Se optimizaron los datos por
pesajes sucesivos, succesive weighting (FArris 1989) debido a diferencias del
comportamiento de los caracteres en distintas topologias aun cuando los &r-
boles son igualmente simples. Arboles de consenso que reflejan las diferentes

topologias originadas de los datos, fueron obtenidos con la opcién Nelsen
(FArRis 1988).

2.3 RESULTADOS

Los resultados de los diferentes andlisis muestran a Brunellia,
Spiraeanthemum y Acsmithia (Spira-Acsmithia) como linajes diferentes de
Cunoniaceae (Figs. 2.2- 2.5). Los tres taxones estdn separados de los restantes
géneros de Cunoniaceae por ende, la monofilia de Cunoniaceae es cuestionada.

Se enfatizar4 en los resultados obtenidos con cuatro grupos externos y
los caracteres no aditivos debido a que este an4lisis contiene el mayor niimero

de taxones y caracteres y el menor nimero de suposiciones (Figs. 2.2 a-d,
Tabla 2.7).

2. 3. 1 Cuatro grupos externos

Connarus, Davidsonia, Fothergilla y Quercus. Caracteres no aditivos, s6lo
un paso entre los estados de cada caracter. Longitud de los 4rboles, niimero de
arboles obtenidos, indices de consistencia y retencién para cada una de las
opciones tratadas son resumidos en la Tabla 2.7. En la Figura 2.2 a se muestra
el cladograma obtenido con la opcién ie- y en la figura 2.2 b el 4rbol resultante
de los 120 érboles obtenidos con la opci6én bb*. En las dos figuras se observan a
Brunellia y Spiraeanthemum y Acsmithia (Spira-Acsmithia) como géneros herma-
nos separados de los restantes taxones de Cunoniaceae. Fothergilla y Davidsonia
dentro del grupo interno. El 4rbol de consenso resultante de optimizar los
datos por pesajes sucesivos (Fig. 2.2 c) muestra también a Brunellia y Spira-
Acsmithia en un extremo del 4rbol y Davidsonia dentro del grupo interno como
el tax6n hermano més cercano de los restantes taxones de Cunoniaceae.
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2, 3. 2 Grupos externos por separado (Apéndice, Tablas 2.3-2.6 y 2.8)

Aunque con Connarus y Quercus se obtienen arboles de igual longitud,
Tabla 2.8, para la forma aditiva de los caracteres los indices de consistencia y
retencién fueron mayores con Connarus (I.C. =0.61, L.R.=0.59 vs. 1.C.=0.58,
I.R.=0.54). Los resultados se discutirdn con Connarus porque se conoce infor-
macién de todos sus caracteres (Tabla 2.2, Apéndice, Tablas 3.3ay 3.3 b), y por
mantenerse como género externo en todos los andlisis a diferencia de Davidsonia
o Fothergilla.

2. 3. 3 Grupo externo Connarus

Tanto en la forma no aditiva como aditiva, Tabla 2.8, optimizando los
datos y cambiando la codificacién se obtienen los mismos resultados que en los
anteriores andlisis indicando que Brunellia no es un género de Cunoniaceae y
que Spiraeanthemun y Acsmithiano pertenecen a esta familia: El cladograma dela
Figura 2.4 es el vinico resuelto de los 9 drboles (L= 131, I.C.= 0.83, 1.R.=0.81),
obtenidos al optimizar los datos cuando los caracteres son tratados en forma no
aditiva y polarizando los caracteres con excepcién del 1,2y 3. La parte resuelta
del 4rbol de consenso, Fig. 2.3 e, resultante de los cinco drboles resueltos (L= 34,
I1.C. =0.61, .R=0.59), obtenidos con la opcién bb* cuando los datos son tratados
en forma aditiva, coincide con el cladograma de la figura 2.4.

2. 3.4 Cambios en la codificacién de los caracteres 4y 5 (Apéndice Tablas 23 by 2. 8)

Al cambiar la codificacién de los caracteres 4 (paracitico =0,
anomocitico=1, anisocitico= 2) y la codificacién del caracter 5 (brochidédroma
= 2, semicrasped6droma= 1, craspedédroma = 0) los 4rboles conservan la mis-
ma longitud e indeces de consistencia y retencién que cuando los caracteres 4
y 5 son polarizados. Sin embargo, en la forma aditiva el niimero de 4rboles
resultantes es menor (L= 130, 1.C.=0.84,1.R =0.84) y uno es resuelto de los seis
obtenidos al optimizar los datos (Fig. 2.5). Diferencias menores son encontra-
das en las topologfas de los cladogramas de las figuras 2.4 y 2.5. Estas diferen-
cias son debidas al cambio de posicién de Codia y Eucryphia.

Una tercera diferencia, cuando los caracteres 4 y 5 no son polarizados,
esta relacionada con la longitud de los caracteres todos son igualmente
parsimoniosos tanto en la forma aditiva como no aditiva con excepcién del
caracter 3.

2, 3. 5 Caracteres y Taxones

En las dos hip6tesis se registran 11 homoplasias (Figs. 2.4, 2.5) incluyen-
do una regresién que corresponde a la presencia de no més que dos 6vulos en
Pancheria. Con excepcién de los caracteres 8, 10, 13, 17 y 18 (Tabla 2.1) los
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caracteres restantes presentan cada uno una homoplasia y cuando los caracte-
res son aditivos el caracter 3 presenta dos homoplasias (Fig. 2.5).

Los caracteres 2 (2), 9, 15, y 20 son autoapomorfias. Brunellia es definida
por los caracteres 15 y 20, Aphanopetalum por el caracter 9 y Connarus por la
ausencia de estfpulas caracter 2. Otros caracteres aparecen en el anélisis como
autoapomorfias como son los caracteres 1(2), 4(2), 17(2) y 17(1).

Dos grupos se observan en las figuras 2.4 y 2.5 Brunellia y Spira-Acsmithia
conforman un grupo definido por la sinapomofia 13 (1). Un segundo grupo
comprende los restantes géneros del grupo interno y es definido por las
sinapomorfias 8 (1) y 10 (1). Todo el grupo interno comparte el caracter 19 (1)
que también es una sinapomorfia. Otro grupo es el de Pseudoweinmannia,
Ackama, Acrophyllum, Spiraeopsis, Eucryphia, Weinmannia y Codia definido por
la sinapomorfia 12(1) y Ackama y Acrophyllum definidos por la venacién
crasped6droma, 5(0) polarizado, 5(2) no polarizado.

2. 4.'DISC_USION Y CONCLUSIONES

2, 4. 1 Posicidn Sistemitica de Brunellia

La hipétesis planteada por Hurrorp and Dickison (1992), Fig. 2.1, es fal-
seada en cuanto a que Brunellia no es un género de Cunoniaceae. Tampoco
puede considerarse como tinico género de Brunelliaceae debido a las relacio-
nes encontradas entre Brunellia y Spiraeanthemum y Acsmithia sustentadas por
las sinapomorfias de la posicién epitropa de los 6vulos (Figs. 2.4, 2.5) y la

Tabla 2.7 Comparacién de resultados de las relaciones de Brunellia con otros taxones.
Con cuatro grupos externos Connarus, Davidsonia, Fothergilla y Quercus; con tres
grupos externos Connarus, Davidsonia y Fothergilla. L= nimero de pasos, I.C.= indice
de consistencia, I.R.= indice de retencién, bb*= intercambio de ramas; xs w= pesajes
sucesivos, cc- = caracteres no aditivos, cc+= caracteres aditivos.
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Connarus
Bruneliia
Spira-Acsmithia
Glibeea

Namoro

Grupos extemcs Caractores Cpclenes L I.C. LR. Namero de
de arboles drbolos
resuolitos
Con cuatro grupos ce- bb* 43 0.50 0.52 120
externos: Connarus, x3 W 108 0.76 0.83 32 7
Davidsonia, Fothergilla
y Quercus cct bb* 52 046 0.49 72
X3 w 136 053 0.69 1
Con tres gruposcc- ce- bb* 9 0.51 0.52 110
extemos: Connarus, xS w 9% 0.78 0.82 32 7
Davidsonla y Fotherglita
cc+ bb* 46 047 0.50 50 10
X8 w 137 0.56 0.68 1

presencia de un xilema no especializado con perforaciones escalariformes (EYDE
1970, DickisoN 1980). Se propone en este trabajo, como resultado de los an4li-
sis practicados, ubicar a los tres géneros, Brunellia, Spiracanthemum y Acsmithia,
en una familia diferente de Cunoniaceae. La hip6tesis presentada aqui, insta a
la investigacién de otro tipo de fuentes taxonémicas como por ejemplo pro-
fundizar en los caracteres anatémicos especialmente a nivel del lefio, desarro-
llo floral, polinizacién y caracteres moleculares.

2. 4. 2 Cunoniaceae grupo no monofilético

La hipétesis planteada por Hurrorp and DickisoN (1992) en la que ade-
mas, de la inclusién de Brunellia dentro de Cunoniaceae, propone la monofilia
de la familia es también falseada bajo esta tiltima consideracién. La no monofilia
del grupo fue observada por Hickey and TAYLOR (1991). En este trabajo no sélo es
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Fig. 2.4 Uno de los cladogramas més parsimoniosos obtenido con Connarus como
grupo externo, pesos sucesivos, caracteres polarizados con excepcién de los caracteres
2 y 3. Este cladograma coincide con uno de los méis parsimoniosos obtenido con la
opci6én bb*.= paralelismos, * = regresién, mmm= sinapomorfia.
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reconocida por el aislamiento de Brunellia, Spiraeanthemum y Acsmithia de los
restantes taxones del grupo interno (Figs. 2.2, 2.3 a-d) sino también, por la
presencia de Davidsonia dentro del grupo interno cuando se usaron diferentes
grupos externos en un mismo andlisis; caso contrario, Davidsonia siempre se
observaria externo al utilizar a este género como el tinico taxén del grupo
externo (Figs. 2.2d, 2.3 d). El género fue segregado de Cunoniaceae por BANGE
(1952) y es reconocido actualmente como tinico género de Davidsoniaceae
por la presencia de hojas alternas, 6vulos epitropos y semillas sin albtmina.
Davidsonia podria ser también el grupo hermano més cercano a Cunoniaceae
en sentido estricto (sin considerar a Brunellia, Spiraeanthemum y Acsmithia), Figs.
2.22,2.2¢,2.3b, concepto compartido por Hurrorp (1992). En sentido estricto
Cunoniaceae estd definida por un gineceo sincérpico y la presencia de tres
haces vasculares (Figs. 2.4, 2.5).
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Fig. 2.5 Uno de los cladogramas més parsimoniosos obtenido con Connarus al aplicar
pesajes sucesivos, caracteres aditivos, obtenido con la opcién bb, Connarus como grupo
externo, caracteres aditivos, polarizados con excepcién de los caracteres 4 y 5. = paralelismos,
* = regresion, M = sinapomorfia. :

EvoLuTioNaRy BioLOGY OF BRUNELLIA Ruiz & PAVON (BRUNELLIACEAE, OXALIDALES) 49

2. 4. 3 Eucryphia género de Cunoniaceae

En este trabajo se corrobora la inclusién de Eucryphia dentro Cunoniaceae
segiin HUFFORD and DickisoN (1992). El género fue considerado por Focke (1895)
como tnico género de Eucryphiaceae. Llama, sin embargo, la atenci6n la pre-
sencia de un gran nimero de paralelismos (Figs. 2.4, 2.5) indicando una débil
relacién ancestro-descendientes con los restantes taxones de Cunoniaceae.

2. 4. 4 Relaciones de Rosidae y Hamamelidae

Los resultados del andlisis sustentan en parte los conceptos de DickisoN
(1989) y de Hurrorp (1992) en cuanto a que las relaciones son més estrechas
entre los grupos basales de Rosidae y las Hamamelidae inferiores representa-
das en el andlisis por Fothergilla (Figs. 2.2 a, 2.3 b, 2.3 c) relaciones debidas a
ancestro comin, que aquellas entre Rosidae y Hamamelidae superiores, re-
presentadas en el anélisis por Quercus.

Tabla 2.8 Comparacién de resultados de las relaciones de Brunellia con otros
taxones usando cuatro grupos externos por separado. L= niimero de pasos, I.C.=
fndice de consistencia, I.R. = indice de retencién. bb * = intercambio de ramas; xs

w= pesajes sucesivos, cc- = caracteres no aditivos, cc+ = caracteres aditivos.

Grupos

Externos Caracteres Opciones L Lc. IR Ndmero Nitmero de
de drboles _drboles resueltos
Connarus Polarizados
cc- bb* 33 0.63 0.58 28 8
xS W 131 0483 0.81 9 1
cc+ bb* 34 061 0.59 " 5
xS W 5
No polarizados
cc- bb* 33 0.63 0.58 28 8
XS W 183 083 ° 0.81 9 1
cct bb* 34 0.61 0.58 31 14
XS W 130 0.84 0.84 6 1
Davidsonia Potarizados
cc- bb* 34 0.58 0.53 14 5
XS W 142 0.83 08 1 1
cc+ bb* 35 0.57 0.53 8 3
xXSW 8 .
Fothergilla Polarizados
ce- bb* 34 061 0.59 1 1
cc+ bb* 36 0.58 0.57 2 2
Quercus Polarizados
cc- bb* 32 0.62 0.58 4 2
xsw 126 0.85 0.83 3 1
cc+ bb* 34 0.58 0.54 7 5
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2. 4. 5 Tribus de Cunoniaceae

Los géneros muestreados para Cunoniaceae representan la variacién de
la familia. S6lo tres tribus (Dicxison and RuTisHAUSER 1990) de las cinco conside-
radas por ENGLER se encuentran en las hipétesis aqui presentadas. Las tres
tribus Spiranthemeae, Cunonieae y Pancheriae no son monofiléticas. Sin embargo,
se mantienen algunas relaciones que corresponden a los grupos originales de
ENGLER. Esas relaciones son dadas entre Gillbeea - Aphanopetalum de Spiranthemeae,
Acrophyllum - Ackama y menos frecuente con Pseudoweinmannia de Cunonieae y
Codia-Pancheria de Pancheriae (Figs. 2.4, 2.5).

2. 4, 6 Conceptos sobre apomorfia y plesiomorfia

Para Rosidae la apocarpia y la presencia de cinco trazas carpelares son
condiciones plesiomérficas. La distribucién de estos caracteres en Connarus,
Brunellia, Spirdeanthemum y Acsmithia y la posicién de los taxones en el
cladograma (Figs. 2.4, 2.5) podrian indicar la retencién de caracteres ancestrales
(concepto sustentado por CuaTtRECASAS 1985 con especial referencia a la
ap?carpia). La apocarpia en Brunellia y Spiraeanthemum tiene un origen co-
miin. Concepto diferente es dado por Hurrorp and Dickison (1992), Fig. 2.1.

Los resultados muestran que, a diferencia del concepto de Dicxison (1989)
la cqndicién uniovulada (caracter 12) presente en Connarus y Aphanopetalum es
pl_esmmérﬁca. Por otro lado, la distribucién del caracter dentro de los taxones
(Figs. 2.4, 2. 5) coincide con las observaciones de STERLING (1966) y ROBERTSON
and ROHRER (1987) en cuanto a que la condicién multiovulada es un estado
der_lvado, presente en Pseudoweinmannia, Acrophyllum, Ackama, Spiraeopsis,
Weu-zmanmfz, Eucryphia y en algunas especies de Codia, y no una condicién
pl%loqlérﬁca de Rosidae. Independientemente a partir de un estado uniovular
o multiovular se origina la condicién biovulada. La condicién biovulada estd
presente en Brunellia y Spiraeanthemum, en algunas especies de Acsmithia
(HoocLanp 19_79) de Gillbeea, Aphanopetalum y Codia 'y en Pancheria. Se encuen-
tx:a la tendencia a la correlacién entre el bajo ntimero ovular y la presencia de
cinco trazas carpelares con algunas excepciones, por ejemplo en Aphanopetalum
y en algunas especies de Gillbeea y Codia.

Losresultados corroboran la suposicién de DickisoN (1989) en cuanto a que
!a pérdida de pétalos en Rosidae es secundaria y adquirida en diferentes linajes
independientemente. En las hip6tesis planteadas en las Figs. 2.4 y 2.5 la condicién
apétala 6(1) es un estado apomérfico presente en Brunellia, Spiraeanthemum y
Acsmithia y adquirido independientemente en Pseudoweinmannia.

La condicién epitropa de los 6vulos se encuentra también en otros taxones
de Rosidae, Davidsonia y Spiraeoideae, esta 1iltima considerada primitiva den-
tro de Rosaceae. La presencia de este caracter, 13 (1), en Spiraeanthemum, Brunellia
(Tabla 2.6), las relaciones de estos taxones con Davidsonia (Figs. 2.2 a, 2.2 c,
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3.3 a, 3.3 d), y la presencia de estos caracteres en Spiraeoideae indican que la
condicién epitropa de los 6vulos tiene diferente origen dentro de Rosales.

Los resultados coinciden con la opinién de DickisoN en cuanto a que una
condicién intermedia del niimero de estambres es bésica dentro de Rosidae y
Hamamelidae con un consecuente incremento o reduccién. La condicién
polistémona es derivada, 16(1), Figs. 2.4, 2.5 presente en diferentes lineas filéticas
como Eucryphia y Pseudoweinmannia mientras, que el estado diplostémono, 16(0),
es el patrén bésico. En Brunellia ocurren los tres estados; la aparente poliandria,
un patrén bésico diplostémono y reduccién del mimero de estambres a partir
del patrén bésico (Capitulo 5). Caso similar también ocurre en Acsmithia
(HoocLaND 1979). HurroRD and DIckisoN (1992) registran la polistemonia en
més de dos lineas filéticas.

También hay coincidencia de los resultados obtenidos con el concepto
de DickisoN en cuanto a que la condicién valvada es un estado plesiomérfico
para las Rosidae. Este patrén bésico valvado, 11(0), es observado en la mayo-
ria de los géneros (Figs. 2.4, 2.5). La condicién apomérfica imbricada, 11 (1), es
una caracteristica de Weinmannia, Eucryphia y Pancheria aunque se encuentra en
paralelismo al estar presente en Aphanopetalum. Segiin los resultados de HUFFORD
and DickisoN (1992) la condicién valvada se observa en diferentes lineas de
evolucién, presente también en Callicoma (Fig. 2.1).

La presencia de un estigma decurrente en Brunellia, 15(1), es una condi-
ci6én derivada, mientras que el estigma terminal presente en el resto de taxones
es plesiomérfica. DickisoN sefiala la polinizacién aneméfila para Brunellia,
imperfecta atin, por la relacién de un estigma decurrente con la polinizacién
aneméfila encontrada en Vessellowskya. Para Spiraeanthemum y Acsmithia, con
estigma terminal, se sugiere una adaptacién parcial a la polinizacién aneméfila,
debido a que la unisexualidad es una condicién que favoreceria la anemofilia.
No es clara la extrapolacién sobre la anemofilia sefialada por DickisoN para
Brunellia. Se cree que el sistema de polinizacién es entoméfilo por la presencia
de pequerios escarabajos capturados en las flores masculinas (obsv. pers.).

Los resultados indican que la condicién bicarpelar, 7(1), con cualquiera
de los grupos externos, es plesiomérfica. Sin embargo, DickisoN (1989) afirma
para el ancestro de Hamamelidae- Rosidae un gineceo compuesto de cinco
carpelos. En Hurrorp and DickisoN (1992) el estado plesiomérfico o apomérfico
es desconocido para el grupo sintético, el cual funciona como grupo externo a
pesar de que en Hamamelidaceae y Fagaceae (taxones usados ademds de
Rosaceae para construir el grupo sintético) exhiben dos carpelos. Por otro lado,
sefialan tanto para Brunellia y Spiraeanthemum la presencia de tres a cinco
carpelos, aunque la condicién bicarpelar estd presente en Gillbeea,
Aphanopetalum y Eucryphia (Figs 2.4, 2.5) y en varias especies de Brunellia (ver
Capitulo 5).
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La condicién brochid6droma (cerrada, nervios secundarios se juntan
antes de llegar a la margen de la hoja) es plesiomérfica con Connarus (Fig. 2.4).
Este concepto es opuesto al de DickisoN (1989), quien propone para Rosidae
una condicién semicraspedédroma, plesiomérfica, nerviacién secundaria
semiabierta, 5(1). La condicién abierta o semiabierta de lo nervios, semicras-
pedédroma, 5(1), y craspedédroma, 5(2), (terminacién de los nervios en la mar-
gen de la hoja o al menos una de sus ramas) son condiciones derivadas que
comparten los taxones con més de dos 6vulos por carpelo con excepcién de
Brunellia con semicraspedédroma nerviacién. De estas dos condiciones, la
craspedédroma es la méds derivada presente en Ackama y Acrophyllum y en algu-
nas especies de Eucryphia y en Spiraeopsis. La condicién abierta (craspedédroma)
es plesiomérfica cuando los datos se tratan con Fothergilla y Davidsonia como
grupos externos por separado.

- Al cambiar la codificacién el estado plesiomérfico es craspedédromo
(condicién abierta) y coincide con lo establecido por DickisoN para Rosidae. Al
obtener una hipétesis resuelta cuando los datos son aditivos, menos datos en
conflicto (Fig. 2.5), se puede inferir que el paso de una condicién abierta
craspedédroma (estado plesiomérfico) a una cerrada brochidédroma es més
simple que el paso de la condicién cerrada a la abierta. El caracter debe tratarse
con esta codificacién y en forma no aditiva al encontrarse, estados iguales del
caracter, en lineas filéticas independientes. En HUFFORD and DickisoN (1992) 1a
condicién plesiomérfica es desconocida.

El estado anomocitico de los estomas, las células acompariantes no obede-
cen a un determinado arreglo, (4-0), Fig. 2.4 y es aqui considerado un estado
Plesiomoérfico a partir del cual existe la tendencia evolutiva hacia la diferencia-
ci6n de las células acompafiantes en relacién con el tamafio, estado anisocitico
(4-2), 0ala organizacién de las mismas a lo largo del eje del poro y las células de
guarda, estado paracitico, (4-1). El patrén basico anomocitico (CUATRECASAS, 1970)
se observa en Brunellia, Gillbeea, Acrophyllum, Codia, Pancheria, Aphanopetalum y
en algunas especies de Pseudoweinmannia' y Weinmannia. No hay un acuerdo so-
brela condici6n plesiomérfica para Angiospermas (METCALFE and CHALK, 1988),
algunos opinan que el estoma paracitico es plesiomérfico. Dentro del grupo
Rosidaelos resultados de Hurrorp and DiciasoN (1992) coinciden con los presen-
tados en este trabajo, al considerar la condicién anomocitica plesiomérfica. Se
recomienda tratar el caracter en forma no aditiva por presentarse estados iguales
del caracter, en diferentes linajes.

2.5 AGRADECIMIENTOS

A PAUL ].M. Maas, de la Universidad de Utrecht, por las sugerencias y
correcciones del texto; a JonATHAN CODDINGTON, del Smithsonian Institution en
Washington a Joun LyncH, de Nebraska University; JORGE V. CRriscl y JUAN Jost

1
|
|
|
\
|

EvoLuTIONARY BIOLOGY OF BRUNELLIA Ruiz & PAvVON (BRUNELLIACEAE, OXALIDALES) 53

MoRRONE, de la Universidad de La Plata, por la critica y revisién del manuscrito.
A JaME AGUIRRE, del comité editorial de Caldasia, y a CeciLia Ramirez, de la Uni-
versidad Nacional de Colombia, por sus recomendaciones y sugerencias. A los
curadores de los herbarios COL, US y MO. Al CINDEC de la Universidad Na-
cional de Colombia por financiar las salidas al campo en blisqueda de material
de Brunellia. Al dibujante del departamento de Biologia GERMAN LOPEZ por reali-
zar la figuras 2.5, 2.6 que acompanian el articulo.

2.6 LITERATURA

BANGE, G. J. 1952. A new family of dicotyledons: Davidsoniaceae. Blumea 7:
293-296.

BoGLE, A. L. 1970. Floral morphology and vascular anatomy of the
Hamamelidaceae: The apetalous genera of Hamamelidoideae. J.
Arnold Arbor. 51: 310-366. ’

BurGer, W. 1977. Fagaceae. Fieldiana Bot. 40: 59-82.

CroNQuisT, A. 1981. An integrated system of classification of flowering
plants. Columbia, Univ. Press, New York.

CuaTtrecasas, J. 1970. Brunelliaceae. Flora Neotropica Monograph 2. 1-189.

CuaTreCAsas, J. 1985. Brunelliaceae. Flora Neotropica Monograph 2 (suppl.):
29-103.

DaHLGREN, R. M. 1980. A revised system of classification of the angiosperms.
J. Linn.Soc. Bot. 80: 91-124.

Dickison, W. C. 1971. Anatomical studies in the Connaraceae. I. Carpels. J.
Elisha Mitchell Sci. Soc. 87: 77-86.

Dickison, W. C. 1975. Studies on floral anatomy of the'Cunoniaceae. Amer.
J. Bot. 62: 433-477.

DickisonN, W. C. 1980. Comparative wood anatomy and evolution of
Cunoniaceae. Allertonia 2: 281-321. :

Dickison, W. C. 1989. Comparisons of primitive Rosidae and Hamamelidae.
In: Evolution, systematics, and fossil history of the Hamamelidae,
vol 1: Introduction and ‘lower’ Hamamelidae (eds. P.R. CRANE and
S. BLACKMORE), pp. 47-73. Clarendon Press. Oxford.

Dickison, W. C. and RuTisHAUSER, R. 1990. Developmental morphology of
stipules and systematics of the Cunoniaceae and presumed allies. II.

Taxa withouth interpetiolar stipules and conclusions. Bot. Helvetica
100: 75-95. '



54 CLaraA INEs Orozco PARDO

EHRENDORFER, E, MoRawETZ, W ., and Dawg, J. 1984. The neotropical angiosperm
families Brunelliaceae and Caryocaraceae: First karyosystematical
data and affinities. Pl. Syst. Evol. 145: 183-191.

ENGLER, A. 1897. Brunelliaceae. In: Die natiirlichen Planzenfamilien, 2 nd
(eds. A. ENGLER and K. PRaNTL), pp. 182-184 W. Engelmann, Leipzig.

ENGLER, A. 1928. Cunoniaceae. In: Die natiirlichen Pflanzenfamilien, 2 nd
(ed. A. ENGLER and K. PRANTL), pp. 229-262 W. Engelmann, Leipzig.

EYDg, R. 1970. Anatomy in Brunelliaceae. In: (ed. J. CuaTRECAsAS). Flora
Neotropica Monograph 2. 32-43

Farnis, J. S. 1988. Hennig86. Version 1.5. Port Jefferson Station, New York.

Farnis, J. S. 1989. The retention index and the rescaled consistency index.
Cladistics 5: 321-424.

Fockg, W. O. 1895. Eucryphiaceae. In : Die natiirlichen Pflanzenfamilien
(eds. A. Engler and K. Prantl), pp. 129-131. W. Engelmann, Leipzig.

Forero, E. 1983. Connaraceae. Flora Neotropica Monograph 36: 1-207.

Hickey, L. J. and TavLor, D. W. 1991. The leaf architecture of Ticodendron
and the application of foliar characters in discerning its relationships.
Ann. Missouri Bot. Gard. 78: 105-130. '

HoogLanp, R. D. 1960. Studies in the Cunoniaceae. I. The genera Ceratopetalum,
Gillbeea, Aistopetalum, and Calycomis. Austral. J. Bot. 8: 318-341.

HoocLAND, R. D. 1979. Studies in the Cunoniaceae. II. The genera Caldcluvia,
Pullea, Acsmithia, and Spiraeanthemum. Blumea 25: 481-505.

Hunom_), L. 1992. Rosidae and their relationships to other nonmagnoliid
dicotyledons: a phylogenetic analysis using morphological and
chemical data. Ann. Missouri Bot. Gard. 79: 218-248.

Hurrorp, L and Dickison, W. 1992. A phylogenetic analysis of Cunoniaceae.
Syst. Bot. 17: 181-200.

MappisoN, W., DonoGHug, M., and MappissoN, D. 1984. Outgroup analysis
and parsimony. Syst. Zool. 33: 83-103.

MANOS,‘ E.S., Nixon, K. C., and Dovtg, J. J. 1993. Cladistic analysis restriction
site variation within the chloroplast DNA invert repeat region of
selected Hamamelidae. Syst. Bot. 18: 551-562.

MercaLrg, C. R. and CHALK, L. 1988. Anatomy of the dicotyledons. Vol. 1.
Oxford University Press.

MuLLER, C. H. 1960. Fagaceae. Ann. Missouri Bot. Gard. 47: 95-104.

EVOLUTIONARY BIOLOGY OF BRUNELLIA Ruiz & PAVON (BRUNELLIACEAE, OXALIDALES) 55

RoBerTsoN, K. R. and ROHRER, J. R. 1987. Are the apples pears? Illinois Natu-
ral History Survey Reports. 267. Champaign, Illinois.

RUTISHAUSER, R. and Dickison, W. C. 1989. Developmental morphology of
stipules and systematics of the Cunoniaceae and presumed allies. I.
Taxa with interpetiolar stipules. Bot. Helvetica 99: 47-169.

STERLING, C. 1966. Comparative morphology of the carpel in the Rosaceae
IX. Spiraeoideae: Quillajeae, Sorbarieae. Amer. J. Bot. 53: 951-960.

TakHTAJAN, A. L. 1980. Outline of the classification of flowering plants
(Magnoliophyta). Bot. Review 46. 225-359.

THoORNE, R. F. 1983. Proposed new realignments in the angiosperms. In :
New evidence of relationships and modern systems of classification
of the angiosperm. Symp. Proc. (eds. F. EHRENDORFER, R. DAHLGREN)
Nord. J. Bot. 3: 85- 117. ’

APENDICE

Tabla 2. 3 a Matriz de observaciones de 13 taxones incluido Brunellia y 19 caracte-
res. Connarys como grupo externo. Polarizados los caracteres 4 y 5. Inactivados
los caracteres 9, 15 y 19.

