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STELLINGEN

I
Polyploidie uit zich lang niet altijd in groter of anderszins afwijkend pollen.

1§
De Datiscaceae zijn pollenmorfologisch niet nauw verwant aan de Begoniaceae.

11
De relatie vorm-functie kan de bouw van een stuifmeelkorrel vaak niet afdoende
verklaren.

v
Pollentypen opgevat als zuiver typologische constructies zijn niet brutkbaar » cor
het reconstrueren van fylogenie.

v
In de fylogenie is de cirkelredenering moeilijk geheel te vermijden.

(C. KALKMAN, De twee vragen van de Plantensystematiek 1982:13)

VI
De scheiding tussen fundamenteel en toegepast onderzoek is noch fundamenteel
noch toepasbaar.

V1L
De tendens om B-taxonomie te stimuleren ten koste van g-taxonomie zal spoedig
leiden tot een situatie waarin de bioloog de computer moet vragen zijn materiaal
te determineren.

(H. F. Linskens, Vakblad voor Biologen 64(19), 1984:432)

VIII
Een taxonoom dient zich niet te beperken tot het vervaardigen van een catalogus
van de door hem/haar onderzochte soorten.

IX
Het meten van de doelmatigheid en de kwaliteit van wetenschappelijk onderzoek
door het tellen van het aantal publicaties en citeringen is bij uitstek een voorbeeld
van slecht onderzoek.




X
Aangezien het discriminerend moet worden geacht als in een sollicitatieprocedu-
re ‘bij gelijke geschiktheid’ van een aantal kandidaten de voorkeur wordt ge-
geven aan een vrouw, lijkt het juister in zo’n geval het lot te laten beslissen.

XI
De educatieve waarde van de blokfluit voor het muziekonderwijs aan beginners
wordt verre overtroffen door die van de synthesizer.

XII
Van het concept des levens krijgt niemand een cladogram.

R. G. vaN DEN BERG
Pollen morphology of the genus Begonia in Africa

Wageningen, 19 april 1985




Aan mijn moeder



PREFACE

This thesis is the result of a three year study on the pollen of the Begoniaceae,
with emphasis on the representatives of the genus Begonia in Africa. The pur-
pose of this investigation of the micromorphology of the pollen of Begonia,
instigated by the taxonomist working on the genus, dr. J. J. F. E. de Wilde,
was to provide pollen-morphological data which would be useful to elucidate
taxonomical probiems. It will be no surprise that not all taxonomical problems
could be solved by pollen morphology. Still, it was possible to arrive at a group-
ing of species, to evaluate the traditional grouping of the species in sections,
and to indicate a broad outline of the phylogeny of the family in Africa. An
account of the pollen morphology of the other two genera of the Begoniaceae
(Hillebrandia Oliv. and Symbegonia Warb., occurring on the Hawaiian islands
and New Guinea, respectively) could be published in the course of this study
{Van den Berg, 1984) and is included in the present volume.

A number of persons contributed to the final version by their stimulating
interest and valuable criticism, often during long, searching, and thoroughly
enjoyable discussions. My indebtedness in matters of science and in preparing
the manuscript is recognized in the acknowledgements at the end of the text,
here I would like to express my gratitude to a few of those who determined
my outlook and modus operandi in other, more subtle ways:

Jan Muller, who guided my first steps in palynology, for always being willing
to help and stimulate my research. It is cause for great sadness that he should
not be able to witness the resulit.

Hans de Wilde, a fine scholar, for, amongst many other things, his sense of
humor...

Coen Arends and Frank van der Laan, inhabitants of the “lab”, who shared
the morning coffee.

Judith van Medembach de Rooy-Ronkel, Marina Wassink and Cees de Groot,
for always being there when needed.

Wil Wessel-Brand, for sharing the room and the laughter.

And, of course, Esther, who did not efface herself, but was indispensabic any-
way.
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1. INTRODUCTION

... car la chose fa plus importante en histoire natu-
relle n'est pas de nommer un groupe, genre ou sous-
genre, tribu ou famille, c'est d’avoir rapproché ce
qui mérite d’ étre rapproché.

A. DE CANDOLLE (1859, p. 107)

1.1. TAXONOMY OF BEGONIACEAE

The purpose of this study is to describe the pollen morphology of the represen-
tatives of the genus Begoria in Africa, interpret these data phylogenetically and
apply the findings to the existing taxonomical problems. The grouping of taxa
resulting from the recognition of pollen types may lead to a better understanding
of the interrelations of the taxa within the genus, and even of the genera of
the family Begoniaceae (VAN DEN BERG, 1984). A brief survey of the taxonomy
of the family, with emphasis on the African representatives, will be presented
below.

The pantropical family Begoniaceae contains only three genera: Symbegonia
Warb. comprising 12 species restricted to New Guinea, Hillebrandia Oliv.,
monolypic, occurring on the Hawaiian Islands and the widely distributed genus
Begonia L. with about 900 species. Formerly two more genera were recognized:
Begoniella A.DC. (Colombia) and Semibegonielia C.DC. (Ecuador) with a small
number of species which are now considered to belong to Begonia. This large
genus is divided in 60 sections, a number of which were at one time or another
given generic rank. Thirteen of these sections are accepted to occur in Africa
and the Madagascan region: Mezierea (Gaud.) Warb., Squamibegonia Warb.,
Tetraphila A.DC., Augustia (Klotzsch) A.DC., Rostrobegonia Warb., Sexalaria
A.DC., Filicibegonia A.DC., Scutobegonia Warb., Loasibegonia A.DC., Ermin-
ea ADC., Nerviplacentaria A.DC., Quadrilobaria A.DC. and Muscibegonia
A.DC. The circumscription of at least a number of the African sections is in
need of critical revaluation.

The study of the Begonias of Madagascar, started by H. HuMBeRT and M.
KERAUDREN-AYMONIN and completed by G. G. AyMoNIN & J. Bosser, indicated
that it is not possible to assign the species to seclions, leaving the status of the
Madagascan sections (Erminea, Nerviplacentaria, Quadrilobaria and Muscibego-
nia) in some doubt (KERAUDREN-AYMONIN, 1983).

The last full treatment of the family was by IRMsCHER (1925). Since then,
IRMSCHER published a delailed survey of the sections dugustia and Rostrobegonia
(IRMSCHER, 1961). More recently, accounts have been published of section Squa-
mibegonia (IDE WILDE & ARENDS, 1980) and on several species of section Tetra-
phila (DE WILDE & ARENDS, 1979, HAGMAN & DE WILDE, 1984),

Agric. Univ, Wageningen Papers 84-3 (1984) 9



A synopsis of the taxonomy of African Begonias used as the systematic back-
ground of this pollen-morphological study is given below, based on information
of Dr. I. J. F. E. DE WILDE who is studying the continental Begonias and on
WILCZEK (1969), BARKLEY (1972) and HiLLIARD (1976). The most recent views
deviate in a number of instances from the system as accepted up till now. Some
of the proposed changes have not yet been validly published. A few recently
studied species will be accommodated in new sections, some sections should
be combined since they cannot be clearly segregated. The species B. baccata
Hook. f. and B. crateris Exell are accommodated in a new section Baccabegonia
RErrsma (REmsMa, 1985b). The sections Sexalaria A.DC., Augustia (Klotzsch)
A.DC. and Rostrebegonia Warb. may be considered as a single section. The
same holds for the sections Scufobegonia Warb. and Loasibegonia A . DC. These
sections have still been kept separate in the synopsis pending further research.
A number of species should be transferred from section Scutobegonia to section
Fificibegonia A.DC., enlarging the latter section from one to twelve species. This
decision, based on macromorphological evidence is corroborated by seed mor-
phology and, for most species, also by pollen morphology. For this reason sec-
tion Fificibegonia is presented in the synopsis in its new circumscription. B. tho-
meana C.DC. forms a separate section Cristasemen 1. J. DE WILDE (DE WILDE,
1985b).

