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1. Introduction

One of the major projects of the Department of Plant Taxonomy of the Agricul-
tural University is an investigation of African species of Begonia. The present
author has been responsible for its karyological aspects and a paper dealing
with the cytotaxonomy of African Begonia is in preparation. For the section
Tetraphila, it was found that the somatic chromosome numbers indicate two
levels of ploidy. Counts of about 2n =38 were found in the majority of its species,
but as early as 1978 a number of about 2n =76 was found in some plants from
Gabon. These plants are now identified as B. squamulosa and B. elaeagnifolia.
The finding of these apparently tetraploid numbers suggested that these species
could be members of a polyploid complex. Moreover, a provisional analysis
of herbarium material of these and other supposedly related species showed that
they share many features and that there is considerable macromorphological
variation, hampering their delimitation and recognition. This observation sup-
ported the idea that we were dealing with a polyploid complex incorporating
an unknown number of sibling species. It was then decided that the author
should attempt to clarify the taxonomic relationships of the species involved.
Hence this study deals with a small group of species, previously referred to as
the ‘B. squamulosa species aggregate’, of Begonia section Tetraphila A DC. The
entire section as circumscribed in De Wilde & Arends (1979), comprises approxi-
mately 30 specnes and is confined to tropical Africa.

The species dealt with here are distinct from other species in the section by
the combination of a creeping habit and usually unisexual inflorescences of
which the female is predominantly single-flowered. The male flowers of these
species are characterized by stamens with partially fused filaments arranged in
a zygomorphic androecium. The gynoecium of the female flower consists of
the inferior fusiform ovary crowned by two to five styles. These styles are fused
at their base and each style has two spreading and slightly curved arms. Each
style is provided with a horse shoe-shaped stigmatic band on the abaxial side.
The upper ends of this stigmatic band are spirally twisted around the apical
part of the style branches.

The species that have been described prior to this paper can be divided into
two subgroups according to the number of flowers found in the male inflores-
cences.

The first subgroup has male inflorescences with many flowers (i.e. more than
35). It comprises the following validly published names:

B. squamulosa Hook f., 1871, Gabon
B. longipetiolata Gilg, 1904, Cameroun
B. macrura Gilg, 1904, Cameroun
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B. gracilipetiolata De Wild., 1908, Zaire

B. bipindensis Gilg ex Engl., 1921, Cameroun
B. crassipes Gilg ex Engl., 1921, Cameroun
B. gladiifolia Engl., 1921, Fernando Poo

B. nicolai-hallei Wilez., 1969, Gabon

Of these, B. squamulosa Hook f. is maintained by the present study, and B. longi-
petiolata Gilg, considered by Engler (1921) as a synonym of B. squarmulosa, is
reinstated. All other names of this subgroup are treated here as synonyms of
B. longipetiolata. Besides these, the names B, kribensis Engl. (1921) and B. lud-
wigsii Gilg ex Wilcz. (1969) occur in the literature. These are nomima nuda
attached to Camerounese collections which are now assigned to B. longipetio-
lata.

The second subgroup is characterized by male inflorescences with few flowers
{usually 1 to 3, rarely 4 or 5). It comprises;

B. elaeagnifolia Hook f., 1871, Gabon
B. schuitzei Engl., 1921, Cameroun
B. wilczekiana N. Hallg, 1969, Gabon

Of these, the last two names are treated here as synonyms of B. elaeagnifolia
Hook.f. A new species, B. karperi J.C. Arends, endemic to the Crystal and the
Chaillu Mts in Gabon, is proposed and added to this group. '

Two other new species are described. The first is B. rwandensis J.C. Arends,
endemic to the border region of Zaire and Rwanda. With its male inflorescence
having up to five flowers it shows an affinity with the second subgroup. The
second, B. pelargoniifiora J.J. de Wilde & J.C. Arends, occurs on the island of
Bioko (Fernando Pdo) and in adjacent parts of Cameroun. Whereas many of
its features are similar to those of the other species, it is unique because it may
have bisexual inflorescences, while its female inflorescences have at least seven
flowers, For these reasons it is kept apart from both subgroups. The taxonomic
position of these two species will be discussed in Chapter 9.

The species treated in the present paper are distributed in tropical Africa in
the region between 6 degrees latitude North and 6 degrees South and from 8
to 30 degrees longitude East. Plants have been collected in south-eastern Nigeria,
Cameroun, Equatorial Guinea (including Fernando P&o), Gabon, western
Copgo, northern Angola (Cabinda), as well as in several disjunct localities in
Zaire and finally in Rwanda. ' :

The plants grow in humid tropical forests and prefer habitats near water
courses and swamps. They are usually found on trees or decaying logs at various
helgt.yts above the ground or river, but sometimes grow on rocks,

W}thin section Tetraphila the group defined above is also unique in demon-
strating Fhe occurrence of polyploidy, other species of this section being exclu-
sively diploid (Arends, in prep.). The first tetraploid somatic chromosome
~ numbers were observed in some cultivated plants introduced by Breteler and

y) .
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De Wilde in August 1978 from the Crystal Mts in Gabon. Other plants from
the same collection were found to be diploid. On the basis of the emended des-
cription of B. sguamulosa Hook. f. of Hallé & Raynal (1966), these diploids were
identified as belonging to this species. The dipleid and tetraploid plants had
many flowers in the male inflorescences, a characteristic of the first subgroup
mentioned above, but the tetraploids differed from the diploids in having com-
paratively long internodes and thicker, more succulent tepals. We therefore pos-
tulated that B. squamulosa comprises diploid and tetraploid cytotypes. Conse-
quently, when J.Reitsma (1983) studied the placentation in African Begonia,
his results for B. squamulosa were presented separately for the diploid and tetra-
ploid plants.

Apart from the two cytotypes of B. sguamulosa there were also some other
rather similar plants. They carried the few-flowered male inflorescences, as
encountered in the second subgroup, and were provisionally identified as B.
schultzei Engl, and/or B. wilczekinna N. Hallé. All these plants were found to
be tetraploid. As they were characterized by long internodes it was assumed
that tetraploidy is correlated with elongated internodes and consequently long
creeping stems. On the other hand, there was another living introduction show-
ing 1- to 2-flowered male inflorescences in combination with long internodes
which was also found to be diploid. This particular plant was identified as B.
wilczekiana as well, but in addition to its diploid chromosome number, it was
distinct from the other plants in this subgroup by its peltate leaves with dentate
scales on the upper surface.

Subsequently I found that pollen grains of the cultivated diploid plants were
usually smaller than those of the tetraploid ones. When Van den Berg (1934)
studied the pollen of African species of Begonia, he also attempted to find a
correlation between pollen grain size and comparative internode length. Some
specimens with long internodes {assumed to be tetrapleids) were found to have
small pollen grains, while other, similar, specimens had larger pollen grains.
For specimens with short internodes similar conflicting results were obtained.
Consequently, Van den Berg (op. cit.) concluded that there is no correlation
between pollen grain size and ploidy level. While pollen grain size appeared
to be of little diagnostic value for the taxonomy of most of the species mentioned
above, the morphology of the pollen grains was found to be characteristic in
the majority of these species. Their pollen grains were referred 1o by Van den
Berg as the Begonia squamulosa pollen- type. Pollen grains which deviated from
this pollen-type were found by Van den Berg for B. nicolai-hallei Wilcz. and
for the two new species described here as B. rwandensis and B. pelargoniifiora.
Further details are given in Chapter 8.

During the next expedition to Gabon (collectors De Wilde, Arends et al.,
1983) the two presumed cytotypes of B. squamulosa and plants of B. schulizeil
wilczekiana were re-collected in the Crystal Mts, occasionally even from the same
locality. Samples of these plants were sent to WAG for cultivation and laborato-
ry studies. Chromosome counts confirmed the presumed ploidy level of these
plants. No triploids were found, and it was concluded that there may be crossing
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barriers between these two sympatric cytotypes.

Asan alternative to the hypothesis that the diploid and tetraploid plants repre-
sent cytotypes of one species, it was suggested that we might be dealing with
sibling species, morphologically more or less similar, but reproductively isolated
taxa.

In order to test the alternative hypotheses additional collections and field
observations were necessary. To date there have been ten other expeditions in
Gabon since 1983, and specimens of the taxa treated here were found during
seven of these. Although localities with an apparently suitable habitat for the
species were carefully searched, only a rather limited number of accessions could
be acquired.

The analysis of several gatherings made in 1984 (collections Arends, De Wilde
& Louis; Louis, Breteler & De Bruijn) led to the conclusion that the second
of the above mentioned hypotheses is the more acceptable, In fact it was con-
cluded that the two taxa of the first subgroup, as they occur in the Crystal Mts,
viz. B. squarmulosa ‘tetraploid type’ and B. squamulosa *diploid type’ represent
B. squamulosa Hook.f. and B. longipetiolata Gilg respectively. Both species com-
prise diploid and tetraploid cytotypes. Similarly B. elaeagnifolia Hook.f., one
of the two species of the second subgroup, comprises 2x and 4x cytotypes. These
conclusions are based on the analysis of cultivated plants and demonstrate once
again that the study of living plants is indispensable for clarifying the boundaries
between species in Begonia. Not only are living plants a prerequisite for chromo-
some analysis, but they are also necessary for assessing the plasticity of the char-
acters of the plants. In comparison, herbarium material proved 1o be invariably
inadequate to- demonstrate these characters, as was already pointed out by
H(_)oker (1871, p. 569); “...they are, moreover, extremely difficult of analysis from
cti.ned specimens, and much aflowance must be made for the following descrip-

ions’,

The present study ends with the taxonomical treatment of the taxa involved.
That part is preceded by a presentation and discussion of detailed studics of
characters, that were supposed to be of value for the delimitation of the taxa,

either singlj_f or in combination. In this presentation the correct names of the
taxa recognized are used. These are:

1. B. squamulosa Hook .

2. B. longipetiolata Gilg

3. B. elaeagnifolia Hook.f,

4, B. karperi spec.nov.

5. B. rwandensis spec.nov,

6. B. pelargoniiflora spec.nov.

Wageningen Agric. Univ. Papers 91-6 (1991 J



2. Historical account of the species concerned

In this chapter the various species involved will be introduced chronologically.
Some of their features as described in the original publications are considered
only cursorily, as these will be discussed in detail in Chapters 5 and 6. The opi-
nions and conclusions of taxonomists who dealt with various aspects of the spe-
cies since their publication are reviewed.

All the species were first described from a single gathering, except for B. wile-
zekiana N. Hallé which was based on four collections. As most of these type
specimens lack female flowers or fruits, it is not surprising that J.D. Hooker
(1871, pp. 570 and 579) considered B. elaeagnifolia and B. squamulosa, both
from Gabon, to be dioecious. He described the male inflorescence of B. elacagni-
folia as 2-flowered and that of B. squamulosa as 6 to 10-flowered.

When Gilg (1904, p. 92) described B. longipetiolata and B. macrura, he also
noted the absence of female flowers in his type material. It should be noted
that Gilg described the male inflorescences of both species as few-flowered with
many bracts at the base and many bracteoles at the top. He erroneously placed
both new species in the section Scutobegonia, which is characterized by bisexual
inflorescences, flowers with two perianth segments and winged ovaries. Accord-
ing to Gilg’s description the flowers of his new species had two ‘sepals’ each
and this observation might be the cause for his error.

The type specimen of B. gracilipetiolata De Wild. has male and female inflores-
cences and an infructescence. De Wildeman (1908, p. 319) correctly placed his
new species in the section Fusibegonia Warb. (= Tetraphila A.DC.), which is
characterized by a fusiform ovary without wings. According to De Wildeman’s
description the male inflorescence of this species contains 2 to 5 flowers, whereas
the female flowers are solitary.

In Engler’s treatise of the African species of Begonia (1921) ten out of the
twelve species names considered in the present paper are mentioned in the key
to the species. They are included in the series Subaequilaterales Engl. of the
section Fusibegonia Warb. The name of this series refers to the more or less
symmetrical shape of the lamina of the leaves of the species concerned. Five
of these species names had already been published by I.D. Hooker, Gilg and
De Wildeman (see above). The remaining five comprise two validated manu-
script names, i.e. B. bipindensis Gilg ex Engl. and B, crassipes Gilg ex Engl,,
and three new ones, i.e. B. gladiifolia, B. kribensis and B. schultzei, proposed
by Engler himself. The validated names had been written by Gilg on the sheets
before March 1905, soon after the plants had been received and mounted in
the Berlin herbarium in 1904.

It should be noted that Engler (1921, p. 618) presented his new species in
a differential key. According to this key the common characters of these species
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are fusiform non-winged fruits, male and female flowers with four perianth seg-
ments, more or less fused stamens and three or two bifurcated styles with an
uninterrupted stigmatic band. The delimitation of the new species is based exc}u-
sively on the shape and comparative dimensions of the leaves. Engler (op. cit.)
refrained from any description of the inflorescences. An apparent omission from
Engler’s work is the absence of any reference to type material for his new species
and there might be confusion as to which specimens Engler had seen. However,
Mildbraed (1922, pp. 89, 97, 98 and 188) referred to Engler’s new names when
he cited the localities and the numbers of his gatherings. Moreover, the pertinent
set of Mildbraed’s collections in the Berlin Herbarium carries these new names
in Engler’s own handwriting. Consequently they are to be considered as the
holotypes of Engler’s species and there cannot be any doubt as regards the inter-
pretation of the names of B. gladiifolia, B. kribensis and B. schultzei. Neverthe-
less, B. kribensis, as published in Engler’s key, does not key out specifically,
but in combination with two other species. No distinctive characters are men-
tioned. Therefore this species name has to be considered as a nomen nudem.
It should be noted that Engler (op. cit. p. 620) placed B. longipetiolata Gilg
in the synonomy of B. squamulosa Hook.f. without argument. It appears that
Hallé & Raynal (1966) overlooked this point in stating that this synonomy was
established by Keay in 1954,

In spite of Engler’s opinion that B. longipetiolata is conspecific with B. squa-
mulosa, Hutchinson & Dalziel (1927, p. 188) maintained it as a separate species
in their treatment of Begonia in the first edition of the Flora of West Tropical
Africa. They cited Kalbreyer nr 155 collected on Mt. Cameroun, of which there
is a duplicate in Kew. In 1911 Gilg identified this specimen with doubt as B.
longipetiolata. The key to the species in this first edition of FWTA is almost
exclusively based on vegetative characters.

- In the 2nd edition of the FWTA the collection of Kalbreyer was cited also
by Keay (1954, p. 220). Apparently he accepted Engler’s opinion concerning
the status of B. longipetiolata as he re-identified Kalbreyer's collection as B.
squamulosa in 1953. The key in this edition is based on vegetative as well as
on some floral characters. According to Keay (op. cit.) B. squamulosa including
B, longipetiolata, is characterized by four perianth segments, a non-winged fusi-
form fruit and densely clustered male flowers.

It is clear that when Keay studied some of the species treated here, their male
inflorescences had been described quite imperfectly, whereas the female ones
and fruits were still virtually unknown. This situation was alleviated by Hallé
& Raynal (1966) when they presented a detailed description and illustration
ofa plz}nt in cultivation referred to the coll. J. & A. Raynal nr 9707 and several
hefrbarlum coll_ections which they considered to be B. squamulosa. However, as
W%l] be show.n in Chapter 6 their description applies to B. longipetiolata. Also,
w1thput_ having seen the type of B. bipindensis Gilg ex Engl. they reduced this
spectes into the synonymy of B. squamulosa Hook.f., citing among others Annet
}1:1 t2}123. In 'Hal'le.(}‘972)_there is an i}llustration of a leaf of Annet’s collection.

e caption 1t is identified by Hallé as B. squamulosq Hook. £, var. bipindensis
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(Gilgex Engl.} N. Hallé. The variety is based exclusively on leal shape: ‘Le Bego-
nia squamulosa Hook. f. présente au Cameroun des formes variétales étroites
qui ont d’abord &té nommées B. bipindensis Gilg ex Engl.” (Hallé 1972, p. 363).
Hallé did not give additional characters for his new variety and he only men-
tioned Engler’s basionym, without direct reference to place and date of valid
publication, rendering his combination invalid according to Art. 33.2 (ICBN).
Moreover, the lamina ratio of the coll. Annet 223 is circa 7, but that of the
type collection of B. bipindensis, Zenker 3098, varies from circa 2 to 4. On the
basis of its leat' shape Annet 223 should have been assigned to B. gladiifolia
Engl. as emended by Wilczek (1969b, p. 84). This species was described on the
basis of a single collection, Mildbraed 6394, with a lamina ratio of circa 8. For
a further discussion of leaf shape and its taxonomical significance see Chapter
5.

One of the more extensive treatises of African Begonia species was published
in the flora of Zaire, Rwanda and Burundi (Wilczek, 1969a). According to Wilc-
zek B. schultzei, B. gladiifolia, B. elaeagnifolia, B. squamulosa and B. gracilipetio-
lata occur in Zaire. Next to inflorescences much emphasis is given to leaf charac-
ters, both in the key to the species and in their delimitatton. In another
publication Wilczek (1969b, pp. 84 and 88) intended to validate B. gladiifolia
Engl. and B. schuftzei Engl. As pointed out above, T consider Engler’s treatment
in his key (Engler, 1921), in combination with the presence of qualified type
specimens in the Berlin herbarium, to be sufficient {or the valid publication of
these two names. Their publication was effected before a Latin diagnosis and
the indication of a nomenclatural type were required, in 1935 and 1958 respec-
tively. Thus I consider Wilczek’s validation to be superfluous.

According to Wilczek, (1969b, p. 84) the specimens assigned by him to B.
gladiifolia are characterized by more or less narrow lamina (‘lamina lanceolata
vel anguste elliptica-lanceolata”). One of the collections he cited is Kalbreyer
nr 155, which was earlier cited by Hutchinson & Dalziel (1927) as B. longipetio-
fata and by Keay (1954) as B, squamulosa. Kalbreyer 155 consists of two sheets,
ong in B, the other in K. Neither of these is annotated by Wilczek, According
to an attached label, the duplicate in the Berlin herbarium was provisionally
classified as B. ludwigsii Gilg (nomen nudem, see treatment of B. longipetiolata
in Chapter 10) by Irmscher, who studied African begonias from 1961 to 1968
(De Wilde & Arends, 1980, p. 378).

Asto B. schultzei, Wilczek (1969b, p. 89) cited the specimens Schultze in Mild-
braed 6208 and 6229 from Cameroun together with the specimen Van Roeck-
houdt nr 12 from Zaire. The two collections from Cameroun, present in the
Berlin herbartum, are both indicated as type material of B. schultzei Engl., and
they are cited by Mildbraed (1923, p. 98) in his reference to Engler’s new species.
However, it should be noted that only Schultze in Mildbraed 6229 carries a
label written by Engler himself, stating ‘ Begonia schultzei Engler’. The specimen
Schultze in Mildbraed 6208 carrying five leaves and a fragmentary inflorescence,
does not have annotations of Engler demonstrating that he used it in his descrip-
tion. Thus Schultze in Mildbraed 6229 is the holotype of the species. The coll.
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Van Roeckhoudt 12 effectively shows a supetficial resemblance to the type speci-
men of B. schultzei. Van Roeckhoudt nr 12 is assigned here to the new species
B. rwandensis. )

Tt appears from a sketch in the Brussels herbarium that the type specimen
of B. elaeagnifolia Hook f., Mann 1651 from Gabon, was seen by Wllc?ek in
1967. In 1969 he assigned three collections from Zaire to this species (Wilczek,
1969a, p. 21). One of them, Cabra nr 115, had been identified as B. elaeagnifolia
by De Wildeman & Durand in 1900 (p. 25). The three collections resemble the
type of B. elaeagnifolia in having fairly small, somewhat narrow leaves. In the
present study they are identified as B. longipetiolata Gilg.

The description of B. squamulosa Hook.f. in Wilczek (1969a, p. 21} is almost
similar to that given by Hallé & Raynal (1966). Of the Zaire collections cited
by Wilczek for this species all but one (Christiacnsen 1922) are assigned here
to B. longipetiolata Gilg, Similarly the two collections including the type of B.
gracilipetiolata De Wild. cited by Wilczek (op. cit., p. 22) for that species, are
identified here as B. longipetiolata.

The type collection of B. nicolai-hallei Wilczek (1969b, p. 86) is provided with
a field note by Hallg, in which the collector states that he considers his collection
to be affiliated with B. squamulosa sensu Hallé & Raynal. However, Wilczek
(op. cit.) described it as a new species in the alliance of B. polygonoides Hook.f.
B. nicolai-hallei is transferred here to B. longipetiolata.

In Wilezek’s paper (1969b, p. 91) B. wilczekiana was validly published by
Hallé, who indicated its affinity to B. squamulosa. This view is fully supported,
although in my concept it is placed in the synonomy of B. elaeagnifolia Hook.f.

In the Conspectus Flora Angolensis, Fernandes (1970, p. 293) discussed the
identity of Gossweiler nr 7811 (Feb. 15, 1919}, having studied duplicates in BM,
COI, LISJC and LISU. The duplicate in BM has 2 label with an English transla-
tion of the field notes, the others have annotations in Portuguese. Fernandes
noticed the similarity of the leaves with those of certain small-leaved plants of
B. squamulosa Hook 1., but she identified the collection as B. gracilipetiolata
De Wild., because of its fusiform immature fruits, while the fruit of B. squamu-
fosa had previously been described by Hallé & Raynal (1966) as obpiriform.
In the present study however, it has been found that the fruit of B. squamulosa
as well as that of the other species studied usually is fusiform. In the same volume
Fernandes ‘(op. cit., p. 364) discussed the identity of another specimen collected
by Gossweiler in 1919 as well. This specimen, present in K, consists of two small
ijragn:lents and is labelled Gossweiler nr 9811 (not 7811) with, in English, almost
identical field notes. Fernandes noted some errors in the translation and sup-
p‘osed. that the collection number is erroneous, I am certain that Fernandes was
right in her assumption. The K duplicate had been seen by Irmscher as well,
who annotate'd it ‘with ‘material too scanty, 2 species?’ and assi gned it with doubt
to B. elaeagnifolia. Because of the comparatively short internodes Fernandes
fﬁ:::;]!gi(; rtglat Irinscher’s‘ identification might be in error and she speculated
fiod this additionsl dulicace st 5 YU fully developed ones. She identi-

plicate as either B. elaeagnifolia or B. gracilipetiolata and

8 s . .
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suggested that for a proper identification additional gatherings would be neces-
sary. In this treatise Gossweiler’s collection 7811 (including 9811) is identified
as B. longipetiolata.

The preceding paragraphs indicate that, in the past, vegetative characters have
been overemphasized in delimiting and recognizing the pertinent taxa.

Wageningen Agric. Univ. Papers 91-6 (1991) 9



3. Material & methods

Prescrved plants

All collections consisted of dried material and three collections from before 1978
also contained spirit material. During the recent expeditions in Gabon dried
as well as spirit collections were prepared. Dried material of Begonia is very
brittle, so parts taken from a sheet needed to be moistened prior to removal.
The material was then boiled in water for 3-5 minutes and studied in 70% etha-
nol. In order to further the flexibility of the material, the water contained three
drops of Agepon photographic wetting agent per 100 ml and the ethanol 0.5
ml of glycerol per 100 ml. After analysis the material was dried again and re-
mounted on the sheets.

In a few cases the labels of the specimens provided information about the
geographical coordinates of the localities from which the plants had been col-
lected. For the remainder of the collections these coordinates could usually be
found by consulting one or more of the following sources: the gazetteers pub-
lished by the U.S. Army Topographic Command, Washington D.C. (Official
Standard Names Division); atlases of Barthlomew (1956), Haack (1925) and
Scobel (1912); the phytogeographical study of Letouzey (1968) in combination
with maps (scale 1:200.000) published by the Institute Géographique National-
France (Paris) for Cameroun; similar maps and Raynal (1968) for Gabon and
the gazetteer of the localities listed by Bamps (1982) for Zaire and Rwanda.

¥n the citation of the specimens (Chapter 10) the coordinates are mentioned
in the description of the localities.

Living plants

Plan.ts of B. squamulosa, B. longipetiolata, B. elacagnifolia and B. karperi were

stl}d}ed in the living condition. All accessions listed in Table 4-1 are of known

origin, Except for two accessions of B. longipetiolata from Cameroun, Leeuwen-

Egrﬁ 9288 and W.J. de Wilde & De Wilde-Duyfjes 2020, all gatherings are from
abon.

The .plants that were received in Wageningen became part of the living plant
c(?llecuon of the Department of Horticulture, Agricultural University, Wage-
ningen (T series). Since 1984 the introductions have been cultivated in the green-
house (_)f the Department of Plant Taxonomy of the Agricultural University
(PT series).

The plants were grown on benches in pots with peat substrate or as ‘epiphytes’
on tree fern slabs. Parts of these cultivated plants have been preserved as voucher

I 0 . ¥
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material in the collection J. van Veldhuizen, WAG.

Plants of B. longipetiolata were usually individuals of a population from which
other plants have been preserved in the field. Those of the other species were
grown in most cases from top cuttings taken from side branches of plants before
these were dried.

Chromosome studies

Somatic chromosomes in root tip cells were studied from permanent squash
preparations. These were made according to the following method. Root tips
were pre-treated in aerated 0.002 M 8-hydroxyquinoline for 3.5 hours at ¢. 20°C;
fixed and macerated in 1 N HCI at 60°C for 2 min. Subsequently the material
was transferred to 45% acetic acid for 30 min. and squashed. After removal
of the cover slip in liquid nitrogen the slide was air dried on a hot plate. The
slide was then hydrolysed for 5 min. in } N HCI at 60°C; rinsed in running
water for 30-45 min. and stained in Giemsa (1.5 ml Gurr’s R66 stock solution
in 100 ml phosphate buffer} for 3-6 min. When necessary, the cytoplasm was
cleared by keeping the slides in oil of cloves for 1 hour prior to passing them
through xylene before they were mounted with DPX (British Drug Houses) and
cover slips.

Pollen staining

Pollen preparations were made using a modified acetolysis staining procedure
according to Erdtman (1952). Anthers of dried flowers were moistened for §
min. in water and transferred to a sieve (mesh gauge 80 pm). Anthers from spirit
material were directly transferred to the sieve. Subsequently they were gently
rubbed and washed through the sieve, using 10 ml, water. The filtrate was centri-
fuged and the residue rinsed for 5 minutes in glacial acetic acid; centrifuged
again; acetolyzed in a mixture of 9 parts acetic anhydride and 1 part sulphuric
acid (98%) for 9-10 min. at 100°C; quickly cooled to room temperature and
centrifuged after cach of the following steps; rinsed once in glacial acetic acid;
twice in water; and finally rinsed in a 1:1 mixture of water and glycerol. The
tubes were kept upside down overnight after decanting the supernatant, The
stained pollen was mounted on microscope slides according to the method intro-
duced by Punt (1962) and described by Tj. Reitsma (1969, p. 200).

Histological studies

For microtome sectioning the tissue was fixed in the field in a formalin, acetic
acid and ethanol mixture, that taken from cultivated plants in a mixture of 3
parts 96% ethanol and [ part giacial acetic acid. The tissue-specimens were
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embedded in Kulzer's Technovit after being passed through a graded series of
water/ethanol. The 10 pm sections were stained with 0.2-0.5% Toluidine blue
in1 NHCL

12
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4. Somatic chromosome numbers

Table 4-1 shows that the 2n numbers of several accessions of B. squamulosa,
B. elaeagnifolia and B. longipetiolata range from 71 to 76. These figures are ap-
proximately double the 36 to 39 which were found in other accessions of these
species. The counts of 71 to 76 are considered here as tetraploid and those of
36 to 40 as diploid. In each of the three species it was found that the tetraploid
plants are almost indistinguishable from the diploid ones (see below). In B. kar-
peri the diploid numbers, 2n =36 to 38, were found.

Except for one accession all these chromosome data are new. Legro & Door-
enbos (1973} also reported 2n =38 for PT00-650, culta coll. W.J. de Wilde 2020,
from Ebolowa, Cameroun, but they identified it as B. squamulosa. Living materi-
al of the new species B. pelargoniifiora and B. rwandensis was not available for
chromosome counting.

As to the terminology which is used here to designate the two ploidy levels,
it has been pointed out that the term diploid may have a dual meaning (e.g.
Léve & Love, 1975 and Stace, 1989). The term diploid as ‘2x” is applied to the
lowest diplophase number in a palyploid series. The chromosomal basic number
X’ represents the smallest monoploid number of such a series (Rieger, Michaelis
& Green, 1968). In the present study it was found that the somatic chromosome
numbers of the remaining species of the section Tetraphila range from 2n=36
to 40. When the basic number of the section is assessed from the series 2n=36
to 40 and 2n="71to 76 it follows that x=c. 18.

Raven (1975) presented evidence that the original basic number of the angios-
perms is x="7, but Grant (1982} showed that it is also possible that it is x=8
or 9. On the basis of the conclusions of Raven and Grant it is evident that the
high basic number of c. 18, as assessed here for the section Tetraphila, represents
a derived and polyploid condition. So far a somatic chromosome number of
2n=18 has not been found in a taxon of this section. According to De Wilde
(pers. comm.) Tetraphila has a closer relationship to the African sections Bacca-
begonia and Squamibegonia than to any other section. The 2n numbers of Bacca-
begonia and Squamibegonia are similar to those on the dipleid level of Tetraphila
as they also range from 2n=36 to 40. Comparatively low numbers of 2n=22
have frequently been found in several sections of Begonia (see for example Legro
& Doorenbos 1969 and 1971). However, these numbers have been recorded for
sections with.a taxonomic position that is remote from the section Tetraphila.
The lowest chromosome number published to date, 2n = 16, was found by Legro
& Doorenbos (1971) in B. gigantea Wall. of the Asiatic section Monopteron.
During the present investigation I observed low numbers of 2n=16 and 18 in
two new species of the African section Scutobegonia. This section as well as
the seclion Monopteron has less affinity to Tetraphila than the sections Baccabe-
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. . . ; es
Table 4.1. Somatic chromosome numbers in cultivated specimens of Begonia spec
a A

Ploidy 2n
i nee
Entrynr. Voucher  Collection Provena e
liveoll.  Veldh.
B. squamulosa tal Mts ax 7%
T1210B 740 B & W 355 Gabon,Crysta i 74
i 1983)-100 Gabon,Crystal Mts
T1606 989 De W}}ie E1983; 100 S e - 7476
991 De Wilde - ' 7174
iy De Wilde{1983)-181  Gabon,Crystal Mts 4x 638
b o Gabon,Chaillu Mts 2x 36,
T1775 1218 Arends 371 K
B. longipetiolata Gabon,Crystal Mts 2% 36
mogD 13413 gigiiﬁ.,loc 355 Gabon,Crystal Mts 2x 2‘6’ -
Egtlma 738 B & W s.n.Joc 335 Gabon,Crysta{ ﬁts gx 1618
I t X 13
T1207D 737 B& W 3.n.,loc.335 Gabon,Crystal Mts
T1616 988 {)e v9v3111de (1983)-5.0. Gabon Cosobeach " %
0C, 2
: 2x 38
T1592 969 De Wilde (1983)-180 Gabon,Crysta} Mts x 34
De Wilde, 1.J. 8840 Gabon,Crystal Mts
2{2&362 971 De Wilde (1983)-326  Gabon,Chaillu Mts 4x j’%g
i haillu Mts 4x :
P o R - 4 S
PT24-183 1217 tends 5 / o 38
PT86-426 1254 De Wilde, J.J. 9270 Gabon,Douhs;zti l;ziglrl A 36.38
T1060 458 Leenwenberg 9288 Cameroun, Mt. p : 8
PT00-650 1220 De Wilde, W.J. 2020 Cameroun,Ebolowa e
ifoli
'?ltélqgg o 12’42 B&WS Gabon,Crystal Mts 4x 73,76
Ti202 743 B& W33 Gabon,Crystal Mts 4x 7 74
T1194 736 B& Wsn. Gabon,Crystal Mts 4x ;g,
T1207E 756 B & Ws.n.loc.335 Gabon,Crystal Mts :x g,
T1247 746 B& W 811 Gabon,Crystal Mis X ,
TL589 1049 De W[lllde (1983)-s.n. Gabon,Crystal Mis " 2
loc. 100 abon,
i 4x 72,74
T1593 970 idem Gabon,Crystal Mts
T1637 1048 De Wilde (1983)-179 Gabon,Crystal Mts 4x 13,76
PT85-516 1221 idem Gabon,Crystal Mts 4x
T1640 996 De Wilde (1983)-s.1. Gabon Crvstal Mis a 76
) loc. 180 abon,Crystal
T1686 1224 Louis, A.M. 1267 Gabon,Cha@llu Mits 2x gg
PT84-184 1226 Arends 571 Gabon,Chaillu Mits 2x 2637
PT84-186 1228 Arends 559 Gabon,Chafllu Mts 2x 37,
PT86-286 1229 Breteler 248 Gabon,Cha}llu Mts 2x
PT88-25 1304 De Wilde, 1.J. 9638 Gabon,glﬁa%u ﬁts gx ig
PT&8-27 idem Gabon,Chaillu Mts X
PT84-192 1227 Arends 670 Gabon,Doudon Mts 2x 37
PT84-194 1225 Arends 681 Gabon,Doudou Mts 2x 39
PT35-47 1216 Reitsma 1958 Gabon,Doudou Mits 2x 37
PT86-424  [255 De Wilde, 1.J.9127 Gabon,Doudou Mts 2x 39
De Wilde, 1.J. 9810 Gaben,Rabi 2x kh
B karperi
T1267 T44 B & W335 Gabon,Crysta] Mis 2 38
T1596 De Wilde (1983)-158  Gabon,CrystalMts ~ 2x 37
Ti597 1223 idem Gabon,Crystal Mts 2x $ 36,38
T1620 1222 idem Gabon,Crystal Mts 2% 36

Abbreviations: Veldh. = van Vel

B & W = Breteler & De Wilde (1978).

For details of provenances see Specimens examined.

dhuizen collection (WAG);



gonia and Squamibegonia mentioned above. The numbers 2n=16 and 18 are
approximately half of the 36 to 40 found in Tetraphila, Baccabegonia and Squa-
mibegonia. The occurrence of the numbers 2n=16 and 18 in Begonia suggests
that the basic number x= c¢.18 as assessed for Tetraphila might have originated
from an original basic number of x=9. This implies that the taxa with 2n=36
to 40 could be considered as tetraploid and those with 2n =71 to 76 as octoploid.
The morphelogy of the somatic chromosomes at metaphase of the species with
2n=136 to 39 as shown in this chapter (Figs. 4-2,-3, -4, -6 and -7) demonstrates
that it is not possible to indicate differing sets of chromosome pairs within the
karyotypes. As meiotic first metaphase configurations could not be studied, it
can only be surmised that the tetraploid plants represent interracial autopolyp-
loids (Grant 1981, p. 300). As mentioned above, taxa with 2n=c. 18 chromo-
somes have not been found in Tetraphila and there is no morphological or other
evidence that may indicate which taxa might be considered as ancestral of the
extant species of Tetraphila. It appears that diploids based on x=9 do not exist
any more. Therefore, the basic chromasome number of the section Tetraphila,
although derived, is presented here as x,=c. 18 and not as x=c. 9. On the basis
of this neo-basic number the plants investigated have to be designated as diploid
and tetraploid respectively.

For 27 out of 42 records the table presents only a single chromosome number.
These numbers are sometimes based on the analysis of a single metaphase plate,
and, in general, the number of cells that has been analyzed varied from two
to four, these low numbers dug to the rarity of well-spread metaphase plates
with distinct chromosomes in Begonia. Moreover, the interpretation of meta-
phase plates may be rather difficult, because two or more overlapping or touch-
ing small chromosomes can easily be misinterpreted as a single one. Meyer (1965,
p. 573) who attempted to produce karyograms of tubercus Begonia species and
hybrids, stated that ‘out of 200 to 300 metaphase plates at most 3 to 5 permitted
a more or less reliable analysis’.

From Table 4-1 it is evident that there is variation in chromosome number,
With the exception of 2n=34 in accession PT86-362 of B. longipetiolata the
chromosome numbers on the diploid level range from 2n =36 to 39 and those
at the tetraploid level from 2n =71 to 76. In several instances somewhat different
numbers have been observed in a single root tip or in a slide containing two
or three root tips from an individual specimen. A similar variation has been
found between plants from a single population. This is demonstrated by the
numbers presented for B. karperi, collected near Mela in the Crystal Mts of
Gabon. Two accessions of B. longipetiolata, T1203 with 2n=136 and PT 86-362
with 2n=134, have been gathered from the same topodeme near Kinguélé in
the Crystal Mts on different occasions. Another plant, T1592, collected not far
away from the Kinguélé population showed 2n=38 chromosomes.

The discovery of variable numbers of somatic chromosomes in Begonia is
not new. Legro & Doorenbos (1969, 1971 and 1973) occastonally encountered
some variation in the number and appearance of somatic chromosomes. They
presented the results of their analysis of several species as 2n numbers with 1
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Figs. 4-1 and -2: Somalic metaphase plates in root tip cells of B. squamulosa; 4-1: 2n="74 chromo-
somes in the tetraploid plant T1210B, culta Breteler & De Wilde (1978)-355, Crystal Mts, Gabon;

4-2; 2n =38 chromosomes in the diploid plant T1775, culta Arends, De Wilde & Louis 371, Chaiilu
Mts, Gabon. Arrows indicate examples of chromosomes with distinct centromeres.

103*+’ symbols, indicating, as they stated, ‘fragments or very small (or reduced)
chromosomes’. In one case only they presented explicit evidence of the occur-
rence of different chromosome numbers within one plant (Legro & Doorenbos,
1969, p. 190). In that publication they reproduced a metaphase plate of B. cath-
ayana Hemsl. with 2n=20 chromosomes, but in the caption of the figure they
stated that they usually observed 2n =22 in that species. While Legro & Dooren-
bos indicated that there is sometimes minor variation in somatic chromosome
number in Begonia, earlier reports state that the occurrence of extensive series
of different chromosome numbers within an individual plant is a regular feature
of the genus. Piton (1962, p. 177) found a series of 2n =18 to 30 chromosomes
in somatic (root) tissue of B. natalensis Hook, She proposed 2n =24 as the dip-
loid number of that species, because it was found the most frequently. Meyer
(1965, pp. 564, 565 and 602) reported the occurrence of similar long series of
somatic chromosome numbers in tuberous Begonia species and cultivars as well.
She considered her observations as evidence of somatic instability or aneuso-
16 Wageningen Agric. Univ, Papers 91-6 { 1991)



maty. Tuberous Begonia cultivars and species have also been investigated by
Legro & Haegeman (1971), but they did not corroborate the conclusions of
Meyer. Several years ago the present author counted the chromosomes of many
plants of the cultivar group Compacta of the tuberous hybrid Begonia ‘Bertinii’
{unpublished). In accordance with Legro & Doorenbos (op. cit.), it was found
that the somatic chromosome number in some cells may deviate by one or rarely
two chromosomes from that seen in the majority of cells of a single specimen.
I concluded that this variation in a single specimen is due to mitotic disturbances.
The (tetraploid) numbers found in the different plants of the cultivar group form
an aneuploid series of 2n = 51 to 57 that is probably the result of non-disjunction
during meiosis of the polyploid hybrid parent plants. Although I do not support
Meyer’s claim of extensive aneuploidy and aneusomaty in tuberous Begonia,
it appears from the numbers presented here, and the evidence given in Legro
& Doorenbos (op. cit.) and De Wilde & Arends {1979; 1980), that a minor varia-
tion in somatic chromosome number may occur within a species or even within
an individual of Begonia. The variation in chromosome number found in B.
loranthoides Hook.f., section Tetraphila, (De Wilde & Arends, 1979) and in B.
ampla Hook f. and B. peculifera Hook f. of the section Squamibegonia (ibid.
1980) was attributed to either the presence or absence of accessory chromosomes
interpreted as B chromosomes.

However, on the basis of a further investigation of new accessions of Begonia,
including those of the species treated here, it now appears that, at least for the
section Tetraphila, this interpretation was premature as the evidence is inconclu-
sive. In Figs. 4-3,-4 and -6 one to three small structures are less intensely stained
than the remainder of the chromosomes and could perhaps be interpreted as
heterochromatic chromosomes. Whereas in these figures the presumed hetero-
chromatic small chromosomes are separate from the other, darker-stained chro-
mosomes, the configuration in Fig. 4-7 shows a similar structure very close to
a larger chromosome and could thus be interpreted as a satellite. Therefore,
it cannot be ruled out that the faintly stained structures shown in Figs. 4-3,
-4 and -6 are satellites which have been detached from the chromosomes of which
they are part. Fig. 4-2 shows that it is not always possible to distinguish between
small autosomes and presumed B chromosomes, as all chromosomes are more
or less similarly stained. Indicative of the presence of B chromosomes is their
behaviour, which may differ from that of autosomes during cytokinesis in both
mitotic and meiotic cells. In Begonia meiosis remains to be investigated. Sybenga
{1972, p. 159) mentioned that in cultivated maize the accumulation of B chromo-
somes may yield high numbers (up to 30) of these accessories, but that in nature
their number is rarely more than four. This suggests that a variation int chromo-
some number between 2n =36 and 2n = 38 or 40 might be due to the occurrence
of B chromosomes. Nevertheless, the evidence obtained so far is conflicting,
and the cause of chromosome number variation in Begonia has still to be clari-
fied. However, the extensive variation in somatic chromosome number found
by previous workers may well be due to misinterpretations as Begonia chromo-
somes are rather difficult to handle.
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Figs. 4-3 to -5: Somatic metaphase plates in root tip cells of B. longipetiolata; 4-3: 2n =34 chromO-.
somes in the diploid plant PT86-362, culta De Wilde, Arends & de Bruijn 8840, Crystal Mt%, Gabon;
4-4: 2n=38 chromosomes in the diploid plant T 1060, culta Leeuwenberg 9288, Mt. Koupé, Camer-
oun; 4-5; 2n =71 chromosomes in the tetraploid plant T1608, culta De Wilde, Arends et al.(1983)

483, Chaillu Mts, Gabon. Thick arrows indicate examples of chromosomes with distinct centro-
meres, the thinner ones small chromosomes referred to in the text,

As concerns chromosome length, the metaphase plates presented in the illust-
rations show that the length of the chromosomes ranges from 0.5 to 2.5 ym.
Some chromosomes, indicated by arrows, show a constriction that is probably
the centromere. In most of the chromosomes the position of the centromere
could not be seen. These chromosomes may be acrocentric, but it is also possible

that the centromere region is not resolvable in them, as they are so small. Al-
though some differences in overall chromosome size may be observed between
the different metaphase

plates, karyotype morphology cannot be an additional
character for distinguishin g the species treated here,

It was attempted to find a correlation between ploidy level and (macro)-mor-
phological characters. Only two characters appear to distinguish the 2x and 4x

Cytotypes. Living and spirit material of the leaf petiole of tetraploid B. squaniu-
18
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Figs. 4-6 to -8: Somatic metaphase plates in root tip cells of Begonia species; 4-6: B, karperi, 2n=138
chromosomes in plant T1207, culta Breteler & De Wilde (1978)-335, Crystal Mts, Gabon; 4-7 and
-8: B. elacagnifolia; 4-7: 2n=137 chromosomes in the diploid plant PT 85-47, culta Reitsma 1958,
Doudou Mts, Gabon; 4-8: 2n =76 chromosomes in the tetraploid plant T1186, culta Breteler &
De Wilde (1978)-8, Crystal Mts, Gabon. For the details indicated by the arrows see caption of
Figs. 4-3t0 -5,

losa is quite tercte, whereas that of the diploid is slightly flattened above. The
same petiole character is found in B. elaeagnifolia cytotypes. Living accessions
of diploid B. longipetiolata have distinctly furrowed petioles with the exception
of coll. L.eeuwenberg 9288. The tetraploids, T1604 and T1608, have petioles
that are hardly furrowed. Unfortunately, differences in petiole morphology are
very difficult or even impossible to detect in dried specimens of Begonia. The
petiole character is further discussed in Chapter 5, whereas the correlation be-
tween ploidy level and pollen size is discussed in Chapter 8. There it is demon-
strated that pollen grains of 4x plants of B. squamulosa tend to be larger than
those of 2x plants. A similar correlation occurs in B. elaeagnifolia. In B. longipe-
tiolata there is an extensive variation in pollen size that cannot be correlated
with ploidy level. Other characters, including stomata, did not provide useful
differences.
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Table 4-1 shows that the 2x and 4x plants of B. elacagnifolia are geographically
isolated from each other. So far the 4x plants of this species have been collected
in the Crystal Mts, Gabon, whereas the 2x plants have been found elsewhere
in that country. A similar phenomenon occurs in B. squamufosa. Because of
the geographical basis of the karyological variation, it appears that in both spe-
cies the plants from the Crystal Mts are members of a tetraploid cylological
race (see Stuessy 1990, p. 190),

Two plants of B. longipetiolata with a tetraploid chromosome number have
been collected only from a single topodeme in the central Chaillu Mts of Gabon.
All other living accessions of this species, including a plant from the same region,
proved to be diploid. An explanation for the occurrence of tetraploid races in
both B. elaeagnifolia and B. squamulosa will be attempted in Chapter 9.
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5. Aspects of vegetative morphology

5.1. General introduction

All the species in Begonia section Tetraphila have the alternate leaves arranged
in two ranks. Several species which are not treated in this study, have upright
stems and hold their leaves in a horizontal to ascending posture with the upper
surface adaxial. In the species considered here the leaf arrangement and the ori-
entation of the leaf surface is basically similar but not immediately obvious,
as the petioles are attached to prostrate stems on the side away from the substrate
and twisted in their proximal part. Owing to this twisting of the petioles the
adaxial leaf surface is turned away from the stem, while the lower or abaxial
surface actually faces the stem and the substrate.

Upper and lower surface of a living leaf can be told apart easily. In most
of the plants studied the upper surface is glossy, green and glabrous, whereas
the lower surface is dull, paler and provided with scales. The veins are more
or less prominent on the lower surface so that the venation is more conspicuous
on that surface than on the upper. The conspicuousness of the venation on the
lower surface is often enhanced by a reddish colour of the veins and the adjacent
parenchyma. In the dried condition,however, both surfaces are very similar in
appearance and difficult to distinguish from each other. The only features which
can be used to distinguish the surfaces of dried leaves are the indumentum and
the prominent veins on the lower surface. The indumentum of scales remains
on the leaf, but the veins become less prominent and distinct when the leaves
are dried. Close observation of the base of a dried blade usually reveals that
the vein which is continuous with the petiole was prominent before the leaf was
dried, but sometimes it is necessary to boil the material to discern this. In two
species scales are also present on the upper leaf surface, viz.: B, karperi and
B. pelargoniiflora, but the scales on the upper surface are isolated and scattered,
while on the lower surface they are much closer to each other and occur mainly
near the veins and the margin.

Each leaf is accompanied by two stipules which are attached to the node and
free from the base of the petiole (see also Eames, 1961, p. 12). One stipule of
each pair occupies a slightly more lateral position on the stem than the other,
and this stipule always covers a single scaly bud. This implies that the buds
which eventually may produce lateral branches or short flowering shoots (see
page 55), are arranged in two ranks along the stem. The stipules are always
formed before the leaves are produced. In B. elaeagnifolia and particularly in
B. karperi, the extremity of the stem often is not yet provided with developed
leaves, but expanded inflorescences may already be present at the nodes. Occa-
sionally, leaves do not develop at all and consequently such nodes may remain
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feafless. In B. longipetiolata one may find up to three of such nodes in succession.

5.2. Dimensions of leaf and stem

5.2.1. Leafsize

In several of the species considered in the present study, the size of the leaves
varies considerably and may also be influenced by environmental conditions.
For example, in the accession De Wilde, Arends & de Bruijn 9270 of B. longipe-
tiolata the largest leaf-blade in the smallest plant is 8 cm long and 3 cm wide,
that of the largest plant in the same collection measures 16 and 7 cm. Cultivated
plants of the same collection produced blades of up 1024 x 1 cm.

The length of the petiole is variable and is not correlated with the size of
the blade. The relative petiole-length (which is defined as the ratio of blade-
and petiole-length) varies within a local population, but even in a single plant
the relative petiole-length of a particular leaf may deviate considerably from
that of another leaf. For example, the relative petiole-length for a leafin Breteler
& DeWilde 335 of B. karperiis 1.25, that of another leaf 0.55 and in the specimen
Lambinon 78/279 of B. squamulosa two leaves have a ratio of 1.3 and 0.80 respec-
tively. Similarly, two leaves in Satabié & Letouzey 343, which is assigned to
B. elaeagnifolia, have a ratio of 1.10 and 0.50 respectively.

Growing conditions may have a considerable effect on the habit of the plant.
This is demonstrated by a photograph (Fig. 5-1) showing three propagules of
a plant of B. elaeagnifolia grown under different conditions. The two parts on
the top of the sheet were grown on a tree-fern slab, whereas the large part on
the bottom was grown in peat substrate under more shady conditions. The sub-
dued light and the permanent supply of water and nutrients provided by the
peat-substrate have a marked effect on the leaves as the blades are much larger
and the petioles are approximately twice the length of the blades. The petioles
gxnd the blades in the specimens from the tree-fern slab are more or less equal
in length. The plants at the top resemble the type specimen of B. schultzei and
the bottom one looks like the type of B. wilczekiana, two taxa which are here
considered to be conspecific with B. elaeagnifolia.

Recently, Sands (1990) described B. malachosticta in the Asian section Peter-
pmnnia,_which has petioles 2.5 to 6 cm long, According to Sands, his new species
is very similar to B. tawaensis Merrill (also in section Petermannia). The petioles
in that species were described by Merrill as having a length of up to 1 cm. How-
ever, Sands (op. cit., p. 62) found that the type specimen of B. tawaensis also
has one leaf with a petiole of more than 4 cm long. Consequently, Sands con-
cluded that petiole length may be of doubtful value in distinguishing between
the two species. Considering all the evidence, 1 conclude that blade size and

a‘bsolpte‘ or relative petiole length do not provide-useful characters for dis-
tinguishing the taxa studied.

22 ? .
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Fig. 5-1: B. elueagnifolia, dried parts from the cultivated accession Reitsma 1958, The two parts
at the top were taken from a plant cultivated on a tree-fern slab, the part at the bottom from a
plant grown on peat substrate under more shady conditions.
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5.2.2. Stem thickness

J.D. Hooker (1871) compared the thickness of the stem of B. elaeagnifolia and
B. squamulosa with that of a quill of a sparrow and a goose respectively, and
in the key to the species he used the thickness of the stem as a character to
separate the species. The dried stem in Mann 1651, the type of B. elacagnifolia
is¢. 1 mm and that in Mann 1654, the type of B. squamulosac. 5 mm in diameter.
Having studied all the collections which are now available, I conclude that the
thickness of the stem is still a valid character to separate these two species,
because in B. elaeagnifolia the dried stems have a diameter of 1 to 3 mm, whereas
those in B. squamulosa are usually 5 10 8 mm thick.

The dried stems in B. longipetiolata are 2 to 5 mm thick, thus overlapping
the size range of those of B. efaeagnifolia (1 to 3 mm in diam.). The size range
of the stems in B. longipetiolata is continuous with that of B. squamulosa. Thus
stem thickness is not always a useful character to separate the species.

Stem diameter may be used as an additional character to distinguish B. karperi
and B. rwandensis. Thé dried stems in these species have a diameter of c. 1.5
-2 mm and c. 2.5 - 5 mm, respectively. Because the thickness of living stems
in about 15 collections of B. elaeagnifolia, B. longipetiolata and B. squamulosa
has been recorded by the collectors before the plants were dried, a fairly accurate
estimate of the diameter of the living stem in B. rwandensis can be made. Com-
parison of these records with the measurements of the dried plants reveals that
stems in these Begoniaspecies decrease approximately 20 to 40 {50)% in diameter
when they are dried. This implies that the thinnest living stems in B. rwandensis
probably were c. 3 — 3.5 mm and the thickest c. 6 — 7 mm in diameter. Living
stems in cultivated vigorous plants of B. karperi were never thicker than 3 mm.
Thus B. rwandensis invariably has thicker stems than B. karperi.

5.2.3. Stemlength

The length of the stem is difficult to assess from dried specimens, because often
only the extremity was collected. For example, among the specimens of B. squa-
mulosa, Escherich 248 consists of the apex of the stem with a single expanded
leaf, whereas personal field observations indicate that this species may have
stems up to 1 m long. The stems in B. longipetiolata are much shorter, usually

not exceeding 40 cm, although the stems of plants from Bélinga, Gabon also

have a length up to 1 m. In B, elaeagnifolia and B, karperi the stems are often

up to 2.5 m long. In cultivation, the stems of B. longipetiolata are always dis-
tinctly shorter than those of the other species mentioned.

5.2.4. Absolute and relative internode length
The length of the stem is correlated with the len
of B. elaeagnifolia and B. karperi the internodes
nodesin B. longipetiolata are f requently shorter t
they usually measure 3.5 to 6 cm, Thus it ap
B. squamulosa which resemble each other rath
on the basis of the length of their internode
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Fig. 5-2: Frequency distribution of the ratio of the blade- and internode-length in Begonia species.
The value of the ratio for each gathering is calculated from the largest blade and longest internode.
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and plants of these species can only be identified with certainty by other features,
such as the petiole shape (see below) and the morphology of the male inflores-
cences.

It is evident that the general habit and appearance of a plant is determined
by the size of its leaves and the overall length of its internodes. Blade size and
internode length vary in a single plant. However, the relative internode length
(RIL), which is defined as the ratio of the blade and the internode length, can
be used as an additional character in the identification of the plants. For exam-
ple, the RIL for a plant of B. longipetiolata with a blade of 14 cm long and
an internode with a length of 1 em is 14, whereas that for a plant of B. elaeagnifo-
lia with a blade length of 12 cm and an internode length of 4 cm it is only 3.
For most of the collections cited in Chapter 10 the value of the relative internode
length was calculated by dividing the length of the largest blade with that of
the longest internode in each collection. Fig. 5-2 presents the frequency distribu-
tion of the RIL for the species studied. Figs. 5-2¢, 2d & 2e demonstrate that
in B. elaeagnifolia, B. karperi and B. rwandensis the RIL is less than 5. The
RIL values of B. squamulosa (Fig. 5-2b) are overlapping with those of B. longipe-
tiolata (Fig. 5-2a), but in B. squamulosa they usually are less than 10 and in
B. longipetiolata more than 10. Thus, in spite of the overlap there is a tendency

in these very similar species to have a different and distinguishing relative inter-
node length.

5.3. Leafstalk and blade

5.3.1. Petiole morphology

As mentioned on page 19 the adaxial or upper side of the petiole in B. longipetio-
latais usually more or less furrowed, thus giving the petiole a two ribbed appear-
ance. The lamina margins are continuous with the petiole ribs. Transverse sec-
tions of a petiole of this species are presented in Figs. 5-3a & b,

_ When specimens are prepared for the herbarium, the petiole furrow, which
is eas.ﬂy seent in fresh material, disappears. Although the petiole never regains
1is original shape, the groove can usually be seen by boiling a piece of the lamina
with the top of the petiole from a large leaf. By this treatment a fragment of
the type specimen of B, longipetiolata, Dinklage 1499 from Cameroun proved
to have a grooved petiole. ,

The grooved petiole was seen in all the plants collected in Gabon during the
last decade. Most of these accessions have been investigated for their somatic
chromosome number. Except for two accessions, viz.: De Wilde Arends et al.
(1983)-326 & 483 which are tetraploid, they proved to be diploid.’These diploid
plants have distinctly grooved petioles. A distinet furrow was al

petiole of the diploid specimen W.J, de Wilde 2020 £
vated plants of unknown, but rom Camero

to be diploid by Legro & Doo
showed grooved petioles as

26

50 seen in the

un. Some culti-
probably Camerounese origin, which were found

renbos (1969) an_d cited by them as B. squamulosa,
well. However, in the two tetraploid accessions

Wageningen Agric. Univ. Papers 91-6 (1991)



PPy a®

0
I
Ui

Fig. 5-3: B. longipetiolata, a-d: transverse and e: longitudinal sections of petiole, as top b: base;
c and d: details of section in b, ¢ medullary bundle; d: peripheral collenchyma layers; e: medullary
bundle. Bars in mm, a & b at a similar magnification; ¢ & d idem.

All from De Wilde, Arends & de Bruijn 8841, Crystal Mts, Gabon.
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referred to above, the petioles are flat to scarcely grooved.

In B. squamulosa similar observations were made. All the plants from various
localities in the Crystal Mts, Gabon, investigated cytologically proved to be
tetraploid and they have terete petioles (Figs. 5-4a & b). Examination of the
type of B. squamulosa, Mann 1654, also collected in the Crystal Mts, revealed ‘
that it would have had terete petioles in the living condition. All the living plants
of B. squamulosa in the collection Arends, De Wilde & Louis 371 from the
Chaillu Mts proved to be diploid and have weakly canaliculate petioles (Figs.
5-4c & d).

Similarly, all the plants of B. elaeagnifolia from the Crystal Mts in Gabon
are tetraploid and have terete petioles, whereas plants from other regions in
Gabon are invariably diploid and have very weakly flattened petioles.

The apparent correlation between ploidy level and petiole shape is not conclu-
sive, because the accession Leeuwenberg 9288 of B. longipetiolata from Camer-
oun is diploid and has tercte petioles. Similarly, distinctly terete petioles (Fig.
5-5) characterize the accessions of B. karperi from the Crystal Mts in Gabon,
which are all diploid.