Taxones Caracteres
1234567891111111111
0123456789
Connarus 02?200000000000000?0
8Bruneliia 271101172000001112011
Ackama 100020010101000000 1
Acrophyllum 20002001010100000 11
Aphanopetalum 11000011111000007?11
Codia 10101?20101?2?200000 1 1
Eucryphia 1001?201101110101211
Gillbeea 11000011010?2010007?1
Pancheria 2010100101100000111
Pseudoweinmannia 1 10?2 1 1010101000101 1
Weinmannia 10?2?210010111000007 1
Spira-Acsmiithia 200101?20000?21?207?2011
Spiraeopsis 1002720010101010001 1
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Tabla 2. 3 b Matriz de observaciones de 13 taxones incluidos. Brunellia y 19 carac- Tabla 2. 5 Matriz de observaciones de 13 taxones incluido Brunellia y 18 caracteres.
teres. Connarus como grupo externo. No polarizados los caracteres 1, 2, 3, 4, y 5. ‘ Fothergilla como grupo externo. Caracteres polarizados con excepcién de los ca-
Inactivados los caracteres 9, 15 y 19. | racteres 1, 3 y 17. Inactivados los caracteres 9, 15, y 19.

|

\

Taxones Caractores ‘ Taxones Caractercs
1234567891111 111111
1234567891111 111111 0123456789
0123456789 Fothergilla 007?2000007200000017?01
Connarus 02?712000000000000°%20 : Brunellia 211110?2100001012011
Brunelila 2111112000001 112011 1 Ackama 100101000101010000 1
Ackama 100100010101000000 1 :‘ Acrophylium 200101000101010001 1
Acrophyllum 20010001010100000 11 Aphenopetalum 1 1012110111001007? 11
Aphanopetalum 11012011111000007 11 Codia 101117200012201000 11
Codia 1011120101?27?200000 11 Eucryphia 1000711001 110002211
Eucryphia 1000701101110101211 | Gillbeea 110121100107200000 7?1
Gillbeea 11012011010720100071 L Pancheria 0111100011001 001 11
Pancheria 70111001011000001 11 : Pseudoweinmannia 1 1 0?2 10000101010201 1
Pseudoweinmannia 11 0?2 1 1010101000101 1 ! Weinmannia 10?2211000111010007?1
Weinmannia 10?27?210010111000007 1 1 Spira-Acsmithia ? 00020?21000712072011
Spira-Acsmithia 7?7 000217200007 1?207?2011 i Spiraeopsis 1002?2100010100000 1 1

Spiraeopsis 10002?2001010101000 1 1 t

Tabla 2. 4 Matriz de observaciones de 13 taxones incluidos Brunellia y 19 caracte-
res. Davidsonia como grupo externo. Todos los caracteres polarizados con excep-
cién de los caracteres 1 y 3. Inactivados los caracteres 9, 15 y 19.

Tabla 2. 6 Matriz de observaciones de 13 taxones incluido Brunellia y 19 caracteres.
Quercus como grupo externo. Caracteres polarizados con excepcién de 1, 3, 10, 14
y 16. Inactivados los caracteres 9, 15 y 19.

Taxones Caractores
12345678911 11111111 ‘ Taxonos Caractoros

012345678089 ‘ 1234567891111141111
Davidsonla 00?200000000000000 1 1 01234567859
Brunellia 20111072101 110117011 ' Quercus 00?200000072720072072000
Ackama 110101000010100000 1 ' Bruneliia 2110107211000101200 1
Acrophytium 210101000010100001 1 ‘ Ackama 10000110110410100011
Aphanopetaum 1004 2110100110007 11 Acrophylium 2000011011010100001
Codia 1111120000722 100001 1 Aphanopetalum 1100210001100300?201
Eucryphia 1100711000001 101211 Codia 10101?21011220100001
Gilibeea 10012110001721100071 Eucryphia 1001?210011110001201
Pancheria . 7211111000001 10001 11 Gillbeea 11001100110?2000007? 1
Pseudoweinmennia 1 00?2 10000010100 1011 Panchera 2010111011100100101
Weinmannia 1172721100000070000 21 ‘ Pseudoweinmannia1 1 0210101 1010101001
Spira-Acsmithia 2 10020721011207202?2011 Weinmannia 102?211101111010007?1
Spiraeopsis 1102 1000010110001 1 Spira-Acsmithia ? 0012072110072 1?2072001
Spiraeopsis 100271101101000000 1




Chapter 3
LEAF ANATOMY IN BRUNELLIA RUIZ & PAVON!

CLARA INEs OrROzco AND BErTHA CoOBAZ

ABSTRACT

The leaf anatomy of 24 species of Brunellia was studied, including
observations on the stomata and nodal anatomy. The nodal anatomy of Brunellia
was observed as unilacunar. Anatomical characters of the petiole and lamina
were found to have taxonomic value at species level. The vascular cylinder is
usually continuous in the middle and distal parts of the petiole, while, with few
exceptions, it is discontinuous in the proximal part near the node. The adaxial
portion of the vascular cylinder is compressed and in a few species semicircular
or lumpy-shaped. Cortical bundles are frequent at the distal and middle part of
the petiole and in the middle of the petiole, while medullary bundles are only
found in B. foreroi. Stomatal crypts or undulations and the presence of a
hypodermis were found to be among the taxonomically useful characters of the
lamina. Reduction of lateral leaflets to form conspicuous or inconspicuous stipels
on the petiole resulting in the appearance of a simple leaf was observed. Stomata
are actinocytic except in B. cutervensis which has anomocytic stomata.

RESUMEN

Se estudi6 la anatomia de la hoja de 24 especies de Brunellia, incluyendo
observaciones de estomas y de anatomia nodal. La anatomia nodal de Brunellia

1 Submitted to Syst. Bot.
2 Department of Biology, Universidad Nacional de Colombia, Bogot4, Colombia.
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se observé unilacunar. Se encontré que caracteres anatémicos del peciolo y la
ldmina tienen valor taxonémico. El cilindro central del peciolo es usualmente
continuo en la parte distal y media del peciolo, mientras que fue observado con
pocas excepciones discontinuo en la parte proximal al nodo. La parte adaxial
del cilindro vascular del peciolo es comprimida y en pocas especies los haces
vasculares tienen la apariencia de formar arcos. Haces corticales son frecuen-
tes en la parte distal y media del peciolo, mientras que haces medulares se
encuentran en B. foreroi. Entre los carateres taxonémicos maés ttiles de la ldmina
se encuentra la presencia de criptas o undulaciones y la presencia de
hipodermis. La reduccién foliar para formar conspicuas o inconspicuas
estipelas sobre el peciolo se observé anatémicamente en muchas especies con
apariencia de hojas simples. Los estomas son actinociticos excepto B. cutervensis
con estomas anomociticos.

3.1INTRODUCTION

Brunellia has been considered the single genus of Brunelliaceae
(Cuatrecasas 1970, 1985) and has about 53 species (Orozco in preparation).
The species are distributed in the Neotropics from Panama to Bolivia and also
in Central America and the Greater Antilles. Species grow in humid high
Andean or subandean woodlands.

Dicxason (1989) comments on the wide agreement among phylogeneticists
that Cunoniaceae, Davidsoniaceae, Brunelliaceae, and Eucryphiaceae are closely
related, forming a coherent unit which can be considered as primitive Rosidae
due to the basal position they occupy within the Rosales complex. Currently the
family Brunelliaceae is placed in the order Oxalidales (APG 1998) and recently
BRADFORD (pers. comm.) confirms Brunellia as the only genus of the family.
However, Hurrorp and DickisoN (1992) proposed that Brunellia should be part
of the Cunoniaceae, and Orozco (1997) suggested that due to the relationships
among Brunellia, Spiraeanthemum and Acsmithia (Cunoniaceae), these three genera
could be included in a family separate from Cunoniaceae.

Species of Brunellia show wide morphological variation, especially in
the shape and consistency of the lamina. Leaves are opposite, or less frequently
in whorls and can be composed of various leaflets or of just one foliar lamina.
In some species with one foliar lamina, stipels on the petiole are present. Species
with one foliar lamina and no stipels on the petiole have been considered to
have simple leaves (Cuatrecasas 1970, 1985). The leaves have long or short
petioles, where stipels are frequently present, however, stipels are also found
on the rachis of the multifoliolate species. Petioles are ventrally sutured and
in some cases have longitudinal furrows.

Anatomical studies of Brunellia are scarce. There are only the
contributions of MercaLre and CHALK (1965) on the foliar lamina and Eypg
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(1970) on the foliar lamina and wood (B. tomentosa, B. comocladifolia, and B.
putumayensis). Due to the wide morphological variations in Brunellia, this study
was carried out with the objective of using the leaf anatomy to differentiate
species of the genus. The information will be used to establish the relationships
between the species, and it is hoped that this will provide a clearer
understanding of the relationships of Brunellia with other taxa of Oxalidales.

3.2 MATERIALS AND METHODS

The anatomy of the foliar lamina of 24 species of Brunellia, the petiole
of 18, and the nodal anatomy of 9 species, was studied under a light microscope.
Stomata were also studied in 10 species (Table 3.1). Data for stomata were
studied for 4 species by scanning electron microscope (SEM). The species
selected for analysis represent the total morphological variation of the genus.

In order to observe stomata under the light microscope, the epidermis
was obtained by disintegrating the mesophyll and then the strips of lamina
were treated with 5% sodium hypochlorite and water in equal parts. The 0.5
cm? cuts of lamina were left in the solution for 5 days, washed and stained
with 5% carmine in water.

Samples of lamina and petiole were fixed in 70% alcohol, hand-cut and
bleached in 5% sodium hypochlorite, washed and coloured with methyl green
and aluminic carmine (SALoMON and CaNTINO 1983) and sealed with glycerine
jelly. Sections of the lamina were taken at the center, and for some species at
the proximal and distal levels of the central midrib. In the petiole, sections
were made at the basal, middle, distal part and close to the base of the lamina.

The dry lamina material was cut into 2 cm sections and rehydrated by
boiling and then hand-sectioned as above. In order to observe the nodal
anatomy, cuts were made at the node and three levels above and below it.
They were cut into small pieces and rehydrated by boiling in water and
glycerine, and sectioned by microtomy. Resulting sections were stained with
fast green and safranin. Most of the preparations were photographed whith a
Wild Makroskope, M420,125.

3.3 RESULTS

3. 3. 1 Nodal anatomy

All species observed have a unilacunar nodal structure (Fig. 3.1 a, b,)
with the exception of B. darienensis which has two additional incipient pairs of
lacunae associated with the proximal stipules (Fig. 3.1 d). Additional lacunae
were often observed at both levels immediately below and above the node
(Fig. 3.1 e, f). These additional lacunae correspond to those left by the bundles
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Table 3.1 Species of Brunellia used in the anatomical analysis.

Specioes Collections Nodo Potiolo Potlolule Stomata bLamina
8. acostas Cuatrec. Cuamacgis & +
Gudifio, E. el al. 243
Nell, D. et al. 8789 +
: Palacios, W. etal. 4885 + +
B. acutangula H. & B. Orozco, C.l. et al. 1961 + +
Orozco, C.J. et al. 1247 + +
Orozco, C.. et al. 1963 +
Orozco, C.1. et al. 1083 + +
B. emayensis Orozco Orozco, C.A. et al. 1426 + +
B. boliviana Cuatrec. Lewis, M. et al. 40829 + +
B. boqueronensis Cuatrec. Orezeo, C.oI. et al. 1458 + + +
Orezeo, C.I. et al. 1639 + +
B. csyambensis Cuatrec, Orozco, C.I. et al. 1187 + + +
B. comociadifolla H. & B. Orozeo, C.\. et al. 1163A
Orozco, C.\. et al. 1133 +
Orozco, C.I. et al. 1285 + +
8. cutervensis Cuatrec. Dlaz, C. ct a.. 2270 + + *
B. dartenensis Cuatrec. & Porter Orozco, C.l. et al. 1539 + + +
B. dufcis Macbride Crozco, C. I. et al. 1522 + +
8. ecuadorensis Cuatrec. Palacios, W. et al. 3705 + + + +
B. elfiptica Cuatrec, Orozco, C.1. o1 al. 2070 + +
B. fareroi Orozco Forero, E. et al. 2260 + + + +
8. giabra Cuatrec. Lozano, G. et al, 6709 + +
8. goudofi Cuatrec. Orozco, C.L. et al. 1129 + +
8. integritolia Szyszyl. Crozco, C.1. et al. 1640 + +
Orozeo, C.I. et al. 15689 +
Orzoco, C.I. et 3l. 1586 + + +
B. fitei Cuatrec. Crozco, C.l. et al. 2854 + +
B. macrophyila Cuatrec. Orozco, C.L et al. 2784 + + +
Orozco, C.l. et al. 2812 + +
B. morfl Cuatrec. Davidse, G. et al. 25489 + +
B. ovalifolfa H. & B, Van der Werfl, H. etal.8408 + + +
B. paucifiora Orozco & Cuatrec.  Palacios, W. et al. 8973 +
Palacios, w. et al. 5273 + +
Tipaz, G. etal. 23 + +
B, penderiscana Cuatrec, Orozco, C.\. et al. 2800 + +
B. pitayansis Cuatrec, Orozco, C.1. e al. 2601 + +
B. propinqua H. & B, Orozco, C.l. et al. 1767 + +
B. putumayensis Cuatrec, Orozeo, C.I. et al. 1201 + +
8. racemifern Tu. Orozco, C.i. et al. 1100 + + +
8. nufa Cuatrec, Orozco, C.\. et al. 2853 + + +
8. sibundoya Cuatrec, Orozeo, C.I. et al. 1183A +
Qrozco, C.l. et al. 1099 + +
8. stuebell Hiercnymus Orozco, C.l. et al. 1187 *
Orzoco, C.l. et al. 1176 + -
8. subsessis Kiitip & Cuatrec. Lozano, G. 3968 + +

8. tomentosa H. & B,

B. trigyna Cuatrec,

8. vefulina Cuatrec.

Gudifio, E. et al. 82
Orozeo, C.l. et al. 1175
Orozeo, C.I. et al. 1214
Crozco, C.\. et al. 217
Orozeo, C.I. et al, 1218
Crozco, C.). st al. 1176
Lozano, G. 5537
Orozeo, C.I. ot al, 2975
Orozco, C.1. 2916
Lozano,G. et al. 4880

+

+

+ +
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that vascularise the stipules. In relation to the nodal structure and the vascular
bundle traces, Dickiso (pers. comm.) considered the presence of a multilacunar
node in Brunellia. According to Dickison (pers. comm.) the vascular bundle
observed at the node (Fig. 3.1 a, b) does not correspond to initial traces but
they are the product of trace divisions of the initial ones.

3. 3. 2 Petiole

Most of the species have wax on the epidermis of the petiole (Fig. 3.2b).
The epidermal cells are longer than cells of the cortical tissues and they vary
in shape (Fig. 3.2 a-c). They can end in a point or can be round, squared, or
rectangular.

Two layers of hypodermis are usually present in the petiole, (Table 3.2),
with the exception of B. boliviana, B. boqueronensis, and B. acostae having just
one layer. In B. cayambensis and B. trigyna the hypodermis is absent.

Angular collenchyma is present in most species (Fig. 3.2 b), whereas
laminar collenchyma was observed only in B. boliviana, B. ecuadorensis, and B.
elliptica (Fig. 3.2 c). The cells of the cortical and medullated parenchyma are
polyhedral in shape with abundant druses in some species. Sclerenchyma fibres
protect the vascular bundles externally, exceptin B. pauciflora (Fig. 3.3 €) whose
vascular system is surrounded by angular collenchyma.

The principal vascular system of the petioleis cylindrical and medullated.
Cortical vascular bundles are usually present (Fig. 3.3 a-c), with the exception
of B. acostae, B. ecuadorensis, and B. pauciflora (Fig. 3.3 d-f) which have no cortical
bundles at any level of the petiole. In other species, cortical bundles are not
present along the petiole, for example, cortical bundles were not observed at
any level of the petioles of B. boliviana and B. foreroi (Fig. 3.3 g, h). Medullated
bundles were only present in B. foreroi which were observed at the middle levels
but may also be present at the proximal levels (Figs. 3.3 h, 3.4 d).

The petiole is generally bifacial at almost all levels, with some exceptions
as in Fig. 3.3 £, g. The adaxial portion is compressed or flat (Fig. 3.3 d, e),
semicircular, lumpy-shaped, and discontinuous (Fig. 3.3 a) or convex (Fig. 3.3
b). The presence of cortical bundles is almost always associated with the adaxial
band of the petiole. They are separated from the principal vascular system of
the petiole and can be incorporated into the vascular system of the mesophyll.
In some species such as B. ovalifolia, a central bundle is observed in the abaxial
part of the main vascular bundle of the petiole (Fig. 3.3 c).

In most of the species with only one foliar lamina, the anatomical sections,
usually at the proximal levels of the petiole, show bundles like wings,
incorporated or not into the central vascular system (Fig. 3.4 a-d). These bundles
correspond to the vascularization of reduced leaflets which were also observed
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Fig. 3.1 Nodal and internodal anatomy of Brunellia, estereoscope observations.
(a) Node of B. acostae. (b) Node of B. glabra. (c) Detail of the node with vascular
bundles. (d) Node of B. darienensis. (e) Level immediately below the node of
B. acostae. (f) Level immediately below the node of B. foreroi. (a) 36x (b) 146x
(c) 230x (d) 36x (e) 83x (f) 93x.
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at the distal level (Figs. 3.3 a, b). In some species, specially those with one
foliar lamina, reduced folioles are externally seen as conspicuous stipels on
the petiole.

3. 3. 3 Petiolule

There are no major differences in the anatomy of the petiolule and the
vascularization is similar to that of the petiole (Figs. 3.4 e-h). In B. boliviana, the
petiolule is monofacial, at the distal level but bifacial at the proximal level (Fig.
3.4¢g,h).

3. 3. 4 Foliar lamina

The presence of papillae on the abaxial epidermis, crypts, undulations
or straight shape of the abaxial epidermis, presence or absence of hypodermis,
and the shape of the central vascular bundle are the differentiating characters
among species (Table 3. 3). Hairs are present in all species with few exceptions.
A study of the variation of leaf indument was carried out by Orozco (1999).

The cells of the upper epidermis have thick walls. The cells are triangular,
rectangular, square and occasionally polyhedral (Fig. 3.5). In many species,
periclinal divisions can be seen in the epidermis, especially close to the vascular
bundles, giving the appearance of having various layers (Fig. 3.5 a).

The upper epidermis has a thick cuticle, which varies in thickness, between
2.5 um in B. macrophylla to 200 pm in B. pauciflora. The cuticle forms layers of
wax which vary in number and shape (Fig. 3.5a). The cells of the lower epidermis
have thin walls and form dense papillae in all species except, B. cutervensis (Fig.
3.5 b). The papillae are cylindrical, and look like short or long fingers, with a
surface varying from smooth or soft to densely striated (Fig. 3.6 a-d). On the lower
side of the epidermis, some species present crypts or undulations (Fig. 3.5 ¢, e) or
the epidermis is absolutely straight (Fig. 3.5b).

Stomata are present in the lower epidermis. SEM observations show
sunken or raised stomata (Fig. 3.6 ¢, d). Stomata under light microscope (LM),
(Table 3.1) are mostly actinocytic due to the radial arrangement of the
accompanying cells, (Fig. 3.6 e), except in B. cutervensis which has anomocytic
stomata (Fig. 3.6 f).

3. 3. 5 Mesophyll

The mesophyll is dorsiventral, with clear differentiation between the
palisade and spongy tissues with the exception of some species having a
transition area between the two zones. Variation in the mesophyll consists
mainly of the presence or absence of a hypodermis. Hypodermal cells are
arranged parallel to the surface, have round edges and are elliptical, square,
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. b AT DA AN NG
Fig. 3. 2 Cortical section of the petiole of Brumnellia, light microscope observations.
(a) Presence of epicuticular wax and cork layer in B. trigyna. (b). Epidermis of
extended cells, lumen ending in a point, and epicuticular wax in B. rufa. (c) Laminar
collenchyma in B. boliviana. (a) 313x (b,c) 300x.
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or rectangular (Fig. 3.5 d). Fourteen of the 24 species examined have no
hypodermis (Table 3.3) although they do have periclinal divisions of the epi-
dermis which could in some cases be confused with a hypodermis (Fig. 3.5 a).
The number of layers of hypodermis ranges from 1 in B. foreroi to 4 in B.
pauciflora (Table 3.3).

The number of layers of spongy and palisade tissue varies from one
species to another. B. acostae, B. darienensis, B. integrifolia, B. subsessilis, and B.
velutina have the least number of layers of palisade (1-2). In other species
(Table 3.3) there are 3-4 layers (Fig. 3.5 a, ¢). The number and size of cells vary,
especially in the first and last layers. There were no great differences in the
cell arrangement of the spongy tissue, but variations in the number of layers
were observed (Table 3.3). The highest number of layers was observed in B.
boliviana, B. boqueronensis, and B. darienensis, the lowest with 3-4, is most
frequent.

3. 3. 5. 1 Vascular bundles

The vascular bundles of the mesophyll are connected to the lower and
upper epidermis by sclerenchym fibers which vary in number within the same
sample (Fig.3.5a, c, e).

Two bands, adaxial and abaxial, usually V-shaped, can be observed in
the central vascular bundle of the midrib. The bands are separated by
sclerenchymatous tissue which surrounds them inside and outside (Fig. 3.7).
The adaxial and abaxial portions may be discontinuous due to the projection
of the sclerenchymal cells towards the center of the bundle. Medullated
bundles, apparently formed by evagination of the adaxial band were observed
in B. foreroi (Fig. 3.7 d, h).

The abaxial band is continuous as in B. acostae and B. racemifera (Fig.3.7
a, e) orinterrupted as in B. cayambensis, B. foreroi and B. stuebelii (Fig. 3.7 b, d, f)
(Table 3.2). In some species such as B. cayambensis and B. racemifera several
packets of bundles are formed (Fig. 3.7 b, e).

There are some differences in the shape of the adaxial band. All species
have an internally concave adaxial band with exception of B. foreroi, which is
slightly convex (Fig. 3.7 d, h). The adaxial band is straight on the outside, or
slightly compressed as in B. acostae and B. stuebelii (Fig. 3.7 a, f). In B. glabra there
are prolongations at the ends (Fig. 3.7 c) whereas, the adaxial band is V-shaped
in B. racemifera (Fig. 3.6 e), and convex in B. foreroi (Fig. 3.7 d).

3.3.5.2 Druses

Druses forming prisms are found in different parts of the foliar lamina,
very often in the proximal cortical parenchyma and in the medullated
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parenchyma of the central bundle. They are also found in the phloem of the
central bundle, in the palisade parenchyma and close to the vascular bundles.

3.4 DISCUSSION

Some anatomical characters of the foliar lamina and the petiole are
important for recognising species of Brunellia (Tables 3.2, 3.3). Among the
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anatomical characters which do not vary greatly between species are the position
of the stomata in the lower epidermis, the actinocytic type of stomata and the
presence of papillae on the lower epidermis. Exceptions were found in B.
cutervensis, with anomocytic stomata and imperceptible papillae on the epider-
mis. In all the species studied, the mesophyll is dorsiventral, has vascular
bundles running across it, and a vascular adaxial band slightly separated from

Fig. 3. 3 Anatomy of the petiole of Brunellia, stereoscope observations (a- e) Distal
level. () B. boliviana (b) B. macrophylla (c) B. ovalifolia (d) B. ecuadorensis ( e) light
microscope observation, B. pauciflora (f-h) Medial level. (f) B. acostae (g) B. boliviana
(h) B. foreroi. (a) 32X (b) 23X (c) 33X (d) 45X (e) 158X (f) 31X (g) 42X (h)15X.

Fig. 3. 4 Anatomy of the petiole and petiolule of Brunellia, stereoscope observations.
(a-d) Proximal level of the petiole. (a) B. glabra (b) B. tomentosa (c) B. ecuadorensis
(d) B. foreroi (e-h) Petiolule, microscope observations. (e, g) Distal level (e) B.
acostae (g) B. boliviana (£, h) Proximal level. (f) B. acostae (h) B. boliviana. (a) 27X
(b) 60X (c) 23X (d) 18 X (e.g.h) 26 X (f) 30X .
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the ventral band at the midrib. The separation of the bands occurs in some
species from the proximal levels of the leaf, in the petiole and in the petiolules.

The presence of crypts and undulations in the lower portion of the foliar
lamina has been related to plants growing in dry environments, but it has not
been detected in any of the Cunoniaceae species in such environments (DickisoN
1975). For Brunellia, there was initially thought to be a correlation between

Fig. 3. 5 Anatomy of foliar lamina, light microscope observations. (a) B. trigyna
(b) B. cutervensis (c) B. rufa. (d) Detail of the mesophyll of B. rufa (e) B. ecuadorensis.
(a) 79X (b) 60X (c) 85X (d) 336X (e) 212 X.
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Table 3. 2 Characters of the petiole in Brunellia.

CENTRAL VASCULAR BUNDLE

CORTICAL

Petiole wax Hypodermis Collenchyma Accessory Vascular Support Tissue

Vascular bundles

Adaxial band

Species

as foliar relicts

Central Bundle

5

Bundles

Proximal level
Middle level

= Sclerenchyma

distal level

Dis

A= Angular

Distal level

=Middle level

Mid

L= Laminar

Collenchyma

C=

Pro= Proximal level

Pro

5

B acoslae

Dis-Pro
-

Continuous

Ribbon-shaped
Compressed

Dis

B bolivana

Discontinuous

Dis-Mid-Pro
Dis-Pro

B boqueronensis

Discontinuous

Campressed

Cork

B cayambensis

B. culervensis

Absent

Dis-Mid-Pro?

B. danenensis

Slighl-comp

B ecuadorensis

Disc

Slight-comp

Dis-Mid

B elliphca

Continuous
Conlinuous

Compressed

Medullate-Mid
Dis-Mid-Pro

B foreror

Pro

Compressed

B glabra

Discontinuous

Convex

Dis

B8 ntegnifolia

Dis-Pro

o

Dis-Mid-Pro
Dis-Mid- Pro

8. macraphylla

Conlinuous Absent

Straight

B8 ovalifola

Disconlinuous Absent

Compressed

B pauciflora

B pitayensis

B racemifera

B rufa

Conlinugus Midi-Pro

Conlinuous

Compressed

Concave

Dis-Mid-Pro
Dis-Mid-Pro

B stuebeli

B subsessilis
8. tomentosa
B. Ingyna

B. velutina

Conlinuous

Concave

Dis-Mid-Fro

Dis

Discontinuous

Compressed
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this and the texture of the leaf, but B. acutangula and B. trigyna (Fig. 3.5 a) havea
straight epidermis and leathery laminae, while the presence of crypts and
undulations was observed in species with thin and leathery textures (Table
3.3). In Brunellia this could be associated with a low level of transpiration and
minimum water loss through stomata. Slow transpiration takes place in many
plants in humid forest due to the high relative humidity of the surrounding

Fig. 3. 6 Abaxial epidermis of Brunellia under scanning electron microscope (a-fi) afld
light microscope (e-f). (a) Stomata sunken, short and striated papillae, epidermis with
folds in B. standleyana. (b) Papillae forming long smooth fingers in B. acostae. (c) Stomata
raised, short and striated papillae. (d) Submerged stomata, short and striated papillae in
B. trigyna. (e) Actinocytic stomata in B. ecuadorensis. (f) Anomocytic stomata in B.
cutervensis. (a, b, ¢, d) 10n (e) 336 X (f) 1000 X.
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air. There is a relationship between the presence or absence of crypts in the
lower epidermis and the foliar area exposed. Species with several leaflets are
more likely to have a straight lamina while crypts and undulations are more
frequent in unifoliolate species which are usually found at higher altitudes
(see chapter 1).

The presence of a hypodermis is another anatomical feature of some
species of Brunellia, as observed by Eypk (1970) and the number of layers may
be associated with the leatheriness of the lamina (Table 3.3). Thin laminae
such as in B. velutina and B. acostae have no hypodermis, B. cayambensis and B.

Fig. 3. 7 Central bundle of the midrib of the foliar lamina, ligth microscope observations.
(@) B.acostae (b) B. cayambensis (c) B. glabra (d) B. foreroi (e) B. racemifera (f) B. stuebelii
(g) B. tomentosa (h) B. foreroi, at proximal level of the midrib. (a, d) 6X (b,h) 16X (c, e, f)
7X (g) 11X.
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Table 3.3 Characteristics of lamina, mesophyll and central vascular bundle in Brunellia.

MESOPHYLL

C=cartaceous Palisade

LAMINA
Lowerepidermis Hypodermis Periclinal

CENTRAL VASCULAR BUNDLE

Abaxial band

Adaxlal band

Outer

Spongy

Species

Cscontinuous

Inner

layers layers

Co=coriaceous

divisions

D=discontinuous

(++ highly)

(¢ very)
( - not very)

Convex
Convex

Straight

5
4-5

Straight

B. acostas

Straight

34

Co

2(3)

Straight

8. soutangula
8. boliviana

Concave

Straight
Compressed

C++
C++
Co

Straight
C

Straight

6-7

3(4)
3(4)

rypis (13(2)

B. boqueronensis
B. cayambensis

B. cutervensis

Concave

3

Straight

(4]

Straight

Straight

Straight

Straight

B. derienensis

Sinuous
Straight

B. ecusdorensis
B. elliptica
B. foreroi

Concave

Convex

Concave
Compressed
Compressed

C+

Sinuous
Straight

5-6

5

C++

B. glabra

Concave

2(3)

C+

Crypts

Straight

B. integrifolia

C++

2(3)

B. macrophyfla

8. morii

4-6

Straight

Concave
Concave

Compressed

Co

Straight

B. ovalifolia

Straight

5-6

Co
3-4

Sinuous 2-4

Crypts

B. paucifiora
B. pitayensis

Q

Co

Compressed Convex

4
4

Straight

B. racemifera

B. rufe

Convex

Compressed

(1)2-3

Crypts

Concave
Concave
Concave
Concave

Straight
Compressed

Co

rypts
Straight

B. stuebelii

5
3
5

3.5

C+

B. subsessilis
8. tomentosa

B. trigyna

Straight
Compressed

3(4)

Co

1-2

Sinuous
Straight

3(4)

C+

C-

B ouelytipa _____Sinunus
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trigyna are exceptions, with leathery laminae and no hypodermis. B. pauciflora
has the highest number of layers of hypodermis, its leaves have a leathery
texture while B. foreroi has only one layer and the foliar lamina is thin, both
species have one foliar lamina. The texture of the foliar lamina could also be
related to the number of layers of palisade parenchyma, B. velutina has only
one layer and its foliar lamina is thin (Table 3.3). o

There is little interspecific variation in the arrangement of the vascular
tissues in the central bundle of the midrib. This variation seems to be constant
with few exeptions. In B. foreroi the medullary bundles could contribute to the
vascularisation of the laminae (Fig. 3.7 h). Howarp (1974) does not consider
that this makes any contribution. DickisoN (1973, 1975) also found medullary
bundles in some genera of Connaraceae and in Spiraeanthemum and Acsmithia
of Cunoniaceae. Although the homology of the medullary bundle structure is
uncertain, its presence in Connaraceae, Spiraeanthemum and Acsmithia is
associated with the relatively advanced state of these taxa within the group.
Taxonomically, B. foreroi is easily recognizable from other Brunellia taxa with a
single foliole by two pairs of stipels on the petiole and an inflorescence with
relatively developed branching (Orozco and WEBERLING 1999).

Fig. 3. 8 Morphological variations of the Brunellia leaf. (a-d) Developmental
stages of the compound leaf in B. propinqua. (e, e’) Developmental stages of
the compound leaf in B. darienensis. (f, f’) Developmental stages of the
compound leaf in B. amayensis. (g) Reduced leaf in B. foreroi. (h) Reduced leaf
in B. rufa. (i) Reduced leaf in B. pauciflora.
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In Brunellia, as in Acsmithia and Spiraeanthemum, with which Brunellia
shares some characteristics (Orozco 1997), there is no relation between the
texture of the foliar lamina and the presence of medullate bundles, as occurs
in other genera of Cunoniaceae (Dickinson 1975). The presence of phloem,
initially in the medullary bundles is highly characteristic of Acsmithia and
Spiraeanthemum, but absent in other species of Cunoniaceae (DickisoN 1975)
while it seems to be present in Brunellia (Fig. 3.7 h).

The cortical bundles present in the petiole of some genera of
Cunoniaceae, Ceratopetalum, Pancheria, and Acsmithia are considered to be
relatively advanced in anatomical terms, compared to other anatomical
characteristics of the family (Dickison 1975). Their presence in other groups
such as Connaraceae and Dilleniaceae (DickisoN 1969, 1973) is considered to
be a special condition of the petiole. In the case of Brunellia, it could be said
that the petiole is relatively advanced in anatomical terms, due to the presence

of cortical bundles in most species examined (except B. acostae, B. ecuadoriensis,
and B. pauciflora).

