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Chapter 1

GENERAL INTRODUCTION

Summary

The research questions of the project are intratlucethis thesis, the results are presented of
biosystematic studies ifeltis, particularly African Celtis, the type genus of Celtidaceae,
formerly Ulmaceae-Celtidoideae (Elias 1970; Grudkaya 1967; Judd et al. 1994; Omori &
Terabayashi 1991, 1993; Ueda et al. 1997; Sond. €081). The African species @eltis
have been revised. We introduce the history of thmaceae family (morphology and

phylogeny).

1.1 Phylogeny

During the last decade, our knowledge and undeatstgrof phylogenetic relationships within the
Angiosperm has improved, this has been accomplihrgdly based on various studies (e.g. Chase
et al. 1993; Chase and Cox 1998; Soltis et al. 1988 et al. 2003). The classifications of the
Angiosperm phylogeny group (APG 1998; APG Il 2088ye been on the basis of these molecular
and phylogeny studies, leading to the recognitiba eeries of monophyletic orders and families.
Despite of advances in understanding phylogendaditems, there is a need for more studies
addressing the phylogeny and relationships betweerphology and phylogeny based on DNA
sequences (Endress et al. 2000; Nandi et al. I3®&de & Endress 2000; Zanis et al. 2003; Walter
et al. 2004).

What are the tools available today? Phylogenetathods and data used: DNA sequences,
cpDNA, MP, ML, Bayes. There are large advantagesisifig molecular data in phylogeny, the
main ones are the large number and reliability lediracters, or data power (e.g. Chase 1993).
Moreover, homology assessment is easier for DNAusece data than for morphology in
angiosperm plants.

Recent molecular-phylogenetic research has shdwah relationships of the Urticales are
different from what was based on morphological ahtars; here we briefly introduce some part of
the phylogeny of Ulmaceae. Molecular data showplaee of Urticalean families within a well-
defined and supported Rosales (sensu APG 1998udimg) Barbeyaceae, Dirachmaceae,
Eleagnaceae, Ramnaceae, and Rosaceae (Chasel@3l.Gunter, Kochert, & Giannasi 1994;
Soltis et al. 1997; Qiu et al. 1998) and also shtvasCeltis, Humulus, TremandBoehmeriain
an Urticalean clade witMorus and Ficus and Urticalean clade is placed in their Rosidadel,
closely related to Rhamnaceae and Rosaceae (Chaak #993). Molecular studies within
Urticalean rosids included a restriction site mapgpianalysis of plastid DNA that indicated
Ulmaceae were sister to the rest (Wiegrefe et®#81Sytsma & Guries 1998). A preliminaiycL
analysis of the Ulmaceae and Celtidaceae (11 gerewh four genera representative of other
Urticalean families provided strong support for @anophyletic Ulmaceae sister to a broadly
paraphyletic Celtidaceae including Urticaceae, Mee® and Cannabaceae (Ueda et al. 1997).

The three-gene analysis of Soltis et al. (20069 arovided strong support for the separation of
Ulmaceae and Celtidaceae. A small-scalgkanalysis of Celtidaceae (5 genera of Celtidacede an
8 other genera of Urticalean rosids) placed Caroedmasolidly within a portion of the Celtidaceae
(Song et al. 2001).



Chapter 1. General Introduction

Table 1.1. Main history of Ulmaceae Mirbel.
Author Date Family Genera

Mirbel 1815 Ulmaceae Mirb. s.I. Ulmus, Holoptelea, Phyllostylon, Planera, Hemiptelea,
Zelkova, Lozanella, Ampelocera, Celtis, Pteroceltis, Trema,
Parasponia, Aphanthe, Gironniera, Chaetachme,
Plagioceltis, Chaetoptelea, Barbeya. Mirandaceltis

Link 1831 Ulmaceae Mirb. s.s. Ulmus, Holoptelea, Phyloptelea, Phyllostylon, Planera,
Hemiptelea, Zelkova.

Celtidaceae Link Lozanella, Ampelocera, Celtis, Pteroceltis, Trema,
Parasponia, Aphananthe, Gironniera, Chaetachme
Engler 1907 Ulmoideae Ulmus, Holoptelea, Phyloptelea, Phyllostylon, Planerar,

Hemiptelea, Zelkova.

Celtidoideae Lozanella, Ampelocera, Celtis, Pteroceltis, Trema,
Parasponia, Aphanathe, Gironniera, Chaetachme,
Mirandaceltis

Grudzinskaya 1965 Ulmaceae Mirb. s.s. Ulmus, Holoptelea, Hemiptelea, Zelkova, Planera,
Phyllostylon.
Celtidaceae Link Celtis, Pteroceltis, Trema, Parasponia, Lozanella,
Aphananthe, Gironniera, Chaetachme, Ampelocera
Hutchinson 1967 Ulmeae Ulmus, Phyllostylon, Planera, Holoptelea,
Celteae Celtis, Mirandaceltis, Pteroceltis, Ampelocera, Zelkova,

Hemiptelea, Trema, Parasponia, Aphananthe, Gironniera,
Chaetachme, Lozanella

Sweitzer 1971 Ulmoideae Ulmus, Holoptelea, Phyllostylon, Planera, Hemiptelea,
Soepadmo 1977 Zelkova,
Ulloa 1995

Celtidoideae Lozanella, Ampelocera, Celtis, Pteroceltis, Trema,

Parasponia, Aphanathe, Gironniera, Chaetachme

Ulmaceae and Celtidaceae are separate familigsnf@yet al. 2002) while Cannabaceae and
Celtidaceae should be merged. The origin of Carved® within a clade of Celtidaceae is
supported by ultrastructure, chromosome numbercpBiNA restriction site (Wiegrefe et al. 1998)
andmatkdata (Song et al. 2001) as well as with thésé, trnL-F, andndhF sequence data. All the
analyses of Sytsma et al. (2002) are basedboln, trnL-F andndhF. Gironnierais sister to a clade
comprisingCeltis, ChaetachmgParasponia PteroceltisandTrema but these relationships are not
well supported (Song et al. 2001).

1.2 Morphology

The family Ulmaceae Mirbel (sensu lato) consistd®f19 genera and 150-200 species, depending
on the authority quoted (Table 1.1). Link (1831)swa the opinion that the Ulmacehad to be
split into separate families: the Ulmacgafmus and related genera) and the Celtidadgaadtis

and related genera) (Table 1.2). This proposahbabeen generally accepted since that time.

The Ulmaceae (Engler 1907) are divided in two aatiies (Celtidoideae), and (Ulmoideae)
(Table 1.1). Hutchinson (1976) divided the Ulmacegaeera in two tribes, Ulmeae and Celteae,
according to the fruit type (fleshy fruits versuy damara) and the major dispute appears to lie
within the family. As Engler (1907) and SweitzeBT1) indicated in their taxonomic reviews and
anatomical studies of the family, the majority adnphological authorities considered the Ulmaceae
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Table 1.2. Main characters of Celtidaceae Link

Character Description

Habit trees, shrubs, monoecious

Genera/species 9 genera, 150 spp. Celtis, Pteroceltis, Parasponia, Lozanella, Ampelocera, Trema,
Aphananthe, Gironniera, Chaetachme.

Leaves simple, alternate, opposite, venation between pinnate and palmate,

Inflorescences axillary, solitary, in cymes, short panicles

Flowers sepals 4-5(6), stamens 4-6 opposite, carpels 2,
hermaphrodite and male flowers

Pollen grains 2-3-porate

Fruits drupe, folded embryo

Pollination wind pollination, insect pollination

Wood anatomy homocellular rays, heterocellar rays, ring and diffuse porous

Chromosome number X=10

Usage economic plants, timber, ornamental trees

Distribution mainly Africa, Asia, South America

to consist of two subfamilies; the Ulmoideae anel @eltidoideae (Engler 1907; Cronquist 1981
1988; Sweitzer 1971). Each subfamily consists obre of five or six genera, which characterize
the subfamily, while the remaining six-seven gersggavariously shifted from one group to another
(this thesis, chapters 1 & 6).The two subfamiliee based on evidence from floral anatomy
(Chernik 1975, 1981), fruit morphology (Chernik D98 seed coat anatomy (Chernik 1982),
embryology, wood anatomy (Sweitzer 1971), pollerrphology (Zavada 1983; Takahashi 1989),
leaf venation (Terabayashi 1991), and flavonoidmbkey (Bate-Smith & Richens 1973; Giannasi
1978). The Ulmoideae with their slightly larger imaphroditic flowers and pollen, spiral perianth
and stamen traces are considered to be more mentitan the Celtidoideae (Cronquist 1981, Leroy
1952; Hutchinson 1958; Soepadmo 19Afvanced characters in the Celtidoideae includallem
flowers; fewer stamens, whorled perianth, and theeace of any vestigial stamen, permitting
recognition of two sub-families. Many members of @Beltidoideae have a greater affinity to the
Moraceae than to other Ulmaceae (Grudzinskaya 1©@6&rnik 1975, 1980, 1981, 1982; Takaso &
Tobe 1990). Based on leaf venation and karyomoggyplwithin the Ulmoideae (Cronquist 1981)
are distinguishable the genefremiptelea, Planera, Ulmusand Zelkovaon the one hand and
HolopteleaandPhyllostylonon the other (Oginuma et al. 1990).

Within the Celtidoideae (Cronquist 1981; Leroy 29%Hutchinson 1958; Soepadmo 1977),
Gironnieramay have an isolated position based on karyomdogkion=14. (Oginuma et al.1990).
Ampeloceras distinct within the Celtidoideae in having anaéon pattern more like the Ulmoideae
than the Celtidoideae, as well as having a distiaclavonoid chemistry (Giannasi 1978), and
pollen wall structure (Takahashi 1989). Morpholadiic and anatomically,Aphanantheand
Ampelocerappear to bridge the Celtidoideae and the Uima&dbkanchester 1989).

The Ulmaceae are placed in the Urticales on tlseshaf ovule position, androecial type, fruit
morphology and presence of cystoliths (Berg 198%e Ulmaceae are separated from other
Urticalean families by the combination of woody ialabsence of latex, typically caducous
stipules, simple, distichous, often pinnately vdinesually alternate leaves, cymose or fasciculate
inflorescences, stamens that are straight in wad,styles and antropous to amphitropous ovules
(Berg 1989; Manchester 1989). Within the Urticathke Ulmaceae have been suggested to be
primitive based on evidence from floral anatomy é8rer 1971). Within the Urticales the family
(especially Celtidoideae) appears to be most gtaadajned with the Moraceae (Manchester 1989).
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Figure 1.1 Natural distributions of tigeltisin the World

1.3 General ecology @eltis

In the flora of Africa, Celtidaceae is a small fmwith the main genu€eltis represented by c. 8
species mostly in tropical Africa (Letouzey 1972k in current research 12 species (Sattarian &
van der Maesen 2005) can be distinguished. Sed figior the distribution o€eltisin the world.
Celtis species range from North Africa (Algeria, LibyadaMorocco) to South Africa and
Madagascar. The species are found in differenbgol settings. Several tree species are found in
the rain forest Celtis tessmannii, C.mildbraediisome in semi-deciduous foresEe(tis adolfi-
friderici, C. prantlii, C. zenke}i OtherCeltis are shrubs or small trees of rain forest undertrow
(C. gomphophyllg or found on the forest/savanna boundary, sonastim mountain forestC(
africang). One specieqJ. tokg is a fairly large tree with a compact crown, higibeside streams or
planted in villages in the Sudano-Sahelian zoner@of Tropical East Africa 1966).

In south Asia, especially Malesian speciesCeltis may be classified in two rather distinct
ecological groups, i.eC. philippensisC. tetrandra , C. hildebrandii, Qatifolia, C. luzonica, C.
paniculata,andC. rigescensre found mainly in lowland forest, both primarnydasecondary, and
are an important constituent of the understorey t@mmunity in in moist areas. TRe tetrandra
group, which include€. rubrovenia,C. timorensisandC. philippensisvar. wightii, is confined to
areas which are subject to a rather pronouncedsehslimate, or they occur in wetter regions;
they grow on strongly drained substrates, e.g. yoskores, limestone. In tune with this
environmental preference, the second group shomsra prominent flush-wise growth habit and
its species are completely or partly deciduous g&dmo 1977).

In South America two groups of species can begeized, one includingeltis ehrenbergiana
andC. chichape and the other includin@. brasiliensisand C. orthocanthoxentered in southern
south America and most of its are components offdirgst. OnlyCeltis loxensisioccurs entirely
outside this region an@. orthocanthoss apparently an element of more or less humidsiom
eastern Brazil (Elias 1970). The main differencetwieen the groups in South America are
presence of thorns and geographical distributiargBet al. 2001).The species of Africaeltisare
morphologically close to AsianCeltis because of their seedsmbryos, absence of thorns, and
leaves. South AmericaDeltisis characterized by presence of thorns, leaf danaaid by bifurcated
or 2-lobed stigmas (Berg et al. 2001).
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1.4 General Aims

The major challenge in the taxonomy ¢feltis has been the difficulty in finding good
morphological characters to distinguish the spewieb. More than 500 published species names
are listed in the International Plant Index (IPNJOZ), apparently the most recent database for
Celtis on a worldwide basis. Because a world monograplad&ing, species concepts vary
considerably among regional floras. Current trelnalge been toward recognizing fewer but more
variable species. Although it seems pragmatic, dpigroach precludes a deeper understanding the
systematic relationship among species or theirutvol and biogeography. However, relationships
of genera and species level within Celtidaceaestligoorly resolved and a monograph of African
Celtis was lacking On regional scale€eltis has been monographed for Malesia by Soepadmo
(1977), for South America by Berg et al. (2001) &rdChina by Po Shu (2003).

This project was set out to fill some of the gapsur knowledge, focusing on the following main
objectives:

e Revision of the African Species Gkltis study of macro-morphological characters

(leaves, indumentum, flowers, and fruits) and migrrphological characters

(pollen, endocarp, and stomata).

Conduct literature review on Celtidaceae/Ulmaaeatematics and phylogeny.

Make a conspectus of &lkltisspecies as a contribution @eltisnomenclature.

Produce an overall molecular phylogenetic hypathies Celtidaceae.

Based on the this phylogeny, verify the statughef African and some widely

spreadCeltisin the framework of a taxonomic revision of thetem&l collected and

those on loan from European and other herbaria.

e Describe and classify the gen@sltison the basis of morphological and molecular
characteristics

1.5 Outline of the thesis
In chapter 2, the results are presented of a studlarify the phylogenetic position &eltidaceae
with the related families Moraceae, Ulmaceae, Hdsae.

In chapter 3, | present the results of a studyie@rout to clarify the phylogenetic position of
African Celtis with respect to otherCeltis from different ecological habitat, Phylogenetic
relationships of AfricarCeltisspecies.

In chapters 4, 5 and 6 the aim was to study théeesyaic value of morphological characters in
African Celtis. Macro-morphological characters (leaves, indumentélowers, and fruits) and
micro-morphological characters (e.g. pollen, endocstomata) were studied.

In chapter 7, the revision of AfricaDeltisis presented, based on the morphological charaatets
phylogeny and includes a study of one of the sgehitherto considered as widespread as the
“Celtis philippensitomplex”.

In chapter 8, the wide-sprea@éltis philippensicomplex” is studied.

In chapter 9, a conspectus is presented o€altis occurring in the world, as a contribution to
Celtisnomenclature.

In chapter 10, the conclusions are given.






Chapter 2

EVOLUTIONARY RELATIONSHIPS OFCELTIDACEAE

R.VAN VELZEN, F.T.BAKKER, A. SATTARIAN & L.J.G.VAN DER MAESEN

Summary

No phylogenetic study published so far has achieeasgonable taxonomic sampling within
Celtidoid genera; Sytsma et al. (2002, Fig. 2.1b¢if study represents all genera by one or two
species each. An exception is Yesson et al. (2084¢d orirnL andITS sequences, which has
near-complete taxonomic sampling withimlema However, the results of this study did not
allow conclusion about the relationships betwd@eemaand its closest relativBarasponia.
Consequently, it is still not clear whether thetideid genera represent monophyletic groups.

The intergeneric relationships within the Celtaihave little or no support in published
DNA-based studies, and differ between all of thesslies so far, except for the position of
Aphanantheas sister to nearly all other Celtidoid generg.(Ri1lB, C, D).

In this study, we aim to resolve the phylogeneticertainties in the Celtidoids and the
Cannabaceae outlined above by analysing an enléaged set in which each genus (except for
the monotypidPteroceltig is represented by at least three species. Welsil use model-based
tree building methods in addition to parsimony gsial

2.1 Introduction

The Celtidoids have traditionally been regardea@ asibfamily within the Ulmaceae (Engler 1907,
and see Chapter 1 for taxonomic history of the f@ntllmaceae are divided into two subfamilies
or tribes: one with Ulmus and its relatives and atiger withCeltis and its related genera. Authors
have used various name terminals for these grdups)ere we will refer to them as ‘Ulmoids’ and
‘Celtidoids’.

Hutchinson (1967) divided the Ulmacean generawa tribes according to fruit type: The
Celtidoids Ampelocera, Aphananthe, Celtis, Chaetachme, GisraniLozanella, Parasponia,
Pteroceltis, Tremaand Zelkovg are characterised by fleshy drupaceous fruitse THmoids
(Hemiptelea, Holoptelea, Planerhyllostylon andUImug have dry nuts or samaras (Soepadmo
1977).

When looking at the palynology, however, the dons should be different: Although
AmpeloceraandZelkova(Celtidoids according to Hutchinson) have fleshypes, their pollen type
matches that of the Ulmoids (Soepadmo 1977). Ascoutdr phylogenetic studies confirm this
pattern, we will follow the same division here, anrdard the Celtidoids as comprisiAghananthe
Celtis, Chaetachme, Gironnieraozanella, Parasponia, Pterocel@dTrema(Leroy 1952, Fu et
al. 2003, Hutchinson et al. 1958, Soepadmo 197TgaU& Jergensen 1995), of which short
descriptions are given in Table 2.1. The remaitihgaceae genera belong to the Ulmoids and will
therefore not be further discussed hefanpelocera, Hemiptelea, Holoptelea, Phyllostylon,
Planera, UimusandZelkova

Phylogenetic studies so far can be summarizedlesvs. The Ulmaceae are morphologically
very close to Moraceae and Urticaceae, but diffemfthese families by the absence of white or
yellowish latex and the presence of 2 equal stfeepadmo 1972). These three families have been
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regarded as members of the order Urticales fong tome already (Engler 1907, Takhtajan 1959,
Cronquist 1988) Bessey (1915) placed these famiti¢se superorder Malviiflorae and considered
them as families with close affinities to the Mdbé& but later authors (Takhtajan 1959, Cronquist
1988) were of the opinion that the Urticales aratesl to the highly unnatural Cronquist order
Hamamelidales (Soepadmo 1972). More recently, mtdeghylogenetic studies (Fig. 2.1) have
indicated that the relationships of the Urticales different from what was thought based on
morphological characters.

In their seminal paper on the molecular phylogesebdf seed plants, Chase et al. (1993)
confirmed thatCeltis Trema and Humulus fall into an Urticalean clade with Urticaceae
(Boehmeria) and Moracea®l¢rus andFicus) (Fig. 2.1A). This Urticalean clade is placed heit
Rosid | clade, closely related to Rhamnaceae arshédae (Chase et al. 1993), and not to the
Malvales (Rosid II). In Chase et al. (1993) Ulmacesere represented by Celtidoid taxa only.

Subsequent studies, including Ulmoid taxa, poutttbat Ulmoids are monophyletic and appear
sister to all other Urticales (Ueda et al. 1997g¥uvefe et al. 1998; Song et al. 2001; Sytsma et al.
2002). The Celtidoids, however, appear to be mtweety related to the Urticaceae and Moraceae
than to the Ulmoids (Ulmaceae s.s., see Figs 22 M) (Zavada & Kim 1996; Ueda et al. 1997;
Wiegrefe et al. 1998; Song et al. 2001; Sytsmd. &2092). This would imply the separation of the
Celtidoids from the Ulmaceae s.s., as already megpdy Link in 1831, and later supported by
Grudzinskaya (1967).

Molecular phylogenetic relationships between tledti@oids, Moraceae, and Urticaceae appear
different in every study published so far, and &tkignificant support (Figs 2.1A, B, C). Only the
analysis of Sytsma et al. (2002), basedrlocL, trnL-F, andndhF gene sequences resulted in a
robust phylogenetic tree with Celtidoids as sisten clade comprising Moraceae and Urticaceae
(Fig. 2.1D).

Perhaps the most exciting result of all Celtidmidlecular phylogenetic studies published to date
is the position of the Cannabaceae within the Qallis, rendering the latter paraphyletic. This was
first reported in Chase et al. (1993), and has bexaffirmed by all subsequent molecular
phylogenetic studies regarding the Celtidoids (Rd.; Zavada & Kim 1996; Ueda et al. 1997;
Wiegrefe et al. 1998; Song et al. 2001; Sytsma. &082). This relationship is corroborated by data
from karyology as Cannabaceae and some Celtidoigtrgerepresent the only clades in the
Urticales possessing the derived base chromosommeberux = 10 (Sytsma et al. 2002).
Nevertheless, the sister-lineage of the Cannabawséhan the x = 10 cladeGeltis, Parasponia,
Pteroceltis andTrem3 is uncertain (Sytsma et al. 2002).

However, monophyly of the Celtidoids s.. was nweell supported upon inclusion of
Cannabaceae (Ueda et al. 1997; Wiegrefe et al.; 1988ma et al. 2002). In addition, relationships
between the Celtidoid genera themselves remainettamand phylogenies vary considerably in
different studies (Fig. 2.1; Wiegrefe et al. 1988ng et al. 2001; Sytsma et al. 2002), probably due
to low taxonomic sampling.

No phylogenetic study published so far has acliensasonable taxonomic sampling within
Celtidoid genera; Sytsma et al. (2002, Fig. 2.1&presents all genera by one or two species each.
An exception is Yesson et al. (2004) basedraoh andITS sequences, which has near-complete
taxonomic sampling withinfrema However, the results of this study did not alloanclusion
about the relationships betwe&remaand its closest relativiearasponia Consequently, it is still
not clear whether the Celtidoid genera represemiaployletic groups.

The intergeneric relationships within the Celtakhave little or no support in published DNA-
based studies, and differ between all of theseledugb far, except for the position Aphananthe
as sister to nearly all other Celtidoid genera.(RidB, C, D). In this study, we aim to resolve the
phylogenetic uncertainties in the Celtidoids anel @annabaceae outlined above by analysing an
enlarged taxon set in which each genus (exceph®monotypidPterocelti§ is represented by at
least three species. More specifically we ask tewing questions:
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—| Trema
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Trema Lozanell
Aphananth
Moraceae 64 P ]
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Figure 2.1. Phylogenetic studies so far. Redrawth ®eltidoid taxa in black, Cannabaceae in greed, a
related families in grey. Node labels indicate trap support values.