Petiole shape is a character of limited value, because in dried plants it is not
possible to distinguish scarcely canaliculate petioles from terete ones. However,
the distinct groove in the petiole of many B. longipetiolata specimens is used
as a key character in distingnishing this species from B. squamulosa.

5.3.2. Petiole anatomy

The anatomical structure of the petioles of B. squamulosa, B. longipetiolata, B.
elgeagnifolia and B. karperi is similar. Most of the tissue consists of ground
Parenc!lyma surrounded by 5 to 10 peripheral layers of angular collenchyma
immediately below the epidermis (Fig. 5-3d). Longitudinal sections reveal that
the colienchyma cells are about three times longer than the isodiametric paren-
chyma cells. The ribs on the adaxial side of the canaliculate petioles of B. longipe-
tio{ata donot have any particular anatomical feature by which they can be distin-
gulshed from the remainder of the petiole, as the amount of supporting tissue
in the ribs is similar to that in the lateral and abaxial parts of the petiole.

It was found that the number of vascular bundles varies with the diameter
of th_e petiole. The free bundles are collateral and mainly arranged in a ring
that is equidistant from the epidermis, Apart from this ring, there are always
medullary bund_les whose arrangement is much less obvious although an inner
Ting may sometimes be discerned (Figs. 5-4c & d). The bundles in the ring have
their phloem oriented towards the periphery, but that of the central medullary
bundles‘ faces the abaxial side of the petiole. However, occasionally there are
some wide medullary bundles which in fact are formed by two bundles whose

?cylem parenchyma is more or less fused (e.g, Fi gs. 5-3a,-4¢ & d). In such compos-

:te(l‘:)undles‘each of the two phloem strands faces a lateral side o.f the petiole.

N C%Igﬁﬁo(slgi ;)undéegz h?ve not previously been reported in Begonia. Metcalfe

e ( » P- 682, Ig. 154(‘3) presented an illustration of a petiole section
- echinosepala Regel in which all the bundles are free and arranged in a
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Fig. 5-4: B. squamulosa, 2 and b transverse sections from the top (a) and the base (b) of a petiole
of a tetraploid plant; ¢ and d: idem, but prepared from a diploid plant. Bars represent 1 mm, a
& b at a similar magnification; ¢ & d idem. & & b: De Wilde, Arends & de Bruijn 8839, Crystal
Mts, Gabon; ¢ & d: culta Arends, De Wilde & Louis 371, Chaillu Mts, Gabon,
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Fig, 5-5: B. karperi, transverse sections of petiole. as base; bi top; ¢ trichome, detail of b.
Bar in a represents 1 mm, that in ¢ 100 pm.
Culta Breteler & De Wilde (1978)-335.

single ring. Their illustration of a section of B. manicata Brongn, (loc. cit.,_flg-
154F) shows that in that species the majority of the bundles are also in a ring,
whereas several other bundles have a medullary position, Thus the arrangemf:nt
of the bundles in the petiole of the species studied here is more or less similar
to that described in B. manicata.

The xylem of the vascular bundie consists of helically thickened tracheary
clements and parenchyma (Fig. 5-3¢). The vessel elements have simple perfor_a-
tions in their end walls, but scalariform perforations have also been seen. Fig.

5-3¢ demonstrates that the sclerenchyma fibres in the petiole are perivascular.
These fibres were found to have a length of up to 3 mm.

5.3.3. Blade shape, texture and thickness

The blade of the species studied is usually only slightly asymmetric except at
the base. Blades from most of the collections cited in Chapter 10 have been
measured. As a rule the measurements were obtained from the largest and the
smallest mature leaf of each gathering. A few gatherings have only a single leaf,
while other gatherings have several leaves but most of them damaged and/or
fragmentary. In such cases the leaf that could be measured was treated as the
largest leaf. The leaf ratio, which represents the quotient of length and width
of the blade, is variable and its range is considerable when a species is represented
by many collections from different regions. For example, in B. longipetiolata
30 Wageningen Agric. Univ. Papers 91-6 (1991



300r 300

2507 250

200

180+ 150

100

50 50

B. squamulosa

B. longipetiolata

[ -l WI (8] i — W:

]

0 50 100 150 o 50 100 150

Fig. 5-6: Length (L) and width (W) in mm of the largest leaf blades in gatherings assigned to B.
squamulosa (diagram A) and B. longipeiiolata (diagram B). The numbered black dots represent type
specimens.

In A: 1 = B. squamulosa; in B: 1 = B. bipindensis, 2 = B. crassipes, 3 = B. gracilipetiolata, 4
= B, gladiifolia, 5 = B. kribensis, 6 = B. longipetiolata, 7 = B. ludwigsii, 8 = B. macrura, 9 =
B. nicolai-hallei. Further explanation in the text.

it varies from 1.5 to 9. Wilcoxon’s test (Wijvekate 1972, p. 159) showed that
the series of the ratios for the large leaves does not differ significantly from
that of the small ones. Therefore, Figs. 5-6 to 5-8 present the blade dimensions
of the large leaves only.

The diagrams are subdivided by lines, indicating standard leaf ratios (see e.g.
Stearn 1973, p. 318). Thus, Fig. 5-6b shows that the leaves in B. longipetiolata
with a ratio between 3:1 and 6:1 are lanceolate to narrowly elliptic while those
with a ratio between 2:1 and 3:1 are simply ovate to elliptic.

The diagrams demonstrate that the most extensive variation in leaf size and
shape occurs in B. longipetiolata (Fig. 5-6b). Plants having very narrow leaves,
thus with a leaf ratio larger than 6:1, mainly belong to this species, but one
plant with similar narrow leaves has been referred to B. squamulosa. Unfortuna-
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Fig. 5-7: Length (L) and width (W) in mm of the largest leaf blades in galher.ingsf assigned to B.
elaeagnifolia (diagram A} and B. karperi (diagram B). The numbered black dots in diagram A repre-

sent type specimens; | = B, elaeagnifolia, 2 = B.schultzei,3 = B. wilczekiana. Further explanation
in the text.

tely, this collection, Hallé & Villiers 5272, is sterile. However, the field notes
recorded on the label state thai the inflorescence had large bracts, globose buds
and thick tepals. These features characterize B. squamulosa.

When the diagrams of the species are compared, it is obvious that any attempt
to segregate the taxa by lamina shape inevitably leads to misinterpretations.

For example, Engler (1921) who based his key exclusively on leaf morphology,
was led to consider B. longipetiolata to be conspecific with B. squamulosa. Both
the leaf ratio and the lamina size

of the type of B. longipetiolata (6 in Fig. 5-6b)
are very similar to those of the

type of B. squamulosa (1 in Fig. 5-6a). Thus,
on the basis of these leaf characters the two species cannot be distinguished.

According to size and ratio, the leaves of B, rwandensis (Fig. 5-8a) are very simi-
lar to those of the type specimen of B, schulrzei (2 in Fig. 5-7a) which is here

considered as conspecific with B. elaeagnifolia. Tn 1969 Wilezek identified Van
32
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Fig. 5-8: Length (L) and width (W) in mm of the largest leafl blades in gatherings of B. rwandensis
(diagram A) and B. pelargoniiflora (diagram B). Further explanation in the text.

Roeckhoudt 12, here assigned to B. rwandensis, as B. schultzei. The specimens
now assigned to B. pelargoniiflora were identified by their collectors as B. squa-
mulosa. No doubt they compared these collections with gatherings which are
now identified as B. longipetiolata. Fig. 5-8b demonstrates that the leaves of
B. pelargoniiflora are quite similar to those of B. longipetiolata with a leaf ratio
between 3:2 and 2:1 (Fig. 5-6b). In the same way, several collections now
assigned to B. longipetiolata were previously identified as B. elaeagnifolia
because of their narrow leaves. In these scatter diagrams, the measurements
obtained from type collections are indicated by numbers which are identified
in the caption.

The diagrams show that the type specimens of the species differ from cach
other according to both blade size and leaf-ratio of their leaves. The dimensions
of the blade in B. longipetiolata are shown in Fig. 5-6b and the diagram demon-
strates that the gaps between the types of the taxa with many-flowered and lax
inflorescences (see pp. 60, 66) which are here considered to be conspecific with
B. longipetiolata, are more or less bridged by the other specimens. The type speci-
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mens of B. elacagnifolia, B. schultzei and B. wilczekiana are characterized by
a few-flowered male inflorescence (see pp. 60, 66). Fig. 5-7a demonstrates that
the leaf of the type specimens of B. wilczekiana is in general much larger than
that of the types of the other species. However, B. wilczekiana cannot be distin-
guished by its large leaves, as recent collections show leaf sizes which completely
bridge the gap between its leaf size and that of the other species.

As mentioned in Chapter 2, Wilczek (19692 & b) distinguished B. gladiifolia
from other species by its narrow leaves. Hallé (1972) referred plants with narrow
leaves which are here assigned to B. longipetiolata, to his (invalid) variety B.
squamiilosa var. bipindensis. Fig. 5-6b demonstrates that a segregation of plants
into different taxa having either specific or infraspecific rank, can only be arbi-
trary.

The texture of the blade of several of the species included in this study has
been described by previous authors as papery, fleshy or leathery (e.g. Hooker
1871, Wilczek 19792 & b). However, observation of plants in the field and in
cultivation showed that they are invariably succulent.

The thickness of the blade cannot be assessed from dried plants, because
boiled blades do not regain their originaf thickness. For example, Bridson (pers.
comm.) informed me that the living leaves of B. rwandensis were approximately
2 mm thick when she collected this species. When boiled, blades of Bridson
380 and 474 and some other collections cited for that species have a thickness
of c.0.2mm. Leavesin spirit or of living wild and cultivated plants of B. elaeagni-
folia, B. karperi, B. longipetiolata and B. squamulosa are up to 1 mm thick. Thus,

%'n ilddition to some other features B. rwandensis is distinct by the thickness of
its leaves,

5.4, The leaf margin

Except for the places where veins terminate
ever, requently that part of the margin bet
SIVE veins may be glso more o1 less concave, so that the margin becomes sinuate.
Where veins term.mate in the margin there are projections which are always tiny
In comparison with the size of the blade. Sometimes these projections are so
small that they are overlooked. For example, De Wildeman (1908 p. 319) stated
that the margin of B. gracilipetiolatais toothless, but the leaves of ,its't e, Laur-
ent 1702, Qeﬁnitely have minute projections. : e

The ultimate edge of the leaf is continuous with that of the projections so

that a blade with a distinetly si in i
¥ sinuate margin is also dentate, i ¢
type of B. elacagnifolia, Mann 1651, is b and s me o0

J.D. Hooker (1871, p. 579) as ‘obscurely few ’, Simi

the species, Engler (1921, 619) described ibensis
‘entfernt gezihnelt” be e 'B._ kribensis (

6_198, is‘ almost smooth, However,
gin. It is the type of B. macrurq
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, the margin is usually smooth. How-
ween the terminations of two succes-
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latin description was translated by Engler (loc. cit.) as ‘entfernt gezihnt’. Engler
used the measure of dentation of the leaf edge as a differential character to sepa-
rate the species in his survey of African Begonia. The description of each species
in his key is usually based on a single collection that often is also the type. In
the present study it was found that the margin in a species may be smooth but
also variably sinuate. Leaves with a more or less smooth margin may be inter-
preted as denticulate, while those with 2 more or less sinuate margin are desig-
nated as dentate. Obviously, this distinction is subjective, especially when inter-
mediates occur. Thus, it is difficult to see how the shape of the margin can be
used to distinguish the species treated in this paper now that more specimens
have been examined.

In his emended description of B. gladiifoliac (= B. longipetiolaia) Wilczek
(1969a & b) did not refer to teeth, but he described the margin of that species
as provided with glands. In the type specimen, Mildbraed 6394, the leaf margin
has minute rounded and brown projections. In the present study it was found
that aithough the teeth of young expanding leaves may carry glandular cushions
these could not be detected on dried plants (see below). Hence, it is not clear
how Wilczek was led to describe the leaf margin in B. gladiifolia as glandular
in the absence of fresh material.

Previous authors invariably designated the projections of the leaf margin in
Begonia as teeth. According to Hickey & Wolfe {1975, p. 373) the tooth in the
Begoniales is mainly cucurbitoid, but these authors stated that in the order there
is also a trend towards the evolution of another type of tooth which they desig-
nated as begonioid. The cucurbitoid tooth type also occurs in the Cucurbitales,
and this type is thought to be derived from the violoid tooth which is the more
common type in this order. The violoid type obviously occurs also in Violales,
but the basic type in that order is thought to be the theoid tooth which has
been modified in the course of evolution. Modification of the theoid tooth not
only resulted in the violoid but also the salicoid tooth. The tooth types mentioned
above are illustrated on page 572 in Hickey & Wolfe (1975). These illustrations
show that the violoid tooth is characterized by a single vein that coincides with
the axis of symmetry of the tooth. The cucurbitoid tooth also has a vein coinci-
dent with the axis, but according to Hickey & Wolfe’s illustration there is at
least one other smaller vein present on each side of the main vein. The begonioid
tooth is characterized by the presence of two veins, which according to the illust-
ration are equal in size. Both veins have a distinctly excentric position within
the tooth. Later, but without any reference to the material studied, Hickey (1979,
p. 38) described the tooth in Begoniaceae and Cucurbitaceae as ‘tylate’, which
he defined as ‘with a translucent pad of densely packed cells (hydathodal or
nectariferous tissue) into which the veins run and disappear’. Most likely, the
term ‘tylate’ refers to a structure that has the shape of a knob (see Woods 1944,
p. 248 and Stearn 1978, p. 535), but Hickey’s (op. cit., fig. 4.5-121) drawing
of a tylate tooth does not show a knob-like structure. -

More recently, Brouillet, Bertrand et al. (1987) studied the leaves in Hiflebran-
dia sandwicensis Oliv. and five Begonia species, each of a different section. They
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interpreted the teeth of these species as ‘begonioid’. However, they did not cor-
roborate Hickey’s statement that the teeth are ‘tylate’, because they found that
the tips of the teeth consist of parenchyma cells instead of hydathodal or nectari-
ferous tissue as described by Hickey (see above).

Brouillet, Bertrand et al. (op. cit.) also studied the anatomy of the hydathodes
which are present on the adaxial surface of the leaf margin of the species they
investigated. Their analysis showed that the hydathodes in these species difter
from each other by several features and they suggested that the anatomy of
hydathodes might prove useful in taxonomic and phylogenetic studies of the
Begoniaceae.

According to Wilkinson (1979, p. 117), the term hydathode was introduced
by Haberlandt. The term refers to structures which secrete water. Hydathodes
sensu Haberlandt include both glandular trichomes and apertures in the plant
surfaces, but Wilkinson restricted the term hydathode to the apertures. As in
stomata, the apertures frequently have guard cells and in fact, hydathodes are
believed to be phylogenetically derived from normal stomata (Denffer et al.
1976, p. 99). Consequently, the hydathodal aperture with its guard cells is often
designated as a ‘water stoma’ or in French as a ‘stomate aquifére’ (e.g. Brouillet,
Bertrand et al. op. cit.).

In early anatomical studies on Begonia, which are exclusively German,
hydathodes were reported to oceur occasionally on the upper surface of the
leaf blade towards its edge (Fellerer 1892, p. 21 and Solereder 1899, p. 450).
These authors designated the hydathodes as “Wasserspalten’ in order to dis-
tinguish them from ‘echten Spalt6ffnungen’ or ‘Luftspalten’ (Ziegenspeck 1941,
P-49). However, in his study on the phylogeny of the hydathodes, Ziegenspeck
(194.9) designated the ‘“Wasserspalten® as ‘stomatire Hydathoden’. According
to h1_s ta.Lble {op. cit., p. 305) such structures occur in seven out of nine Begonia
species 1qvestigated at that time. Ziegenspeck did not specify the material that
he investigated, but he referred in a somewhat inaccurate way to his previous
papers on ‘Spaltéffnungen’ (Ziegenspeck 1938, 1941, 1948; Linsbauer & Zie-
gensps_:ck 1944). In these papers I could not find any information regarding the
mateylal studied by Ziegenspeck, except perhaps for B. rex Putzeys which is
mentioned on p. 302 in Linsbaver & Ziegenspeck (1944). Neither in Ziegen-
speck’s papers nor in those of the other authors cited above there is any informa-
tion regarding the anatomy of the ‘Wasserspalten’ or hydathodes.
tuymﬂikr:nsl(:;t(lw% p- 117) defined hydathodes in their simplest form as aper-
n Ap surfaces which occur predominantly on the toothed margin of
al'.a;elsm.B Or;cordmg to the same auth(?r {loc. c@t. & fig 10.7-b), hydathodes may

a more complex type. This type differs from the simple type by the
presence of an epithem, which is a cushion of colourless often loosely arranged
parenchyma cells situated below the aperture, The alz;erture and the e ithen;
are separated from each other by a water cavity and the complex hyd ph des
are located near vein terminations, Wilki 1 i p ex yearios
from about nnatio inson (loc. cit.) stated that tracheids

e o %ne 1o three vein endings fan out at the base of the epithem.

3 1st Hllustration of a hydathode in Begoniaceae was presented by Maier
Wageningen Agric. Univ. Papers 91-6 (1991)



& Sattler (1977, p. 275, fig. 25). They observed the structures in longitudinal
sections from the hairlike appendages on the upper leaf surface of B. hispida
Schott var. cucullifera Irmsch. Their illustration shows a hydathode of the com-
plex type sensu Wilkinson, because the structure consists of a water stoma with
epithem that is associated with tracheids. Similar hydathodes were observed by
Brouillet, Bertrand et al. (1987) in six taxa of Begoniaceae. However, it appears
that these authors considered the principal tooth vein to be at least part of the
hydathode as they wrote ‘nervures élargies des hydathodes’ (caption of their
figs. 7 to 12} and even ‘L’hydathode se présente comme une nervure elargie.’
(p. 40). The hydathodes which have been studied here, are interpreted according
to Wilkinson’s (1979, p. 117} description of the complex type. Thus, in contrast
with the opinion of Brouillet, Bertrand et al. {(op. cit.) the wide extremity of
the vein is considered to be not part of the hydathode,

In the present study, the morphology and anatomy of the teeth of cultivated
specimens of B. elaeagnifoiia, B. longipetiolata and B. squamulosa are described
and compared with the findings of Brouillet, Bertrand et al. (op. cit.) Samples
of the toothed part of the margin were taken from leaves in different phases
of development. The morphology was studied from clearings which were pre-
pared according to the method described by the authors mentioned above. Pho-
tographs of some of the clearings are presented in Fig. 5-9. The anatomy of
the margin and ieeth was studied from transverse leaf sections prepared as de-
scribed in Chapter 3. For the sectioning, tissue with a tooth was oriented in
such a way that the tooth was sectioned longitudinally. Photographs of some
of the sections are presented in Figs. 5-10 to 5-12.

5.4.1. The structure of the teeth and hydathodes

5.4.1.1. Observations from tissue clearings

The tooth from an expanded young leaf of B. elaeagnifolia (Fig. 5-9a) strikingly
resembles the ‘tylate’ tooth as illustrated by Hickey (1979, fig. 121). However,
the darkly stained apex is neither hydathodal nor nectariferous tissue, but is
composed of cells with suberized walls (see p. 44 and Figs. 5-12a & b). Moreover,
the vein in the tooth does not run into and disappear in the apex, as Hickey
described in the tylate tooth. Hydathodes are present on the adaxial surface
of the lighter stained basal part of the tooth. They are associated with tracheids
from veinlets which branch off from the vein in the tooth (arrow marked t).

The teeth of young leaves of B. squamulosa are presented in Figs. 5-9b &
c. In still expanding leaves, the teeth are green in vivo and may carry up to three
cushions which are distinctly paler than the remainder of the tooth. These cush-
ions have a glossy surface which is attributed to the secretion of liquid, so that
they are interpreted as glandular. Sections of other teeth from the same leaves
demonstrate that the cells of the putative glands are associated with dark stained
cells which in their turn are also associated with the palisade layer (see Fig.
5-11b). Glandular cushions have not been seen on the teeth of old leaves from
the same or from other plants. Figs. 5-9b to d demonstrate that the teeth and
the adjacent part of the margin become darker stained with age due to to the
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Fig. 5-9: Parts of the leaf margin in Begonia species, cleared and stained, where secondary veins
ternlinate in the margin. ’

a: B. elaeagnifolia, young expanded leaf, tooth with vein, pe:
& b). The arrow marked t{ws indicates the association of the tr
ode on the adaxial side of the tooth. The water stoma of the hydathode is very inconspicuous;
b - d: B. squamulosa, b and e expanding and young expanded leaf respectively, the arrows indicate
elands; d: older leaf. The dark tissue in the margin in figs. ¢ and d is due to intense staining of
suberized cells. Bars represent 500 pum,

a: culta De Wilde, Arends et al. 9810, b—d: culia Arends,

periderm (compate with Figs. 5+12a
acheids from a veinlet with a hydath-

De Wilde & Louis 371.
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Fig. 5-9, continued; B. longipetiolata, e: expanding leaf, the arrow marked tindicates the termination
of the (secondary) vein; f to h: expanded leaves of increasing age showing increasing suberization
of the margin, in fand g the tooth is still present, whereas in h the margin is depressed. Bars represent

500 pm. :
All prepared from culta De Wilde, Arends & de Bruijn 9270.

increasing amount of wound cork in these leaf parts,

‘The toothed part of the margin of leaves of increasing age of B. longipetiolata
is presented in Figs. 5-9e to h. As in B. squamulosa (see above) the number of
darkly stained suberized cells increases with age. The tooth is still present in
Fig. 5-9f, butin Figs. 5-9g & h the teeth are partly, and completely lost respective-
ly, so that the leaf margin in Fig. 5-9h shows a concave depression. The termina-
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tion of the vein cannot be seen in the last photograph because of the wound
cork formed by the darkly stained suberized cells.

The photographs in Fig. 5-9 demonstrate that the teeth have a single vein
that coincides with the axis of symmetry. This implies that the teeth are neither
of the cucurbitoid nor of the begonioid type as designated and illustrated by
Hickey & Wolfe (1975, p. 572) for the Begoniales. In fact, all teeth are similar
to the violoid type that is characterized by a single vein in the axis of symmetry
(Hickey & Wolfe, loc. cit). Brouillet, Bertrand et al. (1987) designated the teeth
which they observed as begonioid because they interpreted the principal vein
as asymmetrical and excentric. However, for example their figure 8 of B. augusti-
nei Hemsley shows that the principal vein in the teeth is not or hardly excentric
and asymmetric. A large tooth has a principal vein plus a second thinner vein
that joins the principal one in the tooth apex. The adjacent and smaller tooth
in the same figure has only a single vein that is symmetrical and coincides with
the tooth axis. :

Thus, the evidence obtained in the present study does not support the view
that the teeth are ‘begonioid’ in the sense of Hickey & Wolfe. The somewhat
diagrammatic illustrations of Hickey & Wolfe (1975) show several distinct tooth
types, e.g., the drawing of the cucurbitoid tooth (ibid. op. cit., p. 572) has a
more or less pointed apex, while a photograph of the cleared margin of Fevillea
cordifolial.. of the Cucurbitaceae (Hickey & Wolfe op.cit., fig 14F)} clearly shows
that the tooth apex is rounded and not distinct from the remainder of the tooth.
Moreover, the photograph does not show a knob-like structure on the tooth.
Thus, the tooth in Fevillea cordifolia is apparently not ‘tylate’ (sensu Hickey).
Sq far, the occurrence in the Begoniales of the cucurbitoid tooth as claimed by
Hickey & Wolfe is not corroborated by this study nor in the literature that I
have traced. Further investigations are needed to establish whether the violoid
to?[th as seen in the present study is a common feature of the Begoniales or
not.

None of the teeth shown in Fig. 5-9 has a distinctly acute or pointed apex,
although the tooth of B. elaeagnifotiain Fig. 5-9a could be designated as almost
acute. The teeth of the other species shown here are rounded and therefore it
?ppears that on tht.3 basis of tooth shape these species could be distinguished
h{;)ﬁ :r?. eflaeainy‘ot]';a. However,‘ teeth in othe.r living accessions of B. elaeagnifo-
T tthe ound to be comparatively short with an obtuse to rounded apex, s0
S-Sa A 1'13()1( i:ll;z itré;?}“ln;e;i?tz u; Shal;e between the tc?oth' of B. elaeagrfy”oli.a in Fig.
and 5-9¢ respectivelsy. T'hu‘i ‘:Z::: 1235:}11 and.B, longipetiolata shown in l?lgf‘.. 5-.9b
these specics ’ ape 1s not a useful character to distinguish
v s S (57 i o 0 s o
“with sharp teeth poiilting outwars p. 414) circumscribed the term toothed as

M I §', whereas a margin with rounded projec-
tions is crenate (Hickey loc. cit.- i prol
i : y t.; Stearn op. cit., p. 409 & fig. 25-181). The projec-
10ns seen in the present study are more or less obtuse to rounded ' e .
tion of the species in Chapter 10, the projecti ounced. In the d.escrl-p
w0 s Jections are referred to as teeth in spite
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of the fact that they do naot have truly pointed apices. This is in accordance
with Radford etal. (1974, p. 137) who stated that a dentate or denticulate margin
has rounded or sharp teeth. The projections are small in relation to the size
of the blade and widely separated on the leaf margin. Thus, the margin varies
from remotely crenulate to remotely denticulate. However, when the margin
is more or less sinuate, it appears to be crenate to dentate,

The projections of the leaf margin in several other Begonia species were inter-
preted in a similar way by Brouillet, Bertrand et al. (1987). For example, the
margin at the vein termination may be smooth as in B. coccinea Hook. or carry
a projection which, depending on the species, is more or less deltoid to triangular.
These authors decribed the triangular and sharp projections of the margin in
B. augustinei Hemsley as teeth, but they stated that the margin in B. vellozoana
Brade is weakly dentate in spite of the fact that its very short projections have
a smoothly rounded apex.

Glandular cushions as observed on the teeth of young leaves of B. squamulosa
(Figs. 5-9b & ¢) are not always present or distinct on other teeth of the same
leaf. The cushions are absent from the photographs of the teeth of B. elaeagnifo-
lieg and B. longipetiolata shown in Fig. 5-9, but they have been seen on the teeth
of other living accessions of these species. Thus, glandular cushions are not an
exclusive character of B. squamulosa. Whether their presence or absence is due
to certain environmental conditions, e.g. high air humidity, remains to be investi-
gated, but on old leaves they are always absent.

5.4.1.2. Observations from sections of the leaf margin and teeth
Hydathodes have been seen with the dissecting microscope, using transmitted
light, on the adaxial surface of the living leaf. They appear as clear spots because
of the colourless parenchyma cells of the epithem and they are particularly dis-
tinct when the surrounding cells contain anthocyanin, The hydathodes occur
near the edge of the margin and the teeth, but they may also be present on
other parts of the blade, e.g. a leaf of B. longipetiolata had a very few clear
spots towards the midvein. However, this has not been verified by sections of
that leaf part.

Fig. 5-10 presents transverse sections of the leaf margin between successive
teeth of B. elaeagnifolia and it demonstrates that the margin is slightly curved
downwards. Fig. 5-10a shows that both the upper and lower epidermis consist
of a single cell layer. Immediately below each epidermis there is a hypodermis
formed by two to three layers of parenchyma cells. Most likely, the hypodermis
is not derived from the same initials as the epidermis since its anticlinal walls
do not coincide with those of the epidermis. Between the upper hypodermis
and the spongy parenchyma there is a single-celled palisade layer of parenchyma
cells which are probably tanniniferous because they are densely stained. Fig.
5-10b presents the air stoma with chamber indicated by the triangle in the preced-
ing photograph. A section of the other margin of the same leaf is shown in
Fig. 5-10c. The palisade layer in that illustration is interrupted by a veinlet from
which several tracheids supply the hydathode on the adaxial leaf surface (aster-
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Fig. 5-10: B. elacagnifolia.
the various tissues; from top to bottom: adaxial epidermis (e}, hypodermis (h), palisade layer {p),

Transverse sections of the leaf margin between teeth, a: section showing

spongy parenchyma (p}), hypodermis (h) and abaxial epidermi

stoma with chamber shown in b (as); ¢: the asterisk indicates a hydathode on the adaxial surface;

d: detail of preceding photograph; ws = water stoma, epi = epithem, the arrows marked t indjcate
tracheids. Bars represent 100 pum.

All prepared from culta De Wilde, Arends et al. 9810,

s (e). The triangle indicates the air

isk). Although not shown here, the veinlet is produced by an intersecondary

vein in the margin. The photograph in Fig. 5-10d demonstrates that the hyda-
thode consists of a water stoma (ws) and, below the water cavity, an epithem
(epi) that is associated with the terminal tracheids (t) of the veinlet. Thus, the
structure of the hydathode complies with the complex type sensu Wilkinson (see
page 36),

The histology of the tooth of B. Squamulosa presented in Fig, 5-11ais basically
similar to that of the lcaf marginin B. elaeagnifolia in Fi g. 5-10a. The hydathode
on the right is associated with tracheids, whereas the one on the left apparently

does not have such an association. However, in other sections which are not
shown here, T have seen tracheids enterin

tooth apex of another youn gexpanding le

larly shaped pare.nchyma cells from a gland as observed on the cleared teeth
of B. squamulosq in Figs. 5-9b and ¢. The densely stained cells in the tooth apex
42 Wageningen Agric. Univ, Papers 91-6 (1991)
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Fig. 5-11; 8. squamulosa. Longitudinal sections of teeth. a: young expanded leaf, section showing
two hydathodes (ws) on the adaxial surface and, from top to bottom, adaxial epidermis (e}, hypoder-
mis (h), palisade layer (p), vein, hypodermis (h) and abaxial epidermis (e); b: young expanding leaf,
extremity of tooth showing thin-walled glandular tissue of epidermal origin; ¢: older expanded lcaf,
extremity of tooth stained with Sudan IIT showing remnants of glandular cells (g) and collapsed
thick-watled periderm cells (pe) next to unstained parenchyma cells. Bars represent 100 ym.

All prepared from culta Arends, De Wilde & Louis 371.

in Fig. 5-11b are not only continuous with the palisade layer but also associated
with the glandular parenchyma cells of the very apex. I postulate that these
dark cells represent transfer cells which are involved in the transport of metabolic
substances cr water to the gland. However, with the light microscope it is not
possible to detect whether the putative transfer cells have wall ingrowths which
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usually characterize such cells (¢.g. Cutter 1978, p. 195 and Juritza 1987, p. 90).

Sections of a tooth from a somewhat older leaf of B. squamulosa were stained
with Sudan III reagent as a test for the presence of suberin in certain cell walls
and the result of the procedure is illustrated in Fig. 5-11c. Except for the thick-
walled and irregularly shaped cells of the tooth apex (arrow marked pe) no other
tissue has red-stained layers in the cell wall. Therefore, the thick-walled cells
are interpreted as corky cells which collectively form a secondary periderm.
Moreover, the outermost part of the apex is formed by two or three layers of
collapsed and inconspicuous cells (arrow marked g) which are the remnants of
glandular cells as shown in the preceding photograph.

Sections were prepared from another tooth of the same leaf of 8. elueagnifolia
from which a cleared and appatently ‘tylate’ tooth is presented in Fig. 5-9a.
Some of the sections were stained with the usual toluidine blue and some others
with Sudan 11 reagent. The toluidine-stained section in Fig. 5-12a demonstrates
that the tooth consists of two parts. The top part is stained dark blue (arrow
marked pe) whereas the parenchymatous basal part (arrow marked pa) which
is continuous with the leaf margin is paler. The corresponding section in Fig.
5-12b which was stained with Sudan III demonstrates that the tooth apex con-
sists of cells which have comparatively thick, suberized walls.

The sections presented in Figs. 5-12c to e were prepared from the tooth of
an expanded leaf that was older than the leaf from which tooth sections are
shown in the photographs a and b of the same plate. Figs. 5-12¢ and e demon-
strate that the suberized apex which is present in a younger tooth ( Figs. 5-12a
and b) is gradually lost with the age of the leaf, Fig, 5-12¢ also shows threc
hydgthodes which are apparently not associated with tracheids, but in other
sections these elements have been seen to fan out from the vein in the tooth.
Ap example of the association of tracheids with a hydathode is presented in
Fig. 5-12d. -

It was mentioned on page 41 that glandular cushions as observed on the tooth
apex of young expanding leaves of B. squamulosa have also been seen on the
S e ot e o 28 562
2 sall cashiont oth of an f)lder leaf of B. elaeagnifolia carnes
( Sk on-lixe structure on its adaxial surface towards the tooth base
G uglon s g e e o demal g, Al ol
are glandular, A structure likg; t;at ?I; avel-llmdel e postulated tha_t i
course of these investigations, ovn bere has been seen only once in the

F.inally, sections were made from teeth of old leaves. An example of these
sections in Fig. 5-12f demonstrates that both surfaces of the toml; are more

or less covered with flat cells which have thick walls. The layers formed by such

44
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Fig. 5-12: B, elaeagnifolia. Longitudinal sections of teeth. a: young expanded leaf, the tooth with
part of the lamina; the apex with dark stained suberized cells (pe}, the base with lighter stained
parenchyma (pa); b: idem, Sudan III staining, the periderm (pe) stained and the parenchyma (pa)
with some crystal cells (c) unstained (compare a and b with Fig. 5-9a); c: older expanded leaf, very
apex with damaged periderm (pe) and the adaxial surface with hydathodes (asterisks); d: another
section showing a hydathode with small epithem associated with some tracheids; e: idem, but this
section with glandular cells of epidermal origin (g); f: old leaf, extrimity of tooth with suberized
cells {arrows). Bars represent 100 pm.

All prepared from culta De Wilde, Arends et al. 9810,
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54.1.3. Discussion

The hydathodes studied here are very similar and neither their anatomy nor
their position on the blade provide additional characters to separate the species.
This conclusion is different from that of Brouillet, Bertrand et al. (1987) who
found that various features of the hydathodes such as the size of the water sto-
mata could be used to characterize the species they studied. Consequently, they
stated that hydathodes might prove useful in taxonomic and phylogenetic stud-
ies of the Begoniaceae. These authors found (minor) differences in species which
belong to Hillebrandia and different sections of Begonia. The species I investi-
gated all have similar hydathodes which is not surprising since they belong to
one section of the genus.

It is shown above that the morphology of the margin near the vein termina-
tions changes with the age of the leaf. In young, still expanding leaves the margin
has small but distinct projections which frequently carry one to several glandular
cushions. Later, these cushions collapse and are lost, while simultaneously there
is a formation of corky cells. Initially, such cells are formed at the apex but
later there is also cork formation on the entire surface of the tooth and the
adjacent margin. Instill older leaves the teeth and the adjacent part of the margin
are brown because of the presence of cork. In B. longipetiolata and B. squamulosa
the teeth are often lost and the veins terminate in shallow depressions with
wound cork,

The presence of glands on the teeth is in line with the description of the vegeta-
live morphology of the subclass Dilleniidae by Hickey & Wolfe (1975, p. 563).
According to these authors the presence of glandular teeth is one of the charac-
ters of the subclass which also-includes the Begoniales. The tooth in both the
Cucurbitac?ae and Begoniaceae was designated by Hickey (1979, p. 38) as tylate,
becallxse he m_terprete.d theapex of thetooth asa pad of nectariferous or hydatho-
dal tissue. Hickey’s interpretation is not supported by the observations in the
present study. The apex of a tooth of an expanded leaf may be more or less
suberized (p- 44). The glandular or nectariferous cells seen in this study form
g;szlr;f)tuilusgimfn\;ihr:d} ar;: I;f‘i'lripherall structures situated on the apex of a tooth

lios withgth 113 : g lcaf. The cushlons; have tpe sh'ape of a knob which com-
P © interpretation of the term ‘tylate’ in this study (p. 35). Therefore,

I conclude that the teeth studied here are indeed tylate sensu Hickey
This conclusion differs from that of Brouill .
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covered by a more or less dense indumentum of scales (see below). The species
are usually epiphytes and in particular B. elaeagnifolia and B. squamulosa grow
on trees often at a considerable distance above the ground, but B. longipetiolata
occurs on tree trunks and rocks usually within the reach of the collector. All
species have in common that they occur in clearings or other open places in
the forest such as river banks where the plants are regularly exposed to the sun.
Obviously wound cork and indumentum are adaptive features which inhibit
or reduce the evaporation by the plants under dry conditions.

5.5. Venation

5.5.1. Observations and comments

The venation was studied using leaves preserved in spirit and dried leaves. The
latter were boiled and kept in 70% ethanol for several days after which they
were sufficiently cleared so that most of the smallest veins could be distinguished
with the microscope. Somne of the leaves studied were cleared and stained accord-
ing to the method described by Brouillet, Bertrand et al. (1987).

Figs. 5-13a and b present the venation in B. elaeagnifolia and B. longipetiolata
respectively. The vertical vein that is sometimes termed the midrib or midvein
is here designated as the primary vein following Hickey (1979). Consequently,
the lateral veins which diverge from the primary vein are the secondary veins,
Depending on the size of the blade the primary vein is more or less prominent
abaxially, but the secondary veins are usually less conspicuous and in compari-
son with the primary vein only some of them are slightly prominent.

The illustrations demonstrate that in the species mentioned above the vena-
tion is pinnate. The secondary veins and their branches terminate in the margin
so that it is concluded that the venation is of the simple craspedodromous type
as described and illustrated by Hickey (1979, p. 30 and fig. 53). The illustrations
also show that the terminal parts of the secondary veins are connected by interse-
condary veins which are more or less parallel with the edge of the blade. Collec-
tively, these intersecondary veins apparently form a vein which could be inter-
preted as an intramarginal one. However, a photograph of a cleared leaf of
Hibbertia ebracteata Bur. ex Guillaum. (Dilleniaceae) demonstrates that the
intramarginal vein in that species is independent and continuous, whereas its
thickness is similar to that of the secondary veins (Hickey & Wolfe (1975, fig.
6). What appears to be an intramarginal vein in the leaves studied here is thinner
than the secondaries and not truly continuous, as the junctions of a secondary
vein and two successive marginal intersecondary veins do not quite coincide.
The junctions on the same secondary vein may be so close to each other that
in the drawings some of them apparently coincide. However, at a sufficient mag-
nification it can be seen that they are in fact separate.

The venation in Figs. 13a and bis also slightly similar to the semicraspedodro-
mous venation type as illustrated by Hickey (1979, fig. 54). According to Hickey
that type is characterized by secondaries which branch just within the margin.
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Fig. 5-13: Simple craspedodromous venation in the blade of Begonia species. a: B. elaeagnifolia,

coll, De Wilde & Jongkind 963 8; b: B. longipetiolata, culta, Wieringa s.n,, Tchimbélé, Gabon. The
bar in a represents 2 cm, thatinb 5 em. :

Hickey’sillustration demonstrates that one branch of each secondaq vein forms
a distinct margina] loop and joins the superadjacent secondary vein. T_he othf?f
branch is a short vein that diverges at the top of the loop and terminates in

tion discussed above is best described as simple craspedodromous, The venation
in B. pelargoniifiorg and B,

Squamulosaissimilar to that shown here for B. elaeag-
nifolia and B, longipetiolata,

The peltate leaves of both B.karperiand B, rwandensis have an actinodromgus
and suprabasal venation which is shown in Figs. 5-14a & d. In both species,

ve primary veins which diverge from a single point.
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Fig. 5-14: Actinodromous venation in the blade of Begonia species. a: B. karperi, coll. Breteler &
De Wilde (1978)-335; b: B. rwandensis, coll. Bouxin 1122. The bars represent 5 cm.

or less parallel with the leaf margin (Fig. 5-14b). These thin veins are interpreted
as secondary veins produced by the lowest lateral primaries, although it is not
possible to distinguish the point where they branch off. In the leaf margin of
these species there are also veins which are more or less parallel with the edge.
These veins are distinctly thinner than the primary and most of the secondary
veins, These successive marginal veins are not strictly continuous so that collec-
tively they do not form an intramarginal vein.

The secondary and the lateral primary veins as well as their branches in both
the craspedodromous and the actinodromous venation type all terminate in the
margin. As discussed above, the veins terminate more or less abruptly before
reaching the edge of the blade. In older leaves, the margins by these terminations
have corky teeth or depressions. In Figs. 5-13 and 5-14 the wide vein termina-
tions and/or the teeth are indicated diagrammatically by dots. The iltustrations
show that the vein terminations are more or less evenly distributed.

The collection Satabié & Letouzey 343 which is here assigned to B. elaeagnifo-
lia has several features by which it differs slightly from the other specimens cited
for that species (see p. 171). Several leaves of this collection have been studied
and an example of the venation is presented in Fig. 5-15. The leaf is unique
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Fig, 5-15: Venationin the blade of the coll. Satabié & Letouzey 343 thatis assigned to B. elaeagnifolia.
Compare with Fig, 5-13a. Explanation in the text, The bar represents 5 mm.

by the apparent absence of teeth and the fact that the few secondary veins termi-
nate in the margin of the upper half of the blade only (see asterisks). Moreover,
apart from the vertical primary vein, there are on each side of this vein one
or two comparatively thick veins which arise immediately from the I)Ctio_le
(arrows marked 1). They are more or less parallel with the margin and join
the secondary veins approximately half-way along the length of the blade
(arrows marked 2). The apical half of the blade is characterized by one or two
thicker veins on each side of the primary vein (arrows marked 3). These veins
are parallel with the margin and they join the midvein in the apex.
None of Hickey’s (1979) illustrat

ions of venation types matches the venation
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observed in the collection Satabié & Letouzey 343. When Hickey’s illustrations
are compared with Fig. 5-15 it appears that the venation in this collection can
be best described as brochidodromous. Nevertheless, the venation in Satabié
& Letouzey 343 differs from the brochidodromous venation by its few secondar-
ies which terminate in the margin. Hickey’s illustration does not show any sec-
ondary vein that terminates in the margin. Hickey & Wolfe (1973, p. 563) stated
that in the Dilleniidae thereis a trend towards the development of an actinodro-
mous venation which in its turn may yield a campylodromous venation. Their
illustration of the latter type on page 544 demonstrates that on cach side of
the medial vein there are several veins which are continuous from the very base
to the very apex. The veins marked 1 in Fig. 5-15 appear to be somewhat simifar
to these continuous veins in the campylodromous venation type, but they do
not terminate in the apex, as they join the few secondary veins. According to
the illustration of the campylodromeous venation in Hickey & Wolfe (1975) and
Hickey (1979), that type is characterized by the absence of secondary veins which
terminate in the margin. Thus, the venation in Satabi¢ & Letouzey 343 not only
differs from that in the species discussed above but also from any type described
and illustrated by Hickey.

5.5.2. Discussion

The observations discussed above show that apart from the peculiar venation
in the collection Satabié & Letouzey 343 the venation is either simple craspedo-
dromous (‘pinnate’) or actinodromous (‘palmate’).

In their phylogenetic studies of the leaf morphology Hickey & Wolfe (1975)
stated that according to Takhtajan and Cronquist, the Begoniales are included
in the subclass Dilleniidae. This subclass is among others characterized by basi-
cally simple leaves with a toothed margin, a pinnate venation and glands which
are present on the teeth (Hickey & Wolfe op. cit., p. 563). These authors {op.
cit., pp. 548 and 549) also pointed out that on the basis of all the evidence relating
to leaf morphology, a pinnate venation represents a primitive character within
the dicotyledons.

On the basis of venation type and shape of the blade, Hickey & Wolfe (op.
cit., pp. 563 and 571) distinguished two taxonomically informal groups (‘I” and
‘II’ respectively) within the Dilleniidae. Group ‘T’ is designated as the pinnate
and group ‘I’ as the palmate Difleniidae. The palmate group includes orders
such as the Begoniales. Evidently, Hickey & Wolfe (op. cit., p. 573) were not
aware that some Begonia species have a pinnate venation when they stated that
the Begoniales has an actinodromous venation. In the Begoniaceae a pinnate
venation is comparatively rare. For example, Irmscher {1925, p. 549) described
the venation in the family as palmate (‘handnervig’) or occasionally pinnate
(‘fiedernervig’). It appears that in the Begoniaceae the palmate or actinodromous
venation represents the primitive condition, because it occurs in the majority
of its taxa including Hillebrandia sandwicensis {(see e.g. Brouillet, Brouillet et
al. 1975, p. 36 and fig. 6) which is commonly considered as the most primitive
taxon in the family. Thus, the present evidence suggests that B. karperi and
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B. rwandensis which have an actinodromous venation, are primitive taxa accord-
ing to their venation.

As already mentioned above, the palmate Dilleniidae are characterized by an
actinodromous venation. However, Hickey & Wolfe (op. cit. p. 571) stated that
there are several evolutionary trends within that group of the subclass. One of
these trends concerns the development of a pinnate venation by weakening of
the lateral primaries in all orders but the Begoniales. The occurrence of a pinnate
or simple craspedodromous venation in B. elaeagnifolia, B. longipetiolata, B.
pelargoniifiora and B. squamulosa indicates that this trend also occurs in the
Begoniales. The development of the pinnate venation in these species can be
easily envisaged to be the result of a weakening of the lateral primaries in the
actinodromous venation in B. karperi and B. rwandensis in combination with
a shift of the point where the petiole is attached to the blade (compare Fig.
5-13 with Fig. 5-14). In fact, the presence of a craspedodromous venation in
B. elaeagnifolia and on the other hand an actinodromous venation in B. karperi
is strong evidence that the development of a pinnate from an actinodromous
venation occurs in a group comprising only two species which are closely related.
For a further discussion of the relation between B. elaeagnifolia and B. karperi
sce page 183. Thus, for the the species studied here, the pinnate (craspedodro-
mous) character state of the venation is considered derived, while the palmate
{actinodromous) character state represents the primitive condition.

As mentioned above the primitive condition of the venation in the dicotyle-
dons is pinnate. This primitive condition occurs in the pinnate Difleniidae, 50
j[hat on the basis of its actinodromous venation the palmate Dilfeniidae obviously
is derived. Hence, the development of the pinnate condition from the actinodro-

mous condition in the palmate group is a clear case of the reversal of an evolu-
tionary trend.

5.6. Trichomes and indumentum

 The trichomes which have been seenin
lag) or complex (dentate scales).

5 ?:flila?alre pr{:ient on t'he part ot? the style below the stigmatic surface in
d\.ﬂargl; {Je 16(1 ;(;ci. els? papillae are eplfiermal, short, single-celled and non-glan-
is provi(i;d withodﬂ‘ sually, the aba.x ial surface of the outer perianth segments
343 hote ac dentate scales, l')ut.m a single collection, Satabié & Letouzey
on these se mg net N ,g elaeagnifolia, short unbranched trichomes were seen
& Letouas 334e3nd§ (;n addition to the usual scales. Boiled material from Satabié
but mos: l)i’kel t111 not reveal whether these trichomes are uni- or multicellular,
densei y ey are glandulalj because the contents of the apex are very
Thelg °°T111P3H§on W{th the remainder of the trichome,

is multige‘lr]lgl :;C tr;l:rllll(;)me which is designated as a den tate scale or simply ‘scal¢’,
Its margin is de ranous, flat and more or less elliptic to circular in outline.

entate and it is born by a short usually two-celled stalk (see Fig.
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5-5¢). The stalk usually has a more or less centric position on the scale. More-
over, when seen on the upper surface the scales are provided with a cobweb
pattern of thick bands. The teeth of the margin are variable in shape and are
broadly to narrowly triangular. Some examples of these trichomes are presented
in Fig. 5-16.

The illustration shows that the number of teeth of a scale from a tepal is
usually less than on the vegetative parts of the same plant, such as the blade.
The lowest number of teeth has been counted in scales from the tepals in the
collection Satabié & Letouzey 343 which is already referred to above. Neverthe-
less, it is not possible to classify the scales according to the number of teeth.
The selection of scales presented in Fig. 5-16 demonstrates that they are com-
pletely intergrading according to their shape and it is concluded that the mor-
phology of the scales of the plants studied does not provide a single character
by which the plants could be distinguished. None of the trichomes illustrated
by Theobald, Kruhalil & Rollins (1979) is similar to the scales observed here.

The scales are usually pale to dark brown, but very rarely they are almost
colourless or silvery grey. Colourless scales have been seen on the tepals of the
cultivated white-flowered specimen De Wilde, Arends et al. (1983)-326 of B.
longipetiolata. Silvery grey scales are present on the upper surface of the blade
of B. karperi and in the living condition they are conspicuous because their col-
our contrasts with that of the green leaf.

Fig. 5-16: B. elacagnifolia: camera lucida drawings of trichomes on the surface of different plant
parts in two gatherings. Upper row: coll, Satabi¢ & Letouzey 343; lower row: coll. De Wilde, Arends
et al. 9810. Bar represents 100 pm.
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The density of the indumentum varies with the plant part on which it occurs,
Veryrarely a plant is almost completely glabrous. For example the type specimen
of B. nicolai-hallei, a taxon that is here considered to be conspecific with B.
longipetiolata, does not have any trichomes. A dense indumentum often may
be found on the stem and the stipules; scattered trichomes, which usually do
not touch each other, occur on the abaxial side of the large tepals. According
to Hallé (1966) in his emended description of B. squamulosa (which in fact applies
to B. longipetiolata) all plant parts are more or less pubescent. However, as a
rule scales do not occur on the androecium, styles and the inner smali tepals.
There is one exception: in B. squamulosa the styles carry a few of these trichomes
towards their base (sec p. 211). Scales are usually found on the abaxial surface
of the leaves, particularly on and near the veins and the margin. The adaxial

leaf surface in all the species is invariably glabrous except in B. karperi and
one of the collections of B. pelargoniiflora.
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6. Aspects of reproductive morphology

6.1. Flowering habit

Preserved field collections of Begonia species are usually poorly provided with
inflorescences. Many herbarium specimens carry labels with field notes describ-
ing inflorescences or flowers, but these fragile structures are often lost during
drying and mounting procedures. Several collections described by other investi-
gators no longer bear the inflorescences they saw, for example Dinklage 1499,
the type of B. longipetiolata. Thus the analysis of the species in the present study
was frequently hampered by the lack of sufficient reproductive material in the
dried specimens.

Begonia flowers are either staminate (‘male’) or pistillate (‘female”). All the
species studied have unisexual inflorescences except B. pelargoniifiora which
may have male and female flowers within the same inflorescence. Cultivated
seedlings of B. elaeagnifolia may occasionally produce bisexual inflorescences,
particularly in plants flowering for the first time,

Occasionally, two inflorescences may be inserted so close to each other that
they appear to be situated at the same node. This is the case when a particular
node produces a branch from the single lateral bud next to an inflorescence
in the axil of its leaf. The initial internodes of the lateral branch often are extre-
mely short. Consequently, an inflorescence that may be produced at its first
node will be situated very close to the inflorescence on the main stem.

The type material of B. nicolai-hallei Wilcz., Haile & Villiers 5381 (not 538
as cited erroneously in Wilczek 1969b), is accompanied by Hallé’s field observa-
tion that some nodes of the plants carry both a male and a female inflorescence.
The gathering is preserved on a single sheet and the material does not permit
the removal of any part of the stem for a thorough analysis. Close ¢examination
of this gathering revealed that a male and a female inflorescence are usually
one internode apart. Where two inflorescences are very close, they are inter-
preted as being inserted at two different nodes. One node is part of the stem,
the other is part of a dwarf shoot that does not carry a leaf.

From observations of cultivated plants and, to a lesser extent, of plants in
the field, I conclude that the species treated here are invariably monoecious.
However, there are usually many more male inflorescences than female ones.
In the recent gathering of B. longipetiolata De Wilde, Arends & de Bruijn 9270,
the preserved as well as the living plants were selected from a population of
at least 100 plants, among which only 6 female inflorescences were found. B.
karperi is based on four collections, and only one of these had a single femaie
inflorescence and one fruit. In B. pelargoniiflora two of the three gatherings
carry female inflorescences or immature infructescences and in fact for this spe-
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cies, the number of female elements is larger than that of the male ones. In B.
rwandensis the few female elements available are mainly infructescences. In B.
squamulosa less than one out of three gatherings contain female elements, and
only half of these are flowers. Thus, for this species female flowers could be
studied in less than one sixth of the gatherings cited in Chapter 10. For both
B. elacagnifolia and B. longipetiolata this ratio is also small, with female flowers
present in one out of ten and one out of fifteen gatherings respectively.

In cultivated plants, male inflorescences also outnumber the female ones, and
very often the latter are not present at all. A large cultivated specimen of B.
elaeagnifolia produced more than 150 male inflorescences at one flowering but
not a single female one. Hallé & Raynal (1966) stated that a plant grown from
the collection J. & A. Raynal 9709 produced exclusively female flowers in culti-
vation. They attributed this to the amount of light available, but in the course
of my study I found that some introductions regularly produce female flowers,
whereas others, grown under similar conditions, hardly ever do so.

6.2. The architecture of the inflorescences

According to Irmscher (1925, p. 558) the inflorescences in Begoniaceae are either
terminal or axillary, while the axillary ones are always determinate. The inflores-
cences of the plants studied here are axillary and it was found that all the axes
of an inflorescence bear a terminal flower. Thus the inflorescences are indeed
both axillary and determinate. Such an inflorescence that occasionally is desig-
nated as a cyme, is illustrated e.g. in Gifford & Forster (1989, fig. 19-63).

"I:he branching of the cyme illustrated by Gifford & Forster (loc. cit.) follows
a'dlchotomous pattern and their illustration shows that the inflorescence is a
hlerarc.hy of: three-flowered units, for which Rickett (1955, p. 430) reserved the
term .dlcha51.um. The dichasium in the sense of Rickett consists of a peduncle
that is terminated by a flower and bears two opposite bracts, each of which
subtends a lateral axis. These axes are also terminated by a flower and each
may bear‘ a pair of opposiie bracts. A repetition of this mode of branching out
of the axils of the bracts on the lateral axes results in a complex inflorescence
like the cyme referred to above. Because of the dichotomous branching in the
pasm unit which is repeated in the complex inflorescence, such an inflorescence
is often (?emgl?ated as a compound dichasium. In order to distinguish the com-
pound dlcha51‘um from the (three-flowered) dichasium sensu Rickett, the latter
llngf_l,gresc;nce is sometimes referred to as a ‘simple’ dichasium (e.g. ’Heywood
mml;&lols_lszawrencgi 1951, pp. 61, 63; Radford 1986, p. 420). Usually however,
morpLc ogists (e.g. Gifford & Forster, op. cit.; Troll 1964; Weberling 1981) do

istinguish between simple and compound dichasia. This is the view of Rick-

it 3
ett (1944, p. 204) who considered the separation of inflorescences into simple

and compound, whi i . :
iy which was introduced by Fichler (1875, pp. 38, 40), to be artifi-

The di ic i i 2 di

diagrammatic illustration of a dichasial cyme in Fig. 6-1 is referred to
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\perianth

in male flower:
pedicplor
perianth cylinder

in female flower:
ovary/pedicel

main axis or peduncle—"

Fig. 6-1: Diagram of a regularly branched dichasial cyme. Ay to Ay: lateral axes of the first to third
order; B: bracts on the peduncle; b: superior bracts on the lateral axes; the numbers int the perianths
indicate the sequence of anthesis. Further explanation in the text.

in the discussion of the inflorescences observed in the present study (see below).
The illustration differs slightly from those of the cyme or the dichasium in Gif-
ford & Forster (1989, fig. 19-63) and Weberling (1981, p. 224) respectively.

The axes of the inflorescence in Fig. 6-1 are indicated by solid black lines.
Each axis is terminated by a flower whose pedicel (here perianth cylinder, see
p. 59} or in the case of a female flower, the inferior ovary that is continuous
with the pedicel, is indicated by a double line. In accordance with the illustration
in Weberling (loc. cit.}, all the axes, including the terminal lateral ones, bear
a pair of leaf-like appendages which are here designated as bracts,

However, some authors in describing Begonia species, e.g. Sands (1990), dis-
tinguish between bracts and bracteoles. According to Radford (1986, pp. 418,
419) a bract is a modified leaf in the inflorescence, whereas a bracteole or pro-
phyllum is a small bract that usually occurs on a pedicel.

In his discussion of the term bract, Rickett (1954, pp. 195, 196) stated ‘It
remains to be determined whether we are to limit the term to organs which sub-
tend single flowers or branches of an inflorescence; whether we shall include
also the bracteoles and other structures situated on the floral axes but not always
subtending flowers or branches of the inflorescence’ and ‘Certainly it would
be idle to attempt to formulate a definition of bract which excludes bracteole;
the latter may or may not subtend flowers’. According to Rickett (op. cit., p.
196) the term bracteole was defined by Gray in 1864 to denote ‘a bract seated
on the pedicel or flower stalk’. He concluded that the concept of bracteole is
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evidently vague and he said that ‘perhaps it should remain so, having the sense
merely of a small bract’. Nevertheless, Rickett (op. cit., p. 197) suggested defin-
ing the bracteoles rather strictly in the sense of the prophylls, the lateral organs
on individual pedicels.

In the present study, observation of lax male inflorescences which are charac-
terized by more or less elongated axes of the first and higher orders revealed
that modified leaves or foliar structures never occur on pedicels (‘perianth cylin-
der’) or even on the exact point between the pedicel of a flower and the support-
ing axis. Thus, according to the definitions of Radford and Rickett cited above,
the lateral foliar structures in the inflorescences are invariably designated as
bracts.