According to Hare"s (1943) classification, the species of Brunellia with
more than one foliar lamina have a principal vascular system with an elongated,
cylindrical petiole, except for B. macrophylla and B. foreroi, with a single and
well developed foliar lamina. A short cylindrical form was observed in species
with a single foliar lamina such as B. pauciflora, B. glabra, B. tomentosa, and B.
stuebelii (Figs. 3.3 ;3.4 a, b). In B. ovalifolia (Fig. 3.3 c) the same short cylindrical
shape_ca.n bg seen, but leaves can be both unifoliolate or with additional leaflets.
All this indicates, as expected, that the shape of the principal vascular system
of petiole is related to the foliar mass supported.

Vascular bundles in the form of wings, are joined to the principal
vascular system of the petiole in most species and indicate the presence of
stipels homologous to undeveloped leaflets in Brunellia. In some species they
can be easily recognised by their external morphology, but in others, especially
those with a single lamina, they can only be recognised anatomically.

Different. stages of development of Iobulation from a foliar lamina have
been observed in compound leaves, as is illustrated by B. propinqua (Figs. 3.8
a-d). Also, in B. darienensis, B. inermis and B. amayensis (ORozco 1985, 1986)
reduction to a single foliar lamina (with stipels on the petiole) has been
observed, usually at the distal end of branches, which also bear leaves with
several leaflets (OR0zco 1985). There is no anatomical evidence of stipels on
the three levels of the petiole of B. ovalifolia and B. paucifiora, however stipels
were seen in specimens of B. ovalifolia from the AAU herbarium. In specimens
of B. ovalifolia, compound leaves were observed on the proximal branches,
while leaves with a single lamina are to be found on the distal branches. We
can not explain the absence of vascular bundle relicts in the petiole of B. ovalifolia
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with one foliar lamina, or the minuscule and not easily perceptible anatomical
presence of stipels. The same applies to B. pauciflora.

The reduction of compound leaves with several foliar lamina to a single
leaflet is clearly seen in B. amayensis, with a well developed terminal leaflet,
with very reduced lateral leaflets; or there is a large single foliar lamina whose
petiole has a pair of stipels corresponding to the reduced lateral leaflets (Orozco
1986, Fig. 3.8 f, f*). This process of reduction may also have occurred in B.
foreroi (Orozco, 1981) and B. latifolia (CuaTRECASAS 1970, 1985) with single foliar
laminae, perhaps the largest of the genus and lateral leaflets reduced to two
pairs of stipels (Fig. 3.8 g). In species such as B. macrophylla, B. rufa, B. tomentosa,
and B. stuebelii, reduction of lateral leaflets is seen anatomically. All these species
develop one large foliar lamina, and it seems that the reduction of lateral leaflets
is related to the increased development of the single lamina or the terminal
leaflet, as observed in B. amayensis (Orozco 1986).

The presence of a single foliar lamina might represent a basic state from
which leaves with more than one foliar lamina could develop (Fig. 3.8 b-d).
During the ontogeny of the leaves, in species of compound and unifoliolate
leaves, one single leaflet was always observed as the initial stage of the
development (Orozco in prep.). However, phylogenetic analysis of Brunellia
indicates that foliar reduction is a reversable character (Chapter 7).

Of the species examined with a single foliar lamina, B. glabra, B. rufa, B. -
macrophylla, B. tomentosa, and B. stuebelii should be considered as compound
leaved species. We think that the remaining species with one foliar lamina
could show the same pattern of vascularization.

According to DickisoN (pers. comm.) the results of nodal anatomy
analysis of Brunellia are not convincing. Unfortunately DickisoN’s death left
his research on the Brunellia material that I sent him unfinished. Whether or
not the node of Brunellia is unilacunar is still a matter of research. Unilacunar
and trilacunar nodes in Cunoniaceae were reported by DickisoN (1980).
Unilacunar for Aphanopetalum and Baurea, and trilacunar for Spiraeanthemum.
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Chapter 4

A COMPARATIVE STUDY OF INFLORESCENCES IN
BRUNELLIA RUIZ & PAVON AND RELATED TAXA1

CLARA INES OrRozco? AND Focko WEBERLING?

ABSTRACT

The inflorescence architecture of Brunellia was studied in 35 SPecies
that is, about 2/3 of the species of the monogeneric family, covering the tOtai'
inflorescence variation of the genus. This study was carried out to understang
the morphology and incorporate this important ir}formation into taXOnonﬁc
proposals and for defining phylogenetic relationships among the Species,
results indicate, according to the concept of TROLL (€-g. 1964) that Brupeyy;, ha‘_e'
a proliferating monotelic synflorescence. In the sense of Mora-Osgjo (1987. 655
it follows an anthocaule-monotelic pattern. In other words, the inEloreSQe'n )
architecture corresponds to an open synflorescence with axillary florifero Ce
systems bearing terminal flowers. The ramification Pattem of these ﬂoﬁfemus
systems (paracladia of first order) can be characterized as thyrso- anicy), us
Three subpatterns can be distinguished according to the absence (1) o ate.
(2-3) of subthyrsoids: 1) homocladic thyrsoids (haPlo'tthSOids) or (2 ce
heterocladic thyrsoids either as 2) diplo-thyrsoids or as 3) plejo-h, ~3)

Variations also result from differences in the size of the ﬂ°ﬁfel‘0usy;sa21d,s~

1 Published in Beitr. Biol. Pflanzen (1999), 71: 261-279.

2 Herbario Nacional Colombiano. Instituto de Ciencias Naturales, Univ,
nal de Colombia. A.A. 7495, Bogot4, Colombia. * Nacjg.

3 Arbeitsgruppe Biosystematik, Universitat Ulm, Helmholtzstrage 5, R
89079 Ulm, Germany. : ' R1yg,
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relation to the total length of the inflorescence, the length of hypopodia and
epipodia and the symmetric or asymmetric division of the branches that
influence the shape and contours of the inflorescence. Concaulescence is nearly
always present. In some species early proliferation of paracladia was observed.

RESUMEN

La arquitectura de la inflorescencia de Brunellia fue estudiada en 35 es-
pecies que corresponden a 2/3 de las especies de la familia monogenérica, y
que representan la variacién total de la inflorescencia en el género. El estudio
fue realizado para entender la morfologia de las inflorescencias mas all4 de los
limites netamente descriptivos y usar esta informacién para propésitos
taxon6micos como también para el encuentro de relaciones de parentesco en-
tre las especies. Para la interpretacién de las inflorescencias se sigui6 la escue-
la de TroLL (1964), parcialmente combinada con los conceptos de Mora-OsEjo
(1987: 65). Los resultados muestran que Brunellia presenta (en el sentido de
TroLL 1964) una sinflorescencia proliferante monotélica, o un sistema
antocaulo-monotélico en el sentido de Mora-Osgjo (1987: 65). En otras pala-
bras una sinflorescencia abierta, con sistemas floriferos axilares sosteniendo
flores terminales. Tres patrones generales fueron encontrados, de acuerdo con
la ausencia (1) o presencia (2-3) de subtirsoides: 1) tirsoides homocl4ddicos
(haplo-tirsoides) o 2-3) tirsoides heteroclddicos 2) diplo-tirsoides o 3) pleio-
tirsoides. Otras variaciones resultan de diferencias en el tamafio de las partes
floriferas en relacién con la inflorescencia total, de la longitud de los hipodios
y epipodios o la divisién simétrica o asimétrica de las ramas. Todos ellos influ-
yenenla formay el contorno de la inflorescencia. Concaulescencia es siempre
presente. Casos de proliferacién se observaron en algunas especies.

4.1INTRODUCTION

Brunellia is a neotropical genus widely distributed in the Andes and
recognized as the sole genus of the family Brunelliaceae (CUATRECASAS 1970,
1985). Hurrorp and DickisoN (1992), however, considered Brunellia as a genus
of the family Cunoniaceae. Orozco (1997) recognized close relationships among
Brunellia and two genera of the family Cunoniaceae, Spiraeanthemum and
Acsmithia. She suggested that either these two genera should be included in
Brunelliaceae or form a family apart from Brunelliaceae and Cunoniaceae, the
latter being considered as not monophyletic. The genus Brunellia with ca. 53
species, has apetalous flowers disposed in open axillary inflorescences which
have peduncles of various lengths.

Comparisons of inflorescences made using external characters only have
sometimes made the true relationship between the inflorescences of species of
any taxonomic group difficult to interpret. The study of the inflorescence in Brunellia
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has, until now, not gone beyond simple description (Cuatrecasas 1970, 1985; Orozco
1985, 1986, 1991). The usual description often is insufficient to detect corresponding
characteristics among the parts of the inflorescences of different speciés. Only these
characteristics, however, enable us to understand how the various forms of
inflorescence of larger or smaller taxonomic groups, although being very different
in their appearance are modifications of the same basic plan (WEsErRLING 1989 a:
201). For such proposals, the typological study of inflorescences based on TroLL's
work (1954, 1955, 1957, 1964, 1969 see also; TroLL and WEser 1955, TrotL and
WEeBERLING 1989, and WEBERLING 1988, 1989 b) is recommended.

According to TroLL there are two basic types of inflorescences: monotelic
and polytelic. In monotelic inflorescences the main axis ends in a terminal
flower. The same applies to all branches preceding the terminal flower, which
in this respect repeat the structure of the main axis and therefore are called
paracladia (repeating shoots). In cases of a rather recent loss of the terminal
flower (truncate or proliferating monotelic inflorescence) this can still be
deduced from the structure of the flowering branches. In polytelic inflorescence
the main axis ends in a racemose or thyrsoid florescence instead of a terminal
flower and remains indefinite. Often the main florescence is preceded by
branches which themselves end in a florescence; thus repeating the structure
of the main axis. Again they are called paracladia (of a polytelic system). In
order to distinguish their florescences from the main-florescence these are
named co-florescences (see WEBERLING 1988, 1989 a). . S

Within both the monotelic and polytelic types, a corresponding zonation
can be observed. The terminal flower or the main florescence is preceded by an
enrichment zone (paracladial zone, PZ or BZ, “Bereicherungszone”) and the
inhibition zone (Inh-Z) in which the development of the paracladia is inhibited.
In perennials the inhibition zone is preceded by an innovation zone (INN.Z)
which carries the buds of innovation (WgBerLING 1989 a). In herbaceous plants
these buds serve to produce a new flowering shoot in the following vegetation
period. In ligneous plants they usually originate the shoots which continue the
vegetative branching system. Here they are often placed immediately below
the paracladial zone, which means that an inhibition zone is absent (Fig. 4.2). -

Some general patterns of the inflorescence structure, whether monotelic
or polytelic were explained by Mora- Osgjo (1987) and Mora- Osgjo and GONZALEZ
(1995). Basically three models were established: the anthocaule, holocaule and
anthoblast. Anthocaule (Span. antocaulo) means that the synflorescence is
proliferating in the sense of TroLL (1959). In this case the synflorescence is an
open system, which after the production of floriferous paracladia turns to
vegetative growth again. Holocaule means presence of floriferous systems on
the principal axes and in the branches of different order. Both principal axes
and branches have normal leaves (Span. noméfilos) and buds. Anthoblastis a
modification of a polytelic or monotelic holocaule. ‘
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The present study tries to find a more profound understanding of Brunellia
inflorescence than earlier approaches. This may help to reveal the comparable
elements of different inflorescences in order to use these differences as taxonomic
characters at level of species or species groups. Finally this might lead to a
phylogenetic interpretation of the relationships in Brunellia. The study includes
additional characters as compared with earlier studies.

4.2 MATERIALS AND METHODS

_ Inflorescences of 35 species of Brunellia (Table 4.1), were studied witha
_dlssectmg microscope and were sketched. These species cover the total
inflorescence variation within the genus and represent different phylogenetic
branches of cladistic analysis of Brunellia (Chapter 7). The research was carried
out on herbarium material and on some material fixed in FAA.

' Specimens of most species studied were deposited in COL, MO, and US. The
Interpretation of the pattern of the inflorescences was based on TrOLL s typology, as
carried outby WEBERLING (1961, 1989 a) SELL (1976), also using the experience of SELL
and CReMERS (1987), Mora-Osgjo (1987), Mora-OsEjo and GONZALEZ (1995), GONZALEZ
(1991) and Lowzeau (1994). The level of ramification of the branches as well as the
number of inflorescence branches were registered for every species examined. The
figures that accompany this paper represent the total variation of the inflorescences
in Brunellia. Several collections of Acsmithia and Spiraeanthemum, (Cunoniaceae)
. from the Rijksherbarium, Leiden (L) were studied.

. The ramification pattern of the 1% order paracladia of the proliferating
mt}orescer_\ces of Brunellia is described here as thyrsoid or thyrso-paniculate.
A thyrsozd”.by contrast to the panicle, is defined as an inflorescence “with
cymose partial inflorescences” where “cymose branching” is branching
exclusively from the axils of the prophylls, which are the only leaf organs
preceding the individual flowers (WEBErRLING 1989 a: 211).

The larger part of our study was based on the analysis of herbarium
material which for reasons of its limited size does not always offer sufficient
information about the entire branching system and its growth rhythm. In some
cases, however, the presence of bud scars at the bases of the branches or any
other marks indicating the age of the twigs was found to be helpful.

4.3 RESULTS

Brunellia exhibits a monotelic proliferating? synflorescence with thyrsoid
or thyrso-paniculate paracladia (Figs. 4.1-4.7). In Brunellia the prophylls are

3 Synflorescence is “a system of florescences (in the polytelic type) or a system
of the terminal flower and monotelic paraclades (in the monotelic type)”
(WEBERLING 1989, p. xx).

EvorLuTioNnary BioLoGy oF BRUNELLIA RUiZ & PavoN (BRUNELLIACEAE, OXALIDALES) 85

often bracteose and small (subulate), but in some species they reach 2.0-4.0 x
1.0-2.0 cm. In some species the prophylls of vigorous paracladia are petiolate.
In other species the size of the prophylls is maintained through all the branches
of the paracladia.

Within the general pattern of the monotelic-proliferating synflorescence
there are several subpatterns in the architecture of the 1#order paracladia, the
so called “axillary inflorescence”. The differences refer to the presence or
absence of subthyrsoids. The simplest paracladia bear three flowered cymes,
which in B. pauciflora (Fig. 4.3 a) originate in the axils of foliage leaves. In
other species mono-and diplo-thyrsoids are found. In most of the species
examined the paracladia are heterocladic and often very complex attaining a
high order of branching. The presence of complex branching even in the most
distal paracladia is of value as a distinguishing character (Table 4.1 f).

Another variation influencing the contour of the paracladia, which is
important for species identification, refers to differences in the length of the

Fig. 4.1 Brunellia costaricensis, proliferating inflorescence. Tree near Cerro de la
Muerte, Cordillera de Talamanca, Costa Rica (WEeBERLING, 8563, ULM).
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Table 4.1 Variations of the proliferating monotelic synflorescence in Brunellia. 1. Triadic
partial inflorescences (paracladia) only (haplo-thyrsoid with triadic to pentadic cymes).
2. Haplo-thyrsoid partial inflorescences. 3. Diplo or Pleio-thyrsoid inflorescence. a.
Complexity of proximal paracladia. b. Complexity of distal paracladia. Branching
order: c¢. 2™ to 3™ order, d. 3% to 4" order, e. 4™ to 5* order, f. > 5" order. Ratio
between floral zone and length of total inflorescence , g. < 50%, h. 50-70%, i. > 70%.,
j- Acrotonic promotion of paracladia. k. Formation of glomerules. 1. Symetric
dichotomy of paracladia. . m. Proliferation. n. Presence of a reduced paracladium
(Pc’,) in the middle of the main axis. o. Inflorescence represented by one paracladium
of more complex synflorescence.

1 2 3
SPECIES abcde f ghl J] kK | mn o
1 B. acostae + + + +
2 B. acutangula + + + + +
3 B. amayensis + + + +
4 B. boliviana + + + + +
5 'B. boqueronensis + + +
6 B. briquetii + +
7 B. cayambensis + + + + + &+
8 B. darienensis + + + 0+ +
9 B, ecuedorensis + + + + +
10 B. elliptica + + + +
11 B. faralilonensis + +
12 B. forerol + + + + + +
13 B. glabra + * +
14 B. goudoti +
15 B. hygrothermica + + + + +
16 8. inemis + + + + + + o+ o+ +
17 B. integrifolia + + 4+ + + + +
18 B, littiel + + + + +
19 B. morll + + + + o+
20 B. ovalifolla + + + +
21 B. paucifiora + +
22 B. penderiscana + + + +
23 B, pitayensis + + + + +
24 B. propinqua + + + + +
25 B. putumayensis + + + + +
26 B. racemifera + + + + +
27 8. nufa + + +
28 B. sibundoya + + + + + + + +
29 B, stenoptera + 4 + + +
30 B. stuebelii - + +
31 B. subsessilis + 4 + + +
32 B. tomentosa + + +
33 8. tfanae + + + + +
34 8. trigyna + + + + + +
35 8. velutina + + + +

internodes, resulting in extreme cases in which the flowers are condensed to
form glomerules. The size of the floral portion in relation to that of the total
inflorescence as well as the length of the hypopodium and epipodium (Fig.
4.2) also influence the shape of the inflorescence. Concaulescence and
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recaulescence often occur in the inflorescence of Brunellia. Anaphysis is rare.
The presence of foliage leaves in the floral zone of B. putumayensis (Flgs 44 a)
could be considered as a metatopic displacement.

First order paracladia formed by a three flowered cyme are only observed
in B. pauciflora (Fig. 4.3 a). Sometimes, however, seven flowered Cymes were
observed in the same species.

More complex floriferous paracladia of first order were observed in B.
goudotii (Fig. 4.3 b). However, the ramification of the cymes remained low and
the formation of subthyrsoids was not yet completed. In B. tomentosa (Fig. 4.3 c)
the degree of cymose ramification of second order paracladia is somewhat

Fig. 4.2 Diagram of a proliferating monotelic (Span. antocaulo) synflorescence
of Brunellia (*open indeterminate"). BZ , enrichment zone. INN.Z = innovation
zone (Trophotagma, Mora-Osgjo and GonzALez 1995). Hypo = hipopedium. Epi =
epipodium. Pc’,, Pc’; Pc’,... branching order of paracladia. i represents a (partial)
inflorescence. E' = termmal flower. :
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higher. In B. putumayensis the paracladia may be (reduced to) haplo-thyrsoids
(Fig. 4.4 a). Mostly they are diplo-thyrsoids, their proximal second order
paracladia forming haplo - thyrsoids (Fig. 4.4 a), as does the proximal second
order paracladium in Fig. 44 b

For the majority of the species examined compound thyrsoids, i.e.
heterocladic inflorescences, are characteristic (Table 4.1-4.3, Figs. 4.3 b -d, 4.4
- 4.7). Within this pattern some of the aforementioned variations are
characteristics of groups of species (Table 4.1 a-o0).

In some species the complexity of inflorescence is due principally to the
strong development of the proximal paracladia. This applies to the elongate
diplothyrsoids of B. rufa (Fig.4.3 d), as to B. racemifera and B. propinqua (Figs.
4.4 ¢, 4.5 a). In the remaining species complex thyrsoids are also present in the
distal portions of the floriferous paracladia (Figs. 4.5 b, 4.6 a, 4.7 b).

The paracladia of the higher order, from 3" order upward may appear
most complex as a result of repetitive cymose ramification combined with the
shortening of the epipodia as is observed in B. inermis, B. foreroi, B. hygrothermica
and B. sibundoya (Figs. 4.5 c, 4.7 b, Table 4.1 k). In other species the ramification
appears more paniculate than cymose because the displacement of the flowers
fro_m th.elr original positions is caused by the enlargement of hypopodia and
epipodia, as can be seen in B. putumayenis (Fig. 4.4 a, b)

. Repetitive dichasial ramification often occurs in species with diplo-to
pleio- thyrsoid paracladia. In these species (Figs. 4.4 ¢, 4.6 a, 4.7 b) the higher
or.der paracladia tend to surpass the main axis (Table 4.1 j, 1). In some species
with normally well branched paracladia, specimens with highly reduced

Paracladja were found, as in B. putumayensis with complex and less complex
inflorescences (Fig. 4.4 a, b).

In the species group of B. propingua (Fig. 4.5 ; ;

- g.4.5a), B. trigyna and B. susaconensis
(Table 4.1 n) a remarkable case of branching was observed repeatedly (Pc,). This
paracladium s 1°C31129§‘1 in the middle part of the main axis of the inflorescence.
It is less ramified than its distal ang proximal counterparts.

A further differentiation of the paracladia is found in the species group
of B. elliptica, B. littlei, B. racemifera, B. integrifolia, and B. inermis (Table 4.1 m,
Figs. 4.6d, 7a). The first order paracladia start their growth with the production
of ﬂonferoug second order paracladia and then turn over to vegetative growth.
Thus, they differ from the common paracladia by their indeterminate growth.

Fig. 4.3 Homocladic or monothyrsoid synflorescences with triadic cymes (a)
B. pauciflora, branching system with flowering twigs with a thyrsoid

II} a certamthwaﬁ‘they resemble th‘? long-paracladia of Leguminosae (with the inflorescence composed of triadic paracladia (PaLacios and VAN DR WERFF 3897).
difference at. ese are of polytelic structure, see WEBERLING 1989 b, p. 38). We (b) Heterocladic (diplo-thyrsoid) paracladia, B. goudotii, (Orozco 1129, 1130).
may regard this as a secondary differentiation of paracladia and distinguish (c) Heterocladic inflorescence diplo-thyrsoid, B. tomentosa (Orozco 1214, 1175).
the proliferating paracladia as long paracladia from the floriferous short (d) elongate di - (pleio-) thyrsoid in B. rufa (Orozco 2850). Pc’ branching order
paracladia, which arise from the basal part of the long paracladia. of paracladia. i. Thyrsoid paracladia. o
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rd

c. c

Fig. 4.4 Syt_lﬂorescences with heterocladic paracladia (diplo thyrsoids). (a) B. Fig. 4.5 Synflorescences with pléio-thyrsoid (disjunctive heterocladic) partial
putumayensis, (Orozco 1201, 1208, 1213) a richly ramified paracladium; the presence inflorescences (a) B. propinqua (CuaTRECASAS 27329, Orozco 1767). (b) B. acutangula
of a foliage leaf in the middle of the paracladium is probably due to a metatopic (Orozco 1422) synflorescence with triplo-thyrsoid (quadruplo) paracladia. (c) B.
displacement. (b) B. putumayensis proliferating synflorescence with haplo-thyrsoid inermis (Diaz 2625, Foster and GENTRY 44878, vaN DER WERFF 6328, 9196) repetitive
paracladia and a diplo- thyrsoid proximal paracladium. (c) B. racemifera (BArRCLAY dichasial ramification of the paracladia, flowers in glomerules. Scars indicate the

3413, Kiup 380109, Orozco 1100), complexity of the proximal paracladia. Pc”

place of a further ramification. Pc” branching order of paracladia. i. Thyrsoid
branching order of paracladia. i. Thyrsoid paracladia. : '

paracladia.
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4.4 DISCUSSION AND CONCLUSIONS

In Brunellia all species exhibit the same proliferating monotelic
synflorescence with thyrso- paniculate partial inflorescences (usually as
paracladia of first order). Differences among the species correspond to
variations of the partial inflorescences due to the presence of triads, their mode
of ramification as haplo-thyrsoid or diplo-to pleio-thyrsoids (homocladic or
heterocladic thyrsoids), variations in the complexity of branching, the ratio of
floriferous part to the total length of the inflorescence and shortening of the
internodes especially of the hypopodia and epipodia.

The occurence of triadic (three-flowered) paracladia in B. pauciflora (Fig.
4.3 a) will certainly be interpreted as a case of reduction, since 7- flowered
cymes have also been found. However, until now we have not found any
indication that they may be derived from paracladia of thyrsoid structure,
unless the position in their axis of foliage leaves might be compared to the
position of the thyrsoid paracladia of the other species.

The proliferation of paracladia and the differentiation of short and long
paracladia which were reported here for B. littlei, B. elliptica and other taxa (p.
66) have also been reported for inflorescenses of other monotelic and polytelic
families. The terms have been coined by TroLL (1965) in order to define elements
of polytelic truncate synflorescences which are found in many Leguminosae. A
similar differentiation occurs in Poaceae (TROLL 1968, p. 105/106, CaMARA-
HERNANDEZ and GaMBING 1990, CAMARA - HERNANDEZ and Rua 1991, see WEBERLING
etal. 1993/97), in Marantaceae (Kunze 1989) and other polytelic families. Among
families v.vith monotelic synflorescences the Datiscaceae (TRoLL 1968, p-97/98),
Euphorbiaceae (TroLL 1975, p- 138), Apocynaceae (TroLL and WEBERLING 1989,
Steck and WEBERLING 1989) may be mentioned here. It must be emphasized,
however, thatin all these families the differentiation of long - and short paracladia
appears in a certain way specific for each family. This means, that the long - and
short paracladia described here for some taxa of Brunellia cannot be identified
in a strict sense with the long- and short-paracladia of the other families
mentioned. The differentiation of long - and short paracladia is rather due toa
specific development in each of the families. In case of Brunellia this is evident
and is made clear by the fact that the differentiation of long - and short-paracladia
is connected with the phenomenon of proliferation, which e.g. is not the case in
Apocynaceae or Euphorbiaceae.

One could regard the paracladia of B. elliptica in Fig. 4.7 a as equivalent
with the entire synflorescences as presented by Fig. 4. 2. The example of B.
littlei in Fig. 4. 6 d, however shows that these paracladia can end their growth
with a distal floriferous (thyrsoid) zone and finally a terminal flower, thus
forming a transition between the form of paracladia in Fig. 4.7 a and Fig. 4.2. In
a similar way the proximal flowering branches of B. rufa in Fig. 4.3 d might be
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regarded either as long paracladia or as separate proliferating synflorescences
equivalent to those in Fig. 4.2. Finally the growth rhythm of the entire branching
system has to be taken into consideration, which in some cases is not possible
by research on herbarium material only (see p. 62).

It is important to point out that in Brunellia there is a clear separation
between the three different forms of inflorescences. The homocladic thyrsoids
with simple triadic partial inflorescence (Fig. 4.3 ¢) and homocladic to
heterocladic inflorescence with a low degree of ramification are often present
in unifoliolate species, with big flowers and fruits (Fig. 4.3 b, c). The most
complex inflorescences were often observed in species with small flowers and
fruits (Figs. 4.6 a, 4.7 b) with exception of B. foreroi with unifoliolate leaves and
two pairs of stipels on the petiole which represent reduced leaves (Chapter 3).

The acrotonic promotion of paracladia overtopping the main axis which
was observed in some samples of species of different groups (Figs. 4.6 a-c,4.7b)
could be associated in some way to pollination mechanisms. Research on the
biological consequences of inflorescence architecture is rare. These effects, which
are related to gene flow, include pollination and seed dispersal. Even though
these topics have not been studied in Brunellia, the great production of flowers
by those species with complex inflorescences versus few flowers produced by
other species might be also related to the behavior of pollinators or dispersal
agents. Scanty knowledge exists of the pollinators of Brunellia. Nevertheless,
beetles were seen and captured in the flowers and they vary in size depending
on the kind of flower (hermaphrodite or female flower). Thomasomys, a small
mouse, (LoPez et al. 1993) may be a possible dispersal agent for Brunellia propinqua.
This mouse eats seeds from the soil and an analysis of its stomach contents
showed the presence of Brunellia seeds. Research carried out by RossgLuI
(pers.comm.) indicates that many species of birds eat the aril of the seeds of
Brunellia propinqua, but analysis of fecal samples has not yet been performed.

Any affirmation about the tendency in Brunellia towards reduction or
increase in complexity of the inflorescence is still premature. However,
reduction from more complex inflorescences was observed in different species
(Table 4.1), especially in species with leaf and carpel reduction, and with an
increase of flower size (Chapter 7).

There is no doubt, that proliferating monotelic synflorescences are a
prevailing character in Cunoniaceae as well. This especially applies to the
two sister genera of Brunellia, Spiraeanthemum A. Gray and Acsmithia HooGL.,
as can be seen from the figures presented by HooGLaND (1979: 497, 503 and
1987: 395). This was confirmed by research on several species of both genera.
Thus, the so-called axillary inflorescences of these taxa ought to be interpreted
as paracladia which arise from the axils of one or more leaf-pairs or tri- or
tetramerous whorls of foliage leaves. They usually show a triplo - or quadruplo-
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T = (diplo-) thyrsoid paracladium.

Fig. 4.6 Synflorescences with pleio-thyrsoid (disjunctive heterocladic), partial
inflorescences (paracladia). (a) B. velutina (Lozano 4860) acrotonic support of paracladia
and tendency to repetitive dichasial ramifications in most distal branches. (b, ¢) B.
cayambensis (CUATRECASAS 11944, EspINAL 980, Iproso 3864, Orozco 1187, PALacios 3700)
acrotonic promotion of 1* order paracladia. (d) B. littlei (CuATRECASAS 7556, 8058, HULMAN
6295) proliferation. Pc” branching order of paracladia.
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a Y = (diplo-) thyrsoid paracladium.

!
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b

Fig. 4.7 Synflorescence with pleio-thyrsoid (disjunctive heterocladic), partial
inflorescences. (a) Proliferation of paracladia in B. elliptica (CUATRECASAS 12464, OROZCO
et al. 2971). (b) B. sibundoya (NEILL 4401), one of the most complex branching patterns:
repetitive dichasial ramification with acrotonic promotion. E! = terminal flower. i.
Thyrsoid paracladia.
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paniculate-thyrsoid ramification pattern (Fig. 4.8 a) *. Their main axis and all
its ramifications (Fig.4. 8 b) end in a terminal flower, thus revealing the
monotelic character of the synflorescence. After the production of a smaller or
greater number of such paracladia the synflorescence axis returns to vegetative
growth. Sometimes the formation of a terminal bud indicates a period of rest.
Among a great number of specimens we observed only one synflorescence of
f.Spimeanthemum katakata Seem. (A. C. Smith 8845, Fiji, Namosi, L) terminating
ina panicle. This demonstrates that under exceptional conditions the normally

Fig. 4.8 Acsmithia austrocaled
GORDON MCPHERSON 3733, Ne
order. (b) of second o
second order.

onica (Brongn. & Gris.) Hoogl., (Herbarium material,
5 w Cals:'donia, Mt. Panié ; L). (a) paracladium of first
rder. E. terminal flower of the paracladium of first, E” of

4 Thus the two sister genera of Brunellia,

: . : Spiraeanthemum and Acsmithia, also present
proliferating monotelic synflorescenc

- i es (with diplo-to pleio-thyrsoid branches).
This could mc_hcate tha_t heterocladic condition, still not complex, could be consid-
Ef‘“—'d as a plesiomorphic state, whereas complex branching could be apomorphic.
Simpler inflorescences could be considered as secondary reductions.

proliferating synflorescences might retain the ability to form a complete
synflorescence instead of a truncate synflorescence.