A Chase et al. (1993), based on rbcL;

B Wiegrefe et al. (1998), based on cpDNA restritstte mapping;

C Song et al. (2001), based ghatK;

D Sytsma et al. (2002), based L.

. Are the Celtidoids sister to a clade with Moracead Urticaceae
as hypothesised by Sytsma et al. in 2002 (se2H®)?

. Are the different Celtidoid genera monophyletic?

. What are the intergeneric relationships within @wedtidoids?

. What is the phylogenetic position of the Cannabagea

In addition, and based on our phylogeny, we wilplexe evolutionary trends in selected
morphological characters (habit, leaf arrangemigmers, fruit type, leaf margin, pollen type and
thorns). One of the first botanists to make hyps#iseabout such trends was Charles Edwin Bessey
(1845-1915). In his paper “The Phylogenetic taxopahflowering plants” (1915) he designates a
number of dicta: generally accepted principles thate used in the classification of flowering
plants in his time. These principles were mainlsdmh on intuitive ideas about polarity of
characters, i.e. what states are ancestral and aveatlerived. In the past decades, the expanding
knowledge about phylogenetic relationships of flang plants has facilitated more formal testing
of such hypotheses. Assuming our cladograms refdgiogenies depicting the relationships
between taxa we can thus map traits of interest phylogenetic tree, visualising their evolution,
after which inferences can be made about evolutyorteends. Here, we want to use our
phylogenetic hypothesis in order to determine evahary trends of selected morphological
characters in the Rosales, in effect testing thiditsaof some of Bessey’s dicta.



Chapter 2. Evolutionary relationships of Celtidaceae

Table 2.1. Genera included in the Celtidoids adogrdo Leroy (1952) Fu et al. (2003), Hutchinsorakt
(1958), Soepadmo (1977) and Ulloa & Jgrgensen (11995

Genus Spp. Distribution
Aphananthe Planch. 5 tropical and
Trees or shrubs, deciduous or semi-deciduous, dioecious or monoecious. Stipules subtropical areas
free, caducous, Leaves alternate, margin serrate or entire; 3-veined from base, or of E Asia,
pinnately nerved. Flowers unisexual. Male inflor. racemes or cymes. Male flowers: 4- Madagascar,
5-merous, tepals imbricate. Female flowers solitary; tepals 4-5, narrow and + Mexico, and
imbricate. Fruit a drupe, 6-15 mm, ovoid to * globose; cotyledons narrow, involute Pacific Islands
Celtis L. 60  Tropical and
Trees, deciduous or evergreen, monoecious or polygamo-monoecious, sometimes temperate areas
with axillary spines (subgenus Mertensia, Berg & Dahlberg 2001). Stipules free, (see Chapter 3).

caducous or terminal ones persistent and enveloping winter buds. Leaves alternate;
margin entire or serrate; 3-veined from base. Inflorescences panicles, racemes, or
clustered cymelets. Flowers small, unisexual or bisexual. Inflorescences branched
racemes or panicles. Flowers: 4-5 merous, tepals basally slightly connate, imbricate
in male flowers, caducous, ovary sessile. Fruit a drupe; 3-25 mm; cotyledons broad,
foliacious and variously folded

Chaetachme Planch. 2 Africa and
Trees or shrubs, evergreen, monoecious, with zigzag twigs and axillary spines 1.5-2 Madagascar
cm long. Stipules basally connate, caducous, leaving a single transverse scar that

completely encircles stem at each node. Leaves alternate, margin entire or

sometimes serrate, with spiny apex, venation fine, pinnate. Flowers unisexual or

bisexual. Male flowers in a cymose inflorescence; tepals 5, induplicate-valvate;

stamens 5. Female flowers solitary; tepals 5; ovary sessile. Fruit a drupe, 8-18 mm,

globose or ellipsoid

Gironniera Gaudich. 6 SE Asia, Pacific
Trees or shrubs, evergreen, dioecious or rarely monoecious. Stipules firm, usually Islands, Sri
basally connate, enclosing bud, caducous, leaving a single transverse scar that Lanka

completely encircles stem at each node. Leaves alternate, margin entire or shallowly
serrate; venation pinnate. Inflorescences cymes or 1-flowered. Flowers unisexual.
Male flowers: tepals 5, imbricate. Stamens 5. Female flowers: tepals 5. Ovary
sessile. Fruit a drupe, 5-10 mm compressed or not; cotyledons fleshy and narrow

Lozanella Greenm. 2 From Central
Trees or shrubs, evergreen, dioecious. Stipules connate, enclosing bud, caducous, America (Mexico)
leaving a single transverse scar that completely encircles the stem at each node. to the Andes

Leaves alternate, margin serrate, venation triplinerved at the base. Flowers
unisexual. Inflorescences cymose. Flowers 5-merous, tepals imbricate, ovary
sessile. Fruit a drupe

Parasponia Miq. 5 SE Asia, Pacific
Pioneer shrubs to medium sized trees, evergreen, monoecious. Stipules Islands
intrapetiolar, connate into a bifurcate unit, caducous. Leaves alternate, margin

entire-serrate, venation triplinerved at the base. Flowers unisexual, in a much-

branched, many flowered paniculate or thyrsoid inflorescence, 5-merous. Fruit a

drupe, 1.5-4 mm, ovoid

Pteroceltis Maxim. 1 China
Trees, deciduous, monoecious. Stipules 2, free, linear, caducous. Leaves alternate,

serrate, 3-veined from base. Male flowers clustered; tepals 5, imbricate; stamens 5.

Female flowers solitary; tepals 4, lanceolate; ovary laterally compressed. Fruit a

broadly winged nut, 1-1.7 cm; cotyledons broad

Trema Lour. 15  Tropical and
Pioneer trees or large shrubs, evergreen, monoecious or polygamo-monoecious. subtropical areas
Stipules 2, free, caducous. Leaves alternate; denticulate; usually 3(-5)-veined from

base (venation pinnate in T. laevigata). Inflorescences subsessile. Male flowers: (4

or) 5-lobed; tepals incurved, valvate, or £ imbricate. Stamens equal in number to

tepals. Female flowers: (4 or) 5-lobed. Ovary sessile. Fruit a drupe, 1.5-5 mm,

elliptic to + globose; cotyledons narrow

10
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Markers usedln this study, we use the commonly-used cpDNA aegrbcL andtrnL-F as
source of phylogenetic markers. ThiecL gene codes for the large subunit of ribulose-1,5
bisphosphate carboxylase/oxygenase (Mcintosh e1980). BecausebcL is a coding region,
molecular evolution of this marker is relativelynstrained or ‘slow’, and it has been used in
various studies focusing on higher-level planttreteships such as families, orders and phyla (see
e.g. Chase et al. 1993; Manhart 1993; Sytsma 208R) ThetrnL-F marker consists mainly of two
non-coding regions (thenL intron and thernL-F intergenic spacer, see Fig. 2.2), that share a
number of molecular evolutionary properties suckhasamount of length variation and the amount
of simple repeat motifs (Borsch et al. 2003). Itrégarded as relatively ‘fast evolving’ and is
consequently used in studies at the generic andespkevel (e.g. Bakker et al. 1999; Hadiah et al.
2003; Yesson et al. 2004).

trn trnL intron trn trnL-trnF IGS trn
C— € —
—d «— f

Figure 2.2Map of thetrnL-F region. Letters indicate the positions of the usechers
(after Taberlet et al. 1991).

It is important to note, however, that the conagpdistinguishing ‘slow’ and ‘fast’ evolving genes
often considers average amounts of variabilityhim tegion under study, rather than picturing rates
at individual sites. As the latter are the actualrse of variation, a ‘slow’ evolving gene can have
its variable positions (e.g. th& 8odon positions in coding regions) evolving aesasimilar to the
rates at most individual positions in a ‘fast’ eunf gene (Kallersjo et al. 1998; Borsch et al.
2003). Similarly, variable selective constraintsammserved structural elements within ‘fast’ non-
coding regions (e.g. stem regions) can produceogieyletic signal above the species and generic
levels (Kelchner 2002, Borsch et al. 2003). Fomapda, thetrnL-F region has been used to resolve
the deep level phylogeny of the basal angiospeynBdysch et al (2003). ThebcL region was
used by Drabkova et al. (2003) for elucidating phglogenies of the two sister genduncusand
Luzula(Juncaceae). Analyses based on a combinatioreséttwo markers have proven successful
in resolving phylogenies at the familial and subnifal levels within the Urticalean Rosids (e.g.
Richardson et al. 2000; Sytsma et al. 2002).

Non-coding regions such dmL-F usually show significant length variation due tarigus
insertion or deletion events (indels), resultinggaps in the sequence alignment. Simmons &
Ochoterena (2000) suggest that gaps should be @sledaracters in phylogenetic analyses. They
argue that, because gaps are part of the aligriesrp#hat may be phylogenetically informative, to
exclude gap characters is to discard data. Indeesbveral studies the distributions of gaps previd
a valuable source of phylogenetic information (@&g Bakker et al. 1999; Hadiah et al. 2003).

2.2 Material & methods

Taxon sampling We have sampled 70 accessions of Celtidoids aath&baceae, comprising
around 57 species; all genera and about 62 % spallies are represented. Of these accessions, 28
are from GenBank, and 42 are new. The new accesarenfrom herbarium material (26) and from
silica-dried leaf material coming from botanicalrdens (15). In addition the dataset contains
GenBank accessions of Urticaceae (13), Cecropia(®advoraceae (11), Uimaceae s.s. (6, one

11
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new), Rhamnaceae (9), Elaeagnaceae (3), Rosageamd/agales (10). For a list of all taxa, see
Appendix 1. This taxon set of 134 taxa was usedHerexamination of the phylogenetic signal in
the different dataset partitions and the plottifigrmrphological characters, witNothofagusas
outgroup. All other analyses were based on a tss@mnof 118 taxa; excluding Fagales and
Rosaceae, but including Dryas (Rosaceae).

DNA extraction, amplification, and sequencing. alogenomic DNA was extracted from
herbarium material or silica-dried leaves (8-10 mgjhg the modified CTAB extraction protocol of
Doyle & Doyle (1987), following the DNA extractioprotocol of the Biosystematics Group.
Extraction of DNA from difficult herbarium materiatas also attempted using the DNeasy plant
extraction kit (Qiagen), but without success. Comiaion and quality of the extracted DNA was
measured using the Nanodrop® ND-1000 spectrophdrme

Amplification was performed in a volume of B0 containing 37-123 ng genomic DNA, Qui
of each primer and each dNTP, 3 mM MgCI2, 75 mMs-HICL, 20 mM (NH4)2S04, 0.01%
Tween 20, and 1.5 unit Tag Polymerase. The usetkepisequences are listed in table 2.1: The rbcL
gene was amplified in two parts: rbcL1 and rbcL&ng primer pairs 1F-724R and 636F-1460R,
respectively (Fay et al. 1997, Renner 1998). lBot the following temperature profile was used:
30 cycles of 1 min. denaturation at 94°C, 1 mimeaiing at 50°C and 1 min. extension at 72°C,
followed by one cycle of 7 min. at 72°C. TtraL-F region was amplified in one part using primers
c and e, or in two parts using primer combinatiord and e—f when amplification in one part was
unsuccessful (Taberlet et al. 1991). The followtemperature profile was used: 1 min. denaturation
at 94°C, 1 min. annealing at 53°C, 2 min. extengsiv@2°C, followed by one cycle of 7 min. at
72°C. After visual inspection on a 1%-agarose dgelgments were cleaned using Qiaquick
purification columns (Qiagen) following the manuiaer’s protocol and eluted in 20, 30 or g0
MQ water, depending on the quality of the bandshenagarose gel.

Cleaned fragments were sequenced using a fluoresidye-labelled sequencing reaction
(DYEnamic™ ET Terminator Cycle Sequencing Kit; Astemm Biosciences), and the high-
throughput ABI sequencing facilities at Greenomi¢gsdAfageningen. All generated sequences will
be submitted to GenBank.

Table 2.2. Primer sequences used for amplificatimh sequencing of the markebeL andtrnL-F.

marker primer primer sequence reference

rbcL 1F 5-ATGTCACCACAAACAGAAAC-3’ Fay et al. (1997)
636F 5-GCGTTGGAGAGATCGTTTCT-3 Fay et al. (1997)
724R 5-CATGTACCTGCAGTAGC-3’ Renner et al. (1998)
1460R  5-CTTTTAGTAAAAGATTGGGCCGAG-3' Renner et al. (1998)

trnl-F ¢ 5'-CGAAATCGGTAGACGCTACG-3’ Taberlet et al. (1991)
d 5'-GGGGATAGAGGGACTTGAAC-3’ Taberlet et al. (1991)
e 5-GGTTCAAGTCCCTCTATCCC-3’ Taberlet et al. (1991)
f 5-ATTTGAACTGGTGACACGAG-3’ Taberlet et al. (1991)

Sequence and phylogenetic analysesquences were assembled and edited using the EYAD
version 1.5.3 (Staden et al. 2003), and alignedgugie ClustalW multiple alignment option in the
BioEdit sequence alignment editor 7.0.4.1 (Hall 999%urther refinement of the alignment was
done by eye using the same software, and MacCladgon 4.07 (PPC) (Maddison & Maddison
2000). Insertions and deletions (indels) of tfm-F region were coded following the ‘simple indel
coding’ protocol as described by Simmons & Ochatar€000).

All parsimony analyses were carried out in PAUBW(fford 2000). PAUP* version 4.0b10 for
Macintosh (PPC) was used, on a Macintosh G3. Thamany jackknife and the MP search were

12
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done in PAUP* version 4.0b10 for Macintosh (PPC/ALEC) on a Macintosh G5. As an
alternative to PAUP*, the program TNT 1.0 (Golobeffal. 1999) was also used, because it is
known to be more efficient in finding MP trees farge taxon sets (Hovenkamp 2004).

Parsimony analyses. Jackknife support analysis peaformed with settings according to the
best results of a jackknife settings test with 128 (van Velzen et al. in prep.). The majorityerul
consensus tree was imported in PAUP* to calculedaadh lengths under MP. Clade support values
>60% were re-entered by hand. This resulted in glogham of the jackknife majority-rule
consensus tree.

The MP search was done in two steps: In orderxpoee different parts of tree space, first
10.000 trees were generated by a heuristic MP Iseaitt 1000 random-addition replicates, and
saving 10 trees per replicate (10 trees held dwsiagwise addition, TBR branch swapping). These
were used as starting trees for a second MP seaitthTBR branch-swapping on all starting trees.
After 2.5676 x E° rearrangements, memory was full, containing 125 #8es of length 3,028.
These trees were swapped to completion in 8 mareshwithout finding shorter trees.

In the program TNT, the ‘new technology searcldlgsis was used, employing sectorial search,
ratchet, drift, and tree fusing, with default sejs.

Model selection. To select the optimal modelstfar different partitionsrbcL, trnL-F, rbcL12
andrbcL3, see Fig. 2.3), MrModelTest 2.2 (Nylander 2005)nadified version of Modeltest 3.6
(Posada & Crandall 1998) was used in combinatioth WAAUP*. The models were selected
according to the hierarchical likelihood ratio t€st.RT), and the Akaike information criterion
(AIC).

N N rbcL trnL-F indels
marker 1392 1612 87
" , rbcL12 rbcL3 trnL-F indels
codort 928 464 1612 87

0 500 1,000 1,500 2,000 2,500 3,000

characters

Figure 2.3. Partitioning of the dataset for the &agn analyses. Number of characters is showndoh e
partition and at the scale bar. The “marker” analpgs 3 partitions, according to the markéid. andtrnL-

F and the coded indels. The “codon” analysis hasaditipn more because thdbcL marker is further
partitioned according to the codon positions.

Bayesian analyses. Bayesian analyses were perfamMiBayes version 3.1.1 (Ronquist 2003) on
a Pentium PC with 1 GB RAM. Analyses consisted wb tsimultaneous runs of 15 million
generations with a sample frequency of 100. Eanlcamsisted of 3 chains (2 chains heated).
Two analyses were done; one with partitioning adicwy to markerrpcL, trnL-F, indels), hereafter
referred to as “marker”, and another with rbcL piared even further to codon positionbgL12,
rbcL3, trnL-F, indels), hereafter referred to as “codon”;. Madaf the partitions were set according
to the ones selected by MrModeltest. For the praord proposal rates we used the default settings
of MrBayes.

Morphological character optimisation. Morpholodiceharacters were selected based on
assessment of their level of information for cladethin the Urticalean Rosids. These characters
(see appendix 2) were then mapped onto a jackkmagerity-rule consensus tree based on 134 taxa
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and all dataset partitions (100 replicates with 31%he characters deleted in each replicate (“jac
resampling), 1 tree held during stepwise additibBR branch-swapping, 10 trees saved per
replicate, 1 random-addition sequence replicatehgudMesquite version 1.05 (Maddison &
Maddison 2005), with parsimony as the ancestra seeconstruction method.

2.3 Results

Alignment of the rbcL marker was straightforward@ese there was no length variation. Trind-

F region, on the other hand, showed considerabigthevariation within our dataset. The longest
completetrnL-F sequence was 986 base pairs long (Ampelocerakhibeest sequence 712 base
pairs long (Cannabis). The final alignment of thre_-F region became almost twice as long (1692
base pairs), because various insertion and deletients (indels) resulted in gaps in the alignment,
ranging in length from 1 to 377 base pairs.

Because of the high taxonomic sampling in the i@alls, some indels could be identified as
synapomorphies for certain species within that gré&iimost all Celtidoids and Cannabaceae share
a large deletion in thdrnL-F intergenic spacer (IGS) region, and two more isdéDnly
Aphananthe still contains this sequence; this gesilacking another large part of thraL-F IGS
and three more indels. The Celtidoid gen&iaonniera and Lozanellaboth have their unique
deletion in the trnL intron and three more indedsle Cannabishas one major deletion in the trnL
intron. Within the Celtidoid genuSeltis 12 sequenced species share a major deletioreitrrih
intron; Celtis gomphophyllandC. durandiishare a deletion in thenL-F IGSas well as one other
indel in the trnL intron. Dataset partition signeéting. For a summary of the results of the datase
partition tests, see table 2.3.

Table 2.3. Dataset partition signal testing: sunymar the number of characters, informative characte
(absolute and relative), the number of nodes (>%&8kknife support) found, and the number of nodes
found per character.

* Minimum % based on longest sequence length ofl8&& pairsAmpelocera

taxa tested dataset characters informative nodes nodes/ nodes /
partition(s) characters character taxon
82 rbcL 1392 292 21% 51 0,037 0,62
82 rbcl.12 928 70 8% 16 0,017 0,20
82 rbcl.3 464 222 48% 50 0,108 0,61
82 trnL-F 1612 464 47%* 59 0,037 0,72
82 indels 87 73 84% 23 0,264 0,28
82 rbeL +trnL-F 3004 756 25% 65 0,022 0,79
82 rbeL +trnL-F +indels 3091 829 27% 65 0,021 0,79
104  rbcL +trnL-F +indels 3091 860 28% 82 0,027 0,79
122 rbcL +trnL-F +indels 3091 874 28% 80 0,026 0,66
134 rbcL +trnL-F 3004 818 27% 84 0,028 0,63
134 rbcL +trnL-F +indels 3091 905 29% 87 0,028 0,65

82 taxa ThebcL partition has 1392 characters of which 292 (2196)marsimony informative for
the 82 taxa analysed. The majority-rule consenggshas 51 nodes. When looking onlykail 12,

it contains 928 characters, of which 70 (8%) aferinative, and the majority-rule consensus tree
has just 16 nodes. The phylogenetic signal inrbdo3 partition is much better; it contains 464
characters of which 222 (48%) are informative, &mel majority-rule consensus tree is almost
identical to that of rbcL as a whole (50 nodes)e rhL-F region, with an aligned length of 1612
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characters, contains 464 informative charactersgtwis at least 47% considering that the longest
sequenceAmpelocerais 986 characters long. The jackknife majoritieroonsensus tree based on
trnL-F alone has 59 nodes. The coded indels ofrtiieF region provide another 87 characters, 73
(84%) being informative for the 82 taxa. The majerule consensus tree of a jackknife analysis
based on these coded indels alone has 23 nodes.

When combining therbcL and trnL-F partitions (3004 characters, of which 756 (25%)
informative), the majority-rule consensus treevisrebetter resolved with 65 nodes. The addition of
the coded indels does not change the resolutié® oodes.

104 and 122 taxa. Excluding only the taxa misshegrbcL marker (104 taxa), combining all
partitions (both markers and the indels: 3091 dftara, of which 860 (28%) informative) produces
a jackknife majority-rule consensus tree with 88em(a mean number of 0.79 nodes per taxon).

When excluding taxa missing tlraL-F marker (122 taxa, 3091 characters, of which 8B4
informative), the number of nodes is 80 (a meanlemof 0.66 nodes per taxon)

134 taxa. With all taxa included, combining tel andtrnL-F markers (3004 characters, of
which 818 (27%) informative), yields a jackknife jowdy-rule consensus tree with 84 nodes.
Adding the coded indels characters (3091 chargotérghich 905 (29%) informative) results in
more resolution in the jackknife majority-rule census tree: 5 additional nodes above 50% are
found, adding up to a total number of 87 nodeséammumber of 0.65 nodes per taxon).

The topology of the NNI jackknife based on 134atashows a clade of Fagales (95% jackknife
support) as sister to the Rosales. Rosaceae areptmgatic (95% support), and are sister to all
other Rosales (78% support). The latter clade amnta polytomy withBarbeyaand Dirachma
Elaeagnaceae, Rhamnaceae and the Urticalean R&dsequently, we decided that for all
subsequent analyses the taxon set could be linutdte Rosales only, and with Rosaceae (Dryas as
only representative) as outgroup, in order to nthkse analyses faster. This means exclusion of the
Fagales and all Rosaceae exdepias leaving a taxon set of 118 taxa.

2.3.1 Parsimony analyses

Jackknife.The phylogram of the jackknife majority-rule consas tree (5000 replicates, employing
TBR branch-swapping, 1 random-addition sequenckcet@, saving 1 tree per replicate) is shown
in Fig. 2.4. The families Rhamnaceae, Ulmaceae,abkae, Urticaceae (with Cecropiaceae), and
Cannabaceae are all strongly supported monophyatigps. Ulmaceae are sister to the remaining
Urticalean Rosid families. The latter clade is alsoy strongly supported (100%). The Celtidoids
(with Cannabaceae) appear as sister to the Uraeaaad Moraceae, but support is still weak to
moderate: Moraceae and Urticaceae together recemhg 61% jackknife support, and the
Celtidoids s.I. (with Cannabaceae) receive 72% asripgFig.2.4). The moderate support value for
the Celtidoids s.l. is due to the uncertain posittd Aphananthe; the clade comprising all other
Celtidoids s.l. receives very strong support (99%).