1.2. SYNOPSIS OF TAXONOMY OF AFRICAN BEGONIAS
(including the representatives of section Mezierea from Madagascar, the Com-
ores and the Seychelles)
The synopsis represents the recent views on the classification of the African

sections and species. Synonyms have only been included when pollen was avail-
able.

Mezierea (Gaud.) Warb.

B. cladocarpa Baker B. meyeri-johannis Engl.

B. comorensis A.DC. ex Warb. B. oxyloba Welw. ex Hook. f.
B. seychellensis Hemsley B. pyenocaulis Inmsch.

Only B. meyeri-johannis, B. oxyloba and B. pychocaulis are found on the Afri-
can continent. The other species are from Madagascar, the Comores and the
Seychelles. B. seycheliensis is placed in synonymy to B. comorensis by KERAUD-
REN-AYMONIN (1983).

Baccabegonia Reitsma sect.nov.
B. baccara Hook f. B.crateris Exell

10 Agric. Univ. Wageningen Papers 84-3 (1984




These species are removed from section Squamibegonia (c¢f. DE WILDE &
ARENDS, 1980 and REITsMA, 1985b). They are endemics of the island 8o Tomé.

Squamibegonia Warh.
B. ampla Hook f.

B. bonus-henricus J. J. de Wilde

B. poculifera Hook f,
B. adolfi-friderici Gilg

This section has been extensively treated by DE WiLDE & ARENDS (1980).

Tetraphila A.DC,
B. alepensis Chev.
B. buchholzii Gilg
B. cavallyensis Chev.
B. cultrata Trmsch,
B. ebolowensis Gilg
B. elaeagnifolia Hook f.
B. eminii Warb.
B. ealensis Irmsch.
B. poggei Warb.
B. epiphvtica Hook f.
B. furfuracea Hook.f,
B. fusialata Warb.
B. fusicarpa Irmsch.

B. gracilipetiolata De Wild.

B. horticola Irmsch.
B. jussiaeicarpa Warb.
B. kisuluana Biittn.

B. zobiensis De Wild.
B. komoensis Irmsch.
B, lethomasiae Wilcz.
B. loranthoides Hook.f.
B.macrostyla Warb.

B. mannii Hook.
B. excelsa Hook.f.
B. ndongensis Engl.

B. molleri (C.DC.) Warb.
B. nicolai-hallei Wilcz.
B.oxyantherg Warb.
B. polygonoides Hook.f.
B. capillipes Gilg,
B. rhipsaloides Chev.
B. preussii Warb.
B. rubromarginata Gilg
B. rubronervata De Wild.,
B. sanjeensis Wilcz.
B. schultzei Engl.
B. sessilanthera Warb.
B. squamulosa Hook f.
B. bipindensis Gilg ex Engl.
B. crassipes Gilg ex Engl.
B. giadiifolia Engl.
B. subalpestris Chev.
B. macambrarensis Exell
B subscutara De Wild.
B. ratoniana Wilcz.
B. wilczekiana Hallé
B. zimmermannii Peter ex Irmsch,

A number of species is associated in the so-called B. squamulosa-aggregate:
B. squamulosa, B. elacagnifolia, B. gracilipetiolata, B. schultzei and B. wilczek-
fana. A second aggregale may exist around B. pofygonoides. The species B. cultra-
ta and B. rubronervata belong to it.

HaGMaN & DE WILDE (1984) discussed the status of B. eminii, B. macrostyla,
B. poggei, B. preussii, B. warburgii, B. rubromarginata, B. alepensis, B. ealensis
and B. fusicarpa in relation to B. cavallyensis. Pollen was not available of B.
cultrata, B. elaeagnifolia, B. rubronervaia and B. zimmermannit.

Agric, Univ. Wageningen Papers 84-3 (1984 ) 11



Sexalaria A.DC.
B. annobonensis A.DC.

A monotypic section, restricted to the islands of Annoben, SG0 Tomé, Prin-
cipe, and coastal Cameroun,

Augustia (Klotzsch) A.DC.

B. brevibracteata Kup. B. princeae Gilg
B. dregei Otto et Dietr. B, homblei De Wild,
B. partita Irmsch, B. subacuto-alata De Wild.
B. suffruticosa Meissn, B. verdickii De Wild.
B. geranioides Hook f. B. pygmaea Irmsch.
B. homonyma Steud. B. riparia Irmsch,
B. caffra Meissn. B. rumpiensis Kup.
B. rudatisii Irmsch, B. socotrana Hook f.

B. tayloriana Irmsch.
B. wakefieldii Gilg ex Engl.

The synonymy is according to HILLIARD (1976). B. socotrana has been as-
signed to a special section Peltaugustia (cf. BARKLEY, 1972) but is considered
here to belong to section Augustia. IRMscHER (1961, p. 117) notes: ‘Besondere
Beachtung verdient, dal zu B. princeae noch B. wellmannii gezogen werden mul3.
Da diese in Westafrika (Angola) beheimatet ist, B. princeae jedoch in Ostafrika,
gesellt sich jetzt auch B. princeae zu den Arlen, die sowohl im westlichen wie
im &stlichen Afrika vorkommen. Sic reiht sich damit in einen dhnlichen Arealtyp
ein, wie ihn B. oxyloba und B. hawllevilleana (= B. poculifera var. poculifera)
vertreten.’

Pollen was not available of B. pygmaea, B. rumpiensis and B. tayloriana.

Rostrohegonia Warb.

B. angolensis Irmsch. B. schiiebenii Irmsch.

B. bequaertii Rob. & Law. B. sonderana Irmsch.

B. engleri Gilg B. sutherlandii Hook. f.

B. flava Marais B. buitonii Irmsch.

B, johnstonii Oliv. ex Hook f. B. dissecta Irmsch.

B. keniensis Gilg ex Engl. B. gueinziana (A.DC.) Irmsch.
B. nyassensis Irmsch. B. wollastonii Baker

B. rostrata Welw. ex Hook f. B. lebrunii Rob. & Law.

The synonymy is according to HILLIARD {1976).
About B. angolensis, IRMSCHER (1961, p. 176/7) states that ‘sie die wesiliche vik-
ariierende Form zur §stlichen B. sutherlandii darstelit (...). Es besteht also hier
eine dhnliche Beziehung zwischen ost- und westafrikanischen Vertretern, wie
sich auch innerhalb der Arten B. oxyloba, B. haullevilleana (= B. poculifera
var. poculifera) und B. princeae festgestellt wurde.’

12 Agric. Univ. Wageningen Papers 84-3 (1954)



Pollen was not available of B. buitonii, B. flava and B. rnyassensis.

Cristasemen J. J. de Wilde sect.nov.
B. thomeana C.DC.

This species is removed from the section Loasibegonia (cf. DE WILDE, 1985b}.

Filicibegonia A.DC.

B. asplenifolia Hook f.

B. quriculata Hook f.

B. elatostemmoides Hook f.
B. filicifolia Halle

B. gossweileri Irmsch.

B. gracilicaulis Trmsch.

B. iucunda lrmsch.,

B. latistipuia Engl.

B. macrocarpa Warb.

B. minutifolia Hallé

B. sciaphiia Gilg cx Engl.
B. sessilifolia Hook f.

Originally, this section contained only one species: B. asplenifolia. A number
of species of the section Scutobegonia shows characters that indicate relation-
ships with section Filicibegonia (DE WILDE, pers. comm.). This is confirmed by
sced morphology, and for the greater part by pollen morphology, too. Pollen
was not available of B. auriculata.

Scutobegonia Warb.

B, aggeloptera Hallé

B. anisosepala Hook f.
B. calophylla Gilg ex Engl.
B. cifiobracteata Warb.
B, clypeifolia Hook f.
B. comperei Wilcz.

B. dielsiana Gilg

B. ferramica Hallé

B, ficicola Irmsch.