In Cunonia capensis L. the paniculate ramification pattern of the (usually
two) paracladia is obscured because the hypopodia of the branches remain
undeveloped, thus causing a more or less spike-like shape of the paracladia.
In the distal part of these paracladia, however, the second order paracladia
remain 1-, 2-, 3-, 4-, 5-, or 6- flowered, one of the flowers always being in a
terminal position. The terminal flower of the entire paracladium is preceded
by several sterile bracts (hypsophylls) (unpublished notes of W.TrorL). The
structure of the paracladia of the Weinmannia -species appears to be similar.
Sometimes the flower bearing part of the paracladium-axis remains short, thus
causing a globose shape of the partial inflorescence (Pancheria elegans BRONGN.
& Gris, Callicoma serratifoliac ANDR.).
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Chapter 5

A STUDY OF FLORAL MORPHOLOGY IN
BRUNELLIA RUIZ & PAVON !

CLARA INEs Orozco

ABSTRACT

The floral morphology of 46 species of Brunellia was studied. In spite of
intraspecific variation great value has been assigned to sepal and carpel
numbers as taxonomic characters. Flowers before anthesis were dissected a_nd
studied by light microscopy. This study included an analysis of intraspecific
variation in floral symmetry, number of sepals, carpels, the arrangements of
the stamens, and breeding systems. Most of the species have two whorls 9f
stamens, the outer whorl alternates with the sepals and the inner u./horl is
opposite to the sepals. Two whorls of stamens are frequently present in most
species although a few species often present additional whorls of stamet.ls.
Additional whorls of stamens are considered as transitional states in species
that always have two whorls of stamens. It was found that additional whqus
of stamens result from rearrangements of the space among floral parts by fusion
of sepals and, consequently, the stamens of a previous implied floral
arrangement are placed in an extra whorl. Asymmetry is often present and
was seen to be related to differences in the size of the sepals, carpel number
(different from the sepal number), and changes in the number of stamens and
their arrangement. Changes of sepal merosity was found to affect stamen
merosity and very probably that of the carpels. Reduction of stamens was also
observed. Bisexual and female flowers were frequently observed in different
individuals.

1 To be submitted to Botanische Jahrbiicher.
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RESUMEN

Se practic6 un estudio floral en 46 especies de Brunellia. A pesar de la
variacién intraespecifica del niimero de piezas del caliz y de carpelos,
taxonémicamente han sido usados como caracteres diagnésticos en trabajos
previos. Flores antes de la antesis, procedentes de diferentes colecciones fue-
ron disectadas y estudiadas bajo el microscopio. El estudio incluye un anélisis
intraespecifico de la simetria floral, niimero de sépalos, carpelos, disposicién
y niimero de estambres. Muchas de las especies presentan un patrén de dos
verticilos de estambres, mientras que pocas especies presentan frecuentemen-
te més de dos verticilos. Verticilos adicionales de estambres se consideran como
estados transicionales (aparente poliandria) para aquellas especies con fre-
cuente presencia de dos verticilos. Reduccién de estambres fue también ob-
servado. La zigomorfia est4 relacionada con diferencias de tamaiio de los
sépalos, niimero de carpelos (diferente del niimero de sépalos) y cambios en
la condicién de dos verticilos de estambres. Estambres y verticilos adicionales
son el resultado de rearreglos de los espacios florales cuando hay fusién de
sépalos y en consecuencia, estambres de una previa condicién de dos verticilos
ocupan un extra verticilo. Se observé protandria. Flores bisexuales y
unisexuales estdn presentes en diferentes individuos.

5.1 INTRODUCTION

Brunellia is a neotropical genus widely distributed in the Andes and
currently recognized as the only genus in the family Brunelliaceae. Discussions
of the systematic position of Brunellia are given by HurrorD and DickisoN (1992),
Orozco (1997), BRADFORD (pers. comm.). The genus is distributed in the
subandean and Andean forests and it is an important element of the Andean
ecosystem. The genus belongs to the subclass Rosidae (CRoNquisT 1981), order
Oxalidales (APG 1998). The species exhibit opposite or verticillate leaves,
apetalous flowers and apocarpous fruits. The flowers are disposed in axillary
inﬂorescgrlces. A proliferating synflorescence with floriferous axillary thyrsoid
paracladia is present ini Brunellia (Orozco and WEBERLING 1999).

The apetalous condition occurs in different lineages of Rosidae (DickisoN

1989) and has been considered as an apomorphic character in Brunellia and in
some genera of Cunoniaceae (Orozco 1997).

Merosity is understood as the number of sepals and petals, but in the
merosity of the flower all the whorls of the flower must be considered. Pentamery
is considered as a basic and universally widespread condition in Rosidae,
Dilleniidae, and Asteridae. Among the possible causes for changes in the merosity
of the flowers are the reduction of the number of carpels and zygomorphy (RONsE,
DECRAENE and SMETS 1994). According to CuaTrecasas (1970), the flowers are
actinomorphic or subactinomorphic, isomerous or heteromerous, and have four
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whorls. A pentamerous pattern was considered for the genus (CuaTRECASAS 1970,
Hurrorp and DickisoN 1992), however, tetramerous, hexamerous, and less often,
heptamerous flowers also exist in Brunellia (CuaTRECASAS 1970, OROZCO in prep.).
In spite of intraspecific variation in the number of sepals and carpels these
features have been used as specific characters. '

CUATRECASAS (1970) reported the existence of diplostemonous flowers
in Brunellia and considered as anomalous, although not rare, the presence of
one or more additional stamens. B. boliviana has a different floral arrangement,
in that it often has more than the two whorls of stamens present in most species
of the genus. CUATRECASAS also reported a duplication of the inner whorl in
this species but he did not consider this to be additional whorls of stamens.
This apparent polyandrous condition is indicated by the presence of an
additional whorl with one, two or three stamens. )

In Brunellia staminodes were reported only in female flowers, thus usually
all stamens are fertile or all are sterile. The sexuality of flowers varies. Bisexual
and unisexual flowers, and monoecious and dioecious conditions were reported
in Brunellia (Cuatrecasas 1970). Male flowers were described as having small,
presumably sterile, carpels (CUATRECASAS 1970, 1985, Orozco 1985, 1986, 1991).

In Rosales and in related groups to Brunellia such as Cunoniaceae and
Eucryphiaceae polyandrous development, associated with a whorled pattern
(complex polyandry) was observed (Ronsg DecRAENE and SMets 1992). This
kind of development in Rosales usually starts from antesepalous complex
primordia, rarely antepetalous (RoNse DECRAENE and SMETS 1992: 635).

The floral organ arrangements known as diplostemonous, obdiploste-
monous and their variations are related to the position of the outer or inner
whorls of stamens with respect to the sepals and petals. There are several
concepts about the origin and kind of the obdiplostemonous condition (RoNse
DECRAENE and SMETs 1993, 1995). This condition, where the outer whorl
alternates with the sepals and the inner one is opposite to the sepals, ténds to
be a common character among Rosidae (Ronsg DEcRAENE and SMETs 1995).

This study seeks an understanding of the intraspecific variations of the
floral organ arrangement in Brunellia which, for purposes of differentiation of
species, would permit a better use concerning the information of carpel, sepal,
and stamen numbers and stamen arrangement. Additionally, this study was
undertaken to define the floral character states in Brunellia for phylogenetic
purposes, and to understand the evolutionary changes of floral characters, as
well as the tendencies of floral plan variation within every species of Brunellia.

5.2 MATERIALS AND METHODS

In order to study the floral organ arrangement and number of floral parts
in Brunellia species, several closed flowers prior to anthesis from different
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collections of 46 species (Table 5.1) were softened by heating in water and
subsequently observed under a dissecting stereomicroscope. For every species,
the basic floral pattern is printed in a box and every variation of this pattern is
illustrated. However, many species often present more than one basic floral
pattern, all of which are included in the box.

1.6 mm

d 2 mm e 1.6 mm f . 1.6 mm

Fig. 5.1 Bisexual flowers with two or additional whorls of stamens. (a-¢c) flowers
with additional whorls of stamens, B. boliviana (Davipson 4775). (a, b) position
and insertion of stamens. (c¢) dissected flower. (d-f) flowers with two whorls of
stamens or additional stamens in a third whorl. (d) flower dissected, with an
additional stamen in a third whorl of B. propinqua (Urise 6739). ( e-f) B. comocladifolia
(FERNANDEZ-ALONSO et al. 10236). (g- h) altered floral organ arrangement, B.
pauciflora (PaLacios et al. 6978). (i, j) B. stuebelii (Orozco et al. 1530). (i) unisexual
flower. (j) bisexual.
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5.3 RESULTS

Flowers of Brunellia are apetalous, bisexual or unisexual, and generally
present an asymmetric pattern. The stamens are inserted on a disk and the
flowers usually exhibit two stamen whorls. The outer whorl alternates with
the sepals and the inner is opposite to the sepals (Fig. 5.1). This condition is
called obdiplostemony and tends to be present in Rosidae as pointed out by
Rose DECRAENE and SMETS (1995 : 211). A few species usually exhibit apparent
polyandry, and in these species an additional whorl of stamens is observed,
and the presence of only two whorls of stamens is rare (Fig. 5.2 a-h). The basic
condition of two whorls of stamens, without alterations (increase or reduction
of stamens), is reported for 13 of the 41 species of Brunellia examined.
Alterations indicate reductions from a larger floral organ arrangement and
the tendency to the continuous reduction. Additional studies are necessary in
those species that appear with one asterisk in Table 5.1. The species for which
the least data are available (little floral material) is B. weberbaueri where the
stamens (10) seem localized in a single whorl (Table 5.1). The anthers are
introrse (Fig.5.1), sagittate, versatile, and dorsifixed.

The diameter of the flowers in Brunellia usually varies between 4 and 16
mm. Unifoliolate species generally have larger flowers (9-16 mm in diameter)
with the exception of B. foreroi whose flowers have calyces between 3.5-4.5 mm
in diameter. Some species with pinnate leaves also have large flowers as were
observed in B. boliviana, B. cuzcoensis, B. ovalifolia (the last species also has branches
with unifoliolate leaves) B. propinqua, B. susaconensis, and B. trigyna.

Flowers are bisexual or, if unisexual, they are always female. Female
and bisexual flowers generally occur in different individuals. Some species
such as B. pauciflora and B. stuebelii however, have bisexual and female flowers
on the same individual (Figs. 5.11, j). Pronounced protandry was observed in
which the flowers often give the impression of being unisexual male flowers,
especially prior to pollination and when the carpels have not begun to ripen
(Figs. 5.1a, c-e, h, j). Flowers in which carpels have developed into fruit often
show withered stamens (Fig. 5.1 f). Male flowers are uncommon in the genus.
However, in B. comocladifolia and B. sibundoya, male flowers, without small
carpels, were observed as terminal flowers of a dichasial division of the
branches of the inflorescence. On the other hand, female flowers sometimes
have staminodes which can be recognized by their small size and inflexed
anthers. Staminodes were also observed in bisexual flowers (Figs. 5.3 e, g; 5.4
c,d, f,1;55a,b,f-j;5.6h-j;5.7c-g,1,j).

Variations in the number of carpels, differences in the size of the sepals,
and alterations of stamen number of the two whorls by increase or reduction
of stamens, influence the symmetry of the flowers in Brunellia. Very few species
of Brunellia have isomerous flowers. In only 23 species, the number of sepals



106

CLARA INEs Orozco PAarRDO

Table 5.1 List of species of Brunellia with floral organ arrangements. K = sepals, A

= stamen number, G = carpel number.

** = polystemonous plan, actino =

actinomorphic, asym = asymmetric ( ) = rare, * = more study needed.
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Species Basic ftoral Number of Altered Symmotry  Tolal numbor
organ staminal flowers obdiplostemoncus of flowors
arrangoment oxamlinod examined
B.acostae K4A4+4G4(5) 17 - actino 17
8.8cutangula K4 (3)A4+4G4(3) 32 5 aclino (asym) 58
KS5A5+5GS5(4)
8.boliviana** K&(5)A8+5+3G6(8) 23 18 asym 40
{5) (9)
K7A7+7+1G8
8. bogusronensis K5A5+5G4 6 1 asym 15
8.brunnea KSAS+5G5 1 aclino 1
* B. culervensis K5GS 4 - aclino 4
B. cuzcoensis™ KBAG+6+3G6-7-10 6 6 asym 6
8. cayambensis K5AS5+5G5(6) 19 1 actino-asym 1
B. costancensis K5(6)G5(6) ? 19
8. comociadifolia KEA5+5GS 5 1 actino (asym) 12
KAAG+4G4
B. danenensis KE(4-8)A5+5G5(4) 22 3 asym 51
* 8. dichapetalcides Kard 4 5 . actino 5
B. gufcis K5AS+5GS 7 3 aclino-asym 20
K4A4+4G4(3)
B. ecuadarensis K5A5+5G2 ] asym 9
:B. 'arano_nensis KSG3(2) asym 6
-8. foreroi K4(3)G4(3) - actino 6
8. glabra K5AS5+5G5 7 7 asym 7
. (KBAB+6GS)
8.goudoti K5A5+5G2-3(4) 6 2 asym 14
8. hygrothermica K5AS5+5G5 16 4 aclino (asym) 31
L K4 Ad+G4
8. inermis KSAS+5G5 actino 27
B. integrifolia * K5AS5+5G5(d) [ 3 actino a7
B. tatifefia KSA5+5GS 9 6 asym 19
8. e K5A5+5GS5 20 3 actino 30
8. macrophytia K5A5+5G4 15 4 asym 15
8. mexicana KSAS+5GS 9 aclino 21
8. moni oS
. | ) K5A5+5GS 5 1 aclino (asym) u
8. occidentalis K5A5+5GS 2 - ue((inoy 21
B.ofiven K4A4+4G4 7 . actino 7
g' cvalifolia K5A5+5GS 5 1 actino (asym) 22
. paucifiora K5A5+5GS 15 [} actino (asym) 21
) K4A4‘464 12
°8. pendenscana ?
8. proginqua KsAsoscu 8 a asym 129
8. putumayensis KSA5+6G2 9 2 asym 15
8. racemifera KSAS+5G5(4) 15 2 actno-asym 47
) K6 AG+5 G5-4
B. rhaides K5(6)AS+5GS5(3(4)) 23 - asym 23
8. rufe K4A4+4G4 7 acline 15
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K(4)G(4)
8. stenoplera K5A5+5G5 14 2 aclino (asym) 14
K4A4+4G4
8. stuebelii KSA5+5GS 7 1 actino {(asym) 10
B. subsessilis KSAS+5GS 7 3 actino (asym) 10
. KBAG+G+6G6
8. susaconensis KS5A5+5G4-3(2) 12 1 asym 48
B. tomentosa K5A5+5G2(3) 7 - asym 14
8 tnanae K5A5+5GS-3-4 22 15 asym 55
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W e k5A10? 1 . - 1

Fig. 5.2 Floral diagrams of B. boliviana (a-h) and B. cuzcoensis @, j-ab,c (SoLomon
8028). g, h (SoLoMON 1643). d (DAVIDSON 4775). e ( SOLOMON 1643). i, j, (VARGAS 17827).
O first whorl of stamens, @ second whorl of stamens, @ third whorl of stamens,
@ fourth whorl of stamens.
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equals the number of carpels (Table 5.1), as in B. hygrothermica, B. latifolia, B.
morii, B. ovalifolia, B. pauciflora, B. stenoptera, B. stuebelii, and B. subsessilis, but
some of these species present alterations of the androecium, due to the presence
of additional stamens in additional whorls or fewer stamens in the two whorls.
Reduction of stamens was observed as fusion of anthers or filaments or in the
presence of staminodes.

Variations in the number of carpels are common, whereas sepal number is
relatively stable. Thus, the terms tetramerous, pentamerous etc., refer to sepal
number. Twenty two species have fewer or more carpels than sepals (Table 5.1).
For example the following species usually have 5 sepals but there are variations
in the number of carpels: B. ecuadorensis (2 carpels), B. farallonensis (2-3 carpels),
B. propinqua (2-3), B. rufa (3-4), B. susaconensis (3-4), and B. tomentosa (2-3) (Table
5.1). Flowers having three sepals and carpels were found in B. foreroi and B.
acutangula. A larger number of carpels than sepals was seen in B. subsessilis (7-8
carpels). In species with additional stamens or apparent polystemonous floral
organ arrangement such as B. cuzcoensis, flowers with 6 sepals usually have 7
and 10 carpels; in B. boliviana flowers with 6 sepals have 8 carpels.

Flower symmetry also varies due to difference in width of the sepals.
Sepal fusion is related to the increase or decrease of the number of stamens such
as in B. goudotii (Fig. 5.41), B. integrifolia (Fig. 5.6 f), B. macrophylla (Fig. 5.6 b), B.
pauciflora (Figs. 5.1 h ;5.8 d) and B. susaconensis (Fig. 5.4 c). Weak fusion initially
joins two sepals by a median line which is completed later. Each one of the two
united sepals possesses its own midvein and its two lateral veins. Complete
fusion of the sepals is seen in B. pauciflora (Fig. 5.1h). Simultaneously with sepal
fusion there is a change in the size of the disk where the stamens are positioned,
thus some stamens are now localized in an apparent third whorl.

The usual floral pattern has 5 sepals (rarely 4 sepals). However, increase
and reduction of stamens affect the symmetry of the flower. In species with a
pattern of two whorls of stamens such alterations are considered transitional
stages (Figs. 5.1d, g, h; 5.3; 5.4; 5.5 ¢, d, f-j; 5.6; 5.7; 5.8 b-f). It is rare to find
flowers with two whorls of stamens in species which often have additional
whorls (Fig. 5.2 ).

Few cases of additional whorls with one or two or more stamens were
seen in B. darienensis, B. littlei, B. macrophylla, B. morii, B. racemifera, B.ovalifolia,
and B. goudotii (Figs. 5.4 g-1; 5.5 ¢; 5.6 b). These variations of the androecium
are probably related to the inter-specific variations of the sepal merosity. In
this case, changes occurred from flowers with 6 sepals and two whorls of
stamens, due to the current variation of floral arrangement within each species.
However, in B. ovalifolia and B. racemifera, floral arrangements larger than K6
A6+6 were not observed and the presence, of one additional whorl with one
stamen in the case of B. ovalifolia and five stamens in a third whorl in B.

EvVOLUTIONARY BIOLOGY OF BRUNELLIA Ruiz & PAvON (BRUNELLIACEAE, OXALIDALES) 109

B. prepinqua
K5 A5+5 G3-2

@ K5A5+5+1G3 .KS A6+6+1 G2

@ K5 A4+5+3 G3

P 2N

© o0 (o q° so? oe\
(6] ) ®

00‘\( @'jé 09 A @O

O © o O, O IS) 6 (o) @ o

O_J @_J Ov

a - e D 4 i -
B. subsessilis

K6 AG+6 G6

K5 AS+5

@ K5A5+5+2+1G4

@ K5A5+5+2G3

A -G4

@ K5A5+5+3G3
P
( (@) (2 O\
() ®
o es~e O
Q;ﬂ

@ K5A5+5+5G3

Fig. 5.3 Floral diagrams of B. propinqua. (a-i) and B. subsessilis. ( j, k). a (CUATRECASAS
27399, Orozco et al. 1750). b (Forero 3701, Hawkes 145, Orozco et al.1778). ¢ (FORERO
370, Orozco et al. 1778). d (Forero 3701). e, h, g (Orozco et al. 1778). j (Orozco et al.
1750). £ (Orozco et al. 1772). j, k, 1 (Arcuer 1519). O first whorl of stamens, @
second whorl of stamens, @ third whorl of stamens, ¢ staminode.
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B. susaconensis B. ovalifolia
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Fig. 5.4 Floral diagrams of B. susaconensis (a-f) a, b (Orozco et al. 1812). ¢, e, f
(Orozcoet al. 1810). d (Orozcoetal. 1810, 1812). g. B. morii (Knapp4760). h B.
littlei (CUA‘!‘RECASASZIU661 A). i B. ovalifolia (Camp 4973). j B. racemifera (CUATRECASAS
8028). k, 1 B. goudotii (Orozco 1129). O first whorl of stamens, @ second whorl

of stamens, @ third whorl of stamens. /‘\ fusion of sepals, ¢ staminode.
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racemifera, indicates reduction or increase in number from a larger number than
K6 A6+6 and from an even greater number in B. racemifera (Fig. 5.4 1, j). In B.
integrifolia, the variation of sepal merosity leads to the androecium variation.
The frequent presence of the floral organ arrangement K6 A6+6 indicates
variation from this plan. The reduction and increase of stamens relating to
sepal merosity is due to the transition from K6 A6+6 to probably K4 Ad+4
because of the presence of fewer stamens than ten (Fig. 5.6 g)

Reductions or a tendency to reduction to less than K5 A5+5 were
observed in B. acutangula, B. glabra, B. hygrothermica, B. integrifolia, B. latifolia,
B. macrophylla, B. pauciflora, B. putumayensis, B. stenoptera, and B. trigyna (Figs.
5.5d,e-j;5.4; 5.6c¢,d, g h-j;5.7 c-]; 5.8 a-f). An example where the reductions
to less than K5 A5+5 is seen clearly in B. pauciflora (Figs. 5.8 a-d). The presence
of an additional stamenK 4A4+4+1G4 (Fig. 5.8 d), indicates a transitional
state from an arrangement of K5A5+5G5 toward the more typical arrangement
of flowers with K4A4+4G4. Three transitional states (K5 A5+4G5, KSA5+3
G5, and K4A4+4+1G4) were found between the floral plans K5A5+5G5 and
K4A4+4G4 (Figs.5.8b, ¢). In Fig. 5.8 d, fusion of two sepals is shown, which is
correlated with reductions of stamen number in the same whorl. Reductions
of stamens by fusion of filaments is illustrated at Figs. 5.2 f, 5.4 ¢, 5.8 C.

The greatest reduction was observed in B. triange (Figs.5.7 g-1); but two
whorls of stamens are usually present. This reduction was observed in
collections from Llanos de Cuib4 and Cerro del Padre Amaya in Antioquia,
Colombia. ‘

In some cases, staminodes were observed in an outer 'extra-whorl. e.g.in
B. dulcis, B. darienensis (Figs. 5.5 a, b). These cases could imply reductions of
whorls in the floral organ arrangement of Brunellia.

5.4 DISCUSSION AND CONCLUSIONS

Flowers in Brunellia have been described previously as bisexual or
unisexual (male or female), but flowers described as male have carpels which
hold ovules. Protandry occurs in Brunellia, the presence of carpels was always
confirmed in the flowers of species examined. The protandry facilitates
outcrossing.

Dorsifixed, introrse, and more or less sagittate anthers with a slight
connective protrusion, not clearly observable in all species of Brunellia, are
characters that correspond to the ‘Lower Rosidae’ as was pointed out by
ENDREss and StumpF (1991). v ‘
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Fig. 5.5 Floral diagrams of B. dulcis. a (MAcBriDE 74), B. darienensis. b-c BRANT
and Luteyn 12135). d B. glabra (LuTEYN 7387), B. acutangula (e-i). j B. putumayensis
(CuaTrECASAS 29005). f (CUATRECASAS 29005). g-h (VIDAL 114). i (CUATRECASAS 29005).
O first whorl of stamens, ® second whorl of stamens,@ third whorl of stamens,

C9 staminode.
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Fig. 5.7 Floral diagrams of B. trigyna (a-f) B. trianae (g-m). a-d (Ruiz-TeERAN 1203).
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Observation of numerous individuals shows that the flower in Brunellia
tends to an asymmetric condition. Only very few species exhibit an
actinomorphic symmetry (Table 5.1). The asymmetric condition in Brunellia is
expressed in sepal size, the number of carpels being larger or smaller than the
number of sepals, and increase and reductions of stamen number. Two whorls
of stamens are usually present in Brunellia, however, some species, B. boliviana
and B. cuzcoensis, have an apparent polystemonous floral arrangement. They
have flowers with additional whorls of stamens (Fig. 5.2).

For most of the species, reduction (sepals and stamens) in number of
parts occurs. Fusion of sepals and, as consequence, alterations in the number
of stamens of each whorl, owing to alterations in the position of the stamens,
was also observed by LEins and Ersar (1991) who found a relationship between
the changes in merosity of trimerous and pentamerous flowers and the position
of the stamens. ENDREss (1992) also found alterations in the relative size (by
increase or reduction) of a particular primordium and of the entire floral area.
These observations also imply that the polystemonous condition is an artifact
and is not a real condition in Brunellia and that changes in the space occupied
by the stamens produce an apparent polystemonous condition by fusion of
sepals.

The very common presence of additional whorls of stamens in flowers
of some species of Brunellia seems to be also related to changes in merosity of
the sepals. This could be a tendency toward a stable flower with two whorls
due to the continuous reductions, of the number of parts, observed in flowers
of these species.

From a phylogenetic analysis of Brunellia (Chapter?) the increase in
stamen whorls is seen as secondary condition from a basic floral pattern of
two whorls of stamens as was also pointed out by (Hurrorp and DICKISON 1992;
Orozco 1997).

A high correlation of 49% between the alternation of the outer whorl of
stamens with the sepals and absence of petals was recorded by RONSE DECRAENE
and SMETs (1995). There is no evidence of a concomitant shift in stamen position
as a consequence of the loss of petals in Brunellia. This is due to the absence of
petals remnants and all species of Brunellia lack petals.

Although two whorls of stamens are also reported in Cunoniaceae, the
alternate condition of the outer stamens to the sepals, as was found in Brurellia,
is not present in most of the genera of Cunoniaceae. HooGLAND (1979) noticed
the presence of extra stamens in additional whorls in two genera of
Cunoniaceae, Spiraeanthemum and Acsmithia, closely related to Brunellia
(Hurrorp and DickisoN 1992, Orozco 1997, BRADFORD pers. comm.) These ge-
nera lack petals and the presence of an alternate position of the outer stamens
to the sepals, is possible, as occurs in Brunellia. ‘ '
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The relation between changes of androecium merosity with changes in
carpel merosity as was suggested by Ronse and DECRAENE (1994) for other
groups of angiosperms is not observed in Brunellia. However, if the fusion of
sepals alters the position of the stamens, this could also affect the merosity of
carpels by obstruction of their development. A larger number of carpels was
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Fig. 5. 8 Floral organ arrangements of B. pauciflora (a-d). a (PaLacios et al. 6987).
d (PALacios et al. 3897,6978). e B. hygrothermica (BerNAL et al. 1105). £ B. stenoptera
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observed in those species that usually have additional whorls of stamens, but
few carpels, two or three, are also present in species with additional whorls of
stamens such as in B. propinqua and B. susaconensis.

This is the first attempt to understand the biological causes of the merosity
variation in Brunellia and many ambiguities mustbe elucidated in future work.
The study of early floral states of taxa related to Brunellia is necessary to
understand the relation between the floral organ arrangement and the lack of
petals. These studies could be applied to genera with species having flowers
with and without petals. The interdependence of carpel and stamen merosities,
among other questions, could be resolved by study of early stages of floral
development in Brunellia by electron scanning microscopy. '
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Chapter 6

POLLEN MORPHOLOGY OF BRUNELLIA RUIZ &
PAVON AND RELATED TAXA!

CLARA INEs Orozco

ABSTRACT

Pollen grains of 24 species of Brunellia were examined with LM and
SEM in order to find additional characters for phylogenetic analysis. The pollen
grains were found to be 3-colporate, tectate and to have a variable
ornamentation which forms an almost perfect continuum. Five categories of
exine ornamentation were observed: striate reticulate (lazge lumina and high
muri), finely reticulate, modified reticulate (muri and lumina irregular in shape
and at various levels), modified rugulate (irregular and protruding tectal
elements) and punctate (the lumina are smaller and round to slit-shaped).
The exine ornamentation provides phylogenetic information for some groups
of species, and in some cases it is correlated with vegetative, inﬂorescemge
and fruit characteristics. The punctate type could be the plesiomorphic
character state. Relationships in the pollen morphology of Brunellia and certain
genera of Cunoniaceae are discussed. '

RESUMEN

El polen de 24 especies de Brunellia fue examinado en el microscopio de
luz (ML) y el microscopio electrénico (MES) para encontrar caracteres adicio-
nales y usar esta informacién en el estudio de relaciones filogenéticas. El gra-
no de polen es 3-colporado, tectado y con una alta variabilidad en la

1 Published in Grana 40 (2001), 245-255.
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ornamentacién de la exina la cual forma un casi perfecto continuo. Se observa-
ron cinco categorias en la ornamentacién de la exina del grano de pollen:
reticulado a finamente reticulado, reticulado modificado (muros y liminas de
forma irregular y en varios niveles), rugulada modificada (irregular y proyec-
tando elementos tectales) y la ornamentacién de tipo punteado (las liminas
son pequeiias redondeadas o en forma de lineas). La ornamentacién de la exina
tiene importancia filogenética para algunos grupos de especies y presenta co-
rrelacién con algunos caracteres vegetativos de inflorescencias y del fruto. El
tipo de ornamentacién punteado parece ser el estado plesiomérfico. Se discu-
ten las relaciones del grano de polen de Brunellia y ciertos géneros de
Cunoniaceae.

6.1 INTRODUCTION

The genus Brunellia Ruiz & Pavé6n includes 54 species (Orozco in prep.)
and is currently considered the only genus of the family Brunelliaceae. Brunellia
is neotropical and widely distributed in Andean and subandean forests where
high humidity and frequent cloudiness prevail. Species of Brunellia also occur
from Mexico to Bolivia and in the Greater Antilles. The highest number of
species, 34, is present in Colombia (Chapter 1)

Most of the earlier taxonomic classifications indicated relationships
between Brunelliaceae and Cunoniaceae and often both families were placed
in the order Rosales (CroNqQuisT 1981, DAHLGREN 1980, TAKHTAJAN 1981, THORNE
1983). CuatrEcasas (1970) also noted a close relationship between Brunellia
and Cunoniaceae, especially with the genera Spiraeanthemum and Acsmithia,
based on vegetative and anatomical characters. The relationship of the two
families, however, is currently under discussion; both families have been
included in the order Oxalidales (APG 1998). Research on the position of
Brunellia has also been carried out by Hurrorp and Dickison (1992) who placed
Brunellia in the family of Cunoniaceae, whereas Orozco (1997) suggested that
Brunellia, Spiraeanthemum and Acsmithia form a separate family, closely related
to the Cunoniaceae. However, BRabrorRD and BARNES (2001) from his studies on
molecular data, considers that Brunelliaceae must be retained as a monotypic
family. He indicates that Brunelliaceae show close relationships with Cephalotus
(Cephalotaceae) and with Cunoniaceae, but Brunelliaceae probably does not
fall within the Cunoniaceae clade. It was indicated by Hickey and TayLor (1991)
and also by Orozco (1997) that Cunoniaceae is not a monophyletic group.

Cunoniaceae, Brunelliaceae, Eucryphia (Eucryphiaceae) and Davidsonia
(Davidsoniaceae) are considered by Dickison (1989) to comprise the basal group
in the rosalean complex. Connaraceae is another closely related family to
Brunelliaceae. It used to be included in Rosales but now it is placed together
with Brunelliaceae and Cunoniaceae in the order Oxalidales (AGP 1998). Most
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of the genera of Connaraceae, with exception of Agelaea, Cnestidium and Cnestis
share the presence of five vascular traces in the carpels with Brunellia,
Spiraeanthemum and Acsmithia (DickisoN 1971). Other characteristics shared
among Brunellia, Spiraeanthemum and Acsmithia and also by Connarus, include
the absence of petals and the apocarpous gynoecium. The epitropous ovule
and the absence of a specialized xylem with scalariform pitting are also seen
in Brunellia, Spiraeanthemum and Acsmithia (Dicxison 1975, 1980, CUATRECASAS
1970, 1985). From molecular data it appears (BrabrForD and Barnes 2001), that
Brunelliaceae is closer to Cunoniaceae and Cephalotaceae than to Connaraceae
among the families of the order Oxalidales. HurrForp and DickisoN (1992),
Orozco (1997) and BraDFORD and BArNEs (2001), consider the genera Eucryphia
and Davidsonia within Cunoniaceae.