Most Celtidoid genera are very strongly supportéaes (96-100%); onlyarasponiaand
Trema are still unresolved, andeltis is monophyletic except for two unresolved species.
Aphanantheappears as sister to all other genera, tloaanella andGironnieraappears as sister to
an unresolved but very strongly supported cladetatoimg Cannabacea&eltis Chaetachme
Parasponia Pteroceltis and Trema. Within this clade, Tremaand Parasponiaform a strongly
supported group (92%). Within that group, relatlops are largely unresolved, but there is a clade
with P. andersonii P. simulans P. melastomatifolh, and one accession & rigida (81%)
CannabisandHumulusappear as sister geneRieroceltisis sister toChaetachm&96%). Within
Celtis subgenudMertensia-as described by Berg & Dahlberg (2001) is a mbwgtgiic group
(98%), related to several African species (81%).Adian and temperat€eltis species, together
with C. africang receive very strong support (100%) (Fig. 2.4).
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Figure 2.4. Phylogram of the parsimony jackknifgarity-rule consensus tree (5000 replicates, TBR
branch-swapping, multrees off). based on 118 tweabcL andtrnL-F markers and the coded indels.

Species marked with an *

represent new sequencesaged in this study. Node labels above brandmes s

the jackknife support values (only nodes with supp63% are shown here)., node labels below brache
indicate the branch lenhths (only changes >3 avessh Arrows mark nodes that collapse in the MR str
consensus tree (all of these nodes received ordk wepport: 50-63%). A Without Celtidoids and
Cannabaceae; B Celtidoids and Cannabaceae included.

Figure 2.4 B.
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Shortest tree searcluring the heuristic search, shortest trees ofes8628 were already found
within the 1000 random-addition replicate searckigieed for generating the 10000 starting trees.
The starting trees had lengths of 3028 to 3037,taeadsubsequent swapping on all these trees did
not produce any shorter tree before tree bufferflmwe, containing 125700 trees of length 3028.
Employing the program TNT did not result in any gbotree, and we have confidence in the fact
that these trees are actually most parsimonious. skhict consensus tree of all 125700 equally
parsimonious trees is almost identical to the paoay jackknife tree, but is a little less resolvéd;
nodes that received weak support (50-63%) in thkkjafe, collapsed in the MP strict consensus
tree, as indicated by the arrows in (Fig. 2.4).yQoe node in the MP tree, groupilgorientalis
II, and T. lamarckianawith the clade comprising. domingenserl. micranthg andT. integerrima
was not already found in the jackknife analysis.

2.3.2 Bayesian analyses

Using default settings, Bayesian MCMC chains ditl move sufficient mixing: The proportions of
successful exchanges between the chains were @ry0.00 — 0.01), indicating that the default
temperature for the heated chains (T=0.20) washigh (Ronquist & Huelsenbeck 2004). The
acceptance rates for the proposed moves in thd™cbhlin were all within the recommended range
of 10 — 70%, except for the moves of the stateueegies (6.5 — 8.5%), and for the alpha shape
parameter for thebcL partition.

Therefore, analyses were re-run after some adgrgsnof the proposal parameters and the
temperature. The proposal parameter for the statpiéncies (statefreq) was set from the default
300 to 600, in order to make proposals les boldewiising a dirichlet parameter, higher proposal
parameter values will decrease the variance inpttogosals). The proposal rate for the state
frequencies was left at its default value of 1. pheposals for the alpha shape parameter were all
left at their default values, because it was umclehich parameters should be adjusted. The
temperature for the incrementally heated chains seisto T=0.05, yielding heats of 1.00 (cold
chain), 0.95 and 0.91. With these settings, theeBiayn MCMC chains performed better:

“Marker” analysis For the analysis with partitioning according ke tmarkersrpcL, trnL-F,
indels), the proportions of successful exchangésd®n the chains were improved: still a low 0.04-
0.05 for the exchange between the two heated ghainsa very acceptable 0.30 for the exchange
between the heated chain and the cold chain, itwdgcahat at least the first heated chain was
efficiently exchanging states with the cold chaimprerequisite for proper mixing. The acceptance
rate for the state frequency parameters were alseased to an acceptable 13.6% — 16.5%. The
acceptance rate for the alpha shape parametdredodL partition remained at a low value of 4.5%
because its proposal parameter was not adjusted.

After 15 million generations, the standard dewiatof the split frequencies in the simultaneous
two runs was 0.008, indicating that the runs hadveoged on the same posterior probability
distribution The rough plots of generation versug likelihood showed that the two runs reached
stationarity at different times. Run 2 had a burmd 5000, which is roughly 3% of the total 15,000
samples. Run 1, however, had a burn-in of 35,0@tpkzs (23%). Because it is not possible to use
different burn-in settings for each run, 35,000 gk® were discarded as burn-in before calculating
the model parameter values, the trees, and braraths. The calculations were thus based on
230,000 (2*115,000) samples taken from 11,500, ations.

“Codon” analysis The analysis witlhbcL partitioned to codon positionsb€L12, rbcL3, trnL-F,
indels) was done with the same adjustments todhmpérature and the state frequencies proposal
parameter. The proportions of successful exchabgigeen the chains were 0.35 for the exchange
between the two heated chains, and 0.40 betweerhdghted chain and the cold chain. The
acceptance rates were 13.6% — 29.4% for the seegedncy parameters, and 10.2-51.8% for the
alpha shape parameters.
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After 15 million generations, the standard dewviatibetween the split frequencies in the
simultaneous two runs was 0.007, indicating that riilms had converged on the same posterior
probability distribution

The rough plots of generation versus log likelth@howed that the two runs already reached
stationarity after 1000 samples which were disaarae burn-in. Calculations were thus based on
298,000 (2*149,000) samples taken from 14,900,08@emations. Bayesian clade credibilities for
the 24 scored clades were overall higher thanatlkpife support frequency, with a difference of 3
— 32 ("marker” analysis) or 5 — 44 (*codon” anag)sidepending on the clade. The only exception
to this pattern is the clade credibility value floe Celtidoids excludingphanantheandGironniera
which is 5 below the jackknife frequency. The Bagesnajority-rule consensus tree was also more
resolved than the jackknife majority-rule consertses, with an additional 5 or 6 nodes with clade
credibilities above 50 (89 and 90 nodes in the Bmye“marker” and “codon” trees, versus 84
nodes with support values above 50% in the jackkinde, see table 2.4).

The topology of the Bayesian majority-rule consengees (Fig. 2.5) was very similar to the
jackknife majority-rule consensus tree. Apart frima following differences, there was no conflict
between the Bayesian and parsimony jackknife th&tin Urticaceae, the gent’slea had moved
from the clade withUrtica, HesperocnideUrera, and Laportea to the clade withMyriocarpa,
Elatostema Pellionia, Procris, and Poikilospermum(53% and 53% p.p. for the “marker” and
“codon” analyses, respectively). The sistetitica andHesperocnié has changed frotdrera to
Laportea(54% and 64% p.p.). In the Moraced&aclura pomiferahas moved from a position as
siter to all other Moraceae to a position as sistdforus, but this was in the “codon” analysis only
(66% p.p.). In the Celtidoid§eltis zenkerandC. mildbraediihad become sister €@eltissubgenus
Mertensia (65% and 57% p.p.) sister to the other Afric@eltis C. australiensisand C.
madagascariensigThis name is replaced I8y. malagasicasee chapter 7). Thus, Neotropical and
African Celtisbeing sisters, the African representatives beqaanaphyletic.

The additional nodes found by the Bayesian MCM@lyses comprise a few worth mentioning
here: Elaeagnaceae had moved from an unresolveitioposo the clade with Rhamnaceae,
Barbeya andDirachma (85% and 95% p.p.). The two Afric&eltis species that were unresolved
in the jackknife consensus tre€. gomphophyllaand C. durandii became sister to the
Cannabaceae (94% and 74% p.p.). Withiama bothT. lamarckianaandT. orientalisll became
related to the clade comprisiigdomingensgT. integerrimaandT. micrantha(87% and 73%)

Table 2.4. Number of nodes (>50% jackknife suppoBayesian p.p. value)
and values of 24 selected clades for the parsirjamiknife and the
Bayesian analyses.

Mor+Urt 62 62 93 96
Moraceae 100 100 100 100
Broussonetia-Ficus 59 59 89 89
Maclura-Ficus 93 93 99 100
Myriocarpa-Procris 68 69 63 66
Celtidoids+Cannabaceae 74 74 97 99
A. philippensis+monoica 66 66 98 95
Celtidoids+Cannabaceae (-A) 929 929 100 100
Celtidoids+Cannabaceae (-A&L) 58 58 68 53
Celtidoids+Cannabaceae (-A&L&(C 95 95 100 100
Parasponia+Trema 92 93 100 100
Humulus 53 53 78 98
Chaetachme+Pteroceltis 97 97 100 100
Chaetachme 96 96 100 100
Celtis (Old World) 81 81 97 929
Celtis Mertensia 97 98 100 100
Celtis (temperate) 63 63 81 79
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Chapter 2. Evolutionary relationships of Celtidaceae

Figure 2.5. Phylogram of the Bayesian majority-rateisensus tree of the “codon” analysis (15 nmillio
generations). based on 118 taxa and the rbcL1R3riiL-F and indel partitions, each with its own model
of molecular evolution (see 4.5). Species markdtl an * represent new sequences generated inttidg.s
Node labels above branches show the Bayesian ctadéility values of the “codon” analysis, nodédts
below branches show the Bayesian clade credibiitiyes of the “marker” analysis. Black arrows mark
nodes that collapse in the parsimony jackknife migjaoule consensus tree, red arrows indicate ocinflith
that tree. A Without Celtidoids and Cannabacea€gBidoids and Cannabaceae included.

Figure 2.5 B.
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The topologies estimated by the Bayesian “marked &odon” analyses were very similar, but
some additional nodes were only found in one of the: The clade withChaetachmeand
Pteroceltisseemed to be sister to the clade with the stilésmivedTrema+ Parasponia(only in
the “marker analysis: 51% p.p.). In the clad€afasponiat+ Tremawithout T. orientalis the clade
with T. politoriaandT. nitensappears as sister of all other taxa (only in twdbn” analysis: 65%).

2.3.3 Morphological character mapping

Morphological characters were selected based orletred of their variation within the Rosales:
characters with a relative high level of consenvatvithin genera or families were selected against
characters with too much variation on the generispecies level, such as e.g. fruit shape, leaf siz
number of flower parts, or hairs. Fig. 2.6 showssth characters as they were traced over the
phylogeny. A table of the scored characters fotaadh can be found in appendix 2.

Habit

See Fig. 2.6 A. Growth habit is a very importanarelcter in the identification of plant species
groups. The Rosales contain many growth habitgimgnfrom tiny herbs to tropical canopy trees.
We have decided to apply a basic division in grotlbit with all herbaceous species scored as
herbs, and the woody species further divided ihtalss (branchy trunk and less than 7 meter high)
and trees (single trunk, over 7 meter high). Beeagiowth habits (herb; shrub; tree) are not
randomly occurring in the different families anchgea, it is interesting to see if there is a genera
evolutionary trend for these characters.

According to Bessey’s dicta “Woody stems are npymitive than herbaceous stems, and herbs
are held to be derived from trees” (Bessey 1915).

Mapping the habit on the Rosales phylogeny corsfitinat the ancestral state is a tree. The direct
ancestor to the Rosales is uncertain, becausedbacBae contain many herbs and shrubs, but all
other Rosales almost certainly share a treelikeestoc. Within the Rhamnaceae, Elaeagnaceae,
DirachmaandBarbeya,shrubby growth has evolved at least 4 times. WitoraceaeDorstenia
is the only herb among trees. Urticaceae, howearsist of exclusively herbs and shrubs, except
for the Cecropiaceae geneatacropiaand Coussapoathe only clear case of the evolution of trees
from shrubby ancestors. All Celtidoids are treesh whe herbaceous Cannabaceae derived from it.
There is no indication of trees being derived frioenbs.

Leaf arrangement
See Fig. 2.6 B. Almost all species sampled haverrating leaves. There are some groups,
however, that have an opposite leaf arrangemenppMg the character states (alternate; opposite)
on the phylogeny can show whether these groupsetated or that the evolution of opposite leaves
has occurred several times independently.

Within Rosales and the outgroup Fagales, the pnedmnt, plesiomorphic leaf arrangement is
alternating. Opposite leaves appear 6 times: iedfjnaceaeShepherdip RhamnaceaeNgsiota,
Barbeyaceae, Moracedgtfeblu3, Urticaceae and the Celtidoid gerugzanella

Flowers
Within the traditional Ulmaceae s.l. flower sexfeit for several genera. In the Rosales as a whole,
flowers generally have both male and female ordam®oecious), but flowers bearing only male
or female organs (dioecious), and flowers beinigegitnale or hermaphroditic (polygamous).
“Flowers with both stamens and carpels precedeethosvhich these occur
on separate flowers” Bassey (1915).
We can confirm that the ancestral state for flolmexeding system in the Rosales is monoecious.
Dioecious flowers originate at least 8 times: insRweae Aruncug; Elaeagnaceae, Rhamnaceae
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(BerchemiaandBarbeyg; UlmaceaeKlemipteled MoraceaeNlaclura); Urticaceae Nlyriocarpa);
the Celtidoid genud.ozanella and the Cannabaceae. Flowers being polygamouws amdur in
Ulmaceae lolopteleg andCeltis

Fruit type

Fruit type is a character for which the determimatnf the states (achene; drupe; syncarp; follicle;
samara; capsule; winged drupe) is relatively eadhere are no intermediate stages. Fruit types can
be basically divided into dry fruits (achenes, itddls, capsules), drupes, a syncarp is an aggregate
fruit which consists of many individual fruits froseparate ovaries within a common receptacle.
Winged fruit types can be either a winged acheaméa) or a winged drupe (asHteroceltis:

* Achene: dry, indehiscent fruit with one seed.

* Drupe: indehiscent fruit with one seed surroundgd bard stone or pit.
» Follicle: dry, dehiscent fruit with many seeds framsingle carpel.

» Capsule: dry, dehiscent fruit with many seeds fbar more carpels.

The fruit type does not show a general trend thnoug the Rosales, but for the families some
patterns are worth mentioning: The Rosaceae igleivihere into two clades; one with achenes
(Dryas, GeumPotentilla, and Rosg, and one with drupes, follicles, or fleshy fru{Grataegus
Aruncus Prunug. The phylogeny of the Rhamnaceae shows an ewalfitorm drupes to capsules.
As mentioned in the introduction, Ulmaceae can heiker samaras (traditional Ulmoids) or
drupes (traditional Celtidoids). Moraceae consigtinty of species with syncarpous fruits, with
evolution to fleshy fruits Qastilla, Brosimum Broussonetig or drupes Dorstenig Streblu3. The
Urticaceae are all bearing achenes, except foexh€ecropiaceae gen@oussapogdrupaceous).
The Celtidoids all have drupaceous fruits; only ri@notypic genus Pteroceltis has a winged drupe.
This might be an adaptation of this species taliys temperate habitat in North-West China. The
Cannabaceae show an evolution from the Celtidaigelto an achene.

Leaf margin

See Fig. 2.6 C. For the leaf margin, we looked atune branches only, because juvenile leaves or
leaves on water shoots can be morphologically dewiant. Three character states were scored:
lobed, entire and serrate; serrate was scored W3eor more of the leaf margin has serration.

For the leaf margin there are a few patterns notttwy: In the Fagales and the Rosales not
belonging to the former Urticales, a serrate leargimm seems to be the ancestral state with
evolution to entire margins occurring in all lineagin the Rhamnaceae this pattern is the same as
for the fruit type. The Ulmaceae can be dividedoimivo clades, with the entire margined
Ampeloceraand Holoptelea being sister to all other serrate margined remtesees. The
Celtidoids also have predominantly serrate leafginar with entire leaf margins occurring in some
specific clades: the genefphanantheChaetachmeand some AfricaiCeltis species. Lobed leaf
margins occur only iMorus, Cecropiaand the Cannabaceae.

Pollen
See Fig. 2.6 D. One of the most obvious charaétergollen is the number of pores; ranging from
2 - 5. Because many species can have either 4 pmrés, the character states were divided as
follows: less than three pores, 3 pores, or maaa three pores (<3 porate; 3 porate; > 3 porate).
The basic pollen type is 3 porate, which is nopssing given the current re-circumscription of
the Eudicots into Tricolpates. Nevertheless theeesame deviations: The Ulmaceae have more
than 3 pores, a trait also occurringHippophae, Berchemia, Dorstergamd some representatives of
the Urticaceae. A reduction of the number of paras be seen in the ex-Cecropiaceae genera
CoussapoandCecropia(Urticaceae), and the Celtidoid gerflugsma.
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Figure 2.6 A-D. Evolutionary trends of selected pimlogical characters traced over the parsimony
jackknife majority-rule consensus tree, based oM 1&xa, with parsimony as the ancestral state
reconstruction method. Terminals are coloured altiogrto the genus (Celtidoids)., family (other Resa,

or order (Fagales). Node labels indicate the mides within the Urticalean Rosids: Cannabaceae)(Ca
Celtis (C), Chaetachme Pteroceltis(Ch), Trema & Parasponia(T+P), Gironniera (G), Lozanella(L),
AphananthdgA), Urticaceae & Cecropiaceae (Urt)., Moracea®i()yland Ulmaceae (U).

A Habit; B Leaf arrangement; C Leaf margin; D Polle

Fig. 2.6 A. Habit.
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Fig. 2.6 B. Leaf arrangement.
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Figure 2.6 C. Leaf margin.
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Thorns and spines

Thorns and spines are two distinct morphologicarabters: the former are modifications of the
stem, while the latter are leaf modifications. Ti®m@and spines are not common in the Rosales:
within our taxon set they are confined to the Efesgae, some groups in the Celtidaceae, and
species of Ulmaceaélémiptelea and Rosacea&s3.

When plotting the character states (thorns; spiabsent) on the phylogenetic tree, it appears
that in the Celtidoids some clades can be chaiaeteby their thorns: The gen@haetachmes
bearing thorns, as is th€eltis subgenusMertensia from the Neotropics. The evolutionary
relationships between Eleagnaceae and the Ulmaceawt resolved.

2.4 Phylogeny

Are the Celtidoids sister to a clade with Moraceae Urticaceae as hypothesised by Sytsma et al.
in 200272

Our results clearly confirm that the Ulmaceae s.lnot a monophyletic group, and that the
Celtidoids must be separated from it. Ulmaceaeis.sister to the other Urticalean Rosids (Fig.
2.4). All 125700 MP trees have the Celtidoidsaslsister to a clade with Moraceae and Urticaceae.
Although jackknife support for this relationshipaaly moderate (72% jackknife support, fig. 2.4)
the high p.p values (97 and 99) (fig 2.5) in they®@aan analyses and the congruence with the
results of Sytsma et al. (2002) who acquired bstteport for this relationships with the additidn o
the chloroplast gene ndhF, indicate that suppditpbably increase with the addition of more
character data.

Are the Celtidoid genera monophyletic?

Most Celtidoid genera are monophyletic; only thetist of Trema ParasponiaandCeltis remains
uncertain (Fig. 2.4). It is clear that not all genare represented by all their species, and the
addition of more taxa could alter this conclusiBat as our taxonomic sampling is relatively high
already, we are confident that our conclusions kald.

What are the intergeneric relationships within theltidoids?

Aphananthes sister to all other Celtidoid s.l. genekazanellaappears as sister to the remainder,
and Gironniera as sister to a clade comprisi@gltis, Chaetachme, Parasponia, Pteroceléad
Trema but these relationships are not well supported possible that when more data is added,
the positions of.ozanellaandGironnierawill switch, or that both will appear as sisteregach other
(Fig. 2.4).

What is the phylogenetic position of the Cannaba@ea

Cannabaceae are monophyletic and closely relat€egltcs Chaetachme, Parasponia, Pteroceltis
and Trema. Chaetachmedoes not have the derived base chromosome numbzerl® which
characterises Cannabaceae and the other generameenhbove (Sytsma et al. 2002), but because
Pteroceltis(x = 10) is its sister lineage (fig 2.4), the pb8gy that the ChaetachmePteroceltis
clade is sister to Cannabaceae cannot be excluthedfact that the problematic line with@eltis
tends to group with the Cannabaceae in the Bayasialyses may be an indication tRattisis the
closest relative to the Cannabaceae.

2.5 Evolutionary trends
We feel that the taxonomic sampling used is actuadbufficient for properly assessing the
morphological trends in this clade. As this is glpgeny of the whole order Rosales, it is sure that
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we missed some taxa having traits that would at@r conclusions about the trends, such as
Dendrocnide excelsan Urticaceous tree of up to 40 m. Therefores gart of our study should
rather be regarded as an exercise than as a vialigsés.

Nevertheless, it is surprising to see that thedwta of Bessey that were tested could actually be
confirmed. This reaffirms the fact that, althougblecular phylogenetics has brought about many
changes in the classification of the Angiospermiarge part of the traditional classification igl st
valid today. In our study, the delimitation of tbeticales and the evolutionary trends, both already
described by Bessey in 1915 are corroborated.

2.6 Remaining questions and recommendations
The majority of research questions have been aeslar least in part, but some questions about
the phylogeny of the Celtdoids remain:

Do the gener&eltis TremaandParasponiarepresent monophyletic groups?

What are the closest relatives of the Cannabadead?fCeltis?).

The phylogenetic results of the resolved part ef genusCeltis have generated a new question
about the relation between phylogeny and biogedyrapthe genus (see Chapter 3).

Are African and NeotropicaCeltis species sisters, or are the Neotropical ones etbftom within
the African taxa?

To be able to answer these phylogenetic questibostdahe Celtidoids, the most important thing is
to add more character data. For the question regp@kltis enlarging the taxon set might also be
beneficial: AsCeltisis a very large genus, the addition of m@udtis species might provide a more
solid basis for phylogenetic hypothesis aboutntsageneric relationships. In order to be able to
confidently make statements about the biogeogratpisynecessary to include Neotropical species
not belonging to the subgenMertensia

2.7 Conclusions

We can conclude that this study has generated mmgmytheses about the phylogeny of the Rosales
in general and the Celtidoids in particular. Fodefinitive elucidation of the evolution of the
Celtidoids and the Cannabaceae, a follow-up stadiuding more characters is necessary. The
addition of a nuclear marker would be recommendeske if the chloroplast and nuclear genotypes
contain any conflicting signal, which might suggestculate evolution. There is no doubt that such
a follow-up study will generate many new evolutigpn&iypotheses about this highly interesting
group of plants.
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Chapter 3

PHYLOGENETIC RELATIONSHIPS OFAFRICAN
CELTIS(CELTIDACEAE)

A. SATTARIAN; & L. J.G. VAN DER MAESEN

Summary

CeltisL. (Celtidaceae, formerly Ulmaceae-Celtideae), ohthe smaller tree genera in Africa,
comprises mostly evergreen trees, some of whichaédespread and abunda@eltis as a
whole contains mostly trees, and are found in t@pand temperate regions of the world
(Africa, Asia, South America, North Americaleltis was represented by c. 8 species in
tropical Africa (Letouzey 1972) but in current raseh (this thesis) 12 species are recognized
in Africa (Sattarian et al. 2005). The phylogenytlué genus was tested to see whether or not
African Celtis are a monophyletic group within Celtidaceae. Whet the relationships
between the biogeographical distribution pattenSaltis?