B gentilii De Wild.

B. hirsutula Hook f.

B. hookeriana Gilg ex. Engl,

B. hypogaea Winkler
B. klainei Pierre ex Pellegr.
B. lacunosa Warb.
B_laporteifolia Warb.
B. macropoda Gilg
B. mayombensis Irmsch,
B. microsperma Warb.
B. batesii C.DC.

' B. mildbraedii Gilg

B. peperomioides Hook f.
B. potamophila Gilg
B. psendoviola Gilg
B. quadriaiata Warb.
B. calabarica Stapf
B. modica Stapf
B. whytei Stapf
B. raynaliorum Wilcz.
B. salisburyana Irmsch.
B. scapigera Hook f.
B. scutifolia Hook f.
B. scutulum Hook I
B. staudtii Gilg
B. subtilis Irmsch.
B. trifiora Irmsch.
B. vankerckhovenii De Wild.
B. vittariifolia Halle
B. zenkeri Irmsch.

This section has not been studied in detail, recently. A number of species-

Agric. Univ. Wageningen Papers 84-3 (1984 )
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aggregates may be present (B. lacunosa/staudtii-, B. quadrialata-aggregate). The
group strongly suggests to be of recent origin, its taxa are still in the process
of *cristallization’. Consequently, some taxa are extremely variable and difficult
to circumscribe. Polyploid taxa have been observed (ArRenDs, 1983). Further-
more, many species show a restricted distribution. This high degree of endemism
also could denote recent speciation. Within the combined group of sections Scu-
tobegonia and Loasibegonia it may still be possible to distinguish subgroups
based on the length/breadth-ratio and the wings of the fruits.

Pollen was not available of B. anisosepala, B. comperei, B. klainei, B. mayom-
bensis and B. microsperma.

Loasibegonia A.DC.
B. dusenii Warb.
B. prismatocarpa Hook.

B. schiferi Hook f.

TasLi 1. Number of sections and species of African and Madagascan Begonias
1 according to IRMSCHER (1925), 2 according to BARKLEY (1972}, 3 according to REITsMa (1983),
4 present synopsis, § according to BARKLEY (1972), 6 according to KERAUDREN-AYMONIN (1983).

OLD SITUATION RECENT VIEWS
Africa 1 2 3 4
sections species sections species
Mezierea 5 9 Mezierea 10 3
Baccabegonia - 2
Squamibegonia 7 10 Squamibegonia 3 3
Tetraphila ? 43 Tetraphila 35 36
Sexalaria 1 1 Sexalaria 1 1
Augustia 9 13 Augustia 13 11
Rostrobegonia 7 18 Rostrobegonia 18 12
Scutobegonia ? 38 Scutobegonia 50 35
Loasibegonia 6 9 Loasibegonia 5 3
Filicibegonia 1 1 Filicibegonia 2 11
Cristasemen - 1
9 sections ? 142 11 (or 8) sections 137 118
Madagascar 5 6
Erminea 4 Mezierea 2
Nerviplacentaria 2
Quadrilobaria 5 ?
Muscibegonia 1
4 sections 12 7 sections 52
14 Agric. Univ. Wageringen Papers 84-3 {1984



Formerly this section also accommodated B. thomeana C.DC. In its present
circumscription section Loasibegonia does not seem a natural group. Material
identified as B. schéferi may consist of several taxa.

1.3. PoLLEN MORPHOLOGY, TAXONOMY AND PHYLOGENY

The taxonomy of the genus Begoniain Africa is in the process of being revised.
Progress has been made in the classification in sections (cf. the synopsis in 1.2.
and REITSMA, 1985b, and DE WILDE, 1985b). The delimitation of numerous spe-
cies still presents difficulties, however. A number of species-aggregates may be
recognized and polyploid taxa are present. Finally, there are many more specific
epithets than species. The synonymy is not yet clear in all cases. This as yet
incomplete state of knowledge of the taxonomy presents a problem to the pollen
morphologist. A recent and reliable monograph of the family would greatly
facilitate pollen studies. There would be no doubt about the identification, classi-
fication and nomenclature of all specimens concerned and it would be clear
which species (names) belong to which pollen type. On the other hand, pollen-
morphological data can be used by a monographer, like any other source of
information (macromorphology, karyology, geography, ecology etc.) to arrive
at his eventual conclusions. It would be preferential for the taxonomist to possess
all this information when embarking on his task, and the influence which the
findings of pollen morphology may have on taxonomy should not be underesti-
mated.

A pollen morphologist may collect samples from all available specimens irre-
spective of their alleged taxonomical status. In this way he will not be biased
by existing systematic opinions and avoid circular reasoning. However, he will
not be warned against the possibility of paraliel evolutionary developments lead-
ing to seemingly comparable situations in quite separate taxa. More will be said
on this subject in the chapter on phylogeny (chapter 5).

Collecting material from the nomenclatural types of the taxa whenever this
is possible is of utmost importance. The descriptions of the pollen can always
be linked with the type specimens (to which the name of a taxon is permanently
attached) which means that the results of the pollen-morphological investigation
remain valid even when future taxonomical research leads to changes in the
taxonomy of the group.

Pollen morphology and taxonomy arc undoubtedly interrelated. The question
remains: what kind of taxonomy? Without wishing to enter into the debate be-
tween phylogenetics, evolutionary taxonomy and numerical taxonomy it seems
desirable that a classification results which reflects the system of relationships
which is hidden in the pluriformity of nature. In the opinion of the present author
the goal of taxonomy and related disciplines like pollen morphology should be
to unearth this phylogeny.

Pollen morphology is by its method a descriptive discipline. The assembled
pollen-morphological data may be used for further interpretation, however. In
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this study the pollen-morphological data are interpreted phylogenetically, viz.
an attempt to reconstruct the phylogeny of the family Begoniaceae, in particular
on the African continent.
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2. MATERIAL AND METHODS

2.1. MATERIAL

Herbarium vouchers of nearly all known African species of Begonia are pre-
sent in the herbarium at Wageningen (WAG). Many specimens were received
on loan from other herbaria (B, BM, BR, COI, FHI, G, HBG, K, LMA, MQ,
P, STU, UPS, W). Whenever possible stamens were collected from these sheets.
As the male flower in Begonia nearly always possesses numerous stamens, sam-
pling proved Lo be easy. The sheels from which pollen was collected have been
marked:

‘Pollen specimen taken WAG 19..".

Besides this extensive collection of herbarium material there was the obvious
advantage of having a living collection of (a.0.) African Begonias at hand, in
the greenhouse of the Department of Horticulture of the Agricultural University
at Wageningen. Prof, dr. J. DoorENBOs and Mr. J. J. KARPER are gratefully
acknowledged for putting this collection at our disposal.

Furthermore a number of field trips undertaken by the taxonomists of the
Department of Plant Taxonomy of the Agricultural University at Wageningen
provided new material, often of species which where up till then poorly repre-
sented. Although the Begonias of Madagascar belong to the province of the
taxonomists of the Laboratoire de Phanérogamie, Muséum National d’Histoire
Naturelle in Paris, it was considered of great interest to compare the pollen-
morphological data of the continental African Begonias with those of Madagas-
car. Material of Madagascan Begonias and also the results of the pollen-morpho-
logical (SEM) studies, as far as they were conducted by the late M. KERAUDREN-
AYMONIN, were readily made available by G. G. AyMONIN. About half of the
52 species recognized at present as published in the Flore de Madagascar et
des Comores, famille 144 Bégoniacées, (M. KERAUDREN-AYMONIN, G. G. Ay-
MONIN & J. Bosser, 1983) could be sampled (appendix 1). Material of Hillebran-
dia and Symbegonia (VAN DEN BERG, 1984) and of Datiscaceae (appendix 2)
were provided by the Rijksherbarium at Leiden (L) and through courtesy of
Dr. F. Bouman (Hugo de Vries Laboratory, Amsterdam) respectively.