The first observations of pollen grains of Brunellia were made in B.
comocladifolia by ERDTMaN (1952) who with regard to sexine described the grains
as having a rough surface and somewhat irregular sculpture. Basak 1(1?67)
described the pollen grain of B. boliviana and B. comocladifolia. He noticed
differences in the surface pattern of the two species, in B. boliviana an echinulate
reticulate pattern being observed, whereas the pattern in B. comocladifolia was
seen as irregular to slightly echinulate. Fossil pollen of Brurellia was first
reported by GraHAM and JARZEN (1969) from Puerto Rico. They did not find
differences between the fossil grains of Brunellia and the modern species
including B. comocladifolia. SALOMONS (1986) described fossil pollen of B. goudotii
using LM. He observed intectate or semitectate pollen grains with verruca.te,
fossulate, scabrate or microreticulate sculptures. MarTicorena (1970) studied
several species of Brunellia using LM. He found two basic patterns of exine
structure, one with a finely reticulate sexine without differentiated columellae
and the other intectate with verrucose processes. Results reported by Orozco
(1991) differ from those of Marticorena as the former did not find intectate
pollen grains in the SEM observations. : :

There are few complete studies on the pollen morphology of groups
considered close to Brunellia. HIDEux and Fercuson (1976) studied pollen grains,
under light (LM) and scanning electron microscopy (SEM) of Saxifragaceae
sensu lato, including Saxifragaceae sensu stricto, Cunoniaceae, Escallon.laceae
and Hydrangeaceae. Pollen morphology in Connaraceae was studied by
DicxisoN (1979) using LM and SEM.

Observations on pollen grains of groups related to Brunellia, such as
those of WALKER and DovLE (1975), indicate that tricolporate grains and finely
reticulate (small lJumina) sculpture are especially common in many basal groups
of Rosidae. It seems that the oblate triangular grains with apertures at the
angles (angulaperturate) is a character present in the basal groups of Rosidae
as it is present in Cunoniaceae. This character is also present in Connaraceae,
however, this family was not considered a basal group of Rosidae (DICKisON
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1989). Hipeux and FerGusoN (1976) consider that the finely .ret‘iculate grains
present in Cunoniaceae (Vesselowskya excepted) are unspecialized, whereas
grains with complete tectum and supratectal processes are specialized
conditions present in the grains of Saxifragaceae sensu stricto.

The present paper provides detailed information on the pollen grains of
24 species of Brunellia, using both LM and SEM. Micrographs of pollen grains
of some species of Cunoniaceae, Aistopetalum viticoides, Caldfluma paniculosa,
Geissois superba, Lamanonia tomentosa were compared with grains of Brunellia as
a close relationship was expected. '

6.2 MATERIALS AND METHODS

Anthers from open flowers were removed from herbarium specimens
(COL, NY, MO, QCA and US) of 22 species of Brunellia and of Spiraeanthemtfm
katakata belonging to Cunoniaceae (Table 6.1). Data of two' additional species
of Brunellia previously studied were included in the present analysis (Orozco
1991). Flowers of Acsmithia were not available at that time. Grains were
acetolysed as outlined by Erdtman (1966). For SEM, pollen was mounted on
stubs, coated with palladium gold and examined and photographed with a
Hitachi 5-570 scanning electron microscope. The species examined represen;
about half of the total number of Brunellia species and represent almost all o
the clades from a phylogenetic analysis of Brunellia (Chapter 7).

Slides for LM were made with glycerine jelly and sealed with paraffin.
Sets of these preparations were deposited in US and COL. Measurements are
based on at least 10 pollen grains (Table 6.1). The size range and the mean
values are given for each species. Descriptions of pollen grains are based on
observations under LM and SEM. Shape classes are in accordance with ERDTMAN
(1952). Pollen morphology terminology follows Hmeux and FErGusoN (1976),
PUNT et al. (1994) and NowickE (pers. comm).

6.3 RESULTS

6.3.1 Pollen morphological description

Brunellia pollen grains are small to medium-sized (P X E=11.0-32.5x10.5-
28.0 pm; Table 6.1). Pollen grain shape is prolate, subprolate, oblate spheroidal or
occasionally suboblate (P/E = 0.88-1.48). The outline in polar view (amb) is (sub)
circular. The grain is 3-colporate, with 8.0-25.0 ym long colpi. The endoapertures
are mostly elliptic pores, lalongate or lolongate (2.0-8.0 x 1.0-8.0 pym). The exine is
incompletely (Fig. 6.1a, b) to almost completely tectate (e. g. Fig. 6.2).

6.3. 2 Categories of exine ornamentation

Regarding the exine ornamentation in Bruellia, two extremes and three
intermediate categories were distinguished. One extreme is a reticulate tectum
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Fig. 6. 1 Scanning electron micrographs of Brumnellin pollen: (a, b) B. comocladifolia
ssp. comocladifolia. (a) Equatorial view. (b) Exine of striate reticulate type. (c,d) B.
hygrothermica. (c) Equatorial view, exine finely reticulate type. (d) Polar view
showing circular amb. (e, f) B. comocladifolia ssp. cundinamarcencis (e). Equatorial
view. (f) Exine finely reticulate type. (g,h) B. darienensis. (g) Ecuatorial view. (f)
Finely reticulate type. Scale bars 1um.
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with large lumina and high muri (Fig. 6.1 a, b). Due to the interwoven aspect the
term, reticulate striate could be applied to this ornamentation (Nowicke pers.
comm.). This type of ornamentation is the most incomplete (most open) and is
observed in B. comocladifolia subsp. comocladifolia. Some species have a punctate
tectum (Table 6.1) representing the other extreme, as the tectum is almost com-
plete (Fig. 6.2). The lumina are smaller and circular to slit-shaped. This can be
observed in B. susaconensis (Fig. 6.2 a, b; Orozco in prep.), B. brunnea (Fig. 6.2 ¢, d)
and B. costaricensis (Fig. 6.2 e, f).

Three groups of species show intermediate forms between the two extre-
mes of ornamentation. One intermediate type is finely reticulate (Nowicke pers.
comm.; Fig. 6.1 c-h, Table 6.1). The lumina can be recognized and the muri are
joined at different levels, such as in B. comocladifolia subsp. cundinamarcensis
(Fig. 6.1 e, f), B. darienensis (Fig. 6.1 g, h), B. hygrothermica (Fig.6.1c, d). Another
intermediate group includes species with muri and lumina of variable sizes
with both muri and lumina at various levels (Fig. 6.3 a-d). This type of sculpture
is denoted as modified reticulate (Nowicke pers.comm.). The columellae are
visible as in B. glabra and B. goudotii (Fig. 6.3 a, b). Columellae are not visible
and the muri appear unevenly connected as in B. propinqua (Fig. 6.3 ¢, d; Table
6.1). In a third group of species, the lumina are not distinct, and the muri are
expanded, irregular in shape, and are connected at different levels (Figs. 6.3 €, f;
6.4). This sculpture type, modified rugulate (Nowicke pers. comm.), is observed
in B. boliviana, and in some populations of B. sibundoya (Fig. 6.3 f, Table 6.1). A
similar ornamentation type is presentin B. inermis (Fig.6.4a,b), B. cayambensrs
(Fig. 6.4 c-e) and B. weberbaueri (Fig. 6.4 f),

An overview of the ornamentation types of the exine in Brunellia is
presented in Figure 6.5.

6.4 DISCUSSION

Pollen morphological characters in Brunellia indicate that despite
variations of the exine ornamentation none of the grains is echinate or intectate,
as was reported by Basak (1967) and MArmicorena (1970), respectively. Differences
in the exine ornamentation of the pollen grains of Brunellia were observed.

SEM results of different populations of Brunellia antioquensis, B.
comocladifolia and B. sibundoya (Orozco 1991) partially covered the variation
in exine ornamentation observed in the present study. Two additional groups
of variation of the exine to those observed in Orozco (1991) were seen: the
punctate type with small, and circular to slit-shaped lumina (Fig. 6.2) and the
modified reticulate type (Fig. 6.3 a-d). The variations shown in Orozco (1991),
regular, irregular reticulate and rugulate perforate type correspond respectively
to Nowicke’s terms striate reticulate (Fig. 6.1 a, b), finely reticulate (Fig. 6.1 c,
h), and rugulate ornamentation (Figs. 6.3 e, f; 6.4). Variations in the exine
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ornamentation were seen in populations of B. sibundoya and B. comocladifolia
(Orozco 1991). Finely reticulate (Fig. 6.1 ¢, h) and rugulate ornamentation (Figs.
6.3 e, f; 6.4) were observed in different populations of the widely distributed
species of B. sibundoya, (Orozco, 1991, Fig. 10, p. 982 versus Fig. 11, p. 983). In
different populations of B. comocladifolia, striate reticulate (Fig. 6.1 a, b) and
finely reticulate exine (Fig. 6.1 e, f) were observed (Orozco, 1991, Fig. 8, p. 980
versus Fig. 9, p.981). According to SaRMIENTO (1986) the humidity related to
the altitude and temperature is an important factor in specific variation in the
Colombian Andes. Thus, in the case of intraspecific variation in the
ornamentation of the exine and in accordance with the distribution of Brunellia

in humid montane forests, the humidity might be an influential factor. MULLER

(1979) suggests that changes of exine sculpture in the same species are probably
_ responses of the pollen grain to maintain a stable pollen function.

Polymorphism in the ornamentation of the exine has been also found in other

:. groups, as in Sapindaceae, Dimocarpus longan and species of Artyera (VAN DER
Hamm 1993, Van Bergen ET AL. 1995). They consider that in both cases the

intraspecific variation of the ornamentation is due to ecological causes and

also related to the intraspecific variation of other characters.

The number of Brunellia species studied under LM and SEM allows a
characterization of variation in shape and ornamentation of the pollen grains.
However, relationships based on transmission electron microscopical data
(TEM) are necessary for understanding the SEM results. The preliminary
research under TEM analysis, applied to some species of Brurellia by NOWICKE
(pers. comm.) indicates that the variation observed in SEM is due to vanfthon
in tectum thickness, and is not the result of longer columellae or of a thicker
foot layer. The columellae in the grains of all taxa examined are uniformly
short. Using TEM analysis, also a solid endexinous aperture memtlarar.le
including a finely lamellate inner sublayer was observed. TEM studies in
Brunellia are necessary due to the polymorphism found in some SpEcI€s
indicating that ornamentation is probably not a very conservative character
for some species.

Compared to the pollen grains of Brunellia, Cunoniaceae pollen grains
show much more variation, but a reticulate exine pattern is usually present
(HipEux and FerusoN 1976). Pollen grains are 2-3-colporate and in some species
as in Geissois superba (Fig. 6.6 d), 2-colpate grains are observed. In the available
material of Cunoniacae, 2-colporate grains are present in Lamanonia tonentosa
(Fig. 6.6 g) whereas, 3-colporate grains occur in Aistopetalum viticoides,
Caldcluvia paniculosa and Spiraeanthemun katakata (Fig. 6.6 a, €, h), and 3-
colporate grains are also presentin Acsmithia pubescens. Dicolporate or 2-colpate
. : pollen, presence of sexinous granules in some lumina of Geissois ternata (Fig.6.6
Fig. 6.2 Sca'nnujlg electron_ micrographs of Brunellia pollen. (a, b). B. susaconensis . f), and the triangular (amb) with apertures in the angles as in Aistopetalum
(a) quatonal view. (b) Exine punctate type. (c, d). B. br.m:m'm. (c) Equatorial view. viticoides, (Fig. 6.6 h) are characters not present in Brunellia.

(d) Exine punctate type. (e, f) B. costaricensis. (e) Equatorial view. (f) Exine punctate
type. Scale bars 1pm.
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view (b) B. glabra, exine modified reticulate type. (c,d) B. propinqua. (c) Equatorial
view. (d) Exine modified reticulate type. (e) B. boliviana equatorial view. (f) B.
sibundoya ssp. sibundoya, exine rugulate type. Scale bars 1pum.
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NOWICKE (pers. comm.), with basis on a study of 12 species, considers that
the pollen of Cunoniaceae is fundamentally similar in sculpture. However, the
presence of 3-colporate grains in Aistopetalum, Caldcluvia, Spiraeantemum, and
Acsmithia and the generalized 2-colporate grains present in the remaining ge-
nera (except Pullea glabra) might be related to the lack of monophyly in the
family as was mentioned by Hickey and TAvLor (1991) and also by Orozco (1997).
On the contrary, such variation might indicate polymorphism as could occur in
other characters. The genera Aistopetalum, Spiraeantheniun and Acsmithia closely
related to Brunellia, (HurForp and DickisoN 1992) present 3-colporate grains.
Further research is necessary to establish whether the pollen morphology could
be used as an informative character in relationships within Cunoniaceae.

BRADFORD (pers. comm.) considered Cunoniaceae as a monophyletic group, based
on molecular data.

Displaying the two states of pollen ornamentation used in the
phylogenetic study of Brunellia (Chapter 7) in the five categories, and
superposing them on the cladogram it can be seen that the punctate exine with
circular to slit-like lumina (almost complete tectum) could be a plesiomorphic
condition. This state is present in some species of Brunellia and Spiraeanthemun,
with which Brunellia shares other characters (Dickison 1971, 1980; EHRENDORFER
ET AL. 1984, CUATRECASAS 1985). The other exine categories, incomplete tectum
(striate reticulate, modified reticulate and modified rugulate) are derived
conditions. The same could hold in Cunoniaceae and Connaraceae. A complex
exine sculpture, such as a rugulate ornamentation, present in Cunoniaceae
(Vesselowskya and Pullea; HIDEUX and Fercuson 1976) and also in Connaraceae
(Dickison 1980), is considered a specialized character. In Brunellia the modified
reticulate exine could be considered a synapomorphy of the Subsection
Simplicifoliae (Chapter 7), in contrast to the homoplasic condition of the
remaining categories of exine ornamentation in Brunellia. This modified
reticulate condition is very often related to foliar and inflorescence reduction
and the presence of a navicular shaped endocarp (Chapter 7).
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Fig. 6. 5 Summary of the exine ornamentation in Brunellia. (a) B. comocladifolia
Fig. 6. 4 Scanning electron micrographs of Brunellia pollen: (a, b) B. inermis. (a) ssp. comocladifolia striate reticulate exine. (b) B. comocladifolia ssp. cundinamarcensis,
finely reticulate exine. (¢) B. cayambensis, rugulate exine. (d) B. glabra, modified

Equatorial view. (b) Exine rugulate type. (c, d, e) B. cayanibensis (c) Equatorial : :
view. (d) Exine rugulate type. (e) Equatorial view, showing the endoaperture. (f) reticulate exine. (e) B. brunnea, punctate exine. Scale bars 1 pm.

B. weberbaurei, exine rugulate type. Scale bars 1pm.
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Fig. 6. 6 Scanning electron micrographs of Cunoniaceae pollen. (a, b, c).
Spiracanthemum katakata. (a) Equatorial view. (b) Endoaperture. (c) Exine punctate
type. (d) Geissois superba, 2-colporate pollen. (e) Caldcluvia paniculosa, 3-colporate
pollen. (f) Geissois ternata, granule in the exine punctate type. (g) Lamanonia
tomentosa, 2-colporate pollen. (h) Aistopetalum viticoides, angulaperturate pollen.
Scale bars 1 pm.
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SPECIMENS INVESTIGATED

B. boliviana (Rusby) Cuatrec. BOLIVIA: La Paz, Nor-Yungas, La Paz 72
km toward Coroico, 28.8.1979, Beck 1832, US 2232 COL, US (LM, SM).

B. brunnea Macbride. PERU: Cuzco, Prov. Paucartambo, between Tam-
bo of Tres Cruces and Tambomayo, 14. 5 Weberbauer 6969 US 2301 COL, US
(LM, SM).

B. cayambensis Cuatrec. COLOMBIA: Cauca, Mnpo. del Timbio, group
of houses Las Cruces, 23.9.1983, Orozco et al. 1187 COL 2330 COL, US (LM,SM).

B. comocladifolia H. B. K. ssp. comocladifolia. COLOMBIA: Valle del Cauca,
Mnpo. del Dagua, road toward Pichendé, 22. 9. 1983, Orozco et al. 1158 COL,
(LM,SM).

B. costaricensis Standley. COSTA RICA: San José, 3 km south of El
Empaine on the Pan-American Highway, 11.7.1982, Todzia 1909 N'Y 2298 COL,
US (LM,SM).

B. darienensis Cuatrec. & Porter. COLOMBIA: Antioquia, Mnpo. Frontino,
road from Nutibara to La Blanquita, 17.2.1985 Henderson & Bernal 144 COL,
NY 2300 COL, US (LM, SM).

B. dulcis Macbride. COLOMBIA: Chocé, Mnpo. San José del Palmar,
toward Gélapago, 11.11.1985, Lozano et al. 4890 COL 2289 COL, US (LM,SM).

B. glabra Cuatrec. COLOMBIA: Cauca, Parque Nacional Munchique, kms.
42-47 NE of Uribe, 24.5.1979, Luteyn 7387 COL, NY, US 2290 COL, US (LM,
SM).

B. goudotii Tulasne. COLOMBIA: Valle del Cauca, road between Tulua
and Barragan, 20. 9.1983, Orozco et al. 1129 COL 2291 COL, US (LM, SM).

B. hygrothermica Cuatrec. COLOMBIA: Chocé, Mnpo. Quibd6, 2 km from
S of Zuto, Pan-American road, Bernal et al. 1105 COL 2235 COL, US (LM, SM).

B. inermis Cuatrec. ECUADOR: Loja, Parque Nacional Podocarpus, along
the road from Yangana to radio towers on Cerro Toledo, 29. 4. 1987, van der
Werff and Palacios 9196 COL, US, MO 2331 COL, US (LM, SM).

B. latifolia Cuatrec. COLOMBIA: Valle, Los Farallones eastern slopes at
Almorzadero, 30. 7.1944, Cuatrecasas 18109 COL, US 2297 COL, US (LM, SM).

B. propinqua H. B. K. COLOMBIA: Cundinamarca, Sibate, Vereda San
Miguel, Cuchuco hill, 7. 9.1987, Orozco & Linares 1768 COL 2295 COL, US
(LM, SM).
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B. propinqua H. B. K. COLOMBIA: Cundinamarca, Choachi, Hoya del Rio
Blanco, Quebrada de Agua Dulce, in front of El Rajadero, 8. 2. 1969, Cuatrecasas
and Llano 27329 COL, NY, US 2294 COL, US (LM,SM).

B. putumayensis Cuatrec. COLOMBIA: Narifio, south of Laguna de la
Cocha, near Pdramo de Santa Lucia, the source of Rio Alisales, 2. 2. 1941,
Cuatrecasas 11883 COL, F, US 2288 COL, US (LM, SM).

B. racemifera Tulasne. COLOMBIA: Cundinamarca, Cordillera Oriental,
Mnpo. of San Bernardo, road between Paquilé and Santa Marta, 10. 7.1986,
Jaramillo 7035 COL 2293 COL, US (LM, SM).

‘B. rhoides Rusby. BOLIVIA: Songo, 11. 1890, Bang 839 MO 2329 COL, US
(LM, SM).

B. sibundoya Cuatrec. ssp. antioquensis. COLOMBIA: Antioquia, Medellin,
Cerro del Padre Amaya, 1.30.1984, Orozco & Tobén 1320 COL (LM, SM).

B. sibundoya Cuatrec. ssp. sibundoya. COLOMBIA: Cundinamarca, Bojacd
road, towards La Merced, 21. 4. 1983, Orozco & Lozano 1092 COL (LM, SM).

B. stuebelii Cuatrec. COLOMBIA: Cauca, El Tambo, Munchique, 24.9.1983,
Orozco et al. 1176 COL 2234 COL,US (LM, SM).

B. subsesillis Killip & Cuatrec. COLOMBIA: Medellin, road to San Cristobal,
((I:j\!;{ro del Padre Amaya, 1. 11. 1985, Orozco et al. 1425 COL 2302 COL, US

. B. susaconensis (Cuatrec.) Orozco. COLOMBIA: Boyac4, Susacén, Santa
Rosita to Onzaga road, 10. 1987, Orozco et al. 1810 COL 2296 COL, US (LM,SM).

__ B. tomentosa H. & B. ECUADOR: Pichincha, below San Juin towards
Chiriboga, 2. 8. 1955, Asplund 17162 NY 2231 COL, US (LM, SM).

B. trianae Cuatrec. COLOMBIA: Antioquia, Medellin, Padre Amaya hill,
1.11.1985, Lozano 3969 COL 2230 COL, US (LM, SM).

B. trigyna Cuatrec. COLOMBIA: Norte de Santander, Parque Tama-Orocue,
27.3.1987, Lozano et al. 5535 COL 2233 COL, US (LM, SM).

B. weberbaueri Loesener. PERU: Huamalies, Monzén, 8.3. 1903,
Weberbauer 3551 NY, F 2287 COL, US (LM, SM).

Spiraeanthemum katakata Seem. FIJIE: A.C. Smith 1967 US 2232 COL, US
(LM, SM).
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Chapter 7

A CLADISTIC ANALYSIS OF BRUNELLIA RUIZ &
PAVON BASED ON MORPHOLOGICAL
CHARACTERS!

CLARrA INEs OrozcoO

ABSTRACT

i

Brunellia is a neotropical tree genus widely distributed in the {&ndes.
Species of this genus are also found in Central America and in the Can.bbean
Antilles. Fifty four species are currently recognized. Most of the species are
found in the high elevatiori and sub-Andean forest of Colombia. A phylogenetic
study was performed to determine the relationships among the species, to
evaluate the infrageneric clasification, to identify characters defining natural
groups of species. Forty-four characters from conventional morpholog;y and
the exine sculpture of the pollen grain were coded for 31 Brunellia species and
one outgroup taxon, Spiraeanthemum (Cunoniaceae) represents four species of
Cunoniaceae. PAUP and NONA found the same three most parsimonious
cladograms, of which one is recommended as the current working hypothesis
for Brunellia relationships. The preferred tree was also found by HENNIG86,
Pee-Wee (k=6), and majority rule consensus of trees obtained with Pee-Wee
(K= 3, k=1). Brunellia is monophyletic, and the infrageneric clasification is
discussed.

RESUMEN

Brunellia es un género, arbéreo, neotropical ampliamente distribuido en
los Andes. Las especies del género se encuentran también en Centro Américay

1 To be submitted to Cladistics.
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las Islas del Caribe. Actualmente se reconocen 54 especies. La mayor parte de
las especies se encuentran en los bosques Andinos y sub-Andinos de Colom-
bia. Se practicé un estudio filogenético para determinar las relaciones de paren-
tesco de las especies, como también para evaluar la division infragenérica y
para identificar qué caracteres definen grupos naturales de especies. Cuarenta
y cuatro caracteres de morfologia convencional, anatomia de la hoja, nodal,
inflorescencias, morfologia floral, ornamentacién de la exina del grano de po-
len, fueron codificados para 32 taxones de Brunellia y un grupo externo
Spiraeanthemum (Cunoniaceae) el cual representa cuatro especies de la familia
Cunoniaceae. PAUP y NONA encontré los mismos tres més parsimoniosos
cladogramas, de los cuales uno es recomendado como la hipétesis de trabajo
para las relaciones filogenéticas de Brunellia. La hipé6tesis recomendada fue
también encontrada con HENNIG86, Pee-Wee(K=6), y el 4rbol de consenso de
mayoria obtenido con Pee-Wee (K=1,K=3). Brunellia es monofilético. Se discute
la clasificaci6n infra-genérica.

7.1 INTRODUCTION

The genus Brunellia Ruiz & Pavén is presently placed in the monotypic
fafnily Brunelliaceae. Most species are found in the Andean Cordillera, some
with a wide distribution in Colombia; a few species are present in Central
America and the Greater Antilles. The species are an important element of
humid, cloud forest ecosystems.

Engler (1897) regarded Brunellia as distinct from Cunoniaceae mainly
because of the epitropic position of its ovules. Recent research (HurrorD and
Dxcxgson 1992, Orozco 1997) have focused on whether Brunellia is better
retained as a separate family or placed in the Cunoniaceae. Close rela tionships
among Brunellia, Spiraeanthemum, and Acsmithia (Cunoniaceae) were early
noted by DicxisoN (1975). The same relationships were also observed in the
phylogenetic study of Cunoniaceae by HurrorDp and DickisoN (1992) and
BRADFFORD and BarNEs (2001). According to Hickey and TAYLOR (1992) and Orozco
(1997) Cunoniaceae is not monophyletic. Brunellia, Spiraeanthemum and
Acsmithia share characters no present in the rest of genera of Cunoniaceae, and
itis not clear that the remaining Cunoniaceae are monophyletic (Orozco 1997).
However, according to the latest research on molecular data (BraDFORD and
BARI\IES 20(?1) Brunelliaceae “ must be retained as a family, which shows close
relationships with Cephalotus and to Cunoniaceae, but Brunelliaceae do not
probably fall in the Cunoniaceae clade”. Currently Brunelliaceae, and
Cunoniaceae are placed in the order Oxalidales (APG, 1998).

All species of Brunellia are trees with opposite or whorled stipulate leaves;
stipels are also obviously present, on the rachis of the compound leaves, and
sometimes are easily observed on the petiole of the unifoliate leaves. The genus
is also easily distinguished by the presence of leaf vestiture on the abaxial side,
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of the leaves, the absence of petals, apocarpic ovaries, fruits with frequent presence
of prickly hairs.

CuaTtrecasas (1970, 1985) divided Brunellia in two larger sections and
thirteen subsections. Subsequently four additional species were described giving
a total of 64 species (CUATRECASAS 1985, PorterR and CUATRECASAS 1975, OrOZCO
1986, 1991). Cuatrecasas changed his concept of subsections in 1985 and moved
many species to other subsection (Table 7.1). He also presented a phylogeny of
the subsections in which B. boliviana and B. cuzcoensis were considered as ances-
tral species within the genus. Of the 64 species finally recognized by CUATRECASAS,
10 are doubtfully distint; 54 species are recognized here (Orozco in prep.).

A phylogenetic Hennigian hypothesis for the genus does not exist. The
grounds of the phylogenetic study is the searching of natural groups
(monophyletic groups). Six years ago I presented a tentative hypothesis
(Orozco unpublished) based only on macro-morphological characters and in
which many outgroup states were unknown. The present analysis uses more
character systems and more complete outgroup coding to estimate the
relationships among the species, to evaluate the infrageneric classification, to
determine synapomorphies for natural species groups, and also to contribute
to the discussion about the relationships of the basal groups of Rosidae.

7.2 MATERIALS AND METHODS

7.2. 1 Taxa selection

The 31 terminal taxa included here (Tables 7.2, 7.3) represent twelve
subsections considered by Cuatrecasas (1985). Taxa were selected to broadly
represent Brunellia, but were constrained by material available for stl}dy.
Subsection latifoliae (B. latifolia) could not be studied adequately because it is
monotypic and known only from the type specimen. B. foreroi and B. latzfc‘vlza
present some features not present in other species of Brunellia, such as thereduction
to an unifoliate leaf, two pairs of evident stipels on the petiole (Chapter 3),a U-
shaped endocarp, and highly developed inflorescence (Orozco and WEBERLING
1999). B. latifolia is represented here by B. foreroi.

For an outgroup I synthesized character data from four species,
Spiraeanthemum katakata, Acsmithia brongniartiana, A. pedunculata and A.
reticulata (HooGLAND 1979). Acsmithia is a segregate genus of Spiraeanthemum.
The selection of the outgroup was based prior cladisitic analysis (FIUFFORD
and DickisoN 1992, Orozco 1997). The outgroup selection of this study was
limited by the type of characters studied for Brunellia. Not all the possible
outgroups have been studied in depth with respect to the type of characters
used in this research. However, the information for the outgroup was displayed
and the matrix was also run with these data (Tables 7.4, 7.5).
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Table 7.2 Terminal taxa representing Sections and Subsections of Cuatrecasas 1985.
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Table 7.3 Terminal taxa * representing taxa of the Sections and Subsections of
Cuatrecasas 1985. Synonymous species (Orozco in prep.) represented by e.

Section |. Brunellia
Subsection Bullatee
B.bullata «

B. cayambensis *

Subsection Bolivianae
B boliviana *

8. hexasepala

B. cuzcoensis

B. weberbaueri

Subsection Brunelliae
B. carpishensis

8. ecuadorensis *

8. inermis ¢

B. integrifolia *

Subsection Colombianae
B. colombiana e

8. elliptica *

B. propinqua *

8. racemifera *

B. susaconenis

B. trigyna

B. zamorensis

Subsection Comocladifoliae
B. antioquensis

8. comociadifolia «

8. corvicana «

8. gentryi «

8. hygrothermica *

8. sibundoya  *

Subsection Occidentales
B. acostae *

8. brunnea *
8. cutervensis *
B. dichapetaloides
B. mexicana

8. accidentalis
8. oliveri

B. rhoides *
8. stenoptera *
B. subsessilis *

Subsection Ovalifoliae
B. ovalifolia __*

Subsection Velutinae
B. costaricensis

B. darienensis e

B. diversifolia

8. hiltyana

B. morii

8. standleyana

B. velutina *

Section ll. Simplicifolia

Subsection Foreroae
B. foreroi *
Subsection Stipellatae
B. latifolia

Subsection Simplicifoliae
B. scutangula *

8. boqueronensis *

B. farallonensis

B. glabra *

B. goudotii

B. ovalifolia .

B. spinalii e

B. tomentosa .

Subsection Stipellatae
8. briquetii
B. stuebelii *

Subsection Trianae
B. almagarensis e
B. cualrecasana »

8. duicis *
B. macrophylla *
B. paflida

8. penderiscana

B. pitayensis  *
B. putumayensis *
8. rufa o
8. trianae
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Table 7.4. Character matrix of Brunellia using Spiraeanthemum as outgroup.

Sprsesrer 00000 00000 00277
a acostee 011311 20191 70000
8. scutanpis 11110 02120 10000
8 botvens 09111 1t311 20010
8. togmmnenss 131000 02110 10101
2. dnxoes 01301 t112¢ 20010
8 caysmbenaz 01000 313181 20010
Batsrvras 01100 1112Y 20000

97000 00000
0t101?2 Q1931
00009 01111

00101 01118

00001 01111
20101 01441
90001 01211

8 quas 01111 02410 10011 00001 01111
Becvecomnuzs 01100 12181 20110 60017
B8 e3poce 01100 12191 20010

8 fwstoneces 11000 02110 10110

8 forer 0100t GO1Y0 01110 10000
2 pledrs 11110 02121 700%1 DOOOY
Goygroverrecs 01110 10331 720080 0ODO1T
8 mermes 01000 20121 720110 02001
O svepvole 01000 10101 70110 0100
O macropnybe 01319 00120 t0010 02001
8 ovellols 31000 20100 70100 0O0OCO1
8 peuvciiors 01100 01100 10110 00017
8 playenss 011310 00120 10110 02001
8 progngis 01101 1011t 70080 00001
8 putumaysasy 01100 02120 00110 00001
8. racecdvre Q43530 10911t 20010 01001
8 moupes 01100 19323 70010

8 nda 091119 02120 10110

B udundsys 031190 10911t 70110
8. stencpters 01100 11121 20040
8. stueded 0Y100 00100 00100
B subsessle 01130 11921 720010
8 tomencsse 11000 02110 to1tY
Q ke 01000 10111 21140

Table 7.5. Character matrix of Brunellia displaying the information of the

synthetic outgroup of Table 7.4.