It should be noted that according to Irmscher {1925, p. 562), the bracts in
Begonia are ‘pseudobracts’, because he interpreted these structures to be homo-
logous with stipules. However, in Begonia, the pair of stipules is always inserted
on a node of the stem and these structures, hence Irmscher’s ‘pseudobracts’,
are free from the base of the peduncle which is situated in the very axis of the
leaf on the same node. De Wilde & Arends (1980, p. 380) accepted the interpre-
tation of Irmscher. However, they also interpreted the bracts on the axes of
the first and higher orders as pseudobracts. In his illustration, Irmscher (1925,
fig. 257-2b) shows two stipules on the stem near the base of the peduncle as
well as several pairs of foliar structures at higher levelsin the inflorescence. These
foliar structures which are situated on the apices of the main axis (peduncle)
and the axes of the first order are marked by Irmscher as ‘Vorblitter’ (= pro-
phylls). Tt should be noted that Irmscher nowhere implies that his ‘Vorblitter’,
which are here designated as bracts, are also pseudobracts, hence homologous
w;th stipules. Each pair of these ‘Vorblitter’ subtends two branches of the next
.hlgher grder: The interpretation of De Wilde & Arends (loc. cit.) that the bracts
1n species of section Squamibegonia are modified stipules, does not appear 0
apply to the species of section Tetraphila described here, because it is difficult
to see how two stipules would subtend two branches arising from a single point.
In Begonia, the two stipules on a node are always associated with a single bud
on the same node. Evidently, this bud may produce a single branch only, not
two. Thus, it appears that Irmscher’s “Vorblitter® are homologous with leaves
rather than with stipules.

In the species studied, the first pair of bracts is situated at the top of the main
aﬁus or peduncle of Fhe inflorescence. These bracts subtend the lateral axes of
;xzsﬁ;?ttﬁrder ang, i a more than three-ﬂ‘owered dichasium, the subsequent

¢ second and higher orders. Obviously, the bracts on all the lateral
axetshari: always situated above the bracts on the peduncle. Therefore, the bracts
Do o St sl o o n e el

Lt should be noted that Weberli . (1981) l.ntroduced byHallé & Raynal (1966)
am as subtended b eberling (1981) interpreted the peduncle of the dicha-
oceur in theez?xiles ofyla large fqhar structur'e. The inflorescences studied here
part of the plant and r?:)i: ?cs) :’;fll;lfi:]}]lﬂzze COﬂSldereq " pelong oy the vegetative
. escence. This interpretation is supported

si

Wageningen Agric. Univ. Papers 91-6 (1991)



by the illustrations of the other authors cited above. They do not indicate a
large bract or ‘Deckblatt’ at the base of the peduncle.

6.3. Male inflorescences and flowers

6.3.1. Maleinflorescences

The perianth and the androecium of each male flower is attached by a pedicel-
like structure to the inflorescence axis which supports the flower. The connection
of the pedicel-like structure to the axis is slightly articulate. In accordance with
De Wilde & Arends (1980, p. 380), the pedicel-like structure is designated as
the perianth-cylinder, because it is interpreted to be composed of the fused bases
of the perianth segments. This interpretation is supported by the observation
that the flowers when they drop eventually from the inflorescences, always
include the pedicel-like structure that detaches from the supporting axis at the
articulation.

6.3.1.1. B. elacagnifolia and B. karperi

Cultivated plants of B. elaeagnifolia usually produce two- or three-flowered
inflorescences, but vigorous plants often have inflorescences with four or, less
frequently, five flowers. In nature, the specimens usually bear inflorescences with
one or two flowers only. However, the field gathering De Wilde, Arends et al.
{1983)-179 bears in addition to several three-flowered inflorescences a single
four-flowered one. In the recent gathering De Wilde, Arends et al. 9810, 1
counted 52 male inflorescences which are mainly two- or three-flowered, while
five of them have four or five flowers per inflorescence. Thus, on the basis of
the specimens studied, I conclude that in B. elaeagnifolia the number of flowers
per male inflorescence ranges preponderantly from one to three. Rarely, there
are four or even five flowers in an inflorescence.

In 2- to 5-flowered inflorescences of B. elaeagnifolia, the lateral axes of the
first and higher orders are not or scarcely developed (A}, A; and A; in Fig. 6-1).
Consequently, the superior bracts (b) on these axes are inserted very close to
the bifurcation of the peduncle. They are often inconspicuous and because of
the reduction of the lateral axes, they are often more or less concealed by the
comparatively large bracts (B) on the main axis. Within the species all bracts
vary in size, and occasionally the bracts (B) may be very minute and the superior
bracts (b) lacking. Absence or presence of the superior bracts in B. elaeagnifolia
is not a constant feature in any particular population. Cultivated plants from
various populations in Gabon are quite variable in this respect. When present,
the bracts B in B. elaeagnifolia are opposite and separate. However, in the culti-
vated plant of the gathering Louis, Breteler & de Bruijn 1267, these bracts were
found to be unilaterally fused and the apparently single bract below the bifurca-
tion is more or less bidentate at the apex and has a slightly lateral position on

the main axis.
In single-flowered inflorescences, the flower is either the flower that is born
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on the main axis, or it is the flower that terminates one of the lateral axes A,
In the former case there are only two bracts below the flower, while in the latter
case there are four bracts. These bracts comprise one pair of bracts B and a
pair of superior bracts b. In two- or three-flowered inflorescences, the flower
on the main axis is always present; the other flowers are either supported by
one axis A, or by both axes A,. When there are four or five flowers, the fourth
and the fifth flowers appear to be supported by axes of the second and possibly
the third order. The sequence of anthesis suggests that the development of
the inflorescence becomes monochasial after anthesis of the flowers on the
axes A,,

The male inflorescence of B. karperi is almost similar to that described for
B. elaeagnifolia, but its bracts B on the peduncle are always unilaterally fused
(see Plate 2-9, page 192). The cultivated plants of B. karperi very rarely produced
inflorescences with three flowers. Usually the inflorescences were two-flowered.
The inflorescences in the field gatherings contain one or two flowers.

6.3.1.2. B.longipetiolata
The flowers are usually arranged in lax inflorescences, and the axes are of various
lengths. It was observed in cultivated plants that the peduncle, i.e. the part of
the maiq axis below the bracts (B), may continue to elongate after anthesis of
the terminal flower. Moreover, during the further development of the inflores-
cence the part of the main axis above the bracts up to the point of bifurcation
of the two.lateral axes (A,) usually continues to elongate as well (Plate 3-9, p.
196 and Fig. 6-2b}). In young inflorescences of B. longipetiolata the bracts (B)
are always unilaterally fused. During the further development, this apparently
single ‘bractl usually splits into two more or less equal parts (Fig. 6-2d). However,
sometimes it may remain entire as shown in Fig. 6-2a and in e.g. Thomas 4318.
When the:fgse'd bracts (B) divide, these two parts are initially opposite, but it
is ct_u_tracterlstlc for B. longipetiolata that in a later phase of development their
i?rilltl((l;rlla(t)gt;f}; c:l?:ll_g;s, so that they no longer appear to be attached at the same
T}}ese compl‘ex inflorescences show a gradation between dichasial and mono-
chasial branching of the axes at different levels. The axes of the first and the
second order are usually branched in a more or less regular dichasial manner
_(Plate 3-9,-10, P- 196 and Figs. 6-2a and -2b), and those of higher orders branch
11111 a monocham.al way to form cincinni (Plate 3-9, and Fig. 6-2b). However,
92?;: ::l; e:icelfno;ls. The plants in the collection De Wilde, Arends & de Bruijn
Many ofih:secn tom a populat101_1 that cqnsisted of at least 100 individuals.
8 flowers Sucl:v‘i;e small Plat,lt_s with male inflorescences containing only 3 to
Dttt o i cpauperate” inflorescences were not dried but preserved in
arran’gemcnt %’hg Si’mﬁ flowers are bound to get lost as well as their spatial
o gement en I studied these inflorescences I found that there are various
mations of axes of the first to third order. The t fways
present. One of these A. axes b wo ay.;es A‘. are alway
give rise to c 14XES may have two axes A,, which in their turn both
o axes of the third order (A,). The other A, axis is either terminated
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Fig. 6-2: B. longipeticlata, fresh and dried male inflorescences in cultivated {(a & d) and wild specimens
(b & ) respectively of the gathering De Wilde, Arends et al. (1983)-180;a, b & ¢; expanded inflores-
cences; in d: young inflorescences in various phases of development; to the right and in the middle:
bracts on the main axis fused; to the left: bracts separated. Scales represent 1 cm,
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by a flower, or has next to this flower a single axis A, with its flower. Thus
the development of depauperate inflorescences may follow dichasial or mono-
chasial patterns in various ways.

In B. longipetiolata the bracts on the main axis are sometimes persistent (Plate
3-10, p. 196), but usually they shrivel or disappear altogether (Plate 3-8 and
-9). The superior bracts b on the axes A; and A, are nsvally present, whereas
those of the axes of higher orders are either vestigial or absent.

The number of flowers per inflorescence is quite variable. As may be expected
small plants generally have few flowers and comparatively large plants many.
The variation in quantity of flowers between individual specimens of one topo-
deme is demonstrated by Figs. 6-2b and -2¢. Fig. 6-2c shows a dried inflorescence
with ¢. 5 flowers of an individual plant in the gathering De Wilde, Arends et
al. (1983)-180 while the distal part of an inflorescence from another plant of
the same gathering is depicted in Fig. 6-2b. In the field we counted up to 71
flowers per inflorescence in this gathering. In cultivation, plants from this gath-
ering produce inflorescences with numerous flowers (Fig. 6-2a), but if the plants
are neglected the number of flowers is considerably lower.

A plant of B. longipetiolata, De Wilde, Arends & de Bruijn 9270, was photo-
graphed in the field (Fig. 6-3a). Fig. 6-3b shows another individual from this
collection when it flowered in the greenhouse three weeks after its introduction.
Its inflorescence is 2-flowered and resembles the 2-flowered inflorescences of
B. elaeagnifolia (see above). Such reduced or ‘depauperate’ inflorescences of B.
longipetiolata may be distinguished from those of B. elaeagnifolia by their com-
paratively long lateral axes which usually are more than 1 mm long and by the
absence of superior bracts. The inflorescence in Fig. 6-3b has one lateral axis
gf at?out 2mm. Those of B. elaeagnifoliaare scarcely elongated. The plant shown
in Fig. 6-3b e_ventjually produced inflorescences with about 25 flowers.

_ In conclusion, it appears that the male inflorescences of B. longipetiolata are

1n1tlally many-flowered dichasia. When they continue to develop, the branching

o'f the inflorescences becomes monochasial and the flowers on the axes of the

higher orders are arran ged in cincinni.

be;ir;fgggzgnﬁa% Sii%l? 515) th;: type material of B. longipetiolatano longer

o ances. Rever cess, I am convinced thgt the plant from which
as prepared, from Kribi, Cameroun, carried male inflorescences like those

described above. This conclusion is based on comparison of the descriptions

and type material of both B, longipetiolata and B. macrura which were described

'Ia‘lmultane.ous}y by Gilg (1904, p. 92). Gilg stated that the base of the peduncle
in B, longzperzo}’ata was provided with many bracts and its apex with many brac-
teolef. According to Gilg the peduncle of B, macrurq similarly carries ‘bracts’
and ‘bracteoles’. Examination of the type of B. macrura, Schlechter 12918,
revealed that the n(.)de that carries the inflorescence also has ,scales near the base
of the peduncle. I 1nterret these scales to be several crowded pairs of stipules

ol ngipetiolata s .
similar. According to Glgp how that the types of these species are very

. Ig’s note (op. cit., P- 93), the former species only differs
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Fig. 6-3: B. longipetiolata, De Wilde, Arends & de Bruijn 9270, Doussa river, Gabon. a: plant on
the trunk of Baillonella toxisperma Pierre with many-flowered male inflorescences; b: cultivated
plant from the same gathering three weeks after its introduction showing a depauperate male inflor-

escence. Scales represent I cm.
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from the latter by the dimension of all its parts which are distinctly smaller.
The inflorescence of B. macrura which is depauperate and lax, carries few bracts
and some flat buds (see page 67). More recent collections from the vicinity of
the type locality of B. longipetiolata invariably have lax inflorescences which
are more or less similar to that of B. macrura. Thus all the evidence indicates
that the type of B. longipetiolatahad the lax inflorescence(s) as described above.
Moreover, it also has leaves with a distinctly canaliculate petiole that is charac-
teristic for the species (see page 26).

6.3.1.3. B. squamulosa
In B. squamulosa, the structure of the male inflorescence is similar to that in
B. longipetiolata. This is not immediatcly obvious as all the axes are very much
reduced in length, forming a dense cluster at the top of the peduncle (Plate 6-3,
p. 211 and Figs. 6-4c and -4d). As in B. longipetiolata the bracts of the main
axis are initially laterally fused (Fig. 6-4a). The superior bracts on the reduced
axes of the first and higher orders are often more or less concealed by the flowers
and the buds, but sometimes they are quite long and protrude between the buds
(Plate 6-3). After the flowers are shed, the peduncle with the shrivelled bracts
remains for some time (Fig. 6-4b). In wild plants the number of buds and flowers
appears to range from ¢. 5 — 10, but because of the tight flower arrangement
small, young buds are easily overlooked. In cultivation the number of flowers
per inflorescence may be low, e.g. 6, but a cultivated specimen of Arends, de
Wilde & Louis 371 produced up to 65 flowers in a single inflorescence.

The type of B. squamulosa from the Crystal Mts in Gabon, is characterized
by the dense male inflorescence which has numerous persistent bracts (sec above}

and, in addition, globose buds, thick outer perianth segments and terete petioles
(see pp. 66 and 28). 3

6.3.14. B.rwandensis

Most of tlile dried specimens available have only one to four flowers, but for
some specimens it is evident that some flowers have been lost, as their axes and
bracts are s_till present. In other specimens the comparatively low number of
flowers per inflorescence is interpreted as the result of developmental reduction.
The hypgthesis for this reduction is supported by observations on flower
numbersin tl_1e other species discussed above. As living material of B. rwandensis
was not 'avan]a'ble, it can only be surmised that the number of flowers might
increase in cultivation. So far, the highest number of flowers counted in a single,
young, inflorescence is five (Bouxin 1122, LG). This suggests that the male
ﬂowers of B. rwandensis are borne in an essentially more than 3-flowered cymose
inflorescence. Plate 6-4 (p. 208) shows the inflorescence of Van Roeckhoudt

12. This inflorescence is asymmetric due to the unequal development of the first
lateral axes. The lateral axis on the left has a single-

The {axis on the right lacks this feature.
the inflorescence resembles some of
observed in B. longipetiolata.
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flowered secondary axis.
Except for the distinct pairs of bracts,
the depauperate male inflorescences
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Fig. 6-4: B. squamlosa, male inflorescences of cultivated plants. &: young inflorescences in various
phases of development; to the left: bracts on the main axis fused, in the middle and to the right:
bracts divided: b: distal part of peduncle at the end of flowering; ¢ & d: distal part of an inflorescence;
e: side of inflorescence showing partly split bracts on the main axis; 4d: other side of the same
inflorescence; note that the front of the androecium is oriented towards the inflorescence axis. Scales

represent 1 em.
a & b: plant T1775, culta Arends, de Wilde & Louis 371, Waka, Gabon; ¢ & d: plant T1603, culta

De Wilde, Arends et al. (1983)-100, Crystal Mts, Gabon.

In B, rwandensis the bracts in fully developed lax inflorescences are invariably
opposite. In young inflorescences the bracts are never joined and it seems unlike-
ly that they have ever been fused in an earlier developmental phase of the inflor-
escence, Wilczek (1969a, p. 16 and 1969b, p. 89) interpreted the male inflores-
cence of Van Roeckhoudt 12 as up to eight-flowered. However, he assigned
this specimen to B. schultzei (= B. elaeagnifolia), a taxon whose type material
is characterized by a two-flowered inflorescence, and, unfortunately, he
emended the description of B. schultzei accordingly.
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6.3.1.5. B. pelargoniifiora

This species bears three kinds of similar inflorescences, male, female and bisex-
ual. The single bisexual inflorescence that has been seen only on the dried speci-
men Letouzey 14448 is unfortunately of poor quality. T postulate that some
inflorescences may initially produce male flowers followed by female ones. Addi-
tional, preferably living, gatherings are required to substantiate this supposition
as it is exceptional within the section Tetraphila.

The inflorescences of B. pelargoniiflora are interpreted as regularly branched
cymes with reduced lateral axes except for the two axes of the first order, The
flowers are apparently closely arranged on these axes in the absence of axes
of the second or higher orders. Next to a pair of bracts on the distal part of
the peduncle, several superior ones were found also, supporting the hypothesis
that the inflorescence is a many-flowered dichasium (Plate 4-1 and -8, p. 204).

6.3.1.6. The origin of the few-flowered inflorescences

In the course of the study De Wilde and I have discussed whether the up to
5-flowered inflorescences should be considered to represent the derived or the
primitive state in relation to the more than 5-flowered ones. The prevalence
of the more than 5-flowered inflorescence type in section Tetraphila and in spe-
cies of the sister groups has led to the conclusion that the up to 5-flowered inflor-
escence is the derived condition.

We have also discussed the question whether it is valid to apply the terminology
‘simple dichasia’ and ‘compound dichasia’ to the inflorescence types seen in this
study. ;t is occasionally reported in the morphological literature that compound
dichasia have developed from simple ones. However, according to Rickett (1944,
p.217), th'e compound dichasium is not necessarily later in evolutionary history
than the simple one. In order to avoid any confusion in respect to our conclusion

Lhave prefer_red to refrain from using this terminolo gy and I designate the inflor-
escences as either few- or many-flowered. '

6.3.2. Male flowers

As was mentioned in the discussion on the male inflorescences (page 59), the

male flower consists of the perianth with the perianth cylinder, which poses as
a flower stalk, and the androecium,

6.3.2.1. Perianth segments
The perianth consists of two whorls each
Segments or tepals of the outer whorl are

whorl. In bud, the outer whorl com i i
. , pletely envelops th. 5
the perianth assumes the shape of a cross, S the nner sesents dltorma

. because the inn egments alternate
with the outer ones. For g further di i ©) Scgments
. er discu ;
a1 0. scussion of the nature of the perianth se¢

The shape of the perianth is one of the few characters that are useful in dis-

tinguishing B. squamuj ipeti
ovier o B B?Squ uiosa and B. longipetiolata. The segments, particularly the

" amulosa are opaque, thick and succulent (se¢ Fig, 6-4; Plate

formed by two similar segments. The
large in relation to those of the inner
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6-3 & -4, p. 211), whereas those of B. longipetiolata are thin and sometimes
slightly transparent (sec Fig. 6-2a and Plate 3-8 & -11, p. 196). The flower buds
of these two species are also different. In B. squamulosa the buds are globular
(Fig. 6-4 and Plate 6-3), whereas in B. longipetiolata they are flattened (Figs.
6-2a and 6-3). Observations of living plants in the field and in cultivation
revealed that the perianths in B. longipetiolata, B. elaeagnifolia and B. karperi
are quite similar in shape and texture of their segments. It was alse found that
the outer segments, in particular, change in shape as the flowers age. The flower
buds of B. longipetiolata, B. elaeagnifolia and B. karperi are rather flat, and
in profile the outline of the outer segments is more or less circular. After anthesis
the outer segments elongate progressively and eventually they become elliptic
or even (elliptic)-obovate. In B. squamulosa, the outer segments do not change
very much after the buds open. B. pelargoniifiorais quite distinct from the species
mentioned above by its comparatively large and subcordate outer segments.

6.3.2.2. Androecium

6.3.2.2.1. Stamen arrangement

The male flowers of the species treated here have numerous stamens, usually
more than 10, which are arranged in a zygomorphic fascicle. Each stamen con-
sists of a terete filament and a well-differentiated basifixed anther. The proximal
ends of the collective stamens are connate and together they form a terete solid
structure (‘trunk’), from which the free distal parts of the filaments variably
branch off at different levels, The free parts of the filaments vary in length;
they can either be very short, almost absent, or as long as the pertinent anther.
The stamens with the short free filaments form the proximal part and those
with the long free filaments the other, distal part of the androecium. This ar-
rangement determines the zygomorphic condition of the flower. The proximal
part of the androecium is considered here the ‘front’ of the androecium. Conse-
quently, the androecia depicted in Plates 1 to 6 in Chapter 10, are shown in
front, reverse and lateral view,

The front of the androecium always faces the upper large tepal. Moreover,
the flower terminating the main inflorescence axis excepted, all the other flowers
of the inflorescence are arranged in such a way that their upper large tepals
as well as the front of their androecia are in an adaxial position in regard to
the main axis of the inflorescence (see Fig. 6-4d). This has been found for all
species of which living and/or spirit material was available. In dried material
the original arrangement of the flowers within an inflorescence is difficult to
assess, but I assume that in the living condition the flower arrangement of B.
pelargoniifiora and B. rwandensis is similar to that of the other species treated

here.

6.3.2.2.2. Anther structure
The anthers of the species involved have two equal thecae. The lateral side of

each theca is provided with a longitudinal groove that merges into an apical
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pore. As both pores of the anther are oriented in a frontal, non-lateral, position
on the stamen, the distal parts of the grooves are diverted towards them from
their lateral position. The side with the pores is called the 'front’” and conse-
quently the opposite side is the ‘rear’ of the anther. This terminology is applied
instead of the terms introrse and extrorse, or adaxial and abaxial dehiscence,
which are not sufficiently precise for the Begonia species invalved, because of
the combination of a zygomorphic androecium and a variable anther-pore orien-
tation within the fascicles. Anther-pore orientation will be considered in more
detail below.

Previously the anther-dehiscence of B. sgnamulosa has been described by Halle
& Raynal (1966, p. 115) as “d sutures sublatérales, qui se fendent seulement a
la partie supérieure en deux pores’. A similar description in Latin, ‘rimis longitu-
dinalibus sed foramine apicali tantum apertis instructae’, is given for B. wilczek-
iang (Hallé in Wilczek 1969b, p. 92) and for B. gladiifolia (Wilczek 1969b, p.
85). However, Wilczek’s I'rench description (1969a, p. 19) of B. gladiifolia only
states “déhiscentes par 2 pores apicaux’. In the same publication a similar phrase
is used for the anthers of B. gracilipetiolata, B. elaeagnifolia and B. squamulosa
(Wilczek 1969a, pp. 20-22). It should be noted that for B. squamulosa, Wilczek
(op. cit.) does not refer to the sublateral sutures mentioned by Hallé & Raynal
(1966) in their emended description of that species. Wilczek apparently failed
to notice the apical poresin the material that he used for his emended description
of B. schultzei (1969b, p. 88 and 1969a, p. 16), as he stated ‘rimis lon gitudinalibus
lateralibusque instructae’ and ‘a déhiscence longitudinale’ respectively. His
emended description is based on Schultze in Mildbraed 6208 and 6229, and on
Van Roeckhoudt 12, that is identified in the present study as a new species,
B. rwandensis. All three of these collections, in fact, have anthers with apical
pores.

The terms ‘sutures’ and ‘rimis’ as used by Hallé and Wilczek suggest that
these authors thought that the anthers are provided with longitudinal clefts not
merely grooves. Wilczek’s French transtation of the Latin phrase in his emended
des:cnptlon of B. schultzei (see above) would appear to emphasize this interpre-
tation. In the course of observations of cultivated and dried plants during the
past decadf:3 1 ha}fe never seen anthers that dehisced longitudinally; the pollen
grains were invariably released through the apical pores.

'tl;iae aplcallpores are not copmicugus in the anthers of dried specimens; the
ZI; nzisrzre a v:}?y's sh{uflken diametrically and when moistened and boiled they
by a e e‘:’ﬁ:; ) 1}1; OH%II}DaI sLlape..Moreover, the pores are more or less hidden
anther I;n order torme y the apical parts of the rear and lateral walls of ‘the

- ascertain that the feature interpreted here as a longitudinal
ﬁ{'oove 1s not a cleft of which the rims separate from each other only in the
};‘53{115581';,;328;21;; Se;c::zlons f’f the stamens of B, squamulosa, B. longipetiolata,

- Kearperi were made. The stamens were taken from open

flowers with anthers in their final phase of development because changes in sta-

lln;gr; )structure may occur during the ontogeny of the androecium (e.g. Keijzer,
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Fig. 6-5: Transverse sections of an anther of B. longipetiolata. a & b: sections through the apex;
in a the two pores united, in b the two pores separated by a 2- or 3-celled layer of connective tissue
{c), at s an incomplete parenchymatous separation layer between the two united microsporangia;
in a: T== front wall, r= rear wall; c: section half-way along the anther length, at s degenerated
parenchymatous layer, the arrow s indicates the connection hetween the separation layer and the
wall at the groove; d: detail of 5¢, one nticrosporangium with moze or less ellipsoid pollen grains;
e: detail of 5d, anther wall, Scales in mm.

Culta De Wilde, Arends & de Bruijn 9270.
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The stamen anatomy of B. longipetiolata is presented in Fig. 6-5. The anther
contains two pairs of microsporangia for most of its length (Fig. 6-5c). The
two microsporangia of each pair are separated by a layer of degenerated paren-
chymatic cells. Except in the apical part of the anther, this separation layer is
always connected to the lateral wall of the anther lobe (Fig. 6-5d). The wall
of the anther, in particular at the front and rear (Fig. 6-5¢), consists of a single
layer of thin-walled cells of irregular size. The mature wall of the anther does
not show the differentiation into exothecium, endothecium, middle layers and
secretory tapetum as described for Begoniaceae by Davis (1966, p. 56) and for
B. dichroa Sprague by Maheswari Devi, Naidu et al. (1982, p. 299). However,
according to Bhandari (1984, p. 57), Begoniaceae is among those angiosperms
whaose anthers have a single-layered external covering of the sporangial wall,
which may remain intact.,

In B. longipetiolata and the other species considered here, the wall of the
anther mainly consists of the epidermal layer and, locally, of remmants of the
other layers (Fig. 6-5¢). In the apical part of the anther the separation layer
between the two adjacent microsporangia gradually disappears, rendering each
lobe of the anther unilocular. The cells of the rear wall are radially slightly more
leongated than those found below the apical part of the anther. The photographs
in Figs. 6-5a and -5b show that in the apical part of the anther, the connective
tissue decreases in number of cell layers, and the front wall of the anther gradual-
ly recedes towards the inside of the rear wall. Moreover, the front wall laterally
recedes as well, and the apex of the anther is entirely open. Thus it has been
established that the anthers are provided with grooves and not with sutures,
and that the pollen grains of these species are released through two pores that
distally become united.,

The section Tetraphila has species with longidehiscent anthers as well, e.g.
B. subalpestris A.DC., a species endemic to Sad Tomé. Photographs of a cross
section of its anther are shown in Figs. 6-6b to -6d. When studied with a dissect-
Ing microscope the anther distinctly shows lateral clefts which are open in water
80 that the pollen grains are visible, It was observed, however, that these clefts
were gradually closing during the preparation of the anther in the graded ethanol
series before it was embedded in the sectioning medium, The dehisced part of
the anther wall is shown in Figs. 6-6b and -6c. The anthers of B. subalpestris
are ch_aractenzed by a stomium (Fig. 6-6¢). The anther wall consists of a layer
of radially elongated epidermal cells and a non-differentiated endothecium (Fig.
6:§g)léﬂoreover, the exothecium also contains cells with wall thickenings. Fig-

shows that the thickenings are U-shaped and situated on the inner radial
and tangential walls of the cells. The connective of the anther is laterally extended
ngkcon;ams towards the vascular bundle parenchymatic cells which are stained
that tli::l tht?c(::ol;ktfg::ir}llt:;-l:r;ann'llns (Flg. 6-6b). This photograph also shows
lar by degeneration of the ge o ocular; p robany they have become unilocu-
mer. paration layer during the development of the sta-

In conclusion it appears that within the section Tetraphila there are at least
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Fig. 6-6: Transverse sections of anthers of Begonia species. a: B. pelargoniifiora, c. 1 mm below
the apex of an anther from a dried specimen, the arrow s indicates the separation layer, the arrow
p the mass of collapsed and deformed pollen grains (see Chapter 8); b to d&: B. subalpestris, c. 0.5
mm below the apex of an anther from spirit material; bz the pairs of microsporangia united; e
stomium of dehisced anther, arrow indicates an example of cells with thickened wall; d: detail of

fic, Scales in mm.

a: Letouzey 14448, Mt. Nlonako, Cameroun (herbarium}; b to & Groenendijk 137, Sao Tomé
(spirit).



two types of anther dehiscence. One is poricidal and is found in the species
treated in the present study. These poricidal anthers are characterized by a per-
manent separation layer below the apex of the two sporangia. The other anther
type dehisces by longitudinal clefts and the sporangia of a pair are united at
maturity. The vascular bundle in the connective is amphicribal in both anther
types.

Although the anther of B. pelargoniiflora was at first considered to be porici-
dal, this interpretation was not certain until sections were made from a boiled
anther of a dried, open flower. Although all cells of the anther are collapsed,
Fig. 6-6a shows that the parenchymatous separation layer extends from the con-
nective to the groove and is connected to the lateral anther wall. Because of
the poor quality of the study material, the sections of the apical part of the
anther are very difficult to interpret. Nevertheless, it appears that the apex is
similar to that of the anthers of the other species affiliated with B. squamulosa
and is indeed poricidal.

Eames (1961, p. 112) stated that anther structure is usually constant within
a genus and often throughout a family, so that the finding of two modes of
anther-dehiscence within a single section of a genus is interesting. Irmscher, in
Engler & Prantl (1925, p. 563) stated that anthers with apical pores occur rarely
in Begonia and that those with clefts represent the usual situation. Irmscher’s
(1925, p. 572) drawing of the anther of the monotypic genus Hillebrandia shows
that it is longidehiscent. It is generally accepted that within Begoniaceae this
genus 1s comparatively primitive. The anthers of B, salaziensis (Gaud.) Warb.,
pf the African section Mezierea, dehisce with longitudinal clefts, and this species
isconsidered to have many primitive character states (De Wilde & Arends, 1989).
On the basis of the present evidence therefore it can be postulated that poricidal
anther dehiscence represents an advanced character state in African Begonia.

6.3.2.2.3. Anther pore orientation

As discussed above (page 68), the apical pores of the anthers are situated on
one ::;‘lde_ of the anther, which is called here the ‘front’, It was found that in B.
longipenolata and B. karperi the front of every anther is oriented in a similar
fashion towards the proximal part of the androecium (sce Plates 2-10 (p. 192);
3-12, -14 (p. 196), and Hallé & Raynal, 1966). This implies that the pores of
the stamens at the front side of the androecium in these species are oriented
adaxially in relation to the main axis of the inflorescence, In B, squamulosqa most
of the anther pores have an adaxial orientation also, but the peripheral stamens
have their pores oriented towards the ‘centre’ of the androecium, so that the
stamens at the proximal part or front side of the androecium have an abaxial
gfretonentatlon in relat.ion to the inflorescence axis, The pore orientation of
hy :dsiir"rll";ﬁ eaé tllle ngmt side oi‘ the apdroecium of the species involved is summar-
and B. longi e:‘i " © bore onientation of the proximal stamens in B, squamulosa
s, I‘i . nf) tpal v:aata 1s an additional character in distinguishing these two spe-
faree bud ays easy to assess the stamen orientation from dried specimens:

&¢ Duds provide the best material, In B. pelargoniifiora and B. rwandensis
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Table 6-1. Anther pore orientation in Begonia species

Anther pore orientation of stamens of front side of androecium

adaxial abaxial variable
B. longipetiolata + - -
B. squamulosa - + -
B karperi + - -
B. elaeagnifolia  (Crystal Mts) + + +
idem (Chaillu Mts) - + +
idem {Doudou Mts) ~ + +

all stamens have a similar, presumably adaxial, orientation (see Plates 4-4 and
5-8). Table 6-1 shows that B. efacagnifolia is quite variable in this respect.

6.3.2.2.4. Number of stamens and anther length

The information presented in Fig. 6-7 and Table 6-2 demonstrates that the spe-
cies studied do not have a fixed number of stamens in each male flower. The
diagrams in Fig. 6-7 present the frequencies of occurrence of the ‘average’
number of stamens observed in field gatherings. Only part of the specimens cited
in Chapter 10, could be analyzed for their stamens as quite a few of them are
sterile or only have fragments of inflorescences. Plants of B. elaeagnifolia and
B. karperi usually have very few inflorescences each carrying not more than
one or two flowers. An exact count of stamens always damages or even destroys
the androecium, as the anthers have to be separated from each other. Therefore,
1 have been reluctant to dissect tmore than one flower from an inflorescence.
This also explains why the ‘average’ number of stamens in the table is always
identical to the number actually observed when only a single flower in a specimen
has been analyzed. In many dried specimens it was impossible to count the sta-
mens as they remained brittle, tightly packed and inseparable, even after
extended boiling and soaking.

In the early phase of the investigation, I supposed that the 2x and 4x plants
of B. squamulosa from the Crystal Mts in Gabon, now identified as B. longipetio-
lata and B. squamulosa tespectively, were characterized by different numbers
of stamens (Table 6-2). For example, in B. longipetiolata three collections, nrs
21, 22 and 23, showed 13, 12, and 25 stamens respectively, whereas in B. squamu-
fosa, collection nr. 2, 32 and 35 stamens were found. This was supported by
similar counts in both species of the collection De Wilde, Arends et al. (1983),
also from the Crystal Mits,

However, when I counted the stamens in collections from Cameroun, I found
that plants identified as B. longipetiolata had numbers approximately similar
to those in the Gabonese collections of B. squamulosa. Moreover, it was found
that the number of stamens in a single gathering often varied between different
inflorescences. In B. longipetiolata, nr. 32 from Ekouk, Cameroun, the number
varies from 25 to 58, and the nrs 28 and 39, both from Ekekam/Nkol Djobe,
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Table 6-2. Number of stamens and anther fength in Begonia species.

Figures separated by / are numbers in different inflorescences.

Figures between () are counts by the collector or a previous worker.

B.s
1

3+

L b

7.

8.
9.
10.
11.
12.
13.

quamulosa
. Arends 371
-idem, culta
B & W (1978)-355
-idem, culta
. Christiaensen 1904
. De Wilde 8839
. DeWilde et al. (1983)-100
-idem, culta
. De Wilde et al. (1983)-119
-idem, culta
De Wilde et al. (1983)-181
-idem, culta
De Wilde et al. (1983)-220
De Wilde et al. (1983)-288
Escherich 248
Lambinon 78-279
Le Testu 5454
Mann 1654

B. longipetiolata

14.
15.
16.

34

35

Annet 424 31 31 1.3
Barabé 86-99

Bates 300

. Bates 594

. Bequaert 6474

. Bos 4070

. Bos 6194

. B& W (1978)-204

. B&W(1978)-323

. B& W (1978)-356
-idem, culta

B & W (1978)-600

. Breyne 2751

Cabra 115

. Cambr, Congo Exp. 1959-285
. Dang 655

. Dang 675

. De Wilde, J.J. 7463

. DeWilde, J.J. 7538

. De Wilde, J.J. 7724

. DeWilde, J.J. 8841
-idem, culta

. De Wilde, .1, 9270
-idem, culta

. De Wilde et al. (1983)-156

52,45
34-67/52-60
35,32
42,42/51-91

48,59
30,38,41, 57
57,67

24

34

34

28,31,32

3l

35

24
36, 38/33,40/42, 44

25

22,23/26
31,35/27,29
25/25/27/28/37/37}
46/49/55, 58
21/23,24,25

17-26

21/23/25/26
20-23/33-40/23-37
16
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(average}
number
49

33

20

28

58

46

42

anther
length (mm)
20

22

1.8

1.8

2.5

20

2.0

75




Table 6-2. {continued)

{(average)  anther

number length (mm)

36. De Wilde et al. (1983)-180 9, 11/10/13/13/ 12, 12/9,9 11 1.2

-idem, culta 7-11
37. De Wilde et al. (1983)-216 7,9 8
38. De Wildeetal. (1983)-326 -

-idem, culta 22 1.5
39. De Wilde et al. (1983)-483 10,12, 14 12 1.5

-idem, culta 7-17
40. De Wilde, W.J. 2020 30 30 1.5

-idem, culta 25-40
41. Elias & 8. in Louis 2334 21,25,26,27 25 1.8
42. Elias & 8. in Louis 2360 14, 19/22/20/20, 21 19 1.5
43. Evrard 4740 30 30
44, Goossens 1579 22 22 1.5
45. Hallé 3246 31,34 12 1.8
46, Hallé 3363 ) bic} 23 1.5
47. Hallé 3372 (32),28 30 1.5
48, Hallé 4011 2 26 1.7
49, Hallé & Villiers 4558 20 20
50. Hallé & Villiers 5381 (15),13 14 1.3
51. Jacksonin Keay, FHI 46309 27 27 1.5
52. Keayin FHI 37551 pZ} 24 1.3
33. Keayin FHI 37714 25 25 1.2
54. Laurent 1695 28 28 1.8
55. Lebrun 5164 2 26 1.0
36. Lebrun 5595 15 15 L5
57. Le Testu 5265 30 0 2.2
58. Le Testu 5275 36 36 1.7
59. Le Testu 5409 30,36 33 1.4
60. Le Testu 5429 21,22 2 1.2
61. Leeuwenberg 9294 206/22 21 1.8
62. Léonard 1605 21 21 L5
63. Léonard 1664 » n 1.6
64, Léonard 3916 16 16 1.3
65. Letouzey 4121 35 35 1.5
66. Letouzey 8201 34 34 15
67. Letouzey 9005 18,20, 24 21 10
68. Letouzey 9993 2 22 12
69, Letouzey 10982 20 20 1.1
70, Letouzey 12704 33 13 8
71. Letouzey 12808 31 11 1
72. Letouzey 14146 22 2 14
73. Letouzey 14450 22 2
4. Letouzey 14665 19 2 12
75, Letouzey 15136 4 o P
76. Ludwigs 600 33/35 u L3

" 77. Mildbraed 5636 22,25 " s

78. Mildbraed 5925 20 23 e
79. Mildbracd 6394 2% 20 L5
go. Onochie in FHI 34803 16 fg i 'g
1. Raynal, J. .
N ynal, J. & A. 10349 28 2 17
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Table 6-2. {continued)

82. Reitsma 3246

83. Satabi& 295

84. Schlechter 12913

85. Schultze in Mildbraed 6183
86. Schultze in Mildbraed 6189
87. Thomas 3176

88. Thomas 4318

89. Thomas 5573

90. Troupin 2455

91. Van Meer 1168

92. Vitliers 781

93. Villiers 1481

94. Zenker 3098

95. Fenker 3152

96. Zenker s.n. (1918)

B. elaeagnifolia
97. Arends 559
-idem, culta
98. Arends 571
-idem, culta
99. Arends 670
100. Arends 681
-idem, culta 32/34
101. B & W (1978)-8
-idem, culta
102, B & W (1978)-38
103. B &'W(1978)-276
104. B & W (1978)-381
105. Breteler 8248
-idemn, culta
106. De Wilde, J.J. 9127
-idem, culta
107. De Wilde, J.J. 9638
-idem, culta
108. De Wildeetal. (1983)-31
109, De Wilde et al. (1983)-35
110. De Wilde et al. (1983)-43
111. De Wilde et al. (1983)-17%
-idem, culta
112. De Wilde et al. (1983)-262
113. Hallé & Villiers 4531
114. Hallé & Villiers 4560
115. Hallé & Villiers 5374
116, Letouzey 12765
117. Louis, A M. 1267
118. Mann 1651
119. Reitsma 1958
-idem, culta
120. Sanford 5860

23,28,30
20

61
61, 52/55/69, 60

36/39

36, 30/ 41/46/42, 36
19

24,26/25,23

35, 36, 35/40, 38
30, 26/45, 45/40, 35

38,30
32,28/36,23/52, 40
42

31

35/(50)

{(54)

24

38

(c. 25)

30

31,29, 30/26/29/32/38

28
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(average)
number

26
21
18

anther
length (mm)



Table 6-2. (continued)

(average)  anther
number length (mm)

121. Satabié & Letouzey 343 16/24 20 1.0
122. Schultze in Mildbraed 6229 c.25 25
B. karperi
123, B & W (1978)-335 -

-idem, culta 4, 38/45, 39/57, 41
124, De Wilde et al. (1983)-158 47 47 1.5
125. Hallé & Villiers 4885 45 45 1.5
B, rwandensis
126. Auquier 3360 22 2 3.0
127, Bouxin 257 20,24/22 22 2.8
128. Bridson 380 c.18 18
129. Van Roeckhoudt 12 18, 20,22 20

Cameroun, have 30 and 40 stamens respectively. In B. longipetiolata from Bél-
inga, Gabon, average numbers of 19 to 32 were found, whereasin B. elacagnifolia
from the Crystal Mts, Gabon, the number of stamens ranged from 21 to 54.
Thus different individuals in a single topodeme or in a population, probably
comprising several topodemes, may differ in number of stamens. Hallé counted
50 stamens in nr, 114, but 1 found 35 in another flower of the same specimen.
Obviously, stamen number is not always uniform. On the other hand, the
numbers found in B. karperi indicate that it may be constant in that species.

If plants frpm a wild population are taken into cultivation, the number of
stamens may increase. Thisg phenomenon is clearly illustrated in B. squamulosa
nrs 2and 7, and in B. longipetiolata nr. 34, However, nr. 105 of B. elaeagnifolia
iflustrates that the opposite, a decrease in number of stamens in cultivated com-
pared with wild plants, may also oceur,

The number of stamens may vary in different flowers in a single inflorescence.
In cultivated B, elaeagnifolia the terminal flower usually has more stamens than
the latere‘ll ones. In B. squamulosq and B, longipetiolata some inflorescences were
found with a fairly constant number of stamens, but here some lateral flowers
often have alhigl_ler number than in the terminal flower on the main axis.

The data in Fig. 6-7 show a considerable overlap in the numbers of stamens
of B: sqr:mmulosc'z, B. longipetiolata and B. elacagnifolia. The frequencies in B.
longipetiolata (Fig. 6-7b) suggest that the number of stamens in this species have
2 normal distribution culminating in a stamen number of 20 to 25. Very few
) osa were available but the counts (Fig. 6- suggest
a tentative peak at 30 1o 35. Ag shown in the diagramu(Fisg‘(l:;,l_%c)6 ;?st o%'gthe

%c;lllectior{)s of B. elaeagm‘foh’a' have a stamen number ranging from 20 to 40.
imatlﬁ':li1n14‘5er of stax.ne.ns found in the two field collections of B, karperi is approx-

¥ 46 and this is almost equal to that found in several collections of B.
78
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elaeagnifolia. The number of stamens found in B. rwandensis ranges from 18
to 22 and thatin B. pelargoniifiora from 16 to 28 (see species description, Chapter
10). Tt is clear that the number of stamens is not a useful character for species
delimitation, although certain tendencies in specific stamen numbers can be dis-
cerned.

The length of the anther is variable as is evident from the measurements shown
in the last column of Table 6-2. B. rwandensis and B. pelargoniiflora have anthers
which are distinctly longer than those of the other species, ¢. 3.0 mm and 4
mm long respectively. The anthers of B. longipetiolata, B. elaeagnifolia and B,
karperi cannot be distinguished on the basis of their length or size. The very
similar species B. squamulosa and B. longipetiolata differ only slightly in anther
length.

6.4. Female inflorescences and flowers

6.4.1. Female inflorescences :

The few female elements available on dried specimens were found to be rather
difficult to analyse. Thus the interpretation of the female inflorescences of B,
elacagnifolia, B. karperi, B. longipetiolata and B. squamulosa, is mainly based
on observations of cultivated plants. Nevertheless, the observations on the struc-
ture of the female inflorescences, which are discussed in the following para-
graphs, are in line with what can be detected in some of the field collections.

Usually, the female inflorescences in cultivated plants of the species mentioned
above are single-flowered. B. karperi very rarely produced more than one flower,
but some plants of the other species regularly had two or even three flowers
in an inflorescence. This applies to e.g. B. squarulosa from the Chaillu Mts,
Gabon (coll. Arends, De Wilde & Louis 371). In contrast, plants of B. squamu-
losa [rom the Crystal Mts, Gabon, always produced single-flowered inflores-
cences.

In B. longipetiolata, De Wilde, Arends et al.(1983)-s.n. (voucher Van Veldhui-
zen 988), from Cocobeach, Gabon, 2-flowered inflorescences were occasionally
observed. The accessions De Wilde, Arends et al.(1983)-326 and -483, from the
Chaillu Mts, Gabon, regularly had 2- but also 3-flowered inflorescences. Also
in B. longipetiolata, the cultivated specimen of the gathering De Wilde, Arends
et al. 10037 from the Crystal Mts, Gabon, usually had 2- or 3-flowered inflores-
cences, but very recently this introduction produced a single inflorescence with
four flowers. Cultivated plants of B. elaeagnifolia often produced 2-flowered
inflorescences but never 3-flowered ones. Optimal growth conditions apparently
promote the development of more flowers per inflorescence, because the 2- or
3-flowered inflorescences are usually produced on exuberant plants cultivated
in peat substrate. However, the plant of B. elaeagnifolia (culta De Wilde, Arends
et al. (1983)-179) that was cultivated on a trec-fern slab and consequently
remained comparatively small, also produced 2-flowered female infloreses-

cences,
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At the time of its introduction, the living plant of B. elaeagnifoliain the gather-
ing De Wilde & Jongkind 9638, from the Chaillu Mts, Gabon, had several young’
female inflorescences, and these continued their development in cultivation.
Anthesis occurred within two to three weeks, and the majority of the inflores-
cences were 2-flowered. One of these 2-flowered female inflorescences is shown
in Fig. 6-8b. Afterwards, the plant produced a branch carrying four single-flow-
ered inflorescences on subsequent nodes,

The inflorescence of a cultivated specimen of B. squamulosa shown in Fig.
6-8a is 2-flowered, but, initially, it carried a third bud that did not continue
its development and eventually aborted.

Except for Hall¢ & Villiers 5381, the type of B. nicolai-hallei, plants with
2-flowered inflorescences have not been found among the field collections. How-
ever, infructescences with two fruits were found in B. elaeagnifolia (De Wilde,
Arends et al.(1983)-262), in B. longipetiolata (De Wilde 7724 and Laurent 1702)
and in B. squamulosa (Lambinon 78-279). The infructescence of Lambinon
78-279 has next to two well-developed fruits even a third one that is smaller
and apparently abortive.

In B. squamulosa, bracts are usually present at the main axis (Fig. 6-8a and
Platfa 6-10, -16 and -17, p. 211), but those of the lateral axes are much smaller,
vestigial or even absent. Sometimes, 2 single-flowered female inflorescence rep-
resents the terminal flower on a lateral axis, because a single small bract, or
less frequently, a pair of these bracts may be inserted above the comparatively
large bract(s) on the main axis. In the other species bracts are often absent (Fig.
6-8b). However, a three-flowered inflorescence of A. longipetiolata, culta De
Wilde, Arends et al.(1983)-483, had, in addition to inconspicuous bracts on the
main axis, two vestigial bracts on one of the lateral axes, while on the other

Fig. 6.8: T : .
Dv:g Wilde g tggg?;i t::mBa]Z[?egoz;cf-nces n Bego”if' species. a: B. squamulosa, culia Arends,
introduction. Scales represent | cm,g ofia, culta De Wilde & Jongkind 9638, two weeks after its
%0 o
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axis such structures were absent.

The fully developed female inflorescence of B. rwandensis shown in Plate 5-4
(page 208) is the only one available to date. The flower in this inflorescence
from Bridson 380 is interpreted as the terminal flower on a lateral axis, because
in Bouxin 164 I found some young 3-flowered inflorescences with one lateral
axis that is more developed than the other lateral axis (Plate 5-2, -3). This obser-
vation suggests that the female inflorescence of B. rwandensis may be a three-
flowered dichasium that becomes modified to form a monochasium. In this spe-
cies all the axes are provided with bracts,

These observations suggest that the single- or 2-flowered female inflorescences
in the species mentioned above may have evolved through reduction of an origi-
nally 3-flowered dichasium that, in its turn, was derived from a more than
3-flowered inflorescence. This postulate is further supported by observations
on species of the section Tetraphila which are not treated here (De Wilde, pers.
comm.).

All the axes, including the main one, in the female inflorescences in all the
species mentioned above are usually quite short, and actually, they are fre-
quently so much reduced in length that they seem to be absent. Consequently,
especially in single-flowered inflorescences, the female flower appears to be
inserted directly on the node that bears the inflorescence. In such a situation,
only the presence of up to four, often vestigial, bracts near the pedicel and/or
the base of the ovary indicates that the apparently sessile flower is part of a
very much reduced inflorescence.

In the female inflorescence of B. pelargoniiflora however, the flowers are situ-
ated well away from the stem, because the main inflorescence axis is comparati-
vely long. Within the section Tetraphila the presence of an elongated main axis
is interpreted as a primitive character state. The female inflorescence is many-
flowered, as it contains at least 7 flowers. Within the section a many-flowered
inflorescence most likely also represents a primitive character state. According
to Van den Berg (1984), B. pelargoniiflora is characterized by a pollen-type that
is more primitive than the pollen-types in the other species studied. Thus, the
above mentioned character states suggest that B. pelargoniifiora is the most pri-
mitive taxon of the species dealt with here,

6.4.2. Female flowers

6.4.2.1. The perianth
"The perianth of the female flower is similar to that of the male flower. However,

when female and male flowers occur sitnultaneously on the same plant, the per-
ianth segments of the female flower are usually farger than those of the male
flower. The perianth segments of Begonia have been designated in various ways
(see e.g. Barabé, 1980). Except for their size, the segments are quite similar and
consequently, they can be designated simply as tepals. However, according to
their vascular anatomy, the outer segments are homologous with sepals and
the inner ones with petals (see p. 142).
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6.4.2.2. Style and stigma

The two-armed style and the horse shoe-shaped stigma are characteristic for
the species treated in this study. Initially, I suspected the degree of coiling of
the stigmatic band around the style arms to be of diagnostic value. For example,
in cultivated plants of B. squamulosa the band is often coiled twice, whereas
B. longipetiolata frequently shows only a single coil. Cultivated plants of 8.
elaeagnifolia from the Crystal Mts, Gabon, usually have one complete coil as
well. However, when living specimens of B. elaeagnifolia collected from the
Chaillu Mts, Gabon, (Arends, De Wilde & Louis 57 1) produced their first female
flowers, each end of the stigmatic band showed two coils. Although it was found
that the stigmatic band in the plants from the Chaillu Mts has the tendency
to twist a little further as compared to that in the plants from the Crystal Mts,
the mumber of coils in B. elaeagnifolia was found to be variable. In cultivated
plants which may produce comparatively large flowers, the styles tend to
increase in length and such styles are often provided with stigmatic tissue that
twists twice around the distal part of the style arms. Similarly, in B. longipetiolata
it was found that the stigmatic band may coil once to almost twice, even within
a single field collection { Plate 3-21 and -22, page 196). In comparatively small
cultivated specimens of B, squamulosa the female flowers are usually small, and
in such small flowers there usually is only a single coil,

The stigmatic surface of the species studied consists entirely of bottle-shaped
capitate glandular cells (Fig. 6-9a). The stigmatic surfaces seen in the present
study can be assigned to group b as distinguished by Baranov (1977, p.285).

Except for the stigmatic surface the remainder of the style is smooth in B.
squarnulosa, B_- elaeagnifolia and B. karperi (Figs. 6-9b & ¢). However, in B.
longipetiolata it is more or less papillose, This is demonstrated in Figs. 6-9d
to f for three gatherings from widely separated localities in its geographical
range. Thgre 15 no indication that these papillose cells are secretory.

In cultivated plants of B, squamudosa, the styles below the arms are usually
provided with a fe}V, 1 to 6, dentate scales, These have been found in the few
female flowers available in field collections as well (Plate 6-1 1, page 211).

6.4.2.3. Number of styles
The number of styles seen in the
conclusive diagnostic value,
In herbarium material of B, oy,
er,inBos 6194

species studied ranges from 2 to § and is without

In Hallé & Villiers 5831 > all female flowe
bly has 3 styies also.
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Fig. 6-9: Segments of styles in Begonia species (TS). a: B. elaeagnifolia, apex of one style arm with
secretory stigmatic cells, the arrows indicate the fluid on the top of some of these cells; b to f: surface
of styles below the style arms; b: B. elacagnifolia; ¢ B. squamulosa; d, e & I: B. longipetiolata. Scales
represent 100 pm, b to £ at a similar magnification.

a: culta De Wilde, Arends et al.{1983)-179; b: De Wilde & Jongkind 9638, Chaiilu Mts, Gabon;
e: culta Arends, de Wilde & Louis 371; d: De Wilde 7724, Ekouk, Cameroun; e: Elias & Sterck
in Louis 2334, Bélinga, Gabon; f: De Wilde, Arends & de Bruijn 9270, Doussa river, Gabon.



duced a 2-flowered inflorescence. In that case the terminal flower had 3 and
the lateral one 2 styles. Recently, it produced a 3-flowered inflorescence with
the terminal flower having 3, and the lateral flowers 2 and 4 styles respectively.
Plant T1616 of B. longipetiolata, coll. De Wilde, Arends et al (1983)-s.n1., voucher
Van Veldhuizen 988, was collected in North-Western Gabon. In cultivation it
often had 4 styles, but during one flowering it produced three inflorescences.
Two of these inflorescences were single-flowered, the flowers containing 3 and
4 styles respectively. The third inflorescence that was 2-flowered, had 5 styles
in its terminal flower, while the lateral flower had 4 styles. It should be noted
that plants with less than 4 styles do not belong to a particular population, but
have been collected in different localities in the species range. Similarly, B.
squamulosa usually has flowers with four styles, but flowers with five styles
may be regularly produced by exuberant specimens. Rarely a flower had three
styles.

Cultivated plants of B. elaeagnifolia from the Crystal Mts in Gabon have
produced flowers with either 2 or 3 styles but never 4, The female inflorescence
in this species is often 2-flowered and it was found that in a 2-flowered inflores-
cence the terminal flower may have 3 styles, while the lateral one has only 2.
Therefore, early in my study I thought that B. elaeagnifolia could be distin-
guished from both B. longipetiolata and B. squamulosa by the number of styles,
as these species usnally have 4 styles,

The first living accession of B. elaeagnifofia from the Chaillu Mts in Gabon
showed 2 styles. This plant of Louis, Breteler & de Bruijn 1267 was collected
near Waka in 1983. In 1984 the species was found again in the Chaillu Mts,
between Mouila and Yeno. In the field, the plants from that locality (Arends,
De Wilde & Louis 559 and 571) did not have female flowers, but in cultivation
they produced female flowers with 4 styles. Except for the smooth style surface,
such ﬂpwers cannot be distinguished from those of B, longipetiolata. More recent
accessions from the same locality between Mouila and Yeno (Breteler, Lemmens
& Djabi 8248 and De Wilde & Jongkind 9638) usually produced 4 styles also,
although some flowers had 3 styles. At one flowering, the latest introduction
(De Wilde & Jongkind 9638) carried four single-flowered inflorescences simulta-
ilgousl); Two flowers had 4, and the other two 3 and 5 styles respectively. All

¢ gatherings of B. elaeagnifolia from the Doudou Mts in Gabon, produced
female flowers with 2 or 3 styles. i
1B e B & De Vi 197535 sty shoved 3, and s
in the Crystal Mts, Gal’)on (Der\?%?ld: I‘l:g frg m the same topodeme near Ml
duf\el(lizlisom"ﬁm353,but never dstyles, et al(1983)-158), regularly pro-

these examples de . .
character, although the 21{:'11;2:‘ :ﬁ g::;;xsg ll?ozu;nz‘?rllst nm(ai EonStant S?i(ztii;
general is 4. In B. elaeagnifolia, plants f; . }E;’P g o
have 2 or 3 styl ; ) rom the Crystal and the Doudou Mts
2 styles, while those from the Chailly M 4. In
B. karperi the style number ra u Mts usually have 3 or 4.
nges from 2 to 4. The finding that in Begonis,

the mumb ithi ;
er of styles may vary within a species or even within a single individual
34
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is not new. Barabe (1981, p. 820) showed that in B. handelii Irmsch., the style
number usually is 4, but in some flowers he observed 5 styles.

6.4.24. The ovary andits placentation

6.4.2.4.1. Introduction

In the species studied, the fusiform ovary is usually more or less curved and
tapers gradually into the pedicel. The exact point of transition between the solid
pedicel and the multilocular base of the ovary can be determined by making
a series of transverse sections of this part of the flower. The first sections with
cavities indicate the point of transition between the pedicel and the ovary (see
also page 101).

In two- or three-flowered female inflorescences the ovary and the pedicel of
the terminal flower are usually similar to those of a lateral flower except in
B. longipetiolata, where ovary and pedicel of the terminal flower are usually
longer than those of a lateral flower (Plate 3-19, page 196).

The morphology and placentation of the ovary have always been considered
to be important characters in taxonomical studies of Begoniaceae. For example,
Warburg (1894, pp. 136-139) used various features of the ovary in the delimi-
tation of the sections he recognized in Begonia. More recently, Reitsma (1983)
and De Wilde & Arends (1989) proposed models for the evolution of placen-
tation types. These models are in line with the interpretation of Gauthier (1959)
that, in Begoniaceae, the parietal condition is the primitive character state and
the axile condition is derived.