2.2. METHODS

The samples were treated according to a standard acetolysis method (REITSMA,
196%). The samples were boiled for & minutes to acquire sufficient colouring.
It was found that after acetolysis the grains were best stored in acetic acid (in
stead of in aceton or ethylalcohoel). If sufficient, the material was divided in
two parts, for light microscopic (LM) and electron microscopic observations
respectively. For LM observations the pollen grains were mounted in glycerine-
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jelly and studied with a Zeiss light microscope (Planapo 63/1.4 Cel). LM photo-
graphs were made on Kodak Technical Pan film (18 DIN), developed in HCI110
for 8 minutes (dil.F.) and printed on various grades of paper.

For scanning electron microscopic observation (SEM) it proved imperative
to use the Critical Point Drying technique (ADaMs & MORTON, 1972; cf, also
NILSSON c¢.s., 1974) to prevent the collapse of the extremely thin-walled grains,
The grains were then coated with gokd in a Balzers sputtering system, and studied
with a Jeol 35-¢ scanning electron microscope.

For transmission electron microscopic observation (TEM) sections were cut
with glass knives, These sections were first fixed in 3%, glutaraldehyde in cacody-
latebuffer (0,1 M, pH = 7,2) for 5 hours at room temperature, then in 1% 0s 0,
in cacodylate-buffer for 2 hours in darkness, dehydrated in an alcohol-series
(50-100%,), embedded in Epon and post-stained with 3% uranylacetate and lead-
citrate. Observations were made with a Philips EM 400 T transmission electron
MiCroscope.

Both electron microscopes were available at the TFDL (Technical and Physi-
cal Service for Agriculture) at Wageningen.
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3. GENERAL DESCRIPTION OF BEGONIA POLLEN

3.1. INTRODUCTION

Data on the pollen morphology of Begoriaceae in literature are virtually non-
existent. IRMSCHER (1925), the last monographer of the family, described the
pollen grains as follows:

‘Die staubformigen Pollenkdrner sind von ellipsoider Gestalt und fast bei al-
len Arten gleich groB. Sie sind im Mittel etwa 26 um lang und 13 um breit.
Das Korn besitzt 3 Meridionalfalten in der sonst glatten Exine, in deren Mitte
je eine kreisrunde DurchlaBoffnung fiir den Pollenschlauch liegt.

ErDTMAN (1952) noted the small size, the prolate to perprolate shape and
the very thin exine which did not show much stratification. He considered the
pollen grains of Begoniaceae as + similar to those in Datiscaceae, also in the
occurrence of tetrads. In the present study, however, tetrads were only encoun-
tered in obviously immature samples, while comparison with the grains of the
Datiscaceae shows the latter to possess a quite different ornamentation and wall
structure (see appendix 2 and plate 15). Unfortunately, there is no fossil record
of the Begonia type of pollen.

3.2, GENERAL DESCRIPTION (cf. fig. 3.1.)

The pollen grains in Begonia are single, isopolar and generally 3-zono-colpor-
ate. Their shape ranges from prolate spheroidal to perprolate while the polar
axis measures from 16 to 35 um and the equatorial diameter from 8 to 14 um.
The outline in equatorial view is mostly somewhat elliptic. The long sides,
though usually convex, can be straight or even concave (plate 1, fig. 2}, the poles
can be rounded, somewhat pointed or, in syncolpate grains, emarginate.

The outline in polar view is circular or rounded triangular with interaxillary
apertures, but the invaginating colpi often give a lobate impression (plate 1,
fig. 4 and 3). The ectoapertures are very long, + 2 pm wide colpi with straight
margins and closed by a granular colpus membrane. The granulae tend to be-
come coarser in the endoapertural area. The striate ornamentation continues
up to the margin of the colpus (plate 1, fig. 2) or a margo of deviating non-striate
ornamentation is present along the colpus (plate 1, fig. 3). The endings of the
colpi ar¢ acute and approach each other closely or even anastomose in syncol-
pate grains (plate 1, fig. 4).

The endoapertures are always lalongate, wider than the ectoaperture, with
a more or less elliptic outline. Especially the long (polar) sides can be distinct
through the presence of often rather faint costac (plate 5 and 6). The outer end-
ings, usually rounded, are often diffuse and difficult to observe.

The exine is rather thin (usually less than 0,5 pm) and no stratification is
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F1G. 3.1. General morphology of Begonia pollen
A. Equatorial view; B. Detail endoaperture; C and D). Details wall structure; E. Polar view.

1. striate ornamentation; 2. margo; 3. colpus membyrane; 4. endoaperture; 3. costa(e); 6. endexine;
7. ectexine; 8. tectum; 9. infratectal layer; 10. foot-layer; 11. mesocolpium; 12. apocolpium; P polar
axis; E equatorial diameter.
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visible in LM. A layered structure is present, however: a sexine consisling of
an outer continuous tectum and an infratectal layer of more or less regular col-
umellae; and a nexine, 2 homogeneous basal layer (plate 3 and 4). Wall thickness
is uniform except for the slight thickenings of the nexine bordering the endoaper-
ture (costae, plate 4, fig. 3 and 4).

3.3. TERMINOLOGY

The morphology of Begonia pollen can be covered by the usual terminology
for angiospermous pollen grains (a.0. WoODEHOUSE, 1935, ERDTMAN, 1952, FaE-
GR1 & IVERSEN, 1964 and REITSMA, 1970), the latter being a survey of the various
terms in use with suggestions towards unification with which the present author
does not agree in all details. To prevent any possibility of misunderstanding
the most important pollen-morphological terms are defined here as they are
nsed in this study (and therefore with special reference to Begonia pollen).

Pollen class: Normal grains are 3-zono-colporate: provided with three com-
pound apertures of which the ectoapertures are colpi and the endoapertures
may be lalongate pori or colpi; the three colpi run meridionally (from pole to
pole} and the endoapertures are situated at the equator, equally distributed ar-
ound the grain (in the more or less triangular polar view the apertures are situat-
ed interaxillary, viz. in between the angles).

P/E ratio:; The ratio between the polar axis (P) and the equatorial diameter
(E) can be used to assign the pollen grains to shape classes as follows (ERDTMAN,
1952);

P/E 1 spheroidal

P/E 1-1.14 prolate spheroidal
P/E 1.14-1.33  subprolate

P/E 1.33-2.00 prolate

P/E > 2.00 perprolate

Apertures: The apertures are compound: they consist of an ectoaperture (ap-
erture in the sexine) and an endoaperture (aperture in the nexine).

The ectoaperture is a colpus: an elongated aperture with a length/breadth ratio
higher than 2. The endoaperture is also a colpus or a porus: a circular or more
or less elliptic aperture, with a length/breadth ratio smaller than 2. The endoa-
perture is nearly always lalongate: the longest axis is perpendicular to the longest
axis of the colpus.

In relatively rare, abnormal grains the colpi converge in pairs: loxocolpate
(plate 2, fig. 1). If the colpi anastomose at the poles the pollen grains are syncol-
Ppate. Some authors feel that if the grains are colporate (viz. with compound
apertures) the terms should be coined ‘loxocolporate’ and ‘syncolporate’. How-
ever, since it are the ectoapertures which converge in pairs and anastomose,
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with no consequences for the endoapertures, the full characterization of these
grains should be ‘3-colporate, loxocolpate’ and ‘3-colporate, syncolpate’. The
endoapertures may be provided with costae: thickenings of the nexine around
the endoaperture.

The parts of the grain inbetween the colpi are called mesocolpia. The (very
small) area at the poles beyond the endings of ectoapertures is called the apocol-
pium.

Exine: The pollen wall consists of intine and exine. The latter, outer part
is acetolysis-resistant and generally divided in two layers: the sexine and the
nexine.