10070 000%0 00000
03110 00001 1020
23500 10001 dO2M
03111 00000 012N
22100 00100 002N
93110 90001 10201
22110 10001 003 M
63110 1000% 102N
23100 00001 00201

1111 23101 00000 12 1
01101 0tt11 02111 000t1 603 M
00001 0t13111 20070 10000 122 M
01111 13120 10001 101
01110 72100 00101 GO
01114 13120 10001 00t
Q1111 22111 100+ 1031t
01111 23701 00011 DO3IMN
01111 23110 00000 9Q 101
11111 000271 00008 CO2 %
11119 11070 10101 002N
01111 23110 00000 003 M
011311 22100 01000 02V 0
01113 23100 00000 02301
01191 02121 00031 0030
01001 Q01191 23110 10000 1021
00001 01111 22100 10000 103 ™M
1000t 01181 13120 10011 003 M
0100t 11941 03191 10001 0030t
12001 01193y
12001 Q1981

20070 0000% 00204
03111 G000 00301

01001 01111 20070 00000 12201

00001 01111

12110 10001 10171

r000

0100
2103
1100
0012
1001
o012
0100
Tt
[TIR]
1108
co12
0100
ooz
ant
[T R
1100
0103
o011
1wo
1100
100
[ YR
101 ¢

1190

0012
o0 2
oot
oot
1100
o012

A tongniamens 1 00 20 00000 1077?77 Q0?2000 0000?

Apssuncuisia 100 70 02070 00727

””7%00

A retculsts 100 77 0?2070 QGOT2? 7700
Spirsssnthemyh 00000 Q0000 0077707000

8. scostee DI111 20%1% 720000
a scuianguss 113110 02820 10000
8. bobwians 01191 11991 20010
0 doguavorens’s 11000 02190 10101
B. drvncen 01101 1182s 20010
O coyambenrs 01000 1931 20010

Bodevenuz 01100 11921 720000
a das O1t91 021190 10011
O ecvarensis DYI100 t2901% 208100
0. ol 01300 12313 20010
8 faralonenxs 11000 02930 10110
8 ey 01001 00110 Os10
8 ghtee 11910 02121 20044
8 hypotherrica 01910 10911 70010
8. inecis 01000 20121 70110

B mgWols 01000 10101 70110
8 mecropmda C1111 00120 10010
A ovewols 11000 20100 10100
Gpecirs 09100 03100 10110
8 playensis 01110 00120 101190
Bpooiua 03103 10111 20010
8 putumeyensa 09100 02120 00110

8 cacenstuwe 01110 10111 20010
0 maides 01100 V121 1091?
8 nda 91111 02126 10110

8. shundoys 01310 10118 70110
8 stenopters 01100 19121 206010
8 shusbed 01100 00100 0G100
8 swbsessiy 01110 19121 70010
B8 mmencss 11000 02110 1011
8 wehine 01000 0111 71110

01017
00001
01001
00101
00001
10101
00001
00001
00017
01101
00001
10000
00001
00001
02001
0100y
02001
00001
0001?
oz001
00001
00001
01001
01001
00001
10001
01001
12001
12001
01001
00001

709 07
70007
80000
[RERR]
ottt
[ XERR}
o1t
[XRRY)
[XXRT)
01211
[EEKE]
[EKER]
[ EEXR)
01181
o111
ot190
[TRRY]
o119 ¢
o111
0t119
IREER}
1111
o111
o181
L IRRE]
ovt1
ost1y
o1t
o111
1111y
01111
ot11y
ot111
ot11

22972 27777 20290
71797 122277 FO 2?70
77212 27227 20170
70070 00070 00000
03110 0000y 1020t
23100 10001 0027
03111 00000 €12 1y
22100 00100 002N
93110 0000 10201
22110 10001 003 1
03110 10007 102 M
23100 00001 00201
23101 00000 127
02111 00011 003 N
20070 10000 12.2%
13120 t000Y 10t
72100 00101 002308
13120 10001 00101
229011 100t 103 1
23101 0a011 003 M
23110 00000 001 01
00071 00001 0023 M
11070 10101 002 1t
23110 00000 9O3 N
22100 01000 021 61
23100 00000 D23 O
03101 00011 0030
23110 10000 102 1
22100 10000 Y03 M
t3120 100t1 003 11
83911 10001 00208
20070 00001 ©020%
63911 00001 00908
20070 00000 12208
13110 10003 10178

??7?
"ee
MmN
?000

om2

owo
2103
t190
0012
1083
oo 2
ewo
1001
o0
1190
cor2
0wo
o012
ont
o0
1100
0103
0611
1100
1190
1190
oot
1001
1100
a6 2
0012
LR IR ]
0011
1100
o2
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7.2. 2 Characters

The character matrix (Appendix 7.1, Tables 7.4, 7.5) includes 44 characters
based on my own observations. Six characters are synapomorphies for Brunellia
(characters 2, 8, 22, 24, 25 and 40). The character 31 is a clear autapomorphy in
the context of this matrix, and for this reason it was treated as inactive.

Twentynine characters pertain to anatomy (10-24), morphology of
inflorescences (27-34), floral morphology (35-37, 41), and pollen morphology
(38 and 39); all were unavailable during the earlier phylogenetic study of
Brunellia (Orozco unpublished). Remaining characters concern vegetative
characters of leaves (1, 3-7, 9, 25, 26), the stigma (40), and fruit morphology

(42-44). Characters were scored from specimens deposited in AU, COL, E, S,
MO, NY, and US.

Exine ornamentation of twelve species could not be examined. This
character (39) was codified as missing data (?) (Table 7.4). Anatomy of leaves
and petioles for all species were observed with exception of B. brunnea because
a single specimen was available. For characters (10-24) this species was

assumed to show the same character states as B. cutervensis based in other
character systems.

_ Twocharacters were excluded from the analysis: the presence and number
of shRels on the petiole. Most compound leaves species with a very few
exceptions (e.g. B. ecuadorensis) with compound leaves have stipels on the petiole.
Even in the unifoliate species (except B. foreroi and B. latifolia), where stipels are
f\ot evident, an?tomical results indicate their presence in many species (absent
inB ecuadoren.szs, B. ovalifolia and B. pauciflora, Orozco and CoBa, in prep.). The
absence.of_ reliable data for all species prevents confident use of this character in
the cladistic analysis, especially given that stipels are suspected in B. ecuadorensis.

The matrix includes 10 multistate characters (6, 7,9, 17, 23,27, 37, 38, 41

and 44). All the c!iaracters were treated as unordered because no priori
transformation series were obvious.

7.2. 3 Cladistic analysis

A search for most parsimonious cladograms (MPT's) was performed
w1th Hennig86 (FArRis,1988), PAUP version 3.1.1 (Sworrorp 1990) and NONA
version 1.15 (G?LOBOFF 1993a). The study of character evolution was done in
MacClade, version 3.0 (MADDISON and MADDISON 1992) and Clados version 1.2
(Nxon 1?92). NONA default (amb-) ignores “potential support” and collapses
abranchif “ there exists any optimization at all under which it has zero length”
(CopbINGTON and ScHARFF 1994). The “amb =" option reports trees with nodes
having only ambiguous support. To search among tree islands I used the “mult*
N” option in NONA and random addition sequences in PAU. PAUP is slower
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Table 7.6 Length, Maximum Fit and cost (%) of the obtained trees with different
concavity values.

Concavity (K)  Maximum Fit Length Cost Number of trees with

maximum fit
1 126.0 209 21% 7
2 166.3 208 25% 2
3 194.8 201 28% 8
4 216.1 198 31% 0
5 2324 © 190 33% 2
6 2463 187 36% 1

than NONA, but it collapses branches using the same criteria as HENNIG86
(CoppiGNTON and ScHARFF 1994). The equally weighted data were run several
times using various search strategies with these programs. Pee-Wee version
2.15 was also used (GoLosorr 1993b), it implements a concept of maximum fit,
that supposedly maximizes “explanotory power”. The fit for each character is
measured as a concave function of homoplasy, originally proposed by FArRiS
(1969). The final weight of a character (the weight that the character
“deserves”), is that “implied” by the optimal tree topology, itself determined
by the data as a whole, given their implied weights. Highly homoplasious
characters receive less weight and non homoplasious characters get a relatively
high weight, thus a concave weight function is created The curvature of the
concave homoplasy function depends on the parameter k, which can vary from
1 to 6. Lower k values assign relatively less weight to homoplasious characters
than higher k values (GoLoBOFF 1993c). It is not clear which value of k should
be used under what circumstances. TURNER and ZANDEE (1995) critized implied
weights. Each phylogenetic analysis package analyzes the data in a different
way, which helps to gain a more complete understanding of one’s results.

The mh*; and bb* options were used in Hennig86. In PAUP, the heuristic
option was used with stepwise addition and tree bisection reconnection (TBR)
for 30 random addition sequences. In NONA the options search; max* (TBR)
and 10 random addition sequence (mult* 10), were used at the beginning.
Later different random number seeds, different values of mult* and both
support (amb-and amb =) were also used and combined with best, and max*
options. For Pee-Wee the same options as in NONA were used for all k values.
Strict and majority rule consensus trees were obtained with PAUP.

To determine character step differences among the trees of NONA,
commands ref, and cmp* were used (GoLosorF 1993a). Successive weighting
was also used with NONA using run swt. run mu*10 max* (CODDINGTON pers.
comm.). Successive weighting was also used with PAUP, using the rescaled
consistency indices (FARris 1989) with base weight 1000.



146 CrLara INEs Orozco Parpo

7.3 RESULTS

NONA and PAUP both found three trees of 183 steps (C.I. =0.32; R.I. =
0.58). Henning86 found only one most parsimonious (MPT), identical to one of
the three found previously. Displaying the information of the outgroup in the
four species (Table 7.6) and using NONA were obtained five trees of 193 steps
(C.1.=0.30; R.I. = 0.59); three of them are identically to the three trees found with
the synthetic outgroup (Table 7.4) The two additional trees have same information
of the relationships, however, the order of the branches change in some parts of
the topology. Successive weighting with NONA produced the same three trees,
which stabilized after two times weighting cycles. With k=1 (with a cost of 21% of
homoplasy), I obtained seven trees 24 steps longer than minimal (Fig. 7.5 a, Table
7.5); with k= 6 (36% of homoplasy), one tree was obtained of length 184 which is
three steps longer than minimal. An intermediate K value of 3 and a homoplasy
cost of 28% yielded 84 trees, 14 steps longer than the minimal (Fig. 7.5 b). The
same 3 topologies were found when the pollen ornamentation was assumed for
some species (Table 7.5). However the trees were two steps longer.

Majority rule and strict consensus trees for the three minimal trees appear
inFig. 7.2. The greatest differences among tree topologies were two groups which
changed position: the group B. hygrothermica, B. sibundoya, B. velutina, B. foreroi
and the group B. cayambesis, and B. rhoides Fig. 7.3. Other changes occur in for B.
inermis, B. integrifolia, B. brunnea, B. acostae, B. boliviana, and B. cutervensis were
observed. Character steps difference of NONA s trees are noted in Table 7.7.

7.3.1 Tree selection

Because of the criticisms on using consensus tree for studying the evolution
of characters (ANDELBERG and THELER 1990, CODDINGTON and ScHARFF 1997). I prefer
to select a working hypothesis among the three most parsimonious trees obtained
with NONA and PAUP. The selection of one hypothesis phylogenetic represents
the basis for future examination (corroboration or refutation). However, from one
philosophycal point of view (KLUGE 1997), the selection of a hypothesis is seen as
a verificacionist argument against Popper’s corroboration

Of the three hypotheses trees 2 and 3 offer better fit of some characters
(Table7.7) I chose tree 2 (Fig. 7.1) as working hypothesis of the Brunellia phylogeny
for the following reasons: 1. Tree 2 is similar to the results of PAUP after successive
weighting (Fig. 7.4), and similar to Pee-Wee, k= 6 except for B. boliviana with a
different position. 2. Tree 2 is also similar to trees of figures 7.5a, b, majority rule
consensus, Pee-Wee, k=1, k= 3. 3. Tree 2 has the same topology than tree obtained
with HENNIGB86. 4. More nodes in tree 2 are supported by evolutionary novelties.

7.3.2 Character evidence

In the context of this matrix, the monophyly of Brunellia is supported by
five unreversed synapomorphies: lateral inception of the stipules (2),
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craspedodromous inervation (8), unilacunar node (22), presence of apotracheal

axial parenchyma of the wood (24) and decurrent position of the stigma (40).

Actinocytic stomata (23) and the presence of hairs in the abaxial part of the

foliar lamina are also a synapomorphic but are lost in B. cutervensis and B.

glabra respectively. With exception of the apotracheal axial parenquima of the

wood (24) and the decurrent position of the stigma (40), the remaining
characters are also present in other genera of Cunoniaceae (Chapter 2), but

not present in the synthetic outgroup used in this study.

At node 58 (Fig. 7.1) two large groups are supported by the presence of
compound leaves (6-1), and the complexity of ramification of the inflorescences
(28-1). The presence of several leaflets per leaf (6-1), reduces to two or three
leaflets per node, (6-0), in the group with navicular-shaped endocarp, node
40. Many leaflets per leaf (6-1), is also a reversion because it is present in thg:
outgroup and in B. ovalifolia, B. stuebelii and B. pauciflora. Reduction to a
unifoliate leaf, (6-2) also occurs in the group with U-shaped endocarp (e.g., B.
foreroi, node 55), and in B. acostae (node 50), and in one species of the group
with urceolar-shaped endocarp and congested inflorescences, B. inermis (node
45). The complexity of the branching of the inflorescence (28-1) reverses at
node 33 (Fig. 7.1).

“Carpels number less than calyx merosity* (41-1) supports node 44. This
character is shared by the group with reduced leaves (unifoliate group, (ﬂofle
41) and navicular endocarp (44-0)node 42) but it reverses at node 36 (Fig.
7.1). “Carpels number less than calyx merosity* is also shared by species at
nodes 43 and in B. ecuadorneis, (node 44) and B. propinqua (node 42). Of these
species only B. propinqua and the group that it exemplifies (Tables 7.2, 7.3) are
characterized by an evolutionary novelty, the autapomorphic presence of a
short paracladium on the main axis of the inflorescence (32-1). Within the group
with reduced leaves (node 41),the presence of a right internal side of the main
vascular bundle of the foliar lamina (15-1) is sinaphomorphic at node 37. This
synapomorphy is shared by the species with three unifoliate leaves per node
(absent in B. dulcis with two unifoliate leaves per node). The presence of a
right internal side of the vascular bundle (15-1) reverts to a convex or concave
main vascular bundle 15(0) in B. acuatangula and B. farallonensis (Fig. 7.1).

The U-shaped endocarp (44-2) supports another large group at node 57
(absent in B. boliviana). This character reverts to an urceolar shape at node 48
(Figs. 1). Two autapomorphies, (37-1; 41-2), are present in B. boliviana, which
also represents other species [ no present in this matrix] (Tables 7.2, 7.3). Under
the assumption of parsimony ACCTRAN and DELTRAN were used. Under
ACCTRAN optimization maximum complexity of the paracladia (29-2; Fig. 7.1)
supports, the monophyly atnode 56, but it reverts to less complexity in B. velutina
(29-0). Presence of one layer of palisade tissue (12-1) supports the monophyly of
B. foreroi and B. velutina at node 55. A simple inflorescence with three or seven
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Fig. 7.1 Preferred topology of the three most parsimonious trees obtained with
NONA and PAUP (length = 184, CI <0.31, IR =0.58 ). Black bars = unique characters
(synapomorphies), black circles = autapomorphies, hatched bars = character Fig. 7.2 Majority and strict consensus of the three most parsimonious trees obtained
present in a group and in one different phyletic line , white bars = character states with NONA and PAUP.

arising once or no more than twice, the sign x = lost and reversals.
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Fig. 7.3 Differences among three topologies of NONA and PAUP.
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Table 7. 7 Character steps differences of the NONA trees.

Belter / Worso Fil for charoctor step dfforencas

Troes Better
1 For no charactor
2 41(1) carpel number lass than calyx marosity

44(1) the urceolole endocarp

Werse
For no character .
13{3). prosence of crypts or slight waves in the abaxial
. side of tho lamina V
38(2): the preiale shapo of the pollen grain

${1) two pairs of stipulos
7{1). the narrowiy-oblong shape of Lhe leaflets

3 8(1) socondory vains, loss than 25 pairs
17(2) tha concave shape of the adaxia! strand of the main
vascular byndle
26(1) ecrect abaxa) indument 34(1): proiferation of mfloresconco present

38(1) the altered relaticnship botween androocm and calyx merosity

flowers in the floriferous paracladium (27-1; Fig. 7.1) is autapomorphic for
B. pauciflora under DELTRAN optimization. Under DELTRAN optimization,
the presence of erect hairs (26-1); Fig. 7.1 is apomorphic for the group of
species with U-shaped endocarp and well developed inflorescences, (29-2)
at node 56, which also includes B. pauciflora, a species with the smallest
inflorescence of the genus. This character state is transformed to flat
appressed hairs, (26-0), node 53 and woolly hairs, (26-2), node 45.

No other node is supported by unique evolutionary novelties but it is
worthwhile to mention those characters which define groups but are also present
in another clade (Fig. 7.1). This is seen for the presence of appressed hairs on the
abaxial part of the lamina (26-0,Fig. 7.1) at node 53 (absent in B. inermis and B.
integrifolia, node 45) and in B. ovalifolia, node 61. Similar observations were
made for the characteres: whorled leaves(1-1) [ present in B. ovalifolia, but
reverting in the three unifoliolate leaves and navicular shaped-endocarp group,
node 37]; the lanceolate-shape leaves (7-2) [ present in species of naviculary
shaped endocarp, at node 42, absent in B. macrophylla, B. pitayensis and B.
propinqua, but it is also present in B. elliptica from the urceollary-shaped endocarp
and appressed indument group (44-1), 26-0), node 46],two layers of hypodermis
(11-1) [ in species with unifoliolate leaves and navicular shaped-endocarp,
node 39 and also present in the clade of B. pauciflora, node 59], of inflorescence
proliferation (34-1), [ in species of urceolar endocarp, node 47 and in B. sibundoya,
node 54], navicular-shaped endocarp (44-0), in species at node 42 and in
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Spiraeanthemum]. Remaining nodes [excepted 43 and 54 nodes] are

supported by reversals or by parallel characters, which arising more than
twice.

Implied weights with intermediate values of (k = 1), [majority rule
consensus of 7 trees], and k= 3 [majority rule consensus of 84 trees] show also
two large groups (Fig. 7.5 a, b, Table 7.5); but differ by the inclusion of B.
ovalifolia, B. pauciflora and B. stuebelii. Other differences from Fig. 7.1 are the
positions of B. cayambensis, B. rhoides, B. ecuadorensis and B. boliviana. The
following groups are seen in the hypothesis of minimal length (Fig. 7.1) and
consensus tree K= 1, 3 (Figs. 7.5): the group of B. foreroi (U shaped endocarp
and very complex inflorescences), B. elliptica (urceolar endocarp and congested
inflorescences) and the group of reduced inflorescences, navicular shaped
endocarp are seen altogether, excepted B. boliviana.

7.4 DISCUSSION

_HENNIGS6 failed to find the most parsimonious trees because it cannot
effectively search among islands. The data management program DADA
(Nxow, 1999) will generate matrices with different taxa orders and submit
them automatically to HENNIG86 which solves that problem. In the consensus
;ree of implied weights (Fig. 7.6), endocarp shape explains the two groups
found under parsimony analysis, which are mainly different from the trees of
lzllphed weight with the exclusion of B. ovalifolia, B. pauciflora and B. stuebelii.

though the topology of the trees of implied weights did not change greatly

fml;l the selected MTP (Fig. 7.1), future research should focus on the
Problematic taxa, B. rhoides and B. cayambesis.

7.4.1 Infrageneric groups

Most of the resulting phylogenetic groups are defined either by unique
;‘;‘Oluhonary novelty or unique combinations of characters (Fig. 7.1, TZble 7.1).
The homoplasxous synapomorphies typical of the latter could imply
mterg‘ra.datlon or reticulate process of sepeciation. Some proposed groups are
also limited to a defined geographical area (Orozco in prep.).

CuatreCasas’s ifragneric division does not correspond at all with that
proposed Py Table 7.1. His sections and most of the subsections are
paraphylet}c. In his sense, I recognize less inclusive groups such as B. bolivia-
na, subsection Bolivianae, node 50, proposed in Sect. Brunellia, Subsect. Occi-
dentale.s (Table 7.1). Within more inclusive groups as Section Brunellia, 1
recognize some of the CUATRECASAS’s species (Fig. 7.1, Table 7.1).

o Five sections are here proposed (Table 7.1) of which some are
distinguished by a distinct set of characters such as Sect. Ovalifoliae (B. ovalifolia,
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based on the rescaled consistency index (b) and the hypothesis proposed from
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Fig. 7. 5 Majority consensus tree of trees obtained with Pee-Wee, k=1 (a), K=3 (b). a.

Fit = 125.8, length =205. b. Fit = 194.8, length = 201.
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Fig. 7.6 Consensus of majority rule of 84 trees obtained with Pee-Wee, k=3, Fit =
194.8, length = 201. Behavior of the endocarp shaped (44).
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node 61). This species is distinguished by the frequent presence of whorl, either
unifoliate or compound, leaves per node,(1-1), (6-2), straight or flat appressed
hairs (26-0). Sect. Stuebelia (B. Stuebeliinode 60) is defined by two unifoliate
leaves per node, (1-0), woolly hairs (26-2), endocarp urceolar, (43-1; 44-1). Sect.
Pauciflorae (B. pauciflora; node 59), defined by the simplest inflorescences found
in the genus, (27-1). Section Brunellia (node 58), includes the majority of
Cuatrecasas ‘s species’(Table 7.1) except B.ecuadorensis, B. ovalifolia, B. propinqua,
B. cayambensis and B. rhoides This section is now best defined by the presence
of small U endocarps, 44(2), and urceolar shaped endocarp, (44-1; absent in B.
boliviana), the frequent presence of compund leaves, (6-1), and inflorescence
complexity (28-1;Fig. 7.1). Section Simplicifoliae is defined by reduction of the
carpel number (44-1) and includes the majority of species of the Cuatrecasas’s
section Simplicifoliae, excepted B. ovalifolia, B. cayambensis, B. rhoides, B. propinqua
and B. ecuadorensis (Table 7.1).

Four subsections are proposed. Subsection Comocladifoliae (node 57;Table
7.1; Fig. 7.1) shares the presence of a U-shaped endocarp, (44-2), and the most
complex branching inflorescences (29-2). Within this subsection B. hygrothermica
an.d B. velutina form a less inclusive group defined by the synapomorphy of
thinner leaves (12-1).

. Subsection, Brunellia is the sister group of subsection Comocladifoliae node
57, is defined by the homoplasious synapomorphy, of straight and appressed
{ndurr_lent on the abaxial side of the leaf, (26-0), absent in B. inermis and B.
integrifolia. In this subsection four groups, are recognized, (Fig. 7.1; Table 7.1):
acostae represented by B. acostae, boliviana represented B. boliviana, cuterva
represented by B. cutervensis,(at nodes, 52 and 50). The congestiflorae group of
urceolar shaped endocarp (44-1),node 48) congested inflorescence (31-0), the
Presence of a proliferating inflorescence (34-1) (WEBERLING 1989, Orozco and
WF‘BEBL“\,‘G 1999). This group is represented by B. elliptica, B. inermis, B.
integrifolia, and B. racemifera (Fig. 7.1, Table 7.1). The sister group of B. bolivia-
114, represented by B. acostae (Table 7.2), is still not defined by an evolutionary
nOVElty,.howevep the frequent presence of lenticels on the branches in each of
the species helps to distinguish the group and could be considered as a novelty.
B. ‘—’“.tmensl\? is another subgroup within subsection Occidentales with imper-
ceptible papillae, B. oliveri omitted from this matrix shares the endocarp shape

and the !(ind of hairs on the abaxial side of the leaves with its relative B.
cutervensis.

. Inthe morphologically homogeneous section Simplicifoliae, subsection
Simplicifolige is distinguished at node 40, defined by the presence of
!‘YPOdefmiS: (10-0; Fig. 7.1; Table 7.1). These species also share floral and
inflorescence reduction (41-1; 29-0), woolly hairs on the abaxial side of the
leaves (26-2), unifoliate leaves, (6-0), and navicular-shape endocarp (44-0).
No drastic changes are proposed within subsection Simplicifoliae except that
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B. ovalifolia is transferred to the section Ouvalifoliae (Table 1). Within section
Simplicifoline another group of species with three leaves per node is distinguished
by the synapomorphy of the straight internal side of the adaxial main vascular
bundle (15-1; node 37).

Subsection Propinquae is part of section Simplicifoline (Fig.7.1, Table 7.1)and
is the sister group of subsection Simplicifoliae (node 41). It is defined by the
presence of a short paracladium on the main axis of the inflorescences (32-1).
This subsection share with the remaining species ‘of the Section, floral or
inflorescence reduction (41-1), woolly hairs in the abaxial side of the leaves (26-
2), and navicularly-shaped endocarp (44-0). Most of the species of this
subsection was previously considered paraphyletic as part of subsection
Colombianae (Tables 7.1, 7.3; Fig. 7.1). B. ecuadorensis and the group B. cayambesis-
B. rhoides, (nodes 42, 44), are recognizable by unique combination of characters,
but no unique evolutionary novelties are yet known (Table 7.1). These species
share with the remaining species of section Simplicifolia floral reduction (41-1)
and a less complex inflorescence (29-1). ' '

7.4.2 Behavior of some characters within the genus

CuaTrecasas’s infrageneric clasification was based on the presence of
compound vs. simple leaves. Cladistic analysis showed that simple leaves are
a secondary novelty; compound leaves are primitive for Brunellia. In most
species of subsection Simplicifoliae (simple leaves) vascular bundles were
observed as little wings in the central vascular bundle of the petiole (Orozco
and CoBA in prep.). The same condition occurs in B. stuebelii (Fig. 7.1), but it is
apparently absent in the anatomical preparations of the other monotypic sec-
ciones (Pauciflorae, B. pauciflora; Ovalifolie, B. ovalifolia), but it could be due to
a very reduced size of the wings in the central vascular bundle. In very recent
observations of the herbarium material of AU, by loupe, tiny stipels were
detected on the petiole of B. ovalifolia. In most of the proposed groups of the
section Brunellia reduction to a simple foliar lamina occurs. <

Of fifteen anatomical characters used in the analysis, five characters
are synapomorphies such as nodal anatomy, stomata, apotracheal axial
parenchyma in the wood, the straight side of the adaxial main vascular
bundle of the leaf, and the number of layers of palisade. Even though the
presence of a hypodermis was found to be homoplasious, it was associated
with reduction of the exposed area due to one leaflet per leaf. Several species
have crypts (13) in the leaves, which correlate with humidity and cloud
forests.

It seems that reduction of floral parts correlates with the presence of
larger fruits and navicular-shaped endocarp, e.g. Sect. Simplicifoliae, whereas
the more frequent presence of U-or urceolar-shaped endocarp, Sect. Brunellia,
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correlates with an increase in or constant number of floral parts (except for B.
boliviana with a modified navicular endocarp and B. cayambensis, B. rhoides, B.

ecuadorensis of Sect. Simplicifoliae, with urceolar endocarp). Reduction of

branching in the inflorescences is also seen in section Simplicifoliae as opposed
to the very developed inflorescence branching in section Brunellia. Foliar and
inflorescence reduction are the most remarkable reversals present in the genus.

Even though the pollen grains were not seen for all the species, “punctate”
and, more often, modified reticulate sculpture exine (Orozco 2001) is present in
section Simplicifolize and in one of the most basal sections of the genus, section
gtuebellli_a. Rugulate and finely reticulate exines were often found in the section

runellia.

7.4.3 Species concept

NixoN and WHEELER (1990) recently discussed the autapomorphic and
Phylogenetic species concepts. However, is not the case for Brunellia, they state
that the autapomorphic concept, fails in the monophyletic concept of species
(DE QuERoZ and DoNoGHUE 1990) for species with asexual reproduction due to
lack, in the case of asexual reproduction, of relationships between tokogenetic
anc! Phylogenetic identites. A small number of species of Brunellia can be
defined by autapomorphic characters, but the remainder lack apomorphic
character. However, these clades can be dia gnosed by unique combinations of
che}racters (Davis and Nixon 1992). These combinations could be autapomor-
phic, even though each contributing  character is in itself homoplasious. In
summary, most Brunellia species are best defined by “the smallest aggregation
of population (sexual) or linages (asexual) diagnosable by a unique combination
of charat:ter states in comparable individuals (semaphoronts)” (NixoN and
WHEELERS concept 1990). Unique combinations of characters also account for
most group of species (Table 7.1).
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APPENDIX. CHARACTERS USED IN THE CLADISTIC STUDY OF
BRUNELLIA. '

1.  Leaf arrangement: decussate(0); whorled (1).

2. Stipule position: interpetiolar (0) in Spiraeanthemum; lateral (1) in Brunellia.
(RutisHauser and Dickison 1989)

3.  Stipule basal: round (0); straight (1).

4.  Stipule body: pyramidal (0); ovate-oblong (1).

5.  Stipule number: one pair (0); two pairs (1). In some cases an additional stipule is
present between the two larger stipules. ‘

6. Number of Ie:{lets (in late stages of development): one leaflet (unifoliate) per leaf
(0); several leaflets per leaf (1); unifoliolate and muitifoliate leaves at the same
node (2). (Orozco 1981,1985, 1986), (Chapter 3).

7. Lamina shape: broadly oblong or ovate and widely elliptic (0); narrowly oblong

‘ (1); lanceolate (2). '

8.  Secondary venation: brochidodromous (0); craspedodromous (1) (HurrorD and
Dickison 1992, Hickey and TavLor 1991).

9. Number of secondary veins: less than 16 pairs (0); no more than 25 pairs (1); more
than 25 pairs (2). . '

10. Foliar hypodermis: present (0); absent (1). (DickisoN 1973, Chapter 3).

11. Layers of the hypodermis: one layer (0); more than one layer (1).(DiciasoN 1973,
Chapter 3).

12. Number of layers of palisade parenchyma: more than one layer (0); one layer (1).

13. Abaxial side of lamina: right or plane (0); with crypts or slights waves (1). It is
unknown for the outgroup.

14. External side of the adaxial main vascular bundle of the lamina: right or plane (0);
depressed or concave (1). It is unknown for the outgroup.

15. Internal side of the adaxial main vascular bundle of the lamina: convex or concave (0);
flat (1). (Chapter 3). It is unknown for the outgroup.

16. Continuity of the abaxial strand of central vascular bundle in the lamina: continuous
(0); discontinuous (1). (DickisoN 1973, Chapter 3).

17. Adaxial strand of the main vascular bundle: depressed (0); discontinuous or folded
(1); concave (2). (Chapter 3).
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18.

19.

20.

21.

8R

24,
25.
26.
27.

28.
29.

30.
31.