6.4.2.4.2. The nature of the ovary in Begeniaceae; literature review

In the past, several morphologists, viz.: Saunders (1925), Bugnon (1926) and
Gauthier (1950, 1959) dealt with the nature of the ovary in the Begoniaceae.
These authors based their conclusions, which are contradictory, on the interpre-
tation of the vascular anatomy of the female flower. In the present study the
vascularisation of the female flower of B. elaeagnifolia, B. longipetiolata and
B. squamulosa is discussed in Chapter 7.

Saunders (1925, p. 183) investigated the flower of B. corallina Carriére of sec-
tion Gaerdria. She concluded that no axial tissue can envelop the ovary and
that her observations adduced definite proof that the ovary wall in Begonia is
exclusively foliar, According to her interpretation the wall is formed by concres-
cence of different foliar whorls. On the other hand, Bugnon (1926) who studied
the flower of B. x ducharirei Haage & Schmidt, a hybrid taxon within the section
Huszia, concluded that the ovary wall is exclusively axial. According to Bugnon,
the ovary in Begonia is a cup-shaped floral receptacle with the carpels inserted
on its rim and extending downwards inio the receptacular cavity.

Gauthier (1950) studied the flowers of five Begonia species, including the Afri-
can species B. dregei Otto & Dietr. and B. socotrana Hook. f. (both of the section
Augustia) and reported that the vascularisation of the ovary shows a foliar pat-
tern. He concluded that the perianth is adnate to the ovary which implies that
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the ovary is entirely formed by appendicular organs. Gauthier's interpretation
was based on the fact that the longitudinal vascular traces in the ovary wall
ramifly at the very top of the ovary where the perianth segments are inserted.
The longitudinal traces continue into the styles, but their branches leave the
ovary and dissipate into the perianth segmenis. Consequently, the longitudinal
traces in the ovary wall are considered to be compound vascular bundles formed
by both carpel and perianth bundles which are intimately fused. Thus, according
to Gauthier the ovary wall in Begonia is foliar.

Soon after Gauthier’s (1950) publication, Bugnon & Bugnon {1953}
attempted to show that the arguments of Gauthier were based on ill-founded
hypotheses and they reiterated the view that the ovary wall in Begonia is axial.
The contradictory interpretations of Bugnon and Gauthier were discussed by
Douglas (1957, p. 14} in her review of the literature dealing with the inferior
ovary. She concluded that Gauthiet’s detailed study showed that the interpre-
Pation of classical morphology can be retained and stated that the Begonia ovary
1s appendicular and is composed of carpels which are congenitally united with
the floral tube. Douglas (op. cit., p. 16) rejected the interpretation of Bugnon.

A few years later, Gauthier (1959) published his account of the vascular anato-
my of the female flower of Hillebrandia sandwicensis Oliv., which belongs to
amonotypic genus in Begoniaceae and, among other features, differs from Bego-
rig l_)y its semi-inferior ovary. His observations corroborated his previous con-
clusion that the ovary in Begoniaceae is appendicular. The recent studies of
Lecocq (1977), Barabé (1981), Barabé & Chrétien (1983) and Barabé, Brouillet
{;& Bertrand (1985) also support Gauthier’s interpretation of the inferior Begonia

vary.

Gauthier’s (1950) drawings of transverse sections of the ovary demonstrate
that the placentation in the Begonia species he investigated is axile, because the
placentae are situated along the central axis in the multilocular compound ovary.
Howe.ver, it should be noted that Gauthier {op. cit., p. 21) stated that in B.
dregei ‘The carpels are incompletely united at the center of the flowers this struc-
:z:lo?gilggl-laéi Iiitu(e:ato Eflhu:-: fact.thf;lt the margin c:f each carpel is fu§ed with

| Tpel more intimately than with the other margin of the
same carpel. An exaggeration of this opening would bring about a one-celled
Oya}ry with parietal placentation, as in the section Mezierea of the genus Bego-
gz;Dfmglas (OP-‘ cit,, p. 15) who summarized the conclusions of Gauthier in
e e v s condilon a theparial plscniaionn 0
of ventrals belonging to adjacent carpels’, e possible by the union in paifs

The lo‘f"ef part of the ovary in Hillebrandia is multilocular, but the upper
5airst :;Sillt{lllot;:ular. While the placentation in the multilocular lower part is axile,
that pasr':ﬂ:reysilzl?::;?]oﬁ the ut}lloculax: upper part, because the placentae in
! 't are intruding partitions of the he
illustrations in Gauthier 1959). Thus, th _compoupq ovary (see.t
by both an axile and a parietal‘placer,lt S L O'f Hl”ebmndtq is characterized
Placentation in Hillebrandia with thata in B Lngcally, (.}authxer compared the

In Begonia and in respect of the latter
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genus he explicitly stated ‘Au nivean ou les loges communiquent entre elles,
les carpelles des Begonia sont unis latéralement, mais les deux marges de chaque
carpelle ne sont pas soudeés. I suffirait d’agrandir vers le bas et de prolonger
vers le haut cette ouverture, et ’on obtiendrait la condition qui prévaut dans
I’Hillebrandia® (see Gauthier 1959, p. 77). It is evident that Gauthier had the
strong feeling that the placentation in Begonia and Hillebrandia is basically simi-
lar.

Gauthier (op. cit., p. 83) stated that the placentation in Hillebrandia is funda-
mentally parietal and he postulated that the axile placentation in the lower part
of the ovary isin fact *pseudo-axile’. This terminology is a translationinto French
of the term ‘falsely axile’ which was introduced by Parkin (1955, p. 54) who
stated ‘placentae parietally situated may grow inwards and more or less cohere
at the centre, thus making the ovary again as it were plurilocular’. Parkin’s state-
ment is in accordance with the idea of Puri (1952, p. 608) who explained the
multilocular condition in an actually parietal placentation ‘by assuining the sep-
tum as being formed by inward extension of the two placentae themselves and
not by the carpellary margins’. Puri (op. cit., p. 609) also stated that he ‘was
inclined to believe that a multilocular condition of this type, brought about by
fusion of the placentae and not of the carpellary margins, is more common than
has been realized hitherto’.

It appears that Gauthier’s interpretation of the axile placentation in Begonia-
ceae, which is based on the ideas of Puri, was generally accepted. For example,
Melchior et al, (1964, p. 339) stated that the ovary in Begenia is multilocular
(‘facherig’) as a result of strong fusion of the placentae. Lanjouw et al. (1968,
p. 181) and Stoffers et al. (1982, p. 165) described the ovary in Begonia as multilo-
cular and pseudo-multilocular respectively, because of inward growth of the pla-
centae. However, Hutchinson (1969, p. 226 and 1973, p. 301} only stated that
the placentation is axile.

Reitsma (1983) studied the placentation in 53 African species of Begonia. He
classified these species into two main groups according to their placentation
type. Reitsma’s first main group comprises species with both pseudo-axile and
parietal placentation in a single ovary, a condition which is similar to that in
Hillebrandia (Reitsma op. cit., pp 31, 48). He postulated that the septa in the
lower and multitocular part of the ovary consist of both carpellary and, towards
the axis of the ovary, of placental tissue (Reitsma op. cit., pp 31, 40).

Reitsma’s second main group comprises species with a ‘real axile’ placentation
{op. cit., pp 49, 50). This real axile condition — as opposed to the pseudo axile
condition in the other group - is, according to Reitsma, explained by the fact
that the margins of the same carpel are fused, while the sides of each carpel
are fused with those of the adjacent carpels up to the centre of the ovary. As
a consequence, Reitsma interpreted the septa and the placenta-bearing centre
of the ovary to consist entirely of carpellary tissue {Reitsma op. cit., pp 30, 49,
50 and figs. 2f-2h). ' '

It is obvious that Reitsma’s separation of the two species groups (_iepends
on the interpretation of carpel fusion. In the first group the margins of different,
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adjacent carpels are fused, whereas in the second group the fused margins belong
to a single carpel that is folded in a conduplicate or involute manner. Reitsma’s
species group with ‘real axile” placentation includes B. dregef and B. socotrana
which were also studied by Gauthier (1950). It now appears that Reitsma over-
looked the statements of Gauthier (op. ¢it.) and Douglas (1957) which are cited
above (page 86). The statements of these authors deal with both the fusion of
the margins and the union of the ventral vascular bundles of adjacent carpels
which, according to them, account for a unilocular and parietal condition in
the top of the ovary with an otherwise axile (or, sensu Reitsma ‘real axile’) placen-
tation. Moreover, Reitsma did not, apparently, consider the possibility that the
multilocular condition in his ‘real axile’ placentation species could also be caused
by inward growth and fusion of parietal placentae. Other authors, such as Mel-
chior (1962), Lanjouw (1964) and Stoffers (1982), considered fusion of the pla-
centae to account for the axile placentation in Begonia.

The conclusions of all the authors cited above are based on the study of mature
flowers. These conclusions are occasionally controversial because the authors
interpreted similar features of the flower in different ways. Very recently, new
light has been shed on the problem of the ovary in Begoniaceae by Charpentier,
Brouillet & Barabé (19892 and 1989b) who studied the ontogeny of the female
flower of two Begonia species and Hillebrandia sandwicensis. The first paper
of Charpentier ¢t al. (1989a) deals with the flower of B. Aorticola Irmsch. in
section Tetraphila. The mature flower very much resembles that of the species
tr?ated in the present study. The fusiform ovary of that species is four-locular
with an axile (or pseudo-axile sensu Reitsma) placentation in its lower part,
whereas it is unilocular with a parietal placentation in its upper part.

Qhamenﬁer et al. found that the multilocular condition and the axile placen-
tation in the lower part of the ovary is due to the development of tissue initiated
by a meristem of the floral apex that has an axial position in the base of the
young ovary. Simultaneously with the development of this axial tissue, there
is also tissue development at a higher level of the young ovary. The tissue at
the higher levellis initilated by four similar meristers which are situated on the
':"Egl ofith%ovar ial cavity. Each one of these parietal meristerns produces a longi-
udinal ridge. During the subsequent development of the flower, these four
ridges remain free_ from each other, but each individual ridge forms a double
pla_(l:enta that carries ovules at anthesis. These placentae-bearing ridges in the
50 B e 2 v et by Charpeic
in the mul’tilocular lowell? o e o hereas they designated the partitions

i °r part of the ovary as ‘axile septa’. Thus simultaneous
growth, initiated by different meristems which are either axial or parictal
accounts for a placentation which is axile in the lower part and arietgl in thl;
u

P(I;‘;lf part of the mature ovary of B, horticola. P P
are in?ég‘::élzz e (1lls-tmgu18hed anaxileand a parietal zone in the ovary which
Ty carly in the ontogeny of the flower of thi i es
can already be discerned in the youn popECies. These e
from each other as thore js & <. 'g ovary, but cannot be delimited precisely
a transition zong between them (Charpentier et al.
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1989a, fig. 24). The authors found it difficult to determine whether the cells
of the transition zone originate from the floral apex or from the ovary wall
(Charpentier et al. 1989b, p. 3632),

The ovary of the mature flower of B. dregei is apparently three-locular over
its entire length and is characterized by an axile (or ‘real axile’ sensu Reitsma,
1983) placentation.

Charpentier et al. (1989b) found that the ontogeny of the flower of B. dregei
is basically similar to that of B, horticola described above. As in B. horticola,
the placentation in B. drege/ is also determined by an apical or axial meristem
situated in the base of the young ovary and, at a higher level, several (in B.
dregei three) parietal meristems on the wall of the ovarial cavity. In fact, during
a certain phase of their ontogeny the ovaries of B. dregei and B. horticola are
very similar. The young ovary in both species consists of both an axile zone
and a parietal zone which are separated from each other by a transition zone
(compare fig. 14 in Charpentier 1989b with fig, 24 in Charpentier 1989a). The
subsequent development of the ovary of B. dregei is determined by the elonga-
tion of the axile zone which becomes much more developed than that of the
parietal zone. Moreover, in contrast with B. horticola, the longitudinal ridges
on the wall of the parietal zone of B. dregei do not form placentae or ovules
{Charpentier 1989b, p. 3632}, Thus, the preponderant growth of the axile zone
in combination with the absence of placenta and ovule formation in the parietal
zone accounts for the fact that the mature ovary of B. dregei shows an axile
placentation for almost its entire length. It is now clear that Gauthier (1950)
was correct in his interpretation that the very apex of the ovary of B. dregei
is unilocular (see above, page 86).

The ontogeny of the semi-inferior ovary of Hillebrandia is basically similar
to that of Begonia (Charpentier et al. 1989b, p. 3634). In Hillebrandia, the part
of the mature ovary above the insertion of the perianth segments is formed by
growth initiated at a meristematic rim which is situated just above the perianth
primordia in the young flower. Charpentier et al. (1989b, p. 3634) found that
in B. dregei a similar rim is present, but here it does not develop. The mature
ovary in Hillebrandia differs by its ‘open’ apex from that in Begonia, because
the apex in the Begonia species they investigated is ‘closed’. However, Charpen-
tier et al. found that during a certain phase of its development the young ovary
of Begoniais also open.

Depending on the comparative growth rate of the axile and the parietal zones
in the young ovary, the mature ovary in Begoniaceae is axile either over its entire
length or in its basal part only, The axile condition is determined by the axial
meristem in the floral apex, whose growth is already initiated in a very early
phase of the development of the flower. Thus the axile condition is definitely
not due to postgenital fusion of parietal placentae or intrusions fjrom t.hq ovary
wall and the axile placentation in Begoniaceae is because _Of its origin, not
‘pseudo-axile’ as postulated by Gauthier (1959), but “truly’ axile. .

The strict classification of African Begonia species into two groups accm_’dmg
to placentation type proposed by Reitsma (1983) is refuted by Charpentier et
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al. (1989D, p. 3636). The models of the evolution of placentation types in Begonia
presented by Reitsma (1983, p. 50) and De Wilde & Arends (1989, p. 38) are
based on the postulates of Gauthier (1959) that the placentation in Hillebrandia
is fundamentally parietal and that the parietal condition is primitive in compari-
son with the axile condition. Reitsma accepted Gauthier’s interpretation and
consequently he considered species with ovaries which are distinctly unilocular
in the upper part, as primitive according to their placentation. It should be noted
that Puri (1952, p. 631) was apparently sceptical about Gauthier’s interpretation
because he stated ‘Gauthier, on the other hand, wants us to believe that the
union is more intimate and (phylogenctically) earlier between the two adjacent
carpels than between the two margins of the same carpel’.

Charpentier et al. (1989b, pp 3636-3638) dealt with the question whether the
semi-inferior ovary of Hillebrandia represents the primitive character state of
the ovary in Begoniaceae. They concluded that on the basis of evidence [rom
some other families, the semi-inferior position of the ovary in Hillebrandia might
be considered as a derived character state (Charpentier et al., op. cit p. 3637).
However, according to the same authors (op. cit. p. 3638) other evidence indi-
cates that on the basis of its mixed placentation the genus might be considered
as 2 primitive taxon. Thus, on the basis of the position and the placentation
of tl.le ovary it is not possible to conclude whether Hillebrandia is a derived or
a primutive taxon. Morcover, Charpenticr et al. (1989a, p. 571; 1989b, p. 3625)
concluded that on the basis of the present evidence it is not possible to decide
which of the two placentation types is the primitive one in Begoniaceae.

. As_ already mentioned above, Gauthier (1959) stated that the placentation
in Iu'hllebranfiia is fundamentally parietal and primitive. The placentation in the
Afnqan sections Mezierea, Squamibegonia and Tetraphila is very similar to that
in Ht!lebrandf'a. ."‘Ijhus, Reitsma (1983) assumed that these sections could be con-
sidered as primitive taxa in the genus Begonia. The trends in the evolution of
the placentation in African Begonia as proposed by Reitsma (1983, p. 50) are
based on the postulate that the parietal condition s primitive, whereas the axile
condition is derived. However, Charpentier et al, (1989b) concluded that it is
1ot possible to decide which placentation type is primitive, Thus it appears that

the acceptance by De Wilde & Arends (1989) of Reitsma’s (1983) proposals

regarding evolutionary trends in Beggps
. gonia may have been premature.
. As already mentioned above, th v

¢ axile placentation in the base of the ovary
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According to Charpentier et al. (1989b, p. 3638) the development of the female
flower in Begoniaceae hardly corresponds with the ontogenetic models used in
the interpretation of the appendicular or axial nature of the ovary wall. The
wall is not appendicular because the development of the flower does not clearly
indicate that the wall is the result of exclusive growth of the adnate base of
the perianth-segments. On the other hand, it is not receptacular either, because
it is impossible to be certain that there is only intercalary growth below the
insertion of the perianth segments. They therefore suggested that the ovary wall
might be regarded as a structure intermediate between the axial and appendicu-
lar organs (op. cit., p. 3625 & p. 3638). Their interpretation is in line with the
summary of Sattler (op. cit., p. 25) who stated ‘Traditionally, the wall of inferior
ovaries is interpreted as the congenital fusion product of carpels and other phyl-
lomes or receptacle. There is, of course no developmental evidence for this inter-
pretation: the wall of inferior ovaries is formed by an intercalary growing region
(zonal growth) in a ring-zone at the base of the floral appendages. Thus, the
floral appendages, including the gynoecial appendages, are carried up on the
wall of the inferior ovary during their development. The gynoecial primordia
develop only into styles and/or stigmas, i.e. they are sterile. The placenta(e) and/
or ovule(s) arise in the ovarial portion which is an intercalation formed by zonal
growth’,

Charpentier et al. (op. cit., p. 3637) concluded that the inferior ovary in Bego-
niaceae probably is an intermediate structure between appendicular and axial
organs that did not originate from postgenital fusion of conduplicate carpels.
Furthermore, they stated that it is difficult to interpret the evolution of the inferi-
or ovary in the Begoniaceae in terms of the classical theory of the flower, since
its constituent parts would not be exact homologues of carpels.

It should be noted that, with the exception of Bugnon (1926), all other authors
who dealt with the vascular anatomy of the female flower in Begoniaceae, based
their interpretations on the assumption that its ovary is formed by leaf-like struc-
tures only. In the present study several phenomena were discovered which may
be interpreted as an indication that the base of the ovary is not leaf-like. It
appears that the vascularisation of the female flowers I have studied corresponds
with the development of the ovary demonstrated by Charpentier et al. in other

species (see Chapter 7).

6.4.2.4.3. Placentation, ovule position and number of locules
Tn 1983, Reitsma studied the placentation of several plants belonging to the
species treated here. At that time the plants were identified as B. schultz.ei, B.
wilezekiana and the ‘diploid and tetraploid forms’ of B. squamu[o_sa (Beltsma
1983, pp. 27, 35 and 37). In the present study, these plants are lder}txﬁed as
B. elaeagnifolia, B. karperi, B. longipetiolata and B. squamulosa res;_)ect.wel).r. ‘
Like in Hillebrandia, the placentation of all these Begonia species is axile in
the multilocular lower part and parietal in the unilocu]ar. upper part of tl}e ovary.
When the ovaries are opened longitudinally and studied unde.r the dls§ect1ng
microscope, it can be seen that the placentae are lamellae which are situated
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Fig. 6-10: B. squamulosa, transverse sections of different ovaries approximately half-way along their
length; note that the ovules ae predominantly shown in longitudinal section, because of their p]eul't".'-
trapous position in the locules. a: diploid plant; axile condition shewing four axile septa; b: tctrapIO}d
plant; parietal condition showing five parietal septa; ¢z longitudinal section of an ovule in the diP!Old

along the “axile’ or, depending on the level in the ovary, ‘parietal’ septa (page
88). In B, elacagnifolia, B. karperi and B. squamulosa the placentae are attached
to the septa in the centre of the ovary (Figs. 6-10, 6-11¢ & d; 6-1 2). In transverse
sections of a two-locular ovary, as found €.8. in B. elaeagnifolia, each septum
with its two placentac is more or or less T-shaped, but in three- to five-locular
ovaries it has the shape of an arrow-head (‘fer de lance’, Gauthier 1959, p. 75).
This is shown in Figs. 6-10, 6-11c & d and 6-12. However, in B, longipetiolata
each septum carries two opposite placentae approximately half-way between
the axis and the wall of the ovary, so that in transverse section each septum
with the placentae has the shape of a cross (Figs. 6-11a & b). This placentation
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Fig. 6-11: transverse sections of ovaries approximately half-way along their length in Begoniaspecies;
note that the ovules are predominantly in cross section because of their epitropous position in the
locules. a & b: B. longipetiolata, in a: axile condition, in b: parietal condition; ¢ & d: B. elaeagnifolia,
parietal condition in the ovary of different flowers produced during one flowering; in ¢: three parietal
septa and in d: four parietal septa. Scale in a represents 1 mm, all figs. at  similar magnification.

a: De wilde, Arends & de Bruijn 9270; b: Elias & Sterck in Louis 2334, ¢ & d: culta Arends, de

Wilde & Louis 571.

type was described as septal by Reitsma (1983, pp. 29, 35).

In order to avoid confusion it should be noted that at the time of Reitsma’s
investigation some plants were identified as ‘diploid B. squamuiosa’ and other
plants as ‘tetraploid B. squamulosa’. Now, that the taxonomy of these very simi-
lar plants has been clarified, it is established that the ‘diploid B. squamulosa
plants’ in fact belong to B. longipetiolata, which is reinstated here, whereas the
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“tetraploid B. squamulosa plants’ belong to the true B. squamulosa. In the present
study, it was found that both B. longipetiolata and B. squamulosa comprise 2x
and 4x plants (Chapter 4). The placentation in both 2x and 4x individuals of
each of these species is found to be similar. This is shown in Figs. 6-10a & b
for B. squamulosa.

The present study corroborates the statement in the literature that the ovule
in Begonia is anatropous (e.g. Boesewinkel & De Lange 1983; Heywood 1978,
p. 114; Lecocq 1977, p. 528). Fig. 6-10c presents an ovule in a transverse section
of an ovary of B. squamulosa. The ovule is shown in longitudinal section, indicat-
ing that the ovule with its bent funicle has a perpendicular orientation in relation
to the longitudinal axis of the ovary, because the ovules have a more or less
pleurotropous position in the locules (Figs. 6-10a & b; 6-12 and Plate 6-14, page
211). However, in B. elaeagnifolia, B. karperi and B. longipetiolata the ovules
are usually epitropous, so that transverse ovary sections of these species show
most of the ovules in transverse section as well (Fig. 6-11). Thus, B. squamulosa
can be distinguished from B. longipetiolata on the basis of both the attachment
of the placental lamellae to the septa and the position of the ovules in the locules.

The number of styles in a flower usually equals that of the septa and/or locules.
For example, a transverse section of a flower with three styles produced by B.
elaeagnifolia (culta Arends, De Wilde & Louis 571) shows three septa (Fig.
6-11e), whereas a section from another flower having four styles, that was pro-
duced by the same plant, shows four septa (Fig. 6-11d). However, exceptions
have been found. The flower of B. squamulosa depicted in Plate 6-10 (page 211)
shows four styles. When sections were prepared from its ovary it showed a five-
locular condition (Fig. 6-10b). The flower of B. karperi depicted in Plate 2-5
(page 192) has three styles, but its ovary was found to be four-locular (Plate
2-22 to 24). Similarly, a section from another flower with three styles from the
same 1.11dividua] of B. karperi showed a four-locular condition.

An interesting phenomenon was observed in sections prepared from a flower
of B. squamulosa with four styles (culta Arends, De Wilde & Louis 371). The
lower part of the ovary was found to be four-locular, but towards the apex
of the ovary, in the zone where the placentation is parietal, the sections show
five septa, each with a double placenta (Fig. 6-12). The increase of the number
et oo e o s T e o)
tely developed. F nasyncarpous ovary, a carpel may'be 1pc9mp13-

y develop ames (1961, p. 231) stated that where carpel fusion is incom-
plete distally, the styles and stigmas are free, but that the number of styles and

?zgr;;s does not necessarily indicate the number of carpels involved in the

6.5. Fruits and seeds

g::nfguits ?g a(;labie in dr.ied field collections are all closed. As far as they have
cseribed, these fruits were always interpreted as non-dehiscent (Wilczek
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Fig. 6-12: B. squamulosa. Serial transverse sections demonstrating four and five locules in a single
ovary. a: diagram of flower, p = pedicel, 0 = ovary; the letters b to i indicate the levels of the
sections shown in the photographs in b to i; b: four locules and axile placentation; ¢ transition
between the axile and the parietal condition; d: parietal condition with four parictal septa; e, f &
g appearance of the fifth locule (thick arrow); h: five parietal septa i: fusion and disappearance
of the placental lobes (slender arrow). Scale in a represents 2 mum, all figs at 2 similar magnification.

Culta Arends, De Wilde & Louis 371.

1969a & b). However, it was observed in the course of the present study that
the fruits of cultivated plants may open with one to four longitudinal clefts in
their walls. Before the fruits dehisce, they do not show regions of a specific weak-
ness where ruptures will occur.

The fruits studied were produced after artificial pollination and it was found
that the development of a fruit takes about two months before its dehiscence.
As far as could be seen in the open fruits, the clefts are situated near the septa.
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Moreover, the sepla themselves with their seed-bearing placentae become
detached from the wall. The septa and their placentae more or less adhere to
each other, and collectively they form a seed-carrying column that is very weak
in texture, A very small portion of each septum remains attached to the wall
as a shallow longitudinal ridge. Almost simultaneously with the dehiscence of
the fruit, the column disintegrates and some of its fragments with the seeds may

be spilt before the remainder of the fruit eventually drops from the plant. In
* B. elaeagnifolia, B. karperi, B. longipetiolata and B. squamulosa the base and
~ the apex of the fruit both remain intact when the fruit opens (see Plate 6-17,
p- 211). When the first cleft appears, the further dehiscence of the fruit proceeds
in a rather irregular manner. There may appear additional transverse slits and
the entire disintegrating structure usually drops from the plant within less than
12 hours. :

In the ficld, three dehisced fruits have been found on three different occasions.
In B. elaeagnifolia a fruit with one cleft was found (Breteler & De Wilde (1978)-8)
and another fruit had three clefts (De Wilde, Arends et al. 9777). The gathering
De Wilde, Arends et al.(1983)-119 of B. squarmulosa has one dehisced fruit with
four clefts (see Plate 6-17). These dehisced fruits were preserved in spirit, and
not in herbarium, but even when kept in liquid they tend to fall apart.

The fruits of B. rwandensis in the gathering Bridson 380 are mature, as they
contain fully developed seeds. However, they do not show any cleft or slit. So
far, all species of the section Terraphila of which good material was available,
are characterized by dehiscent fruits, their mode of dehiscence varying among
the species (De Wilde, pers. comm.). Whether and how the fruits in B. rwandensis
open remains to be discovered. This also applies to B pelargoniiflora, of which
the dried specimens have young fruits only.

Hal}é & Raynal (1966) described the fruit of B. squamulosa as oblong or
obpyqfonn, bl{.t now that more material has been studied I suggest that the
- obpyriform fruit which they saw (in Hallé 2193, = B. longipetiolata), is aberrant

in shape. All the fruits observed in the present study were fusiform in shape.
In the cap?tion of their illustration, Hall¢ & Raynal (op. cit., pl. 1-8) described
the obpyrlf_orm fruit of Hallé 2193 a5 mature, whereas according to their descrip-
_uon {op. cit., pl. 1-7) the oblong fruit in Raynal 9709 (not 9790 as stated) is
;mr_nature. Neither thg drawing of the obpyriform fruit nor that of the ablong
fxi: Sol;‘g"’z a:gn?lﬁezllng- Consequently, Wilezek (1969b, p. 21) interpreted the
- hq esa as non-dehiscent and described it accordingly. It can be
0 Lse that Hall¢ & Raynal would have found the fruit to be dehiscent, if

ey had pollinated a fen}ale flower of their cultivated plant and followed the
COH\;{I}IEE development of its ovary after fertilization,
hermictomorphiston s o fora ol which her werenoseds avaiable
gated by De Langs & Bounfe 80 the Species treated in this study, was 1nve§tl-
to them were taken from wild :Tl o preparanon?. The seeds which I supplied

s well as from cultivated plants.

lonD? ;?:Igi & Bé)uman found that the seeds of B. elaeagnifolia, B. karperi, B.
gipetiolata and B. squamulosq are very similar. The length/width ratio of the
96

Wageningen Agric. Univ. Papers 91-6 (1991)



Fig. 6-13: SEM photomicrographs of Begonia seeds. a: B, elaeagnifolia, testa cells predominantly
hour glass-shaped (Breteler, Lemmens & Nzabi 8248); b: 8. rwandensis, testa cells polygonal (Bridson
380). :

Courtesy A. de Lange and F. Bouman, Hugo de Vries Laboratory, Amsterdam.

seeds ranges from 2.1. to 2.6, but that of the seed of B. squamulosa is c. 1.8.
The length varies from c. 835 to 1100 pm. In these species, most of the cells
of the testa have the shape of an hour-glass (Fig. 6-13a). This shape is caused
by a weak depression of the longitudinal anticlinal walls. Moreover, the outer
periclinal walls are stretiched as a drumhead between the anticlinal walls. The
former walls tend to break up because they are thin and brittle.

It should be noted that De Lange & Bouman also studied the seeds of the
gathering Hallé & Villiers 5381, the type of B. nicolai-hallei Wilcz. The morphol-
ogy of the seed of that taxon, which is here considered as conspecific with B.
longipetiolata, matches with that of the other species mentioned above.

According to De Lange & Bouman, the secd of B. rwandensis with a length/
width ratio of 2.2, has an average length of 875 pm. This dimension falls within
the range of the seed-length of the species mentioned above. Thus, B. rwandensis
cannot be distinguished from the other species by the general shape and the

size of its sced.
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However, the seed of B. rwandensis is distinct from that of the other species
by the polygonal shape of the cells of its testa (Fig. 6-13b). In addition, the
inner periclinal wall of these cells differs in particular from that of other species
of Begonia section Tetraphila investigated by De Lange & Bouman, because
it is reticulately pitted. In mature seeds, the outer periclinal wall has collapsed
and consequently, it tightly covers the inner wall. In this situation the reticulate
pitted character of the inner wall is readily visible,

It is concluded here that the species considered in the present study, have
seeds which can be distinguished into two distinct types which are shown in
Fig. 6-13. The first type represenis the seeds of B. elaeagnifolia, B. karperi, B.
longipetiolata and B. squamulosa, while the second type represents the seed of
B. rwandensis. The seed of B. pelargoniiflora has not yet become available for
study.
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7. The vascularisation of the pistillate flower*

7.1. Introduction

7.1.1. General

This chapter deals with the vascular anatomy of a female flower of three specigs,
viz.: B. longipetiolata, B. squamulosa and B. elacagnifolia. The analysis and inter-
pretation of the vascularisation is based on the investigation of transverse sec-
tions of complete flowers. The sections were prepared from flowers with a more
or less straight ovary following the method described in Chapter 3.

There were several reasons for this detailed study:
(i) The nature of the perianth needed further investigation.

(i) According to Reitsma (1983) each septum in the ovary in several African
sections of Begonia, including section Tetraphila, consists of both carpellar and
placental tissue. I decided to investigate this interpretation further.

(i) The recent studies of the ontogeny of the pistillate flower in Begoniaceae
which were carried out by Charpentier et al. (198%a & b) showed that it is not
appendicular, whereas investigations of the vascular anatomy suggest that it
is indeed appendicular. Tt was thought that it would prove worthwhile to look
for further evidence which might elucidate this issue.

These points will now be discussed in further detail:

(i) Often, the perianth parts in Begonia are designated as tepals because they
are very similar. According to the vascular anatomy of the segments, those sup-
plied by several vascular bundles may be designated as sepals, while segments
which are supplied by a single bundle may be designated as petals.

ure of the septa in the ovary of Begonia
he way the mature fruits dehisce. Accord-
ing to De Wilde (pers. comm.) most of the species in this section have f:ruits
which open with more or less regular valves., Apart from the'valves, the dehisced
fruit consists of the fruiting stalk which carries a sced-bearing column (e.g. De
Wilde & Arends, 1979, p. 361, photo 1). This column is f‘ormed by the placent‘al
lobes and the inner portions of the septa. The outer portions of the septa remain

(ii) Reitsma’s opinion about the nat
section Tetraphila was inferred from t

*) in cooperation with Astrid Musampa Nseya
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attached to the wall of the dehisced fruit. According to Reitsma’s interpretation,
the portion of each septum that is part of the column is placental, while the
portion of the septum that remains on the wall is carpellar. Reitsma’s interpre-
tation of the composite nature of the septa is illustrated in his diagram of a
transverse section of the mature ovary of B. cavailyensis A. Chev. (Reitsma op.
cit., fig. 2d),

Reitsma (op. cit., p. 40) also included a photograph of another section of
the same ovary of B. cavallyensis that, according to his interpretation, shows
in one of its two septa a ‘kind of constriction’. He considered this constriction
to be the transition zone between carpellar and placental tissue. However, the
photographs of the sections in the present study show that these tissues are not
distinguishable from each other. Therefore, I examined the slides prepared by
Reitsma and I found that the ‘constriction’ only occurs in a few successive sec-
tions of the ovary of B. cavallyensis. Moreover, there are no constrictions in
any of the other ovaries studied by Reitsma. Similarly, Charpentier et al. (1989b,
p. 3632) did not find evidence for the occurrence of a constriction. I interpret
the transition-zone shown on page 40 of Reitsma’s paper to be necrotic, possibly
suberized tissue. The absence of a marker for the postulated boundary between
carpellary and placental tissue is in line with Mauseth (1988, p. 403) who stated

that ‘frequently, the placenta is indistinguishable anatomically and cytologically
from nonplacental tissue’,

(iii) Charpentier et al. (1989a & b) not only showed that the pistillate flower
1n Begoniaceae is not appendicular, but according to their interpretation it is
not truly receptacular either. The development of the flower is due to growth
1n1t1?ted by both the axial meristem of the floral apex and several similar parietal
meristems. Their ontogenetic studies indicated that the ovary wall might be
nterpreted as a structure intermediate between axial and appendicular organs,
whereas the base of the ovary with its axile placentation could be interpreted
as acarpellate. Thus, the components of the inferior ovary in Begonia would
not be exact homologues of carpels,

The anglysis of the vascularisation in the present study was finished before
Charpeptler et al. published their accounts on the ontogeny of the female
flower in Begorriaceae. In fact, severa] phenomena were encountered which
I founfi very difficult to understand on the hasis of the hypothesis that the
ovary 1s entirely carpellate. Their studies provided the necessary stimilus for

a re-interpretation of my observations i
L and a more ¢ ndin
of their significance, omplete understa £

tched surfaces; ¢) the orientation

» lar bundles is not indicated.
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The vertical scale in each plate indicates the four zones which are distinguished
in the flower. The markers ped, ova, P and sty indicate the pedicel, ovary, per-
ianth and stylar zones respectively. The boundary between the pedicel and the
ovary is determined by the level of the first sections which show locules. The
ovary extends up to the level where the sections show tissue of the perianth
that is continuous with tissue of the ovary. The perianth zone extends to the
level where its segments are free from the fused carpels which, at that level,
form the connate proximal parts of the styles. The vertical scales are also pro-
vided with letters which indicate the level of the corresponding drawings, while
numbers correspond with photographs mounted in other plates. Usually, the
markers in the diagrams and photographs are abbreviations of morphological
or anatomical terms. For example, a lateral trace is marked L and a locule loc.

The drawings and photographs of the transverse sections do not give sufficient
information about the origin of the bundles which they show. This is demon-
strated e.g. by Fig. 7-11-¢, where there are two bundles in the ovary wall marked
l, and d, respectively. In Fig. 7-11-g which depicts a section from a higher level,
there are bundles 1, and d, as well, but these bundles are not the same bundles
as shown in Fig. 7-11-e. This is demonstrated by Fig. 7-12A, the diagram of
the longitudinal vascular pattern in the ovary wall. Another example is Fig.
7-7-d which shows two bundles with the marking p; in the septum opposile (race
L,. The diagram of the placental vascular pattern of this flower in Fig. 7-9 dem-
onstrates that the bundle p, is sectioned twice because of its arching course in
the septum. These examples show that for a full understanding of the entire
vascular system, illustrations should depict the pattern in both transverse sec-
tions and in longitudinal diagrams.

In preparing this thesis, it is impossible to present a comprehensible illus-
tration of the complex 3-dimensional pattern of the vascularisation of the wall
and septa of the ovary. To overcome this difficulty, the ovary is laid open and
the wall spread out, so that the vascularisation of the wall is presented in a
single plane. Similarly, every septum of an ovary is spread out in a single plane.
The vascularisation of each of these septa is combined in a single diagrammatic
illustration. In these illustrations, the axial and/or placentae-bearing parts of
the septa are arranged towards the axis of the diagram. Moreover, the' dlggram-
matic pattern of the vascularisation also includes the lateral trace that is snuatfed
in the wall near the transition zone between the walil and the septum opposite
to the trace.

In literature, a vascular bundle of a carpel or an ovary is variously referred
to by more or less synonymous terms. These terms are ‘vascular cord’ (Saunders
1925, Gauthier 1950), ‘trace’ (Hall 1949), ‘strand’ or synqnymously ‘trac?’ ((?ut-
ter 1971b) and ‘vein’ (Bierhorst 1971). According tq Bierhorst, .the veins in a
carpel may be distinguished into major and minor veins. The major veins com-
prise the dorsal vein, the lateral and/or the ventral veins of a carpel. ‘In the present
study, the term vein is reserved for any major vein of the carpels which constitute

the compound ovary. ) '
However, the vascular bundles in the compound ovary which correspond with
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Bierhorst’s ‘major veins’ are designated as traces. Thus, e.g., a dorsal trace in
the ovary corresponds with the dorsal vein of a single carpel, whereas a ‘fused
ventral trace’ in the ovary corresponds with a pair of ventral veins, each one
belonging to different and adjacent carpels. The traces are often direct continua-
tions of particular vascular bundles in the transition zone between the pedicel
and the ovary. Moreover, they run parallel with the floral axis and extend up
to the perianth-zone or may enter the styles. According to their ultimate position
in the ovary, the traces are referred to as dorsal, lateral and ventral traces. In
the illustrations, they are marked D, L and v respectively.

In contrast with the vascular bundles in the ovary which are designated as
traces, other vascular bundles in the ovary are designated simply as bundles.
The latter are not formed in the transition zone between the pedicel and the
ovary, but they are produced by the traces at various levels in the ovary. They
are marked according to their origin. For example, a trace marked D, produces
a bundle d,, while a trace L, produces a bundle 1,, etc. Any trace (e.g. one marked
L) may ramify several times at different levels in the ovary. Consequently, there
may be different bundles which are all marked similarly. Often, a lateral trace
(L} may produce a bundle marked 1, while the adjacent, viz. dorsal, trace (D)
produces a bundle that is obviously marked d. The two bundles 1 and d may
fuse and the resulting single bundle is marked by a symbol such as a triangle
or an asterisk.

Bundies in the ovary often remain more or less parallel with the traces from
which they originate. Consequently, in longitudinal diagrams, such bundles and
the traces are indicated by vertical lines. Other bundles however, may be more
or less horizontal when they turn off abruptly from a trace. A bundle that peters
out is indicated by a line that is terminated by a cross,

All the vascular bundles in the pedicel are also desi gnated simply as ‘bundles’.
Except in those cases where it would not be clear from the context that the
term bundle refers to a vascular bundle in the pedicel, such a vascular bundle
may be explicitly referred to as ‘pedicel bundle’ or ‘strand’. Similarly, the vascu-
lar bundles of the perianth segments may be referred to as ‘perianth bundles’.

Th.e flowers studied here have both an axial placental vascular system and
a parietal placentz?l vgscular system. The axial system consists of traces marked
PC an,d PCD,'whlch is shor]‘, for ‘complex placental’ and ‘divided complex pla-
g;n(t);le ;ets;gflr:itllgfse!}f 111:;:2:/1111% ]c;f‘ transverse sections, Fhese traces are indicated
Consequently. tilese bundlS produce bundles which supply the p lacentac.
drawings they’ are solt c<lisbiirekdf:Slgn.'sltec'i as placental bu_ndles and m.the
marginal veins of thy caur:ls . :-;lic 1 The parietal system consists of the united
veins, The united ma. 'pe’s and pracental bundles which are produced by these

‘ ginal veins form traces which are marked vf and/or L,

whereas the placental bundles {or simply *pl ’
ks p e placental ply “placentals’) are coloured black,

The illustrations included in t.he d
each other. Cross-references in the il
the vascular pattern and to demo
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escript.ive part of this chapter complement
lustrations or in the captions help to clarify
nstrate the phenomena which have been
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encountered in the present study. In summary, the principal markers in the illust-
rations are:

In photographs and/or drawings of transverse sections

hatched surface -~ ovarial and stylar cavities

D " dorsal or median trace

L lateral trace

v ventral trace

vf fused ventral trace

v . bundle in the wall produced by a ventral trace
d bundle produced by a trace D

1 bundle produced by a trace L

p or black bundle placental bundle

open bundles in

the centre of a section

or bundles marked

PCor complex placental trace

PCD ' divided complex placental traces

In longitudinal diagrams, the same markers are used. Placental lobes are indi-
cated by shaded bands. The traces and bundles are indicated by lines. Occasio-
nally, two vascular bundles have to be depicted in such a way that they seem
to be connected, whereas they are actually free from each other. Such situations
are indicated by a semi-circular or semi-¢lliptic portion in one of the lines.

7.2. Observations and comments

7.2.1. Some common morphological features o

Figs. 7-2 (B. longipetiolata), 7-1 (B. squamulosa) and 7-11 (8. elaeagny"oh_a) show
that the ovary of these species is multilocular in its lower part and unglocu.lar
in its upper part. The placentation in the lower and multilocular part is axile,
whereas it is parietal in the upper and unilocular part. In the very base of the
ovary, the placentae are entire (Figs. 7-2-b & —¢; 7-7-b and 7-11-d & -¢}, but
successive sections show that within a short distance, they gradually become
bifid, so that each locule in the multilocular condition qontains two placental
lobes. According to the classical theory of the ovary »_vhlch_postulates that the
ovary is entirely made up of carpels, the two lobes in a single locule belong
to the same carpel. In the unilocular condition, the two placental lobes of a
single carpel are no longer attached to each ot'her {Figs. 7-’2-e & -f; 7-7-g_&
~ h; 7-11-h & -i), so that each intrusion or ‘parietal septum’ (see Charpentier
et. al., 1989b, p. 3632) carries two opposite placental lobes. These lobes belong

to different and adjacent carpels. Towards the perianth and the styles, the pla-

cental lobes and the locules gradually disappear, whereas a single composite
103
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stylar canal becomes visible (e.g. Figs. 7-2-g &-h; 7-7-i). In the very top of the
ovary and the perianth-zone, the composite stylar canal gradually divides, so
that the base of each style is provided with a single canal with transmitting tissue
(e.g. Figs. 7-2-k 1o -n; 7-7-m to -0).

Prior Lo the present investigation, the vascular anatomy of the female flowers
of several taxa of Begoniaceae have been described and three of them exhibit
a placentation that is similar to that of the species treated here. These taxa are:
Begonia horticola Trmsch. of section Tetraphila (see Charpentier, Brouillet &
Barabe 1989a), B. masoniana Irmsch. of section Coelocentrum (see Barabs,
Brouillet & Bertrand 1985) and Hillebrandia sandwicensis Oliv. (see Gauthier
1959). Therefore, the interpretation of the present observations is based on a
comparative study of the vascular pattern of the female flowers of all the species
mentioned above,

7.2.2. The vascularisation
7.22.1. B.longipetiolata
The sections studied were prepared from the flower from a single-flowered
inflorescence of the cultivated specimen De Wilde, Arends & de Bruijn 9270.
The flower had four styles.

The proximal part of the pedicel was curved and slighily twisted so that the
sections of that part show vascular tissue that was sectioned obliquely. Such
sections are difficult to analyse, but it was possible to discern that the vascular
bundles which are arranged in a ring divide tangentially, whereas there is also
anastomosis. The bundles form a network and it is not possible to detect preci-
§e1y how the bundles shown in Figs, 7-1-1 and 7-2-a have originated. The stcle
in the latter figure comprises approximately 20 bundles which can only be dis-
cerned at high magnification.

The process of simultaneous ramification and fusion continues up to a higher
level (F1gs_. 7-1-3 & -4). Between the levels 5 and 6, the vascular bundles become
arranged In two concentric rings (Figs. 7-1-5 & -6). The vascular bundles in
jthe outer ring of Fig. 7-1-6 continue without further ramification and can be
interpreted .beca.use of their position in the base of the ovary of which sections
are shown in Figs. 7-2-b & ~¢. The vascular bundles in the wall opposite the
locules are interpreted as the dorsal or median carpel traces and indicated by
]?1 to D;. The other vascular bundles in the wall, those which are situated oppo-
site the septa, are interpreted as lateral traces and indicated by L, to L,. Each
.tra;:e L is considered to be compound, because it is postulated that each trace
;t)lcalilcfje; t\yoligteral veins of adjacent carpels, It should be noted that the traces
m; e ; :: F:g ?’: i:g'are the result of a tangential division of the pedicel bundle

_Tl?e inner ring in Fig. 7-1-6 consists of
within a very short zone (see the scale in
move out towards the periphery, In Fig
cated by arrows and these illustrations
a lateral trace (for a detail sec Fig. 7-

104

numerous vascular bundles. However,
Fig. 7-2), four pairs of vascular bundles
s. 7-1-7 & -8 two of these pairs are indi-
show that each pair is situated opposite
1-9). Because of their ultimate position
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in the base of the ovary, each pair is interpreted to comprise the marginal or
ventral veins of two adjacent carpels. Initially, the ventral veins in each pair are
free from each other (see Figs. 7-1-9 and 7-1-11), but at higher levels they are
more or less intimately fused and together they form a fused ventral trace marked
vf (see the photograph in Fig. 7-1-14 and the drawings in Figs. 7-2-b to -j).

While the ventral vascular bundles move out towards the periphery, there
is another important phenomenon in this zone of the flower. Except for the
four outwardly shifting pairs of ventrals, the remaining vascular tissue in the
centre of the flower forms a network by simultaneous ramifications and anasto-
moses (Figs. 7-1-12 & -13). The photograph in Fig. 7-1-14 shows that, at a
slightly higher level, several bundles assemble in the very axis of the flower where
they form a compound vascular bundle. The assembled bundles of the com-
pound bundle show both anastomosis and separation in this short zone of the
flower. Observation of some sections reveaied that possibly four double, thus
cight single bundles are invoived in the formation of the compound bundle.
The other bundles around the compound strand move out from the centre and
dissipate into the axial portions of the septa, from where they gradually supply
the placental lobes and the ovules (see Fig. 7-2-¢).

Thus, the vascular tissue in the centre of the Figs. 7-1-7 & — 8 consists of
four pairs of ventral vascular bundles and numerous placental bundles which
have been produced by the ventrals. This interpretation is supported by observa-
tions from B. masoniana (Barabé et al. 1985, p. 405). These authors found that
immediately after the origin of the ventral vascular bundles, these bundles give
off placental bundles. This implies that the vascular tissue within the ring of
the four fused ventral traces (vf) shown in Figs. 7-1-12 to -14, exclusively consists
of placental bundles. Consequently, the compound bundle in the centre of Fig.
7-1-14 is formed by placental bundles only. A similar compound placental bun-
dle also occurs in B. masoniana (Barabé et al. 1985, plate 1F) and B. horticola
{Charpentier et al. 1989a, PCin fig. 4E).

In conclusion, the section of the ovary base of B. longipetiolata (Fig. 7-2-c)
shows four kinds of vascular traces. These are: 1) the dorsal traces (I to D)
in the wall opposite the locules; 2) the lateral traces (Ly to L4) also in the wall,
but opposite the septa; 3} the fused ventral traces (vf) in the transition-zones between
the septa and the wall and 4) the single complex placental trace in the very centre.

The vascular bundles are collateral, with the xylem of the traces in the wall
oriented towards the axis of the ovary. This observation is in line with that of
the authors cited above. The orientation of the xylem of the fused ventral traces
is also adaxial. This finding however, does not corroborate the interpretation
of e.g. Barabé et al. (1985, plate 1, figs. E, F, G) who indicated in their illust-
rations that the fused ventral traces are reversed in relation to the other traces.

The interpretation of the vascular bundles in the ovary of B longipetiolata
which are here designated as traces, is in line with the interpretation of the vascu-
lar anatomy of the ovaries of Begoniaceae studied by the authors cited above.
However, there are some minor differences between the species. These are now

discussed briefly.
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by a number corresponding with that in the scale in Fig.
page 103 and compare with Figs. 7-3 and 74, )
6: pedicel zone, in 1 1o 4 vascular bundles showing tangentia) divisions as well as anastomosis.

1to
The smali arrows in 3 and 4 indicate anastomosis, the large arrows ramification. In 5: all the strands
which, in the base of the avary, bec

ome the dorsal traces (D} and the lateral traces (L) leave .the
stele simultancously, the arrow indicates the strand marked 4 that begins to yield two strands which,
ce Dy and the lateral trace Ly Dy and L, are separately
visible in 6; The outer Ting in 6 consists
already given off ventral and placental b
1 -4 and 5 - 6 same scale respectively;

7-2. For markers and abbreviations see

undles towards the centre,
barin 1 represents 500 um; bar in 5: 250 pm.
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ry. 7 and 8: two pairs of ventral vascular bundles
hery of the pedicel, the thick arrow in 8 indicates

the detail shown in 9¢ two free ventrals (v) of adjacent carpels opposite the lateral Ly; 10: base

Fig. 7-1, 7 to 12: transition between pedicel and ova
(arrows) diverging from the centre towards the perip

n the centre of ovary a network of vascular tissuc,
free ventrals (v) opposite the lateral L, which is
four pairs of more or less fused ventrals (vi} and

of the ovary zone, two locules (loc) are visible, i
the arrow indicates the detail shown in 11: two
not shown; 12: three locules show their lumen,

vascular network in the centre. o
7—8 same scale, 9 — 12 variable. Bars represent 250 ym except that in 11 (= 100 um).
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Fig. 7-1, 13 t0 18; base of ovary; 13: four locules alternating with four fused ventrals and continuing
network in the centre, the small frep bundles are placentals which higher in the ovary enter the
Placentai lobes, ane of them is indicateq by the arrow (p); 14: idem, but the complex placental
trace (PC) has been formeg in the axis of the ovary; 15: detail ¢. 100 pm above 14 showing the
complex placental; 16, ramification of the pair of fused ventrals {v1) opposite the lateral L,. This
trace vf has produced g bundle v' that pasges nto the wall between the traces L, and B (compare
with Fig, 7.2, diagram b and Fig. 7.3, L, at level 16); 17 and 18, ramification of the fused ventral
(v opposite the laters] L, producing the Placental (p) that enters the septum on its way to the

Placentae {compare with F; ig. 72, diagram cand F ig. 7-4, Lyatlevels 17 and 18).
13& 14 and 17 & 18 at the same scale respectively, bar in 13 Tepresents 100 pm, other bars 250
pm,
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Fig. 7-1, 19 and 20: production of parietal placentals by the pair of fused ventrals opposite the
trace I; {compare with Figs, 7-3 and 7-4, L at levels 19 and 20); 21 and 22 connections of placental
(v) and ventral vascular bundles (v) with bundles in the ovary wall (see Fig. 7-3 at the levels 2t
and 22 for the marking and origin of the latter bundles.

19 10 21 at the same scale, bars represent 250 pm.

In Hillebrandia sandwicensis (Gauthier 1959, fig. 5), B. masoniana (Barabé
et al. 1985, plate 1-F) and B. horticola (Charpentier et al. 1989a, fig. 4E), the
dorsal and lateral traces have a similar position in the ovary as described for
B. longipetiolata. However, in B. masoniana, each trace opposite a septum com-
prises the united external lateral veins of adjacent carpels. This is due to the
fact that in the carpel of B. masoniana there are two kinds of lateral veins (viz.:
internal and external), whereas in the carpels of the other species mentioned
above there is only one kind. '

The fused ventral traces in H. sandwicensis are situated in the septa (vv in

fig. 5 in Gauthier 1959), but in B. masoniana (v in plate 1-6 in Barabé et al.
1985) and B. longipetiolata (vf in Fig. 7-2) they are situated in the transition-
zones between the septa and the wall. As to the ventral bundles or traces in
B. horticola, Charpentier et al. (19893, fig. 4F) presented a drawing of a section
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Fig. 7-1, 23: section of the perianth zone slightly above the section shown in Fig. 7-2-Eiaglg ﬂn;n]‘;
‘The photograph shows anastomosis between bundles produced by the traces Ls Dy, L), Dy

Bar represents 500 pn.

present study.,

The diagrams in the Figs. 7-3 and 7.4 demonstrate that all the traces men- .
tioned above continye in a vertica] manner, because the traces D,L 'and vf are
parallel with the axis of the ovary. The trace PC and its ramifications P CD
coincide more or less with the axis, The diagrams also show that at various

levels in the ovary, the traces produce bundles which do not proceed into the
perianth-zone (see top part of Fig, 7-3).

The dorsal traces remain single up to the

It has been mentioned On page 104 that the lat
compound because it js postulated th

perianth-zone (see Fig. 7-2-)).
eral traces L are interpreted as

at each lateral trace L is formed by fusion
of two lateral veins of adjacent carpels, This postulate {s in line with the conclu-
sion of Gauthier (1959, p. 73 & fig. 3), that in &, sandwicensis, each vascular
bundle opposite a Septum which he markeq Ips, represents two united lateral
veins of adjacent carpels,
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s of consecutive transverse sections of the pistillate
[ sections. The letters along the scale indicate the

Fig. 7-2: B. longipetioluta, diagrammatic drawing
flower of which Fig. 7-1 presents photographs o
level of the sections, the numbers that of the sections present

and markers see page 103 and compare with Figs. 7-3 and 7-4.
In a the pedicel; in b, ¢ and d the four-locular condition with axile placentation, from e and up

the uni-locular condition with parietal placentation. The black bundles in the centre are placentals;
the open bundles represent the complex placental trace and divided complex placental traces (PC

and PCD respectively in Fig, 7-4}.

ed in Fig. 7-1. For the abbreviations
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Fig. 72, g to i upper part of ovary; § to I: perianth zone; m & n: bases of the four styles. In g
four small locules without placentae and in the centre the stylar canal; h & i begin of the ramification
of the dorsal and lateral traces; J: transition between the ovary and the perianth zone where the

i > but at the higher level k trace L, has already fused
arpels; the remaining traces vf are here
ar supply of the perianth segments; n:

n: idem, but the styles completely free from
each other,
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In B. horticola, Charpentier et al. (19892, p. 560) found that the two lateral
veins of adjacent carpels may be intimately fused and thus continue as a single
compound bundle. However, other lateral veins of adjacent carpels in that spe-
cies are not fused and these veins continue separately. The fused lateral veins
in B. horticola were indicated by the marker If, and the single veins simply by
I (see Charpentier op. cit., figs. 4D — 4H). The photographs in Figs. 7-1-16 to
-22 show that there is no clear cytological evidence that in B. longipetiolata,
each trace L indeed represents two fused lateral veins. This implies that the pos-
tulated fusion is very intimate. The lateral traces begin to divide in the top of
the ovary, just below the perianth-zone (see L,, Ly and L, in Figs. 7-2-h, -1 &
-j respectively).

The fused ventral traces (vf) which are situated in the transition-zones between
the septa and the wall, run parallel with the lateral traces (L). Fig. 7-3 shows
that the traces vf and L remain free from each other for the entire length of
the ovary, but at a single point in the ovary a trace ¥f is very close to the trace
L, (at level 19) and there might be a weak anastomosis between these two traces
(see Fig. 7-1-19). Very rarely, a short horizontal bundle forms a connection be-
tween a ventral and the nearest lateral trace (see Fig. 7-3, trace L, below level
19 and above e). '

In Hillebrandia sandwicensis, the ventral and lateral traces also remain free
from cach other (Gauthier 1959). However, Barabé et al. (1985, plate 1-H) found
that in the very base of the ovary of B. masoniana, each trace vf fuses with the
nearest trace le. The resulting compound trace (thus le + vf) continues as a
single trace in the ovary wall and because of its position, the authors (op. cit.,
p. 408) conveniently marked the new compound trace le. .

In B. longipetiolata, a trace vf occasionally shows that it consists of two veins
which are closely aligned. In some transverse sections, a ventral trace 'vf appears
as a double bundle. This phenomenon occurs in particular at the points where
the traces vf produce bundles which either pass into the septa (Fig. 7-1-21) or
into the wall (Fig. 7-1-22). T consider such phenomena as evidence that each
trace vf is indeed formed by two ventral veins of adjacent carpels. The traces
vf become very thin in the perianth-zone (Figs. 7-1-23 and 7-2-k) and each trace
vf fuses with one or two bundles which have been produced by the nearest lateral
trace L. Because of the anastomosis in the perianth-zone which is shown in Fig.
7-1-23, I have not been able to ascertain whether the ventral traces are involved
in the vascular supply to the styles. ) ;

The diagram otl“J glg apparently intricate vascular pattern in the wall (Fig. 7-3)
demonstrates that the bundles which are produced by the traces D, L and v
form two kinds of connections between the traces.

The first kind concerns the connection between ventral and dorsal traces. For
example, Fig. 7-3, at the level marked 16, shows 'that the trace vf near trace
L, produces a bundle that proceeds into the wall. This bundle, ma'rked v, remains
free from the lateral trace, and at a higher level in the ovary it agas_tomossas
with a bundle d, that has been produced by the dorsal trace D,. Similarly, in
the lower part of the ovary, a bundle ¥/ is produced by the trace ¥f near the

Ii
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Fig. 7-3, continued (Top)

lateral trace L, (see Fig. 7-3, right hand side). This bundle v’ fuses with a bundle
d, produced by the dorsal trace D,. The diagram shows that a similar phenome-
non occurs rather frequently.