The sexine is the outher, structured laver.

The nexine is the inner, homogeneous layer.

The sexine consists of an outer more or less closed layer, the tectum, which
carries the striate surface ornamentation, and an infratectal layer consisting of
numerous columellae: pillar-like elements which support the tectum and are
themselves implanted on the inner basal layer (“a term which includes everything
found below the infratectal layer’ — A. LE THomas, 1981) which corresponds
with the nexine. In electron-microscopical investigations a difference in contrast
between the outer and inner layers is evident (plate 3 and 4). As is well known
from literature (a.0. FAERGR1 & IVERSEN, 1964) the boundaries of these layers
do not necessarily coincide with the division in sexine and nexine as defined
above. For this reason the terms ectexine and endexine will be used in discussing
the TEM observations, respectively the outer and inner layer of the exine each
comprising all the material of the exine characterized by a particular composi-
tion and structure resulting in continuity with respect to clectron density. It may
be noted here that whether the ectexine or the endexine is more transparent
to the electron beam can apparently depend on the pre-treatment and staining
methods (cf. plate 3, fig. 3 and 3).

As will be described in more detail in the section on wall structure as observed
in TEM a tendency of the columellae to lose their regular pillar-like shape can
be observed, while the material at the base of the columellae tends to form a
thin, irregular, continuous layer which could be considered as a foot-layer. Since
this material is continuous with the columellae it is ectexineous in nature.

The two layers of the exine can separate from each other in the area of the
endoaperture, forming a cavity which can be called a fastigium. When this occurs
a raised sexine is visible around the endoaperture (plate 2, fig. 2 and plate 11,
fig. 5). The term structure is maintained (cf. REITsma, 1970, p. 45/46 and WALKER
& Do¥YLE, 1975, p. 679) for the arrangement of the exine elements within the
wall. Surface ornamentation will be designated as sculpture.

Ornamentation: The sculpture on the surface of the grains is formed by
a pattern of exine elements separated by spaces. The exine elements are called
muri. The striate pattern shown by all Begonia pollen can be defined as a regular
pattern of approximately parallel muri. More in particular in striate grains the
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muri, the ridges of exineous material, will be termed lirae, and the grooves inbe-
tween the ridges striae. Depending on the width of the lirae and striae, the striate
pattern can be designated as finely or coarsely striate. This can {approximately)
be measured by counting the number of striae/lirae which are visible on the
mesocolpia. A number of minute perforations is always present (plate 2, fig.
4). A striking feature of many Begonia pollen types is the presence of a margo:
a zone along the ectocolpus showing a deviating non-striate ornamentation
(plate 1, fig. 3). The poles do not differ in ornamentation or other features.

3.4. VARIABILITY

Pollen morphology studies the morphology of the pollen wall, generally called
exine. In order to be able to study only the exine and not be hampered by the
other components of the pollen grain the method of acetolysis is used. Through
the appliance of aggressive chemicals all traces of the contents (protoplasm and
intine) and surface adhering material (pollen kit) are destroyed. This treatment
influences the characteristics of the exine, and can cause changes in the size of
the grains (see REITSMA, 1969 for a detailed study of the effects of different treat-
ments). Pollen morphology thus applies to the acetolyzed pollen grains, the char-
acters of which can be different from those of the fresh grains as present within
stamens or on pistils. It is hard to decide on the ‘true’ shape or size of the pollen
grain. Only by treating all samples in exactly the same way following a standar-
dized procedure it is possible to compare the grains of different taxa and draw
conclusions from the comparison.

Even so, within taxa and even within samples a certain amount of variability
is still encountered, especially in size, shape, number of apertures and nature
of ornamentation.

The mean size as calculated from 10 measurements always shows a variance
of + 2-3 um. This means that a difference in size between two taxa with, for
instance, a polar axis of 25 pm and 28 pum respectively, is not interesting, but
there is no doubt of the importance of the fact that the polar axis of certain
taxa measures + 15 pum, while others always exceed 30 pm.

The shape of the grains is strongly influenced by the applied treatment. Gener-
ally there is a tendency of the grains to collapse. This is due to the extremely
thin exine (often less than 0,5 pm), while in a dehydrated state of the grain the
colpi tend to invaginate until they are closed off by the borders of the mesocolpia
touching each other. In fact, it proved imperative to use the Critical Point Drying
technique for SEM observations in order to study the colpus membrane (see
also ADAMS & MoRTON, 1972, and NiLssoN, NYROM & PRAGLOWSKI, 1974).

The number of apertures is nearly always three, except for a usually very small
percentage of the grains which may be 4-colporate. In these abnormal grains
(plate 2, fig. 1) the colpi tend to a loxocolpate arrangement, with the colpi con-
verging in pairs. Some samples contain much greater percentages of these grains
and for some of them a connection could be established between this phenome-
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non and polyploidy. However, this connection between polyploidy and deviat-
ing aperture-number and -configuration is far from strict: some samples from
plants which according to their chromosome numbers were tetraploids did not
show any deviation in their pollen, This applies also to size: it could not be
established that tetraploids always possess larger pellen than diploids. Often
no difference in size was found, or even the reverse appeared to be true.

The ornamentation is always striate. The orientation of the lirae and striae
is in principle parallel to the colpi but there is a lot of variation which does
not seem to be of taxonomic importance. The ‘clean’ striate pattern is sometimes
replaced by irregular ornamentation, especially towards the poles. Often the
lirae are interconnected, resulting in a somewhat reticulate appearance. As far
as could be determined these irregularities and deviations are hardly specific.
A further variable character 1s the occurrence of syncelpate grains. The colpi
are always very long, leaving only a small apocolpium at the poles. In numerous
taxa at least a number of grains is syncolpate, in some cases all of the grains.
On the other hand, certain taxa never show this character which points to a,
be it restricted, importance.

3.5. WALL STRUCTURE AS OBSERVED IN TEM

The exing of Begonia pollen is extremely thin (0.4-.6 um) and stratification
can only be observed with the transmission eleciron microscope (TEM, plate
3 and 4). Both ectexine and endexine layers are present and usually well con-
trasted. The endexine takes up about 25%, of the total wall thickness. It consists
of homogeneous material and is uniform in thickness except in the endoapertural
area. Here it may form prominent costae bordering the longer sides of the endoa-
perture (plate 4, fig. 3 and 4) while it also forms the apertural membrane. The
granulae which cover this membrane are ectexineous in nature.

The ectexine consists of a tectumn, the infratectal layer and, if present, a foot-
layer. The tectum is a rather thick, massive layer with only very small perfora-
tions { < 0.05 pm) scattered at random over the grain. The striate ornamentation
shows up in cross-section as an undulating surface with summits (the lirac) and
valleys (the striae). The lirae are usually rounded triangutar in outline but some-
times more or less sharply pointed and may be 0.3-0.8 um or even more than
1 pm apart. This tectum rests on a layer of always rather irregular columellae
which only seldom resemble real columns and show no pattern in their configu-
ration. In fact, it is only in a number of pollen types that an infratectal layer
consisting in this way of more or less well defined columellae and the spaces
in between them can be distingaished at all. In most types the spaces within
the infratectal layer arc extremely irregular, reduced to a narrow strand between
the tectum and the foot-layer. In types where columellae are discernable a foot-
layer is not present: the columellae are implanted directly on the endexine.

This observation and the occurrence of situations intermediate between these
extremes lead to the following hypothesis: the reduction of the columellac is
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3

FIG. 3.2. Reduction infratectal layer. 1. distinct columellae; 2. foot-layer present; 3. reduced infratec-
tal layer.

accompanied by the origin of an irregular, more or less continuous, inner layer
of the ectexine, covering the endexine, which can be considered as a foot-layer.