We used plastidirnL-F DNA sequence data and morphology data for thiglystiWe
sampled a total number of 69 accessions, whichamsider to cover 49 species ©éltis 11
other Celtidaceae genera and nine outgroups, (spendix 1 for details). FoCeltis the
sampling was based on the entire geographicailaliion. We used Parsimony and Bayesian
analyses. The topology of the jackknife tree hasasha clade ofCeltis with 83% jackknife
support {rnL-F, morphology) and without input of morphology thitade received 64%
support. GenerallyCeltis appears in an unresolved clade containifigroceltis Trema
ChaetachmeHumulus and Cannabis (99%). TheC. gomphophyllaclade is sister to the
African and AsiarCeltis however, the position of this clade is dependentvhether model-
based analysis is performed or not.

3.1 Introduction

In this chapter we will focus on phylogenetic redaships in this widespread genus, and discuss
various scenarios of its phylogeny and biogeograp¥g will first briefly review the taxonomy,
ecology and biogeography Geltisin general.

The taxonomic history dEeltisin general and especially Africaeltisis treated in chapters 1
& 7 of this thesisCeltisis part of the angiosperm family Celtidaceae Livtkich was previously
considered to be part of Uimaceae Mirbel (forméflgnaceae-Celtideae, see Table 1.1, this thesis.)
(Elias 1970; Grudzinskaya 1967; Judd et al. 199#p & Terabayashi 1991, 1993; Ueda et al.
1997; Song et al. 2001; see further Van Velzenptha? of this thesis, 2006). Celtidaceae Link
now comprises ca. 100-150 species classified ie genera (Todzia 1989; Grudzinskaya 1967,
Sweitzer 1971; Soepadmo 1977; Ulloa 1995) thatvadely distributed in different ecological
habitats (e.g. temperate regions, savannah asagprest).

The Celtis species, which are mostly trees, are found itrgdlical, and many temperate regions
of the world (Africa, Asia, South America, and Noamerica). Some&eltis species of the family
are ornamental; some are used for timber and &hdren.Celtisis a rather small genus in Africa
comprising mostly evergreen trees, some of whiehvadespread and abundant, and some have a
more restricted distribution (see below & chaptergl, 5, 6, 7 of this thesis for more detail and
examples of species characteristics).
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Celtis species possess simple leaves that are of modsrateusually leathery, often markedly
asymmetrical at the base, acuminate, and mostly parallel veins running between the nerves;
petioles measure up to 12 mm long. The flowersaaiary on the current year’'s shoots, usually
with male and hermaphrodite flowers, both kinddlaivers in the same inflorescence; fruits are
drupes, varying from quite small to 20 mm in lengilne endocarp is important to distinguish
species of AfricarCeltis. The endocarp shape varies from elliptic to ovdeehticular, or ovoid-
beaked. The size of endocarp ranges from small342 mm) to large (11 x 10 x 8) and is very
useful in terms of identification of species. Thelecarp shape varies from globular to polygonal.
The outer layers of the endocarp differ (more diétaihe chapters 6 in this thesis). There are main
two types of outer layers of endocarp (smooth pmiygy and rough polygonal) which may be
related to dispersal. The endocarp colour variemfwhite, cream, and grey to brown. (More
details in chapters 4 & 7 in this thesis).

3.2 Ecology ofCeltisL.

In the flora of Africa, Celtidaceae Link (see Tallld, this thesis.) is a small family with as main
genusCeltis earlier known to be represented by c. 8 treeispgtetouzey 1972), but in current
research 12 species are recognized (Sattarian &eaMaesen 2005). The distribution of African
Celtis species ranges from North Africa (Algeria, LibyadaMorocco) to South Africa and
Madagascar. Several species are found in raintf¢@adtis tessmanii, C. mildbraedi{Letouzey
1972; Keay 1989) or in semi-deciduous for&sl{is adolfi-friderici, C. prantlii, C. zenkeri Other
Celtis are shrubs or small trees of rain forest undertrof@. gomphophyllg or found on the
forest/savannah boundary, or sometimes in mouritagst C. africang. Celtis tokais a fairly
large tree with a compact crown, growing besideastrs or planted in villages in the Sudano-
Sahelian zone (Flora of Tropical East Africa 1968)e drupaceous fruits @eltisvary in colour
from bright yellow to orange, deep red, and purptel are primarily bird-dispersed (Berg &
Dahlberg 2001 & pers. obs. in Wageningen Botan@Batden, 2002)Celtis philippensisvar.
wightii, which grows in coastal forests in Malesia, hasnbsuggested to be water-dispersed
(Soepadmo 1977).

In South Asia, especially in Malesia, specieetltis may be classified in two rather distinct
ecological groups. The first group is informallynmed here the Celtis philippensis group,
containing C. philippensis C. hildebrandij C. latifolia, C. luzonica C. paniculata and C.
rigescens These species are found mainly in lowland foresth primary and secondary, and are
an important constituent of the understorey tremroanity in moist areas. The second group, the
‘Celtis tetrandragroup’, includes Crubroveniag C. timorensisandC. philippensisvar. wightii, and
is confined to areas with a rather pronounced sedstimate, or they occur in wetter regions, they
grow on strongly drained substrates, e.g. rockyrefjoand limestone. In tune with this
environmental preference, th€.' tetrandragroup’ group shows a more prominent flush-wise
growth habit and its species are completely orlypaktciduous (Soepadmo 1977). In Africa there
are also three main habitats fGeltis rain forest which contain€eltis adolfi-friderici and C.
tessmannji dry Mediterranean habitat witBeltis australis,and savannah areas in whiCeltis
prantlii, C. africang C. toka, C. gomphophyllare found (Sattarian et al. this thesis 2006)S.In
America mostCeltis grow at forest edges. Global{yeltis grows nowhere at higher altitudes than
1000-1500 m.

3.3 Biogeography ofeltisL.
“Biogeography studies the patterns of spatialatenn in organism distributions and examines
characteristics that constitute their geographiaage” (Crisci 2001). Biogeography includes the
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classical subject areas geography, geology anadyjolThere are two main traditional research
lines in biogeography: ecological biogeography &mstorical biogeography (Humphries 2000 ;
Crisci 2001; Myers & Giller 1988).

Extinction, dispersal and vicariance are the npaatesses in the distribution of organisms, there
is not any difference in opinion about extinctiblecause it is a death of organisms or populations,
but other processes (dispersal, vicariance) haem logscussed differently. The centre of these
discussions concerns disjunct distribution pattemmsny biogeographers attempted to explain how
the common ancestor originally occurred in the area and later dispersal into another area and
which processes affect distribution (Hill & JordB®03; Linder & Crisp 1995).

In the dispersal viewpoint, the ancestral popatativas limited by existing barriers, and if it
moved into new areas, colonizing there and remgiifsolated from the original area, they may
differentiate into new taxa. But in the vicariangewpoint the ancestral population is divided by
the development of barriers, and barriers caugerdison (Crisci 2001).

Dispersal was used for a long time as importaptasation for distribution of organisms. Cain
(1944) and Croizat (1958) discussed the dispergdhration as the main process in biogeography
and later on developed vicariance as equally inaporiCrisci 2001).

According to Croizat (1964) and Craw et al. (1998 vicariance-dispersal opposition can be
resolved by applying a biogeographic model (thena@nce form-making or periodic mobilism)
involving alternating cycles of dispersal and viaace. This solution recognizes both dispersal and
vicariance as important processes by which orgamiaohieve their geographical distributions”
(Crisci 2001).

Before the 1960s, oceanic dispersal was a domih@oty for distribution, later on especially
during the 1960s and 1970s, two development ideasged in biogeography, the first one was
validation of the plate-tectonic theories which poiged vicariance explanations, the second one
was the spread of cladistic thinking which produ@edanethod for reconstructing phylogenetic
relationships. Combination of the plate tectonid atadistic methods provided a good way to
explain disjunct distributions (Crisci 2001; Pastmm 1981). Over the last decades, understanding of
plant molecular phylogeny and molecular dating ingsroved, enabling better testing of historical
biogeographical hypotheses.

There have been many studies published over stedérade that test hypotheses on particular
migration patterns and biogeography of plants (Remt al. 2001(Melastomataceae); Lavin et al.
2003, 2004 (Fabaceae), Davis et al. 2002 (Malpagaea); Richardson et al. 2004 (Annonaceae &
Rhamnaceae); Pennington 2004 (Annonaceae)). Irfofteaving paragraph we discuss some of
these studies. In general, however, based on timedecular phylogenetic trees, evidence for
intercontinental angiosperm dispersal is accummugatonly in old groups such as in Lauraceae
(Chanderbali et al. 2001) and Annonaceae Gondweicariance has been suggested.

Phylogenetic analyses of the Annonaceae and Ri@aedased aclL andtrnL-F show that
one explanation for the distribution pattern ofiédn and South American taxa is vicariance (the
Gondwanan break-up).The distribution of Rhamnadéeaefluenced by Gondwanan break-up, e.g.
the Ziziphoid group is cosmopolitan with a predoamtly Southern Hemisphere distribution, and
suggesting a possible Gondwanan origin; this distion suggests that the whole southern group
was widespread throughout Gondwanaland and patiawfsia before these continents broke up
(Richardson et al. 2004). This explanation for keimgraphic disjunction involving South America
and Africa (vicariance of western Gondwana) is f@oiatic because many groups of plants
originated and diversified after the last known reection between Africa and South America
(Davis et al. 2001) and vicariance resulting fréva break-up of Western Gondwana cannot explain
some of the disjunct angiosperm lineages (Richarésal. 2004; Pennington et al. 2004).

A historical biogeography approach complementarytdsting migratory pathways is the
exploration of affiliations of taxa that have cabited to the composition of (oceanic or
continental) island floras. Such an approach wlswed by Galley & Linder (2006) focussing on
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affiliations in the model system the Cape FlorisRegion. It shows that Cape clades have
Australian rather than African relationships. Thap€ flora has been assembled over a long time
period, and received more contributions from Aditrthan from Africa (Galley & Linder 2006);
also many Cape clades show a relationship with dtamatemperate flora. There is no single
geographical source of the distinctive Cape floral &£ape clades share a common time of
differentiation from geographical neighbours (GakeLinder 2006).

Phylogeny based on chloroplast germegh{) and nuclear phytochrome €HYQ (Davis et al.
2002) shows that Malpighiaceae originated and bégalversify in northern South America in the
early Palaeocene, and from South America, differa@ng-fruited species may have migrated in
North America via scattered continental or volcarstands that connected North and South
America, and from North America, these lineagesiddave migrated eastward across Laurasia
into the Old World via connections across the Noittantic, and then diversify in Africa and
Madagascar and also in Asia. The North AtlantichRaly is a way of the migration of several
lineages of Malpighiaceae at different times (Dastial. 2002).

Boreal tropical connections across the North Aitarduring the Eocene are evidence to
understanding patterns of disjunction around thetiidon Hemisphere especially between Eastern
Asian and Eastern North American plants, and indataan important pathway of global
distribution for tropical groups (Sanderson 2001).

Molecular phylogeny, fossil dating and biogeogramifi both Annonaceae and Myristicaceae
was studied involvingbcL gene analysis and morphology, this study convenges fairly coherent
story considering both plate tectonics and longadise dispersal (Doyle et al. 2004)

Celtisis also one of the widespread genera in diffecentinents (Sattarian et al. chapter 1, this
thesis) and migration patterns of the this speeiesld be interesting to be tested: which pathway
played an important role in biogeographyG#ltis Gondwanan break-up, North Atlantic pathways,
boreotropic, or the Antarctica route? Did migratioiCeltis spp. occur from South America via
scattered continental and volcanic islands thatammected to North and South America and then
by the North Atlantic land bridge to the northemnfisphere and Africa as well or the other way
around, because dispersal of the these speciesnes loy birds and its fruits are quite attractive
mostly for birds (Soepadmo 1977).

3.4 Taxonomy and phylogeny GeltisL.

The major challenge in the taxonomy G@feltis has been the difficulty in finding proper
morphological characters to distinguish specied. wabre than 500 published species epithets are
enumerated in the International Plant Names Indiekll(2004), the most recent database listing
Celtis on a worldwide basis. Because a world monograplad&ing, species concepts vary
considerably among regional floras. Current trelngige been toward recognizing fewer but more
variable species. Although pragmatic, this appropoécludes a deeper understanding of the
systematic relationship among species or their gl and biogeography. So, phylogenetic
relationships at genus and species level withitidzeleae Link are still poorly resolved (Sytsma et
al. 2002; Song et al. 2001; Van Velzen, Chapter this thesis 2006; Chase 1993; Judd et al. 2002;
Ueda et al 1997; Wiegrefe et al. 1998, Song €G42).

The intergeneric relationships within the Celtidlae Link based ombcL and trnL-F lack
significant support (Sytsma et al. 2002; Song et28D1; Van Velzen, Chapter 2 in this thesis
2006).Aphananthes sister to all the Celtidaceae gendmzanellais also sister to remainder, and
Gironniera is sister to a clade that comprisésltis ChaetachmgParasponia Pteroceltis and
Trema, but these relationships are not supported wetl, \aa still need to add more taxa to get
better support (Sytsma et al. 2002; Song et al12®an Velzen, Chapter 2 in this thesis 2006).
These studies generated some remaining questikes dio the genereCeltis, Trema and
Parasponiarepresent monophyletic groups? Which genera as=dio Cannabaceae, what are the
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relationships between phylogeny and biogeograph@eitis (Van Velzen, Chapter 2 in this thesis
2006; Song et al. 2001).

In general, phylogeny data on Afric&reltis is lacking (Sytsma et al. 2002; Song et al. 2001,
Van Velzen, unpubl. Chapter 2 in this thesis 2@Base 1993; Judd et al. 2002; Ueda et al. 1997;
Wiegrefe et al. 1998, Song et al. 2002).

All published studies so far ddeltiswere done at the level of the family in general gedera
of the Celtidaceae, not in depth at species |&ugl. family phylogenies are based on evidence from
floral anatomy (Chernik 1975, 1981), fruit morphgyo (Chernik 1980), seed coat anatomy
(Chernik 1982), embryology, wood anatomy (Sweitk871), pollen morphology (Zavada 1983;
Takahashi 1989), leaf venation (Terabayashi 19amyl flavonoid chemistry (Bate-Smith and
Richens 1973; Giannasi 1978). The Ulmoideae widir tslightly larger hermaphroditic flowers and
pollen, spiral perianth and stamen traces are dersil to be more primitive than the Celtidoideae
(Cronquist 1981, Leroy 1952; Hutchinson 1958; Sdepa 1977) Advanced characters in the
Celtidoideae include smaller flowers; fewer stamesmiorled perianth, and the absence of any
vestigial stamen, permitting recognition of two dammilies. Many members of the Celtidoideae
have a greater affinity to the Moraceae than teotimaceae (Grudzinskaya 1967; Chernik 1975
1980, 1981, 1982; Takaso & Tobe 1990). Based drvkaation and karyomorphology, within the
Ulmoideae (Cronquist 1981) are distinguishabkEmiptelea, Planera, UimyusandZelkovaon the
one hand andHoloptelea and Phyllostylon on the other (Oginuma et al. 1990). Within the
Celtidoideae (Cronquist 1981; Leroy 1952; Hutchmd®58; Soepadmo 1977gironniera may
have an isolated position based on karyomorpholog$4. (Oginuma et al.1990), the other genera
have n=10 or 13Ampeloceras distinct within the Celtidoideae in having anation pattern more
like the Ulmoideae than the Celtidoideae, as wsllhaving a distinctive flavonoid chemistry
(Giannasi 1978), and pollen wall structure (Tak&hd$©89). Morphologically and anatomically,
Aphanantheand Ampeloceraappear to bridge the Celtidoideae to the Ulmoid@danchester
1989). (more details in chapter 1 in this thesis).

In general, phylogeny data on Afric&eltisis lacking or only included in broader phylogenetic
studies (Sytsma et al. 2002; Song et al. 2001akseeChapter 2; Judd et al. 2002; Ueda et al. 1997;
Wiegrefe et al. 1998, Song et al. 2002, Whitten2@5: Islam, et al. only 2 posters at IBC Vienna,
2005) and studies on geneticsCHltis species are few (e.g. Whittamore et al. 2005)r&foee this
project set out to fill some of the gaps in our\klexge, as well as addressed some of the remaining
guestions (Van Velzen, Chapter 2, in this thesi®620such as intergeneric relationships of
Celtidaceae or relationships between phylogenybéogeography.

So far, the phylogenetic results of the resolvad pf the genu€eltis (Sytsma et al. 2002; Song
et al. 2001; Ueda et al 1997; Wiegrefe et al. 1998ng et al. 2002; see also Chapter 2) have
generated questions about the relationships betyéglogeny, morphology and biogeography
(Judd et al. 2002), and these have been addressed thesis in Chapter 2 (Van Velzen et al.). We
were able to answer part of the phylogenetic qoestabouCeltis. The important thing was to add
more character data and taxa which could be beakfw understanding of this genus, because
Celtisis a large genus compared with the other genetiaeirCeltidaceae family and distribution is
also very wide, so for this project we added alti¢gfn Celtis as well as a few of the Asian, and
South AmericarCeltis to get a proper understanding of the phyloger@efis.

Morphologically, AfricanCeltis are similar to the AsiaiCeltis and Australian species; both
groups have no thorns. Berg (2001) classified thelSAmerican species in a sub-geMertensia
(Berg 2001). The leaves and their venation diffetween the continents. Ecologically, in Africa
there are two species in rain fore€te(tis tessmanniiC. adolfi-friderici) and the other African
Celtisoccur in savannahs outside the forest, and onéespiscfound in mountains of North Africa:
Celtis australiswhich is also present in Asian and South Europsedls

Biogeography o€Celtisalso is an interesting area to understanding ttternpaof the distribution:
did the species migrate from South America to Néutierica and Asia or the other way around. As
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stated above the phylogeny and morphology ofxékisis lacking as well as addresses some of the
remaining questions (Van Velzen, unpubl. Chapter this thesis 2006). Our study focussed on the
following objectives:

1. Is African Celtismonophyletic within Celtidaceae?

2. What is the relationship between phylogeny and doggaphy? Becaugeeltis is
presented in different habitats in the world, itulbbe interesting to assess the
relationship between phylogeny and habitat suchassforest, savannah, and dry
area (as in Schrire et al. 2003).

3. What is the relationship between phylogeny and malqmy? AfricanCeltis and
Asian Celtis have more similarity morphologically, and South éman Celtis
having thorns are different from Asian and Afridaaltis, so we should understand
the relationships between these two aspects.

3.5 Materials and Methods

In this study, the cpDNA regiamnL-F and morphology have been used as a source ofgeryddic
markers for reconstructing the phylogeny of Africaeltis. ThetrnL-F consists mainly of two non-
coding regions (thérnL intron andtrnL-F intergeneric spacer). The succession of consemved
genes and apparent absence of gene re-arrangemehts widertrn T-F region facilitated the
design of plant universal primers by Taberlet et(3091), and since then theL-F region has
become known as one of the most widely used chlasbpnarkers for phylogenetic analyses in
plants (Quandt et al. 2004). The marker consisislgnaf two non-coding regions (thenL Group

| intron and thernL-F intergenic spacer (see Chapter 2, Fig. 2.2).ritletively fast evolving and is
consequently used in studies at the generic Iélatii@h 2003; Paul et al. 2005, Pirie 2005), as well
as at the species level (Bakker et al. 2004).

In addition to the DNA sequence data we also inetbichorphology data in our phylogenetic
analysis. The morphological characters were basethe studies in this thesis, from herbarium
specimens and information from Floras (chapter$,46 and 7 in this thesis). We selected 10
characters (table 3.1): we included some of theadters which are very conspicuous; there is no
overlap between characters and they can splitadn#wacter states, because the main and important
parts of the characters concern the definition wdngitative characters states. This proves to be
especially problematic when such characters cabhadplit into character states on the basis of
discontinuities in morphometric space, i.e. gapsh(® 2000; Pelser et al. 2004). We selected 10
characters which are not overlapping and have teynrediate states. All the 10 characters were
coded as binary or multistate characters and weated as unordered in the phylogenetic analyses.

3.5.1 Taxon sampling

We sampled a total number of 69 accessions, cayetth species ofCeltis 11 from other
Celtidaceae genera and nine outgroups (see app8nidix details). ForCeltis the sampling was
based on worldwide geographical distributioising herbarium specimens and silica-dried leaves
sampled from Africa (14), South America (10), amsiaA(12), this means that we have reached 50-
81% of complete taxonomic sampling, depending efrthmber of species recognized in the genus.
Additional gene sequences used in this study wsed rom current research (van Velzen et al. this
thesis Chapter 2) and Gen Bank (13 accessions).

Trema, Ulmus, Cecropia, Ficus, Dirachma, ZelkoBarbeya and Humulugrere included as
outgroups based on studies on Celtidaceae thataitedi genera of Celtidaceae that have a close
relationships with Cannabaceae, Moraceae and Waeaather than with the Ulmaceae s.s.
(Sytsma et al. 1996; Zavada et al. 1996; Ueda .e1997; Wiegrefe et al. 1998). Appendix 3
presents a list of taxon sampling.
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Table 3.1. Morphological characters and coding.