The second kind, viz. the connection between the dorsal and lateral traces,
oceurs only very rarely. An example is shown in the first part of Fig. 7-3. Here,
the first ramification of the dorsal trace D, yields an unmarked bundle towards
trace L,. This bundle joins another unmarked bundle that is also produced by
D,. After the fusion, the resulting bundle soon bifurcates. One branch continues
in a vertical manner and peters out, whereas the other branch anastomoses with
an (unmarked) bundle produced by trace L. A similar phenomenon also occurs
between the traces D, and L, slightly above the level marked 20.

The occurrence of bundles which form connections between the traces as dis-
cussed above, has not been shown or described precisely in the previous studies
cited above. Barabé (1985, p. 405) only stated that, in B. masoniana, ventral

¢ longitudinal pattern of the vascular system

Fig. 7-3: B. longipetiolata, the ovary laid open with th .
short lines with black squares

in the wall. For the markers and abbreviations sce page 103, the
attached to the traces vf represent placental bundles which pass thrqugh the s.eplq towards the placen-
tae. The letters in the lefi margin along the trace Ly refer to the diagrams in Fig. 7-2; the numbers

1610 22 in the figure to the photographs in Fig. 7-1.
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bundles may be fused for a short distance with lateral and dorsal bundles.

Fig. 7-4 demonstrates that the fused ventral traces vf produce bundles which
pass through the septa and enter the placentae. Obviously, these bundles are
placentals which accords with Cutter (1971, pp. 238 & 239) who stated that
usually the ventral strands supply the placentae and the ovules, In Fig. 7-3, the
connections between the placental bundles and the traces vf are indicated by
black squares.

Each placental bundle is single for the largest part of its course in a septum,
but towards the placentae the bundle usuatly begins to ramify. The branches
from a placental bundle may join the bundles which are already present in the
septum between the placental lobes of adjacent carpels, or they leave the septum

placental bundles originate in the periphery of the ovary,

It should be noted that,in general, the parietal placental bundles occur to-
wards the top of the ovary. There is only a single parietal placental bundle in
the base of the ovary (Fig. 7-4, L,, level 17). This bundle proceeds in the septum
in a vertical and upward manner before it supplics the placentae on the septum
opposite to the lateral trace. The remainder of all the parietal placental bundies
Tun in a more or lesg horizontal or even in a downward fashion (see Figs. 7-4
and 7-1-19 & -20),

It has been described on Page 113 how the ventral traces are frequently linked
with the dorsal traces by connecting bundles, Sometimes, a connecting bundle
between a dorsal and 5 ventral trace appears to be continuous with a placental

bundle in the wall marked +. The bundle +, in jts turn, is linked to the dorsal
trace D, (see Fig. 7-3, between D; and L;, just below leve] 22). This implies that
th.e vascularisation of the placentae on the septum opposite the trace L, 3 is linked
with the dorsal trace D,. 1t should be noted that this linkage system does not
mvolv.e the lateral trace L;, because the horizontal bundle that connects the ven-
tral w1.th the vertical bundle +, passes along the lateral trace I, (Fig. 7-1-22
and Fig. 7.3, level 22). A similar linkage system is shown in Fig. 7-1-21. The
diagrams in both the Figs. 7-3and 7-4 show that such linkage is in fact a common
phenomenon,

As to the vascular supply of the placentae, Fig. 7-4 shows that a variable
numbe; of plao_ental bundles are produced by the the branches PCD of the trace
1 ary. Consequently, this vascular sys-

tBl‘fl comprising the traces PC, PCD and placental bundles, is designated as the
axial placental system. Thus, in addition 1o the

ery, the p!acentae are also suppiied from the ax
‘ Th}: axial placental system terminates slight
Is unilocular (see Fig. 7.2, diagram e). Fig. 7
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out in a placental lobe. The traces PCD do not anastomose with any of the
other traces in the ovary. Moreover, the axial system is almost independent from
the parietal placental system; the two systems only cohere in the inner portions
of the septae and/or the Placentae where their ultimate branches, viz. the placen-
tal bundles, anastomose.

The lateral traces begin to divide slightly below the perianth-zone, while the
dorsal traces remain single (Figs. 7-2- h, -i & -j). In the perianth-zone, all the
traces L and ID give off bundles which dissipate into the perianth segments (Figs.

-2-k & -1). These iltustrations show that five traces in the ovary wall are involved
in the vascular supply of cach of the outer segments {Tepals). The bundles near

Just before the bundles turn offinto the segments (Fig. 7-1-23).

Each style receives a dorsal trace which represents the midvein of a carpel
(Figs. 7-2-m & -n). The styles with the traces Dy, D, and D, are also supplied
with two lateral traces, whereas the style with the trace D, has only one lateral
trace. The pattern of the traces in the styles indjcates that the carpels in this
zone of the flower are no longer fused, becayse each carpel is characterized by
its own v_eins. Moreover, the Pattern also supports the hypothesis that each later-
al trace in the wail of the ovary includes two intimately fused lateral veins of
adjacept carpels. For example, the lateral trace L, which is single in the wail
(see Figs. 7-2-g 1o -1) ramifies in such way that, in addition to the vascular
supply' of the perianth Segments, it yields two single vertical traces I.,. One of
these single traces L, supplies the style with the trace Dy, whereas the other trace
supplies the adjacent style with ID,. The style with the trace D, does not reccive

a I);race Ly, while the adjacent style with D, receives a trace L, (Figs. 7-2-m &
=n}.

rescence of a cultivated specimen o
371. The flower had four styles, ,

BFig: 7-5 presents a diagram that Summarizes how the traces in the ovary base
(h) originate fr(_)m the vascular bundles in the Pedicel (A). Details of the various
phenomena whlf:h occurin the transition-zone between the pedicel and the ovary
base are shown in photographs (Figs. 7-6-1 to -12).

undles in the base of the ovary is in line
e base of the ovary of B. Jongipetiolata
‘ : - Squamulosa (Figs, 7.5-B and 7-6-12), there
are eight vascular bur}dles in the wail, Foyr of these bundles are interpreted

carpels (marked L, to L,), because each
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Fig. 7-5: B. squamulosa, diagram of the vascular pattern in transverse sections of A) the pedicel
(compare with Fig. 7-6-photog. 1) and B) the base of the ovary {(compare with Fig. 7-6-photog.
12 and Fig. 7-7-diagram a). The diagram between A and B summarizes how the various traces
in B originate from the strands in A. Compate the middle diagram with Figs. 7-6-1 to -12. For
matkers and abbreviations see page 103.

D), because they continue in the ovary wall and each of them supplies a style
(Fig. 7-7-n). The bundle v’ between the traces L, and L, is also situated opposite
a locule, but it is not a dorsal trace (see below, page 123). The vascular bundle
in the axis is interpreted as a complex placental trace (PC). When the vascular
pattern in the ovary base of B. squamulosa (Figs. 7-5-B and 7-6- 12) is compared
with that of B. longipetiolata (Figs. 7-2-b & —¢), it is obvious that in B. squamu-
losa ventral traces are apparently absent.

The stele in the pedicel comprises eight vascular bundles which are arranged
in a ring (Figs. 7-5-A and 7-6-1). Four of them are marked (1 to 4) and. t'hey
continue into the ovary in a vertical manner without a shift in their position,
so that the lateral traces L, to L, in the ovary are direct continuations of the
pedicel bundles 1 to 4. The four unmarked pedicel bundles between the bunC!les
1 to 4 gradually move towards the axis of the pedicel (Figs. 7-6-2 to -6).'Durmg
their deplacement, each of the unmarked bundles divides freq}!efntl){, while some
of the ramifications fuse again. Each group of bundles onginating from an
unmarked pedicel bundle gradually segregates into two subgroups. The first
subgroup moves towards the axis, while the other subgroup moves towards the
periphery of the ovary (sce e.g. Fig. 7-6-5). . ] '

The bundles of the inner groups (marked p) assemb}e in thf? axis and collective-
ly they yield a compound trace (Figs. 7-6-6 to -12). This traceis gomplex p_lacen-
tal trace PC, because it ramifies into traces PCD which, in their turn, give off

| d the ovules. A similar axial

placental bundles. The latter supply the placentae an /
placental system also occurs in B. longipetiolata and B. masoniana (see page

105). It has been shown that, in these species, the trace PC, which is the bgse
of the axial placental system, results from fusion of plapental bundles .Wthh
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Fig. 7-6: B. squamulosa, photographs of consecutive transverse sections of the flower c'>f x&:hlchdtrléjl;l A
verse sections are shown diagrammatically in Fig. 7-7; the level of each section is indicate

number corresponding with that in the scale in Fig. 7-7. For markers and abbreviations see page
103, :

. d
1 to 6: pedicel zone; 1 and 2: eight vascular bundles comprising four strands marked 1 to 4 an

ti
four unmarked strands 3 to 6: the four unmatrked strands move towards the centre and SubSBque‘:alz
towards the strands or pedicel bundles 2 and 4, while they segregate into ventrals (v) and placen

(p); 4: the bundle v between the pedicel bundles 1 and 2 fuses with the bundle 2 (small arrow)

. 2
and simultaneously gives off the bundle v’ (thick arrow) that passes along the pedicel bundle
into the wall between the laterals L

1 and L (compare with Fig, 7-6-photog. 12, Fig. 7-7-diagram
aand Fig. 7-8, L, and Lylevelsatoe).

1~ 6 same scale, bar in 1 Tepresents 250 pm.



ctively and gradual formation

of the complex placental trace (PC) in the centre; in 7 the pedicel bundle 2 begins to ramify into
the dorsal trace D, and the lateral trace L,, which are separated in 8; 9 four locules and the trace
PC completed, in the top of the photo graph a bundle v that begins to anastomose with the lateral
L,: simultaneously v gives off a small bundle that fuses with the dorsal D; (see detail in 10); 11:
four locules, two of them with an ovule, the pedicel bundle 4 begins to ramify and in 12 it has
produced two dorsal traces (I’ and Dy respectively) and one lateral trace (Lg). The latter trace
is a direct continnation of the strand or pedicel bundle 4 in the pedicel and the very base of the
ovary. Photograph 12 aiso shows placental lobes in three of the four locules, each [obe is still entire

and 'is formed by the margins of a single carpel.
Barin 10 represents 100 pm, in the other figures 250 pm.

Fig. 7-6, 7 to 12: base of ovary; 7 and 8: two and three locules respe
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Fig. 7-6, 13 to 18: Examples of the vascular supply of the placentae by divided complex placental
traces (PCD) in the axis of the ovary; 13: very hase of the ovary (see the scale in Fig. 7-7 and
compare with the diagram in Fig. 79 (traces PCD at the level 13 ~ 16); 14: detail of 13 showing
the two traces PCD and & Placental bundle (p} in the Placenta in the locule between the laterals
L; and Ly; 15: the same, but slightly above 14, the placenta is supplied by a horizontal branch
15, the placental bundle P and the trace PCD are no longer

» are interpreted as placentals.
The bundles of the outer groups (marked v) continue to shift outwards, and
grad'uallyl they fuse with the pedice] bundles 2 and 4 (Figs. 7-6-3 to -8) which
continue in the ovary as the lateral traces L, and L,. The bundles which fuse
with the pedicellar bundles are interpreted ag ventrals, because they produce
the placental bundles which yield the trace PC (Figs. 7- 6-3 to -1 1). A fusion

> complex’ compound vascylar bundles, because
each comprises two Jatera] vascular bundles of adjacent carpels which are pre-

swellasan indeterminate number of ventral bundles.
2
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The pedicel bundles 1 and 3 do not receive any bundle from the centre of the
flower. This implies that the traces L, and L; which are continuations of the
pedicel bundles 1 and 3, are ‘simple’ compound bundles, as each of them only
includes two lateral veins of adjacent carpels.

The dorsal traces D, and D, result from two independent tangential divisions
of the pedicel bundle 4 which both occur at the same level (see Figs. 7-5-B and
7-6-12). Similarly, a tangential division of the pedicel bundle 2 yields the dorsal
trace D 2 (see Figs. 7-6-6 to -12). The origin of the dorsal traces appears to
be rather odd, since they are produced by a bundle that continues as a lateral
trace in the ovary. A similar phenomenon has never been reported for Begonia-
ceae or in any other document on the vascular anatomy of the ovary that [
have seen. Barabé et al. (1985, p. 405) stated that in B. masoniana, the dorsal
bundles are always the first ones which leave the stele. Similarly, Charpentier
et al. (1989a, p. 560) stated that in B. horticola, the dorsal bundles are a direct
continuation of certain vascular bundles in the stele. It should be noted that
in the flower studied here, the formation of the dorsal traces does not leave
an opening or ‘gap’ in the stele.

Figs. 7-5-B and 7-6-12 show that except for the traces D and L there is also
a bundle v’ in the wall. This bundle is a branch of a ventral bundle that fuses
with the pedicel bundle 2 (Figs. 7-6-3 & -4). Similar bundles v’ occur in the ovary
wall of B. longipetiolata, where they are ramifications from the ventral traces
(see above and Fig. 7-3). The traces and the bundle v are shown diagrammati-
cally as vertical lines in Fig. 7-8. All the traces in the base of the ovary (Figs.
7-6-12 and 7-7-a) are still present in the very apex of the ovary (Fig. 7-7-j) and
the lower part of the perianth-zone (Figs. 7-7-k & -1). However, bund!e v’ does
not continue so far; it peters out above level e in Fig. 7-8 (see also Figs. 7-7-¢
& -f). )

The traces D,, D, and D remain single in the ovary wall and they _also conti-
nue as single vertical traces in the part of the gynoecium above the perianth-zone
(Fig. 7-7-n). This illustration and Fig. 7-7-0 show that each one of the traces
D,, D, and Dy supplies a single style. Figs. 7-7-n & -0 show that the style whlch
stands over the locule between L, and L, is supplied by a trace marked D,
(compare with Figs. 7-7-g to -i). Trace D,” is a side branch of the lateral trace
L, that is produced at level h. At level d in Fig. 7-8, the trace L, alre:ady pr?duc.ed
the dorsal trace D,’, but this dorsal trace peters out above level i. Tl}ls lmpllis
that the diagrams g, h, and i in Fig. 7-7 show two dorsal traces (D" and D;")
between the lateral {races L, and L,. Although trace D’ does not supply the
style that stands over the locule between L, and Ly, it is interpreted as a true
dorsal trace. The evidence for this interpretation is ba§ed on two facts: i) '1_"he
other dorsal traces Dy, D, and Dy originate by a tan gential division of the pedicel
bundles 2 and 4 which continue without any interruption or shiftin their position
as lateral traces. Similarly, D’ is produced bya t.angentlal lel?}Oﬂ f’f the lateral
trace L, that is a direct continuation of the pedicel bundle‘ 2. i) Like the other
dorsal traces, D is linked with placentae by bundles which are not attached
to lateral traces (page 131).

123
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Fig. 7.7, B. Sguarulosa, diagrammatic drawings of consecutive transverse sections of t'he plsu]]a}::
flower of which Fig. 7-6 presents photographs of sections, The letters along the scale 1nd.1cate t :
level of the sections, the numbers that of the sections Presented in Fig. 7-6. For abbreviations an
markers see page 103 and compare with Figs, 7.2 and 7-9,
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Fig. 7-7, 8 & h: unilocular situation with parietai placentation; trace L, begins to produce the trace
marked D," that supplies the style standing over the locule between L, and L, (compare with Fig.
7-8, Ly & D,”, levels h to i, and Fig. 7-7-diagram o); in b: the dotted lines indicate the connections
of the traces D, and D, with a placental bundle that passes through the septum opposite to the
trace L, (compare with Fig. 7-8, level h); i & j: top of ovary; in i in the centre the stylar canal
and three small locules without placentae; the triangle indicates the anastomosis of the bundles
dy and d, (see Fig. 7-8, between Dy’ and L), level i); j: all traces except Ly have started to ramify;
note that bundle D)y’ has petered cut (compare with Fig. 7-8, L; and Dy, between levels 1 and

j)

a to £ 4-locular situation with axile placentation; in a 1o e the black bundles in the centre are
placentals and the open bundles divided complex placental traces {PCD in Fig. 7-9).

a: base of ovary, the placentae in locules still entire (for sections below this level see Figs. 7-6-1
to -12); b: the placentae in three of the four locules bifid c: all locules with bifid placentae; d: the
parietal placental bundle (p;) that is produced by the trace L is sectioned twice because it follows
an arching course in the septum; similarly, the placental bundle p; produced by L; is sectioned
twice (see Fig, 7-9, L, and L, level d); trace Ly begins to ramify and produces the bundle marked
Dy that peters out below the perianth (compare with Fig. 7-8, Dy, levels d to i); e: dotted lines
indicate the connections of placental bundies passing through the septae opposite 1o the traces L,
and L, {compare with Fig. 7-8, traces L3 to Dy, level ¢ and Fig. 7-9, level e); It idem flor thff placental
bundles passing through the septa opposite to the traces L, and L3 (compare with Flg. 7-8, Ly
;0 Dy, level f). For the origin and marking of the various {races and bundles see Figs. 7-8 and

9,
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Fig. 7-7, k to m: perianth zone; in k: transition between top of ovary and perianth; I: the vasc:llsa)f_
supply of the large perianth segments (Tepals); m: idem of the smal] perianth segments (tep "
n & o: stylar zone; in u: the four perianth segments are free from each other and no longer attac

to the four styles which are fused with their bases; o: the vascular supply of the four styles which
are almost free from each other,
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The presence of the two dorsal traces D,” and D,” opposite the locule between
L; and L, (TFigs. 7-7-h & -i) suggests that two incompletely developed carpels
arc involved in the formation of the ovary wall. The presence of incompletely
developed carpels is also apparent in transverse sections of the ovary of a flower
with four styles which may show a five-locular condition. The presence of four
styles would suggest that the gynoecium is formed by four carpels, while the
sections indicate that the flower is in fact five-carpellate (see Chapter 6, p. 94).

As in B. longipetiolata, the flower of B. squamulosa studied here is character-
ized by two more or less independent vascular systems which supply the placen-
tac. Fig. 7-9 shows that the placentae in the lower part of the ovary are supplied
by bundles from the axis of the ovary, while at a higher level in the ovary they
are supplied by bundles produced by the lateral traces which are situated in
the wall.

The origin of the trace PC and its branches PCD, which represents the axial
placental system, is discussed on page 119. The photograph in Fig. 7-6-12 shows
that ovules have developed in the very base of the ovary. Although not shown
in the drawings of the sections in the Figs. 7-7-a & -b, the placentae in these
sections bear ovules as well. However, these drawings do show that the placentae
are vascularized. The shaded bands in Fig. 7- 9 represent the placentae which
have thin vascular bundles in their parenchyma. The illustration indicates that
these thin vascular bundles are vertical continuations of several more or less
horizontal ramifications of the traces PCD. Except for the locule between L,
and L,, these horizontal ramifications occur above the levels a and b in Fig.
7-9. Because there is already vascular tissue in the placentac below the levels
a and b, it is evident that the vascular bundles in the placentae run in 'both
adownward and an upward fashion as soon asthey are produced by the horizon-
tal ramifications of the traces PCD into the placentae. Details of the vascular
supply of the placentae by the axial placental system in this zone of the ovary
are presented in Figs. 7-6-13 to -18.

The next paragraphs deal with bundles which enter the septa and supply the
placentae from the traces in the ovary wall. Collectively, these traces and bundles
constitute the parietal placental system. The pattern of these bundles is shown
diagrammatically in the Figs. 7-8 and 7-9.

Fig. 7-9 shows that the trace L, and the opposite trace Ly PdeUCC the bundles
marked p; and p;. These bundles follow an arching course in the septa befqre
they anastomose with the vascular tissue in the placentae. Bundle p, supplies

a single lobe in the locule between the traces L, and L,, whereas p, supplies

both opposite lobes on the septum that is opposite to trace Ls. The traces L,

and L, produce bundles (p, and p,) which proceec} in a more or Ics§ horizontal
manner in the septa. Each of these bundles supphfes the two opposite lobes on
the pertaining septum. The bundles p, to ps ar¢ sxt’uated somewhat below the
level where the placentation becomes parictal (see Fig. 7-7-h).

Each of the bundles p, to ps links the placentae on a septum with the lateral

trace that is opposite to the septum. However, above the zone where the .bundles
constitute connections be-

Py to p, are situated, there are other bundles which
127
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Fig. 7-8, B. squamuiosa,
in the wall. For markers and abbreviations see
bundies passing through the se
L, refer to the diagrams in F ig.

the ovary laid open with the longitudinal pattern of the vascular system

page 108, the lines with black squares represent

Pta towards the placentae. The letters in the left margin along trace
-7. Top of diagram continued overleaf.

Fig. 7-8, continued {Top).
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Fig. 7.9, B Squamulosg diagram dcmonstratmg the longitudina] pattern of the placental vascu
System. The traces markad PCand i

» at a higher verticaj level, a bifid placental ridge, Whi‘t’h
is formed by the margins of a single carpel. The fetters in the [ofi margin along trace L, refer to

the diagrams in p ig. 7-7; the numbers in the illustration to the Pphotographs in Fig, 7-6. For markers
and abbreviationg see page 103,

tween the placentae apgd dorsal traces. These connections are shown especially
in the top part of Fig. 7-8. Similar connections have also been observed in t.he
ovary of B, longipetiolata. An €xample of these connections which may be quite
complex, is shown in the section illustrated in Fig. 7-7-¢.

Inthis section, partially dotted lines indicate that the dorsal trace D’ is linked
by a horizontaj bundle to the placental lobes of adjacent carpels on the septum
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opposite L,. Along its course in the ovary wall, the horizontal bundle remains
free from both the traces L, and D, and it proceeds towards the trace L;. The
bundle remains free from L, when it passes through the septum into the placen-
tae. Near trace L, the horizontal bundle forms a joint with the vertical branch
of the bundle p, before the branch peters out (see also the triangie at level e
in Figs. 7-8 and 7-9). Thus the horizontal bundle links the dorsal trace Dy’ with
the placentae situated on the septa which are opposite to the lateral traces L,
and L,. Similarly, another horizontal bundle links the placentae on the septum
opposite to L and the dorsal traces D; and D, (Fig. 7- 7-f). This horizontal
bundle between D, and D, is also shown diagrammatically in the top part of
Fig. 7-8, level f.

It has been mentioned on page 123 that the trace D, is interpreted as a true
dorsal, because apart from its origin, it is linked with placental tissue. The top
of Fig. 7-8 (left side) shows that above level h, the trace D;” produces a bundle
d, that passes along trace L, and is connected with a placental bundle in the
septum opposite to L,. The bundled,” forms a joint with a vertical bundle marked
by triangles (Fig. 7-8, right side). The bundle marked by the triangles, in its
turn, forms a joint with an unmarked bundle (level i) that is a& continuation
of a transverse curved bundle between the traces Dy and D,. Near trace Ly,
the transverse bundle is connected with a placental bundle in the septum oppos@te
to L,. Thus the dorsal trace D,’ is linked with the placentae on the septa opposite
to L, and I, by means of several bundles following devious courses.

Diagrams 7-7-n & -o show that each style receives a single dorsal trace that
represents the mid-vein of a carpel. It was postulated on page 13 thateach !ateral
trace represents at least two intimately fused veins of adjacent carpels. This pos-
tulate is supported by the observation that each one of the traces I.; and L,
supplies two adjacent styles (Fig. 7-7-n). However, this dia‘gra_m shows that the
lateral traces L, and L; do not contribute to the vascularisation of any of the
styles. It should be noted that L, and L, are ‘complex’ bundles, while L, and
L, are ‘simple’, because L; and Ly include bundles which are interpreted as ven-
trals. The latter fuse with the pedicel bundles 2 and 4 wh:ch are thc_: precursors
of the traces L, and L,. A fusion of ventral bundles with the pedicel bundles
1 and 3 does not occur (page 123). Lo

Each of the outer perianth segments is supplied by five traces (Tgpals in Fig.
7-7-1). This illustration shows that the sides of both segments receive bundles
which are produced by the Jateral traces L, and L; (see Tepals in Fig. 7-7-1).
Diagram 7- 7-m shows that each one of the traces L, and Ly also supplies a

single inner perianth segment (tepal).

7.2.2.3. B. elaeagnifolia .
The sections studied were prepared from a single-ﬂowered inflorescence of a

cultivated specimen of the gathering Breteler & De Wwilde (1978)-8. Tl;: ﬂc;!w;:r
had two styles. Another ovary of the same specimer, but referred to ai_ 56 tt" tn
zei Eng)., was investigated by Reitsma (1983, fig. 7B). His drawing of a sectio
shows three parietal septa.
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Fig. 7.10: B. eloeagnifolia, Photographs of consecutjve transverse sections of the pistillate i_]owc;
of which sections are shown diagrammaticaﬁy in Fig. 7-11. The level of each section 18 lﬂ_d‘cate
by a number corresponding with that in the scale in Fig. 7-11. For markers and abbreviations se¢
page 103 and compare with Fig. 7-12. ,
I: base of the pedice] with two strapds separated by a single layer of parenchyma cells (arrow%]’
Z: four closely aligned strands 3: the four strangs Separated, note that one strand in photograp |
1 has produced two strands which, in the base of the ovary, become the lateral (L) and dorsg.
(D)) traces, while the pedicel bundle or strand 2 has produced a placental (p); 4 and 5: idem; 6:
duces the second Placental {p); 7: the placental bundle {p) free from L,

pedicel bundle or strand 2. Compare ] with Fig, 7-10-diag
Allfigures at » similar scale, barin ] Tepresents 250 pm.



Fig. 7-10, 10 to 14: transition between pedicel and base of ovary; in 10: formation of the complex
placental trace (PC) in the centre of the pedicel by anastomosis of the two placentals; 11: the arrows

indicate small parenchyma cells which cover the ovarial cavities; 12: the pedicel bundle or strand

2 has produced two strands which, at a higher level, become the lateral trace L, and the dorsal
pectively, the dorsal

trace D, (thick arrow); 13 & 14: base of ovary showing one and two locules res
and lateral traces in the ovary are in place (compare 14 with Fig. 7-11- diagram c); 15: bundle
(p) in one of the placentae produced by a divided complex placental trace PCD ata slightly higher
level (compare with Fig. 7-12B, level 15); 16: parietal placental bundle {p) produced by the trace
L,. The placental passes through the septum in a more O ess horizontal manner and supplics the
two opposite lobes belonging to adjacent carpels (compare with Fig. 7-11B, Ly, level 16); 17: connec-
tion between the placental (p), trace Ly and the bundle d, {(compare with Fig. 7-11-diagram i and
with Fig. 7-12A & B, L, level 17); the bundle dy is produced by the trace Dy (see Fig.7-12A, D;
between the levels h and i). For the markers and the origin of the bundles and traces see Fig. 7-1 2.
10~ 12 and 13 & 14 respectively same scale, bars represent 230 pm.
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bundles shown in Fig, diagram k; for the marking and the origin of
the bundles see top of Fig, 7-12 A & B, L,, level 18/19 above level k.
18 & 19 same scale, barin 13 represents 250 um.

The interpretation of the vascular bundles in the base of the ovary shown
in Figs. 7-11-c & -d is in line with that of B. squamulosa. The vascular bundles

strated in the photographs depicted in Figs, 7-10-1 to-14.

In the very base of the pedicel (Figs, 7-10-1 and 7-11-a), the vascular tissue
forms a solid colump that is situated in the axis. The tissue in the column consisis
of two strands, 1 and 2, which are separated from each other by a very thin
and inconspicuoys layer of Pparenchyma. When the two strands begin to separate
further, both strands ramify simultaneously (Fig. 7-10- 2). The first strand that
represents the pedicel bundle 1, yields two vascular bundles which, in the base
of the ovary, become the traces 1, and D,. The other strand, marked 2, gives
off a bundle marked P in Figs. 7-10-3 ang -4 before it yields the trace D, and
continues as the latera] trace Ly, Initially, the bundle p remains sityated between
bundle 2 and trace D 1 (Figs 7-10-4 to -9), and Fig, 7-10-9 shows that it joins
anothell' bundle p which i produced by IL 1 (Figs. 7-10-6 to -8). The two bundles

cally in Fig, 7-12R. Observation of various sections revealed that the trace PC -
consists of three to five individual vascular bundles which anastomose and divide
repeatedly. Thus in the base of the ovary (Figs. 7-10-13 to -15 and 7-11-d) there
are five traces, viz.: D, D, L, L;and PC.

Diagram 7-12B shows that the axial placental System consisting of the trace
PC, its branches PCD and several horizontal ramifications, supplies the placen-
tal lobes in the base of the ovary, The axial system terminates below level f,
50 that the section i Fig. 7-11-e stil] shows three open bundles which represent
the branches PCD in its centre, /
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erse sections of the pistillate Oower
along the scale indicate the level
10. In the centre of the diagrams, the
¢ {0 ¢ are complex and/for divided

fil‘g\;'}Zj-“: B. elaeagnifolia, diagrammatic drawings of transv
of th ch Fig. 7-10 presents photographs of sections. The Jetters
unme ;ectlons, the numbers that of the sections in Fig. 7-
comalr ed biack bundles are placentals, the open burdles in
8 anfi e:f placfzmal traces (PCand PCD respectively, see Fig. 7-12B, below level f). )

two b: pedicel zone; ¢ to g: ovary zone with a two-locular sitnation and axile placentation. a:
o ;rlascular strand§ sep.arated by a single layer of parenchyma (see Eig. 7-lO—photog. 1); b pedice]
Mo ¢ or strand 1 in diagram a has ramified into three strands which, at a higher level, became
0 atc.ral trace L;, the dorsal trace Dy and a placental bundle (p); between the fevels a and b,
i e pedicel bundle or strand 2 has produced 2 placental bundle (p); ¢: base of ovary with two locules,
n the centre the complex placental trace, the dorsal trace D, and the lateral trace L have been
El’l'olduoed by the pedicel bundle or strand 2 shown in diagram b (sce Figs. 7-10-9 to -14, and Fig.
l- 2A thWc::en levels b and ¢), trace Ly is a direct continuation of the pedicel bundle 2; @ & e
wo-loc.:ules; in each locule an entire placenta that is formed by the margins of a single carpel, the
arrow indicates a parietal placental bundle produced by trace Ly that does not enter the placentac
g"mpare with Fig. 7-12A & B, Ly, levels d and e); fand g: the placentae in cach locule bifid, in
£: the bundle marked p near L, is a parietal placental bundle that supplies the placental lobes belong-
ing to adjacent carpels (see Fig. 7-12, L 2, level £); in g the locules marked T and 11 are opposite
the dorsal traces D, and D, respectively. For the markers and the origin of the traces and bundles

see Fig. 7-12.



ion between a placental, trace L,
and the bundle dy; j: the arrow indicates 3 Placental bundle that recedes from the placentae and
at a higher leve] fuges with trace L; (see Fig. 7-12B, L,, leve] k); k to me: very top of avary with
inland m ramification of the traces; m: perianth zone, diagram showing the origin of the bundles
which supply the Perianth segments and the two styles; the black bundles which are derived from
the dorsal traces, enter the styles. One style recejves bundles produced by D; and the ather style
bundles produced by D;. For the markers and origin of the traceg and bundles see Fig. 7- 12,
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Diagram 7-12B also shows that above the axial placental system, the placentae
are supplied by bundles from the ovary wall. These parietal placental bundles
are produced by the traces L, and L. Initially, each bundle that proceeds into
a septum is single, but the diagram shows that the bundles usually bifurcate
into two branches, each of which enters a lobe of adjacent carpels. A photograph
of a more or less horizontal parietal placental bundle p that bifurcates and sup-
plies opposite lobes is reproduced in Fig. 7-10-16. It should be noted that in
the very base of the ovary, trace L, pro duces an ascending bunde! 1, that proceeds
in the wall towards trace I),. Where the bundle is opposite to the septum, it
branches and gives off a single bundle that passes into the septum in an upward
fashion. The bundle in the septum does not reach a placenta, but peters out
so that is is interpreted as a ‘vestigial’ placental bundle (see Figs. 7-12A & B).

The same diagrams demonstrate that the parietal placental bundles are con-
nected to bundles in the wall which follow a rather irregular course before they
are attached to the dorsal traces. This implies that the dorsal traces in this zone
of the ovary are linked with the placentae. A similar linkage has been observed
in the ovaries of both B. longipetiolata and B. squamulosa. However, there is
also another connection. As already discussed above, the diagram in Fig. 7-12
illustrates that the bundles in the wall are attached to the parietal placental bun-
dles which in their turn are attached to the lateral traces. Because of these connec-
tions, the traces L are linked by both the placental bundles and the bundles
in the wall to the dorsal traces D. An example of a part of this complex linkage
system is shown in the diagram in Fig. 7-11-i as well as in the photograph of
Fig. 7-10-17. In the illustration, trace Ly has produced the parietal placental
bundle p that passes though the septum into the placentac. The bundle p, in
its turn, is attached to the ascending bundle d; that has been tr.ansversely sec-
tioned. The bundle d, is produced by trace Dy. The pattern of the llnkag_e between
all these veins is shown diagrammatically in Figs. 7-12A & B (see Ly, just below
leveli at number 17).

A similar linkage that involves connections hetween the traf:es L; and Dy,
a placental bundle p and two bundles in the wall, also occurs In the top part
of the ovary where there are no longer placental lobes (Fig. 7-11-k). The connee-
tions between all these veins are also shown in the photographs in Figs. 7-10-18
& 19,

The Figs. 7-11-1 & m show that there are no bundles in the very apex of the
ovary. However, these illustrations show that all the traces ramify just below
the perianth-zone. Finally, the diagram in Fig. 7—! 1-n demonstrates tha‘tdeac‘h
of the styles is supplied by bundles produced by a §1ngle ersal trace or mlx veu;
of a carpel. Each of the outer perianth segments 18 sup.plled by the two latera
traces and a single dorsal trace. Note that the bundles in the sides of both seg-

ments originate from the lateral traces. A simitar phenomenon has been observed

in the outer segments of the other species investigated. Each of the nner perianth

segments is supplicd by a single lateral trace.
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Fig. 7-12, continued (Top).

Fig. 7-12: B. elaeagnifolia, longitudinal pattern of the vas:cula.nsat_,lon of lh; ovaﬁ.h,:gh;llr:]l; ta iliﬁ;
of the blocked band the vascular system in the wa_ll which is lald_opel; (t),t;e diagrfms howin
the placental system (B). The letters along trace Ly in the le.ft margin re er : e st s with
in Fig. 7-11, the numbers in the figure to the photographs in Fig. 7-10. lnnd ‘supply the placental
black squares represent placental bundles which pass.through the septa & ) tl?z " xial placental
lobes In B: The traces marked PC and PCD in the axis of the flower represen [ bundfes which
system. The unmarked lincs attached to the traces L represent parlEtalll pla:if;aﬂl supplies a lobe
supply the lobes of adjacent carpels indicated by shaded bands. A branlc b dles and the traces Ly
opposite to trace Iy, a branch 1T a lobe opposite D,. These plagima‘atiij:ns see page 103.

and L, constitute the parietal placental systemL. For markers and abbrevt 139
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7.3. Discussion and conclusions

7.3.1. Theinterpretation of the traces in the ovary

In the present study it has been found that the vascularisation of the ovary of
B. longipetiolata differs from that of the other two species by the presence of
fused ventral traces vf. In B. squamulosa and B. elaeagnifolia ventral traces are
apparently absent, However, the vascularisation of the flowers studied can be
supposed to be basically similar, as the species belong to the same section. This
supposition also is supported by the observations of Charpentier et al. (1989b)
who demonstrated that the ontogeny of the flowers in different taxa of Begonia-
ceae is basically similar.

The interpretation of the traces in the wall, viz.: the dorsal and lateral traces,
complies with that of previous authors who investigated the flower in Begonia-
ceae. With the exception of Bugnon (1926), the interpretation of all other authors
is in line with the classical concept of the carpel that has a single dorsal or median
vein and one or, sometimes, several veins on each side of the dorsal vein (Bicr-
horst 1971, p. 519; Cutter 1971b, p. 238).

According to Cutter (loc. cit.), the ventral carpel veins or ‘strands’ sensu Cut-
ter, usually supply the placentae and the ovules. As to the position of the ventral
traces in the ovary of different Begonia species, Gauthier (1950) invariably inter-
preted the bundles in the axis of the ovary to be the ventral traces. The placen-
tation in the species studied by Gauthier is axile for the entire length of the
ovary. In contrast with the interpretation of Gauthier, Barabé et al. (1985) found
that the vascular bundles in the axis of the ovary of B. masoniana are fused
placental bundles which collectively unite into a complex placental trace PC,
while each ventral trace is situated in the transition zone between the ovary
wall and a septum. The placentation in B. masoniana is similar to that of the
species studied here, because it is axile in the lower part and parietal in the uppér
part of the ovary.

It has been shown above that in B. longipetiolata, the placentac are supplied
by two different and independent vascular systems, viz.: the axial and the parietal
placental systems (sec Fig. 7-4). The axial system consists of the trace PC and
its branches PCD which supply the placental lobes from the axis of the ovary.
Although the branches PCD with their ramifications supply the placentae, the
branches do not represent veatral traces, which according to Cutter (see above)
usually supply placentae, because each of the true ventrals is situated in the
transition-zone between the ovary wall and a septum (see the traces vf in Figs.
7-2-b to -¢). The traces vl in B. longipetiolata produce numerous placental bun-
dles which supply the placentae from the periphery of the ovary (Fig. 7-4).

The presence of both an axial placental system and a parietal placental system
in B. longipetiolata provides the key to the understanding of the vascular supply
of the placentae in the ovaries of both B. squamulosa and B. elaeagnifolia. In
these species there is also an axial placental system (Figs. 7-9 & 7-12B), but
as alrcady mentioned above, fused ventral traces are apparently absent. How-
ever, Fig. 7-9 demonstrates thatin B. squamulosa, each trace marked L produces
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a single bundle from the periphery of the ovary that passes through a septum
and supplies the placentae. Similarly, Fig. 7-12B shows that in B. elaeagnifolia,
each of the traces marked L produces three bundles which supply the placentae
from the periphery of the ovary. In these syncarpous ovaries there happens to
be only a single trace on each side of the dorsal trace. Because of their position
in the wall, each of these traces is designated as a lateral trace L. Thus, the
pattern of the traces in the wall indicates that each carpel has three veins, viz.:
a single dorsal and two laterals. In the absence of other veins, each lateral trace
L is assumed to represent the fused outermost veins of two adjacent carpels.
As such, the traces L function as fused ventrals, and actually they could have
been marked vf, because they produce parietal placental bundles.

In conclusion, it is clear that the ovaries of the three species studied are charac-

terized by two independent placental vascular systems. The presence of an axial
system and a parietal system in a single ovary at anthesis corresponds with the
presence of two kinds of meristerns in the young ovary in Begoniaceae. Charpen-
tier et al. (1989%a & b) demonstrated that a single axial meristem and, depending
on the species, a variable number of parietal meristems determine the ontogeny
of the ovary. These authors observed several vascular bundles in the axis of
the ovary of B. horticola which peter out in the placentac. They interpreted these
bundles to be ‘placentals’, but it is most likely that these bundles actually are
branches PCD of the axial placental system. In the present study, these branches
were found to peter out in a similar way.
- It has been shown above that the dorsal traces in the ovaries of B. squamulosa
and B. elaeagnifolia are side branches of pedicel bundles which continue as late.r-
al traces. Figs. 7-1-5 & - 6 indicate that a similar phenomenon‘also oceurs 1n
B. longipetiolata, The origin of the dorsal traces as observed here, 15 very difficult
to understand when it is assumed that the ovaries studied are entirely carpella.te,
hence foliar. Moreover, the formation of the dorsal traces is not accompan}ed
by the formation of a ‘gap’ in the stele. According to Eames & MacDaniels
(1925, p. 117), there is always a gap in the stele of a stem when the stele produces
a vascular trace that supplies a leaf. In my opinion, the odd origin of the dorsal
bundles and the absence of gaps indicate that the transition between _thf% pedicel
and the ovary or even the base of the ovary is not foliar but axial. This interpre-
tation is supported by Charpentier et al. (1989b) who proposed the hyp_othemg
that the ovary wall in Begonia is an intermediate structure between axial an

appendicular organs.

7.3.2. The nature of the septa i
Reitsma (1983) inferred from the way mature fruits dehisce, that each septum

in species of e.g. Begonia section Tetraphila consists of both carpellar,and ﬁlaﬁr;—
tal tissue. Charpentier et al. (1989, p. 570) did not support Reitsma s postil ate.
There can be no doubt that the placentac in the species studle.d here, are mtuz;.lt-
ed on the margin or are part of the margin of the carpels which corlllstltutes‘;ni
compound ovary. It has been discussed above that the traces ¥f or reptre ent
the fused outermost veins of adjacent carpels. Theoretically, the outermost ve
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are situated near or in the margins of a carpel. This implies that the position
of the fused outermost veins of adjacent carpels would indicate where the carpel
margins in the compound ovary have fused. Thus, from the position of the traces
vf or L in transverse sections of an ovary, it can be inferred what regions in
these sections correspond with the fused margins of adjacent carpels. Conse-
quently, the portions of the septa situated on the adaxial sides of the traces
vfor L in e.g. Figs. 7-2-d, 7-7-b and 7-11-¢ may be interpreted to be placental
tissue. According to this interpretation, Reitsma’s postulate can be supported.

7.3.3. The vascular supply of the perianth and the designation of the perianth
parts

The outer perianth segments of the flowers studied are supplied by several traces

from the ovary wall. In B. longipetiolata and B. squamulosa there are five traces

and in B. elaeagnifolia three traces which yield the bundles that spread into these

segments. Each of the inner segments is invariably supplied by a single lateral

trace from the ovary wall. ,

According to anatomical literature, in dicotyledons a sepal usually has as
many traces as a foliage leaf, while a petal receives one, sometimes three or
more traces (Esau 1965, p. 544; Fahn 1967, p. 367). Barabé (1981, p. 822) found
that in B. handelii Irmsch. of section Sphenanthera, the large segments receive
eight bundles, while the small segments receive only one, Consequently, he de-
scribed the large and small Segments as sepals and petals respectively. Later,
Barabé & Chrétien (1 983, p. 315) investigated the female flower of B. roxburghii
}3.\. DC. also of section Sphenanthera, whose perianth parts are all of a similar
size. They found that the parts of the inner whorl which are homologous with
t!le .pet.als in B. handelii, are supplied by two or three traces. Because of the
similarity of all the perianth parts, they concluded that in B, roxburghii the parts
of the outer whorl should be designated as petaloid sepals and those of the inner
whorl as petals. According to Barabé et al, (1985, p. 410) the perianth parts
of the f‘eplale flower in B. masoniang Irmsch. of section Coelocentrum are
arranged in a very flat spiral. The two or three large perianth parts in this species
are sepals, because they are each supplied by eight bundies, while the single

small part, which receives a single bundle, is a petal, Except for its subulate
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of the foliage leaves, so that they may be designated as petaloid sepals. However,
when the parts of the perianth are so similar, it is also valid to designate them
simply as tepals (Weberling 1981, p. 16). In taxonomic studies in Begonia, this
term is applied in e.g. De Wilde (1984), De Wilde & Arends (1979; 1980), Hallé
(1972), Kéraudrin-Aymonin (1983), Sands (1977 1990) and Wilczek (196%a &
b).

Throughout this study, the four perianth segments are distinguished into a
pair of outer segments and a pair of inner ones. This isin line with the terminolo-
gy used by De Wilde in his inclusive study of Begonia section Tetraphile. Howev-
¢r, in the fllustrations of the vascular supply of the perianth (Figs. 7-2-k & -}
7-7-1 &-m and 7-11-n), the outer pair is indicated by “Tepals’ and the inner pair
by ‘tepals’.

7.3.4. The styles

Each style of the flowers investigated here is always supplied by a single dorsal
trace. As to the supply by other traces, a single style may also receive bundles
from two different lateral traces (B. longipetiolata) ot from a single lateral trace
(B. squamulosa). The styles in B. elaeagnifolia do not receive bundles from any
lateral trace in addition to the supply by the dorsal traces. A similar supply
of the styles was observed in the flower of B. horticola (see Fig. 4K in f:harpentler
gt al., 1989a). Thus, from the observations in the present study and in Charpen-
tier et al. (op. cit.) it appears that in Begonia section Tetraphila, thf.: sty]c.:s are
always supplied by dorsal traces, whereas the supply by lateral traces 1 var{ahl'e.
The drawings in studies which were published before that_of Charpentier in
1989, indicated that in Begoniaceae, astyleis invariably supplied by all the major
veins, viz.: dorsal, lateral and ventral veins of the pertinent carpel (e.g. Gauthier,
1950), '

The pattern of the vascularisation of the styles of the flowers _studled here
demonstrates that cach style is part of a single carpel, so that it 1s c_cmcluded
that the styles are carinal. This conclusion corroborates those of Gauthxe_r (1950)
and Hall (1949) who refuted the interpretation of Saunders (1925) that in Bego-
nia, a style would receive half of its vascular supply from each of two adjacent
carpels, a situation that is denoted as commissural.

7.3.5. The nature of the ovary wall o B
Saunders (1925) was the first author whointerpreted the pistillate flovyer in Bego-
nia to be appendicular. Her conclusion, which is based on scanty ev.ldlencg, was
rejected by Bugnon (1926). This author interpn_ated the wall to be axial, }‘:«' ezeas
Gauthier (1950) supported Saunders’s conclusion. I'-‘le: example, G?Uthlef PF;t
21, 22) stated that in B. dregei Otto & Dietr., the pl'Stlll?.tB flower 15 tf € re}:lsu
of adnation of the calyx and the gynoeciur. A longltudlpal section o lfui: anr
epigynous flower in which the hypanthium or ﬂoral_tubg is fused with the lcg:;c;
part of the gynoecium, is shown diagrammatically in Gifford & F};rstﬁr ( - ,
fig. 19-32D). In their illustration, the hypanthium 15 shaded,. while t esz Ial;z
is white, so that the diagram suggests that both parts of the ovary sen
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can be distinguished. However, the photographs in this study as well as those
in previous ones, e.g. Barabé et al. (1985), show that the tissue of the ovary
is indistinguishable from that of the putative hypanthium. Therefore, on the
basis of the assumption that the Begonia flower is appendicular, it must be postu-
lated that the ovary and the hypanthium are merged completely.

Apparently, Gauthier (loc. cit.) also based his conclusion on this postulate.
He supposed implicitly that both the ovary and hypanthium have their own
vascular bundles. He designated the bundles in the ovary as ‘cords’ and those
of the hypanthium as perianth bundles. Thisis evident from the way he indicated
the vascular bundles in the ovary wall (‘d.s*). Gauthier supposed such a dorsal
vascular bundle to be compound, viz.: comprising a single dorsal ovary bundle
or ‘cord’ and at least one bundle of the perianth or ‘sepal strand’, because the
compound bundle supplies a style, while in the perianth-zone it yields bundles
which dissipate into a sepal. Similarly, Gauthier {(op. cit.) marked other vascular
bundles in the ovary wall ‘0.Ls", since he interpreted these bundles to consist
of two outer carpellary veins belonging to adjacent carpels, and a certain number
of sepal bundles. Other authors, ¢.g. Charpentier et al. (1989a, fig. 4), adopted
the method of Gauthier and they marked the dorsal vascular bundles in the
ovary wall of B. horticola ‘dse’, since they found that each of these bundles sup-
plies both a style and a sepal.

On the basis of the assumption that the traces in the ovary are compound
bundles, it is evident from the drawings of the supply of the perianth segments
that in this study the traces D could be indicated by the formula ‘d/se’, because
each of these traces always supplies a style and a sepal. The lateral traces L
do not always supply the styles, but invariably they are involved in the supply
of the perianth segments (see above).

¥n B. elaeagnifolia, each of the traces L, comprises two outermost veins of
adjacent carpels, because it produces parietal placental bundles (Fig. 7-12).
Mgreover, in the perianth-zone, each trace L supplies both sepals as well as
a single petal (Fig. 7-11-n) Therefore, each trace I, could be indicated by the
formula ‘l.l/se.se/p'e’. It is concluded that in the perianth-zone of the flower,
the. fl_lseq carpel veins are no longer united with the bundles of the hypanthium.
This indicates that in that zone of the flower, the perianth has become free from
the ovary.
a1 e s e R COmple b thatn .l

» €ac races L, and L, supplies two adjacent
» While L, and L, only supply the perianth segments

(Figs. 7-7-1 to -0). Thus, L, and L; show a behaviour that is similar to that
observed for the lateral traces in 3. elaeagnifolia,

Each of the traces L, and L. supplies two se
e.g. L, could be indicated by the formula ¢

pel veins of the carpels Li/L»
does not produce any placental bundle.
race does not supply a style would sug-

am:l L,/L, respectively. Above leveld, L,
This phenomenon and the fact that thet
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gest that above level d, Ly no longer includes fused veins of adjacent carpels.
Consequently, it can be postulated that above level e, the ovary is no longer
fused with the hypanthium. A similar postulate can be deduced from similar
phenomena regarding the opposite trace L.

The postulate that above level d, the ovary is less intimately fused with the
hypanthium is supported by the observation that in the part of the ovary above
level e, the dorsal traces are linked by bundles with the placentae. The lateral
traces L, and L, which exclusively supply the perianth segments, are notinvolved
in this linkage system (Fig. 7-8).

As to the lateral traces L, and Ly, each of of these traces could be indicated
by the formula ‘1.1/se’, because each trace supplies two adjacent styles and one
sepal (Figs. 7-7-1 & -m). Thus, in contrast with the postulate deduced for 1,
and L, viz.: the ovary is less intimately fused with the hypanthium, the supply
of the styles by the traces L, and Ly indicates that these two parts are indeed
merged completely. However, in the part of the ovary above level e, the traces
L, and L, are, like L; and L;, not involved in the linkage system of the dorsal
traces with the placentae. This observation would suggest that above level €,
the ovary and the hypanthium are less intimately fused. Thus, it is clear that
all the evidence from a detailed study of the path of the traces L, and L, leads
to conflicting conclusions. Some evidence suggests that the ovary and the hypan-
thium are completely merged, while other evidence indicates that these parts
are less intimately fused.

In B. longipetiolata, cach of the traces L is involved in the supply of t'he §tyles.
Each trace represents a compound pundle, so that e.g. Ly could be indicated
by ‘Lijse” and L, by ‘Ll/se.sc/pe’ (Fig. 7-2-1). The supply of the styles by the
lateral traces suggests that the ovary sensu stricto and the hypanthlum are fused
. for the entire length of the ovary sensu lato, because the perianth bundles leave
the traces in the perianth-zone.

In conclusion, it appears from this brief study of the vascular anatomy gf
three Begonia flowers that the evidence for the postulate that the ovary s.l. is
formed by fusion of the ovary s.sand floral tube or hypanthium 1S not conclu-
sive. According to Mauseth (1988, p. 393), the cleare.:st evidence for the fusion
of the ovary s.s. with the hypanthium or floral tube is the presence of .va_scu}ar
bundles of the perianth in the tissues surrounding the ovary. Such a distinctive
arrangement of bundles has not been observed in the prqsent ot in any previous
anatomical study of the flower in Begoniaceae. The perianth ?Jundles are only
free from the ovary bundles in the perianth-zone. The o’bservatlon of .zmastomo-
sis between the traces when they have entered the perianth-zone (Fig. 7-1-23),
would indicate that the perianth segments arc only present at the top of the
ovary. Moreover, the photographs of longitudinal sections of young flf)w.ers
in the studies of Charpentier et al. (1989a & b) do 'not show any dlfferennau;m
of tissue indicating an appendicular condition prior to anthesis. The vzascu ]a]u'
anatomy of the flower of B. squamulosa provides very weak evidence ¢ ai_ the
Begonia flower could be interpreted to be appendicular towards the top ol the

ovaty..
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Thus, the absence of a differentiation between tissue of the ovary and that
of the putative hypanthium as well as the absence of vascular bundles in any
tissue that may surround the ovary, indicates that there is no evidence at all
that the wall of the ‘ovary’ is formed by concrescence of tissue of the ovary
s.5. and tissue of a floral tube or hypanthium. This conclusion is in line with
that of Charpentier et al. (1989b) who, on the basis of ontogenetic studies, con-
cluded that the flower is not appendicular. These authors pointed to the fact
that previous anatomical studies invariably lead to the conclusion that the flower
is appendicular, whereas their ontogenetic studies do not support that conclu-
ston. It scems to me that previous workers may have attributed too much signifi-
cance to the supply of the perianth segments that only occurs in the very short
perianth-zone. In a truly appendicular situation, vascular bundles of the floral
tube which are free from those of the ovary 5.5, should be present in the ovary
s.1. at a level far below the apex of the ovary or the perianth-zone. From the
conclusion that the ovary is not appendicular, it does not follow automatically
that it would be axial. The pattern of the vascularisation definitely shows that
the ovary is made up of carpels, hence of foliar structures. However, the origin
pf the ovary traces from the pedicel bundles indicates that the base of the ovary
is axial. Thus, the observations in the present study support the hypothesis of

C}}arpentier etal. (1989b) that the ovary wall is a structure intermedliate between
axtal and appendicular organs.

7.3.6. The significance of the present investigations
Thg ovaries of the flowers investigated are multilocular with an axile placen-
tation in the lower part and unilocular with a parietal placentation towards the
apex. Charpentier et al. (19892 & b) made the important observation that the
ontogeny of the ovary in Begoniaceqe is determined by two kinds of meristems.
In. the base of the young ovary there is always a single axial meristem that deter-
mines the multilocular and axile condition in the lower part, and several parietal
meristems on the wall which determine the unilocular and parietal condition
in the upper part of the ovary at anthesis, They also found that, depending on
the comparative growth rate of the two kinds of meristems, at anthesis, an ovary
may have 'botl‘l an axile and a parietal placentation or only an axial placentation.
In species like those studied here, which have an ovary that is both multi-
and unilocular, b.otl} kinds of meristems contribute equally to the development
of the ovary, whl}e m species whose ovary is apparently entirely multilocular,
the development js determined by preponderant growth of the axial meristem.
It has been shown above that the species investigated are characterized by both
an axial and a parietal placental vascular system. As to the species investigated
by Gauthier in 1959 which have an entirely axile placentation, the author inter-
preted the bundle§ in the axis of the flower to be ventral trace; or ‘cords’. How-
ever, the present investigation strongly indicates that the axial bundles in the

implics that in these species, a pari
Recently, many Begonia species of
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investigated in our laboratory for their floral anatomy. These species have ova-
ries with an entirely axile placentation. Gauthier (op. cit.) concluded that the
axial bundles he saw are ventrals, because, according to him, the bundles occur
in pairs. He interpreted each pair to comprise the ventral veins of two adjacent
carpels. However, according to Musampa (pers. comm.), the axial bundles in
the ovaries in species of Scutobegonia do not occur in pairs, such as described
by Gauthier. Therefore, T suggest that the axial bundles in multilocular ovaries
such as those in Scutobegonia, which occasionally assemble in a single trace,
actually arc a trace PC and its branches PCD.

Regarding the species having an ovary with both a multilocular and an uniloc-
ular condition, I suggest that the axial and the parictal placental vascular sys-
tems may not be equally important for the vascular supply of the placentae.
An indication for this preposition is the finding that, in B. longipetiolata, there
are numerous parietal placental bundles, whereas in B. elaeagnifolia there are
only three, and in B. squamulosa even a single one of such bundles for each
one of the traces which represent the fused outermost veins of adjacent carpels.

My somewhat anthropocentric view of this feature supposes that the valsgular
supply by the axial placental system may be so preponderant that an additional
supply to the placentae from the periphery of the ovary is just not necessary.
Recently, Quené and the present author (unpublished) did a preliminary investi-
gation of the vascular anatomy of a female flower of B. meyeri-johannis Engl.
of the African section Mezierea. The ovary of that species is similar to that ?f
the species studied here and e.g. that of B. masoniana (Barabé et aI.,. 1_985) in
having a mixed placentation. We found that the placentae of B. me yeri-johannis
are almost exclusively supplied from the axis of the ovary. Only towards the

apex of the ovary we observed a single horizontal bundle that passes from the

periphery into the axis of the ovary. Further investigations of Othf':l' flowers and

other species of Begonia are required to find out to what extent my interpretation
may be correct.
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8. Pollen morphology

8.1. Introduction

Van den Berg (1984) analyzed the pollen grains of collections that were consid-
ered to belong to the B. squamulosa species aggregate. His conclusions were
based on observations of 25 dried collections and a similar amount of cultivated
specimens. Van den Berg’s circumscription of his B. squamulosa polien-type
§h0ws that there is an occasional variation in pollen shape, because he described
1t as characterized among others by ‘often concave sides’. However, the pollen
grains of some gatherings, having the macromorphological characters of the
B. squamulosa species aggregate (page 1), were assigned by Van den Berg to
other pollen-types. Therefore, he suggested that these gatherings might represent
new species. In order to find out whether the differences in pollen morphology
as seen by Van den Berg have taxonomical significance, several collections stud-
ied by him were reinvestigated and many others included in a further investiga-
tion of which the results are presented here.

Moreover, after the compietion of Van den Berg’s investigations in 1984, addi-
tional plants now identified as B. squamulosa and B. elacagnifolia were collected
in Gabon. These plants proved to be diploid, whereas those that had been an-
alyzed by Van den Berg are tetraploid. It is well known that pollen grains of
tetraploid plants are often larger than those of diploid plants. This implies that
within the same species, a comparison of grain size of gatherings whose chromo-
Some numbers are not known, may yield an indication for the occurrence of
infraspecific polyploidy. So I attempted to compare the grain size of these recent
diploid collections with that of the previous tetraploid ones.