Investigating the relation between the occurrence of these types of wall struc-
ture and other characteristics of the grains can lead to phylogenctic conclusions
as to which conditions are primitive and which advanced, as will be discussed
in chapter 5.
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4. POLLENTYPES

... we should not be disappointed if we can impose
only a less than perfect order on the endless diver-
sity of nature.

A, CronQuIsT (1968, p. 119)

4.1. KEY TO THE POLLEN TYPES

Grains spheroidal-subprolate (P/E<1.33). . . . ... ... ... ... 2
Grains prolate-perprolate(P/E>1.33). . . . . . ... ... .. .. .. 4
Margopresent. . . . . . .. ... .. .. ... B. thomeana-type
Margoabsent . . . . ... ... L L 3
Endoaperture small, elliptical . . . . . ... ... ... B. comorensis-type
Endoapertureirregular oblong, liraegsharp. . . . . . . . B. baccata-type
Sidesconcave . . . . .. L. L e 5
Stdesconvexorstraight . . . . . ... ... . ... ... .. ... ... 6
Margopresent. . . . .. . ... ... ... ... .. B. squamulosa-type
Margoabsent . . . . .. ... ... ... ... .. B. quadrialata-type
Margopresent. . . . . . . . ... 7
Margoabsent . . . . . ... L e e 14
Size<25pum. . . ... 8
Size>25um. . .. ... ... 10
Sidesstraight . . . . . .. .. ... ... ........ B_filicifolia-type
Sidesconvex . . . . ... L e e 9

Endoaperture large (m 4-5 p), elliptical, sides veryconvex . . . . . .. ...
............................. B. annobonensis-type
Endoaperture medium sized {m 2-3 p), oblong, sides slightlyconvex . . . .
............................ B. bonus-henricus-type
Outline in equatorial view + rhomboidal, very convex sides, raised sexine

................................ B.ampla-type
Outline in equatorial view elliptical, endoaperture elliptical or oblong . 11
Endoaperture large (m 4-6 p), elliptical, outline 4 distinct . . . . . . . 12
Endoaperture medium sized (m 3—4 p), oblong, outer endings usually
indistinct . . . ... .. .. .. 13
Polesemarginate, grainssyncolpate . . . . . . . .. B. cavallyensis-type
Poles smooth, rounded, grains 3-colporate . . . . ... .. B. dregei-type
Margo very narrow, grains perprolate . . . . ... .. B. poculifera-type
Margobroad, grainsprolate . . . . . ... ... ... B. komoensis-type

Endoaperture circular/elliptical endoporus, grains mostly 3-colporate . . .
............................... B. oxyloba-type
Endoaperture narrow endocolpus, grains mostly syncolpate B. eminii-type
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4.2, DESCRIPTION OF THE POLLEN TYPES

4.2.1. Introduction

The definition of the term ‘pollen type’ will be discussed in detail in the chapter
on phylogeny and the methodology of pollen morphology (chapter 5). In this
chapter for each pollen type the species (names) are given of the taxa which
show this type of polien, after which the specimens which were used for the
observations are cited with their identifications which reflect the present state
of taxonomical knowledge of the African representatives of the genus, large
parts of which have not yet been extensively studied. In this way mis-identified
specimens will be noted and nomenclatural errors will not interfere with pollen-
morphological practice.

The descriptions give the differential characters of the pollen type and in the
comments the relationship with other pollen types and with taxonomical classifi-
cation is discussed.

4.2.2. Meaqsurements

Polar axis (P) and equatorial diameter (E) will need no further explanation.
The length of the colpus is not given because the colpi are so long that their
endings are only visible in polar view. The width of the colpi is obviously related
to the state of expansion of the grain.

The dimensions of the endoaperture are measured in meridional and equatori-
al direction (m and e). Especially the latter is often difficult to observe due to
the indistinct outline of the endoaperture.

As with LM stratification of the exine is not visible, no measurements of the
thickness of the sexine and nexine and their ratio is given (see however: chapter
3.5. Wall structure as observed in TEM).

4.2.3. Descriptions
1) B. comorensis-type Plate 7

Small, (sub)prolate or prolate spheroidal pollen grains, characterized by a
very small elliptical endoaperture without costae. The colpus can be slightly
constricted at the equator. The ornamentation is regular, also at the poles. Mar-
go absent, syncolpate grains do not occur.

Measurements: P15-17pm, E10-11 pm, P/E1.40-1,50, m 1-2 pm,e 2-3 pm.

Species: B. cladocarpa Baker, B. comorensis A.DC. ex Warb., B. meyeri-
Jjohannis Engl., B. seychellensis Hemsley,

Specimens: Forsvth Major 11 (BM) (B. cladocarpa);, Hildebrandt 1606 (W)
syntype {B. comorensisy, Jard. Bot. Tan. 73 (P} (B. comorensis); Schlicben 11196
and 11672(HBG) (B. seycheliensis); Van Veldhuizen 539 (WAG) (B. seycheilen-
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sis); J. v. d. Walle 3845 (BR) (B. meyeri-johannis).

Comments: This type contains the smallest pollen grains found in the present
study. It is characteristic for a number of species of section Mezierea. Only B.
meyeri-fohannis occurs on the African continent. The other representatives of
this type are distributed over the Madagascan region (Madagascar, Seychelles,
Comores). B. seychellensis Hemsley is considered synonymous to B. comorensis
by KERAUDREN-AYMONIN (1983).

2) B. baccata-type Plate 7

Small, prolate sphercidal pollen grains with relatively broad colpi and irregu-
larly shaped endoapertures without costac. The grains may be syncolpate, the
ornamentation is regular with rather sharp lirea. No margo. Granular colpus
membrane well visible.

Measurements: P15-18 um, E12-13 um, P/E 1.20-1.40, m 2-2,5 um, e 4-5 pum.
Species: B. baccata Hook f., B. crateris Exell.

Specimens: Espirito Santo 155 (COI) (B. baccata), Groenendijk 7, 107
{(WAG) (B. crateris); Mann 1087 (P) isotype (B. baccata); Roseira 2931 (COI)
(B. baccata); Tuinb. Plant. 1247 (WAG) (B. baccata); Van Veldhuizen 673
(WAG) (B. crateris); De Wilde, Arends & Groenendijk 105 (WAGQG) (B. baccata).

Comments: The size, P/E ratio and lack of costae and margo point to resem-
blance with the B. comorensis-type. The B. baccata-type differs in its P/E ratio,
which is even more spheroidal due to the larger E, its type of endoaperture which
is rather irregularly oblong instead of distinctly elliptical, and the characteristic
lirae. The two species in this type are accommodated in a new section Baccabe-
gonia (REITSMA, 1985b), which is related to the sections Mezierea, Squamibegonia
and Tetraphila.

3) B. thomeana-type Plate 8

Small, prolate spheroidal to subprolate pollen grains with very convex sides.
Small elliptical endoaperture. Regular ornamentation except for the narrow
margo along the colpi. Some syncolpate grains occur.

Measurements: P15-18pum, E11-13um, P/E 1.40-1.50, m 2-3 pm,e 45 pm.
Species: B. thomeana C.DC.

Specimens: Exell 419 (COl); Groenendijk 138 (WAGQG), Karper, De Wilde,
Arends & Bouman 521 (WAG); Van Veldhuizen 882 (WAG) (B. thomeana).
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Comments: This type also resembles the B. comorensis-type, especially in
P/E ratio, size and endoaperture. The main difference is the presence of the
narrow margo. The species B. thomeana is accommodated in a new section
Cristasemen (DE WILDE, 1985b)} characterized by, amongst other features, a
unique seed morphology.

4) B. oxyloba-type Plate 8

Rather small, perprolate poilen grains with slightly convex sides and rounded
poles. The grains are not syncolpate, the endoapertures are circular or elliptical
endopori with only faint costae. No margo.