32,
33.

34.
35.
36.

37.

38.
39.
40.
41.

43.

Abaxial strand of the main vascular bundle of the petiole: continuous (0); discontinu-
ous (1). (Dickison 1973, Chapter 3).

Accessory vascular tissues in the petiole: present (0); absent (1). (Dickison 1973;
Chapter 3).

Accessory vascular tissues in the petiole: medullary bundles (0);cortical bundles (1).
(Dicxison 1973, Chapter 3).

Support tissues around the main vascular bundle of the petiole: sclerenchyma (0);
collenchyma (1). (Dickison 1973, Chapter 3).

Nodal anatomy: trilacunar (0); unilacunar (1). (Dickison 1980, Chapter 3).

Stomata: paracytic stomata (0); actinocytic stomata (1); anomocytic stomata (2).
(Hurrorp and DickisoN 1992, Chapter 3).

Apotracheal axial parenchyma of the wood: present (0); absent (1). (Evpe 1979).
Abaxial leaf indument: absent (0); present (1). (HooGLAND 1979, Orozco 1999).
Abaxial leaf indument: straight or appressed (0); erect (1), or woolly (2).

Complexity of the inflorescences: monothyrsoid inflorescences as in B. tomentosa
(0); The simplest inflorescence with three or seven flowers in the floriferous
paracladium, as in B. pauciflora (1); thyrsoid with subthyrsoid partial inflores-
cence, (complexity at the proximal branches) (2); thyrsoid with subthyrsoid
partial inflorescence, (complexity in proximal and “distal inflorescence (3).
(HoocLaND 1979, Orozco and WEBERLING 1999).

Complexity order of paracladia: absent (0); present (1).

Complexity order of the paracladia: second-third order (0); third-fourth order (1);
more than fourth order (2). (Orozco and WEBERLING 1999).

Shortening of the hypopodium and epipodium: inflorescence lax (0); congested (1).

Acrotonic growth of the distal paracladia overlapping the main axis: absent (0); present
(1).(Orozco and WEBERLING 1999), 8

Presence of a short paracladium on the main axis of the inflorescences: absent (0); present
(1). (Orozco and WeBERLING 1999).

Pertiie portion of the inflorescence (%) in relation to the total inflorescence: more than
50% (0); less than 50% (1). (Orozco and WEBERLING 1999).

Proliferating of inflorescence: absent (0); present (1). (Orozco and WEeBERLING 1999).
Floral symmetry: asymmetric flower (0); actinomorphic flower (1). (Chapter 5).

Relation between androecium and calyx merosity: obdiplostemonous (0); altered
obdiplostemonous plan (1) (Chapter 5).

Carpel number: 4-5 carpels (0); more than 5 carpels (1 ; less than 4 carpels (2).
(HooGLAND 1979, Cgpter 5). 2rpets (1) P

Pol_len shape: suboblate (0); oblate (1); prolate (2); subprolate (3). (Chapter 6).
Exine ornamentation: reticulate (0); rugulate (1). (Chapter 6).
Stigma position: terminal (0); decurrent (1). (Cuatrecasas 1970).

Ratio carpel /calyx merosity: carpel merosity equal to calyx merosity (0); less than

calyx merosity (1);more than calyx merosity (2). Unknown for the outgroup.
(Chapter 5).

Seed shape: ellipsoid (0); long ellipsoid (1).
Endocarp proportions: wider than long (0); longer than wide (1).

Endocarp shape: navicular (0); urceolate (1); U-shaped (2). These terms are used
by Cuatrecasas (1970, 1985). A modified navicular endocarp was seen in B.
ovalifolia and B. boliviana (3).

Chapter 8
PHYTOGEOGRAPHY!?

CrArA INEs OrRozCO

ABSTRACT

The absence of phylogentic studies for groups with Andean and Caribbean
distribution is a limiting factor in producing a historical biogeographical
hypothesis from of point of view of vicariance biogeography. However, given the
importance of a starting point for a biogeographic study, a scenario on the origin
of the distribution of Brunellia is presented here, based on its current distribution,
the related taxa and the geological formation of the Andes, Central America and
Caribbean Islands. A diversification and speciaiton area is defined for Brunellia
in terms of phylogenetic lineages. A Gondwanan origin by mass migration from
south to the north is discussed as well as the origin of Brunelliain Central America
and Greater Antilles by land connections with the north of South-America, during
Eocene-Miocene. The highest speciation and diversification of Brunellia took pla-
ce in the Mid-Miocene with the main upheaval of the Andes. Brunellia is well
adapted to high altitudes and some species have developed special anatomical
leaf characters as a response to these altitudes. Colombia has the highest number
of Brunellia species and the highest rate of endemism. Patterns of geographic
distribution are presented.

RESUMEN

La ausencia de estudios filogenéticos en grupos con distribucién andina
y distribucién en las Islas del Caribe es una limitante para la generacién de

1 To be submitted to J. Biogeography.
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hipétesis de biogeografia histérica. Otras ideas de biogeografia histérica se apar-
tan de la biogeografia vicariante. Como un punto de partida para un estudio o
planteamiento biogeogréfico, se presenta un escenario del origen de la distribu-
cién de Brunellia. Este planteamiento es basado en la actual distribucion, en los
taxones relacionados con Brunellia y la informacién geolégica sobre la formacién
delos Andes, Centro América y las Islas del Caribe. Areas de especiacién y diver-
sificacién son definidas para Brunellia en términos filogenéticos. Es discutido el
origen Gondwanico de Brunellia por migracién de masas de tierra desde el sur de
Ameérica. El origen de Brunellia en Centro América y las Islas del Caribe es tam-
bién discutido con base en las conexiones de tierra con el norte de Sur América
durante el Eoceno y el Mioceno. La mayor especiacién y diversificacién de Brunellia
ocurrié a mediados del Mioceno, época del mayor levantamiento de los Andes.
Brunellia es bien adaptada a altas altitudes. Algunas especies han desarrollado
algunas estructuras anatémicas en respuesta a las altas elevaciones. Colombia
tiene el mayor niimero de especies y el més alto endemismo. Son también discu-
tidos los patrones de distribucién geografica.

8.1INTRODUCTION

According to RoseN (1985) and other researchers such as NELSON and
Pramnick (1981), the knowledge of the current distribution of modern biota is
not enough to understand the distribution of the organisms. For a good
understanding, it is also necessary to know the relationships between the
organism, the geological and paleo-environmental reconstruction and the fossil
record._ PAGE and Lypearp (1994) consider that despite the difficulties in
exhac@g relevant information from geological literature, the precision of
geological reconstructions should not be overestimated.

_ In the case of the Andean angiosperms, HumpPHRIES and PARENTI (1986)
Fonslder that South America is a complex area where multiple factors have
influenced the current distribution. TAYLOR (1995) considers their distribution
as a consequence of ecological factors such as climate and historic geographical
connections to Antarctica, Australia, Africa, Meso-and North America, as well
as of 'the formation of the Andes. GRAHAM (1995) states that North Latin
American biota is viewed as a mosaic composed of elements arriving by
dlffgrent routes and at different times throughout the Late Mesozoic and the
Tertiary. HoocHiEmsTRA and CLEEF (1995) also consider that Andean montane
ecosystems had a highly dynamic history during the Late Pliocene and as a
result diversification in the Andes is not only a product of the migration of
biota but also due to periodic, climatic, and environmental changes.

Foralong time, explanations about the distribution of the organism were
based on the current environmental causes, sometimes also accompanied by
geological arguments. This discipline known as ecological biogeography hasa
marked difference with historical biogeography. Historical biogeography results

Fig 8.1 Species of Brunellia according to geographical distribution.
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from the study of relationships between areas where the evolutionary history of
the taxa has occurred. This understanding results from a hypothesis of areas
generated by the analysis of the patterns of relationships between different taxa.
This approach is based on cladistic vicariance and as PractNik and NEeLson (1978,
1984), HumpHries and PArenti (1986) or Bueno and Lrorente (2000) state, for a
historical biogeographic analysis it is necessary to explain the patterns of
congruent cladograms and not the distribution of individual groups. It also
means thatbranching diagrams represent areas of endemism (shared by different
taxa) which are congruent with branching that represents geological events.

=T

A historical biogeographical study of Brunellia is hampered by the
scarcity of cladistic studies on Andean organisms with a similar distribution
to that of Brunellia. In the case of the distribution of Brunellia, this study should
take into account both the knowledge of Andean and Caribbean histories, and
their connections in the time throughout the biological history of Brunellia and
of different taxa with a similar distribution.

Instead of a biogeographical history, a scenario on the origin of the
current distribution of Brunellia is presented in this chapter. This scenario is
based on the current distribution of Brumnellia, related taxa, the geological
formation of the Andes and the relationships between species of Brunellia
(Chapter 7). Diversification and speciation areas are also analyzed according
to the species or groups of species recognized in Brunellia by the phylogenetic
analysis (Chapter 7). The information in the figures is based on the data base
of the distribution of Brunellia. The collections in the appendix are
representative of the data used in the figures.

Spmctes
11

8.2 RESULTS

According to the altitudinal classification of Gruss (1977) species of
Brunellia are found in the lower and upper montane rain forests of the Andes
and Central America, and also in the Greater Antilles, approximately between
latitudes 16° South and 23°North. The greatest concentration of species is found
in the northern Andes of South America (Colombia), (Figs. 8.1-8.6, Table 8.1)

Trwnellla

An analysis of the altitudinal distribution of species of Brunellia based on
585 collections is presented in Fig. 8.2. Brunellia comocladifolia has the greatest
altitudinal range, although it is usually found between 1000 and 1700 m. The
species found at the lowest altitude is Brunellia hygrothermica, between 400 and
600 m. This species is usually found in the Western Cordillera of the Colombian
Andes and in the forests along the Cauca river, in Chocé. This species is also
presentat low altitudes in Ecuador and Panama (Figs. 8.2, 8.3, Table 8.1). Currently
most species have higher distributions, between 2000 and 3500 m (few species are
found ataltitudes below 2000 m). The highest distributional altitudes are reached
by unifoliolate species of Sects. Ouvalifoliae, Stuebelia and Simplicifoliae (Chapter 7).

00123 4560 70 01011121314 151617 18 102021 22 23 24 25 20 27 28 20 30 31 32 33 34 35 36 27 28 30 40 41 42 43 44 45 48 47 48 40 50 81 82 53 84

i
:
|
g
3
|

4
;
)
I
i

Fig. 8.2 Altitudinal distribution of species of Brunellia based on collections,
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Fig. 8. 3 Distribution of species of Brunelliaceae. Sect. Brunellia @. Names of species
in table 8.1. Macizo Colombiano (). S = Spiraeanthemum A = Acsmithia (Cunoniaceae).
Two genera close related to Brunellia.

Table 8. 1 Species of Brunellia per country.

SPECIES BOL PER ECU COL VEN PAN COS HON SAL GUA MEX CUB HA JAM PUE DOM

1 8 acostae +* *

2 B acutangula + -

3 B. amayensis +

4 B. boiviana +

& 8. boqueronensis +*

8 B. bnqueti +

7 8. brunneo +

8 8. cayambensis + +

9 8. cclombiona +

10 8. comociadifota +* + + + + + + + + +
11 8. costaricensis +
12 B. cutervensis +

13 B cuzcoensis +

14 8. gichapelalodes +

15 B. dulcis + +

168 B ecuwadorensis +

17 B efliptica *

18 B farallonensis +

19 B forervi +

20 B. gladra +

21 B. goudoti +

22 8. hexasepala +

2) B hygrothermica + + +
24 8 inermis + +

25 8. integnifolia + +

26 8. lotifolia +

27 8 i +

28 8. macrophytia +

29 8. mexicano + * + +
30 8. moni + *
31 B. occidentalis +

32 8 ofiven +

33 B. ovalifolia +

34 B. poliida +

35 8. paucifiora hd

3eé 8. penderiscana +

37 8. paayensis *

38 B. propinqua +

39 B putumayensis +

40 B. racemifera +

41 8. rhoides +

42 B wfo +

43 8. sibundoya + + + +

44 B. standleyana +
45 B stenoplera + +

46 8. stuebeli +

47 B subsesillis + +

48 B susaconensis +

49 B. tomenlosa + +

50 B tnanae +

51 B. thgyna + + +

52 B velutina +

53 8 woberbauen +

$4 B. zamorensis +
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Fig. 8. 4 Distribution of species of Brunelliaceae. Sect. Simplicifollae @ , Sect. Ovalifoliae , Sect. Paucifiorae @,
Sect, Stusbelia @ . Names of species in table 8.1. Macizo Colombiano 0- S = Spiraeanthemum A = Acsmithia (Cunoniaceae),
Two genera close related to Bruneliia.
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The number of species for each country is shown in Tables 8.2, 8.3. Brunellia
has its maximum specific diversity in the Colombian Andes where 34 out of the
54 species occur, including 25 endemic species. Ecuador has 14 species including
4 endemic; Peru has 6 endemic species from a total of 11 species ; Bolivia has 2
endemic species from a total of 5 species. Number of species of Brunellia
according to geographical distribution is presented in Fig. 8.1. With regard to
Colombia, the greatest number of species is found in the Western Cordillera (16
species) and the Macizo Colombiano (located in southern Colombia before the
branching point of the Colombian Andes, 13 species). Fourteen species are
present in the Eastern and 9 in the Central Cordilleras (Table 8.3, Figs. 8.3, 8.4).
These Cordilleras present a similar number of endemic species. Four endemic
species are found in the Eastern Cordillera, three of which belong to Subsect.
Propinguae, three endemic species in the Western and Central Cordilleras (Table
8.3). Two endemic species are present in the small area of the Macizo Colombiano.

Species of the five sections proposed in the phylogenetic study (Chapter 7)
concur in a small area, from the Macizo Colombiano through Ecuador-to northern
Peru (Figs. 8.5, 8.6). The largest number of species is found in the northern Andes
(Colombia). For Sect. Simplicifoliae, the Macizo Colombiano and northern Andes,
and for Sect. Brunellia Western of the North Central and West of Northeastern cordi-
lleras are areas with the highest number of species. (Figs. 8.3, 8.4).

The Sects. Brunellia and Simplicifoline have a broader distribution (Figs.
8.3, 8.4). Section Brunellia (26 species) is distributed from 20°south to 20°north
in Central America and also in the Greater Antilles.

Table 8.2 Distribution, number of species and endemic species of Brunellia.

COUNTRY Number of species Endemic species

BOLIVIA
COLOMBIA
COSTARICA
CUBA
DOMINICAN REPUEBLIC
ECUADOR
GUATEMALA
HAITI
HONDURAS
JAMAICA
MEXICO
PANAMA
PERU
PUERTORICO
EL SALVADOR
VENEZUELA

2
25

.aaw_.n_-._n_u_.:_s_lkhﬁu"
I

Ia -
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In the Sect. Simplicifoliae (24 species), most of its species are distributed in
the northern Andes between 0°and 8°north (Fig. 8.4, 8.6). Few species of this
section are present between 12°south and 0°. The three remaining subsections
have few species and very restricted distributions. Sect. Ouvalifoliae (1 species)
distributed at the equatorial latitude, Sect. Pauciflorae (1 species) at 4° south and
Sect. Stuebelia (2 species) at 5 °south and 2° north (Figs. 8.4-8.6).

Table 8. 3 Species of Brunellia in the Colombian Cordilleras and Macizo Colombiano.

Species Macizo Westem Central Eastern
Colombiano Cordillera Cordillera Cordillera

%
8. aculangula + + +

B. amayensis +

B. boqueronensis *

B. cayambensis +

B. colombiana

B. comocladifolia + + + +
B. dulcis

8. elliptica +
B. farallonensis *

B. foreroi

B. glabra +

B. Goudolii + -

B. nygrothermica

B. integrifolia + -
B. falifolia

8. littlei +

B. macrophylia

B. occidentalis + +
B. pallida +

B. penderiscana +*

B. pitayensis +

8. propinqua

8. putumayensis +

B. racemifera +

B. rufa

B. sibundoya + + +
B. stuebelii

B. subsessilis +
B. susaconensis +
8. tomentosa + +

B. trianae +

B tngyna +
8 velutina -

+ + + + 4+
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8.3 DISCUSSION

8.3. 1 Origin of the current distribution of Brunellia

It seems that the first mountains of the Andes appeared in southern South
America during the Middle Cretaceous, however, fossil records from the southern
Andes indicate that flora was present in the Late Cretaceous whereas northe
flora elements arrived in the middle of Tertiary (TAYLOR 1995) - '

The presence of Brunellia could either date back to the uplift of the Andes
in the Middle and Late Cretaceous, to before the separation of South America
and Africa in the Early Cretaceous, or even to when the supercontinent,
Gondwana, existed. Tracks of Gondwanan lineages could exist in the
evolutionary history of Brunellia as southern South America was still connected
with Antarctica and Australia during the Tertiary (VAN Der HAMMEN 1989).

"These assumptions are based on the close relationships of Brunelliz and the

Australian sister groups Cephalothus (Cephalothaceae) and two genera of
Cunoniaceae from Australia and the Pacific Islands, Spiraeanthemum and
Acsmithia (BRADFORD and BARNES 2001, Orozco 1997). RaveN and AxeLrob (1974)
consider the family Cunoniaceae to have a Gondwanan distribution. Other
sources of data on the current distribution of closely related groups to
Brunelliaceae, for example the distribution of Davidsonia in northeast Australia
and Eucryphia in Australasia and South America, could corroborate the
Gondwanan aspects of the origin of Brunelliaceae. o :

Brunellia is well adapted to high altitudes. Currently most species have
high altitude distributions, between 2000-3500 m. However, the low altitudinal
distribution of B. hygrothermica between 400-600 m could indicate that Brunellia
was originally distributed at low altitudes in an early peried of the formation
of the Andes. This low altitudinal distribution could represent an ancient
distribution for species of Brunellia. Despite the ramification of the Colombian
Andes taking place during the Eocene (TAvLoR 1995), the adaptation to higher
altitudes and consequent speciation could have taken place when the upheaval
of the northern Andes was completed giving mountains over 1000 m. The
high speciation of Brunellia in the northeast of the Andes must be related to
the main uplift of the Andes, which according to KROONENBERG et al. (1990)
took placed during the Mid-Miocene. However, this upheaval affected the
whole Andean chain (KROONENBERG et al. 1990), high speciation of Brunellia
was favored in the northeast of the Andes (Colombia), (Figs. 8.3-8.6). Upheaval
of the Andes to over 3000-3500 m, occurred 9-12 m. y. ago in the three cordille-
ras of Colombia (KROONENBERG et al. 1990). This upheaval favored the
distributional range of unifoliolate species of Brunelliz, most of them in Sect.
Simplicifoliae, and probably the distribution of the rest of the species (Fig. 8.2).
The presence of B. integrifolia in the Santa Marta massif and the Eastern Cor-
dillera of Colombia could indicate that this massif was also part of the Eastern
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land Cordillera. Santa Marta, as with the Cocuy and Merida massifs were the
result of the most recent uplift of the Andes around 4-6 m. y. ago, their formation
coincides with the accretion of the Panamanian Isthmus to the continent
(KROONENBERG et al. 1990).

The absence of phylogenetic studies for most of the Caribbean taxa is
also a limiting factor to constructing a biogeographic hypothesis. Among the
various attempts to explain Caribbean biogeography, Rosen’s studies (1975,
1985) indicate that biotic data provide a direct means to the corroboration or
falsification of geological hypotheses. The current distribution of Brunellia in
Central America and the Greater Antilles is related to the theories of Caribbean
geological history of Rosen (1985). The Caribbean hypotheses of Rosen (1985)
are based on the geological theories and cladograms of areas where each
branching represents cladogenesis of different groups. It is in accordance with
the available distribution pattern data of Brunellia in Panama and eastern Costa
Rica, Honduras, Nicaragua, Mexico, and the Greater Antilles-Cuba, Jamaica,
Puerto Rico, and the Dominican Republic (Figs. 8.1, 8.3, 8.4-8.6,Tables 8.1, 8.2).

Both theories, latitudinal and longitudinal displacement (Sarvapor and
Green 1980, ANDERSON and ScHMIDT 1983) are rather similar and coincide in the
sequence of land connection and disconnection but differ in the parental origin
of the biota (Rosen 1985). The two theories take into account both north and
west South America, and either can explain the presence of Brunellia in Cen-
tral America and the Greater Antilles.

According to GRAHAM (1985) climatic and physical conditions favored
the interchange of tropical elements across the North Atlantic from the
Cretaceous to the early Eocene but this interchange became less from the
Middle Eocene to later times. The formation of the Panamanian isthmus of 3.6
m. y. ago B. P. (KeiGwIN 1978) in the Pliocene, and the up.heaval of the Andes in
the Miocene and Pliocene have been considered as barriers for the interchange
of tropical elements. In this interchange, tectonic displz'zcement would have
been implied as well as connections forming between different geographical
features and thus trans.forming them into other configurations (Rosen 1985).
The finding of Brunellia pollen grains from the Oligocene in Puerto Rico by
Granam and JArzeN (1969) indicates that such interchange was happening
pefore the Eocene when it was favored by the connections of the Panama-
Costa Rican Arc V\flth the northwest of South America, and the Proto-Greater
Antilles plates with northern South America. Hovyever, KROONENBERG et al.
(1990) reported a very close approximation of the island arc to Colombia at
the end of Miocene around 7m. y. ago. Despite this discordance the presence of
Brunellia in Central America and the Greater Antilles could have been due to
Jand connections of northern South-America with proto-Central America and

the Greater Antilles.
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Fig. 8. 5

Geographic distribution of Sections of Brunellia. Macizo Colombiano
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Fig. 8. 6 Approximate distribution area for Bruneliia based on data from Figs 8.3 and 8.4, Sect. Brunellia B .
Sect. Ovalifoliae (2. Sect. Pa{.icrlﬂorae B, Sect. Simplicifoliae [E8 . Sect. Stuebelia B .
S = Spiraganthemum A = Acsmithia (Cunoniaceae). Two genera close related to Brunellia.

EvoLuTIONARY BioLoGy oF BRUNELLIA Ruiz & PavoN (BRUNELLIACEAE, OXALIDALES) 177

The aforementioned evidence indicates that is more plausible to accept
that Brunellia came from the south-north migration of Gondwana biota mass
than from North America as was considered by CuaTRECAsAs (1970). Cro1zAT
(1952) believed that Brunellia was present in the New World before the Andes
began to rise, entered from the south, and migrated from Bolivia and Peru to
the northern Andes, Central America, and the Greater Antilles. However, there
is no evidence that the species first appeared in Bolivia. It is known that the
current distribution of several groups does not represent the original
distribution. For example, climatic changes could have reduced the primary
distribution. In some groups of Cunoniaceae such as Spiraeanthemum and
Acsmithia, fossils from the Eocene and Oligocene in southern and southwestern
Australia occur in dryer places than where extant species are found; fossil
pollen of Gillbeea from Late Paleocene, Eocene and Oligocene indicate the
extinction of this genus in South America (Braprorp and Barnes 2001).

8.3. 2 Diversification area or ancient area

Center of origin, or ancestral area as it is now known, has been a matter
of study since the time of Linnaeus and Darwin. It was a popular method to
explain current distributions until the 1970°s (Bremer 1992). Under this concept
only dispersion was used to explain the patterns of geographical distribution
of an individual organism. Hennig’s progression rule functions under the same
concept as center of origin and has been widely used by evolutionary
researchers such as, SiMpsoN (1952), MAYr (1982) and also WiLey (1981). PAGE
and LYDEARD (1994) consider that the strict adherence to dispersal as the unique
cause of distribution was due to the geological concept of stable areas, for
example, the permanence of continents and ocean basins.

As stated in a recent review by BueNo and Liorente (2000) center of
origin was criticized by CAIN as far back as 1944. Ten criteria and their
corresponding inconsistencies were indicated in their review. Thus, according
to the current discussion on historical biogeography and the available
information of Brunellia, it is most appropriate to talk about diversification
area instead of ancient area. I consider diversification area as the place where
different morphological lineages co-occur and where the most important
evolutionary changes occurred. In this case, species of the five sections
recognized by the phylogenetic analysis concur in a small area, from the Ma-
cizo Colombiano (southern Colombia before the branching point of the
Colombian Andes) through Ecuador-to northern Peru (Figs. 8.5, 8 6).

From the altitudinal data on the cladogram (Fig. 8.7), and using
ACCTRAN optimization (FArris 1970) in an early cladogenesis of Brunellia an
altitudinal range between 2000 and 3000 m was found for the diversification
area. Regarding the cladogram the highest altitude is seen at the basal
cladogenesis of Sects. Brunellia and Simplicifoliae, but a reversion at the latest
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cladogenesis of Sect. Simplicifoliae is also seen (Fig. 8.7). This result possibly
can be related to the glacial and interglacial periods in which masses of
vegetation extended or contracted their original distribution area.

8.3. 3 Speciation and speciation area

Speciation in Brunellia has been favored by the uplift of the Andes. In
northern South America, (Colombia), the three Cordilleras offer different
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climates in which Brunellia has adapted (Table 8.3). According to SARMIENTO
(1986), temperature and humidity changes as a result of altitude influence
variation and speciation in the Andes. He also considered that the climate of
high tropical mountains creates different environments to those of extra-tropical
temperate mountains and tropical lowlands. ' '

Speciation area is here defined as the area with the highest number of
species of any lineage. According to this statement the Macizo Colombiano,
northern Andes in Colombia, Western cordillera and the northwest of Central
and northwest of Eastern cordilleras are areas of high speciation for Sects.
Brunellia and Simplicifoliae.

8.3. 4 Patterns of geographical distribution

The study presented here allows the identification of geographic
distribution patterns (Fig. 8.6) which are cofrelated to a unique type of
morphological diversification. These areas could be considered as natural and
correspond to the distribution of natural groups (monophyletic groups) which
were found by the phylogenetic study in chapter 7. Some of these areas are of
very restricted distribution and are occupied by few monophyletic groups
such as Section Ouvalifoliae, Sect. Pauciflorae and Sect. Stuebelia, distributed
between 4° north and 8°south (Figs. 8.4-8.6). Sect. Ovalifoliae is distinguished
by the combination of three whorled, either unifoliate or compound leaves
per node, straight or flat hairs and an urceolate endocarp (see chapter 1, Figs.
1.1f, g, 1. 3b). Sect. Pauciflorae by the autapomorphic character of the simplest
inflorescences found in the genus (see chapter 4, Fig.4. 3a), Sect. Stuebelia is
defined by the combination of two unifoliate leaves per node, woolly hairs
and an urceolate endocarp shape (see chapter 1, Figs. 1.1 ¢, 1. 3 b). The two
remaining Sections, Sects. Brunellia and Simplicifolise have a broader
distribution in Colombia and high speciation (Figs. 8.3, 8.4). Section Brunellia
is widely distributed from 20° South to 20° North in Central America and also
in the Greater Antilles. This Section is represented by 26 species which present
a small U-shaped or urceolate endocarp this character is combined with
compound leaves and complex inflorescence (see chapter 1, Figs.1.2d-f, 1.3 a,
b,). Most of the species of the Sect. Simplicifoliae have a wide distribution in
the northern Andes, between 0°and 8°north (Fig. 8.4, 8.6). This section is defined
by reduction of the carpel number and includes the majority of species with
reduced leaves covered by an arachnoid or woolly indument and a large
endocarp (navicular endocarp) (see chapter 1). Species with reduced leaves
are not present in Central America and the Greater Antilles. The diversification
of Brunellia, Sect. Simplicifoliae in the northern Andes is somewhat related to
foliar and flower reduction and the presence of a navicular endocarp. These
species have developed some anatomical leaf adaptations in response to the
high altitudes where they frequently occur (Chapter 3).




180 CrARA INEs Orozco ParDO

8.4 ACKNOWLEGMENTS

Thanks to HENRY HOOGHIEMSTRA and PAuL J.M. Maas from Amsterdam and
Utrecht Universities, respectively. I am also thankful to FERRY BouMaN for his
comments and specially to ANTOINE CLEEF from Amsterdam University for his
suggestions and his advice to present additional information about distribution
of Brunellia. Thanks also to JAN WoLF for his comments and to SANDRA CASTRO,
student of biology, who drew up the figures that accompany this chapter.

8.5 LITERATURE

ANDERsON, T. H. and ScumMipT, V. A. 1983. The evolution of Middle America
and the Gulf of Mexico-Caribbean Sea region during Mesozoic time.
Bull. Geol. Soc. Amer. 94: 941-966.

Braprorp, S. and Barnes, R. 2001. Phylogenetics and classification of
Cunoniaceae (Oxalidales) using choloroplast DNA sequences and
morphology. Syst. Bot. 26: 354-385.

BREMER, K. 1992. Ancestral areas : A cladistic reinterpretation of the center of
origin concept. Syst. Biol. 41: 436-445.

Bueno, H. A. and LLorenTE, J. B. 2000. Una revisién histérica de la
biogeografia dispersionalista con criticas a sus fundamentos. Caldasia
22: 161-184.

Cai, S. A. 1944. Foundations of plant geography. Harper and Brothers.
New York and London.

Croizar, L. 1952. Manual of phytogeography, or an account of plant-disper-
sal throughout the world. W. Junk, The Hague.

CuATRECASAS, J. 1970. Brunelliaceae. Flora Neotropica. Monograph 2:1-189.
Fareis, J. 1970. Methods for computing Wagner trees. Syst. Zool. 19: 83-92.

GRaHAM, A. and D. M. Jarzen. 1969. Studies in neotropical paleobotany. I.

The oligocene communities of Puerto Rico. Ann. Missouri Bot. Gard.
56: 308-357.

GRAHAM, A, 1995. Development of affinities between Mexican/ Central
American and Northern South American lowland and lower
montane vegetation during the Tertiary. In : Biodiversity and Con-
servation of Neotropical Montane forests (eds. STEvEN P. CHURCHILL et
al.), pp. 11-22. The New York Botanical Garden, New York.

EVOLUTIONARY BIOLOGY OF BRUNELLIA Ruiz & PAVON (BRUNELLIACEAE, OXALIDALES) 181

Gruss, J. P. 1977. Control of forest growth and distribution on wet tropical
mountains. Ann. Rev. Ecol. Syst. 8: 83-108.

HoocHIEMSTRA, H. and CLEEF, A. 1995. Pleistocene climatic change and envi-
ronmental and generic dynamics in the northern Andean montane
forest and paramo. In: Biodiversity and Conservation of Neotropical
Montane forests (eds. S. P. CHURCHILL et al.), pp. 35-49. The New York
Botanical Garden, New York. '

HuwmrHries, C. J. and ParenTi, L. R. 1986. Cladistic biogeography. Clarendon
Press, Oxford.

Keigwin, L. D. 1978. Pliocene closing of the isthmus of Panama, based on
biostratigraphic evidence from nearby Pacific Ocean and Caribbean
Sea cores. Geology 6: 626-629.

KROONENBERG, S., BAKKER, J. G. M., and WieL M. vaN per. 1990. Late Cenozoic
uplift and paleogeography of the Colombian Andes: constrains on
the development of high-andean biota. Geol. Mijnbouw 69: 279-290.

MAvg, E. 1982. The growth of biological thought. Diversity, evolutionand
inheritance. Harvard University Press, Harvard, Massachusetts

NeLsoN, G. and Pratnick, N. I. 1981. Systematics and biogeography. Cladistics
and vicariance. Columbia Univ. Press, New York.

Orozco, C. I. 1991. Anélisis multivariado de un complejo de especies de
Brunellia. Ann. Missouri Bot. Gard. 78: 105-130.