Characters Character States

Life cycle Herb (1) Shrub (2) Tree (3)
Leaf Simple (1) Compound (2)

Leaf margin Entire (1) Serrate (2) Lobed (3)
Leaf arrangement Alternate (1) Opposite (2)

Venation 3 veins at base (1) Pinnate (2)

Indumentum Smooth (1) Rough (2)

Pollen shape = 3-porate (1) < 3-porate (2)

Fruit type Drupe (1) Nutlike (2) Syncarp (3) Samara (4)
Seed wing Absent (0) Present (1)

Thorn Absent (0) Present (1)

3.5.2 DNA extraction and PCR amplification
Total genomic DNA was extracted from herbarium dicadried leaves (10-25 mg) using a
modification of the CTAB extraction protocol of Diey(1987), following the DNA extraction
protocol of the Wageningen Biosystematics Groupg(ifik et al. 2005). Concentration and quality
of the extracted DNA was measured by using the Niaop ND-1000 spectrophotometer.
Amplification has been performed in a volume of BGgontaining 37-123 ng genomic DNA, 0.2
UM of each primer and dNTP, 3 mM Mgcl 2, 75mM THEL, 20mM(NH4)2S04, 0.01% Tween
20, and 1.5 unit Taq polymerase. The trnL-F regsoamplified in one part using primers ¢ and f or
in two parts using primer combinations c-d and(&dberlet et al. (1991). The PCR profile was 1
min. denaturation at 94°C, 1 min. annealing at 52nin. extension at 72°C, followed by one
cycle of 7 min. at 72°C (Taberlet et al. 1991). ekftvisual inspection on a 1%-agarose gel,
fragments are cleaned using Qiaquick purificatiQmagen) following the manufacturer’s protocol
and eluted in 25pL MQ water.

The cleaned fragments were sequenced using aefloent dye-labeled sequencing reaction
(DYEnamic tm ET Terminator Cycle Sequencing Kit, @&msham Biosciences), and high-
throughput ABI sequencing facilites at Greenomiageningen UR.

3.5.3 Sequence analysis

Sequences were assembled and edited using Stadeonvé.5.3. (http://Staden.sourceforge net/

In case of disagreement with two tracers, thesgnpmiphic sites were resolved unambiguously.
When all editing had been done, and we felt that@isensus sequences represent tracers in the
best possible way, we saved the consensus sequrribes-FASTA format.

Automatic alignment of sequences was carried sutguClustal-W as implemented in Bio-Edit
(Hall 1999), for further alignment by eye we uskd same software, and MacClade version 4.07
(PPC). Nine indels in the final alignment were abds present/absent characters where they could
be coded unambiguously, following the simple indedling protocol as described by Simmons &
Ochoterena (2000). The ten morphological charadaescribed above (see table 3) were also
included in the matrix.

3.5.4 Phylogenetic analysis

We choose to analyse our data using both a pargiamd a model-based approach. In general, the
parsimony approach for inferring phylogeny operdigselecting trees that minimize the total tree

length, the number of evolutionary steps (transt&droms from one character state to another)
required to explain a given set of data (e.g. S8eBkenny 2000; Felsenstein 2004 p. 97; Holder &

Lewis 2003). Parsimony is a criterion that minimsisessumptions, which implies that MP favours

the tree that require the fewest evolutionary ckang explain the observed data (Hennig 1963;
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Farris et al. 1982: Steel 2000; Whelan 2001; Feksém 2004). In parsimony, the score is simply
the minimum number of substitutions or ‘characteteschanges’ that could possibly produce the
data. The advantages of the parsimony approactihateit is fast enough for the analysis of
hundreds of sequences, and robust if branchedare(slolder & Lewis 2003).

However, if there are great differences in thegaif character evolution between lineages such
that some lineages are evolving very rapidly, ahdhe pattern of variation is sufficiently
constrained (i.e., only a limited number of chagactate exist), then unusually long branches are
often connected to each other whether or not theyaatually closely related. This phenomenon
occurs because numerous random changes, some df appear in parallel in the two lineages,
outnumber the information that shows common ange$trie problem cannot be circumvented by
acquisition of more characters, these merely adthéonumber of parallelisms linking the two
rapidly evolving (Judd et al. 2002). This situatiercalled long branch attraction or the Felsenstei
zone and can affect all methods of tree constradtiadd et al. 2005; Wiens 2005; Bergsten 2005).

“The parsimony analysis has a few obvious disathges such as the score of a tree which is
completely determined by the minimum number of stlitons among all the reconstructions of
ancestral sequences. Another serious drawbackrsinpany arises, because it fails to account for
the fact that the number of changes is unlikelybéoequal on all branches in the tree. When
calculating the parsimony score of a tree, a munatiounts as one demerit to the score no matter
where it occurs. Nucleotides that are presenteattids of long branches might be similar because
of convergent evolution rather than direct inhee® and parsimony does not allow for
convergence along long branches as an explanatiemdarity. This property makes parsimony
susceptible to long-branch attraction, in which teog branches that are not adjacent on the true
tree is inferred to be the closet relatives of eatbler by parsimony” (Holder & Lewis 2003).

Maximum likelihood (ML) is another optimality cetion which is a more statistical approach to
phylogeny reconstruction (Whelan et al. 2001). Bdiwa& Cavalli-Sforza (1964) wanted to apply a
ML criterion to phylogeny reconstruction. The MLtiesate of phylogeny is the tree for which the
observed data are most probable. The likelihooth®fobserved sequences depends on an explicit
model of the process of DNA substitution and tféelgenstein 1984). One of the disadvantages of
the ML is adoption of the model that may not ddserihe true evolutionary process of characters
(Sober 2004).

Bayesian analysis, is based on afl' t&ntury theorem by the reverend Thomas Bayes (see
http://lwww.bayesian.org/bayesian/bayes.html) (Hembeck et al. 2002), and is a widely applied
statistical tool outside systematics. Three groopgesearchers independently proposed using
Bayesian inference of phylogeny: Yang & Ranala @9Mau (1996) and Li (1996); and this
approach has become common nowadays (Rendle 20Q8). Bayesian inference of phylogeny is
based on a quantity called posterior probability &fee, or in other words it is a branch of stias
that focuses on the posterior probability of hyjestiss. The posterior probability is proportional to
the product of the prior probability and the likedlod (Holder & Lewis 2003). This analysis also
has advantage of strong connection to the maxiniketiHood method, it might be a faster way to
assess support for trees and it also has disadyemntd the prior distribution for parameters which
must be specified (Rendle et al. 2005). Data weralyaed using PAUP* version 4.0b10 for
Macintosh, on a Macintosh G5 and Mr Bayes versidnl3

3.5.5 Parsimony analyses

We used jackknife support analysis with heuristiarsh, the number of jackknife replicates being
1000, the nominal percentage of characters delatedch replicate was 37, 1248 characters. All
the characters were of unordered type, all chardtad equal weight. Gaps were treated as
missing, and the addition sequence was random.ntih&er of replicates was 10; the number of
trees held at each step during stepwise additian Waranch-swapping algorithm tree was (tree
bisection-reconnection (TBR).
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3.5.6 Bayesian analysis

Bayesian analysis was initially conducted usingadifsettings. When there was not sufficient
mixing of the MCMC chains it meant that the defaelnperature for the heated chains (T=0.20)
was too high (Ronquist & Huelsenbeck 2004); thesesr can be adjusted after some analyses.
Therefore, normally some pre-run should be madethadroposed parameters and temperatures
have to be adjusted. For our analysis the temperatas set to T=0.05. By this temperature, the
Bayesian MCMC chains performed better. Default pvimues for DNA substitution models were
applied to each partition.

Further details of settings were as follows: 7Ratacharacter-set ‘non-coding’ = 1-1239,
character-set ‘standard morphology’ = 1240-1248tigmn region = 2: non_coding, coding, ratepr
= variable, set partition region, 1st apply to=i$}=6 rate = invgamma 'hpplyto = (2) coding =
informative, unlink statefre = (all), revmat = {alshap = (all), pinvar = (all), mcmcp ngen =
4000000, nchains = 4, printfreq = 100, samplefretp8, TBR+I+G, T = 0.05, analyses were run
for 4,000,000 generations with for simultaneous MCRkhains to calculate posterior probabilities
(PP) and one tree per 100 generations was savedbdnn-in values were determined empirically
from the likelihood values and 50% majority ruleasensus trees calculated together with
approximations of the PP for the observed biparigi

3.6 Results

3.6.1 Maximum Parsimony

The trnL-F region had an aligned length of 1248 characteh® tihL-F region with the indel
characters contained 225 parsimony informative attars (15.7%). The jackknife majority rule
consensus tree based tonL and indels had 32 nodes. The MP search resultadsingle tree of
734 steps, Cl = 0.725, Rl = 0.858. The multiple phaiogical characters provided another 9
characters and in this case the number of parsintdoymative characters was 249 (19%), The
jackknife majority-rule consensus tree was begeplved special value supports and has 34 nodes,
and tree length is 692 steps, CI=0.750, RI=0.868s(B.1 & 3.2). but this difference is not
significant.

The jackknife topology shows a clade@¢éltis with 83% jack supporttnL-F and morphology
data), and without morphology this clade receiveéd%) value support (fig. 3.1, 3.2 and 3.2).
Generally Celtis appears in an unresolved clade containitgroceltis Tremg Chaetachme
Humulusand Cannabis(99%). This clade is sister @ironniera (67%), then td_ozanella(99%)
and toAphananthg59%). and the clade containing all Celtidaceae @adnabaceae is related to
Ficus, Brosimimum Morus Cecropig Pellionia (100%) and finally sister téAmpelocera and
Ulmus (100%).In general this topology shows that genér@eaitidaceae are monophyletic. In the
Celtis cladeCeltis gomphophylla/durandiis sister to all othe€eltis South American taxa form a
clade supported with 81% jack in this topology.

The clade comprisin@eltis gomphophyllas sister to the rest of theeltis (African and Asian
and South American species; and also to the Son@rigan clade, The clade which conta@edtis
africanaandC. tokais nested to the African and Asian species any tird South American taxa
included are clearly monophyletic (81% jack), butthe clade of South American taxa polytomy
can be seen. African taxa occur at three unrelatedges, intermixed with the Asian taxa. The two
African Celtis clades containCeltis gomphophyllaand allies, andCeltis zenkeriand allies,
respectively, whera€. tessmannijiC. toka C. africanaand C. malagasicaare part of an Asian
assemblage. Generally African species are mordvexsthan Asian species. Obviously, for better-
resolved patterns more and perhaps different maker needed as well as more taxa.
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3.6.2 Bayesian analysis
After 4,000,000 generations, the standard deviadfaie split frequencies in the simultaneous two
MCMC runs in MrBayes was 0.002702, which means thay had converged on the same tree
topologies. The proportions of successful exchahgéseen the chains were 0.40-0.65 (following
chain swap information).

Run two had a burn-in of 2000 trees, which meab%2of the total 80000 samples. Run 1 also
had a burn-in of 4000 trees, (5.2%) of the tot@lGBsamples, there was no possibility for different
burn-in settings for each run, hence 4000 sampége wiscarded as burn-in before calculating the
model parameter values, the trees, and branchhiengt

Bayesian posterior probabilities (p.p.) were olfareore or less higher than jackknife support
frequencies, but the node leading to tBe gomphophyllaclade is not identical between the
Bayesian and MP topologies (Fig. 3.3) However ttie topologies are congruent (i.e. there are no
conflicts), as theC. gomphophyllaclade is part of a polytomy. The Bayesian topolesgggests
Celtis could perhaps not be monophyletic because of tbgepce off rema,ChaetachmgHumulus
and Cannabisin this polytomy. With the exception &. gomphophyllaand C. durandii other
Celtis formed one clade. There was not any contradigiocomparison with the MP pattern and
resolution was better than in the MP search, thétSAmerican clade is better resolved (p.p.) and
African taxa are more resolved than Asian specigsshll polytomy appears with this marker
(trnL-F).

3.7 Discussion
In this chapter we tested our objectives: is Afni€eltis monophyletic within Celtidaceae? Is there
a clear relationship between phylogeny and bioggugyr?

To address these objectives, we studied phylogasgd orirnL-F and morphology. Comparing
the phylogeny based on this marker, we found soateeqmms e.dCeltis gomphophyllaandCeltis
durandii together are sister to the rest of the otl@ettis species, especially African and Asian
species. There is a large Asi@eltis clade which contains 4 African species (see belawjl there
Is another clade for South American species. Magh@eltis clades are part of a polytomy, the
topology based otrnL-F plus morphology has slightly better support valdbe support value of
the Celtis clade is 83% (Fig. 3.1), but imnL-F and indels it is 64%, and patterns are congruent
(Fig. 3.1)

The phylogeny based on thaL-F plus coded indel characters was congruent withogeny
based ontrnL-F plusindels plus morphology; this means that molgdwo characters provided
better supports, although thraL-F is a relatively fast evolving marker (see chagleiit seems that
for the phylogeny ofCeltis we need more markers to get better resolution. rBisalts of the
jackknife analysis (maximum parsimony) are not rehti identical but not in conflict with the
Bayesian analysis because of the polytomy which lmarseen in th€e. gomphophyllaclade.
Generally AfricanCeltisis more resolved than Asian species e.gGhgomphophyllalade,Celtis
toka clade,Celtis rhamnifoliaclade (informal names), which probably reflect$tdretaxonomic
sampling of African species.

In this study we had three objectives: the firs¢ questioned monophyly of Africa@eltis (all of
which were included in the analysis): accordinghis study and Fig. 3.1, 3.2, 3.3 African species
are not monophyletic based onrL-F, and are present within one clade with Asian sgsclo
obtain better patterns we need more markers.

The second objective was about relationships ertvphiylogeny and geographical distribution:
we found a clade which contains South American isgewith value support of 81%eltis toka
and Celtis africana,occuring in savannah areas, form here a smalleclaith value support of
63%.The African specie€. africang C. toka, C. malagasicandC. tessmanniare present in a
mixed African-Asian clade. There may have been sgpalispersal events or taxa are rather similar
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in this clade. According to our study. africana,C. tokaare the same ecological habitat ahd
toka also occurs in the Yeman in Asia bDt tessmannioccurs in rain forest in Africa another
species in the mixed clade(Asian and African)ds malagasicathese species occur in different
ecological settings, so there may have been sepdrspersal events. If we would analyse more
Asian species, a firmer conclusion could becomesiptes All in all, our patterns suggest long-
distance dispersal and not vicariance to be a nfajoe in shaping present-day distributions in
Celtis Maybe South American species originated by vacare, as they did not disperse elsewhere,
and their morphology does not indicate any diffeeeim seed dispersal capacity.

The third objective was about relationship betwgdylogeny and morphology. The South
American clade (support 81%) fig 3. 2 possessirgnh is classified as a separate subgenus
Mertensia,and African and Asian taxa are more similar to eattfer than to South American taxa,
presenting a reasonably clear pattern of geograpleictities.By adding more taxa from South
America it may be to get better resolution for $oimerican Clade.

3.8 Conclusions

Asian and AfricanCeltis show patterns that have a few unresolved polytemBy including
morphological characters in the data set, the geyg based otrnL-F, indel, and morphology is
better resolved much higher value support, it meéhas morphology also provided valuable extra
characters. The resolution for the African spedsebetter than for the Asian species, probably
because of the taxon sampling. The trees obtaigeBaosimony and Bayesian analyses are not
identical, but also do not contradict each othbe parsimony-based topology is just further
resolved.

Looking at our objectives, the Parsimony Jackknifee shows that over-alCeltis is
monophyletic, but for receiving more support foistqualification, we need to use more marker
regions tharnrnL-F, such asnatK;andAFLP™. In theCeltis clade, there is also a pattern for South
AmericanCeltis that can morphologically be distinguished by thespnce of thorns. There is no
strong clade for African and Asian speciesGHltis, but a good support for South American
species. We need better DNA sequence markersifettar-resolved phylogeny.

Dispersal proves to be the major driving forcedistribution pattern ofCeltis, apart from the
South-American taxa, where vicariance may havegaayrole.
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Chapter 4

MACRO-MORPHOLOGY OFAFRICAN CELTIS
(CELTIDACEAE)

A. SATTARIAN; & L. J.G. VAN DER MAESEN

Summary

Celtisis a genus spread worldwide, and in Africa itscgxcan be seen from North Africa to
South Africa, in savannas as well as in rain fare$hree size classes of trees can be seen in
Celtis 4-10, 10-25, and 25-45 m tall. The trunks cancikndrical or sub-cylindrical. In
African Celtis two types of hairs are distinguished: glandular aod-glandular hairs. The
stomata are either paracytic, cyclocytic or anisiecynflorescences iCeltis are cymose and
fruits are drupes.

4.1 Habit and distribution

Celtisis a widespread genus, which has its naturaliigton in Africa, the Mediterranean region,
Asia, North and South America, and northern AugtraDutside these areas various species are
planted in temperate areas, such as Western EURnigsja, the Northern USA. In Africa the genus
largely occurs from North Africadeltis australi$ to Central and West AfricaCgltis tessmannii, C.
mildbraedii, C. gomphophyljaas well as in South Africa and Madagascar. Tlexigg are seen in
savanna regions of both tropical and temperat@nsgiAccording to habitat the species range from
small-sized tree to large-sized ones (5-45 m),, €g.australiensisis ¢c. 5 m tall,C. africana
measures 10-25 m, a@l tessmanniis 35-45 m tall. In general three height classeslze seen in
Celtis(incl. some non-African examples):
Small-sized trees 4-10 m ta@eltis australiensis, C. malagasica, C. brasilien<.
chichape, C. ehrenbergiana, C. iguanaaagC. loxensis.
Medium-sized trees 10-25 m taleltis africana, C. tokeandC. orthocanthos.
Large-sized trees 25-40 m talleltis tessmannii, C. rigescens, C. paniculata, C.
luzonica, C. hildebrandi, C. rubroreniandC. tetrandra.
Many species are polymorphic, for instar@@eafricana, C. australisandC. toka,probably due to
environmental conditions may be small or mediunediizees, or their habit can even be expressed
as a shrub. In general, Asian and other tropi@eltis are medium to large trees and in South
America the species are shrubs or small trees.

4.2 Stem, branches and wood

Celtistrunks vary from cylindrical to sub-cylindrical @man be low-branched or branch higher up
in the tree. In tropicaCeltis species normally cylindrical stems are seen e.€..iadolfi-friderici,

C. tessmannii, C. tetrandra, C. paniculata, C. hiza, C. hildebrandiandC. rubrorenia A sub-
cylindrical stem is present i@. africana, C. tokaand C. australis,and low-branched stems are
present inC. australiensis, C. malagasica, C. brasiliensis, dbichape, C. ehrenbergiana, C.
iguanaeaandC. loxensis.
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According to habitat stems can vary: in the raire$tC. tessmannihas a straight cylindrical
trunk, while in the savannab. africanahas a subcylindrical trunkn Africa and AsiaCeltistrunks
are cylindrical or sub-cylindrical, while subcylincal and branched stems are present in South
American species.

The bark in AfricanCeltis is smooth and whitish to grey; buttresses areegptem C. adolfi-
friderici, C. toka, C. mildbraedii, C. zenkemndC. wightii,but not inC. africanaandC. australis

Celtisyields a lightweight to heavy hard wood with a signof 400-960 kg/rhat 15% moisture
content (Soerianegara & Lemmens 1993). The hardwsadsually pale brown to pale yellow-
brown, occasionally with dark streaks, moderatésyinct to indistinct from the wide, white or pale
sapwood, grain usually inter-locked, sometimesgitatexture fine to moderately fine, sometimes
moderately coarse. Wood Gf philippensisandC. timorensishas a strong foetid odour when fresh.
Growth rings are indistinct or distinct, when disti they are marked by denser tissue or marginal
bands, vessels moderately small to medium-sizechsi@nally very small, solitary and in radial
multiples of 2-5(-6), occasionally with chalky waideposits, parenchyma moderately abundant,
paratracheal vasicentric, aliformately and conftuéme latter irregular, and sometimes apotracheal
in marginal or seemingly marginal bands at growtly rbooundaries, rays medium-sized, ripple
marks absent, occasionally pith flecks present.

Shrinkage is low to moderate and the wood carebsaed without undue difficulty, with light
Celtis having a tendency to end-splitting. Tension woodynoccur and causes twisting and
warping. The wood is moderately soft (ligBeltis or hard (hardCeltis), moderately strong to
strong and fairly tough to tough, although ligbeltis wood from near the centre of the tree is
considerably more brittle. It is moderately easytwk if free of tension wood, though sometimes
difficult due to crystalline deposits which blunbts readily. Planing is difficult and usually gsve
rough surface due to the interlocked grain. The dviovery suitable for bent work. It is non-
durable and the average service lifeCedtis test stakes in a graveyard test in the Philippinas 2
years and 4 months. The wood is readily attackeflibgi and insects when exposed to weather or
contact with the ground. The hardwood@fluzonicaandC. philippensishowever, is resistant to
dry-wood termites. Staining fungi can cause ramgdrdde, even in the log, sapwood is susceptible
to Lyctusbeetles, but in some instance that@fluzonicaand C. philippensisis reported to be
moderately resistant toyctus Both sapwood and heartwood are permeable toyeeseatment,
retention of 515 kg/rhfor sapwood and 320 kgmfor heartwood ofC. latifolia has been
determined. The heavier type GEltis wood is used for general construction, wharf andge
building, decking, industrial flooring, exteriorifeery, window-sills, steps, treads, marine piles,
wharf fenders, cross arms and railway sleeperslifhter and more elastiCeltiswood is used for
light or temporary construction, mouldings, interiimish, furniture and cabinet work, tool handles,
tennis rackets, horizontal bars, posts, boxes, @bgvand veneer. The wood is also suitable for the
production of pulp for paper. Wood @kltis africanais white to yellowish and medium hardness.
It is tough and strong, and polishes well. It igad timber suitable for making planks, shelving,
yokes, tent-bows and furniture. The African peodpée used it to make a variety of household
articles and it is also thought to have magicapprties. The wood is mixed with crocodile fat as a
charm against lightning; many people believe thaas the power over evil and that pegs of wood
driven into the ground will keep witches away.

4.3 Leaves and indumentum

Celtisleaves vary from elliptic to ovate and lanceolateate-lanceolate is seen @eltis australis,
C. africana, and C. zenkerelliptic to lanceolate are found eltis gomphophyllaandC. bifida
The leaf base is rounded and normally unequal-sidéase. The apex is rounded Qeltis
malagasicaand acuminate iCeltis bifida, C zenkeri.Leaf size varies from small size @eltis
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africana, C. bifida(4-8 cm long & 3-6 cm wide) to big one (9-16 crmdo& 6-12 cm wide) which
are seerCeltis gomphophylla, C. zenkeri, and C. prar{thig. 4.15-16).

In African Celtis different types of hairs can be distinguishedndldar and non-glandular ones,
with various densities of hairs on lower and upg€e of the leaf, but on the whole in African
Celtis two types of hairs are discerned, glandular amttgiandular hairs (Fig. 4.1-4). 10 samples
from different localities have been measured, abket4.1.

Table 4.1 Description of indumentum in Afric@eltis.D: density in % of leaf surfaces.