Measurements:; P18-22 um, E9-12 pm, P/E 1.70-2.10, m 2-3 pm, ¢ 3—4 pm,
Species: B. oxyloba Welw. ex Hook f., B. pycnocaulis Irmsch.

Specimens: Karper, De Wilde, Arends & Bouman 744 (WAGQG), Leeuwenberg
& Voorhoeve 4665 (WAGQG), Letouzey 13010 (P) (B. oxyloba); Schiieben 3006 (B)
(B. pycnocaulis); Schiieben 3451 (MQ), Van Veldhuizen 666, 735, 815 (WAQG)
(B. oxyloba).

Comments: A type characteristic for the remaining species of section Me-
zierea (all other species of this section belong to the B. comorensis-type). It shows
resemblance to types in other sections, especially the B. eminii-type of section
Tetraphila. B. oxyioba is the species with the largest distribution in Africa. It
occurs from east to west throughout the continent.

5) B. eminii-type Plate 9

Rather small, prolate or perprolate pollen grains, often syncolpate. No margo
along the colpi, endoaperture lalongate, + oblong endocolpus with rather dis-
tinct costae along the longer sides, outer endings mostly indistinct.

Measurements: P20-25pum, E11-13pm, P/E 1.60-2.00,m2-3 pm, e 56 um.

Species: B. alepensis Chev., B. ealensis Irmsch., B. eminii Warb., B. epiphytica
Hook.f., B. excelsa Hook f., B. furfuracea Hook f., B. fusialata Warb., B. horti-
cola Irmsch., B. loranthoides Hook f., B. macambrarensis Exell, B. macrostyla
Warb., B. mannii Hook., B. molleri (C.DC.) Warb., B. ndongensis Engl., B. pog-
gei Warb., B. subalpestris Chev., B. tatoniana Wilcz., B. spec.

Specimens: Bequaert 6120 (BR) (B. horticola), Bokdam 4435 (WAGQG) (B.
eminit); Breteler & De Wilde s.n. (Tuinb. Plant. 1196) (WAG) (B. loranthoides),
Brown 85 (B) paratype (B. rhopalocarpa); Chevalier 13752 (P) syntype (B. subal-
pestris), Chevalier 28046 (P) (B. ealensis); Devred 2772 (BR) holotype (B. faton-
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iana); Dusén 71 (B) holotype (B. fusialata); Felix 854 (P) (B. mannii); Jans 1141
(BR) (B. tatoniana), Karper, De Wilde, Arends & Bownan 100 (Tuinb. Plant.
1594) (WAG) (B. loranthoides), Karper, De Wilde, Arends & Bouman 382 (WAG)
(B. alepensis); Karper, De Wilde, Arends & Bouman 851, 905 (WAG) (B. mannii),
Ledermann 1210 (B) holotype (B. ndongensis), Leeuwenberg 8649 (WAG) (B.
mannii), Lecuwenberg & Voorhoeve 4792 (WAGQG) (B. alepensis); Léonard 1880
(BR) (B. fusialata), Le Testu 5043 (P) (B. loranthoides); Letouzey 14186 (P) (B.
Jurfuraceay, Letouzey 14448 (P) (B. spec.), Mildbraed 5580 (B) (B. fusialata),
Mildbread 6831 (B) (B. epiphytica), Mildbread 6985 (HBG) (B. excelsa), A.
Moller 3 (G) holotype, A. Moller 3 = 177 (B) isotype (B. molleri), Pogge 962
(B) syntype (B. poggei), Preuss 960 (B) holotype (B. macrostyla); Quintas 6 (G)
(B. molleri); Rosen 497 (P) (B. loranthoides); Sanford 4440, 4442 (IFE) (B. spec.);
Stuhlmann 1454 (B) syntype, 3828 (B) syntype (B. eminii}, Van Veldhuizen 443
(WAGQG) (B. loranthoidesY;, Van Veldhuizen 540 (WAGQG) (B. molleri), Van Veldhui-
zen 1035 (WAQG) (B. epiphytica); J. J. de Wilde 7499 (WAQG) (B. alepensis); J.
J. de Wilde 8119 (WAQG) (B. mannii); De Wilde, Arends & Groenendijk 144
(WAGQG) (B. macambrarensis).

Comments: This type is very similar to the B. oxyloba-type. It differs in
its generally somewhal larger size, in being often syncolpate and in the more
clearly lalongate endoaperture with distinct costae. It is characteristic for a large
number of species of section Tetraphila. The synonymy of B. ealensis and B.
poggeito B. eminii, of B. excelsa and B. ndongensis to B. mannii, and of B. macam-
brarensis to B. subalpestris is confirmed by pollen morphology. A few specimens
identifted as B. squamulosa (Letouzey 14448 (P), Sanford 4440 and 4442 (IFE)
are cited in this pollen type as B. spec. pending further research (see Comments
B. squamulosa-type).

6) B. komoensis-type Plate 9

Medium sized, often prolate pollen grains with rather convex sides, sometimes
syncolpate. Margo present. Endoaperture relatively small lalongate pori with
only faint costae.

Measurements:P23-27 um, E10~-14pum,P/E1.80-2.00,m 3-3,5um, e 5-6pm.

Species: B. kisuluana Buttn., B. komoensis Irmsch., B. nicolai-hallei Wilcz.,
B, sessilanthera Warb., B. subscutata De Wild., B. zobiensis De Wild., B. spec.

Specimens: Beentje s.n. (Tuinb, Plant. 1384) (WAG) (B. subscutata); Be-
quaert 6595 (BR) (B. subscutata); Breteler 7610 (WAG) (B. komoensis)y; Breteler
7641 (WAQG) (B. kisuluana); Breteler & De Wilde 702 (WAG) (B. kisuluana);
Bos 7165 (WAGQG) (B. komoensisy, Chevalier 2691 (P) holotype (B. komoensis),
Hallé 3016 (P) (B. kisuluana), Hallé 3097 (P) (B. komoensis), Hallé & Villiers
5356, 5357 (P) (B. komoensis);, Halle & Villiers 5381 (P) holotype (B. nicolai-
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halleiy,; Hallé & Villiers 5525 (P) (B. subscutata); Louis 12242 (BR) (B. subscuta-
ta); Overlaet 717 (BR) (B. kisuluana); Preuss 1261 (B) holotype (B. sessilanthera);
Van Roeckhoudt 12 (BR) (B. spec.); Seret 499 bis (BR) paratype (B. subscutata);
Seret 882 (BR) holotype, 1068 (BR) (B. zobiensis), Trochain 8570 (P) (B.
kisuluana), Van Veldhuizen 472 (WAG) (B. komoensis), J. J. de Wilde 7551
(WAG) (B. subscutata).

Comments: This is a rather difficult type to circumscribe, accommodating
species which show rather variable pollen more or less intermediate between
the B. eminii- and B.cavallyensis-type, differing from the first in the presence
of a margo and from the second by the generally smaller size, a more prolate
P/E ratio, and the smaller endoaperture with only faint costae. One specimen,
Van Roeckhoudt 12 (BR), identified as B. schultzei, differed in its pollen type
from the species of the B. squamulosa-aggregate and is accommodated here (cited
as 8. spec.). It may concern a new species (IDE WILDE, pers. comm.).

7) B. cavallyensis-type Plate 10

Large elliptical, perprolate pollen grains, often syncolpate, with broad mar-
gines along the colpi and large, elliptical endopori with distinct costae. The poles
are emarginate due to the anastomosing colpi (syncolpate grains).

Measurements: P28-33 pm, E14-15um, P/E2.00-2.20, m 5-6 um, e 6-8 pm.

Species: B. buchholzii Gilg, B. capiilipes Gilg, B. cavallyensis Chev., B. ebo-
lowensis Gilg, B. fusicarpa Trmsch., B. jussiaeicarpa Warb., B. lethomasiae
Wilcz,, B. oxyanthera Warb., B. polygonoides Hook. f., B. preussii Warb., B. rhip-
saloides Chev., B. rubromarginata Gilg, B. sanjeensis Wilcz.