8.2. The influence of preparation methods on pellen grain size

The slides with the pollen grains studied were prepared according to t-he proce-
dure described in Chapter 3. In order to avoid differences in grain size which
might be caused by differences in the treatments, the procedure tha.t includes
acetolysis of the grains, was strictly maintained for all samples. Prior to the
investigations of Van den Berg and the present ones, [ studied the grains of
Some cultivated Begonia plants. These grains were not acetolyzed, byt stained
in a 0.05% solution of safranine in water. The stained grains were dried before
they were mounted in the usual glycerine jelly on the slides. _It was found that
both the level of the temperature and the length of the drying period have a

ot L > o
Significant influence on grain size. I attribute this phenomenon to an ‘elasticity

of the Begonia pollen grain wall that has been described by Erdtman (1952,

P. 69) as ‘very thin’.
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No doubt also because of the thin wall whose exine is usually less than
0.5 pm thick (Van den Berg 1984, p. 19), the grains of Begonia are quite vulnera-
ble. Especially herbarium material proved to contain deformed and collapsed
grains. Some samples contained deformed grains only, others only a few good
ones. This is indicated in Table 8-1 (last column) with either ‘poor’ or with the
number of grains measured. For an example of collapsed grains see Fig, 6-6a
that shows a transverse section of a boiled anther from a dried specimen. Such
deformed grains are irreparably damaged and ‘cannot be made to regain their
original shape. Grains in material from cultivated plants which were dried under
laboratory conditions with temperatures between 50 and 100°C are not or
hardly damaged. Therefore, T suppose that the frequent occurrence of dama-
ged pollen grains in herbarium specimens prepared from wild plants is due to
high and/or uneven temperatures when plants are dried plants under field condi-
tions.

8.3. Variation in size of pollen grains

The gatherings studied for their pollen grains are listed in Table 8-1. This table
also presents the averages of the length of the polar axis (P), the equatorial diam-
cter (E) and the P/E ratios calculated for these pollen samples. The figurcs are
based on measurements of 10 grains from each sample. These grains were
selected at random out of those in perfect equatorial view, and with one colpus
situated exactly between the sides (see Figs. 8-4 t0 8-19),

The diagrams in Figs. 8-20 to 8-22 demonstrate that pollen grain size may
vary considerably within a species. An example of the difference in size that
occurs within a single sampleis shown by Figs. 8-14 and 8-15.

I_’o‘llen grain size of different plants from one locality may be rather similar.
This is concluded from a comparison of the P and E values of several gatherings
pf B. longifuetiolata (Table 8- 1). For this species, five specimens out of the gather-
ing De Wilde nr 7724 (Ekouk, Cameroun) have been investigated for their pol-
len. For these specimens the P values range from 23.20 to 25.30 and the E values
frqm 11.10to 12.10 um. When the variance of these figures is taken into account,
it is clear that the five specimens of this gathering cannot be distinguished on
the;\ ba.sis_;)f the dimensions of their pollen grains.

Similar conclusion can be drawn for the atherings Breteler & De Wilde
(1978)-§Q0, Elias & Sterck in Louis 2334, 2360gand Ha%lé 29?5 e32‘256 3372, all
from Bélinga, Gabon. Their P values range from 29.40 to 31.5,’0; the’ E values
from 12.20 to 12.?0 nm. A third example is based on the analysis of pollen grains
from the gatherings De Wilde 7463 and Raynal 9709. both from Akoakas,
Cameroun, Then" P values range from 26.60 to 29.60; tl;e E values from 11.80
Iﬁ;::o umihTh‘lS example al_so shows that the P values of two specimens of
B COI]IE.E l;ézwif:irég’lfl%a;),_ be different, while the E values are equal (see Table

The mean length of the polar axis of the grains in the specimens of the gather-
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Table 8-1. Dimensions of pollen grains in p of Begonia species.

P = length of polar axis; E = ¢quatorial diameter.

The mean dimensions are cal

surements of 10 grains, except when indicated therwise.

culated from mea-

B. squamulosa

Arends etal. 371

idem, culta

Breteler & De Wilde (1978)-335
Christiaensen 1904

De Wilde. J.J. ctal. 8839

De Wilde. 1.J. et al.(1983)-100
idem, culta

De Wilde. 1.J. et al.(1983)-119
idem, culta ’

De Wilde. J.J. et al.(1983)-181
idem, culta

De Wilde. J.J. et al.(1983)-288
Escherich 248

Hallé & Villiers 4410
Lambinon 78-279

Le Testu 5454

Mann 1654

B. longipetiolata

Amnnet 223

Annet 424

Barabé 86-99

Bates 300

Bates 594

Bequaert 6474

Bos 4070

Bos 6194

Breteler & De Wilde (1978)-196
Breteler & De Wilde (1978)-204
Breteler & De Wilde (1978)-297
Breteler & De Wilde (1978)-323
Breteler & De Wilde (1978)-356
culta

Breteler & De Wilde (1978)-600
Breyne 2751

Cabra 115

Cambridge Congo Exp.{1959)-293

De Wilde, J.J. 7463
De Wilde, J.J. 7463
De Wilde, .J. 7538
De Wilde, J.J, 7538
De Wilde, 1.3. 7724
De Wilde, 1.J. 7724
De Wilde, J.J. 7724
De Wilde, J.J. 7724
De Wilde, J.J. 7724
De Wilde, 1.J. et al. 8841
De Wilde, J.J. et al. 9270

Entry

T1775

T1606
T1603

T1587

T1203

Slide

613
505

77
564
610
612
465
509
510
611
435
563
562
604
646
535
504

82
6035
548
636
552

86
5535

553
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mean

28.80
2930
34.50
30.40
31.60
30.90
35.10
3170
3570
30.40
34.30

3330
31.60
27.00
26.90
32.50

29,70
25.60
26.50
24.40
26.90
31.20
25.30
24.60
28.10
30.10
30.00
27.90

28.90
3130
26.10
28.20
29.80
26.60
2870
26.40
26.20
25.30
24.10
2320
25.10
2490
27.20
25.80

var.

1.23
0.82
0.85
0.84
1.07
1.20
0.99
0.48
1.16
1.17
142

1.89
097

1.20
1.27

1.06
0.70
0.71
0.70
1.20
0.92
1.34
0.70
1.10
0.74
0.82
0.99

1.10
1.06
1.10
1.03
1.32
1.26
1.15
0.97
1.99
1.42
0.99
1.43
0.88
0.57
1.23
1.81

mean

12.30
11.10
12,60
13.40
12,90
12.50
13.60
1210
15.40
14.70
14.70

12.30
13.90
12.00
13.50
12.30

11.90
11.70
11.00
10.60
11.20
10.80
11,70
12.00
11.00
12.00
11.30
10.20

12.30
12.50
11.70
10.50
10.70
11.80
11.80
11.70
11.40
12.00
11.10
11.10
11.90
12.10
10.80
10.10

var.

0.67
0.57
0.52
0.32
0.32
0.53
0.70
0.57
0.84
0.67
0.82

0.67
0.74

0.53
0.48

0.57
0.48
0.67
0.52
0.42
0.42
0.67
0.67
0.§2

0.48
0.42

0.82
0.53
0.67
0.85
0.48
0.42
0.42
0.48
0.52
0.67
0.32
0.74
0.74
0.57
0.63
0.57

P/E

2.34
2.64
274
227
245
247
2.58
2.64
23
2.07
2.33

271
227
2.25
1.99
2.64

2.49
2.18
241
230
240
2.88
2.16
2.05
2.55
2.51
2.65
2.73

2.35
2.50
223
2.69
278
2.25
243
226
2.29
211
2.17
2.09
211
2.06
252
2.55

culta

poor
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Table 8-1. (continued)

Entry  Slide P E P/E
mean var. mean var.
idem, culta PT86-462 629 2580 123 1000 047 2.58
De Wilde, 1.J. et al (1983)-180 531 2400 156 1000 070 240
idem, culta TI592 412 2960 126 1210 074 244
De Wilde, 1.J. et al.(1983)-326
culta TIA04 508  30.80 079 1360 052 226
De Wilde, 1.J, et a1.(1983)-483 501 2720 123 1200 067 227
idem, culta TI608 511 30.50 - 108 1230 048 248
De Wilde, W.J. & B. 2020 545 2610 074 1150 053 227
Elias & Sterck in Louis 2334 651 2980 113 1260 084 236
Elias & Sterck in Lonis 2360 656 30.30 1.25 1290 0.79 235
Goossens 1579 84 2820 1,32 11.50 0.53 245
Halls 2194 544 2610 088 1270 048 2.06
Hallé 2992 571 3080 092 1290 074 239 poor
Hallé 3246 537 2960 097 1220 0.63 243
Hallé 3363 538 poot
Hallé 3372 643 2940 070 1230 0.67 239
Hallé 4011 70 2950 117 1130 0.67 2.6l
Hallé & Villiers 4558 543 2770 142 13.00 047 213
Hallé & Villiers 5381 645 2640 097 1230 125 215
Jackson in Keay (FHI 46309) 526 2560 143 1170 048 218 cula
Jacques-Felix 9173 580 2400 082 11.60 097 207
Keay (FHI 37551) 529 2390 074 11.10 0.87 215
Keay (FH137714) 573 2490 074 1130 048 220
Eufantl 113995 5300 2490 L10 1200 105 207
NIen . 5 ¥
ourent 165 41 3040 143 1290 074 236 oot
Le Testu 5265 525 2520 063 1180 0.3 213 '
Le Testu 5275 536 2500 082 1120 079 223
Le Testu 5429 53 2910 110 1310 074 222
Leeuwenberg 9288 792720 063 11.10 032 245
idem, culta Ti060 640 2920 1.13 1070 082 273
Leeuwenberg 9294 83 2810 057 1010 057 278
Léonard 1605 583 2550 127 1190 110 2.14
Léonard 3916 585 poor
tczouzey ;ggi 569 2880 140 11.00 067 2.62
L:tgz:? Soos 547 2670 095 11.80 042 226
mey Toom 644 2710 074 1210 074 224
Lemmy ook 609 2580 079 1080 063 238
Letomi 12808 349 2410 088 1120 063 215
Letourcy 14146 585 2850 117 1070 048 2.66
Letouey 14450 531 2530 067 1080 092 234 o
5:23;:3’ :‘;?gg 624 2560 070 1050 053 244 poor
Mildbos 5762770 067 1100 0.67 252
Mildbraed . : 1190 087 254
: 5925 75 3140 126

Mildbraed 6394 : 261190 074 2.64

i 614 2262 074 1025 221 n=8
Onochic (FHI 34803) 28 2370 1 25 046 2.
Raynal, J. & A. 9709 50 %, 421160 107 204
Raynal, J.& A. 10349 60 143 1240 097 239

581 25.80 L4 12,20 042 211
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Table 8-1. {continued)

Entry

Reitsma 3246

Satabié 295

Schlechter 12918

Schultze in Mildbraed 6183
Schultze in Mildbraed 6189
Thomas 4318

Troupin 2455

Van Meer 1168

Villiers 781

Villicrs 1431

Zenker 3152

B, elgeagnifolia

Arendsetal.

idem, culta PT84-187
Arendsetal. 571

idem, culta : PT84-184
Arendset al. 670

Arendset al. 681

idem, culta PT84-194
Breteler & De Wilde (1578)-8

idemn, culta T1186
Breteler & De Wilde (1978)-38

idem, culta T1202
Breteler & De Wilde (1978)-276

Breteler & De Wilde (1978)-381

Breteler et al. 8248

idem, culta PT86-286
De Wilde et al. (1983)-31

De Wilde et al, (1983)-35

De Wilde et al. {1983)-43

De Wilde et al. (1983)-179

idem, culta T1640
idem, culta . T1637
Hallé & Villiers 4452 ,

Halle & Villiers 4560

Letouzey 12765

Louis, A.M. et al. 1267

Mann 1651

Reitsma 1958

idem, culta PT85-47
Sanford 5860

Satabié & Letouzey 343

Schultze in Mildbraed 6208

B, karperi

Breteler & De Wilde (1978)-335

idem, culta T1207
De Wilde. 1.1, et al, (1983)-158

idem, culta T15%6

Slide
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mean

25.50
26.00
25.00
25.50
26.00
27.60
29.30
25.20
27.60
24.50
29.30

593
29.00

28.90

28.60

27.40
28.20
31.80
36.10
35.90
37.20
34.60
35.90
28.60
21.70
28.00
30,40

32.20
34.20
36.60
35.50
29.20
29.63
28.70
31.90
29.00
26.80
32.40
28.80
30.20

31.20
33.70
27.20
31.90

var.

097
0.82

1.18

0.84
0.67
1,23
1.17
1.08
1.06

28.30
0.82

0.99
0.84
1.17
1.13
0.79
0.73
1.29
1.25
1.43
1.37
1.17
1.42
0.67
0.96

1.55
0.79
2.07
1.18
0.92
1.1%
1.25
0.74
0.67
1.13
1.17
1.40
0.79

0.79
1.06
0.63
1.37

mean

12.10
11.50
11.00
11.60
10.00
10.60
1320
11.20
12,00
10.50
11.40

1.34
12.40

11.40
12.10
12.10
11.80
11.30
1290
12.50
13.00
12.40
11.70
11.60
11.70
12.50
12.00

12.40
14.20
14.40
13.20
10.50
11.87
10.90
12.20
12.10
12.60
11.10
12.50
11.60

11.50
10.90
11.40
13.10

var,

0.57
0.53

0.70

0.70
0.79
0.63

0.7!
0.52

11.90
0.52

0.52
0.32
0.57
0.63
0.48
.57
0.53
0.67
0.84
0.67
0.52
0.48
0.71
0.47

0.52
042
0.70
0.63
0.71

0.32
042
0.32
0.70
0.57
0.70
0.52

0.57
0.32
0.52
1.20

P/E

2.09
2.26
2.30
2.20

2,60
222
2.25
2.30
2.33
2.57

120
234

2.54
2.36
2.26
2.38
2.81
2.80
2.87
2.86
2.79
3.07
247
236
224
2.53

2.59

2.54
2.69
2,78
2.50
2.63
2.6%
2.40
213
292
230

2.62

2.38
243

poor
poor

238

poor

poor

poor

poor
poor

poot
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Table 8-1. (continued)

Entry  Slide P E P/E
mean  var.,  mean  var,

Hallé & Villiers 4885 603 2950 108 1240 0.52 237 poor
B. rwandensis
Bouxin 257 637 2550 097 1390 074 1.83
Bridson 380 561 2510 099 1170 048 215
Van Roeckhoudt 12 395 2540 117 13.50 053  1.88
B, pelargoniifiora
Letouzey 14448 poor
Sanford 4442 648 2080 042 1200 105 1.73
Sanford 4440 poor

ing from Ekouk ranges from 23.20 to 25.50 pm, whereas that in the gatherings
from Bélinga ranges from 29.40 to 31.30 pm (see above). Thus, there is a gap
of approximately 4 pm between the P values calculated for the gatherings from
these two localities. According to Van den Berg (1984, p. 23) a gap of that order
is taxonomically not interesting, Table §-1 shows that there is a gap of approx-
imately 9 pm between the largest polar axis and the smallest one in the specimens
investigated, because the mean length of the polar axis in Bequaert 6474 15 31.20
pm, while that in Mildbraed 6394 is 22,26 um. However, I conclude from a
comparison of these two gatherings that on a macromorphological basis, they
cannot be interpreted to represent different taxa. This interpretation is sup-
ported by the fact that the gap between the values of 31.20 pm and 22.26 pm
1s completely bridged by the values found for the other specimens of B. longipe-
tiolata which were investigated for their pollen grains (Fig. 8-21).

In t}}e course of the present study it was noticed that the size of pollen grains
of cultivated plants often differs from that of plants collected in the wild. Table
8?2 presents the average dimensions of the polar axis (Pw) and the equatorial
dlameter‘ (Ew) for some field collections. From these collections plants have
beep cultivated and their pollen was studied as well. The dimensions of the pollen

1.7%. The comparative chang
The comparative change of th
the length of the axis of culti

¢ of the €quatorial diameter is calculated similarly.
¢ polar axis ranges from -7.6 to 21.7% (Table 8-2),
vated specimens being in general longer than that

- A decrease in length was found in only two cases.
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Table 8-2. Size of the pollen grains in pm in Begonia species collected in the wild and of cultivated
plants from the same accessions. Pw = length of the polar axis of wild material; Pc = idem of
cultivated plants; Ew = equatorial diameter of wild material; Ec = idem of cultivated plants; Cc
= comparative change from the value calculated for the grains of wild material in per cent. Further
explanation see text.

Pw Pc Cc Ew Ec Cc
{%) (%)

B. squamulosa
Arends et al. 371 28.80 29.30 + L7 12.30 11.10 - 97
De Wilde et al.(1983)-100 30.90 35.10 +13.6 12.50 13.60 + 8.8
De Wilde et a1.(1983-119 31.70 35.70 +12.6 12.10 15.40 +27.3
De Wilde et al {(1983)-181 30.40 34.30 +12.8 14.70 14,70 0
B. longipetiolata
De Wilde et al. 9270 25.80 25.80 0 10.10 10.00 0
De Wilde et al.(1983)-180 24,00 29.60 +21.7 10.00 12.00 +19.8
De Wilde et al.(1983)-483 27.20 30.50 +12.1 12.00 12.30 + 25
Leeuwenberg 9288 27.20 29.20 + 74 11.10 10.70 - 36
B. elaeagnifolia
Arends et al. 539 28.30 29.00 + 2.5 1190 12.40 + 42
Breteler et al. 8248 28.60 27.70 - 32 11.60 11.70 + 09
Arends et al. 681 27.40 28.20 + 2.9 12.10 11.80 - 25
Reitsma 1958 29.00 26.80 — 16 12.10 12.60 + 41

Breteler & De Wilde (1978)-8  31.80 36.10 +167 1130 12.90 +14.2
Breteler & De Wilde (1978)-38 3590 37.20 + 72 1250 13.00 + 4.0

De Wilde et al. (1983)-179 120 3420+ 62 1240 14204 14.5
De Wilde et al.(1983)-179* 3220 3660 £13.7 1240 14.40 +14.5
B. karperi 24
Breteler & de Wilde (1978)-335 3120 3370+ 804 tso oS0~ 84
De Wilde ct al.(1983)-158 S7a0 3180 +i72 40 1340+

* = second cultivated specimen

The table shows that similar conclusions can be drawn for the equatorial diame-

ter. ‘ .
It may be assumed that growing conditions in the natural habitat dlff'e; in
some way from those in the greenhouse. Consequently,.l postulate that dlif‘fer-
ences between growing conditjons in the forest an.d thosein the green'h ousea ec;
the size of cells or in particular, that of pollen grains. This postulate is supporte !
by Love & Love (1975, p- 98) who wrote sCell size can also vary because 0
genetical differences between demes at the same le‘vei of polyploidy, and it ]lS
affected by some environmental factors, S0 comparlson oug.ht to be m_ade 01111 y
between material grown under similar . onditions’. Thus, differences in polien
rain size should be interpreted with caution. _ ] ‘
’ Further, itis obtirious t}I:at deviationsin the polar length as well.as in equatqnal
diameter have an influence on the P/E ratios calculated for a single accession.
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For example, that of the field coll. Arends et al. 371 of B. squamulosa is 234,
whereas that of the cultivated specimen is 2.64 (Tablc §-1).

8.4. Pollen-types in African Begonia

With the exception of the specimens Van Roeckhoudt 12, Sanford 4442 and
Hallé & Villiers 5381, Van den Berg ( 1984} assigned the grains of all the collec-
tions studied by him to his B. squamulosa pollen-type. Van den Berg (op. cit))
referred the specimens he investigated to various taxa, viz.: B. bipindensis, B.
crassipes, B. gladiifolia, B, gracilipetiolata, B. schulizei, B. squamulosa and B.
wilczekiana. Apart from type specimens of B. crassipes (coll. Zenker 3152), B.
schultzei (coll. Schultze in Mildbraed 6208} and B. wilczekiana {coll. Hallé &
Villiers 4560), the collections cited by Van den Berg had been identified provisio-
nally by De Wilde. However, B. gracilipetiolata, also mentioned by Van den
Berg as having the B. squamulosa pollen-type is not linked to a particular speci-
men. This name most likely pertains to the coll. Hallé & Villiers 4452. Van den
Berg cited it as B. schultzei, but I found that this specimen had been inserted
in a herbarium cover marked with B, gracifipetioiata. The coll. Letouzey 12808,
which in the present study is identified as B, longipetiolata, was cited by Van
d_Eﬂ Berg as B. polygonoides. Nevertheless, he assigned the pollen of this collec-
tion to the B. squamulosa pollen-type.

The B. squamulosa pollen-type of Van den Berg (1984, p.32) is characterized
by pollen grains that are perprolate in equatorial view (i.¢. the P/E ratio is larger
than 2.0), often with concave sides and pointed poles. Furthermore, its grains
are 3-zono-colporate, hence with three compound apertures. The ectocolpi run-
nmg from pole to pole, are bordered by distinet margines with a sculpture that
differs frqm that of the remainder of the wall, the mesocolpium. That part of
the wall, is characterized by a striate ornamentation formed by more or less
parallel muri. This is shown in the present study in Fig. 8-1 by a SEM-photo-
graph of a pollen grain of 3, longipetiolatq,

y tltllle:gg;t:;oné ﬂtlere are threc more or less elliptic endoapertures, each with
I M-oh ¥ costae situated at the equator. They are clearly visible in several
Y photographs reproduced here in Figs. 8-5, 8-9 and 8-12. Similar details are
;azw;eg‘égfgﬂioi?fiaphls of grains of the B. squamulosa pollen- type given by
158 16 (049 shess reatxs.e of Afrxcan.Begoma pollen. In that study his Flgf;
Letouzey 12765). This cofponre, *CCOTdIng to the caption, B. squamulosa (col
Anothier (SEM) : ! '8 collection however, is here identified as B. elaeagnifolia.

: Pitotograph in Van den Berg (op. cit., p. 50, Plate 10.3) shows
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to the “B. squamulosa species aggregate’. In the concept proposed in this study,
the wording B. squamulosa species group is restricted to B. squamulosa and B.
longipetiolata. The photographs of Van den Berg referred to above, show the
grains of B. elacagnifolia and of B. karperi. Thus, further investigation demon-
strates that Van den Berg did not show a photograph of a pollen grain of a
specimen, now assigned to either B. squamulosa or B. longipetiolata.

The photographs in Van den Berg (op. cit., pp. 45 and 50) demonstrate that
his B. squamulosa pollen-type is indeed characterized by having often concave
sides. However, the SEM-photograph of a grain of B. longipetiolata (coll.
Leeuwenberg 9288) made by Van den Berg and included in the present study
(Fig. 8-1) shows that it is ellipsoid in equatorial view. Another collection, Ono-
chie in FHI 34803, cited by Van den Berg as B. squamulosa, is here assigned
to B. longipetiolata. Van den Berg’s preparation nr 78 of that gathering contains
among many collapsed grains a few good ones, and these are more or less ellip-
soid. In a new preparation of this material (Table 8-1) I found collapsed grains,
but the presence of ellipsoid grains was confirmed. Similarly Van den Berg’s
preparation nr 151 of Halle’ & Villiers 5381, the type of B. nicolai-hallei, contains
many collapsed grains next to ellipsoid ones. This was also confirmed by a new
preparation of this collection (Table 8-1 and Fig. 8-7). On the basis of their
form and comparatively small dimensions, the pollen grains of Hall¢ & Villiers
5381 were assigned by Van den Berg (op. cit., p. 30) to the B. komoensis polien-
type. In the present study similar features have frequently been seen in pollen
preparations of collections identified as B. fongipetiolata. It is therefore con-
cluded that the occurrence of ellipsoid pollen grains is common in this species.
A grain of B. longipetiolata shown in Fig. 8-9 has slightly concave sides, but
Figs. 8-7 and -8 show grains with more or less convex sides. Thus both pollen
grain forms occur in this species. -

Photographs of pollen grains of 8. squamulosa (Figs. 8-4a & b, and 8-5)_dem-
onstrate that the sides of the grains of this species are usually straight to slightly
concave, This was found for most of the accessions investigated, but, as in B.
longipetiolata ellipsoid grains do occur in B. squamulosa {Figs. 8-4c & d, and
8-6),

The pollen grains of B. elacagnifolia and B. karperi generally have straight
to slightly concave sides, but a few slightly ellipsoid grains have been found
as well. The photographs presented here (Figs. 8-10 to 8-17) are more or less
similar to those of Van den Berg (op- cit., Plate 5, p- 45 and Plate 19, p- 50).
The pallen grains of these two species fit Van den Berg’s circumscription of
the B. squamulosa pollen-type (op. cit., . 32).

From the present observations it is concluded that the pollen sl}ap‘e of the
species mentioned above is rather more variable than the circumscription anq,
in particular, the schematic representation of the B. squamul_osa P({“"’“‘f!‘l’e n
Van den Berg (1984, p. 66, pollen-type nr 8) suggests. Grains which comply
with the B, squamulosa pellen-type are mainly found in 8. elaeagmﬁilfa and B.
karperi. Moreover, the key to the pollen types in Van den Berg (op. ctt., p- 26)
may occasionally lead to erronequs identifications of the grams studied.

Wageningen Agric. Univ, Papers 91-6 (1991) 157



(7| IPNOYFI0 UL A “J100) stsuspunmd i 1§ HTbby pIoues 1jo0) veojfivoiwped g 1T {(3w) Ez_ﬁooolmoﬁ. pue Aalﬁvlcmaaﬁ AmV
snd[on a1) S1ESIPUI SMONTR A1 (876 BI0qUAMNSDT [100) myppoyadiduo) g 11 *seeds puodag Jo suresd uafjod jo sydeiBotjogd WAS ‘¢- 01 1-§ S8

158

Univ, Papers 91-6 {1991)

ic.

ingen Agri

Wagen



al view) in three collections of B. squamu-
d differently; 4: coll. Arends, De Wilde

IFigS. 8-410-6: LM photographs of pollen grains (equatori
osa, in the a/b or ¢/d photographs the same grain focuse
& Louis 371 (diploid); 4a & b: grain with slightly concave sides; 4c & d; another grain from the

54 & b: coll. De Wilde, Arends & de Bruijn 8839, (tetraploid),

same preparation with convex sides;
grain with

grain with concave sides; 6a & bz coll. De Wilde, Arends et al (1983)-181, {tetraploid},
convex sides,

8.5. Delimitation of pollen-types

Notwithstanding variation in form and dimension, the pollen grains of B. squa-
mulosa, B. longipetiolata, B. elaeagnifoliaand B. karperihave several morpholo-
s, a similar mesocolpium ornamen-

gical characteristics in common, viz. margine

tation and non-emarginate poles. The largest pollen grains found in B.
squamulosa (sec Fig. 8-20) are in size quite similar to those assigned by Van
den Berg (op cit, p.31) to the B. cavallyensis pollen-type, particularly when they

are ellipsoid. However, the grains of that pollen-type have emarginate poles due
to anastomosing colpi. Pollen grains of B. squamulosadonot have this character.
159

Wageningen Agric. Univ. Papers 91-6 (1991)



fal e 3 i B. longipe-
Figs. 8-7 to -9: LM photographs of pollen grains (equatorial v1ew.) inth ree.co‘llccﬂo:;afl){é 4 Villiers
tiolata, in the afb or ¢/d photographs the same grain foc'used d:i‘ferenlly, 7? ‘;08; & another geain
5381 (holotype of B. nicolai-kallei), Ta & In a grain with slightly convex sides; 7e & d:

. in with straight
from the same preparation with convex sides; 8a & b: coll. Mildbracd 5636, grain wi
sides; 9a & b: coll. Reitsma 3246, grain with concave sides.

, . {ag. in the
Figs. 8-10 to -17: LM photographs of pollen grains (equatorial view) in Begf’"“’bfpzilc;retelc[,
afb photographs the same grain focused differently; 10 to 15: B. elacagnifolia, 1_03 & l; ps '( diploid)
Lemmens & Nzabi 8248 {diploid), grain with straight sides; 11a & b: coll, R.ealsma‘ ‘th concave
grain with concave sides; 12: coll. De Wilde, Arends et al.(1983)-179 (tetraploid), grain w
sides; 13: coll. Sanford

: uzey 34,
3860, grain with concave sides; 14 and 15: coll. Satabic %;ﬁ;zgrperi; 162
two grains with straight to slightly concave sides from the same slide; 16 and 17: B.

& b: coll. Breteler & De Wilde (1978)-335, grain wi

. rends
th straight sides; 17a & b: coll. De Wilde, A
ct al.(1983)-158, grain with slightly concave sides,

. .6 (1991)
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Figs. 8-18 and -19: LM photographs of pollen grains (equatorial view) of Begonia species, in the
afb photographs the same grain focused differently; 18a & b: B. pelargoniiflora, coll. Sanford 4442;
19a & b: B. rwandensis, coll. Bouxin 257.

For the same reasons the comparatively large grains of B. elgeagnifolia and'B.
karperi are different from the B. cavallyensis pollen-type. Moreover, the grains
of these two species are never ellipsoid. The comparatively small and frequently
¢llipsoid pollen grains found in B. longipetiolata (see Fig. 8-21), would almost
fit in with the description given by Van den Berg (op. cit., p. 30) for the B.
komoensis pollen-type. This similarity will be considered below, where the P/E
ratio is discussed.

The pollen grains of the two new specics B. pelargoniiflora and B. rwandensis
were already studied by Van den Berg (1984) and he excluded them from the
B. squamulosa pollen-type. Van den Berg assigned the grains of B. pelargoniiflora
to the B, eminii pollen-type and those of B. rwandensis to the B. komoensis pollen-
type. SEM-photographs of the grains of these two species are presented in Figs.
8-2and 8-3,

Figs. 8-2and 8-18 and the diagram in Fig. 8-21 show that grains of B. pelargo-
niiflora are much smaller than those of the other species considered in this study.
Moreover, the pollen grains of this species are distinctly prolate (Table 8-1 and
Fig. 8-21), almost syncolpate (see Van den Berg op. cit., p. 41, figs. 4 and 3)
and do not have margines (Fig. 8-2).

The more or less syncolpate pollen grains of B. rwandensis have an ornamen-
tation that is different from that of any other species treated in the present study.
Next to some parallel muri, the sculpture shows more or less transverse ridges,
whereas a differentiation between margines and mesocolpium is absent (Fig-
8-3). Unfortunately, such details can hardly be seen in the light microscope.
Figs. 8-21 and 8-22 show that the pollen of this species is usually prolate to
slightly perprolate. All these characters indicate that, at least on the basis of
pollen morphology, the gatherings (including Van Roeckhoudt nr 12) here
assigned to the new species B, rwandensis, are different from those identified
as B. elaeagnifolia. Wilczek (1969b) identified Van Roeckhoudt nr 12 as B.
schultzei, a taxon that is here considered to be conspecific with A, elaeagnifolia.
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i in di i i i i ies: ical axis: length of polar
Figs. 8-20 to -22: pollen grain dimensions (in pm) 11 Begonia specics; vertical ax1>

axis (P), horizontal axis: equatorial diameter (E). 20: B. s?uamulosa; 21: B. 'long:petmiata, B. pelargo-
nijfloraand B. rwandensis; 22: B. elaeagnifolia, B. karpert and B. rwandeinsis.
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On the basis of its pollen morphology Van den Berg {(op. cit.) concluded that
Van Roeckhoudt nr 12 might represent a new species. His conclusion is corro-
borated on other grounds also. Van den Berg (pers.comm.) included the pollen
grains of Van Roeckhoudt nr 12 in the B, komoensis pollen-type, because of
their shape and dimensions. However, the ornamentation of the pollen grains
of B. rwandensis differs so much from that of the grains of the taxa included
in the B. komoensis pollen-type, that I consider it to be hardly possible to combine
the grains of B. rwandensis with those of other taxa in that pollen-type. Thus,
it appears that the grains of B. rwandensis do not fit in any of the pollen-types
distinguished by Van den Berg.

When the pattern of the symbols representing the dimensions of the pollen
grains is considered (Figs. 8-20 to -22), it is clear that B. pelargoniiffora and,
to a lesser degree, B. rwandensis have pollen grains which are distinct by size
from those of the other species treated in this study. Thus, in conclusion it
appears that these species have grains which are distinct by their size and/or
ornarmentation of the wall.

The diagrams demonstrate a considerable overlap in pollen grain size of B.
squamulosa, B. longipetiolata, B. elaeagnifolia and B, karperi. In fact, the grains
of these species cannot be distinguished from one another. Nevertheless, some
tendenci_es regarding pollen grain size can be discerned. The grains of B, squamu-
losa are in general larger than those of B. longipetiolata and to a lesser degree
also larger than those of B. elaeagnifolia and B, karperi. The grains of many

accdessions of B. longipetiolata are among the smallest observed in the present
study.

8.6. P/E ratio of the B, squamulosa pollen-type and the B, komoensis pollen-type

With respect to P/E ratio it is evident that the pollen grains of B. elaeagnifolia
and B. karperi are perprolate as their P/E values are always above 2.25 (Fig.
8-2‘2). The pollen grains of B. Squamulosa are generally perprolate also, but the
grains of two collections were found to be almost prolate (F ig. 8-20). Most sam-
ples of B. longipetiolata show perprolate pollen grains, but quite a few with P/E
values between 2.00 to 2.25 should be considered as almost prolate (Fig. 8-21).
These almost prolfate grains never show emarginate poles. On page 162 it has
alre.ady been mentioned that in LM these pollen grains resemble those of species
a;mgnei by Van den Berg (1984, p. 30) to the B. komoensis pollen-type. One
oh the ¢ aracte:nstxcs of th‘at pollen type is that it is ‘sometimes syncolpate’, but
t ehpo(lilen grains of B. kisuluana Biittn. included in that pollen-type, are not
2;' ‘;11"1 ly f;ync?ilpate (se,e EM.-photograph in Van den Berg op. cit., p. 49, fig.
o \ilijth ?lrxl ten Berg’s Photograph of the B. kisutuana pollen grain is con-
FFi 8.1, th at of B. longipetiolata which is reproduced in the present study
) sg‘The A ociﬁii?blafnce of the pollen grains of these two specics is quite obvi-
o e oure ¢ of so many prolate to slightly perprolate grains in collec-
- longipetiolata combined with other similarities to the pollen grains
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of B. kisuluana suggests that there is a transition between the B. squamulosa
pollen-type and the B. komoensis pollen-types.

8.7. Evolutionary levels

In his discussion of the pollen-types distinguished in African Begonia, Van den
Berg (op. cit., p. 67) stated that the section Tetraphila appears L0 be heteroge-
neous in its pollen morphology. He considered the B. squamulosa pollen-type
and the B. komoensis pollen-type as advanced in comparison with the B. eminii
pollen-type, which represents the most primitive condition of pollen within the
section Tetraphila. The comparatively large and perprolate grains with straight
to concave sides observed in B. elaeagnifolia, B. karperi and usually also in B.
squamulosa should be considered as the most advanced within the phylogenetic
polien series distingnished by Van den Berg within the section Tetraphila.
According to that view, the smaller more or less ellipsoid grains with a P/E
ratio between 2.00 and 2.25 observed in many collections of B. longzpezio!a{a
are comparatively primitive. Similarly, the pollen of B. rwandensis, that 1s
assigned to the B. komoensis pollen-type, s comparatively primitive as well,
whereas that of B. pelargoniiflora, assigned to the B. eminii pollen-type, appears
to be the most primitive. Hence there appears to be a series of evolutionary
levels, according to pollen type, for the species studied here.

8.8. Pollen grain size and ploidy levels

The occurrence of different levels of ploidy within a species is often expressed
by different dimensions of pollen grains. In Chapter 4 it is reported that collec-
fions of both. B. elaeagnifolia and B. squamulosa from the Crystal Mts in Gabon
are tetraploid. Other collections of these species from the same region cou}d
ot be investigated for their chromosome number, as living plants were not aym}-
able. Tt is assumed that these are tetraploid as well. All plants pf B. elaeagnifolia
gathered in the Chaillu Mts, the Doudou Mts and eisewhere In Qabon are dip-
loid. Of B. squamulosa, the gathering Arends, De Wilde & Louis 371 from the
Chaillu Mts is diploid also (Table 4-1).

In Figs. 8-20 to 8-22 the squares represent the dimensions of the grains of

(putative) tetraploid collections and the circles those of diploid collections.

When the positions of the squares and circles in these diagrams are compz?r.ed,
it is obvious that these symbols form more or less separat'ed groups. Th‘e posmonl
of the squares indicates that the grains of the tetraploid plants are 1n gencrao
larger than those of diploid collections. It appears that P/E values above 2.3

are indicative for tetraploidy and those lower than 2.50 for diploidy. There are

a few exceptions, however. One pollen sample of a putative tetraploid collection

cr s i i deviating position
of B. elaeagnifolia has a P/E of 2.24 and thus 1t occupies a :
in Fig. 8-22. This value is found for the grains of the coll. De Wilde, Arends
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et al.(1983)-31, which are in general cotlapsed. In contrast, the pollen samples
of two putative tetraploid collections of B. squamulosa with comparatively low
P/E values of 2.07 and 2.27 respectively do not show particularly deformed
grains. These grains have the largest equatorial diameter found in all pollen
samples studied, however (Fig. 8-20).

Taking all the evidence in consideration, it is apparent that, in B. elaeagnifolia
as well as in B. squamulosa, the pollen grains of diploid collections can be distin-
guished from those of tetraploid ones. This implies that in some instances the
ploidy level of plants for which chromosome counts are not available, may be
cautiously predicted. In Fig. 8-22 there are three triangles representing the pollen
grain dimensions of B. elaeagnifolia collections from Cameroun. The position
of two of these symbols with an equatorial diameter between 11.50 and 12.00
um does not provide a firm basis to decide whether these collections (Letouzey
12765 and Schultze in Mildbraed 6208) are diploid or tetraploid. The position
of the third triangle at an equatorial diameter of 12.50 pm and representing
the grain dimensions of the coll. Satabié¢ & Letouzey 343 suggests that this collec-
tion is diploid.

Similarly, the position of the triangles in Fig. 8-20 for B. squamulosa suggests
that the collections with P/E values of 2.25 and 2.00 are diploid. However, here
the position of squares representing pollen samples of tetraploids with P/E val-
ues of 2.50 and lower, indicates that the evidence for diploidy for the collections
with unknown chromosome numbers is not conclusive.

The diagram presenting the dimensions of the pollen grains found in B. longi-
petiolata (Fig. 8-21) shows that many collections have grains that are larger
than thqsg of the tetraploid collection of De Wilde, Arends et al.(1983)-483.
The position of the square (at E=12.0 and P=27.2) indicates that the pollen
grains of this sample are slightly larger than those of collections with a known
dlplqld chromosome number {circles). It is clear that in this instance it is not
possible to make an assessment as to whether the other collections with unknown
cl_lroplos_ome number are tetraploid or diploid. B. Jongipetiolata has the widest
dlStl’lPuthI‘l o{ the‘species considered here. Also according to the view expressed
:Jy Léve & Love in 1975’ (sqe page 155) it is questionable whether it is valid

0 compare the pollen grain size of plants from e.g. the northwestern Camerout
:l’tlg th?t Olf plants from easiern Zaire. For a reliable assessment of the occur-

h ¢ of polyploidy in B. longipetiolata by means of pollen grain size, additiona!
chiromosome counts of plants from different geographical areas are required.

8.9. Conclusions

The present study supports the conclusion of Van den Berg (1984) that the pollen

grr:]ﬁi(r)lfttt}]lirslee ‘;; f}fde:f -pelargoniifioraand B. rwandensis are distinctly differ-
e other speci i P or
ornamentation, pecies considered here, because of their size and/

T i e
e grains of B. elueagnifolia, 5, karperi, B. longipetiolata and B. squamulost
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are similar and their dimensions overlap, so that these species are not distinguish-
able by their grains. According to Van den Berg, the B. squamulosa pollen-type
is among others characterized by sides which are often concave. However, in
this study it is found that in many specimens, the sides of the grains are convex.
Such ellipsoid pollen grains have been observed especially in B. longipetiolata.
These observations indicate that there is a transition between the B, squamulosa
poilen-type and the B. kemoensis pollen-type as distinguished by Van den Berg.

The occurrence of diploid and tetraploid plants in B. elaeagnifolia and B.
squarnulosa cannot be assessed with certainty from the dimensions of their pollen
grains. The dimensions of the grains in B. longipetiolatado not provide an indica-
tion at all as to the ploidy level of plants whose chromosome number is unknown.

Variation in grain size may be attributed to different levels of ploidy, but
it appears that some conditions in the environment in which the plants investi-
gated have grown, may also affect grain size. Further, variation may be caused
by different treatments in the preparation of the pollen samples.
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9. Discussion: the rank and the delimitation of the taxa:
various biological aspects of the species recognized

9.1. The species concept

All the taxa recognized in the present study are accorded the rank of species.
This term denotes the basic taxonomic units classified within a taxonomic system
and used in phylogenetic studies. The species is a concept whose definition
depends on the plant group studied and on the methods employed by the practis-
ing taxonomist studying a particular group. Radford (1986, p. 208) listed six
types or concepts of the species. In the present study, the units recognized are
nterpreted according to two of the concepts listed by Radford: the taxonomic
or typological species concept and the biological species concept. .

The typological concept emphasizes morphological differences as the criterion
in the recognition of the species (Grant 1957, p. 42). According to Grant (p.
45), the typological species definition leads to the conclusion that the species
is a subjective entity. As to the biological species concept, Grant (op. cit., p.
50) stated that the biological species, or biospecies, possesses i) its own dlStlnCtl'VC
morphological character states which are separated from those of other species
by a prominent gap in the variation pattern, ii) its own particular ecologlc_al
requirements which reduce the competition with other sympatric taxa and iii)
a combination of reproductive isolating mechanisms which prevent or gr_e_atly
inhibit gene exchange with other species. However, in his more recent deﬁnkltlon,
Grant (1981, p. 45) only referred to the third of the characteristics mentioned
in 1957. He then defined the biospecies as a fundamental unit of organization
of biparental organisms. It is the reproductively isolated system of breeding pop-
ulations. Simitarly, Radford (1986, p. 208), Stace (1989: p. 145} and Stuessy
(1999, p. 172) referred to the third characteristic mentioned above, as they
defined the biological species as a group of interbreeding populations wh}ch
are genetically or reproductively isolated from other suqh groups. Accordmg
to Stuessy (op. cit., p. 173), Mayr suggested in 1982 a2 mod1ﬁcat10n'0f the defini-
tion of the biological species by stressing ecological aspects along wnith rep'rod_uc-
tive isolation. However, Stuessy (loc. cit.) remarked that the ecological criterion
seems to cause more problems than it solves and consequently he recomm!snded
againstits use. Thus, it appears that, at present, mpst authors agree that‘ a blospﬁ-
cies can be delimited by studying and elucidating its reproductive isolating mech-
anisms or barriers to hybridization. _

Stuessy (1990, p. 1732]) pointed out that a practising plant taxon‘orm‘st ;a::ely
has sufficient data regarding the breeding system and repro_ductwe.lso ;x;%g
mechanisms of the plants being studied. Nevertheless, according to hlm]_( 4 ,
P-9; 1990, pp 172 & 181) plant taxonomists generally assume th?.t qltlat_lta 1;;,
and quantitative morphological discontinuities used for species delimitation
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indeed reflect genetic differences that in some fashion are responsible for main-
laining the integrity of each specific unit.

In the present study, B. pelargoniifiora and B. rwandensis are true typological
species, because the recognition of these taxa is based exclusively on morphologi-
cal characters observed in dried specimens, The remaining iaxa, viz.: B. elaeagni-
Jolia, B. karperi, B. longipetiolata and B, squamulosa, are also morphologically
distinct. However, for these taxa there are some data which indicate that they
are reproductively isolated, so that, according to more recent definitions (e.g,
Grant 1981, p. 45), they may be considered to be biospecies.

9.2. Reproduction

The plants studied are sexual organisms, because their female flowers only pro-
duce fruits and seeds after pollination. Until very recently it was unknown how
pollen grains are transferred from the male flowers to the female flowers. In
the .apsencc of field observations of visiting insects which would act as a vector,

Success or failure of a cross-poltination was inferred from the amonnt of good
seced in g maFure dehiscing fruit, In some combinationg however, the ovary did
nOt'dGVtﬂOp nto a fruit and sooper or later the complete flower dropped from
the mf!OfBSCEHC& Sceds are considered to be good when they are solid and their

Ing to limited facilities, only a very
: own and, if the seeds germinated,
» te evidence on which the following conclusions
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9.3. The biological species concept sensu Grant (1957) applied to the plants
studied.

The three characteristics of the biologicﬁl species as defined by Grant (1957)
are now discussed for the taxa distinguished here.

9.3.1. Morphological characteristics

Comparison of the species descriptions and especially the key to the species in
Chapter 10 shows that the taxa are rather similar. Usually, a set of characters
has to be studied before a plant can be identified. This applies in particular
to dried plants, whereas living plants are easier to identify. Occasionally, plants
of B. longipetiolata and B. squamulosa may be phenotypically very similar, and
dried plants of these species may be almost indistinguishable, especially when
the specimens are fragmentary. Therefore, I included them in the *B. squanlosa
species group’, which is in line with Grant (1957, p. 57) who recommended_ to
identify the plants of such species as to species group rather than as to species.
Occasionally, plants of B. longipetiolata with comparatively fong internodes and
depauperate male inflorescences are difficult to distingnish from those Qf B.
elaeagnifolia. Therefore, I am not fully certain about the correctness of my iden-
tification of some of the specimens of these two species.

As to B. elacagnifolia, 1 suspect that the gathering Satabié & Letouzey 343,
that I have assigned to that species, might represent a new species. The gathe.rr_ng
was made at the Ngovayang Mts, Cameroun, the northernmost of the focalities
were plants of B. elacagnifolia have been found. '

The stem of Satabié & Letouzey 343 is among the thinnest and its leaves are
the smallest observed in B. elaeagnifolia. Moreover, it was found that the vena-
" tion of the leaf blade differs from that seen in any of the specimens of the other
species treated here (see p. 49). I observed four styles 'in the fgmale flowers of
this gathering, while its outer perianth segments are, in addition to the usual
scales, provided with short unbranched and probably glanfiulgr trlffhomes. .

The number of styles ranges from 2 to 4 in B. elaeagnifolia, being 2' or '3 in
specimens from the Crystal and Doudou Mis in Gabpn. Therefore, I initially
thought that Satabié & Letonzey 343 could be distinguished as a separate taxon
because of its number of styles. However, when plants from the Chaillu I\_dts,
Gabon, became available, it was found that the specimens from that region,
which definitely belong to B. elacagnifolia, always produce 3 or 4 styles. There-
fore, T have refrained from describing Satabié & Letouzey 343 as a new species.
Stem thickness and leaf blade size are not always reliable characters, wh.lle the
presence of the simple trichomes on the perianth scgmqnts and: in partlcfular,
the pattern of the venation in the blade cannot be ascertained easily by grdmary
means. In order to elucidate its status, at leasta second, pt:efcrably spirit and/or
living, gathering should be made. Anatomical, karyologlc_al and furth_ct:)rl mor:
phological studies might reveal particular featl_lres warranting the possible spe
cific status of this peculiar Begonia population in the Ngovayang Mts-d B

Superficially, B. rwandensis very much resembles B. karperi and even 5.
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elaeagnifolia. However, the micromorphology of the seed of B. rwandensis differs
so much from that of the other species whose seeds could be studied (De Lange
& Bouman, in prep.), that I have no doubt that the taxon represents a distinct
species. Moreover, the unique ornamentation of the pollen grain wall of B. rwan-
densis (Van den Berg 1984) supports this interpretation.

B. pelargoniiflora is quite distinct by its female inflorescence that has a com-
paratively long peduncle and carries more than seven flowers. Ve getatively, this
species is hardly distinguishable from plants of B. longipetiolata. Sometimes,
plants of B. pelargoniifiora have scales on the upper leaf surface, whereas that
surface in B. longipetiolatais invariably glabrous. Thus, in spite of the occasional
presence of scales on the upper leaf surface of B. pelargoniiflora, sterile specimens
of that species will almost certainly be confused with 5. longipetiolata.

B. karperi differs from all other species considered here by the combination
of peltate leaves and scales on the upper leaf surface. The separation of B. karperi
from B. elaeagnifolia is discussed below.

9.3.2. Ecological characteristics
Data from Barret (1983), Bouxin (1973), Evrard (1968), Letouzey (1968) and
Pécrot & Léonard (1960) show that in the region where the species occur, the
yearly amount of rainfall ranges from ca 1.600 mm to ca 3.400 mm, but near
Douala and Victoria, Cameroun, it is as high as 4.000 mm. This rainfall is not
evenly distributed throughout the year; in the dry season, with a length of ap-
proximately 2 or 3 months, it may be aslittle or even less than 50 mm per month.
According to Whyte (1983, p. 74), the distribution of many species in the Gui-
pean-Congolian region is poorly correlated with rainfall, while the relative
1mportance of rainfall and relative humidity is imperfectly understood. Because
of th‘e usual presence of marshes and streams in the localities where the species
st'udled occur, I assume that the relative humidity in these localities remains
hlgh t.hroughout the year, According to Cutler (1978, p. 84), the relative humidi-
ty mmdg the canopy of the rain forest normally approaches 100 per cent. Epiphy-
tic orchids, which usually are also present in the sites where the Begonia plants
were (_:ollec_ted, have aerial roots with velamen which absorbs and retains atmo-
spheric moisture during periods when there is little rainfall. The Begonia species
may be adapted tq survive in such seasonally dry conditions by their indumen-
tum and leaf margins which may be corky near the vein terminations (page 46).
The mean mo.n.thly temperature ranges, in general, from 21°C to 27°C. How-
ever, the prevailing annual temperature in the area in Zaire and adjacent
Rwanoda where B. rwandensis has been found (see Map 1, page 188), is as low
as 16°C, This ﬁgure was estimated by Bouxin (1974, p. 139) becausé there are
no weather-stations in that area, Thus 1 conclude that so I,‘ar as temperature

» th Ir

. Except for B. rwandensis, the s
in Chapter 10). Different species
ing examples demonstrate. In G
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et al. (1983)-179) have been collected together with plants of B. longipetiolata
(coll. De Wilde et al. (1983)-180) and B. squamulosa {coll. De Wilde et al.
(1983)-181). Similarly, in Kivu, eastern Zaire, B. longipetiolata (coll. Van der
Veken 9724) and B. squamufosa (coll. Lambinon 87-279) grow in the same habi-
tat, as both gatherings were made along the Luhoho river in that area. Most
of the plants cited for B. karperi have been collected near Mela, Gabon. Very
close to the trees on which these plants grew, a small population of B. lengipetio-
lata (coll. De Wilde et al. (1983)-158) was found on some stumps of fallen trees.
Plants of B. pelargoniiflora and B. longipetiolata grow together in the same site
on Mt. Nlonako, Cameroun. This is evident from the records on the labels and
the sequence in numbers of two gatherings of Letouzey. The former species is
represented by Letouzey 14448, the latter by Letouzey 14450.

From the evidence discussed above, I conclude that with the exception of
B. rwandensis, the species studied have very similar ecological requirements. The
plants always grow in very wet and humid environments, such as near marshes
and streams. Throughout the regions visited, the environmental conditions in
these habitats appear to be very similar. However, my field observations indicate
that the taxa occupy specific niches. B. elacagnifolia, B. karperi and B. squarmi-
losa are epiphytes which usually grow high above the ground, so that they can
only be collected from trunks and branches of trees which are fallen or have
been cut. Of these three species, B. elaeagnifolia appears to have the Jargest ecolo-
gical amplitude, because plants of that species have also been found on trunks
and stumps near the ground. B. longipetiolata always occurs O trees and rocks
up to 3 m above the ground. This indicates that this species and B. sq‘uamu_losa,
which may resemble each other superficially, have their own specific niches
which probably differ in their microclimate. The record on the lz}bel of the_gath-
ering Letouzey 14448 of 8. pelargoniiflora states that the species grows in the
understorey of the submontane forest. As to B. rwandensis the labels with the
specimens only state that the plants are epiphytes.

9.3.3. Reproductive isolating characteristics ' .
It is mentioned in the preceding paragraph that B. elaeagnifolia, B. karperi, B.
longipetiolata and B. squamulosa were sometimes found growing f:!ose to geth_er.
In the field, the living plants of these four species could each be identified with
certainty. When different species were found together, I looked for plants whose

features might suggest that they could be hybrids, but never found any. Because

the flowers of the species involved are extremely similar, it may be assumed
tiolata (see above), would also

that an insect like the bee that visits B. longipe 4 b
visit the other species and consequently act as an agent of lﬂt3T§P°°‘ﬁ_‘: cross(;
pollination. From the absence of hybrid plants in the natural lllabltzf,t, I mferrcd
that the phenotypically distinct taxa are apparently reproductively isolated an

hence represent good species.
. . i dizati ist, I attempted
In ord hvpothesis that barriers to hybridization ex1st, = <
er to test the hyp ¢ number of combinations that

to cross cultivated plants of different gpecies. Th "
can be envisaged, was necessarily very limited, because of the fact that the cults
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vated plants produced very few female flowers. Moreover, plants of older acces-
sions usually had died before additional living plants from other areas or regions
were introduced.

The evidence obtained so far, indicates that B. elaeagnifolia cannot be hybri-
dized with either B. longipetiolata or B. squamulosa. In most crosses of B. elaeag-
nifolia with B. longipetiolata, or in the reciprocal crosses, the female flowers
usually dropped from the plants within one or two weeks, but sometimes an
ovary developed into a fruit that opened only one month after pollination. The
seeds in such fruits were usually empty, whereas apparently good seeds did not
germinate or yielded very few weak seedlings which showed poor growth. I
assume that such seedlings would not survive in the natural habitat. Similar
observations have been made in crosses between B. elaeagnifolia and B. squamu-
losa.

The plants of B. longipetiolata and B. squamulosa which were crossed origi-
nated from the Crystal Mts in Gabon. In any combination, the female flowers
always dropped from the plants within a few days. As mentioned in Chapter
4, B. longipetiolata from that region is diploid, while B. squamulosa from the
same region is tetraploid. However, all the livingindividuals belonging to a single
collection of B. squamulosa from the Chaillu Mts (Arends et al. 371) proved
to be diploid. Cross-pollination of these diploid B. squamulosa plants with dip-
loid B. longipetiolata plants did not result in the formation of fruits. Tn these
crosses, the female flowers also aborted within a few days. Consequently, I infer
frqm these experiments that, irrespective of the ploidy level of the plants, there
;amsts astrong barrier to hybridization between B. longipetiolatq and B. squamu-
osa.

Cross-pollinations of plants of B. elaeagnifolia from the Crystal Mts in
G_abqn, which are exclusively tetraploid, with plants of B. karperi, which are
thlm_d, usually failed to produce fruits with apparently good seeds. However,
In a single combination of B. karperi (2%, culta coll. Breteler & De Wilde 335)
with B. elagagny“olia (4x, culta coll. Breteler & De Wilde 8) a fruit was produced
tha.t contained approximately ten seeds. Five of these seeds germinated, from
which only two scedlings developed. Initially, these plantlets showed a rather
poor growth and only a single one coul
expected, this plant proved to be triploid and it did not produce fruits after
self-pollination. Most interesting, the hybrid plant was similar in all its features
to the male parent plant of B. elacagnifolia. For example, the leaves in the hybrid
were not peltate. Later, B, elaeagnifolia was also found in the Chaillu Mits,
Gal:?on. ‘The plants of .thes.e accessions proved to be diploids (Chapter 4). Cross-
pollma.tlon of these diploid plants with the (diploid) B. karperi resulted in the
gormatlon of several fruits which contained a number of viable seeds. The seeds

’ proved to be diploid, were almost indistinguishable
, with leaves which were slightly peltate and

the upper leaf surface provided with scales, Thus, the hybridization experiments

between B. elacagnifolia and B. karperi indicate that, in the Crystal Mts, these
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species are reproductively isolated. Gene exchange between the (diploid) plants
of B. karperi from the Crystal Mts and the diploid plants of B. elaeagnifolia
from the Chaillu Mts is evidently prevented by their geographical separation.

The finding of both reproductive and spatial isolation between B. karperiand
B. elaeagnifolia indicates that it is justifiable to rank thesc taxa as species.
Recently, in 1989, Louis & Nzabi (coll. nr 2952) collected a plant in the Chaillu
Mts, Gabon, thatis very similar to the plants of B. elacagnifolia from that region.
Tt differs from them by its peltate leaves and the presence of scales of the upper
surfaces of the leaves. Because of these features [ assigned the gathering Louis
& Nzabi 2952 to B. karperi. As no living plants of B. karperi from the Chaillu
Mis are available for chromosome counting, the ploidy level of this species in
that region remains unknown.

Diploid plants of B. elaeagnifolia can be easily crossed artificially with tetrap-
loid plants of that species. Infraspecific cross-pollination always resulted in the
formation of dehiscing fruits with ample good seeds. Similar observations were
made after cross-pollination of diploid and tetraploid plants of B. squamudosa.
The seeds from these infraspecific crosses were found to germinate in a regular
fashion and, subsequently, yield vigorous plants which are triploid and sterile.