Species D/upper D/lower Hair types
% %

Celtis adolfi-friderici 10 70 1. Glandular hairs, unicellular and small with a little globular apex
2. Non-glandular hairs often thick-walled, unicellular with an
acute apex

C. africana 50 70 Non-glandular hairs often thick-walled and with acute apex

C. australis 40 80 Non-glandular hairs often thick-walled and with acute apex

C. bifida 40 60 Non-glandular hairs often thick-walled and with acute apex

C. gomphophylla 30 40 Non-glandular hairs, small with acute apex

C. mildbraedii Non-glandular hairs, acute apex, hairs only seen on venation

C. prantlii Non-glandular hairs, acute apex, hairs only seen on venation

C. toka 30 60 1. Non-glandular hairs
2. Non-glandular but multicellular and branched

C. tessmannii 10 30 1. Non-glandular hairs
2. Non-glandular but multicellular and branched

C. wightii Non-glandular hairs, acute apex, hairs only seen on venation

C. zenkeri 10 70 Non-glandular hairs, unicellular, surface scabrous

4.4 Stomatal patterns

In African Celtis the pattern of stomata in epidermis is useful aaldiable as an additional
taxonomic character. It is often easy to recograre it enables us to distinguish species in
combination with the other leaf characters. Stomate usually classified by relationships of their
subsidiary cells (epidermal cells associated whih stomata and morphologically distinguishable
from the surrounding epidermal cells) to one anodéma to the guard cells.

Small fragments of the leaflets of herbarium smecis were dehydrated in boiling water.
Manually prepared samples were made from the lde@adrsurface; samples were then bleached in
diluted household bleach. All samples were obsebyelight microscopy under a magnification of
40 times and all specimens were photographed. @imairiology of Wilkinson (1979) is used to
describe the stomata.

A paracytic pattern (stomata surrounded by twoslidry cells parallel to the guard cells) is
found inCeltis africana, C. tessmannii, C. mildbraedii, Z&nkeri, C. prantliiandC. bifida (Fig.
4.5-6). Anisocytic stomata (stomata surroundedhpge subsidiary cells, of which one is distinctly
smaller) are seen ieltis adolfi-friderici, and C. toka (Fig. 4.7-8), while cyclocytic stomata
(stomata surrounded by subsidiary cells form onévor narrow rings around the guard cells, the
number of cells in each ring usually being foummore) are found ifCeltis gomphophyllaandC.
africana (Fig. 4.9-10). In all, three patterns are disdadmi but no correlation is seen with the
locality or habitat.
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Indumentum Stomata fruits Infloresc., leaves

tessmannii 4.6Celtis zenkeri 4.13Celtis australis
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4.7 Celtis toka 4.8C. 4.14Celtis laevigata

T

Cyclocytic stomata

4.9 Celtis africana 4.15Celtis prantlii

4.4 Celtis prantlii 4.11Celtis mildbraedii ~ 4.12Celtis australis 4.16Celtis tessmannii

Figure 4.1 — 4.16. Different types of indumentuml 4 4.4; stomata: 4.5 — 4.10; fruits: 4.11 & 4.12;
inflorescences: 4.13 & 4.14; leaves: 4.15 — 4.16.
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4.5 Inflorescences and flowers

Inflorescences ilCeltisare cymose or fasciculate, the lower ones usbay many predominantly

d flowers, the upper ones have a few longer-pediddiermaphrodite flowers. The flowers have 4-
5(6) sepals, free or almost imbricate stamens asyraa sepals, anthers are ovate 3-5 mm long
Female flowers have a sessile ovary, 1-loculatestyor 2-branched (Fig. 4.13-15), pollination of
the Celtisis by wind and insects but wind-pollination is vexymmon, For further details see the
descriptions of the species.

4.6 Fruits

GenerallyCeltis have drupe-type fruits, with size variation antbao as well; the smalle§teltis

fruits measure 4 to 8 mm in diameter, the largassare 12 to 20 mm. @eltis mildbraediithe

fruit is four-sided, and most other Afric&eltisare rounded to lanceolate in shape. The fruit colou
starts green, turns to orange or yellow and theotes black (Fig. 4.11-12). The embryo is
protected by the hard, persistent and durable emgothe endocarp is variously sculptured
(ridged); for more details see Chapter 6 in thesif
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Chapter 5

POLLEN MORPHOLOGY OFAFRICAN CELTIS
(CELTIDACEAE)

A. SATTARIAN; R. G. VAN DEN BERG& L. J.G. VAN DER MAESEN

Published in Feddes Repertorium 117 (2006) 34-40

Summary

Pollen morphology of all AfricaiCeltis species was examined and compared with that oé som
Asian species, using light and scanning electrarascopy. The pollen grains are triporate and
more or less spheroidal. Two pollen types coulddistinguished based on a feature of the
apertures and the density of the surface ornanientat

5.1 Introduction
Celtidaceae (formerly Ulmaceae-Celtidoideae) (EL830, Grudinskaya 1967, Judd et al. 1994,
Terabayashi 1991, Ueda et al. 1997) comprise daspbBcies classified in 9 genera, distributed in
the Northern Hemisphere and in Africa, up to south&frica. Some species of the family are
ornamental, or used for timber and reforestationCéltidaceae and Ulmaceae two types of pollen
have been shown, th€eltistype and theUlmustype. An exception iZelkovathat, although
belonging to the&eltidaceae has pollen grains of thienustype (Erdtman 1943, 1972).

Based on exine sculpturing and structure, polieing of the Ulmaceae can be placed into six
different types (Takahashi 1989). Members of thmatleae all share tetra-or pentaporate, oblate to
spheroidal pollen grains varying in size from 23 {ord2 pm.

Within the Celtidaceae five types of pollen graiase been described (Takahashi 1989):

1) Ampelocerapollen is distinguished by being periporate oraeto pentaporate and having
pallisade rather than granular ectexine.

2) Chaetachmagrains are similar to those #impelocerabut have a very thin endexine and a
perforated exine with spinules.

3) A densely warty exine and a middle granulaetagistinguish the triporate pollen grains of
Gironniera

4) Densely spaced warts and microechinules andlbisence of a granular layer in the exine
characterizd.ozanella Parasponia andTrema.Their grains are radially or bilaterally symmedtic
and either diporate or triporate.

5) AphanantheCeltis andPteroceltisare tri- to pentaporate and all have a middle dearayer
in the exine.

Data on pollen morphology @eltis are lacking especially for the African speciese Him of the
present research was to study the diversity anderaf variation of the pollen-morphological
characters in AfricarCeltis spp. and to check the utility of these data toromp the taxonomy of
the African species.
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Table 5.1. Pollen material studied.

Taxon Collection Herb. Living Place of collection

C. africana Burm.f. E. Westphal et al. 2326 WAG Ethiopia

C. adolfi-friderici Engl. Mildbraed 825 K Cameroon

C. bifida Leroy S.0. Connor 44 MO Madagascar

C. gomphophylla Baker J.D. & E.G. Chapman 9361 L Malawi

C. mildbraedii Engl. A.J.M. Leeuwenberg 4078 WAG Ivory Coast

C. philippensis Blanco F.A\W. Schram 12364 WAG Malaysia

C. prantlii Priemer ex Engl. M. Le Testu 1479 WAG Gabon

C. tessmannii Rendle J.J. Wieringa 4665 WAG Gabon

C. toka Engl. W.J.J.0. de Wilde 5287 WAG Angola

C. zenkeri Engl. R. Letouzey 12155 WAG Cameroon

C. australis L. H.H. de Leeuw 487 WAG \ Wageningen Bot. Gard.
C. occidentalis L. H.H. de Leeuw 493 WAG \ Wageningen Bot. Gard.
C. sinensis Pers. H.H. de Leeuw 483 WAG \ Wageningen Bot. Gard.
C. tournefortii Lam. H.H. de Leeuw 486 WAG \ Wageningen Bot. Gard.

5.2 Materials and methods

The herbarium material was taken from the followhegbaria: WAG, K, MO and L. All extant
African species have been studied, and some Aganies were included for comparison. The
living material was obtained from the WageningenaBaal Gardens (Table 5.1).

Fertile anthers were processed according to Hredatd acetolysis method (Erdtman 1943). For
scanning electron microscopy (SEM) observationlgpogirains from mature anthers were mounted
using a fine needle on aluminum stubs with doubtdeg tape. Prepared stubs were sputter-coated
with gold in 2-6 minutes (Balzersunion, Sputter-&ge 07120). After coating, the specimens were
observed with a Jeol JSM 5200 scanning Electronrddaope, at 15-25 KV. Measurements of
pollen grains were taken from the SEM micrograpkise averages of polar and equatorial axes
were based on measurements of 10-15 pollen grains.

All SEM photomicrographs were taken at the labmwatof Plant Cell Biology, Wageningen
University, the Netherlands. The pollen morpholagiterminology follows that by Punt et al.
(1999) and Nilsson & Le Thomas (1999).

5.3 Results

Pollen grains of AfricarCeltis are small to medium sized, triporate, and moreees Ispheroidal.
Surface ornamentation is verrucate with a varyiegsity of structural elements. All measurements
are given in Table 5.2.

Size

The size of the pollen grains ranges from 17 @mt¢ssmanniiP=17.27um, E=18.4 um) to 37 um
(C. occidentalis P=32.5, E=37.5). According to Erdtman (1943) th@len of Celtis can be
classified into the category small to medium sifge African species generally have smaller pollen
grains than the Asian species.
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Table 5.2. Pollen morphological data ©éltis species. Polar axis (P), equatorial diameter (&)p P/E,
shape, thickness of exine (L), aperture dimens{@jsdensity of sculptural elements (S). All measuents
in um, density of sculptural elements: number ¥y imz2,

Taxon Distribution P E P/IE Shape L A S

C. africana Africa (25-) 25.4 (22.5-) 25.3 0.98 spheroidal 25 2.8*1.4 170
(-27.5) (-27.5)

C. adolfi-friderici Africa (17.5-)175 (17.5-)18.25 0.95 spheroidal 1.25 1.3*2 425
(- 20) (- 20)

C. australis Asia (27.5-) 30 (30-) 325 0.92 spheroidal 2.5 6.1*6.5 250
(- 35.5) (- 32.5)

C. bifida Africa (20-) 22.75  (20-) 22.5 1.01 spheroidal 1.25 4.5*45 162
(- 25) (- 25)

C. gomphophylla Africa (22.5-) 25 (22.5-) 24.5 1.03 spheroidal 1.25 3*1.5 150
(- 27.5) (- 25)

C. mildbraedii Africa (17.5-) 21.07 (20-) 22.17 0.94 spheroidal 2.5 8*3
(-22.5) (- 22.5)

C. occidentalis Asia (30-) 32.5 (37.5-)375 0.87 Oblate 1.25 _ _
(- 40) (- 42.5)

C. philippensis Asia (17.5-) 19.37 (20-) 22.17 0.88 Oblate 25 7.2*6 277
(- 22.5) (-22.5)

C. prantlii Africa (17.5-) 20.07 (17.5-) 20.5 0.97 spheroidal 2.5 7*8 _
(- 22.5) (- 22.5)

C. sinensis Asia (22.5-) 24.3 (27.5-)30.67 0.79 Oblate 3 _ 600
(- 30) (- 35)

C. tessmannii Africa (15-) 17.27 (15-) 18.4 0.93 spheroidal 1.25 4*5 600
(- 20) (- 20)

C. toka Africa (20-)21.12 (22.5-)22.95 0.92 spheroidal 1.25 10*9 340
(- 22.5) (- 25)

C. tournefortii Asia (17.5-) 25.6  (25-) 29 0.88 Oblate 3 _ _
(- 22.5) (- 37.5)

C. zenkeri Africa (20-) 22.64 (17.5-)19.5 1.16 Prolate 212 15*8 340
(-27.5) (- 22.5)

Shape

The ratio between the mean polar axis (P) and #ennequatorial diameter (E) is used to assign the
pollen grains to shape classes. According to Htie the shape of the majority Gkltis speciess
spheroidal and a minority is slightly oblate orlpte (using the following delimitations: P/E 0.75-
0.9: oblate, 0.9-1.1: spheroidal, 1.1-1.25: prokgiheroidal). All African species show spheroidal
pollen, AsianCeltisspecies tend to be more oblate (Fig. 5.2).

Apertures

Pollen grains of AfricarCeltisare triporate. The pores are round to oval. Thentgjof the pollen
shows a sunken area surrounding the pore. Thislairsunken area has only been observed in
SEM, not in LM and this could be due to desiccatidowever, in certain species this feature is
never observed, while, on the other hand, it wasnked in fresh, non-acetolysed materiaCetftis
australis indicating that it is a feature characteristi@aajroup of species.

Surface ornamentation

Surface sculpture is more or less roughly verryaaith irregularly shaped elements which differ in
size. The density of the elements ranges from BiD/40Qm?2 (10x10 um area on SEM photos).
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Figure 5.1. Pollen grains of some Afric@eltis species (left: light microscopy, right: electroicroscopy).
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Figure 5.1. Continued.

Celtis philippensis

Celtis prantlii
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Equatarial Axis
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Figure. 5.2. Means of E/P axes (Asian and AfriCaitis).

Description of Celtispollen types
Based on the absence/presence of the sunken atgadahe pores and the surface ornamentation,
two pollen types can be described @altis

C. australis typePolar axis 17.5-30 um, equatorial diameter 18-32 pumken area around
aperture present, sculptural elements irregulamgrged, density of sculptural elements 162-600
/100pum2. This type is present {D. adolfifriderici, C. australis C. bifida, C.mildbraedii, C.
philippensis, C. prantlii, C. tessmann@. toka,andC. zenker{Fig. 5.1).

C. africana typePolar axis 22.5-27.5 pum, equatorial diameter 22.5-2m, sunken area around
aperture absent, sculptural elements regularlynged, density of sculptural elements 150-170
HmM/100um?2. This type is presentGnafricanaandC. gomphophyllgFig. 5.1).

5.4. Discussion and conclusion
In generalCeltis pollen is not very variable. It is triporate, spbidal and small- to medium-sized.
Most of the species show a sunken area arounddieeip SEM (not in LM). This area is never
present in pollen grains @. africanaandC. gomphophylla

According to the P/E ratio and size a distincttam be made between Asian and Africzeitis
species (Fig. 5.2): pollen grains of Asi&@eltis species(Celtis occidentalis, C. sinensis, C.
tournefortii) are bigger and more oblate than those of Africatigs. Furthermore, among African
species the tropical specigs. (essmannjiC. adolfi-frideric) have smaller pollen than the species
from drier areasQ. africang C. gomphophylla)rhe differences in pollen morphology of African
Celtisspecies do not seem to be correlated with otlxentamic characters.
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ENDOCARPMORPHOLOGY OFAFRICAN CELTIS
(CELTIDACEAE)

A. SATTARIAN & L. J.G. VAN DER MAESEN

Published in Blumea 51: 2 (2006)

Summary

Endocarp morphology of 14 species of mainly Africaeltis was examined using light and
scanning electron microscopes. Macro- and micropimalogical characters included endocarp
shape, colour, size, surrounding rim and SEM exatian of the outer layer of the endocarp.
Different classes of shape and sculpture were résed. A key for the identification of the
investigated taxa based on endocarp characterevgipd.

Key words
Celtis Africa, endocarp, sculpture, shape.

6.1 Introduction

Celtidaceae (formerly Ulmaceae-Celtidoideae) (ELi830; Grudzinskaya 1976; Judd et al. 1994;
Omori et al. 1993, Omori & Terabayashi 1991, Uedaale 1997) comprise ca. 150 species
classified in 9 genera, distributed in the Northelemisphere and in Africa, up to southern Africa.
Some species of the family are ornamental; somesaé for timber and reforestation.

In the flora of Africa, Celtidaceae is a small fimwith the main genu<eltis at present

represented by 12 species. The habitafalfis species reaches from North Africa (Algeria, Libya
and Morocco) to South Africa and Madagascar. Séveza species are found in the rain forest
(Celtis tessmanniRendle C. adolfi-friderici Engl.) or in semi-deciduous fore<t.(prantlii Engl.,
C. zenkeri Engl.). Other Celtis are shrubs or small trees of rain forest undergro{C.
gomphophyllaBake), of the forest/savannah boundary, or sometimesnohtane forest Q.
africana Burm.f.). One specie<( tokaForssk.) is a fairly large tree with a compactanpliving
beside streams or planted in villages in the Sudalwelian zone.

The fruits in the Ulmaceae and Celtidaceae famgiee of two general types: dry and variously
winged samaras or fleshy drupes, respectively. dewiariety of dry winged fruits occurs in the
Ulmaceae and, along with endocarp features, arelugedistinguishing genera. Endocarps in the
Ulmaceae are generally thin and soft exceptdelkovaand Hemiptelea Drupes characterize all
genera of the Celtidaceae except Rieroceltis which has a winged drupe. Size ranges from
approximately 1-2 mm in diameter nzanella Parasponia andTremato upto 23 mm broad in
Ampeloceraglabra. Endocarps in the Celtidaceae are usually gloljegeept for Ampelocera
which can be ellipsoid, an@ironnieraandLozanella which are lenticular), thick-walled and hard
due to calcium carbonate i@Geltis and sclereids ilrAphananthe(Manchester 1989). Reticulate
surface sculpturing is found i€eltis Peteroceltis Tremg and Parasponia. Pteroceltis has
spherical endocarps very similar@eltis except for a pair of prominent rounded wings.
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Table 6.1. List of specimens used in (B/SEM) endostudies. B = binocular, SEM = electron microseop

Taxon Collection Herb. Country of origin
C. adolfi-friderici Engl. Mildbraed 825 K Cameroon

C. africana Burm.f. Dahlstrand 579 C South Africa

C. australiensis Sattarian Chesterfield, E.A. 389 L, PERTH Australia

C. australis L. Sattarian 03BG15801 WAG Italy (WAG Bot. Gard.)
C. bifida Leroy O’Connor 44 K Madagascar

C. gomphophylla Baker Chapman 9361 MO Malawi

C. malagasica Sattarian Phillip, P.B. 2938 MO Madagascar

C. mildbraedii Engl. Leeuwenberg 4078 WAG Ivory Coast

C. philippensis Blanco Soepadmo 7225 L Malaysia

C. prantlii Priemer ex Engl. Le Testu 1479 WAG, P Gabon

C. tessmannii Rendle Liben 2254 BM D.R. Congo

C. toka Forssk. De Wilde, W.J.J.0. 5287 WAG Cameroon

C. wightii Planch. Ludanga 782 C Tanzania

C. zenkeri Engl. Leeuwenberg 6227 WAG Cameroon

The cotyledons are usually folded in the Celtid&ceCeltis is distinguished by its broad
contorted cotyledons (Killip & Morton 1931). Seedat (testa) features vary among the genera.
Celtis ChaetachmeandPteroceltishave the most elaborate seed surface sculpturitigei family
with many holesLozanella Parasponia and Trema have a lineate seed coat surface (Takaso &
Tobe 1990).

The drupaceous fruits of the Celtidaceae varyolowr from bright yellow to orange, deep red,
and purple and are primarily bird-dispers€eltis philippensiszar. wightii which grows in coastal
forests in Melanesia has been suggested to be-disfmrsed (Soepadmo 1977).

Most systematists agree that data concerning tean and microstructure of fruits and seeds
are very significant for the classification of Angperm taxa. Heywood (1971) drew attention to the
importance and impact of scanning electron micrpgcamaging in the study of systematic
problems, as very valuable information has beervigen by this technique. During the last
decades, scholars have applied scanning electrorosobpy (SEM) to morphological studies of
seeds and small fruits. Micro morphology and u#raictural data have contributed useful
information for evolution and classification of ge@nd fruit plants and play an important role ie th
modern synthetic systems of Angiosperms.

Most of the following studies focused on intragénaseed coat variation in various structures
(see Aniszewski et al. 2001); for the colours @&dserefer to Dahlgren & Clifford (1982).

In Celtidaceae, external seed morphology and getioim were studied by Canne 1980; Barthlott
1981; Whiffin 1972; Polhill 1964; Metcalfe & Chalkd50; and Corner 1976. These studies were
focused on germination, extraction, nursery practierminative energy, and germinative capacity,
while investigations on seed and not so much omeg morphology, and sculpture of endocarp
are lacking. The present study set out to fill savhé¢he gaps in our knowledge, focusing on the
micro- and macro-morphological (binocular and SEMaracters of endocarp of (mainly) African
Celtisspp. to decide on the importance of endocarp cteaasaas a criterion for separating species
within this genus.
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Fig. 6.1. SEM micrographs @eltis species:
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Table 6.2. Endocarp morphology of Africeeltisspp.,C. philippensis s.andC. australiensis.

Taxon Size (mm) Colour Shape Texture
C. adolfi-friderici 10x9x8 white Globose to ellipsoid, acuminate, reticulate  rough
C. africana 4x3x2 grey Lenticular-ovoid, reticulate rough
C. australiensis 6x4x4 white Ovoid-acuminate smooth
C. australis 6X6x5 greyish white  Ovoid, acuminate reticulate rough
C. bifida 6x5x4 white Ovoid, acuminate reticulate rough
C. gomphophylla 4x3x25 dark brown Angular-ovoid rough
C. malagasica 10x8x9 cream Globose to elliptic smooth
C. mildbraedii 6Xx5x3 grey Rhomboid, reticulate rough
C. philippensiss.s. 6x5x5 grey Ovoid smooth
C. prantlii 8x6x5 white Ovoid, acuminate, reticulate smooth
C. tessmannii 11x10x8 brown Lenticular rough
C. toka 7X6X6 grey Ovoid-acuminate smooth
C. wightii 8x6x5 white Ovoid-acuminate smooth
C. zenkeri 5x4x4 cream Ovoid-acuminate, reticulate rough

6.2 Materials and methods

Most of the endocarp material was taken from heubavouchers, especially from the herbarium
at Wageningen (WAG), but also from sheets on leamfother herbaria (B, BM, BR, C, K, L, MO,
P, PERTH, W), see also Table 6.1.

In general endocarps @eltis can be inspected easily. Mature fruits were takem the
specimens, as far as available. The dried fruiteweiled in water for 10 min. and brushed clean,
then rinsed in water with bleach for 10 min. toadbtclean endocarps. These were first examined
by binocular (B) or light microscope (LM). Subseqgtlg endocarps were mounted on stubs with
double adhesive tape. The stubs were sputter-ceatbdjold-paladium for 2-3 min. in a Polaron
Equipment Ltd. SEM coating unit E5100. After cogtithe specimens were examined with a Joel
5200 scanning electron microscope. All photomicapiis were taken at the Department of Plant
Cytology and Morphology, SEM laboratory, Wageningamversity, the Netherlands.
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Table 6.2. Continued.