ORrozco, C. I.1997. Sobre la posici6n sistemética de Brunellia Ruiz & Pavén.
Caldasia 19: 145-164.

PAGE, R. D. M. and LypEearp, C. 1994. Towards a cla'distic biogeography of the
Caribbean. Cladistics 10: 21-42.

Pratnick, N. I. and NeLsoN G. 1978. A method of analysis for hystorical bio-
geography. Syst. Zool. 27: 1-16.

PLATNICK, N. 1. and NELson, G. 1984. Composite areas in vicariance bioge-
ography. Syst. Zool. 33: 328-335.

RavVeN, P. and AxeLrop, D. 1974. Angiosperm biogéography and past conti-
nental movements. Ann. Missouri Bot. Gard. 61: 539-673.

RoseN, D. 1975. A vicariance model of Caribbean Biogeography. Syst. Zool.
24: 431-464.

Rosen, D. 1985. Geological hierarchies and biogeographic congruence in the
Caribbean. Ann. Missouri. Bot. Gard. 72: 636-659.

SALVADOR, A. and GREEN, A. R. 1980. Opening of the Caribbean Tethys (origin
and development of the Caribbean and the Gulf of Mexico). In: Geology




8 804  ‘'[@18°'0 00200 z 1195 oBreweY 'g sBHanH F4 89522
sz Ol0L  '[B15°1D ‘052040 = € B AiH 6 6zeLZ
Q R - 00t ‘(21910 ‘09z0I0 z 062 -ZaLBND ol 66892 T
- 6 868 ‘1819 °)D 002010 4 8v555 v ‘Awag 05 vz 819 °F 'SESEORIEND
12 96 '8 D ‘e0z0l0 e 08LLY v ‘Aueo % £5652 P BSEIAASND
w (>4 996  [B19 "0 ‘002010 >4 $o0st v ‘Anue® >4 ¥2seT r .awmﬂgo
m £ 65 ‘e’ 1D 'o0zu0 %€ $861 v ‘Agua9 e sizze t .808258
m [ 95z ‘(818 1D '092010 ol 8Le02 "H 'eBjueg -spreg -4 :Tr 711 T .38%3
3 ol ZIOOASE *N'H ‘ejuapiciy e u's ‘W ‘seueny o 1815t T 'seseoanend
o) 05 ZECEL "B 1@ O "LOSIBULON z 62  RIGAY Q% 'd "oouBsd ol 1e8¢1 °r ‘sesesenend
o 05 652El "D 'uosIBUIW 6l €882 |8 1o -3 ‘oo ot 158¢1 ' ‘sesesansnd
m o¢ Shict ' "UoIBUIW 8l 182e 'S ‘lsuyds3 6 zesel r ‘seseoanend
(V"] 288L °r ‘ukoyn] ST esie 'S "jeudsg - 1188 r ‘sesedanend
m s 1655 'O ‘ouezoy o e182 "0 ‘jeuidsa (- €961 °f ‘sBSE28REND
m Is 5] 'O ‘ouszoy 12 £eze Y ‘Auanayo3y oL 20LON "H 'sospend
2 15 8ISS ‘O ‘ouezon ol S8/€  'W'T'oljwesmer-enbng o €621 "H ‘soipend
8 ] 098y ' ‘ouszo 4 ose WP oilweser-enting o s/zL ®iBauuod 2y 'selsned
z 4 06 819D ‘ourzo] ot 69 v v 'anbng >4 6eLg ‘fe1s "y ‘sefefed
Q z 905L ‘3 'omn ¥4 5802 ‘M 'epsg i (=41 ‘e Y weig
o o1 1>:7] ‘3 ‘'emn or e ‘S 'ze|q 6 1eg-ov v T %381
< o eseL 3 ‘emn o eeL ueuEHUBQ & 985 1818 ' ‘moueiog
m ol ‘u's usjaray o 029 uewyeHueq o7 eIve Aeueg
& o TZ ZepuBWad B OqUIp) 4 262 URWIHEYH UBQ ol LevL " H 'Y ‘uoisty
m YIGWOT00
m ¥ 6280 W 'swa
& 14 SiS J ¥ 'yeequiels 14 ev2yi ‘O "UowWoles e 19€01 V'8 'syoNnny
@ x g89Ll _'O°r 'uowcios ¥ 1186 O ‘uowojog W 60z sassuapy g "9 'woysieH
w v €09} ‘Of ‘Uowoios >4 LI0EL yuws 4 °F 8 'N'Q ‘uNwis 14 zesl ' IS "W99g
m 4 sLytl ‘O'r ‘towsios 1 IseLe W 'siman i 668 ‘W 'Gueg
Q
w YIAIT08
o
m Joqunu Joquiny sequiny nquny Jaquinu Jequinu
o] gojaedg uopay|0d 30330]|109 soj20dg uofa3[on 10390J109 sojoads ucpa3[od 203304109
:
m VYORIGWVYHLINOS
[ "8 9[qEL UT I3quInu $3103ds JO SaweN ‘ejep [eUOHNGLISTP U JO SUORII[[0I DUy xipuaddy
8l £ 5T § E&Z E &
< < o m (7] POu (] m m
o~ .m m m < w.. .m....; [ 7]
o] M . 3 el et o 80
8 =2 = 2e3 e o
b - o2 =] o ® = —
o & &3 . s=Z¢ £ 5
0 O m 2 o n 5 -— Q.
zl < = £ oz © o
= O < = a >0 @ by
< Q b0 . ) —=a 7
P> R B l’,) oy (&) d P om
< = ] 50 - m ol
- H PR ) 0.2 12 o g
Ol & 335 % Bzv s &
9 .
£ 2 = m b0 @ rm e (= a.
<o, o0 .~ « e
Q m o e PR
= 0 0 o
p Sex O A =T <
. T PO s HTog 2 oY
0 Q 7] o cnD =
St > et oy " -
= 0 ¥ © £E<E o9
o= Tt o = G v . >
= n 00 VLo S e
g 95> 2 Fge= Zo S
g 3533 g2%wS% o4 o2
w §&¥ o L8 pg =2
9 &84 o9 SRSSE T B
) = o n ..u i ] 9 — " L& o .m o]
v ® Ha 5 ' 1] ..QLV < m .S\O L
=) 9 T o= VAT T
9] et D e IID.. ¥ [+ lm o 4 - = &
b 0T — ) Q. Tt o — )
o 24 S~ wu gl O o
g TES S HEEX 25 o8
m O m Q. m RN QO a8 W m__/ m .W.J —
‘a, Mo A s 8 QDY L. o =
s o (o) . D U N N = ®w R
M + D ) N . O S
N ©, BT N Qug FV _: 4
nN o m =) - @0 8. =2g
ga - s Lol & & &
23 UEZ oS 228, £ 2%E
£Q U785 T4 TEEg 2g &
S . R
g 52 Vg ASED T OF
U - L\ ® g B X i
S0 285 £5 o898 EZ HE
= I =] Q >
g m 5 z 2
o (=]
< <
2 & A - > =




185

EvOLUTIONARY BioLOGY OF BRUNELUIA Ruiz & PaAvON (BRUNELLIACEAE, OXALIDALES)

CrLaRA INES OROZCO PARDO

184

‘1218 v ‘Ao

et 196EL ‘0 ‘sefiep 4] o8vie
ve si6y uge ' 2 " "BunoA 144 8ivz e[zpoL "D 7 9 'uleIs e sLerp B v Anus9
St Zvee "% ‘BuncA sy oz ‘g ‘ulig ¥z She8E ‘818 Y Aqua
Sy zzen. ‘[B19 JOPUBA "H 'HOM 4 16T ezpolL ' W '8 "UINS >4 8266€ 18 v ‘e
] 189 ‘¥ '1eREQIBGAM L vazey N'G NS £5 1565¢ B9 v ‘Anusd
z veL v 'Ieneqiaqam > MeL 1ele)d 'V 2 "N'Q ‘UHWS > Si8L ‘1818 'Y 81804
st osl 2 'zanbsea 2 05/8  IUPUBSOOW J 2 'd 'ZOUNN 14 5282 |88 ‘0 'zelQ
st pi- 3 ‘zanbsep 9 ‘s snewen vz o5 AusE d B °F ‘uosuosy
NY3d
3 0lz | W'xnousjowoy 4 26204 'g'y Sais04
ol LIEZL  '[B19 I8P UBA H JIOM 8L 291 o[any ‘q 2 ‘M ‘sopsjed 1> oLz o18ld ‘48 "Y'4 "Breqsoy
sy G9Z20L  ‘IB19'BIBPUBAH oM g 869 ‘je 19 3 ‘M 'sopBjed & FA:/] ¢ 'ofweser-onbng
1 01801  [B10 '9J9PUBA M ‘oM se ez oiany " '3 ‘M ‘sopsjed ep o526 f 'eljweser-enbng
ol 0901 ‘1319 'RI0PURAH WOM ot SO IHeM ISP ‘AR ‘M ‘SO[BjBg I vesL r ‘eluesmep-onbng
e $0L0L 1919919 UBA 'H "laM se 00L€ IO 9P ‘A’ ‘M ‘SOIBIBd i 0c2st ‘j2 1o "9 ‘ucspeq
174 9616  '[819'9 9P uBA ‘H ‘B >4 S205 ajaud ‘3 P ‘M ‘sopeied o 05151 ‘|218 *0 "uospeq
I 513 Xz A v (14 320 s eLavl ‘fe1d D 'uospog
¥4 o821 ‘e19°9 ‘zed)) o 00} ‘Q'IIeN o Z69¢1 1212 D "uospoQ
15 SL ‘O 'zedy), 3 6816 onsed 'g9'q ‘IeN ! obaLL *0‘uospog
s ] ‘0 'zedy), oL zeb ‘1818 vos|pBiy oL €2  ouipnd ‘33 ‘g 'spIewen)
se {4 ' ‘zed|L sy 599 48H °§ ‘obm s €B8/C OJ]OUASMENIA 'S '8 '3 "D 'uoIe)
15 z "9 ‘zed|y, ol 9L19 '3 ‘e 8 1095 uoiBujuuad it 9°0'd erezed
¥ €06Y5 B T ol o195 "Hd ‘uuewysy 5 oHs3 H M dued
sy SEVS T Wewsakels > 62 ‘je1e "0 "essor £ le8v-2 H'M dweD
] #1965 * T hweuuedes (> 8568 ‘F‘ollweser } 660¢ 23315 'O "M % 'H ‘Asisieg
£ 91655 ' "Weuuskals o T ‘1219'3 ‘oylpnS ] sesz  umBupiuad ‘L3 i ‘Enseny
o pit:"4 g ‘uels ! 99669 ‘e 19y ‘Anusg St 26581 punidsy
(57 :Tr4 ‘232 0 'oigny 4 09645 ‘e e y ‘Anued 4 toe ‘219 v ‘Za/ReAlY
(4 165 ‘219 °Q 'eany se [L-]11 ‘v 'ouald aljald s [£°75]) ‘W ‘siiog ejsooy
Joquinu 2aqunu Jaqunu sequiny Jqunu Jaquny
sojd0dg uopadjion 10}20]109 sojaedg uenagfies 40)23]10D s8(oedg uof3aaljon 10190109
d0avnNoda

' "8 3[qe] Ut Iaquinu $3103ds JO SauIeN "ejep [EUOHNGILSIP SY} JO SUOPDI[[OD duaIajay Xipuaddy

l €ELL 37 ‘yooniez ol l6L2 183198 1’ "09z020 1 6£S1L ‘1833 "D ‘002010
05 1828 “1°7 "iyoruez :74 5812 "|818 "D ‘092010 % 505t ‘e 1a ‘1D "092040
05 1111 1°7 "yoruez 74 [>:7¥4 ‘leis 19 ‘002010 24 44 ‘1213 °1'D "092010
0s ot 17 Iyoruez 2 2042 ‘|e s 1) "'00zai0 S bl ‘218 1 ‘0dzo1Q
Ly eler “1°1 "Iuooez ey 2092 ‘[B13 D '0920)Q 05 29 ‘213 1D ‘092040

Z b9 ouez07 'O ¥°( "sauoL x4 €652 ‘213 °1°D '0020:0 € vt ‘(218 "1'D ‘00zouQ

4 8ive ‘g 'uaIs 2 13514 ‘81810 ‘092010 6 €2l B 18 1D ‘092010

8 9%5le ‘g us 124 8ez ‘818 '1'Q ‘002020 oy 2001 e19 1’9 '09z01Q
{27 €ISt g ‘uRIs 6 80 ‘le 8 19 ‘022010 05 £6¢EL 219 1D "09z010
St 95/ '|B19°S 'SuUOiSIBAIS 6 1602 ‘e e 19 'edza10 oL el B9 1D '09Z010

4 666 'S 'elseg 4 6561 ‘fe1e 19 'ovzal0 0s izet 1219 1) ‘092010
14 €65  Epsueise] -0iBwoy € 961 ‘e 19 T ‘092000 0s 90¢EL ‘1’19 1) '092010
9 (21082 '3 'euajuay g $581 ‘|e19 D ‘032010 Fid 2624 ‘ie1d 19 ‘od0z00
ot 1€25 '3 'BpaIay e [4%:(3 ‘B 18710 ‘032010 154 92l e 1 ‘odza0
[n4 0ElS '3 'BUSWAY [ 774% ‘213 1) ‘002040 118 9521 ‘839 19 ‘002040
Ixg b0t ‘3 'euajuay 54 (¥713 ‘218’19 ‘092040 oL 1521 ‘239 1] ‘00200
0S 113 v '7au9d ge gLl ‘238 10 ‘002010 Z e ‘818 1D ‘092040
14 (4173 ‘M '3 lisuuad 14 2713 ‘819 °1') ‘092040 x4 6128 ‘819 °I'9 ‘0020u0
is bi62 ‘B 1D "09zZU0 6 [5+713 ‘812 10 ‘002010 -4 F1%A3 ‘1818 1'9 ‘00200
it 062 ‘818 1D "092030 6 2748 219 1" ‘092010 6¢ ozt ‘18 1) *092040

4 4174 ‘818D "092010 3] ShiL ‘|218 D ‘00z0I0 8 1811 ‘118 ') "092010
Jix 1062 ‘818 °I'D '03z000Q >4 SLiL ‘B8 1 ‘oozoiQ 9% [-7A13 ‘e 19 1’0 ‘'09z0I0
114 6982 ‘e 18 "D '09z040 -4 6491 ‘leia T ‘'oozalQ 514 Sik 'le s I'Q ‘'09z0s0
44 0see ‘le18 °'D ‘092010 -4 9651 ‘1eja '1'p ‘'03z0l0 1€ 65t ‘[e 13 1) "092010
14 2092 ‘818 1D ‘032010 IS 5651 ‘819 1) ‘002010 [v:4 0ot} ‘|8 3@ 1D ‘002010

JoquiIny Joquinu quiny Jaquiny Jjoquinu__ Jequinu
80)30dg uopsojjo) i0ja0[109  sojdads [T ELTLE 10330410 so120dg uoRaz0D 103391100

VIENOTOD

‘I *g 3[qeL, Ut Jaqunu s3r0ads jo s3WeN “ejep [BUOHNGLUSIP 31} JO SUORIS(I0D 3IUSIDIFY xipuaddy



187

EvoLuTIONARY BI0LOGY OF BRUNELLIA Ruiz & PavON (BRUNELLIACEAE, OXALIDALES)

Crara INEs Orozco ParDo

186

ol ey d ‘sieIg o £sie "H 'd ‘abreg o 9ErS umosg g uokLg
Ooord O0l1d3Nd

oL (-7} ‘A'© "yseN ol cesvl PIEV03T B PIBUCIT oL ceshl -0 fossiry
ILIVH

oL 666¥1 SIIO 'L WB(lIM o zvol ‘T°HBH ol I d 'L "9 topasd
VOIVIAVE

o 1258 PIEAMOH 'S 3B V'Y oL ezt PEACH

ol £S5 ‘1219 "W ‘eifely oL VEZS05 1819 "y Anus

ol €918 PIEMOH'S'3 3V 'Y ol 109t ‘W 'sapeng oL gesol °g ‘oisnbny

JI7and3 NVOIININOQ

ot 69204 ‘3 ‘w3
ol SYEB A0 ‘UouCy oL 8L ‘D Seyong
ol 151 "D 4915q0M ol 6920} ‘3 ‘ueuni3 oL ¥0L9 "SI ‘UBlY '@ SjuaWalD
vanod
J0quWnuy J8qWunu Joquing Joquiny Jequiny Jequinu
s030dg o) lopaflon  sojods LGRSO 10901109 $9199dS  uopoo[j0D lop01j09
SATILNY HILVIEO

1 '8 3[qeL Ut J3quinu $3123ds JO SaWEN *Bjep [EUOHNQIUSIP AU} JO SUONII([0D duIRjsy “xipuaddy

ce osLy foziewyxs 'Y g 'S ddeuy
>4 vi8 'S ¢ ol > Sty " op "s19M0N oL S96¢ "H'saspend
VIAVNVYd
(-4 6062  sodwed ‘9 ST SBIIN -4 (155 BRsRY 'V °Q ‘esuamen
62 10012 zanbzseA ‘A (-4 €li  sawesoq ‘T3 °'M ‘Zanbiew & 005 0{iised 3 'S "oyepaAY
OOIX3aAN
(74 028 v ‘eulioN (>4 15774} euioN (-4 29 ‘219 'H 'd 'usliy
SYHNANOH
62 88.ep AR TS
& (1:745 4 ¢ T yeunakals 62 iisy VT WewWsalS -4 8660¢ v T pewwake)s
YVIVNILYNO
(4 81291 v ‘BUION (4 criL usify
VOAvAIvVS 13
1 S65E i
ol SEL *Q ‘M 'SUBA3IS o 8208} ‘219 "V ‘BulioN s 68¥52 'w ..._ 9 o.%_ﬁn
1} 068L} WH Y 'U3A3IS 11 9e8Ll ‘e 19 'V ‘eullon i 575 bo) .B.aesm
4 62 FRAT2 14 905 M ‘swa 3 1049 v ‘ssuaig
VYOI VLSOO
VORIGWY TVHLNIO
o b 19 ‘aspueq
oL oZ5L  'IBI9IOPUBA'H BIOM (4 128814 _..52_.2@6 =4 wmm Z3[92U09 'V 2 19 y m_“»m
4 6609  ‘[B19.J9pUBA°H ‘oM 4 8£8004 ‘¢ "WBUealS z 20 oo
ol 6985 219 JOPUBA'H 'WIOM K 9266 10 T uhaim = o= 9 ‘Bupueg
[+ 098221 V' Weuledsls Is 0ces 't 'uAein] e 8EVE
VI1ENZ3N3IA
Joqunu Joquinu
Jequinu Jequiny
Mww_ﬁ._.m. :ow.o.n__"uu lopoolop  seiseds  WORD0(I0D sopoe)iog  sapeds  LGR3alod 03281100

I g B[qEL Ut Iqumu s3pads JO SAUWeN ‘ejep [eUORNLISIP SU3 JO SUORISIOI UL xppuaddy



Chapter 9 |
GENERAL DISCUSSION AND CONCLUSIONS

earch carried out today furthers our knowledge

the wide diversity of species. Observable
attributes, or characters, the products of the evolutionary process, are used to
establish these relationships. Therefore, the study of these characters is the
most important activity of those working in systematics in their search for
relationships among the diversity of species. Although each pool of characters
identifies species or groups of species, not all of them are informative from the

point of view of evolutionary relationships.

This phylogenetic study of 32 taxa and 45 morphological characters
indicates that Brunellia is a monophyletic group (with 543pea§). These species
are grouped in five sections, three of them, defined by .evolutlonafy novelties
(synapomorphies, or autapomorphies) are: Brunellia (26 species) widely
distributed throughout the Andean region from Bolivia to Colombia and in
Central America from Panama to Mexico, Simplicifoliae (24 species) has a
narrower distribution than Sect. Brunellia, but with a wide diversification
towards the northeast of the Colombian Andes, and Pauciflorae (1 species) with
a restricted distribution in southern Ecuador. The remaining two sections also
have a restricted distribution and are each defined by a unique combination
of characters: Stuebelia (2 species) one species in southern Colombia and the
second one in northeastern Peru, Ovalifoliaeg(l species) in the northeastern
Ecuador. Subsections and less inclusive groups were also recognized, some of
them defined by synapomorphies or by a unique combination of characters.
Unique combinations of characters, as was mentioned in the text (chapter 7),
function as autapomorphies even though each contributing character is itself

Much of the biological res
of the relationships between
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homoplasious. The hypothesis selected from the three MPTs obtained contains
homoplasious characters arising no more than twice. Thus the information
contained is less conflictive but at the same time has less power of explanation
about the real evolution of the characters. Although BRADFORD and BARNEs (2001)
criticizes the use of morphological characters in establishing the systematic
position of Brunellia (due to the absence of information for many clades), in this
case the kind of morphological data used is informative for defined groups of
species and species as well. However, additional study is needed for the groups,
B. cayambensis, B. rhoides, B. brunnea, and B. cutervensis due to their varying
positions in the three MPTs. The appropriate outgroup has been also criticized
but as BRADFORD and BarNEs (2001) stated Brunelliaceae is closely related to
Cephalothaceae, Cunoniaceae, and Elaeocarpaceae (Oxalidales), thus the
outgroup(s) could be selected from these taxa or any other taxon. The outgroup
selection of this study was limited by the type of characters studied for Brunellia
and not all the possible outgroups have been studied in depth with respect to
the type of characters used in this research. After an unsuccessful attempt to
obtain a phylogenetic hypothesis for Brunellia in 1993 (Orozco unpublished)
owing to the lack of possible informative morphological characters, these are
the first results about relationships within the genus.

Of all the characters used in the phylogenetic study of Brunellia, most
research was carried out on what were considered as systems of characters,
such as the leaf anatomy, typology of synflorescences, and floral and pollen
morphology. Furthermore, some of these characters, such as floral morphology,
had not been adequately defined in previous studies, and consequently,
information resulting from their use was very contradictory, making this in
depth intra-population study very important. The most outstanding result of
this study was the finding of an asymmetric flower, the protandrous condition,
and the apparent polyandry of some species, although the diplostemonous
floral organ arrangement is the basic condition in Brunellia. The flower
asymmetry is due to changes in sepal number influencing the apparent
polyandry and possibly the carpel numbers as well. This apparent polyandry,
due to extra-whorls of stamens resulting from sepal number variation within
the species, was only found in a few species, for example, in the boliviana
group. Apparent polyandry is less perceptible in the remaining species
although it is seen in some individual flowers despite a clear underlying
diplostemonous floral organ arrangement. The floral reduction and increase
in the number of floral parts define the sect. Simplicifoliae and the B. boliviana
group.

Anatomical characters agg useful for studying relationships above the
species level. In Brunellia, the anatomical results contribute to establishing inter-
family relationships as well as defining groups of species within the genus. It
was made clear in this study that unifoliolate species had been wrongly
considered as simple-leafed species in earlier studies. Nodal anatomy is a very
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important character for determining family relationships but further research
is necessary to establish whether or not Brunellia has unilacunar or multilacunar
nodes. Some of the anatomical leaf characters are evolutionary novelties at
subsectional or infra-subsectional level. Among these characters, the presence
of a hypodermis, the number of layers of palisade parenchyma, and some
characteristics of the main vascular bundle of the central vein of the leaf are
specially important in the unifoliolate species group, for example, Subsect.
Simplicifoliae and Sect. Pauciflorae. The presence of medullary bundles is also
important at inter-family level as this character was only observed in B. foreroi
and it is also present in some genera of Cunoniaceae, however, the homology
of this character in the two families is doubtful. The presence of crypts in the
abaxial foliar lamina of some species is a response to high altitude distribution,
being the case in most species of the sect. Simplicifoliae. It seems that the presence
of crypts is related to extreme environmental conditions as they have also
reported also for some groups living in dry environments. Actinocytic stomata
were present in most of the species examined but anomocytic stomata were
only observed in B. ecuadorensis. As a result of a study of the indument that
covers the foliar lamina of species of Brunellia, Orozco (1999) found it to be of
informative value for defining groups and in some cases it correlates with other
unique character combinations.

A comparative study of inflorescences was used as another system of
characters. This study was carried out according to TroLL and WEBERLING’S
typologic concept of synflorescence, making this information available for
studying relationships. The position of the inflorescence in the vegetative
system and its structure are informative characters for familial, intergeneric
or even intrageneric relationships. A monotelic proliferating synflorescence
was observed for the first time in Brunellia and in Spiraeanthemum and
Acsmithia, two closely related genera of Cunoniaceae. This character is an
evolutionary novelty shared by these taxa. Other inflorescence characters are
also informative at sectional or subsectional level. The simpler monotelic
proliferate synflorescence of triadic floriferous paracladia, representing an
autapomorphy, is present in the Sect. Pauciflorae. For sections Brunellia and
Simplicifoliae the degree of complexity of the floriferous paracladia is also
informative. The position in the synflorescence of a short paracladium is also
an evolutionary novelty in the Subsect. Propinquae. Congested and proliferate
floriferous paracladia are also important in infra-subsectional groups such
as in B. congestiflora. .

Pollen grain analysis provides greater knowledge of the exine sculpture
variation than had previous studies. Interest in this character had been
expressed by CUATRECASAS since 1970 with MARTICORENA s work. Five categories
of exine ornamentation were found in this study which had not previously
been observed at all. From the point of view of establishing relationships the
exine ornamentation is not much informative in the whole cladogram. The
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reason being that the exine ornamentation is variable at inter and intraspecific
level. All species in the unifoliolate group having three leaflets per node share
a modified reticulate ornamentation of the exine. Punctate exine is a
plesiomorphic character while modified reticulate, striate reticulate and rugulate
exine sculptures are considered apomorphies for Brunellia. Although the latter
two exine sculptures are apomorphies, these have a homoplasic behavior and
are usually present in Sect. Brunellia. I consider TEM analysis as the most
appropriate method for studying family relationships and it is expected to be
informative at sectional level in Brunellia as well.

Current molecular research in Cunoniaceae (BRADFORD and BARNES 2001)
shows that Brunellia (Brunelliaceae) is not a taxon of Cunoniaceae and must be
considered as a separate family. This opinion is different to that of HurrForD
and Dickison (1992) who include Brunellia as a genus of Cunoniaceae. It is also
different to that of Orozco (1997, chapter 2), who proposed that Brunellia and
Spiraeanthemum and Acsmithia of Cunoniaceae, to be placed in a family different
from Cunoniaceae. As BRaDFORD and BARNES (2001) found through molecular
analysis, Spiraeanthemum and Acsmithia form a sister group apart from the rest
of the taxa (of Cunoniaceae), Orozco (Chapter 2) observed the same group but
including Brunellia. Orozco also considers that there is a lack of monophyly in
Cunoniaceae due to the inclusion of Eucryphya and Davidsonia, each one
previously placed in different families and also by the inclusion of
Spiraeanthemum and Acsmithia. As a result of this research Davidsonia is also
included for the first time in Cunoniaceae and the relationship of Connarus
(Connaraceae) with Cunoniaceae and Brunelliaceae is made clear. These
families are now included in the order Oxalidales (AGP 1998).

The relationship of Brunelliaceae with the Australian family
Cephalothaceae and genera of Cunoniaceae from Australia and west Pacific
Islands, including Davidsonia and Eucryphia, and also with South American
genera of Cunoniaceae, indicates that at some time they shared a common
evolutionary history. Southern South American land connections during the
Tertiary with Australia and Antarctica support the supposed relationships of
Brunelliaceae with the Australian groups (Cephalothaceae and some genera
of Cunoniaceae) It is assumed that Brunellia has been present in the Andes at
low altitudes since the Late Cretaceous. The high diversification of Brunellia is
related to the ramification of the Colombian Andes during the Eocene and to
their adaptation to high altitudes during the upheaval of the Andes which
was completed in the Pliocene. The most important upheaval of the Andes
over 3000m, 9-12 m.y., influenced the distribution range of species of Brunellia.
Thirty four species are present in Colombia, 14 in Ecuador, 5 in Bolivia, 9 in
Peru, 4 in Costa Rica and Venezuela, and 3 in Panama. Two species are present
in other regions, B. mexicana in Mexico, El Salvador and Guatemala and B.
comocladifolia in Cuba, Haiti, Jamaica, Puerto Rico, and the Dominican Republic.
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Brunellia is widely distributed in lower and upper montane rain forest,
usually between 1500 and 3400 m above sea level. Only one species, B.
hygrothermica, is frequently found at altitudes lower than 1000 m, except for
one collection of B. comocladifolia that was recorded at less than 500 m. The
distribution of B. hygrothermica ties in with the possible scenario of the ancient
distribution of Brunellia at lower altitudes before the upheaval of the Andes.
With the exception of two collections of B. ecuadorensis and B. tomentosa (both
species from sect. Simplicifoliae), Brunellia is not found higher than 3500 m.
Species of the Sect. Brunellia are very often distributed between 1000 and 3000
m, while the most frequent altitudinal range for sections Ovalifoliae, Pauciflorae,
Simplicifoliae, and Stuebelia is between 2000 and 3400 m.

In an early cladogenesis of Brunellia an altitudinal range between 2000-
3000 m is observed. Species of Sect. Simplicifoliae reach the highest altitudes.
In this section, at latest cladogenesis level, altitudinal reversals were observed
in the cladogram and these reversals are attributed to glacial and interglacial
periods. It could mean that the most recently speciation process is found in
Simplicifoliae.

There is little fossil evidence regarding which groups in Brunellia are
primitive or derived. To establish this, it is necessary to find historical
relationships between geographic areas, in the same way that phylogenetic
study provides this information among the species. Biogeographical
hypotheses about ancestral areas and vicariance events associated with
speciation are necessary to make any assumption on primitive taxa and areas.
Any attempt therefore implies assumption that speciation events of the
relationship patterns can only be explained by dispersal biogeography.
However, under dispersal biogeography any explanation can be possible, and
by consequence, the scenario can neither be corroborated or refuted. As is
mentioned in the text, it is necessary to know the phylogenies of other groups
with a similar distribution in the Andes to obtain a working historical
biogeographic hypothesis that can be corroborated or refuted.

Brunellia is considered to have been present in the Andes since the Middle
and Late Cretaceous. This consideration is based on the scenario resulted by
the current distribution of Brunellia and the geological formation of the An-
des. The Gondwanan origin of Brunellia is also assumed based on the ancient
geomorphology of the continents, and its relationships with groups of
Australian and West Pacific distribution such as Cephalothaceae, Spiracan-
themum and Acsmithia (Cunoniaceae). A diversification area instead of center
of origin and speciation area were defined for Brunellia. Diversification area is
an area in which species of different morphological linaeges co-occur. This
area is localized between 3 °North and 7 °South (from the Macizo Colombia-
no (in southern Colombia) to northern Peru). In this area species of the five
sections recognized in Brunellia are present. Speciation area is here defined by
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the presence of highest number of species of any morphological lineage. Colom-
bia is the country with widest speciation. For Sect. Brunellia Western, West of the
Central and East of Eastern Cordilleras is the area of most speciation, whereas
the Macizo Colombiano and northern Central and Eastern Cordilleras is the
area of highest speciation for Sect. Simplicifoliae. According to the cladogram,
Sects. Simplicifoliae and Brunellia have a later cladogenesis compared with the
early cladogenesis of Sects. Ovalifoliae, Pauciflorae, and Stuebelia.
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