As already mentioned on page 120, the tetraploid plants of B. elaeagnifolia
occur in the Crystal Mis, whereas the diploid plants of that species _ha\‘fe been
found outside that region (see Map 1, page 188). A similar disjunct distribution
of diploid and tetraploid plants occurs in B. squamulosa (Map 3, page 206).
This topic is further discussed on page 180.

9.4. The modern distribution of the taxa and pleistocenc forest refuges

The disjunct distribution of B. elaeagnifolia corresponds with three of the forest
refuges distinguished by Maley (1987) in west tropical Africa bel.oyv the Sanaga
river in Cameroun. The distribution of B. squamulosa is also disjunct and the
areas of that species correspond with Maley’s refuges in Gabon/Equatorial Gui-
nea and Kivu in Zaire. o
Refuges or core areas (Hamilton 1988, pp 15 & 20) are places of relative climatic
stability which continued to carry forest during an.d and 'colder perlod§ in the
past. These periods occurred during several successive major world glaciations,
of which the last one reached its maximum around 18.000 BPand ended rfxbruptly
at 12.500 — 12.000 BP. The map of the localities of the_ refuges quhshed by
Hamilton (1988, fig. 2.1) and that of Kingdon (see H_amllton, op. c1t.,‘ﬁg. 2.33
were inferred from the modern distribution of, mainly p'as§erme,_ birds an
guenons (primates) respectively. Maley based his map on similar ev1dence,fbut
also on palaeobotanical data and temperature fluctuations of the s;a su(;‘ ?fce
along the Atlantic coast of tropical Africa. The maps of these authors dilier
slightly from each other.

Regarding the very disjunct distribution of B. squarnulosa which oceurs 11

Gabon and Kivu, Zaire, 1 postulate that before the glaciations, the species also
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occurred in the zone between the two regions where it became extinct by the
lemperature and precipitation depressions prevailing during the glaciations.
From the modern distribution of B, elacagnifolia it cannot immediately be
inferred that, in the past, the species also had a much wider distribution. How-
ever, because the ecological requirements of B. elaeagnifolia are similar to those
of B. squamulosa and B. longipetiolata {sec above) and both B. squarulosa and
B. longipetiolata occur disjunctly in western and eastern Africa, it can be poslu-
lated that B. elaeagnifolia, or a parental taxon, could have been present in the
region eastwards of its present distribution.

It is noteworthy that several gatherings of B. elaeagnifolia have been made
inthe area 2-3°8/10-11°E (Map 1, page 188). This area that includes the Doudou
Mts in Gabon, coincides with a part of Kingdon’s southwestern refuge, but
it does not coincide with any refuge shown by Hamilton or Maley. According
to Maley, the area included savanna during the last glacial period. Maley’s near-
est refuge is situated in the Chailly Mis (1-2°S/ca 11°E). The occurrence of B.
elaeagnifolia in the Doudou Mts can be explained in two different ways. Fither
the presence of the species in that region is the result of westward migration
out of the Chaillu Mts, or the region itself represents a refuge that still has to
be revealed by palaeobotanical evidence.

Asto B. longipetiolata, Map 2 (page 198) shows that this species has the widest
distribution of the species studied. Plants of the species have been collected in
all the areas where 5. elacagnifolia and B. squamulosa occur, but B. longipetiolata
also occurs in the area that coincides with Maley’s forest refuge situated in wesl-
ern Cameroun/southeast Nigeria. Moreover, the species is distributed in several
areas which, depending on the interpretation of the authors mentioned above,
coincide with refuges. For example, the area 4° 30--5° 30'N/12-13°E coincides
with Hamilton’s ‘Angola minor core agea’ (see fig. 2.1 in Hamilton 1988) and
the area 0'1. °S/ca 18E with Kingdon’s ‘southern Zaire basin refuge’ (see fig.
2.3 in Hamilton, op. cit.). Finally, B, longipetiolata has been collected in the
area 0° 30'N/ca 13°E that includes the Bélinga Mts in Gabon. None of the
authors mentioned above suggests that this areq represents a refuge, but I am
inclined to think that it is, because the Babiel ridge at Bélinga is at least as high
as the Crystal. and Cha_illu Mts. Therefore, the forest in Bélinga, like those in
other mountainous regions, might have escaped extinction during the glacia-
tions, I furtper assume that the presence of g population in Bélinga would not

mparatively near regions, because the plants

specimen for additional Plants. Along the Mbei river neay Kinguélé in the Crys-
tal I;/Its, I found three sohta;y specimens of the same species (De Wilde, Arends
et al. 8840, 8841, 8848) which grew at least 50 m apart. Sometimes however,
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there may be up to five individuals within a radius of less than 1.5 m. Thus,
in closed plant communities, the subpopulations are very restricted in size and
the number of individuals is quite low. This conclusion is in line with Grant
(1981, p. 16) who stated that in such communities, the chances of the establish-
ment of seedling progeny are small due to competition.

In contrast with the situation just described, a subpopulation may occasio-
nally contain numerous and gregarious individuals. An outstanding example
of such a population is represented by the gathering De Wilde, Arends & de
Bruijn 9270, that was made near Mayumba in southwest Gabon. This popula-
tion, occupying a surface of approximately 8 x 12 m, contained at least 100
individuals. These plants grew on small trees situated in the dell of a tiny affluent
of the Doussa river, where, most evidently not long ago, a large tree had been
removed from the forest. De Wilde (pers. comm.) informed me that the speci-
mens in his collection 7463 from Akoakas in Cameroun, were taken from a
fairly large population in a site that was definitely disturbed by man. Similarly,
also in Begonia, the many specimens of the terrestrial B. zenkerigna L.B. Smith
& Wassh., section Scutobegonia, were collected by Bos (nrs 3425, 4615, 4869,
7183) at various restricted forest sites near Kribi, Cameroun. According to Bos
(pers. comm.) these sites represent places where during the first decade of this
century, German foresters exploited the forest. Recently, De Wilde & Sosef
(pers.comm.) visited the type locality in the Crystal Mts, Gabon, of B. aggelop-
tera N. Hallé, a rare specics in section Scurobegonia. In undisturbed forest, they
found a very few solitary plants, but along an approximately 20 years old track
near the locality they observed numerous plants growing gregariously. All these
obscrvations indicate that in a closed plant community which is open§d up by
partial habitat destruction, the number of individuals in a population may
increase.

9.5. Dispersal and gene flow

My observations in the field indicate that in very few cases, the dispersal of
the species studied may be attributed to transfer of propagules such 4s stem
pieces or even complete plants. In the Chaillu Mts in Gabon, at the site where
the gathering Arends, De Wilde & Louis 571 was made, I ob§erved a broken
tree branch with a small plant of B. elaeagnifolialyingona rock in the stn?.ambed
of the river. This branch had fallen from a tre¢ crown above th'e river. Evndf:ntly,
such a plant would be moved by the river when the water rises afte‘r r?lpfall.
However, establishment of a new population from such a founder individual
would require some additional events: i) the plant itself should become es_tab—
lished at the site where the branch is deposited, ii) the _pIant should continue
to flower and eventually produce seeds, and iii) most 1mp0{tantly, the seeds
should be transferred to tree stations well away from the water's surfac.e. Appar-
ently, B. elaeagniolia does not survive in situations where the p.lant:.; wxlli be:urt:-
merged occasionally, because 1 never observed plants growing in situations
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where they may be in direct contact with open water. The same conclusion
applies to the other taxa studied.

The creeping stems of the species studied are always firmly attached to the
substrate by the roots. Therefore, 1 have no doubt that the dispersal of these
sessile organisms is mainly due to the transfer of fruits and/or seeds. Unfortuna-
tely, there are no records or observations available indicating how these dia-
spores are transported, but in the course of this study De Wilde and T frequently
speculated about the dispersal of the plants.

In most of the species of section Tetraphila, the open fruits show brightly
coloured placentae and valves, and therefore, may be attractive to frugivorous
vertebrates. Although the species studied here have dull yellowish brown placen-
tae, it cannot be excluded that these parts are also eaten.

At fruit maturity, the small seeds of the Begonia plants studied are embedded
in the soft placental tissuc of the fruit and it is probable that vertebrates consume
the placentae without removing the seeds. If it is assumed that birds forage on
the dehisced fruits, it seems likely that these birds are residents and not migrants,
because throughout the seasons, the environmental conditions in the tropical
forest are more or less stable. Moreover, migratory birds, which are rarely in
one locality for a long time, usually are unaware of food locations (Stiles 1989,
p. 105). Like resident birds in temperate zones, such birds in the tropical forest
have restricted territoties. Consequently, when the seeds are voided, they will
be deposited not very far from the site where the placentac and the seeds were
consumed.

Apart from resident birds, frugivorous bats and primates may be dispersal
agents of the seeds. According to Stiles (op. cit., p. 108), flying vertcbrates can
move seeds for long distances, but the majority of seeds are not carried far.
He cited two examples indicating that bats move seeds over distances not exceed-
ing 200 to 300 m. Various examples of frugivorous monkeys cited by Stiles (loc.
ci!:.) -indicate that these animals consume and subsequently disseminate seeds
within their home ranges. Both bats and monkeys in the tropical forest have
restricted territories.

Rccently, De .Lange & Bouman (1992) supposed that the funicular aril of
the seeds in section Tetraphila might act as an elaiosome and they postulated
t.hat t.he seeds could be transported by ants. According to Keeler (1989, p. 232),
little is known of ant dispersal in tropical Africa, but she cited an example of
ant-dispersed seeds that were carried only 75 cm. She stated that, although in
some systems ants carry seeds further, myrmecochory is not very effective for
long-range dispersal.

As already digcussed, the mature dehiscing fruits soon disintegrate and the
detact}ed parts either remain on the same substrate to which the fruit carrying
plant is attached, or they drop to a much lower level, When it is assumed that
Lhe sceds germinate in the substrate onto which they have fallen, this would
rrfo?h(:-selgi tgfvocargy, ia)ferm denoting that the diaspores are buried near the

p an der Pyl 1982, p. 94), According to that author (p. 95), geo-
carpy also occurs in B. hypogaeq H.J. Winkler. However, assuming that birds
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or ants could remove the fruits parts and/or the seeds from low stations to higher
ones, this would explain why the plants always occur well above the ground
in trees or occasionally on rocks,

As the range of the presumed vectors does not exceed 300 m, it is clear that
seed dispersal occurs only over limited distances. In case the animals deposit
seeds outside their territories or beyond the limits of the local Begonia popula-
tion, the environmental conditions in the new site should favour the establish-
ment of new plants. Evidently, this is not always the case, because the plants
studied only occur near or along streams or marshes. Some undefined and as
yet undetected factors may determine the establishment and hence the distribu-
tion of the species. In this respect, it is interesting that along the recently con-
structed road Mouila-Yeno, which can be considered to be a transect of the
Chaillu Mts in Gabon, B. elaeagnifolia only occurs at a distance of 13 km beyond
Mouila. As the various collections of that species along the transect have been
made at sites above 400 m, it would appear that B. elaeagnigolia is adapted
to altitudes of 400 m and higher. However, such a conclusion is not supported
by the fact that the species also occurs at a low elevation of only 10 m near
the Atlantic coast in Gabon by the Rabi-Kounga oil fields.

Thus, it appears that gene flow among the local populations through the dis-
persal of seed is limited. Gene flow is also determined by the flight distance
of pollinating insects. Data on the flight distance of the solitary bee Nomia men-
goensis that visits plants of B. longipetiolata, are lacking (page 170). Grant (1981,
table 2.1) presented a table from which it appears that gene flow through pollen
dispersal by North-American bees mainly occurs over distances of lfass :th?.n 100
m. If it is assumed that the flight distance of Nomia mengoensis 1s supnlar to
that of the North-American bees, it is clear that gene flow by pollen dispersal
among plants of adjacent subpopulations which are more than 100 m apat,
will be small,

From the discussion above, it appears that the possibility of gene flow among
populations from different regions, e.g. the Chaillu Mts and Crystal Mts, or
Chaillu Mts and Doudou Mts, can be excluded. Thesere gionsare gcographlca‘lly
separated from each other by regions without suitable habitats for the species
studied. Nevertheless, various experimental crosses between plants belonging
to the same species, but from widely separated locz}htxes, 1nd}cate that the
included populations of a single species arc potentially mt@rbreedn.lg. The.resu'lt
of an experimental cross within B. longipetiolata is particularly interesting in
this respect.

From this species, the living plant of t
Mt, Koupé, Cameroun, was crossed with ; : 500
Wilde 356 from Kinguélé, Gabon. The collecting sntes‘, at elevations o hm
and 70 m respectively, are ca 450 km apart, so that it can be ruled ol:lt 1t at
there is direct gene flow among the plants from these loc_almes. Neve.rt eless,
the fruit produced contained approximately 200 seeds, which after sowing, ge;-
minated. From the seedlings, 50 flowering plants were grown. According t(l) t te
size of the plants, the progeny of the cross was fairly heterogeneous. Some piants
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remained quite small and somewhat resembled e.g. the type of B. macrura, a
taxon that is considered to be conspecific with B. longipetiolata. Other plants
were as large as the cultivated specimen of Breteler & De Wilde 356.

According to Grant {1981, p. 25), subpopulations living in different parts of
an area are often exposed to different environmental conditions and hence to
different natural selection pressures. Selection then acts in combination with
the breeding structure of the species. Under conditions of random mating on
a wide scale in a large population, the effects of selection for adaptation to any
given local environment tend to be swamped by the continual influx of genes
from other localities.

As concluded above, gene flow by dispersal of seeds and pollen in the plants
studied appears to be low. Moreover, it appears that in solitary plants there
would be self-pollination, whereas in subpopulations with few plants, breeding
would only occur within these subpopulations. This suggests that alarge popula-
tion in a given area is subdivided into small panmictic units, in which selection
operates on genetic variations without interferences from gene flow from other
such areas. In such a situation, selection favours the formation of a series of
local races adapted to their respective environments. The effect of the selection
in a certain site or area may be reflected by some particular morphological traits
of the plants in such a site. I consider the two populations of B. lengipetiolata
occurring in Bélinga, Gabon and the Korup National Park in Cameroun, as
good examples of such a morphological differentiation. The plants in Bélinga
are characterized by comparatively long internodes and stems, while those of
the plants in Korup are comparatively short. In the plants from Korup, the
two bracts at the top of the peduncle of the male inflorescence remain fused
and the leaf blades are comparatively large. In the plants from Bélinga however, |
the bracts become separated and the blades are comparatively small. In fact,
I could predict the origin of some collections which arrived for identification
after I had studied most of the specimens of the species cited in Chapter 10.
Although, occasionally, plants from different localities may be distinguishable,
it would be futile to recognize this fact by giving them a formal taxonomic status.

9.6. The occurrence of the tetraploid chromosomal races within B. elaeagnifolia
and B. squamulosa in the Crystal Mts, Gabon

The evidence discussed in Chapters 4 and 8 indicates that tetraploid plants of
both B. elaeagnifolia and B. squamulosa are confined to the Crystal Mts in
Ga:bon. In each of the species, the tetraploid plants are usually almost indistin-
guishable from the diploid ones.

As to the qufestipn why tetraploid plants only occur in the Crystal Mts, it
appears to be_sngnlﬁcant that this mountainous region is, in comparison with
othersuch regions, a rather rugged terrain, so that, theoretically, a large continu-
ous p()pvflatlon may become divided into smaller subpopulatio,ns each of these
situated in a particular locality, Therefore, the subpopulations ’of the specics
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considered can be interpreted as local races, whose formation is due to both
different selection pressures and limited or even inhibited gene flow among the
subpopulations situated in the different localities.

There can be no doubt that the tetraploid plants have arisen in the past from
diploid progenitors. It is most likely that in a geographical situation as found
in the Crystal Mts, these progenitors represented local races which were diploid.
I postulate that before the origin of the tetraploid plants, chromosomal evolu-
tion resulted in the formation of chromosome sets which were at least different
genically. Of course it cannot be ruled out that evolution also produced structur-
ally different chromosome sets. However, I could not observe meiotic chromo-
some pairing in modern plants, so that, unfortunately, there is no evidence that
evolution of structurally different genomes might have occurred in the extinct
diploid local races.

The postulate that the tetraploid plants evolved from diploid progenitors sup-
poses that several successive events have occured during evolution. Supposedly,
plants belonging to different local races, which differed genically, hybridized
and yielded a F 1 progeny that was at least partially sterile and/or had a more
or less irregular meiosis. It is well known that irregular meiosis may lead to
the production of unreduced gametes, so that, when the F 1 plants breed, union
_ of such gametes yields a subsequent hybrid progeny that is tetraploid and most
likely quite fertile.

Because diploid plants of both B. elacagnifolia and B. squamulosa are appar-
ently absent from the Crystal Mts, it may be concluded that the tetraploid hybrid
progeny gradually expanded at the expense of the diploid parental races, now
extinct. This conclusion is in line with Léve (1954) who stated 'Ehat in some
cases it is very probable that a diploid species has been split up iato isolated
races, which became extinct except for a polyploid formed by chance from some
of these races. Thus, the postulate regarding the origin of the tetraploid races
of both species considered here, implies that these tetraploids are not derived
from the present diploids as e.g. found in the Chaillu Mts. Love (op. c1t.? 1_1sted
numerous examples of pairs of corresponding taxa wi‘th' more or le§s disjunct
distributions. In Léve’s examples, each taxon of a pair 18 charagtenzed by.lts
own level of ploidy. Because of the inferred origin of th.? poly;zlmd taxon, Viz.:
the polyploid is derived from extinct interracial diploids, Lave denot‘ed ’the
polyploid as a substitution taxon or false vicariad. He adlvocated. considering
each one in a pair of corresponding taxa as different species and indeed, such
taxa have often been described as distinct species, in spite of the fagt thaF th.ey
only differ in chromosome number. Itis evident that such morphologically indis-
tinguishable taxa, which Stuessy (1990, p. 173) consider.ed to be cytotypes of
the same species, are reproductively isolated, as a hybrid of the taxa will be
sterile. T concur with Stuessy that such reproductive isolation should not be
regarded as an absolute criterion for specics recognition and L have not suggestelg
that the diploid and tetraploid races in B. elacagnifolia a'nd B.sq :fa_mulosa 5?‘0“
be accorded specific or even subspecific rank. In the -dnec'l condition, specimens
of the different chromosomal races are quite indistinguishable by macromor-
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phological characters, although with standardized preparation methods, pollen
grain size may be a useful character for inferring the ploidy level of the speci-
mens.

9.7. Species relationships

Modern taxonomy endeavours to classify the taxa recognized in a given group
of organisms in such a way that the classification reflects the phylogenetic rela-
tions of the taxa. Phylogenetic classifications usually employ the philosophy
and the methodology of cladistics that attempts to present the most parsimoni-
ous cladogram. Such a cladogram is generated from a data matrix that includes
the character states of a certain number of characters in each of the taxa or
evolutionary units under consideration. The methodology of cladistics requires
that the taxa studied belong to a single monophyletic group. Further, in each
of the evolutionary units, both the primitive or plesiomorphous and the
advanced or apomorphous character states should be deduced for as many as
possible characters throughout the group. All the character states of a certain
character must be homologous. There can be no doubt that the section Tetra-
phila, which includes the species studied, represents a monophyletic group, since
it is characterized by a combination of several features which is unigue or very
rarely encountered in other groups within Begonigceae.

The plants studied here, hence the species recognized, have a similar habitus,
because of their creeping prostrate stems and more or less similar entire leaves.
Moreover, they are characterized by female flowers with two-armed styles, cach
provided with a spirally twisted horse-shoe shaped stigma, and male flowers
having a zygomorphic androecium with poricidal anthers. The combination of
these features in each of the taxa places them distinctly apart from the other
taxa in the section Tetraphila. Of the character states, the zygomorphic androe-
cium and the poricidal anthers are most likely advanced. The presence of these
advanced character states might lead to the conclusion that, in their turn, the
taxa would belong to a monophyletic group within the section. However, in
d|§cussing the evidence for this supposition with De Wilde, we hesitated to accept
this, because we could not exclude the possibility that the similar character states
could ha.ve evolvegl as the result of evolutionary parallelisms. I have abstained
from doing a c]ad{stic analysis, as it would be more appropriate to include all
the taxa of the section Terraphila in such an analysis,

_Nevertheleﬁs, on the basis ot_‘ the present knowledge, it appears t_hat B.pelargo-
mzﬂara aswell as B. rwandensis would occupy separate positions in a cladogram
wh{ch are quite apart from those of the other taxa considered here. Moreover,
their position would most likely indicate that they are the more primitive ones
of the taxa studied. This is now discussed.

In B. pelargoniiflora, the pollen grains belonging to Van den Berg’s B. eminii

pollen-type, as }I{ell as the more than 7-flowered female inflorescence appear t0
represent primitive character states.
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In B. rwandensis, the pollen grains belong to the B, komoensis pollen-type that,
in comparison with the B. squamulosa pollen-type found in the four remaining
species, is also more primitive. The actinodromous venation of its peltate leaf
blade represents a primitive character state. As to the micromorphology of its
seed, it remains to be ascertained whether the unique features of the testa would
support the supposition that the species is a primitive taxon. The leaf blade
of the species is considerably thicker than that in the other species studied. Thus,
a further comparative anatomical study of the leaf blade of B. rwandensis and
that of other species in section Tetraphila would be most interesting.

As to the remaining species, viz.: B. elaeagnifolia, B. karperi, B. longipetiolata
and B. squamulosa, these are distinguishable into two groups, each comprising
a pair of rather similar species.

The first group, including B. longipetiolata and B. squamulosa, is characterized
by male inflorescences with more than five flowers. In the second group, includ-
ing B. elaeagnifolia and B. karperi, these inflorescences are up to 5-flowered.
Most likely, the more than 5.flowered condition represents the primitive charac-
ter state from which the up to 5-flowered condition evolved by reduction. Conse-
quently, on the basis of the reduced number of flowers in the male inflorescences,
the second pair of species is considered to be advanced in relation to the first
pair. From the fact that the species in the first pair are phenotypically rather
similar to those of the second pair, I infer that both species pairs are related
and very probably had a common ancestor.

I find it very difficult to make a sensible statement as to what character states
in B. longipetiolata and B. squamulosa would indicate which of these often very
similar species might be the more advanced. For example, Reitsma’s (1983) pro-
posals regarding evolutionary tendencies in the placentation in A.fncan Begonia
might be useful in solving this problem. In his illustration, Reitsma (ﬁg.. i
proposed that T- or arrow-shaped scptal/plaoental tissue in transverse sections
of an ovary would represent the most primitive character state, whereas cross-
shaped septal/placental tissue would represent a more advanc_ed character .stat'e.
The latter situation occurs in B. longipetiolata and the former in B. elacagn gfo.ha,
B. karperi and B. squamulosa. Thus, according to Reitsma’s proposals regarding
placental evolution, B. longipetiolata would be more advanced than the othffr
species mentioned above. However, the present data on pollen morphology 1n

B. longipetiolata do not support this supposition, because the pollen gra;ilngssll;

that species are frequently similar to those assigned by Van den Berg
to his B. komoensis pollen-type, which is considered to be more primitive _than
the B. squamulosa pollen-type that characterizes B. elaeagmfoha,_ B. karperi and
B. squamulosa. Thus, proposals regarding evolgtlonary tre_nds in both p}acen-
tation and pollen types lead to opposite conclusions regarding the evolutlot;ary
relationship between B. longipetiolata and B. squamulosa. 1 suggest that ¢ es;e
phenotypically very similar taxa, which are also sympatric and reproductively
isolated, are probably sibling species which evolved from a common ancestor.

Similarly, B. elaeagnifolia and B. karperi most likely have a cOmmMON OLigin.

Because of its actinodromous venation, the latter species is the more primitive
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one. In the Crystal Mts, the diploid B. karperi is reproductively isolated from
the tetraploid race of B. elaeagnifolia, because their hybrid is sterile. The produc-
tion of fertile and vigorous progeny in the cross of the diploid B. karperi from
the Crystal Mts with the diploid race of B. elaeagnifolia from the Chailiu Mts
suggests that the latter species might have evolved from an ancestor that had
an actinodromous venation and hence was quile similar to B. karperi.

In conclusion, I predict that in a cladogram of the evolutionary units of the
section Terraphila, both B. pelargoniifiora and B. rwandensis will occupy differ-
ent and scparate positions which indicate that, in relation to the two species
pairs cited above, they are more primitive taxa. The two pairs of sister species
will be sister groups of each other, while in the pair of B. elaeagnifolia and B.
karperi, the latter will be the most primitive.

The postulate that B. karperi, B. pelargoniiflora and B. rwandensis are compar-
atively primitive taxa, in addition to the fact that these taxa have narrow distri-
butions, implies that their present populations may be relicts of populations
which, in the past, occupied larger surfaces on the African continent. As to B.
karperiand B. pelargoniiflora, this supposition is supported by the fact that spec-
imens of each of these species have been collected from two disjunct subpopula-
tions, which are approximately 200 to 300 km apart. B. rwandensis is strictly
endemic in Kivu, Zaire and adjacent Rwanda. So far, the ornamentation of
its pollen wall as well as the structure of the testa of its seed are unique features
in Begonia. These features as well as its narrow distribution endorse my interpre-
tation that the taxon is a good and natural species, in spite of the fact that it
superficially resembles B. elaeagnifolia and B. karperi.
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10. Taxonomy

The key and the descriptions are based on field collections, except when stated
otherwise. Cultivated material may deviate beyond the limits given here.

Key to the species

1. Leaves peltate
2. Fresh leaf blade c. 2 mm thick, upper surface without scales, stipules

(broadly) triangular, peduncle of expanded male inflorescence 45— 75 mm

long, bracts on the apex of the peduncle boat-shaped, opposite, axes of

the first order elongated, up to ¢. 5 mm long, antherc. Immlong. . . ..
............................ 5. B, rwandensis

2. Fresh lcafblade c. 1 mm thick, upper surface with scales, stipules narrowly
triangular, peduncle of expanded male inflorescence 10—15 mm long,
bracts on the apex of the peduncle more or less flat, unilaterally fused,

clasping the peduncle, axes of the first order absent or very short, up to c.

1 mm long, anther¢. L.S5mmlong . . . . ..« v v om0 2. B. karperi

1. Leaves not peliate
3, Outer perianth segments subcordate, at least 20 x 15 mm, anthers c. 4
mm long, female inflorescence more than 7-flowered, peduncle more than
20mmlong . ... .- e e e 4. B. pelargoniiflora
3. Outer perianth segments rounded at the base, not subcordate, up to 17

x 10 mm, anthers less than 3 mm long, female inflorescence |-, rarely up

to 3-flowered, peduncle up to 8 mm long ]

4. Male inflorescences more than 5-flowered (but depauperate inflores-
cences may contain less flowers), ratio of blade- anfi interpode-length
predominantly more than 5, styles papillose or provided with _scales .
...................... B. squamulasa species group
5. Expanded male inflorescences lax, bracts on the main axis fre-

quently not opposite, main axis often extending above the.bracts,

bracts on the axes of the first and higher orders few, vestigial or

absent, fresh flower buds flattened, outer perianth-segments tl:llﬂ,

when fresh 0.3 -0.6 mm, styles more or less papillose, fresh petiole
usually canaliculate, ratio of blade- and intemode-lengt!: us'ual]y
morethan 10 . .« .« oo oot 3B ]ongnpehola?a

5. Expanded male inflorescences 2 dense cluster, bracts on the main
axis opposite, main axis not cxtending above the bracts, bracts on
the axes of the first and higher order many, fresh flower buds glo-
bose, outer perianth-segments thick, when fresh 0.7 1.4 mm, styles
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with some scales, not papillose, fresh petiole terete, rarely somewhat

flattened, scarcely canaliculate, ratio of blade- and internode-length

usuallylessthan 10 . . . . ... .. ... ... 6. B. squamulosa

4. Male inflorescences up to 3-(very rarely 4- or 5-) flowered, ratio of
blade- and internode-length less than 5, styles without trichomes

............................ 1. B. elaeagnifolia

1. B, elaeagnifolia Hook.f. Plate 1 (p. 187), Map 1 (p. 188)
Figs. 4-7, 4-8, 5-1, 5-2¢, 5-7A, 5-10, 5-12, 5-13a, 5-15, 5-16, 6-7c, 6-8b, 6-9a
&b, 6-11c & d, 6-13a, 7-1010 7-12, 8-10 to 8-15.

B. elacagnifolia 1. D. Hooker in Oliver, Fl. Trop. Afr., 2: 579, 1871; Engler in
Engl. & Drude, Veg. Erde, 9 (3.2): 619 (in clavi), 1921; Smith, Wasshausen et
al., Begoniaceae, Smithsonian Contr. Bot., 60: 382, Fig, 14.15, 1986,

Type: Gabon, Crystal Mts, Mann 1651 (holotype K)

heterotypic synonyms: .

B. schultzei Engler in Engl. & Drude, op. cit.: 619 (in clavi), 1921; Mildbraed,
Wiss. Ergebn. Zweit. Deutsch, Zentr.-Afr.-Exp., 1910-1911, 2: 98, 1922; Smith,
Wasshausen et al., op. cit.: 295, Fig. 3.7, 1986. synon, nov.,

Type: Cameroun, between Ebolowa and Campo, falls in the Kom river, Schultze
in Mildbraed 6229 (holotype B, isotype HBG)

B. wilczekiana N. Hallé in Wilczek, Bull. Jard. Bot. Nat. Belg., 39: 91, 1969;
Smith, Wasshausen et al., op. cit.: 357, Fig. 9.19, 1986, Synon. nov.

Plate 1. B. elacagnifolia; 1: habit, extremity with male inflorescences (x 2/3); 1a & 1b: outline of
transverse sections of top (a} and base (b) of petiole {x 8); 2: hahit with several inflorescences and
lgteral branch (x 2(3); 3-8: leaf-shapes (x 2/3); 9: male inflorescence (x 2); 10-12: androecia, front
side (x 6); 13 & 14: front and lateral view of a distal anther (x 8); 15: proximal anther, front (x
_8); 16: 1-flowered female inflorescence, lateral (x2/3):17:idem, front {x 2); 17a: detail of 17 showing
indumentum (x 16); 18 & 19: styles (abaxial side) (x 6); 2(: transverse section of ovary half-way

along its length (x 10); 21-23: fruits (x 1); 24: dehisced fruit e, A ; YA
leaf trichomes (x 24), Tuit (x 2); 25: seed with aril (x 20);

1: Breteler & De Wilde (1978)-8 (herb. and spirit) and cultivated material of the same collection;
2 culta Breteler & De Wilde (1978)-8; 3: Hallé & Villiers 4701 (paratypc of B. wilczekiana N. Hallé);
4: Arends, De Wilde & Louis 571 {herb.); 5; Letouzey 12765 (herb.): 6: Schultze in Mildbraed 6229
(holotype of B. schultzei Engl.); 7: Mann 1651 (helotype of B. eiaeag’mfdia)- 8: Breteler & De Wilde
(1978)-381 (herb.); 9: culta Breteler & De Wilde (1978)-8; 10: De Wilde &,Jongkind 9638 (spirit);
11: Breteler & De Wilde (1978)-8 (spirit); 12: De Wilde, Arends et al, (1983)-179 (spirit); 13-17:
culta Breteler & De Wilde (1978)-8; 18: Breteler & De Wilde 1978-8 (spirit) 19; De Wilde & J (;ﬂgki“d
9638 (spirit); 20: culta Breteler & de Wilde (1978)-8; 21: De Witde Atends et al (1983)-179 (spirit);
22: Breteler & De Wilde (1978)-8 (spirit); 23: De Wilde & Jongkind 9638 (spirit); 24: Breteler &
De Wilde (1978)-8 (spirit); 25 & 26: culta Breteler & De Wilde (1978)-8 P
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Type: Gabon, Crystal Mts, Kinguélé road, Hallé & Villiers 4531 (holotype P);
anote in BR states ‘isotype apparently does not exist in Brussels’.

misapplied names:

B. elacagnifolia auct. non Hook.f.,, De Wild. & Th. Durand, Ann. Mus.
Congo, Bot., sér. 2, 1(2): 25, 1900; Th. & H. Durand, Sylloge FL. Congol., 234,
1909; Mildbraed, op.cit.: 97, 1922; Wilczek, F1. Congo, Rwanda, Burundi, Bego-
niaceae: 20, 1969.

B. schultzei auct. non Engl., Wilczek, Bull. Jard. Bot. Nat. Belg. 39: 88, 1969,
p.p., Van Roeckhoudt 12 only (superfluous validation also); ibid., F1. Congo,
Rwanda, Burundi, Begoniaceae, 16, 1969; Troupin, Fl. Rwanda, II: 450, 1983.

Description: Monoecious, succulent, lepidote, epiphytic plants with creeping
stems, rooting at the nodes, the roots ¢. 0.5— 1 mm in diam. Dentate scales on
stern, abaxial surface of stipules, petioles, lower surface of blade, peduncle, all
bracts, perianth cylinder, pedicellate ovary and abaxial surface of the outer per-
ianth segments.

Stems up to 2.5 m long, occasionally branching, tercte and solid, the younger
part succulent, the older part woody, dried stems light to dark brown, 1-3 mm
in diam., living stems dark red-brown, up to 3.5 mm in diam., internodes.(]’.S)
2.5— 7 (8)cm long (ratio of blade- and internode-length 1-5). Stipules remaining
for some time at the herbaceous extremity of the stem, narrowly triangular-
ovate, 6— 15 x 1 — 5 mm, apex acute.

Leaves attached to the side of the stem away from the substrate (leaf scars
may be absent on some nodes as leaves do not always develop on ea.ch node);
petioles usually terete, occasionally somewhat flattened on the upper side, taper-
ing from their base towards the blade, in transverse section f:lrcular to ovate,
up to 3 (5) mm in diam. at their base, up t0 2 (3) mm in diam. at the apex,
2.5--20 (25) cm long, green to dark brown-red; blade almost symmetrical, quite
flat, hardly trough-shaped, 0.7-0.9 mm thick when fresh, (narrowly) ovate,
1-15 (20) x 1—11 (13) cm, base nearly cuncate, obtuse or subcordate, apex
acute to acuminate, upper surface yellowish to dark green, more or less glossy,
lower surface sometimes paler, but usuaily darker than the other surface, palrj
to dark green or (greenish) brown to dark red-purple, dull to more or less glossy;
margin smooth to slightly sinuate with minute teeth v..fhere the secoqdary veins
and their branches terminate in the margin; venation pinnate, of the s_:mple cras-
pedodromous type, and inconspicuous on the upper surface, primary :i/em
moderate in size, usually straight and prominent on the lower su::face, secondary
veins (3) 4—7 (8) on each side diverging from the pnmary vein at narr?w or
moderate angles, of moderate size and straight or slightly curved, usually not
or only partly prominent on the lower surface. .

Inflorescences unisexual, axillary, usually produced at the extremity of the
stem where the leaves may not have developed yet. o

Maleinflorescences (l-j){ 2. or 3-, very rarely 4- or 5-flowered; pedur.lcle p(;nll)usg
brown and terete, (5) 10-30 (-50) x (0.5) 0.8 1.2 (1.6) mm; terminated by
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bracts, these pale greenish brown, free from each other, very rarely unilaterally
fused or wanting altogether, (narrowly) triangular, up to 4 (5) mm long and
up to 3 (4) mm wide; axes of the 1-st (and 2-nd) order very much reduced in
length, up to 1 (1.5) mm long or quite absent; superior bracts when present
(partly) concealed by the bracts, narrowly triangular, up to 3 x 0.5 mm, occasio-
nally absent or vestigial.

Male flower with a pink perianth cylinder, terete, 5—11 (13) x 0.3 -1 mm;
perianth segments 4 in two opposite pairs forming a cross, white to (dark) pink,
usually variegated, rarely pure white, outer segments (broadly) elliptic-obovate,
apex obtuse, 6—10 x 3—-9 mm, 0.3-0.5 mm thick when fresh, inner segments
narrowly elliptic-obovate, apex obtuse, 4 -9 x 1.5-2.5 (3) mm, ¢. 0.2 mm thick
when fresh, sometimes reflexed; androecium a zygomorphic fascicle of (15)
20-40 ( 60) stamens, filaments pink, fused at their base, free parts c. ¢.3-1.5
mm long; anthers yellow, basifixed, narrowly oblong, usually widening towards
the apex, 1-1.8 x ¢. 1 mm, dehiscing by two apical pores which are more or
less hidden by the cucullate anther apex, orientation of the front side of the
anthers in relation to the proximal side of the androecium variable.

Female inflorescences 1-, (2-)lowered, in cultivated plants up to 3-flowered,
peduncle usually absent, rarely up to 4 x 1 mm, bracts narrowly triangular, up
to 2 x 0.5 mm, or absent.

Female flower with 4 perianth segments in two pairs, white to pink, similar
to those of the male flower, outer segments 6—10 x 6—9 mm, inner segments
5—-7 x 2—3 mm; styles in general 2 or 3 (but 3 or 4 in plants from the Chaillu
Mts, Giabon), usually pink, sometimes white, fused at their base, each with two
spreading arms, fused part c. 0.5 mm, free part 0.7—2 mm and the style arms
{0.4) 1-2.5 mm long; stigma a yellow, papillose and horse shoe-shaped band
embracing the style arms, each end of the band coiling once or tess frequently
alrr_lost twice around the apex of the arm. The ovary continuous with the pedicel,
fusiform and curved, (7) 1121 x 2—4 mm, reddish brown, occasionally with
some greenish lenticels; multi (2-4)-locular with axile placentation in the lower
part and unilocular with parietal placentation in the upper part, each septum
with the placentae more or less arrow-shaped in transverse section; the ovules
anatropous, ovule position in the locules epitropous, the raphe situated away
from the axis of the ovary. '

Infructescences with 1 (2), more or less sessile fruit, dark brown-red, fusiform,
more or less curved, 20—30 x 3—4 mm, tapering towards the apex.

Mature flruits de}aiscing by 1-3 longitudinal slits and soon disintegrating.
Seeds botuliform with a funicular aril, ¢. 1 x 0.5 mm.

Pollen grains perprolate with concave to straicht si % xc
10.5-12.5 ym. raight sides, ¢. 27-3

| Sgr)natic chromosome numbers 2n =36-39 (diploid) and 2n==72-76 (tetra-
ploid). : :

Specimens examined: :
CAMEROUN: Bikeligi, Lolodorf region, 03 14N-
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N of Lolodorf, 03 20N-10 40E, Alt. 600-1000 m, Letouzey 12763 (P); Ngovayang Mts, 14 km W
of Lolodorf, 03 15N-10 36E, Alt. 630 m, Satabié & Letouzey 343 (P, WAG, YA); Nkolumbimbe,
promontory between Ebolowa and Campo, ¢. 02 30N-10 30E, Schulize in Mildbraed 6208 (B), moun-
tain near the falls in the Kom River, promontory between Ebolowa and Campo, c. 02 30N-10
3E, Alt.672 m, Schultze in Mildbraed 6229 (B: holotype of B, schultzei Engl. HBG: isotype);

EQUATORIAL GUINEA: Crystal Mts, 10 km ENE of Okuamkas, 01 09N-10 13E, Wilks I 750
(WAG); 52 km from Bata, Rio Benito road, Metom River, 01 45N-10 10E, Sanford 5800 (IFE,
K}, 5860 (K);

GABON- Chaillu Mts, Mouila-Yeno, 42-43 km, 01 408-11 20E, Alt. 400 m, Arends, De Wiide
& Louis 559, S7I(WAG); western flank of Doudou Mits, 02 155-10 20E, Alt. 500 m, Arends, De
Wilde & Louis 670, 681 (WAG); Crystal Mts, Asok-Tchimbélg, 3 km, 00 4IN-10 23E, Alt, 600
m, Breteler & De Wilde (1978)-8 (WAG); id., slope near the falls of the Mbei river at Tchimbélé,
00 38N-10 24E, Alt, 500 m, Breteler & De Wilde (1978)-38 (WAG); id., Asok-Tchimbélé, 13 km,
00 40N-10 23E, Alt. 600 m, Breteler & De Wilde (1978)-381 (WAG); Chaille Mts, Mouila-Yeno,
50 km, 01 40S-11 24E, Alt. 700 m, Breteler, Lewmens & Nzabi 8248 {(WAG); Rabi-Kounga oil
field, 01 558-09 50E, Breteler, Jongkind ef al. 9568 (WAG); Crystal Mts, slope near the falls of
the Mbei river at Tchimbélg, 00 38N-10 24E, Alt. 420 m, De Wilde, JJ. et al. (1983)-12 (WAG);
id., Tchimbélié-Kingélé, 7 km, 00 37N-10 22E, 500-600 m, De Wilde, J.J. et al.(1983)-3L, 35,43
(WAG); id., E of Mela, Mytsibe-Zang Rivers, Alt. 2501, 00 35N-10 16E, De Wilde, J.J.etal.( 1983 )-
157 {WAGY; id., Tchimbélé-Kingélé, 10 km, 00 38N-10 21E, Alt. 570 m, De Wilde, J.J. et al.( 1983 )-
179 (WAG); id., 20 km NW of Asok, 00 53N-10 12E, Alt. 600 m, De Wilde, J.J. et al. (I983)-26I2
(WAG); Doudou Mts, Ndonge River, 02 145-10 14E, Alt. 150 m, De Wilde, Arends & de Bru.ijn
9127 (WAG); id., 35 km NW of Doussala, ¢.02 155-10 20E, Alt. 530 m, De Wilde & Jongkind
9444 (WAG); Chaillu Mts, Mouila-Yeno, 47 km, 01 40%-11 25E, De Wilde & Jongkind $638, 9648
(WAG); Rabi-Kounga oil field, 01 555-09 S0E, Alt. 10 m, De Wilde, Arends et al. 9717 (L!JV,
WAG); 30-35 km S of Rabi-Kounga oil field, Echira River, 02 058-09 50E, Alt. ¢. 20 m, De. Wr{df:’,
Arends ot al. 9754 (LBY, WAG), 9758 (WAG), 9777, 9810 (LBY, WAG): Crystal Ms, Tchimbele-
Asok, 10 km, 00 40N-10 21E, Alt. 580 m, De Wilde & Sosef 10133 (WAG), id., 2km S ]_(mguele,
Mbei River, () 27N-10 16E, Alt. 100 m, De Wilde & Sosef 10201 (WAG); Chaillu N.Its,. Mouﬂa-.Yept?,
46 km, Alt, 450 m, De Wilde & Sosef 10389 (WAG); Crystal Mts, falls of the Mbei River a}t .ngele,
00 27N-10 16E, Hallé & Villiers 4452 (P); id., Kingélé road, 00 28N-10 1§E, Hfrh'é & V:IIrer,'c 4.?3[
(P: holotype of B. wilczekiana N. Hall?), 4560 (BR, P: paratype of 5. w:fcze;'f:mna N Hallé), n:].:
6 km S of Asok, 00 41N-10 23E, Hall¢ & Villiers 4701 (BR, P: paratype of B. wilczekiona N. HallF):
id., W of the Balakaba river, 00 33N-10 08E, Hallé & Villiers 5327 (P); id., 12 km SW of the.ngele
falls, 00 25N-10 13E, Hallé & Villiers 5374 (P: paratype of B. wilczekiana N. Hal!e); Chaiilu Mts,
falls in the Waka river, 32 km SE of Sindara, 01 185-10 57E, Alt. 250 m, Louis, Breteler & de
Bruijn 1267 (WAG), id., Mouila-Yeno, 13 km, ‘Al 500 m, Louds, 4.M. 2725 (WAG); Crystalzl'édtlsé
c. 01 0ON-10 00E, Mann 1651 (K, holotype); Doudon Mis, .30 km SW of Doussala, [1)2 gzo-
29E, Reitsma 1958 (WAG), Crystal Mts, 0.5 km SW of Tchimbélg, 00 37N-10 24F, Alt. m,
Wieringa 473, 933 (WAG);

CONGO: Kouilou, Mayombe, Koubala Forest near Ngongo, c. 04
(EC); Louvandzi-N"Dindi, 03 455-11 20E, Sita 3670 (IEC).

00 S-12 OOE, Antims 408,

2. B.Kkarperi J.C. Arends, spec. nov. Plate 2 (p. 192), Map 1 (p. 188)

Figs. 4-6, 5-2d, 5-5, 5-7B, 5-14a, 8-16, 8-17.

Planta epiphytica, caulis longis gracilibusque (in sicco diam. c. 1.5-2 xlrzrr:);
habitu inflorescentiisque facie B. elaeagmfo?iae. tamen dlffe:rt fol‘ns 1pe all

superne lamina in vivo squamis argenteo-cams_dmpersm mum_ta. $11pu at; plus
minusve persistentes, anguste triangulares, folia suoculcnta., in vivo c. m:n
crassa. Inflorescentia mascula uni-aut diflorata, B. rwandensis similis conspectu
parum accurata tamen differt pedunculo brevi, c. 10—15mm longo ferente apicl
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duas bracteas unilateraliter connatas instar cupulae parvae late ovatae (C. 3.5
x 2 mm). Axes primi reducti vel desunt. Floris masculae perianthium cylindri-
forme ¢. 5 mm longum, tepalis exterioribus Jate ovatis aut orbiculatis, usque
ad ¢. 6 x 6 mm, tepalis interioribus anguste ellipticis, usque ad ¢. 5 x'2 mm.

Androecium c. 45 stamina continens, antheris ¢. 1.5 mm longis. Granum pollinis
perprolatum, latere rectum aut leviter concavum, ¢. 29 x 12 pm.

Type: Gabon, Crystal Mts, just S of Mela, Breteler & De Wilde (1978}~ 335
(holotype WAG).

Description: Monoecious, succulent, lepidote and epiphytic plants with creeping
stems, rooting at the nodes, the roots ¢. 0.5—-1 mm in diam.; with a more or
less dense indumentum of dentate scales present on stem, abaxial surface of
stipules, petioles, lower and especially on the upper surface of the blade, pedun-
cle and all bracts, perianth cylinder, pedicellate ovary and abaxial surface of
the outer perianth segments.

Stems up to 2 m long, occasionally branching, terete and solid, the‘you_nger
part succulent, the older part woody, dried stems brown, ¢. 1.5-2mmin diam.,
internodes (2) 3 - 6.5 cm long (ratio of blade- and internode-length c. 2). St:p}ﬂes
remaining for some time at the herbaceous extremity of the stem, narrowly tran-
gular,9—-15x2-5mm. _

Leaves attached to the side of the stem away from the substrate; petiole terete,
circular to ovate in transverse section, 616 cm long, blade 0.7—1 mm thick
when fresh, nearly symmetrical and peltate (the petiole attac.hcd 4-16mm from
the base), ovate, 5.5-15 x 3.5-11 cm, base rounded or, 1n cultivated plants
occasionally subcordate, apex acuminate, upper surface more or lcss.dull green
when living, carrying scattered scales, these scales on the living blade s:}very-grey
and conspicuous, lower surface green of dark purplish green, margin sn.woth
with minute teeth where the primary and the secondary veins "termlr}ate in the
margin; venation actinodromous with 5 primary veins, the median vein straight
and prominent on the lower surface, the others straight Lo somewhat curved

and partly prominent.

Plate 2. B. karperi; 1: habit, extremity with male inflorescences (X 1/2); 2: sterile stzer_n‘".azsr:.I (Jiv:.f;ze}&
2a: detail of 2, showing indumentum (x 1); 3: 1-flowered female mﬂores?en.ce (x 172 2'). ;a? ovary
female inflorescence (x 1/2); 5 1-flowered female inﬂoresqc“c? (x 3/2); 6 y ,0 var]y ('xﬂo;-csc::ncc (x
trichomes (x 30); 7: top of gynoecium (x 3); 8: style, abaxial side (x 10); 9: male in

1.5); 10: androecium, front side (x 5); 11 & 12: idem, reverse and lateral; 13, 14 &IE:J:':;:I‘::
stamen, front, rear and lateral (x 10); )

i 10);

16 & 17: distal stamen, front and rear (x 10% :

i i 218 1

section of top of petiole (x 3); 19: petiole trichome (x 30); 20: lamina trichomes (x 30); 21: detai
of 20; 22: transverse scction of ovary half-way a

i ; v ds the
long its length (X 8), 23 & 24: idem, towards U
apex; 25: mature fruit (x 1); 26: dehisced fruit (x 1); 27: ovule with funicle (x 20); 28; seed with

aril (x 20). . 978
All drawn from cultivated material of Bgte!cr & De Wilde (1

Arends et al.(1983)-158.

)-335, except for 25, De Wilde,
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Inflorescences unisexual, axillary, usually produced at the extremity of the
stem where the leaves may not have developed yet.

Male infloresences 1- or 2-flowered, peduncle 8—15 mm long, c. | mm in
diam., terminated by 2 bracts, these pale greenish brown and unilaterally fused,
collectively ovate in outline with two small and more or less acute apices, ¢.
3.5 x 2 mm, axes of the 1-st order vestigial, the superior bracts on these axes
absent or vestigial.

Male flower with a white or pink perianth cylinder, terete, c¢. 5 x 1 mm; per-
ianth segments 4 in two decussate pairs forming a cross, white or slightly pink,
outer segments broadly ovate to orbicular, 5-6 x 5—6 mm, inner segments
(narrowly) elliptic, 45 x 2 mm; androecium a zygomorphic fascicle of c. 45
stamens, filaments white to pink, fused at their base, free parts ¢. 0.3-1 mm
long, anthers yellow, basifixed, ¢. 1.5 mm long, widening towards the apex,
dehiscing by two apical pores which are more or less hidden by the cucullate
anther apex, front side of all anthers oriented towards the proximal side of the
androecium.

Female inflorescences 1-flowered, peduncle 2.5~ 7 x 1 mm, bracts absent or,
when present, unilaterally fused and ovate in outline with two minute more or
less acute apices, superior bracts 2, narrowly oblong, 1 x 0.2 mm, or absent.

Female flower with 4 perianth segments, similar to those of the male flower,
outer segments broadly obovate to orbicular, 5x 5 mm, inner segments elliptic,
3 X 1.2 mm; styles 2 [in cultivated plants (2), 3 or 4], fused at their base, each
with two spreading arms, fused part ¢. 0.5 mm, free part ¢. 0.7 mm and the
style arms c. 1-2.5 mm long; stigma a yeliow, papillose and horse shoe-shaped
band embracing the style arms, each end of the band coiling once around the
apex of the arm. The ovary continuous with the pedicel, fusiform and curved,
green to reddish brown, ¢. 1012 x 3 mm, multi (2-4)-locular with axile placen-
tation in the lower part and unilocular with parietal placentation in the upper
part, each septum with the placentae more or less arrow-shaped in transverse
SeCtIOH,' the ovules anatropous, ovule position in the locules epitropous, the
raphe situated away from the axis of the ovary.

Fras known fom eulvaied oo a4 gty curved, . 20x i, mature
ed plants only, dehiscing by 1 or 2 longitudinal slits,

soon disintegrating. Seeds botuliform with a funicular aril, c. 1 x 0.5 mm.

Pollen grains perprolate with straight to weakly concave sides, ¢. 2731 x
c. 11.5-12.5 pm. : T

Somatic chromosome numbers 2n = 3638 (diploid)

Etymology: the species is named in honour of Mr J.J. Karper who was in charge
plants of the Department of Horticul-

of the splendid collection of livin g Begoniq

ture, Agrif:ultural University in Wageningen until 1986. when he retired, and
the Begomq collection was dispersed to several institutio;s. In 1983 Mr K;U’Pef
was the senior member of a group of botanists (with J.J.F E. de Wilde, F. Bou-
r) exploring various regions in Gabon.

man, A.M. Louis and the present autho
3;1: dtc;l:l;isrotutstapdl?g success in g‘rowing begonias all the living specimens sur-
ransier from the tropical rainforest to the greenhouse. In conse-
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quence, details of features which can only be studied from living plants are now
known. Moreover, in cooperation with Professor J. Doorenbos, Mr Karper bred
several Begonia hybrid cultivars which greatly contributed to the importance
of these ornamentals for the floriculture industry in the Netherlands and clse-
where.

Specimens examined:

GABON: Crystal Mits, § of Mela, along the Mela River, 00 35N-10 16E, Alt.250 m, Breseler
& De Wilde (1978)-335 (WAG); id., E of Mela, Mytsibe-Zang Rivers, 00 35N-10 16E, AlL. 250
m, De Wilde, J.J. et al.(1983)-158 (WAG); 10 km S of Mela, Essia River, ¢. 00 35N-10 15E, Hallé
& Villiers 4885 (P); Chaillu Mts, Massika, between Mouila and Yeno, 01 408 11 15E, Alt c. 550
m., Louis & Nzabi 2952 (LBV, WAG).

3. B.longipetiolata Gilg Plate 3 (p. 196), Map 2 (p. 198)
Figs. 4-3 to 4-5, 5-2a, 5-3, 5-6B,5-9, 5-13b, 6-2, 6-3, 6-5, 6-7b, 6-9d to 6-9f,
6-11a &b, 7-1to 7-4, 8-1, 8-710 8-9.

B. longipetiolata Gilg in Engl. Bot. Jahrb. 34: 92, 1904; Engler in Engl. & D_rude,
Veg. Erde, 9 (3.2): 620, 1921, in synonomy of B. squamulosa, P.p., SPeCImenS
from Kribi region only; Mildbraed, Wiss. Ergebn. Zweit. Deutsch. Zentr.-Afr.-
Exp., 1910-1911: 89 and 98, 1922; Hutchinson & Dalziel, Fl. West Trop. Afr.,
ed.1 (1.1): 186, 1927; Keay, FL West Trop. Afr., ed.2 (1.1): 220, 1954, in syno-
nomy of B. squamulosa; Hallé & Raynal, Adansonia, nouv. sér., 6(1): 113, 1966,
p.p., except Mann 1654 (= type of B. squamulosa).

Type: Cameroun, E of Kribi, Dinklage 1499 (holotype B, isotype HBG).

heterotypic synonyms: .
B. macrura Gilg in Engl. Bot. Jahrb. 34: 92, 1904; Engler in Engl. & Drube,
op.cit., 619, 1921; Mildbracd, op.cit.: 98, 1922; Smith. Wasshausen et al., Phyto-

logia, 54: 468, (in synonomy of B. squamulosa), 1984; ibid.,, Begoniaceae, Smith-

sonian Contr. Bot. 60: 386, Fig. 14.31 (as B. squamulosa), 1986. Synon. nov.
Type: Cameroun, between Mafura and Mundame, Schlechter 12918 (holotype

* il f .ld., A 1. MUS. C IlgO, Ser, 2, . ’ 3 .'

H. Durand, Sylloge Fl. Congol.234, 1909; Engler 1
619 (in clavi), 1921; Mildbracd, op.cit.: 89, 1922; wilczek, Fl. Congo, ngniit
Burundi, Begoniaceae: 22, 1969; emend. Fernandes, Bol. Soc. Brot., ser. V’V :
9, pl. 3, 1970; ibid., Consp. FL Angolensis, 4: 293 and 364, 1970; Smith, Was-

shausen et al., op.cit.: 381, Fig. 14.11, 1986. synofl. nov.

Type: Zaire, Injolo, Laurent 1 702 (nolotype BR, isotype B). ) ) ‘
B. crassipes Gilg ex Englet in Engl. & Drude, op-cit: 619 (in clavi), 1921;

Mildbracd, op.cit.: 89, 1922; Smith, Wasshausen et al.,op.cit: 382, Fig. 1417,

1986. synon. nov. 4 .
Type: Cameroun, Bipindi, Zenker 3152 (holotype B, 150Lypes BM, B

HBG, K, LY, W, Z).
B. bipindensis Gilg ex Engler in Engl. & Drude, 0p-

R, G, Ea

cit.: 619 (in clavi), 1921;
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Hallé & Raynal, op. cit.: 116, 1966 (in synonomy of B. squamulosa). Synon. nov.
Type: Cameroun, Bipindi, Zenker 3098 (holotype B, isotypes BM,E, G.K).

B. squamulosa Hook. f. var. bipindensis (Gilg ex Engl.) N. Hall¢,
Adansonia, sér. 2, 12: 366, 1972 (invalid combination)

B. gladiifolia Engler in Engl. & Drude, op.cit.: 619 (in clavi), 1921; Mildbraed,
op.cit.: 188, 1922; emend. Wilczek, Bull. Jard. Bot. Nat. Belg., 39: 84, 1969 (su-
perfluous validation also); ibid., Fl. Congo, Rwanda, Burundi, Begoniaceae:
19, 1969; Smith, Wasshausen et al., op.cit.: 172, Fig. 14.16, 1986. synon. nov.
Type: Fernando Poo, Mt. St. Isabel, above Basilé, Mildbraed 6394 (holotype
B).

B. nicolai-hallei Wilczek, Bull. Jard. Bot. Nat. Belg. 39: 86, 1969; Smith, Wass-
hausen et al., op.cit.: 204, Fig. 14.13, 1986. synon. nov.

Type: Gabon, Crystal Mts, 12 km SW of Kinguéle, Hallé & Villiers 5381 (holo-

type P).

Nomina nuda:

B. kribensis Engler in Eng. & Drude, op.cit.: 619 (in clavi), 1921, attached
to Schultze in Mildbraed 6189 (B), Cameroun, between Ebolowa and Campo;
Mildbraed, op.cit.: 97, 1922.

B. ludwigsii Gilg ex Wilczek, Bull. Jard. Bot. Nat. Belg., 39: 84, 19693 in syno-
nomy of B. gladiifolia, attached to Ludwigs 600 (B), Cameroun, Victoria.