Ratio Ridges Sculpture outline Outer layer

diam/length

9/10 A few prominent Polygonal, not Isodiametric  Raised boundaries at different
longitudinal ridges directions

3/4 One prominent ridge Polygonal, not Isodiametric  Boundaries curvy, not raised much;

tip beaked

4/6 Two ridges Polygonal, not Isodiametric  Boundaries curvy, not raised

6/6 Two prominent Polygonal, not Isodiametric  Raised boundaries at different
longitudinal ridges directions

5/6 Two prominent ridges Polygonal, not Isodiametric  Raised boundaries at different sides

3/4 One ridge, muricate Not polygonal, not Few boundaries from the bottom to
surface Isodiametric middle, one side is flat, apex beaked

8/10 Two prominent Polygonal, not Isodiametric  Boundaries curvy, semi raised
longitudinal ridges

5/6 One ridge Polygonal, not Isodiametric  Boundaries curvy and raised

5/5 One ridge Not polygonal, Isodiametric ~ Boundaries faint, smooth

6/8 One ridge Polygonal, not Isodiametric  Boundaries differ, but not raised so

much

10/11 A few ridges Polygonal, Isodiametric Boundaries, curvy, raised

6/7 One ridge Polygonal, Isodiametric Boundaries curvy

6/8 One ridge Polygonal, not Isodiametric  Boundaries faint

4/5 One ridge and transverse Polygonal, not Isodiametric  Boundaries curvy, not raised much
connecting ridges

6.3 Results

Endocarp shape

The shape of the endocarp showed variation amand\ttican Celtis Most endocarps vary from
ovoid-acuminate to ovoid. They are ovoid-acuminat€eltis australis, C. bifida, C. philippensis,
C. prantlii, C. toka, C. wightiiandC. zenkeri(Table 6.2), lenticular-ovoid i€. africanaandC.
tessmannjiangular-ovoid irC. gomphophyllaand globose to ellipsoid @. adolfi-friderici.

Two classes of endocarp epidermis surface canidisnglished: smooth and rougBeltis
philippensishas a smooth epidermis, ad adolfi-friderici, C. africana, C. gomphophyll&.
mildbraedii, C. tessmannii, C. zenkeandC. bifidahave a rough epidermis.

Endocarp size

The size of the endocarps also varies. The ranfyers the smallest one (4 x 3 x 2 mm)Qeltis
gomphophyllaand C. africanato the largest one (11 x 10 x 8 mm)Q@eltis tessmanniibut the
majority of the endocarps measure about 6 x 5 xbimCeltis philippensis, C. toka, C. wightii, C.

zenkeri, C. mildbraedii, C. australiandC. bifida. The endocarp size is a good character, useful to

separateeltis adolfi-friderici, C. tessmannitom the rest of AfricaiCeltis.
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KEY TO AFRICAN AND SOME OTHERCELTISSPP.
BASED ON ENDOCARP CHARACTERS

1 a Endocarp angular-ovoid, dark brown .............ccccoooinnd C. gomphophylla

b Endocarp ovoid-acuminate, lenticular, or glaqagher colours ............cccceee...... 2
2 a Endocarp lenticular-ovoid or rhomboid, retatal ...............coovveiiiiiiiiiiiinnnnn. 12

b Endocarp ovoid-acuminate, globose, reticulatnmmoth .....................ccce 3
3 a Endocarp ovoid, reticulate, smooth or semghgwarious colours ...................... 4

b Endocarp globose to elliptic, quite rough amdken and raised reticular,

11771 C..adolfi-friderici

4 a Endocarp smooth, White Or Cream .......eeeeeecoiieeeiiiieeiiieee 5

b Endocarp reticulate with raised boundarie$n@sl, grey .........cccccccevveeiiiinnininnns 8
5 a Endocarp smooth, hardly a few boundariesleisépex rounded ........................ 6

b Endocarp smooth not so much and apex beaked...............ccccuvveiiiiiiiiinnnnnnnn. 7
6 a Endocarp with a few boundaries, these nogdais...................... C. malagasica

b Endocarp without boundaries ... C. philippensis
7 a Endocarp smooth not so much, apex rounded.............................. C. prantlii

b Endocarp rough, apex beaked ..........ccoooeeiiiiiiiii C. australiensis
8 a Endocarp with raised lines and boundaries.............ccccoeeeiiiiiiiiiiiiiiiiiiiieees 9

b Endocarp polygonal, without raiSed lINES . ..vvveeieeiiiiiiiiiiiiiiiiieees 10
LS I W =l 0o [0 Y=g o o | (=) VPSR C. toka

b ENdOCArp White .........oooiiiiiiiiiiiiiiiie e C. bifida
10a Endocarp sunken polygonal ..........cocoeeeeiiiiiiieiiiiiiiiiiie e, C.. wightii

b Endocarp raised polygonal ..............coeeeeeiiiiiiiiii e 11
11a Endocarp white, 6 X 6 X 5 MM ...oooviiiemeeme e C. australis

b Endocarp grey, 5 X 4 X 4 MM ........ooeemmmmcrereeeeeeeeeeeeeeaaaaeaaaaannnnnnd C. zenkeri
12 a Endocarp tWO-SIAEd ..........coviiiiiiceeeeeeiiie e 13

b Endocarp four-sided ............ccueeeeieeeeemiiiiieieeeeeeeeeee e C. mildbraedii
13a Endocarp more than 10 mm long, brown, apekdik..................C. tessmannii

b Endocarp less than 10 mm long, grey, apex rdind...................... C. africana

Endocarp colour

The colours of endocarp are diagnostic and of syatie interest among Africa@eltis A white
endocarp is seen i@eltis adolfi-friderici, C. bifida, C. prantliandC. wightii, while a grey colour
is seen inC. africana, C. australisand C. mildbraedii Celtis gomphophyllehas a dark brown
endocarp; it is light brown i€. tessmannjiwhile C. zenkerhas cream-coloured endocarp.

Ridges

The presence/absence of a ridge on the endocargignificant character in Africa@eltis. There
are no ridges irCeltis philippensisthere is one main ridge i@. africana, C. gomphophylla, C.
mildbraedii, C. prantlii, C. toka, C. zenkeri, Cightii and a few ridges can be seerCintessmannii
andC. adolfi-friderici (Table 6.2).

Endocarp sculpture (ornamentation)

Endocarps of AfricarCeltis species often have a polygonal sculpture. Thiscgire is formed by
the ridges and cross-connection between the e@®ydggonal sculpture is found i@eltis adolfi-
friderici, C. africana, C. australis, C. toka, Cessmannii, C. bifidagand C. mildbraedii, and
normally the surface is rough, especiallydntessmanniandC. adolfi-friderici, and the polygones
are curved. A non-polygonal shape is foundCingomphophyllabut there are some prominent
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edges from the botton€. philippensishas also a non-polygonal shape and smooth suffage
6.1).

In some species the apex is conspicuously pitte@: adolfi-friderici, C. gomphophyllaandC.
tessmanni{Fig. 6.1).

With high magnification the outer walls of the endrp or periclinal walls can be seen to differ.
There are two main types. One type of endocarprbiagh layers with different sizes of holes,
prominent sculpturing, and membranous plateletsijewthhe other one is smooth-layered and
fissured, it looks like films in different layersmooth layers and crusts, and the coverings are
usually continuous without very prominent surfacelgturing (Table 6.3).

Table 6.3. Description of endocarp surface (shdpruter layer of the endocarp) of selected spesiesywn
on the SEM photographs of Fig. 6.1.

Taxon Description SEM

C. adolfi-friderici Rough layers with different size of holes, prominent surface sculpturing, membranous
platelets present

C. africana Smooth layers and fissured layers

C. australis Rough surface, with a few holes, membranous platelets present

C. mildbraedii Smooth layers and crusts, continuous coverings usually without very prominent surface

C. tessmannii Rough layers with holes, prominent surface sculpturing, membranous platelets present

C. wightii Rough layers with different holes, prominent surface sculpturing

6.4 Discussion

Endocarp characters prove to be important to djsish species of AfricanCeltis in
Ulmaceae/Celtidaceae. The endocarp shape varies étbptic to ovoid, lenticular, or ovoid-
beaked. The size of endocarp ranges from small34«>» mm) to large (11 x 10 x 8) and is very
useful in terms of identification of species. Thelecarp colour varies from white, cream, and grey
to brown and helps to separate species. The emusbape varies from globular to polygonal. The
outer layers of the endocarp differ; they curved are raised from the bottom to the top but in
different directions. The apex of the endocarpoisnd or beaked. The ridges of the endocarp are
another character; from a faint ridge to 1-3 cledges can be seen among Afric@eltis. Outer
layers of the endocarp (sculpture) vary from smaowith different size of holes, to a prominent
rough surface, and membranous platelets can berrebhe ratio of D/L endocarp length also
varies from 3/4 to 6/8. For more details of thecgpe see Table 6.2.
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Chapter 7

REVISION OFAFRICAN CELTIS(CELTIDACEAE)

A. SATTARIAN, L. J.G. VAN DER MAESEN& J.J.WIERINGA

Two new species have been described in Blumea®bj2199-503

Summary

In the flora of Africa, Celtidaceae Link is a smédmily with the main genu€eltis The
species, which are mostly trees, are found in ¢amnd temperate regions of the wofleltis
was reported to be represented by c. 8 speciespital Africa but this study showed that 12
species can be distinguishe@eltis species range from North Africa (Algeria, Libyadan
Morocco) to South Africa and Madagascar. In thigestigation two new species were found,
one from Madagascar and another from Australia. & kor African Celtis is provided,
followed by descriptions and distribution mapsh# species.

7.1 Introduction

The present chapter is an alpha-taxonomic revisfoine Celtis species occurring in Africa. The
history of the genus and the relationships to offegrera have been treated in Chapter 1, molecular
support for the species is given in Chapters 2 &8 morphology is detailed in Chapters 4, 5 and
6. The herbarium material was obtained on loaniasgected morphologically in the Wageningen
Herbarium. Most type specimens could be traced.yMaore herbarium sheets were available than
have been possible to study in previous treatm@nésenting more details of the variation in and
the distribution ofCeltis spp. in Africa. As syntype material was not aburideve decided in most
cases not to select lectotypes.

CeltisL. Sp. PI. 1043 (1753); Gen. Pl. ed. 5 (1754) 4&Glenostigmd&ndl. Prod. Fl. Norf. (1833)
41; Planch. in DC., Prodr. 17 (1837); Planch., ABc. Nat. Ill, 10 (1848) 262; Blume, Mus. Bot. 2
(1856) 70; Miqg. Fl. Ind. Bat. 1, 2 (1859) 220; Ben& Hook.f., Gen. Pl. 3(1880) 354; Engl. &
Prantl, Nat. Pflanzenfam. 3, 1 (1888) 63; Bern&ul|. Herb. Boiss. II, 5(1905) 1112, maps 9-15;
J. J. Smith in K. & V. Bijdr. 12 (1910); Leroy, Mladag. et Com. Fam. 54 (1952) 3; Polhill, Kew
Bull. 19 (1964) 139; Polhill, FI. Trop. East Afr1966) 3; Hutch. Gen. Fl. Pl. 2 (1967) 147,
Letouzey, Fl. Cam. 8 (1968) 6; Elias, J. Arn. AB. (1970) 32; Soepadmo in Whitmore, Tree FI.
Mal. 2 (1973) 414; Keay et al. Nig. Trees (19892 .28

Small to large trees, monoecious, deciduous orgesen, often buttressed. Bark smooth or
finely fissured. Branches unarmed, initially degsetown or rufous-hairy, glabrescent, hairs one-
celled to multiple-celled, winter buds with scat@snot. Stipules thick, peltately attached or free,
caducous. Leaves alternate, entire or serratejrig@eddrom base. Inflorescences racemes, panicles
or clustered cymelets. Flowers unisexual and bslefmale and hermaphrodite flowers). Tepals 5-
6, basally slightly connate, caducous, stamenslaguaumber to tepals and glabrous, filaments
sublate, incurved in bud and spreading elasticatigmas 2-armed, bifid. Ovary unilocular, ovoid-
ellipsoid. Fruit a drupe, ovoid, ellipsoid or gla® exocarp thick, mesocarp fleshy, endocarp hard,
smooth or ridged and pitted. Endocarp scanty &ilag embryo curved, cotyledons broad.
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About 60-100 spp. The species, which are mostigstrare found in both tropical and temperate
regions of the world. Some species of the family amamental; some are used for timber and
reforestationCeltiswas known to be represented by c. 8 species jmicabAfrica (Letouzey 1972)
but in our present research 12 species (Sattarisar8der Maesen 2005) have been distinguished.
Celtis species range from North Africa (Algeria, LibyadaiMorocco) to South Africa and
Madagascar. The species are found in differengol settings. Several tree species are found in
the rain forest Celtis tessmannii, C. mildbraediisome occur in semi-deciduous fore€eltis
adolfi-friderici, C. prantlii, C. zenke)i Other Celtis are shrubs or small trees of rain forest
undergrowth C. gomphophyllg or found on the forest/savannah boundary, sonestin mountain
forest C. africang. One species . tok3, is a fairly large tree with a compact crown,nty in
savannahs beside streams or planted in villagg®iSudano-Sahelian zone

Key to AfricanCeltisbased on morphology

la. Leaves entire, or sometimes serrate at théetgpin water shoots) ..............cccvvvimeeee. 2
1b. Leaves serrate, or at least 1/3 of the MaBJIAER ............oooovriiiiiiiiiiiii e 9
2a. Leaves lanceolate, apex acuminate Or ariState............cevvvvveriiiiiiiiiiieee e eeeeere e 3
2b. Leaves elliptic or cordate, apex caudate gpidase ..............ccccceeieeeeeieeeeeeeeee s e 4

3a. Leaves rounded at base, apex acuminate, sinaioyh

endocarp polygonal, ovoid, rough, white, onlMadagascar ...................4..C. bifida
3b. Leaves not rounded at base, apex aristate, jnatron veins,

endocarp not polygonal, angular, brown, Africa &adagascar ...5. C. gomphophylla

4a. Leaves densely hairy, smooth or rough hairs,

basal main nerves only extending to lower hBléaf ....................cccciiiiiiieeen. 5
4b. Leaves not densely hairy,
basal main nerves extending to upper half df lea...............ccooceeiiiiiiii e 7

5a. Leaves unequally elliptic, or cordate and aldighird veins not parallel,

rough hairs on both sides, apeX CUSPIOALE. ceaeemvvvviviieeeeiiiie e 6
5b. Leaves oblanceolate, third veins parallel,
smooth hairs on lower side, apex MUCIONALE..........cevvvviviiiieeeeeriiiinns 12.C. zenkeri

6a. Leaves unequally elliptic, oblique at base xapsspidate,

endocarp lenticular, polygonal, brown, roughsam forest area ........ 9. C. tessmannii
6b. Leaves cordate to ovate, asymmetric at basg, aqguminate,
endocarp ovoid, polygonal, grey, rough, notaim forest area ................... 10.C. toka

7a. Leaves large, 12 x 8 cm, hairs rough (scabrfusf) 13 x 8 mm, apex caudate or cuspidate,
endocarp globose, reticulations sunken anddaise..................... 1. C. adolfi-friderici

7b. Leaves smaller, a few hairs on main venatiait, 8 x 6 mm, apex rounded or acuminate,
endocarp ovoid-acuminate or rhomboid, reticatatiot sunken and raised so much8...

8a. Leaves very leathery, no hairs on the venaéipex rounded or shortly acuminate,

fruit 12 x 10 mm, endocarp 10 x 8 mm, only inddgascar .............. 6. C. malagasica
8b. Leaves leathery, with a few hairs on the vema@pex mucronate,
fruit 10 x 7 mm, endocarp 8 x 6 mm, East Afridgia..............cccceeeeennnn. 11.C. wightii
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Oa. Leaf margins serrate except towards the beaee$ cordate to elliptic,

lateral main nerves extending to 1/3 from th&eha.........cccoovveiiiiiiiiiiiiiiii e 10
9b. Leaf margins for 1/3 irregularly serrate, leawbovate to oblanceolate,
lateral main nerves extending up to half oflded ... 11

10a. Sepals 6, petiole more than 5 mm long, apspidate, lower leaves smoothly hairy,

endocarp ovoid, white, in Africa only north bktSahara ..................... 3..C. australis
10b. Sepals 5, petiole less than 5 mm long, apedata, in open areas and savannah,
endocarp lenticular, ovoid, grey ........ccceeeeiiiiiieeee e 2.C. africana

1la. Leaves oblanceolate, lateral main nerves dixtgrio half of the leaf,
apex caudate, 7 mm long, endocarp ovoid, polgg@mooth .................. 8. C. prantlii
11b. Leaves obovate, oblique to cuneate at basealaerves extending to 1/3 of the leaf,
apex cuspidate, 6 mm long, endocarp rhomboiggpoal, rough ...... 7. C. mildbraedii

1. Celtis adolfi-friderici Engl.

Bot. Jahrb. Syst. 43 (1909) 308 & Mildbraed, Wisggeb. deutsch. Zentr-Afr. Exped. (1911) 179,
t. 16A-D; Engl., Pflanzenw. Afr. 3, 1 (1915) 14;iRie in Fl. Trop. Afr. 6, 2 (1916) 9; Hauman in
Fl. Congo-belge 1 (1948) 44; Dale & Eggeling, Indigees Uganda ed. 2 (1952) 430, fig. 89a;
Andrews, Flow. Pl. Anglo-Egypt. Sudan 2 (1952) 2%8; W. Trop. Afr. ed. 2, 1 (1958) 529;
Polhill, Kew Bull. 19 (1964) 143. Type: Congo Repab Kivu Province, near Ruwenzori,
Mildbread 2725Muera fores169 & 2242all B, syn!).

SynonymsCeltis fragiferaA. Chev. in Bull. Soc. Bot. France 61, Mém. 8e1(1p299. Type: Ivory
Coast,Chevalier 225785isotype; K);C. ituriensisDe Wild. in Rev. Zool. Bot. Afr. suppl. Bot: 4
(1921). Type: Congo RepubliBequaert 2153holo: BR).

Tree 20-35 m tall, semi-deciduous, monoecious)kirwith buttresses, twigs pubescent, leaf-
blades entire, alternate, oblong-elliptic, 10-16 lomg, 5-8 cm wide, shortly acuminate, rounded
and unequal-sided at base, 3-nerved from the lbasethe basal lateral nerves extending almost to
the apex and upper prominent lateral nerves 1-8amh side of the midrib, petiole 5-18 mm long.
Stipules small, 3 mm long, shortly produced belbe point of attachment, pubescent, caducous.
Cymes 1-4 cm long, long in flower, up to 6 cm iniffy at the nodes below, lower ones with many
clustered male flowers, upper ones with severambphrodite at the top. Sepals 5-6, 1-1.5 mm
long, pubescent.Ovary pubescent with a ring of éorttpirs at the base, styles branched, 3-4 mm
long. Fruit a drupe, ovoid to obovoid, 15-20 mmdpa3-15 mm wide, red to black (at maturity),
endocarp 10 x 9 mm, ellipsoid, polygonal, roughldPograins triporate, spheroidal.

Distribution: Liberia to Uganda and Congo-Kinshgsaap 7.1).
Habitat and ecology: Lowland rain forest (100-600m)

Specimens examined:

Celtis adolfi-friderici Engl.

CAMEROON:: Central Province: ¢. 115 km NE of Yaoundé [Jaunde], transition zand warzone [Kampfgebiet]
opposite of the savanna on the Northern bordenefylaea, south of the Sanaga between YaoundBamgdeng, not
far from confluent of Lom (Sanaga) and Djerem, kaby 1914 Mildbread, G.W.J8250 (K); East Province 27 km
SW of Bertoua, road to Doumé, S of Dimako, nearrigpélo, 9 January 196Breteler, F.J2456(A, BR, FI, K, LISC,
M, P, UC, WAG, YA); 50 km W of Béla (along Sangha Rear C.A.R. border, about 82 km E of Lokomo, 2é&mber
1982,Kruif, A.P.M. deB04 (WAG); About 30 km NW of Moloundou, 7 December 29Rruif, A.P.M. de865 (WAG);
10 km N of Ndemba Il = 30 km N of km 29 of road Bera-Nanga Eboko, 12 June 196Bguwenberg, A.J.Mb843
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@ identification OK
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Distribution map 7.1Celtis adolfi-fridericiin Africa.

(BR, K, P, WAG); Piste forestiere Letta - Viali flailGN-1/200.000 Bertoua, 9 February 1966touzey, R2999(P);
32 km WNW of Mopwo (village) km 22 of road YokadoarBatouri, 6 June 1968gtouzey, R5244(P); S Cameroon
forest area molinde mouth of the Bok river in Bimi& July 1911Mildbread, G.W.J4239 (WAG); South-West
Province: Victoria District, between Bafia and Likoko, instlirbed lowland rain forest and volcanic lava, briary
1958, Keay, R.W.JFHI 37522 (FHI, K, P); Secondary forest at Bolo-Meboka, Kwaidamfe road, 4 July 1987,
Thomas, D.W7157(MO);

CENTRAL AFRICAN REPUBLIC : Lobaye: Station of Boukoko, 10 February 1993sserant, C2451 (P); Station
of Boukoko, 10 February 1953jsserant, C., Equip245 (P); Bounkoko, 4 November 194¥isserant, C., Equip429
(P); Station of Boukoko, 27 June 1950sserant, C., Equipd788 (G, P); Station of Boukoko, 6 October 1951,
Tisserant, C., Equip2065(P); station of Boukoko, 10 February 1958serant, C., Equip2451(P, WAG); Region of
Mbaiki, Station center of Boukoko, 23 February 195Bserant, C., Equip@463 (G, P);Sangha Boa tribs, North
F.R., 20 February 197Hall, J.B. 42653 (MO); Sangha Economique Lindjombo, within 3 km of village, 15
November 1988Fay, J.M.8834 (MO); 45 km south of Lidjombo, Ndakan gorilla studyea, 10 December 1988,
Harris, D.J.1671(MO); 45 km S of Lidjombo, Ndakan gorilla study ayd.3 February 198%arris, D.J. 1851 (MO,
WAG); Unknown: Ndakan gorilla study area, 5 February 1988y, J.M.8216(MO, WAG);

CONGO (BRAZZAVILLE) : Sangha Sangha-Bois, chantier of Mangokele. 15km from R&g¢Cameroonian river),
23 July 1965Bouquet, A1638(P);

CONGO (KINSHASA) : Kasai Oriental: Mwene Ditu, 14 February 195Bardy, D.S48 (BR, MO, YBI); Orientale:
Bambeto 1942Dubois, H.658 (BR, YBI); Yangambi, 1949Germain, R744 (BM); zone de Mambasa (lturi), 4 March
1982, Hart, T.B.216 (BR, WAG);

GABON: Ogooué-lvinda Réserve de la Lopé prés du Centre d'études ddkega@t chimpanzé (CEGC), 19 July
1993, Lejoly, J.93/ 172 (BRLU; not seen!)Woleu-Ntem: Minkébé area, 1000 m from the camp, 23 March 1990
Minkébé SerieAM 55 (WAG);

GHANA : Ashanti Region Ashanti, Sekyere, 5 October 1988sseadoo, 26 (NY); Western Region BIA, National
Park and Producation, Reserve ca. 7km south of iQedfjpafua. Along timber access road, travellingutofrom
Adjoafua, Park Guard camp, 28 February 13éhmidt, H.H1995(MO); Anwhiaso Reserve, March 1927igne, C.
270(NY);

IVORY COAST : Abengourou: 25 km east of Abengourou, along the road to MiaBL July 1969y ersteegh, C610
(WAG); Agnibilékrou: Vallée du Moyen Comoé, entre Tingouéla et Assikadel December 190 hevalier, A.
22575(P, WAG); ¢.10 km N of Agnibilekrou; c. 250 km NE Abidjan, 20 August 1963\Vilde, W.J.J.O. dé87 (P,
WAG); Daloa: F.C. du Haut-Sassandra, Sud forét, piste de \&ydn 27, 14 February 199Kouamé, F.N.1104
(CSRS; not seen!)Divo: N-W forét de la Boubo. Ouest du village V3 denpalindustrie, 11 December 1990,
Chatelain, C576 (G); Surroundings of IFCC, 10 km south east ofd@iv July 1969Versteegh, C412 (WAG); Man:
F.C. Scio, Pinhou, Lobykro a 9 km, Bloc 28 Parc&B® de la Sodefor, forét en bordure de piste jpate, 18 August

68



Chapter 7. Revision of Africa@eltis(Celtidaceae)

2001,Nusbaumer, L493 (G, WAG); Unknown: 1932,Aubréville, A. (Ivory Coast serie§B6 (WAG); Vavoua: F.C.
du Haut-Sassandra, Centre. Forét peu dégradées feidK24, 18 August 1994 ouamé, F.N1341(CSRS; not seen!);
F.C. du Haut-Sassandra, Nord. bord de piste, 1ago81 August 1995 ouamé, F.N1554(CSRS; not seen!);
LIBERIA : Nimba: Yéképa, 29 September 197gam, J.G29655(MO, WAG);

SAO TOME AND PRINCIPE : Sao Tomé Island N Coast, Praya das Conchas, about 1 km fromdbkaroshore, 26
January 1980Wilde, J.J.F.E. de; Arends, J.C.; Groenendijk302 (FR, STOME, WAG);

UGANDA: Western Province Bunyoro, W Bugoma, Bugatiya county, 13 Octobes2,Styles, B.T135(FHO, K).