Specimens: Adam 20851 (UPS) (B. cavallyensisy, Aylmer 49 (K) (B. caval-
lyensis); Baldwin 11417 (K) holotype (B. fusicarpa); Bates 573 (P} holotype (B.
sanjeensis); Beentje 1554 (WAGQG) (B. polygonoides); Buchholz s.n. (March 1874)
(BR) (B. buchholziiy; Chevalier 21183 (P) holotype (B. rhipsaloides); Conrau 80
(B) holotype (B. rubromarginata), Daramola 40454 (FHI) (B. oxyanthera),
Deighton 709 (K) (B. cavallyensis), Dinklage 1232 (B) (B. capillipes), Dusen 427
(B) holotype (B. jussiaeicarpa), Hallé & Le Thomas 243 (P) holotype (8. lethoma-
siae), Hladik 2721 (P) (B. polygonoides), Johnson 129 (K) (B. cavallyensis);
Karper, De Wilde, Arends & Bouman 538 (WAG) (B. polygonoides); Leeuwenberg
3775 (WAG) (B. polygonoides), Leeuwenberg 3870 (WAGQG) (B. cavailyensis),
Lecuwenberg 8650 A (WAGQG) (B. polygonoides); Leeuwenberg 9956 (WAG) (B.
oxyanthera), Letouzey 8800 (BR) (B. oxyanthera); Letouzey 15157 (P) (B. poly-
gonoides); Mildbraed 6186 (B) syntype (B. ebolowensis); Pobeguin 1651 (P) (B.
cavallyensis); Preuss 111 (B) lectotype (B. preussii); Preuss 867 (B) syntype (B.
oxyanthera); Van Veldhuizen 502 (WAGQG) (B. cavallyensis), J. J. de Wilde 7486
(WAGQG) (B. ebolowensis), J. J. de Wilde 8267 A, 8364, 8365 (WAGQG) (B. lethoma-
siae).
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Comments: This is the largest type found in the African Begonias. The pollen
grains of B. cavallyensis are almost twice the size of those of B. comorensis. There
is a rather close resemblance with the B. dregei-type (elliptical outling, large
endoaperture, presence of a margo), but the members of this latter type are
generally somewhat smaller and differ especially at the poles which are mostly
rounded and not emarginate, and in the less distinct costac. HAGMAN & DE
WILDE (1984) in studying the circumscription of B. cavallyensis and B. fusicarpa
were able to deny the alleged synonymy of B. cavallyensis to B. eminii. The pre-
sent author contributed palynological observations which support this: the B.
eminii-type can be easily distinguished from the B. cavallyensis-type. The resem-
blance of the pollen of B. ebolowensis 1o that of B. cavallyensis is in accordance
with the findings of RerTsMa (1984) who concluded that these two species stand
apart in section Tetraphila on account of the placentation characters. The synon-
ymy of B. polygonoides with B. rhipsalvides and B. capiliipes is corroborated
by pollen morphology, while B. lethomasiae may very well be related to B. ebo-
lowensis, and B. jussiaeicarpa can be synonymous to B. oxyanthera, since all these
species can be accommodated in the same pollen type. One specimen, Letouzey
12808 (P) was apparently misidentified (as B. polygonoides) and is referred to
the B. squamulosa-type.

8) B. squamulosa-type Plate 10

Large, perprolate pollen grains with often concave sides and pointed poles.
Margo present. Endoapertures lalongate, endocolpi with rather heavy costae.
Syncolpate grains do not occur.

Measurements: P26-28 um, E 10~13 um, P/E2.50-2.80, m 2-3 pm, ¢ 67 um,

Species: B. bipindensis Gilg ex Engl., B. crassipes Gilg ex Engl., B. gladiifolia
Engl., B. gracilipetiolata De Wild., B. schultzei Engl., B. squamulosa Hook f.,
B. wilczekiona Hallé.

Specimens: Annet 223 (P) (B. bipindensis}, Bates 300 (G) (B. squamulosa),
Bequaert 6474 (BR) (B. squamulosa); Breteler & De Wilde 38, 196, 204 (WAG)
(B. squamulosa);, Breteler & De Wilde 276 (WAG) (B. wilczekiana), Breteler &
De Wilde 323, 335, 353, 356, 600 (WAQG) (B. squamulosay, Van Goossens 1579
(BR) (B. gladiifolia); N. Hailé 3372, 4011 (P) (B. squamulosa); Hallé & Villiers
4452 (P) (B. schultzei), Hallé & Villiers 4560 (P) (B. wilczekiana)y, Hallé & Villiers
5272 (P) (B. squamulosa), Karper, De Wilde, Arends & Bouman 100, 119 (WAG)
(B. squamulosa); Karper, De Wilde, Arends & Bouman 158 (WAG) (B. wilczek-
iana); Karper, De Wilde, Arends & Bouman 179, 180, 181, 326, 483, 931 (WAG)
(B. squamulosa), Leeuwenberg 9288, 9294 (WAG) (B. squamulosa);, Letouzey
12765 (P)(B. squamulosa); Letouzey 12808 (P) (B. polygonoides); Mildbraed 5925
(B) (B. squamulosa); Onochie 34803 (FHI) (B. squamulosa); Schultze in Mildbraed
6208 (B) (B. schulizei) syntype: Van Veldhuizen 736,737, 739 (WAGQG) (B. squamu-
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losa); Van Veldhuizen 744 (WAG) (B. wilczekiana), Van Veldhuizen 1051 (WAG)
(B. squamudosa); J. J. de Wilde 8765 (WAQG) (B. squamulosa), Zenker 3152 (B)
(B. crassipes).

Comments: The characteristic concave sides of this type occur also in the
B. quadrialata-type which accommodates most of the species of section Scutobe-
gonia. The B. squarmylosa-type differs from the B. quadrialata-type in the posses-
sion of a margo and the somewhat larger size. Karyological investigations have
shown the occurrence of tetraploid taxa in the B. squamulosa-aggregate, ‘a group
of morphologically similar taxa (2 x and 4 x) with strong genetic barriers’
{ARENDS, 1985). No relation between the pollen size and polyploidy was found.

The species of the B, squamulosa-aggregate could not be segregated on the
basis of pollen morphology. Pollen of B. elaeagnifolia was not investigated, the
synonymy of B. bipindensis, B. crassipes and B. gladiifolia to B. squamulosa is
corroborated by pollen morphology. A number of specimens, identified as B.
squamulosa, definitely did not show the B. squamulosa-pollen type as described
above. They are referred to other pollen types and should be studied closely
macromorphologically to ascertain their taxonomical status (spec.nov.?). These
specimens are: Van Reeckhoudt 12 (BR), referred to the B. komoensis-type, and
Letouzey 14448 (P), Sanford 4440 and 4442 (IFE), referred to the B. eminii-type.

9) B. bonus-henricus-type Plate 11

Rather small, perprolate pollen grains, with narrow margo. Small lalongate
oblong endoaperture.

Measurements: P 18-23 pm, E 8-10 pm, P/E 2.00-2.30, m 2-3 um, ¢ 4-5 pm.

Species: B. bonus-henricus 1. J. de Wilde.

Specimen: J. J. de Wilde 8404 (WAG).

Comments: Very little material was available and this was partly immature.
This type is closely related to the B. poculifera-type and might only constitute
a small subgroup of that type. Pending further investigation on more specimens
it is tentatively kept separate here.

10) B. poculifera-type Plate 11

Large, perprolate syncolpate pollen grains with very narrow margo and
straight to slightly convex sides. Oblong, rather narrow, endeoapertures (endo-

colpi) with distinct costae.

Measurements:P27-30um,E 12-13 pm, P/E2.10-2.30, m 2-3 pm, e 67 pm.
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