Description: Monoecious, succulent, epiphytic plants, sometimes grm’vin{; on
rocks, with creeping stems, rooting at the nodes, the rootsc. 0.5-1 mmin diam;
with a more or less dense indumentum of dentate scales, rarely completely gla-
brous, scales may be present on steml, abaxial surface of stipules, petioles, lower
surface of the blade, peduncle, axes of the 1-st and higher orders, all bracts,

’

male infloresence (X 1/2); 1a: outline of trans-

Plate 3. B. longipeti - 1; habit, extremit with ofd .
ongipetiolata; 11 habit, extremity (x 1/2); 7: male inflorescence before anthesis

verse section of top of petiole (x 2); 2-6: Jeaf-shapes 1.
(x 1); 8: male inflorescence (x 1); 9 & 1¢: old male inflorescences (x 1) 11; male flower (x 2); 12:

androecium, front side; 13: idem, reverse (x 6); 14 androecium with fewer stamens, front (x 6};
15 and 16: proximal and distal stamens of androccium shown in 12, front; 17: stamet St;?wlrl1 e
16, lateral (x 8); 18: 1-flowered female inflorescence (x 2); 19: female flower with clongated pe Illoe ra ©
ovary (x 2); 20z top of gynoecium (% 8); 21 & 22; two styles (abaxial view) from a smg(liefcol ec nl)rf
(x 4); 23: transverse section of ovary half-way along its length (x 5); 4: mature closed fruit ( D
25: geed with aril (x 20); 26: trichomes of ovary {x 20}

1: De Wilde, Arends & de Bruijn 8848 (herb.) and De Wilde 7724 (spirit); 1a: [;e -“il-l‘ﬁ’lglraerzjé
& de Bruijn 8841 (spirit); 2: Letouzey 15136 (herb.);, 3 Leeuwenberg 9294 (her1 7()),2 (-le; o
6394 (holotype of B. gladiifolia Engl.); & Mildbraed 6183 {herb.);ﬁﬁ: Laurent AN ](]y?:xlta
B. gracilipetiolata De Wild); 7 & 8: De Wilde, Arends & de Bruijn 8841 (SPINCE D00 S0 2
Arends, De Wilde & Louis 483 and De Wilde 7724 respectively (spirity 11-13: DV ¢ i
14: Do Wilde, Arends ct al (1983)-180 (spirit); 15-17: D wilde 7724 (spirith 182 (6 Acends &
& de Bruijn 9270 (spirit); 19: culta De Wilde, Arends et ah.(1983)-483; 20: De ilde,
de Bruijn 9270 (spirit); 21-26: De Wilde 7724 (spirit).
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perianth cylinder, pedicellate ovary and abaxial surface of the outer perianth
segments.

Stems usually up to 40 (50) cm, but in Belinga, Gabon, up to c. 100 ¢cm long,
straight or slightly to distinctly zig-zag, occasionally branching, terete and solid,
the younger part succulent, the older part woody. Dried stems light to dark
brown, 2— 3 (6) mm in diam., when living pale green or brown to dark brownish
green, 5—7 mm in diam., internodes up to 1.5 (3) cm long; stipules remaining
for some time at the herbaceous extremity of the stem, narrowly triangular-
lanceolate, 7—17 (25) x 3-6 mm, the apex acute.

Leaves attached to the side of the stem away from the substrate (leaf scars
my be absent on several successive nodes as leaves do not always develop on
elach node), almost symmetric to slightly asymmetric; petioles more or less cana-
liculate to flattened on the upper side, very rarely terete, (1 -) 2-15 (-29) cm
long, tapering from the node towards the blade, at the base up to 7x 7, at the
apex up to 7.5 x 5 mm; {pale) green 1o dull dark red, usually with linear to
narrowly oblong pale grecn lenticels; blade 0.7-0.9 mm thick when fresh, lan-
ceolate-narrowly elliptic to ovate-elliptic, sometimes slightly falcate, slightly
trough-shaped to flat, 4-27 x 1- 15 cm, base nearly cuneate, obtuse or subcor-
date, apex acute to acuminate, upper surface glossy, very rarely dull, (very) pale
to dark green, lower surface dull, occasionally glossy, very pale (milkish) to
darker green or (brownish) red-purple, gometimes green with red veins and mar-

gins, margin nearly smooth or weakly to distinctly sinuate with minute teeth

where the secondary veins and their branches terminate in the margin, the teeth
ple craspedodromous

often disappearing with age; venation pinnate, of the sim .
type, and inconspicuous on the upper surface of the blade, primary vein moder-

ate in size, straight or slightly curved, usually prominent o1l the lower surface,
secondary veins 4—9 on each side diverging from the primary vein at narrow
lightly to distinctly curved;

or moderate angles, of moderate size and straight or s
not, only partly or entirely prominent on ihe lower surface.

Inflorescences unisexual, axillary, usually produced on the herbaceous €x-
tremity of the stem.

Male inflorescences when expanded lax, many-flowered with up to c. 70
flowers, depauperate inflorescences may have as few as 2 Of 3 flowers; peduncle
(pale) green to reddish or brownish green, rerete, 10—(15-90)—100 x 1.5-3
mm, terminated by 2 bracts, these greet, initially unilaterally fused and clasping
the apex of the peduncle, usually separating, when fused widely depressed ovate,
occasionally with two apices, 1.5—-10{15)x 1.5— 11 (15) mm, when free broadly
to narrowly triangular-ovate with a more or less acute apeX, 1-7x -4 mm,
often not opposite each other and inserted at different vertical levels, pedun'cle
usually extending above the fused bracts or the uppermost br?ct, the extenston
(0.5 -) 2—-7 mm long up to the first branching, the main ax1s usuglly slightly
continuing above this branching and terminating in the top flower, axes of the
1-st order c. 2—4 mm long, those of the higher orders gradually shorter, the
final axes ¢. 0.5 mm long, superior bracts inserted on the axes of the 1-st and

2.nd order, broadly to narrowly triangular-ovate with a more or fess acute apex,
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0.5—4 mm long and up to 1.5 mm wide, vestigial or absent on the axes of the
3-rd and higher orders.

Male flowers pendulous in bud becoming erect at anthesis, more or less flat-
tened, buds less than 4 mm thick when fresh, with a greenish white to pink per-
ianth cylinder, terete, (3) 4—10 (11) x 0.5-1 mm at anthesis; perianth segments
4 in two opposite pairs forming a cross, very rarely the inner pair absent, white
and (dark) pink, usually variegated, rarely pure white, outer segments rarely
narrowly elliptic-obovate, usually elliptic-obovate, sometimes nearly orbicular,
the apex obtuse, (3 -) 5-8 (-10) x 3-8 (10) mm, 0.3-0.6 mm thick when fresh,
inner segments usually (narrowly) elliptic-obovate, rarely wider, the apex
obtuse, 2.5—7 (8) x 1 -2 (2.5) mm, c. 0.2 mm thick when fresh, sometimes ref-
lexed: androecium a zygomorphic fascicle of (8) 11-34 (40) stamens, filaments
{dark) pink, fused at their bases, free parts c. 0.1-0.7 mm long, anthers yellow,
sometimes orange, basifixed, narrowly oblong, usually widening towards the
apex, 1-1.8 x ¢c. 1 mm, dehiscing by two apical pores which are more or less
hidden by the cucullate anther apex, orientation of the front side of all anthers
towards the proximal side of the androecium and the axis of the inflorescence.

Female inflorescences 1-(2-)flowered, up to 3-flowered in cultivated plants,
peduncle (0.5)2-5(8) x c. 1.5 mm, bracts sometimes unilaterally fused, narrowly
triangular-ovate, up to 1.2 x 0.3 mm or absent,

Female flower with 4 perianth segments, similar to those of the male flower,
outer segments 710 x 5—7 mm, inner segments (3) 5~7 x 1.5-4 mm; styles
(2, 3) 4 (5), white to pink, fused at their base, each with two spreading arms,
fused part 0.1-0.5 mm, free part 1-2 mm and the style arms ¢. 1.5 (2.5) mm
long, the free style parts more or less papillose, stigma a yellow, sometimes
orange, papillose and horse shoe-shaped band embracing the style arms, each
end of the band coiling once or rarely twice around the apex of an arm. The
ovary cqntinuous with the pedicel, in the terminal flower the pedicel proper
usuaily distinct and elongated, (pinkish) green with pale green lenticels, fusiform,
usually curved, 10-18 (24) x 2.5- 5.5 mm, multi (3-5)-locular with axile placen-
tation in the lower part and unilocular with parietal placentation in the upper
part, each septum with the placentae cross-shaped in transverse section, ovules
anatropous, ovule position in the locules epitropous, the raphe situated away
from the axis of the ovary.

Infr_uctescences with 1 (2) fruit, fruiting peduncle 2— 7 x ¢. 2 mm, fruit fusiform
and slightly curved, very rarcly obpiriform, (reddish) green to brown red with
some pale green lenticels, 11-30 (-40) x 3-7 mm, tapering towards the apex
or ¢ylindric.
na{\g;::zr; g:;tol;n;;:il:l f;ggt(izgltl\éat;d glants: only, dehiscing by 1-3 longitgdi-
lar aril g. deeds botuliform, ¢. 1 x 0.5 mm, with a funicu-

Ta. g t, con y s

Somatic chromosome numbers 2n =(34) 36— L
(tetraploid). | (34) 3638 (diploid) and 2n = 71-73
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Vernacular name; sang-mongongo (Fang),

Specimens examined;

NIGERIA: Unyene, Stubbs Creek Forest Reserve, ¢. 04 40N-08 00E, Keay in FHI 37714 (F HLK};
Oban, Aningeje, falls in the Kwa River, 05 17N-08 33F, Onochie in FHT 34863 (FHLK); s. loc.,
Sharland s.n. (1950) (K}); s.lec., Talbot 1568 (BM); Oban, 05 17N-08 33E, Talbet 1741 (BMY; Ekinta
River Forest Reserve, 05 00N-08 30E, Van Meer 1168 (FHLWAG),

CAMEROUN: Lolodorf (region), Mt, Ngovayang, 03 14N-10 44E, dunet 223 (P); id., Mt. Finde,
03 14N-10 44E, Alt. 1000 m, Annet 276 (P); id., 03 14N-10 44E, Amner 287 (P); id.; My, Finds,
03 14N-10 44E, dnnet 308 (P}, id., Bikeligi, 03 14N 10 44E, Annet 424 (P); Bule couniry, Efulen,
02 4TN-10 32E, Bates 300 (BM, G, K, Z); Kribi-Lolodorf, 18 km, 03 00N-1002F, Bos 4070 {WAG),
Melen Forest, Kribi-Ebolowa, 27 km, 02 5IN-10 05E, Bos 6194 (K, P, WAG); Nkolbewsa, Kribi-
Ebalowa, 34 krm, 02 49N-10) OSE, Bos 6239 (MO, WAG); 4 km N of Ekekam, 03 55N-i1 22E,
Dang 635 (P, WAG, YA): Nkol Djobe, Mbaminkom Mis, 03 57N-11 22E, Dang 675 (P, WAG,
YA); Akoakas, N'Koemvone-Ambam, 24 km, 02 43N [1 16E, 656 m, De Wilde, J.J, 7463 (WAG);
N’Koemvone-Akoakas-Ambam, 3.5km, 02 48N-11 10E, De Wilde, J.J. 7538 (WAG); Ekouk, Ebo-
lowa-Mbalmayo, 23 km, 03 0ON-11 15E, De Wilde, J.J. 7724 (WAG, YA); 15 km S of Ebolowa,
02 52N-11 OSE, De Wilde, W.J. & B. de Wilde-Duyfjes 2020 (BR, MO, WAG); E of Kribi near
the Kienke River, c. 02 55N-09 55, Dinklage 1499 (B: holotype; HBG isotype); Bamenda district,
€. 06 0ON-1000E, Jackson in Keay in FHI 46309 (FHI); Lolodorf, Mt. Minn, 01 14N-1044E, Jucgues-
Felix 9173 (P); Cameronm Mts, Mapanja, 04 07TN-09 07E, Kalbreyer 135 (B, K); Mbo Forest
Reserve, Kumba-Mamfe, 75 km, 05 14N-09 53, Keay in FHI 37551 (BR, FHI, K); Akonetye,
Ngongonjie hill, 02 30N-10 00, Koufani 45 (YA), 149 (WAG, YA); Nkolembonda, 02 50N-10
0OE, Alt. 200 m, Ledermann 846 (B); Mbule, western slope of Mi. Koupé, 04 47N-09 41E, Alt,
800-1000 m, Lecuwenberg 9288, 9294 (WAGY); Bella, 45 km NE of Kribi, 03 16N-10 13E, Letouzey
4121 (P); Mvan, 5 km SW of Oveng, 02 25N-12 12E, Letouzey 8201 (BR, P, WAG); 10 km SSE
of Zingui, 45 km SE of Kribi, between the rivers Niete and Minsomo, 02 42N-10 06, Letouzey
2005 (P); 15-20 ken SW of Zingui, 45 km SSE of Kribi, 02 43N-10 07, Letouzey 9123 (P); Akoakas,
25 km SE of Ebolowa, 02 43N-i1 14E, Letouzey 9993 (P); Log Mbo, 25 km E_SE of Yingui, 05
14N-09 58E, Letouzey 10982 (BR, K, P, WAG); Nkot Tsia, 18 km NW of Bipindi, 03 15N-10 05E,
Alt.488 m, Letouzey 12704 (P); near Nsola, 20 km N of Bipindi, 03 15N-10 25E, Letouzey 12308
(X, P); near Nyang, Akwaya-Mamfe trail, 25 kin NNE of Mamfe, 05 50N-09 20E, Letouzey 14146
(P, YA); western slope of Mt. Nlonako, 5 km SSE of Nkongsamba, 04 58N-09 S7E, Alt. 1000
m, Letouzey 14450 (P, WAG); hill NW of Ngouti, 15 km NNW of Tombel, 04 52N-09 40E, Alt,
930 m, Letouzey 14665 (P); Korup Forest Reserve, 05 00N-08 SOE, Letouzey J5115 (P, WAG),
15135 (P, WAG, YA); Victoria (Oeckethausen}, c. (04 00N-09 00E, Alt. 250 m, Ludwigs 600 (B:
= B. ludwigsii Gilg, nomen nudum); Fbolowa station, 02 S4N-11 08E, Alt. 650-900 m, Mildbraed
35636 (B, HBG), Ekouk, 22 km E of Ebolowa, 03 00N-11 158, Alt. 700 m, Mildbraed 5.72}’ (B,
HBG); Fenda, 58 km E of Kribi, c. 03 00N-11 30E, Alt. 200 m, Mildbraed 5925 (B, HBG), Mildbread
3973 (B); Besou, 45 km E of Batanga, 02 50N-10 30E, Alt. 100-140 m, Mildbread 6068 (B, HBG);
Akoskas, 27 km SE of Ebolowa, 02 43N-11 16E, Raynal, J. & A. 9709 (P); Ebolowa, 02 54N-11
O8E, Raynal, J. & A. 10349 (P); Djabilobe, 54 km ESE of Kribi, 02 48N -10 19K, Raynal, J. &
A, 16391 (P)’ Mokoko River Forest Reserve, 04 26N-09 24E, Alt. 280 nt, Satabié 295 (P), between
Mafara and Mundame, c. 04 30N-09 30, Alt. 300 m, Schlechter 12918 (B: holotype of B. macrura
Gilg), Sebito, promontory between Ebolowa and Campo, c. 02 30N-10 30E, Schultze in gﬁ;ﬂfo
6168 (B, HBG); Sogebafam, NE of Campo, promontory between Ebolowa and Campo, c. ’ N "
30E, Schultze in Mildbraed 6183 (B, HBG); Nkolumbimbe, promontary between Ebo cwz’; and
Campe, . 02 30N-10 30E, Schultze in Mildbraed 6189 (B: = B. kribensis fEngl.., nomen m;:r;):
fails in the Kom River, Kribi-Campo region, c. 02 30N-10 30E, Schuitze in Mildbraed ggE Liz,
Douala/Edea Forest c. 03 55N-09 50E, Thomas 181 (K); Korup Nat. Park, ({:103]13;]3 Trom
50 m, Thomas 3176 (WAG); Mundemba town, forest relicts, 05 58N -8 5SE, t.DS mn;\; g
& Mambo 4203, 4242 (WAG); Korup Nat. Park, Ndian River at Pamol field 69, - »

: i NW of Bipindi, 03 10N-10
Alt. 50 m, Thomas 4318 (BR, WAG), 5573 (WAG); Nkol Tsia, 18 km 03
16E, Alt. 500 m, Villiers 781 (P), Nuanbong, 26 km NNE of Tombel, 04 SSN-09 45E Viltiers 1481
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(YA); Bipindi(hof), 03 05N 10 25E, Zenker 3630 (B), 3098 (B: holotype of B. bipindensis Gilg ex
Engl., isotypes B, BM, E, G, K ); 3152 (B: holotype of B. crassipes Gilg ex Engl,, isotypes B, BM,
BR,E, G, HBG, K, W, Z); 3666 (B, BM, E, G, K); s.n,, 1918 (I);

BEQUATORIAL GUINEA: Alen, 15 Miles froi the mouth of the Benito River, 01 35N-09 35E,
Baies 594 (P, G), Mallico Bahunguy, Benito River, 80 km E of the ocean, 01 30N-10 50E, Guiral
s.n., 29-7-1885 (P); 52 km from Bata, Rio Benito road, River Metom, 01 45N-10 10E, Sanford
5801, 5825 (K), 5848 (IFE, K); Fernando Poo, Balacha-Ureka, 03 20N-08 35E, Guirnea 2283 (MA);
id., northern slope of Mt. St. Isabel, above Basilé, 03 45N-08 25E, Alt. 600-800 m, Mildbread 6394
(B: fiolotype of B. gladiifolia Engl.); id., Caldera, San Carlos, Ruiche trail, 03 45N-08 25E, Sanford
4426 (K); '

GABON: Chaillu Mts, Mouila-Yeno, 37 km, 01 408-11 20E, Alt. 170 m, Arends, De Wilde &
Louis 483 (WAG); Crystal Mts, Tchimbélé, Mbei River, 00 37N-10 25E, Alt. 400 m, Breteler &
De Wilde (1978 }-40 (WAGY); id., Asok-Tchimbélé, 13 km, 00 38N-10 23E, Breteler & De Wilde
(1978)-43 (WAG); id.,9 km W of Asok, 0043N-10 20E, Alt. 310m, Breteler & De Wilde (1978 )-154,
in part, mixed with B. squamulosa (WAG); id., 15 km NE of Agok, 00 45N-10 26E, Alt. 600-700
m, Breteler & De Wilde (1978)-196 (WAG); id., Asok-Tchimbélé, 5 km, 00 41N-10 25E, Alt. 750
m, Breteler & De Wilde [ 1978 )-204 (WAG); id., Asok-Tchimbélé, 3 km, (0 41N-10 23E, Alt. 500
m, Breteler & De Wilde (1978)-297 (WAQG); id,, Mt, Mela, c. 00 35N-1 15E, Alt. 580 m, Breteler
& De Wilde (1978)- 323 (WAG); id., Kinguélé, Mbei River, 00 27N-10 17E, Alt, 70 m, Breteler
& De Wilde (1978)-356 (WAGQG); Bélinga, Babiel-Nord, southern slope, 01 15N-13 10E, Alt. 900
m, Breteler & De Wilde (1978)-600 (WAG); Rabi-Kounga oil figld, 01 555-09 50E, Breteler, Jong-
kind et al. 9479 (WAG); Crystal Mts, E of Mela, Mytsibe-Zang Rivers, 00 35N-10 15E, Alt. 250
m, De Wilde, J.J. et al. 1983)-156, 159 (WAG); id., Tchimbélé-Kinguélé, 10 km, 00 38N-10 21E,
De Wilde, J.J. et al. (1983)-180 (WAGY; id., Tchimbélé-Kinguélé, 23 km, 00 37N-10 21E, Alt. 380
m, De Wilde, J.J. et al.(1983)-216 (WAG); Chailu Mts, near Mouyanama, 15 km of the road
Mimonge-Mbigou, 02 385-11 45E, De Wilde, J.J. et al.{1983)-326, 483 (WAG); Ntoum-Akok-
Cocobeach, 70 km, 00 S0N-09 25E, Alt. 15 m, De Wilde, J.J. et al (1983 )-s.n. (WAG); Crystal-
Mits, Kinguélé, Mbei river, 00 27N-10 17E, Alt.100 m, De Wilde, Arends & de Bruin 8840, 8841,
8848 (WAG); Doussa River, 10 km S along forest exploitation road, Mayumba-Tchibanga, 22 km,
03 22N-10 44E, Alt. 10 m, De Wilde, Arends & de Brujjn 9215, 9270 (WAG); Rabi-Kounga oil
field, 01 558-09 50E, Alt. 10 m, De Wilde, Arends et al. 9853 (WAG); Crystal Mts, Tchimbélé,
Alt. 600 m, De Wilde, Arends et al, 10037 (LBV, WAG); id,, 2 km 8 Kinguélé, Mbei River, 00
27N-10 16E, Alt. 100 m, De Wilde & Sosef 10195 (WAG); id., Techimbélé-Kinguélé, 23 km, 060 32N-10
17E, Alt. 450 m, De Wilde & Sosef 10229 (WAG); Bélinga, Babiel-Nord, eastern slope, 81 07N-13
10E, Alt. 800 m, Elias & Sterck in A.M. Lowiv 2334 (WAGY); id., Mebem River, 01 05N-13 11E,
Alt, 580 m, Elies & Sterck in AM. Louis 2360, 2383 (WAG); Makokoun, Ivindo River, 00 34N-12
52E, Alt. 480 m, Gentry 33019 (MO); Crystal Mts, Abanga River, c.01 15N-13 10E, Hallé 2193,
2194 (P); Btlinga, 0] 15N-13 10E, Alt. 750-800 m, Hallé 2992, 3246, 3363, 3372, 3781 (P); 4011
(K, P); Chaillu Mts, Etéké River, 01 258-11 30E, Alt. 670 m, Hallé & Cours 5899 (P); Crystal Mts,
Kinguélé road 00 28N-10 18E, Hallé & Villiers 4527, 4558 (P); id., 6 km S of Asok, 00 42N-10
23E, Hallé & Villiers 4723 (P); id., Sanga River, 00 33N-10 08, Hallé & Villiers 5297 (P);id,, 12
km SW of Kinguélé, 00 26N-10 16E, Hallé & Villiers 5381 (P: holotype of B. nicolai-hallei Wilcz.);
Chaijllu Mts, Massika, between Mouila and Yeno, 01 408 11 15E, Alt. ¢. 550 m., Louis & Nzabi
3044 (LBV, WAG); id., Piti Massango, 01 358-11 18F, Le Testu 5265 (BM); id., between Ngoumbi
and Ighouma, 01 408-11 06E, Le Tesu 5275 (BM); id., falls in the Mboumi River near Mbigou,
01 545 11 56E, Le Testu 5409 (BM, BR); id., Bangondji Badouma, 02 178-12 00E, Le Testu 5429
(BM); Chaillu Mts, falls in the Nyanga River near Mouvounga, 02 508-12 O0E, Le Testu 5454
(BM, BR, LISC); id., Itava ?, April 4, 1925, 02 01S-12 O1E, Le Testu s.n. (BM); Nouna River,
01 28N-13 O0E, Wilks, MINK-W 611 (WAG); id., 01 49N-12 50F, Wilks, MINK-D 55 (WAQG);
Nyanga River 7, 5. loc., Pobeguin s.n., ( Lever Brothers Exped. 1913) (P), Doudon Mts, 60 km SSW
of Doussala, 02 378-10 35E, Reitsma 3246 (WAG); Gabon/Congo: s. loc., ¢. 03 00S-12 00E, Thollon
s, (P); Crystal Mts, 11 km NNE of Tehimbélé, 00 42N-10 27E, Wieringa 801 (WAG); id., 1 km
WNW of Techimbélé, 00 37N-10 23E, Alt. 460 m, Wieringa 915 (WAG);

CONGO: M’Vouti, 04 155-12 25E, Barabé 86-99, eulta MT (MT, WAG); Komono, Bouba road,
03 158-13 15E, Bouguet & Sita 2345 (P); road of the new Maamar Camp, ¢, 03 00S-12 O0E, Sita
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3753 (P); Niari Region, Mt. Bamba, 04 145-12 32E, Alt, 550 m, La Croix 5016 (WAQG); Nukudi,
between Loambitsi and the Nyanga River, c. 03 008-12 00E, Sitq 4094 {BR);

ANGOLA-CABINDA: Maiombe, Belize, Mbule hills, source Zanza-Lufo River, ¢.04 305-12
40E, Gossweiler 7811 (BM, COL X, LISUY;

ZAIRE: Masisi-Walikale, 01 255-28 30E, Beguaert 6474 (BR); INERA, Lundu, Tshela, 04 455-13
03E, Breyne 2751 (BR); Mayumbe, between Lukula and Boma, 05 235-12 57E, Cabra 115(B, BR);
Irangi, 70 km W of Lake Kivu, 01 535-28 27E, Alt. 750 m, Cambridge Congo Exp. ([958)-295
(BM), 318 bis (BM, BR, LISC); Monkoto Nat, Park, Yongo River Yenge trail, 01 385-20 39E,
Evrard 4740 (BR); Bola-Gombe, Ruki river, 00 05N-18 16E, Gentil s.n. (June 1903); Bikoro, Lake
Tumba, 00 458-18 07E, Goossens 1579 (BR); Injolo, 00 118-18 28E, Lauren: 1695 (BR), 1702 (BR:
holotype of B. gracifipetiolata De Wild., B isotype); between Masisi and Walikale, 01 255-28 30E,
Alt. 1140 m, Lebrur 5164 (BR); Urega (Manicma) ¢.03 008-28 O0E, AN. 1200 m, Lebrun 5505 (BR);
Kampala, Walikale, 01 255-28 03E, Alt. 700 m, Léonard 1605, 1664 (BR); Kisanga, Shabunda,
G2 278-28 15E, Alt. 1100 m, Léonard 3916 (BR, K); Buta-Bima, ¢. 03 005-25 00E, Séret 120 (BR);
Ttebero-Utu, 3 km, 01 428-28-07E, Alt. 700 m, Troupin 2455 (BR); Kivn, Irangi, IRSAC reserve,
Luhoho River, 01 535.28 27E, Alt. 850 m, Van der Veken 9724 (WAG); St, Trudon, 05 045-23
28E, Van Kerckhoven 11 (BR).

4. B. pelargoniiflora J.J. de Wilde & J.C. Arends, spec. nov. .
% -Figs, 5-2f, 5-8B, 6-6a, 8-2, 8-18 Plate 4 (p. 204), Map 3 (p. 206)

Planta epiphytica vel rupicola, habitu proxime aequans B. longipetiolatae tamen
differt stipulis plerumque triangularis, laminis foliorum superne interdum squa-
mis instructis ac inflorescentiis interdum bisexualibus. Inflorescentia similis
umbelliformis 7 - 20 flores ferens, omnis peduncuto 2 ¢ excedenti femina inclu-
dens, bracteis superioribus humerosis dum axes primorum et sequentium ordi-
num brevissimi vel desunt. Flores tepalis exterioribus late ovatis et subcordatis,
saltem 20 x 15 mm, tepalis interioribus ellipticis, saltem 10 x 4.5 mm. Flores
masculi antheris c. 4 mm longis, flores feminei quattuoribus stylis muniti, ¢.
7 mm longis (pars connata et ramuli styli includens). Granum pollinis distincte
prolatum, latere convexum, ¢. 21 x 12 pm.

Type: Cameroun, western slope of Mt. Nlonako, § km SSE of Nkongsamba,
Letouzey 14448 (holotype P, isotypes WAG, YA).

Description: Monoecious, succulent, lepidote p]ants_, growling on tree-ferns and
rocks, with creeping stems, rooting at the nodes; with an indumentum of scat-
tered dentate scales on stem, abaxial surface of stipules, petioles, both surfaqes
of the blade, peduncle, all bracts, perianth cylinder, pediceliate ovary and abaxial
surface of the outer perianth segments. o

Stems at least 20 cm long, terete and solid, usually not branched, dr:ed.stems
dark brown, 3- 6 mm in diam., interncdes 1--4.5 cm long; stipules persistent,
usually triangular, sometimes narrowly so, apex acuminate, 15-25x5-10mm,

Leaves attached to the side of the stem away from the substrate (several succes-
sive nodes may not bear leaves, as leaves do not always develop on each no.de),
petiole canaliculate on the upper side, 727 cmlong; blade aimost symmctn'-lcal,
narrowly ovate to ovate, base obtuse, truncate or subcc?rdate, apex acuminate
to cuspidate, 8—30 x 6—15 cm, margin smooth, occasionally, particularly in
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young leaves, slightly sinuate, with minute teeth where the secondary veins and
their branches terminate in the margin; venation pinnate, of the simple craspe-
dodromous type, primary vein straight and prominent on the lower surface,
secondary veins 49 on each side diverging from the primary vein at moderate
angles, straight or slightly curved, conspicuous and partly prominent on the
lower surface.

Inflorescences axillary, restricted to the apex of the stem, unisexual, but occa-
sionally bisexual, all inflorescences similar, 7- to 20-flowered; peduncle 212
cm long, up to c. 5 mm in diam., terminated by 2 bracts, these caducous and
supporting the remainder of the umbelliform inflorescence; axes of the 1-st and
higher orders very much reduced in length or absent, the number of superior
bracts related to the number of flowers, elliptic, apex acute, up to 23 x4.5 mm.

Male flower white with a terete perianth cylinder, 15—35 mm long, perianth
segments 4, in two opposite pairs forming a cross, outer segments broadly ovate,
base subcordate, apex obtuse, 2022 xc. 15 mm, inner segments elliptic, apex
acute, shallowly boat-shaped, 10-12x 4.5—8 mm; androecium a weakly zygo-
morphic fascicle of 16—28 stamens, filaments fused at their very base only, simi-
lar in length, c. 1 mm long, anthers basifixed, narrowly oblong, C. 4 x 1 mm,
apex cucullate with two pores, the front side of all anthers oriented in the same
direction.

Female flower with 4 perianth-segments, similar to those of the male flower,
caducous; styles (3) 4, fused at their very base, each with two spreading arms,
fused part ¢. 1 mm, free part €. 9 5 mm and the arms ¢. 3.5 mm long; stigma
a papillose horse shoe-shaped band embracing the style arms, each end of the
band coiling almost twice around the apex of the arm. The pedic.:ellat.e ovary
slender, up to 5 cm long, the ovary fusiform, possibly with 4 faint ribs, ¢. 5
mm in diam., gradually tapering into the pedicel. _

The single infructescence known contains 10 immature fruits, the pediceliate
fruit up to 10 em long. Mature fruits and seeds unknown.

Pollen grains distinctly prolate with convex sides, ¢. 21 x 12pm.

Etymology: the specific epithet alludes to the inflorescences which superfi-
cially resemble those of cultivated Pelargonium zonale L’Hér.

Specimens examined:
CAMEROUN: western slope of Mt. Nlonako,
1000 m, Letouzey 14448 (P, WAG, YA);
EQUATORIAL GUINEA: Fernando Poo,
Sanford 4440 (MO), 4442 (IFE).

5 km SSE of Nkongsamba, 04 58N-09 57E, Alt.

Caldera, San Carlos, Ruiche trail, 03 45N-08 25E,

Plate 4. B. pelargoniiflora; 1 habit, extremity, the two inflorescences wit_h female flowers and fruits
(x 2/3); 2: top of leaf (x 2/3); 3 male inflorescence (x 2{3% 4:_ androecivm (X §); 5 anther, It“ro'nt
{x 6); 6: top of gynoecium (X 6); 7: style, adaxial side (x 6); 8: infructescence with immature fruits

(x2/3); 9 leaf trichomes (x 30).
1 and 4-8: Letouzey 14448 (herb.); 2: Sanford 4440 (herb.); 3 Sanford 4442 (herb.).
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5. B: rwandensis J.C. Arends, spec .nov. Plate 5 (208), Map 1 (p. 188)
Figs. 5-2¢, 5-8A, 5-14b, 6-13b, 8-3, 8-19.

Planta epiphytica caulibus repentibus habitu fere B. karperi aequans, tamen dif-
ff:rt caulibus crassioribus (in sicco diam. c. 2.5 5 mm), stipulis tamdiu persisten-
tibus, triangularis, foliis crassioribus (in vivo ¢. 2 mm). Inflorescentia mascula
usque ad quinque florata, pedunculo elongato longitudinec. 45— 75mm, gerente
apicl duas bracteas oppositas separatas, \ate triangulares vel ovatas et fere cym-
biformes, usque ad 5 x 3 mm. Axes primi clongati usque ad 5 mm longi. Flos
mascula periantio cylindrico usque ad 12 mm longo munita, tepalis exterioribus
!ate ellipticis ad obovatis, interdum leviter cordatis, saltem ¢. 9 x 8 mm, tepalis
mter.ioribus (anguste) ellipticis, saltem ¢. 6 x 2 mm. Androecium ¢. 20 stamina
continens, antheris c. 3 mm longis. Granum pollinis prolatum, lateraliter con-
vexum, ¢. 25x 13 um.

Type: Rwanda, Cyangugy, Rangiro region, Rutabanzogera, Bridson 380 (holo-
type K, isotypes BR, WAG).

Description: Monoecious, succulent, lepidote, epiphytic plants with creeping
stems, rooting at the nodes; with a more or less dense indumentum of dentate
scales on stem, abaxial surface of stipules, petiole, tower surface of the blade,
pedundle, all bracts, perianth cylinder, pedicellate ovary and abaxial surface of

the outer perianth segments.
Stemns at least 45 cm long, occasionally tranching, terete and solid, the
Hlowish brown, C.

younger part succulent, the older part woody; dried stems ye
2.5- 5 mm in diam., internodes (1) 1.5—3.5 cm long (ratio of blade- and inter-
node-length 2—4). Stipuleé more or less persistent on the younger and marces-
cent on the older part of the stem, triangular, 6 - 12X 4--6 mm, acute.

Leaves attached to the side of the stem away from the substrate; petiole terete,
3-9cm long; blade distinctly succulent, fleshy, ¢. 2mm thick when fresh, almost
symmetrical and peltate (the petiole attached 2—3 mm from the base), ovate,
3-7x 2—4 cm, base rounded or almost subcordate, apex acute to acuminate,
upper surface bright apple green with a purplish margin, lower surface reddish,
margin smooth of somewhat sinuate, with minute teeth where the primary and
the secondary veins terminate in the margin; venation actinodromous with 3
primary veins, the median vein more of less straight, the others straight to

slightly curved.
Inflorescences unjsexual

stem.
uncle (30) 43— 75 x 1.5 mm, ter-

Male inflorescence lax, up 10 5-flowered, ped _
h other, broadly trian gular-ovate, apex

minated by 2 bracts, these free from eac . _
acute, shallowly boat-shaped, up to 5 x 5 mm, the main axis _extendmg up to
3 mm beyond the bracts into the perianth cylinder of the terminal flower, axes
of the 1-st order up to 5 mm long, €X m beyond the bracts

on these axes, these bracts triangular, up to

and axillary, produced on the younger part of the

tending c. 1-2 M
2.5x 1.5mm.
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Male flower pink with reddish veins, with a terete perianth cylinder, up to
12 mm long, perianth segments 4 in two opposite pairs forming a cross, outer
segments broadly elliptic to obovate, {7} 9-12 x (6) 8—10 mm, occasionally
almost subcordate, inner segmets (narrowly) elliptic, 6—10 x 2—3 mm; androe-
cium a zygomorphic fascicle of c. 20 stamens, the filaments fused at their base,
free parts up to 3 mm long, anthers basifixed, narrowly oblong, up to 3.0 (3.5)
x ¢. 0.5 mm, dehiscing by two apical pores, apex cucullate, the front side of
all anthers oriented towards the proximal side of the androecium.

Female inflorescence initially 3-flowered, but at anthesis 1-flowered by abor-
tion of the other two, peduncle ¢. 1 mm long, bracts triangular, ¢. 3 x 2 mm,
superior bracts 1 or 2, narrowly triangular, ¢. 2x 0.5 mm.

Female flower more or less similar to the male flower, outer segments oblate
to almost reniform, c. 6 x 8 mm, inner segments elliptic to obovate, c. 5x 2
mm; styles 3 (or 4 7), fused at their very base, each with two spreading arms,
free style part ¢. 2.5 mm and the arms ¢. 1 mm Jong; stigma a papillose and
horse shoe-shaped band embracing the style arms, each end of the band coiling
once around the apex of the arm. The ovary continuous with the pedicel, fusi-
form, ¢. 23 x 4 mm.

Thfructescence with 1 fruit, fruiting peduncle ¢. 7 mm long; fruit fusiform,
dark reddish brown, apex flat with a circular rim, up to 29 x 6 mm. Mature
fruits not known. Seeds botuliform, with a small funicular aril, c. 1 x 0.5 mm.

Pollen grains prolate with convex sides, ¢. 25 x 12— 14 ym..

Specimens examined:
ZAIRE: Mushwere (Kabare), 02 348-28 36E, Alt. 2000 m, Van Roeckhoudt 12 (BR);
RWANDA: Rugege Forest, 2 km before Gisakura on the road Butare-Cyangugu, 02 308-29

“15E, Alt. 1950 m, Auguier 3360 (LG); Nyungwe Forest near Gisakura, 02 265-29 04, Alt. 1900

m, Bouxin 164 (BR,LG); Nyungwe Forest, Kamiranzovu Marsh, 02 308-29 09E, Alt. 1950 m, Bouxin

257 (BR, GENT, K, LG), 1122 (BR, LG); Rangiro region, Rutabanzogera, 02 285-29 09E, Alt.

1700 m, Bridson 380 (BR, K, WAG); Butare-Cyangugu, 100 km, 02 308-29 L0E, Alt. 2000 m, Bridson

474 (BR,K).

Plate 5. B. rwandensis; 1: habit, extremity with two mature fruits (x 2/3), 2: young femi:e inﬂ;})t:ei
cence; a: bracts, b: superior bracts of lateral axes; ¢ end flower (x 14); 3: idem, outside (x 9); 4

male inflorescence before anthesis (x 2); 5: male flower taken from the top of a lateral axis (x 2%,

5! 7 and 3: all.d] oecium OTtl 4 e, lateral (X 6 9 l“ aﬂd 11: ptoxnll l f ont, 1¢a
] 1 )l a men, el
> fr t, [Cvers ( ) sta e(ﬂ [) t, rear

and lateral {(x 12); 12: distal stamen, front (x 12} reseence (%
of g‘jnoeciugn (x )6); 15: apex of style, abaxial side {x 12); 16 seed (x 20); 17: fruit trichomes (x
20),

van Roeckhoudt 12 (herh.).

12and 13-17: Bridson 380 (herb.); 2and 3: Bouxin 164 (herb.); 4-12:
209
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6. B.squamulosa Hook. f. Plate 4 (p. 211), Map 3 {p. 206)
Figs. 4-1, 4-2, 5-2b, 5-4, 5-6A, 5-11, 6-4, 6-7a, 6-8a, 6-9¢, 6-10, 6-12, 7-5 to
7-9, 8-4 to 8-6.

B. squamulosa J.DD. Hooker in Oliver, Fl. Trop. Afr. 2: 579, 1871; Engler in
Engl. & Drude, Veg. Erde, 9 (3.2): 620 (in clavi), 1921, p.p., specimen Sierra
del Crystal only; Hallé & Raynal, Adansonia, nouv. sér., 6: 113, 1966, p.p., Mann
1654 only; Wilczek, Fl. Congo, Rwanda, Burundi, Begoniaceae 21, 1969, p.p.,
Christiaensen 1922 only; Hausler, Begonian, 50: 65, photo of inflorescence with
(monstrous) male, not female, flower, 1983.

Type: Gabon, Crystal Mts, Mann 1654 (holotype K, isotypes B, P).

homotypic synonym:
B. squamulosa Hook.{f. var. squamulosa, Hall¢, Adansonia, sér. 2, 12: 366, 1972.

misapplied name:

B. squamulosa auct. non Hook.f., Keay, Fl. West. Trop. Afr., ed. 2, (1.1): 220,
1954; Smith, Wasshausen et al., Begoniaceae, Smithsonian Contr. Bot. 60, 1986:
377, Fig. 13.17 depicts the cultivated specimen Raynal 9707 (= B. longipetio-
lata); 386, Fig. 14.31 depicts the type of B, macrura (= B. longipetiolata).

Description; Monoecious, succulent, epiphytic plants with creeping stems, root-
ing at the nodes, the roots c. 6.5—1 mm in diam.; with a more or less dense
indumentum of dentate scales present on stem, abaxial surface of stipules,
petioles, lower surface of blade, peduncle, axes of the 1-st and higher orders,
all bracts, perianth cylinder, pedicellate ovary, abaxial surface of the outer per-
ianth segments and characteristically also on the styles,

Stems up to 2 m long, straight or somewhat zig-zag, occasionally branching,
terete and solid, the younger part succulent, the older part woody, dried stems
(3-) 5—-8 mm in diam., (dark) brown, 6 — 10 mm in diam. when living, brownish
green and later greyish brown, internodes (2 -) 3.5—6 cm long [ratio of blade-

Plate 6. B. squamulosa; 1: habit, extremity with young male inflorescence (x 1/2); 12 and 1b: outlines
of transverse sections of the top and base of the petioles of a diploid (1a) and a tetraploid (1b)
plant (x 2); 2: habit, part of a narrow-leaved plant (x 1/2); 3: male inflorescence (x 1); 4: male flower
(x 2); & androecium, front side (x 6); 6: idem, reverse (x 6); 7 & 8: distal stamen, front and rear
respectively (x 10); 9: proximal stamen, front (x 10); 10: 1-flowered female inflorescence (x 2); 11:
top of gynoecium, on the styles some trichomes (x 5); 12 & 13: style, abaxial and adaxial view
respectively (x 5); 14: transverse section of ovary half-way alongits length (x 10); 15: ovary trichomes
(x 20); 16: closed mature fruit (x 1); 17: dehisced fruit (x 1); 18: seed with aril (x 20),

1 & 1a: Arends, De Wilde & Louis 371 (herb.) and cultivated material of the same collection; 1b:
De Wilde, Arends & de Bruijn 8839 (spirit); 2: Hallé & Viitiers 5272 (herb.); 3-9: Arends, De Wilde

& Louis 371 {spirit}; 10-13, 15-18: De Wilde, Arends et al.(1983)-119 (spirit), 14: culta Arends,
De Wilde & Louis 371,
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Leaves attached to the side of the stem away from the substrate; petioles more
or less terete, rarely flattened or scarcely canaliculate on the upper side, fapering
from the stem towards the blade, usually circular at the base and ovate at the
apex in transverse section, up to 9 mm in diam. at the base, up to 9 x 6 mm
at the apex, (3.5 -} 6—23 cm long, green to dark red-brown with pale green
linear lenticels; blade 0.5-0.9 mm thick when fresh, more or less symmetrical,
narrowly ovate, sometimes ovate, trough-shaped, 11-23 (26)x 3.5— 11 cm, base
obtuse, sometimes nearly cuneate or subcordate, apex acute to acuminate, occa-
sionally almost cuspidate, upper surface glossy, green, lower surface dull, very
rarely glossy, green, occasionaily entirely tinged with red or only so along the
veins; margin smooth or slightly sinuate, with minute teeth where the secondary
veins and their branches terminate in the margin, the teeth often disappearing
with age; venation conspicuous on the lower surface, pinnate of the simple cras-
pedodromous type, primary vein stout to moderate in size, more or less straight
and prominent on the lower surface, secondary veins (4) 5(6) on each side diverg-
ing from the primary vein by narrow to moderate angles, moderately in size,
straight to smoothly curved and often prominent.

Inflorescences unisexual, axillary, usually present at the herbaceous extremity
of the stem.

Male inflorescences when expanded dense, more than 5-flowered, in the wild
c. 10-25, in cultivation up to 60-flowered; peduncle purplish red-brown, terete,
(20 -) 30-60 (85) x (1.5) 2.5—-4.5 mm; terminated by 2 bracts, these supporting
the remainder of the inflorescence, (bronze)-green, initially unilaterally fused
and forming a broadly ovate to kidney-shaped structure with two minute tips,
clasping the apex of the peduncle, later separating and assuming an opposite
position, more or less broadly ovate with an acute apex, (2-)4-11x(2-)5-13
mm; axes of the 1-st and higher orders very much reduced in length and forming
collectively an irregularly shaped dome-like structure; the number of superior
bracts related to the number of axes, usually many, bronze-green, persistent,
later shrivelling and becoming dark brown, narrowly to broadly triangular,
somewhat boat-shaped and variable in size, the largest within an inflorescence
4-13x1.3-8 mm.

Male flower erect in bud, the buds more or less globose, 7— 10 mm in diam.
when fresh, with a terete, pink perianth-cylinder, 3—8 x 1~ 1.5 mm at anthesis,
perianth-segments 4 in two opposite pairs forming a cross, white to (dark) pink,
rarely red-purple, variegated; outer segments obovate, the apex obtuse, spoon-
shaped, dorsally convex, the adaxial side concave with a flat margin, 8- 12 x
6—9 mm, succulent, 0.7—1.4 mm thick when fresh, inner segments obovate-
elliptic, somewhat spoon-shaped, 67 x 3-4 mm, more or less succulent,
0.4-0.6 mm thick when fresh; androecium a zygomorphic fascicle of 20— 50
stamens; the pink filaments fused at their base, free parts 0.1—1 mm long;
anthers yellow, basifixed, narrowly oblong, gradually widening towards the
apex, (1.7) 1.8-2.2 (2.5) x c. 1 mm, dehiscent by two apical pores which are
more or less hidden by the cucullate anther apex; the anther front of most sta-
mens oriented towards the proximal side of the androecium and this in its turn
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faCiy o the 4xis ; . .
e Efﬂtrg i?thzfa glgrléli?éif:ence, but the peripheral stamens oriented towards

Fymale inflorescences 1-flowered (in cultivated plants up to 3-flowered)
alMygt Seggile; peduncle up to 3 mm long and ¢. 1.5 mm in diam., with 2 bractr;
that ;A he Unilaterally fused. ’

Feﬂ‘lale flower with 4 perianth segments, similar to those of the male flower
Qthr segments 10~17 x §-10 mm, inner segments 8—13 x 4-6 mm; styles 4
[in Qult“'atqd plants (3), 4 and (5)], white to pink, fused at their base, each with
t‘VSO spLeading arms, fused part c. 0.5 mm, free part 1.8—3 mm and the arms
1. ~2.5 yym long, the fused and the free style parts with 1-6 dentate scales;
stifnyg & vellow horse Shoe-shaped papillose band embracing the style arms,
351‘011 ¢nd of the band coiling (almost) twice, rarely once (observed in cultivated
plahygh aroind the apex of the arm. The ovary continuous with the pedicel,
fusigyrm ,0d ugually slightly curved, 15~ |7 x 4 mm, brownish green with pale
g%n le‘\tiae}s; multj (3-5)-locular with axile placentation in the basal part and
unilgeuly, with parietal placentation in the upper part; each septum with placen-
t'?al loP%s jp transverse section arrow-shaped, the ovules anatropous, ovule posi-
23;1 i the locules pleurotsopous, the raphe oriented towards the apex of the

Ty

Ifothegcence usyally with 1 (-3) fruit, fruiting peduncle ¢. 5 (50) x 1.5-2.5
MM Ceqagionally with 2 narrowly triangular bracts, 6--8 x 2— 3 mm; fruit dark-
bIGyp Wigh Some Pale Breetl, circular-oblong lenticels, fusiform, slightly curved,
19~20 % -8 mm, the apex cylindrical, sometimes tapering, ¢. 3 mm long, 2.5
M o dig-

. Maturg fruit dehiscing by 4 longitudinal slits, soon disintegrating. Seeds botu-
fifopp ¢, g X 0.5 mm, with a funicular aril.

Doflen graing perprolate, 27-35 wm long, 1215 i in diam., usually with
110y, OF |gg8 Concave sides,

,&ofﬂatio chromosome numbers 2n = 36, 38 (diploid)and 2n = 71-- 76 {tetrap-

101q)_

S5PygifMeyg eXamined:

(B)EQUAT‘oRIAL GUINEA: Rio Muni region, Neu-Kamerun, ¢. 01 0ON-10 00E, Escherich 248
57E, Alt. 320 m, Arends, De

G 4 POV Chaifu Mits, Waka river Forest explojtation, 01 185-10
Wity & 1pis 371 (WAG): Crystal Mts, 9 km W  Asck, 00 43N-10 20E, AlL. 310 m, Breteler
&, il (1978)- 154, in part, mixed with B. longipetiolata (WAGY; id.. Kinguélé, Mbei River,
00 3304-10' 7. Byeteler & De Wilde (1978)-333 (WAG), i, id., 20 km NW of Asok. 00 §3N-10
2RIt 31, De Wilde, J.J. et al. (1983)-100 (WAG): id., Tehimbélé-Kinguélé, 11 km, 00 37110
2R ge wyde. 5. g, et al, (1983)-119 (WAG):; id,, Techimbélé-Kinguélé, 10 km, 00 3§N-10 21E,
Al 20 v pe ilde, J.J. €t al. (1983)-181 (WAG); id., Tehimbélé-Kinguélé, 23 km, 00 37N-10
21N pe Wypde, J.J. et al, (1983)-220 (WAG); id., 20 km NW of Asok 00 53N-10 12E, Alt. 610
M 1o Wigge, 0. et al.(1983)-288 (WAGY, Kingaété, Mbei River, 00 27N-10 17, Alt 100 m,
De yyilde " yrends gt al, 3839 (WAG); id., Kinguélg-Tchimbélé, 25 km, 00 32N-10 17E, AlL. 350
™ by Wi}dg & Spsef 10056, 10091, 10246 (WAG), id., 2km S Kinguélé, Mbei River, 00 27N-10
16" Alt. 100 m, pe Witde & Sosef 10212 (WAG); id., Tebimbéle-Kinguélé, i1 xm, 00 34N-10 19E,
Al 00 v pe wilde & Soser 10266 (WAG) 13k NE of N'Djolé, 00 00-10 SO, Alt. 250 m.
De yilde  Sosef 10343 (WAG); Crystal Mts, Kinguélé, 00 27N-10 17E, Hallé & Villiers 4410
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(P); id., Sanga River, 00 33N-10 08E, Hallé¢ & Villiers 5272 (P), Crystal Mts, ¢.0! 00N-10 00E,
Mann 1654 (K: holotype, B, K, P isotypes);

ZAIRE: Kivu, Kalehe, IRSAC reserve, Irangi, Kavumu-Walikale, 110 km, Luhoho River, 01
538-28 27E, Alt. 850 m, Christiaensen 1904 (BR}, 1922 (BR, K); id., Irangi, IRSAC reserve, Luhoho
River, 01 538-28 27E, Alt. 850 m, Lambinon 78-279 (BR, LG).
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Index of (infra-)specific plant names.

(Names in italics are synonyms or nomina nuda, new names are in bold face,
numbers in italics refer to pages with illustrations).

Begonia aggeloptera N. Hall¢ 177

B. ampla Hook f. 17

B. augustinei Hemsley 41

B. ‘Bertinu’ 17

B. bipindensis Gilgex Engl. 2, 5,7, 31,195

B. cathayana Hemsley 16

B. cavallyensis A. Chev. 100

B. coccinea Hook. 41

B. corallina Carricre 85

B. crassipes Gilgex Engl. 2, 5, 31, 156, 195

B. dichroa Sprague 70

B. dregei Otto & Dietr. 85, 88, 8%, 143

B. x duchartrei Haage & Schmidt 85

B. echinosepala Regel 28

B. elacagnifolia Hook f. 1, 2, 4, 5, 7. 8, 10, 13, 14, 19, 19, 20, 21, 22, 23, 24,
25,26, 28, 32, 33, 34, 37, 38, 40, 41, 42, 42, 44, 45, 47, 48, 48, 49, 50, 52,
53, 55, 56, 59, 60, 67, 68, 73, 74, 77, 78, 19, 80, 80, 82, 83, 84, 85, 91, 92,
93, 94, 96, 97, 98, 99, 103, 131-139, 132-134, 135, 136, 138, 139, 140, 141,
142, 143, 144, 147, 149, 153, 155, 156, 157, 159, 160, 161, 161, 163, 164, 165,
166, 170, 171, 172, 173, 174, 175, 177, 179, 180, 181, 183, 184, 186, 187, 188,
189-191

B. elaeagnifolia auct. non Hook.f. 189

B. gigantea Wall. 13

B. gladiifolia Engl. 2, 5, 6,7, 31, 34,35, 63, 156, 196,197

B. gracilipetiolata De Wild. 2,5,7, 8,31, 34, 68, 156, 195, 196

B. handelii Irmsch. 85, 142

B. hispida Schott var. cucullata Irmsch. 37

B. horticola Irmsch. 88, 89, 104, 109, 113, 141, 142, 143, 144,

B. hypogaea H.J. Winkler 178

B. kﬁpegﬁ J.C.Arends 2, 4, 10, 13, 14,15, 19, 21, 22, 24, 25, 26, 28, 30, 32, 34,
48, 49, 51, 52, 53, 54, 55, 59, 60, 67, 68, 72, 73, 18, 79, 82, 84, 91, 92, 94,
96, 98, 153, 155, 156, 159, 160, 161, 163, 164, 165, 170, 171, 172,-173, 174,
175, 183, 184, 185, 188,191, 192, 193-195

B. kisuluana Biittn. 164 197 '

B. kribensis Engl. 2, 5,6, 31, 34,

B. longipetiola%a Gilg 1,4,5,6,7, 8,9 10, 11, 13, 14, 18, 19, 20, 22, 24, g,
26, 27, 28, 30, 31, 31, 32, 33, 34, 17, 39, 39, 40, 41, 47, 48, 48, 52, 53, ¥4,
55, 56, 60, 61, 62, 63, 64, 66 67, 68, 69, 70, 72, 73, 74, 75, 78, 79, 80, 82,
83, 84, 85, 91, 92, 93, 93, 94, 96, 98, 99, 103, 104-119, 106-109, 110-112, 114,
115, 117, 127, 130, 140, 141, 142, 143, 145, 147, 150, 151, 154, 155, 156, 157,
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158, 159, 160, 161, 163, 164, 165, 166, 167, 170, 172, 173, 174, 175, 1766,
179, 180, 183, 184, 185, 196, 197, 198, 199-203

B. loranthoides Hook.f. 17

B. ludwigsii Gilg ex Wilcz. 2, 7,31, 197

B. macrura Gilg 1, 5, 31, 34, 64, 180, 195

B. malachosticta Sands 22

B. manicata Brongn. 30

B. masoniana Irmsch. 104, 109, 115,119, 140, 142, 147

B. meyeri-johannis Engl. 147

B. natalensis Hook. 16

B. nicolai-hallei Wilcz. 2,3, 8, 31, 54, 55, 80, 97, 157, 160, 197

B. pelargoniiflora J.J. de Wilde & J.C. Arends 2, 3. 4, 13, 21, 25, 33, 33, 48,
52, 54, 55, 66, 67, 71, 72, 79, 81, 96, 98, 150, 154, 138, 161, 162, 163, 165,
166, 170,172,173, 182, 184, 185, 203, 204, 205, 206

B. poculifera Hook f. 17

B. polygonoides Hook.f. 8, 156

B. rex Putzeys 36

B. roxburghii A.DC. 142

B. rwandensis J.C. Arends 2, 3, 4, 8, 13, 24, 25, 26, 32, 33, 33, 34, 48, 49, 51,
52, 56, 64, 67, 68, 72, 78, 79, 81, 96, 97, 97, 98, 154, 138, 161, 162, 163, 164,
166, 170, 171,172, 182, 184, 185, 188, 207, 208, 209, 210

B. salaziensis (Gaud.)Warb. 72

B. schultzei Engl. 2,3,5,6,7,22,32, 32,33, 34, 65, 68, 91, 131, 186, 187

B. schultzei auct, non Engl. 189

B. socotrana Hook.f. 83

B. squamulosa Hook f. 1, 3,4, 5, 6,7, 8, 10, 13, 14, 16, 18, 20, 22, 24, 25, 26,
28, 29, 31, 31, 32, 33, 34, 37, 38, 39, 40, 41, 42, 43, 43, 44, 47, 48, 52, 54,
56, 64, 65, 66, 67, 68, 72, 73, 74, 75, 78, 79, 80, &80, 82, 83, 84, &S, 91, 92,
92, 94, 95, 96, 98, 118-131, [19-122, 124-]126, 128-130, 141, 142, 143, 144,
147, 149, 151, 154, 155, 156, 157, 159. 159, 163, 165, 166, 170, 171, 173, 174,
175, 176, 180, 181, 183, 184, 186, 206, 210, 211,212-214

B. squamulosa Hook.f. var. squamidosa 210

B. squamulosa Hook f. var. bipindensis (Gilg ex Engl.)N. Hallé 6, 34, 197

B. squamulosa auct. non Hook f. 210

B. subalpestris A. Chev. 70, 71

B. tawaensis Merrill 22

B. vellozoana Brade 41

B. wilczekiana N. Hallg 2, 3, 8, 22, 32, 34, 91, 186, 187

B. zenkeriana LB, Smith & Wassh. 177

Fevillea cordifolia L. 40

Hibbertia ebracteata Bur. ex Guillaum. 47

Hillebrandia sandwicensis Oliv. 35, 51, 72, 86, 87, 88, 89, 90, 104, 109, 110,
113 :
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