2. Celtis africanaBurm. f.

Prodr. Fl. Cap. (1768) 31; Rendle in Fl. Trop. Ad.2 (1916) 3; Hauman in Fl. Congo-belge 1
(1948) 43; Keay in FIl. W. Trop. Afr. ed. 2, 1 (199802; F. White, F.F.N.R. (1962) 22; Polhill,
Kew Bull. 19 (1964) 139; von Breitenbach, Indige&s Southern Afr. 2 (1965) 79, t. on p. 81;
Polhill in F.T.E.A., Ulmaceae: 4 (1966); Letouzeykl. Cameroun 8 (1968) 14, t. 1 fig. 3; Jacot
Guillarmod, Fl. Lesotho (1971) 161; Palmer & Pitma@rees S. Afr. 1 (1972) 423, t. & photos; K.
Coates Palgrave, Trees Southern Africa (1977)i§616; Beentje, Kenya Trees, Shrubs & Lianas
(1994) 318. Type: S. Africa (pl. 88 in Burm. 1768).

Synonyms:

Celtis erianthakE. Mey. ex Planch., in Drege, Flora 26, Bes. Beég@843): 171 (1844), nom. nud.;
C. kraussian@ernh., Flora 28 (1845) 87. Type: South Afrigaauss(G, isotype)C. burmannii
Planch., Ann. Sc. Nat., sér. 3, 10 (1848) 296. T@mth Africa,Drege(K, isolecotype)C.
opegraphaPlanch., Ann. Sc. Nat. sér. 3. 10 (1848) 294. T@umaith Africa,

Cape prov., Drege 8261b (K, isolecotyp@);henriquesiEngl., Notizbl. Bot. Gart. Berlin 3 (1900)
22. Type: AngolaWelwitsch6308 (BM, K, isolecotypes!)C. vesiculosaHochst. ex Planch., Fl.
Col. Eritrea (1903) 119. Type: Ethiopi&chimperl1162 (BM, K, isotypes);C. holtzii Engl.,
Pflanzenw. Afr. 3 (1) (1915) 12, fig. 6E. Type: Damyika, Holtz 1591 (B, holotype!);C.
kraussianavar. stolzii Peter, Feddes Repert. Beih. 40, 2 (1932) 64. Typaganyika Stolz1708
(B, holotype!; BM, K, isotype!);

400 0 400 800 12001600 Kilometers

Distribution map 7.2Celtis africanain Africa.

69



Chapter 7. Revision of Africa@eltis (Celtidaceae)

Tree, 10-25 m tall, deciduous, monoecious, batghy fluted, bark smooth, whitish-grey often
pinkish-blotched, fresh cut wood unpleasant-smglliioung stems and branches densely tawny
pubescent-tomentose, leaf blades coarsely derdaiates, ovate to ovate-lanceolate, alternate, 3-9
cm long, 2.5-5.5 cm wide (juvenile leaves up tox13) cm, apex acuminate, base rounded to
cuneate and strongly asymmetrical, lamina thinlyhackly chartaceous, + scabrous, young foliage
often densely tawny-pubescent on both sides, tftdrescent except on nerves below, 3-nerved
from the base, basal lateral nerves extending wellupper half, upper lateral nerves 1-2 on each
side of the midrib, all lateral nerves promineniole petiole 2-5 (10) mm long. Stipules linear to
linear-obovate, 3-8 mm long, pubescent, Infloresesmprecocious, those cymes borne in the lower
leaf axils and at the nodes below contain 3-mamgtered male flowers on pedicels 1.5-5 mm
long, the cymes borne in the uppermost leaf axifgain 1-several bisexual flowers on pedicels 10—
17 mm long, intermediate cymules consisting of bodle and bisexual flowers, axis and pedicels
usually densely tawny-pubescent, sepals 4-5, B5+P long, Ovary densely pubescent, styles
unbranched 1.5-3.5 mm long. Fruit a drupe, subgepless often ovoid- ellipsoid, 5-7 mm long,
3-6 mm wide, orange or black, endocarp 4x3 mm, ayvaticular (polygonal), gray. Pollen grains
triporate, oblate spheroidal.

Distribution: widespread from Sudan, Nigeria, Sothca (map 7.2).
Habitat and ecology: Savana, dry evergreen fougdand rain forest (400-2000 m).

Specimens examined:

Celtis africanaBurm.f.

ANGOLA : Unknown: Cazengo, Granj&ossweiler, J6488(C);

BOTSWANA: Gaberones (District), 11 December 198alala, A.M.152 (CAH, MO);

BURUNDI: Ruyigi: Mosse-Ruyigi, Kiofi, plot 5 section I, 18 Septeantil951,Michel, G.364 (BR, MO); Ruyigi,
Nyakazu gouffre, January 1973eekmans, M2735(MO); Nyakazu, 24 September 198kekmans, M458(MO);
CAMEROON' : East Province Mont Tamber, Deng-Deng, 16 February 196&touzey, R3475 (P, WAG); North
Province: 23 km East south of Bagodo, Eastern top of Kaiagaaa, 4 August 196&.etouzey, R7651(P); near Kori,
50 km SW of Banyo, 24 June 1914touzey, R8715(P); Unknown: 1946,Aubréville, A597 (P); West Province 25
km W of Foumban, 28 October 1914touzey, R13045(P); Mbam Massif, West slope, direct path from Niowipi to
the top (35 km NW of Foumban), 31 October 197&tpuzey, RL3070(P); Mbam Massif, West slope, direct path from
Nkoutoupi to the top (35km NW of Foumban), 31 Oetiob974 | etouzey, RL3074(WAG);

CENTRAL AFRICAN REPUBLIC : Gribingui : Kago Bandoro (=Fort Crampel), June 196Qjgonis, G.1863(P);
Ouaka: region de la Ouaka, 12 February 19P8serant, C1831(WAG);

CONGO (KINSHASA): Katanga (Shaba) Kayo, waterfall of Kalule Nord, 29 January 19&amps, P8376 (BR,
WAG); plateau of Kundelungu, 23 km WSW of the smatof Dualale, 1 km to the right of the Kalobadalf January
1970, Lisowski, S.; Malaisse, F.; Symoens, J9344 (BR); Nord-Kivu : Park Nat. Albert, between Muguga and the
Rumoka river, November 193ebrun, J.8583(BR, COIl); Sud-Kivu: 162 km on road to Uvira and Mbaraka, Ruzizi
plain, May 1950Germain, R7029(BM);

ERITREA : Unknown: Amasen, Bet-Garghis, lungo un torrente che sceiad8. Giorgio a valle Makalo, 5 February
1902, Pappi, A.2708 (COI, G, NY); Valley of Marakhat, Saganeiti, 10 rRd892, Schweinfurth, G1697 (BR, G);
Vally of Marakhat, Saganeiti, 17 April 189¢chweinfurth, G1717(G);

ETHIOPIA : Arsi: c. 5 km from Degaga, 21 February 19@ilbert, M.G. 1763 (K); 8 km S of Shashemene, 5
February 1965Perdue, R.E6482(K); Bale: Bale A. Region: c. 14 km N of Dolo Menna (Massio) the road to Goba,
26 October 1984riis, |. 3491(C, K); Gojam: Bahir Dar, shore of Tana Lake, 28 September 2008tinga, J.J4931
(ETH, WAG); Bahir Dar, shore of Tana Lake, 28 Septen®003,Wieringa, J.J4932(ETH, MO, WAG); Gondar:
between Gondar and lake Tana; at river near thagellof Wusaba, 21 July 1988iis, I. 5361 (C); Isola Daga, 22
February 1937Pichi Sermolli, R.E.G1681 (MO, WAG); Harerge: Campus Agric.College Alemaya,HSIU, 1 April
1974,Bos, J.J.7586 (ACD, WAG); Rocky valley, between Errer and Dakatdley on the Harar-Jijiga road, 1 June
1974,Bos, J.J.7851 (WAG); near College of Agriculture, Alemaya, alorgad to Awalle, 24 February 1978nsen,
P.C.M.5183 (ACD, WAG); around Bati village, 5 March 1978ansen, P.C.M5208 (ACD, WAG); 35 km NW of
Jijiga, 1-4 km W of Giri Kocher, 13 November 191& Houérou, N.-H131176/012 (FT); Fruit farm Mrs. Diggs. 3.5
km from the road from Alemaya to Harar, side roamhf Hamaressa, 13 July 196¥estphal, E616 (ACD, BR, C,
CAM, DES, EA, MO, WAG); road from Shashamane-Koffdl@km from Shashamane, 7 September 19&5tphal,
E. 1713 (ACD, BR, C, MO, WAG); 3 km on the road from Harta Jijigga, 10km from the main road, near Mederu
village, 21 October 196 Vestphal, E2326 (ACD, BR, C, CAIM, MO, WAG); c. 9 km from Harar otihe road to
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Jijiga, near the village of Harrewé, 20 Decembes8 Wilde, J.J.F.E. d&271(ADC, B, BR, C, LMU, MO, WAG);
"Rock Valley", about 36 km along the road from Haro Jijiga, 12 February 1979jilde, J.J.F.E. d6341(ACD, BR,
M, MO, WAG); ¢ 10 km SE of Harrar, 31 January 1986lde, W.J.J.O. d8845(B, BR, C, K, MO, P, PRE, WAG);
Harrar : Amaressa near Diggs farm +/- 5 km NNW of Har@28,February 1963\Villan, R.G.N.2587 (US); Kaffa:
Badda Buna Forest, 10 km NE of Jimma, 21 Novembéi Ideyer, F.G.7768 (K, US); Kefa: Kefa A.Region. At the
Bebeka Coffee Plantation, S of Mezan Tefari. NearHtQ., 2 December 198Rriis, |. 3952 (C, K); Kefa A. region:
At Bebeka coffee Plantation, south of Mezan Tefaar the H.Q., 2 December 19&4ijs, |. 3953(C, K); Kaffa Prov.
1.5 km NW of Aro along the road between Jimma awg@rd, 7 November 197@riis, I.; Hounde, A.; Jacobsen, K.
156 (C, WAG); c. 20 km SW of Jimma on Bonga road, Iiv&mber 1970riis, |.; Hounde, A.; Jacobsen, R43(C,
WAG); Wush-wush (small village near Bonga) near pémtation of H.V.A., 23 March 1978ansen, P.C.M5473
(ACD, WAG); Wush-wush (small village near Bongapn¢ea plantation of H.V.A., 23 March 197&nsen, P.C.M.
5491 (ACD, WAG); Jimma road, ¢ 10 km SW of bridge o@@mo river, 28 February 1968Vilde, W.J.J.O. d&0271
(B, BR, C, K, MO, P, PRE, WAG)Shewa 45 km NW of Addis Ababa, off the Bahar -dar-Gondaad, 5 February
1972,Ash, J.W1539 (K); along road from Shashamane to Mendo, c. 8fkim Shashamane, 25 June 19F&nsen,
P.C.M.6646 (ACD, WAG); c. 4 km W of Ambo, about 125 km W ofldis Ababa, 29 April 1968Vilde, W.J.J.O. de
6458 (B, BR, C, ETH, K, MO, WAG); c. 15 km SE of Shashamah5 June 1963Vilde, W.J.J.O. d&€040(BR, C,
ETH, K, MO, WAG); ¢ 20 km W of Lekemti, 2 July 196®%/ilde, W.J.J.O. d&222 (B, BR, C, ETH, H, K, MO,
WAG); Shoa 106 km SW of Addis -Ababa,on Jimma road, 26 May3, Ash, JW1963 (MO, WAG); Unknown:
Dissected plateau, lavas, humus-rich forest, Matek(Galle). Agheremariam, 3 December 1968lett, J.B. 14592
(BM, K); Thlokweng, 18 August 197&lansen, 0.J3432 (BM, C, WAG); Belletta, 16 November 194Bpgan,
W.E.M.53 (G); 8 April 1989,Mesfin Tadess&371(C); 25 km of Uddus Gabriel, 4 November 198ichi Sermolli,
R.E.G.1685 (BM, MO); in montibus Sementibus, 1843chimper, G.H.WII: 1162 (BR, WAG); Durrona, 1853,
Schimper, G.H.WIII: 1435 (BR, P, WAG); Welega Humbi forest, Dembi-Dollo, April 1937Guigharelli, D. 779
(FT); Welo: Tis - Aba-Lima, c. 50 km N of Dessio, 25 OctobeBZMesfin Tadess8303(C); Kalu Awraja, Cheleka
River gorge, ca. 30 [?? number illegible] km SWDegan, 27 October 198K esfin Tadess€434 (C); Ambasel
Awraja Anabe Forest, 28 May 198Vlesfin Tadess6531(C); Ambassel Awraja. between Kerkero & Ketetyatoa
road from Anabe to Gerba 2270-2580 m, 28 May 188%fin Tadess&564(C);

GHANA : Unknown: Degedege SW Nsawkaw, 29 May 19A4Jl, J.B.GC 44851(GC, K);

KENYA : Coast Taita-Taveta District, Ngangao Forest, 16 May 198a¢den, R.B.528 (WAG); Eastern. Meru
District, Lake Nkunga, 12 April 198®Burney, D.AE 42 (NY); Nyanza North of Nyanza District, Mweyu (Luyia), 7
April 1965, Gillett, J.B. 16675 (C, WAG); Nyanza Province, north kavirondo Distt.7{ September 194%aas
Geesteranus, R.8267 (BR, EA, G);Unknown: Ngong Forest, 26 March 1998henda, J27 (WAG); Kitui district,
C. 15 ESE Kitui, Inyuu on Zombe road, 11 January818&strup, V.K 300 (C); Maji Mazuri, 1934Angus, T.A7117
(NY); Turi area near Molo (Mr Start's Farm), 21 dary 1968Gillett, J.B.18518(WAG); Western: Kakamega Forest,
forest near the Rest House, 26 December 15&@en, R.B69/2085(MO);

LESOTHO: Leribe district : Basutoland, district de Léribé, 19Dieterlen, A.193 (WAG; not seen!);

MALAWI : Central Province: District: Dedza, Ngoma, Chongoni Forest, 11 Jand®70, Salubeni, A.J1498 (K,
MO); Northern Province: Misuku, 3 March 1983Dowsett-Lemaire, F673 (BM, BR); 12 November 195%Robson,
N.K.B.579 (BM); Southern Province Thondwe, Mpita tobacco Estate, 2 November 1®aka, J.L.757 (MAL,
MO); Mpita (A. L.C), Tobacco estate, Reg. Zomba, &mber 1983Patel, 1.H.1310(MAL, MO, NY); Reg. Zomba
Dist. Mpita Estate, Thondwe, 6 November 1984wakali, E.J421 (MAL, MO, NYAS); Unknown: Cholo Mountain,
Cholo District, 22 September 194Brass, L.J.17744(BM, K, MO, NY); Thondwe zomba, 3 May 198Zhapman,
J.D. 6157 (K); Mpita (A.L.C.) Tobacco estate, Thondwe, ZomBaylay 1982,Chapman, J.D6195 (BR); National
Park, 12 September 1983pwsett-Lemaire, FL30(BR);

MOZAMBIQUE : Gaza 10 km of Chipenha para Mainguelana, floresta Mugu(Chirrinzene), 28 September 1971,
Correia, M.F.2264 (LM, WAG); Maputo: Namaacha, Monte Ponduini, proximo do posto derdds C.T.T. (cp), 28
October 1971Marques, A2332(LM, WAG); Unknown: near Goba Fronteira on the margin of dunes rease¢a, 3
October 1961Balsinhas, A520(BM); Lebombo Mountain Range, February 197#ley, K.L.3011(K);

SOMALIA : Somaliland Prot., at Daloh, 18 miles N of ErigagoNovember 1954Bally, P.R.0.10346 (G, K, P);
Bodar Som. at Daloh, 18 miles N of Erigavo, 6 Nobkem1954 Bally, P.R.0.10349(K); Somaliland, eastern Almadu
range, northern slopes, 13 October 1988lly, P.R.0.11088(G); near Etigavo (gypsum), 8 February 19Bally,
P.R.0.12852(G, K); 15 July 1945Gillardin, J. 951 (BM); Algasonia, 21 February 193illett, J.B.5098 (K); N
Somalia, 7 July 1981Gillett, J.B. 23788 (BR); 15 July 1945Glover, P.E.951 (K); Sheikh, 3 May 1973lronside
Wood, J.RS/7341 (K); Sheikh area, 3 May 197Bpnside Wood, J.RS/73/41 (K); Berstje/Bersije, 16 August 1957,
Newbould, J.G.BL014(K, MO);

SOUTH AFRICA : Cape Province Lambeau, Groothos, 2 February 1982¢nard, J.J.G7321(BM); Eastern Cape
Beans bush, near Patensie, 12 September Ba§liss, R.D.ABRI 532 (BR, P, WAG); Baviaans Kloof, Eastern cape,
29 November 197Bayliss, R.D.ABRI 1172 (MO); Baviaans kloof, E.cape, 13 September 1B&yliss, R.D.ABS
6792 (WAG); Baviaans Kloof, 10 November 197ayliss, R.D.A6916 (MO, WAG); c. 20 km NW of Ugie (direct)
farm: Copeland. 3128AA, 5 May 199Bester, S.P526 (E, PRE); Spreeuwkloof, Cookhouse, December 1969ier,
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M.C. 381 (MPE, WAG); District: Humansdorp, Gamtoos valldlear scotts cave, 20 November 198&lls, M.J2717
(BR); Eastern Transvaal 18 km from Lydenburg turn off on Lydenburg-Machadgd Road, Badfontein Farm,
opposite Braam Raubenheimer Dam (Kwena Dam), Manahiill Trail, 18 April 1997,Prentice, C.A.111 (PRE,
WAG); Gauteng near Pretoria, 11 April 1968ernardi, L.9060 (G, US, WAG); Johannesburg, Randburg district,
Darren wood koppie on third avenue, Linden. Cresta sf dam, entrance from Danie street 2627BB, @gt&nber
1997,Reddy, R.A431 (C, MO); Johannesburg, Randburg district, RobiadBark on the corner of Bellairs street and
Gaiety avenue, on serpentine, facing Bellairs s5tB&27BB, 24 September 199Reddy, R.A465 (B, C, PRE);
Kwazulu-Natal: Weenen district, Tugela river valley, beside thadto Zingela, 16 November 19&xlkwill, K. 5078

(B, BRY, E, M, MO, PRE); Natal region, December 19C2ook, R.A1898(MO); D. Lerequier's garden, Dunlau, 18
November 1966Dahlstrand, K.AN 46 (MO); Utrecht dist: Retirement 2730 AD, 4 Octoli&85,Devenish, N.J1880
(PRE, WAG); Hluluwe Game Reserve, 1 March 19B&kinson, J.30 (MO); Station Dumisa, 21 August 1910,
Rudatis, A.G.H1108 (G, WAG); Karugha, 2 January 189Schlechter, F.R.R6160 (BM, G); Durban, Natal, 14
August 1896,Wood, J.M.6123 (G); North West Province 8 miles Lichtenburg-Zeerust road, 28 January 1968,
Morris, J.W.1126 (PRE, WAG); at base of limestone escarpment, gidstof Harz River Near Taungs, 75 miles north
of Kimberley, 31 January 1948odin, R.J3456 (US); Northern Cape: Hay district, 13 miles from Schmidtsdrif to
Papkuil, 7 March 1967T6lken, H.1170 A (BM); Transkei: Umsikaba, Ndindini, 10 November 1978trey, R.G.
10106 (NH, WAG); Transvaal: 8 February 1960Bayliss, R.D.A9007 (US); Bryanston. 8 miles N of Johannesburg
center, 13 January 196Rahlstrand, K.A579 (C); Lichtenburg (2626AA), Vlakfontein, 10 Februat$70, Morris,
J.W.1127(E, PRE); c. 9 miles west of Krugersdorp on Farradgévale, 27 February 194B8pdin, R.J3899 (PEU);
Small Kloof, below road to Zulu Bull's village akidz mile from new dam, Westfalica, 27 Septembel0196heepers,
J.C.1007 (MO, PRE, WAG); Region, Transvaal. Dist, LichtentpuAbout 3 miles north of lichtenburg on the Zeerust
road, 9 March 1967Scheepers, J.C1484 (BR); near Selati river, 3 September 198%almans, M632 (E, PRE);
Unknown: December 1972Crook, R.A59831(E, PRE); Off Monzi road. North of old farm ruinBukuduku), 12
December 1989%obson, S.R603 (GRA, MO); November 1933Vleebold, A.K12671(M); 75 km miles north of
Kimberley, 31 January 194&odin, R.J3426 (MO, NY); 31 October 18Jnknowns.n. (P); Western Cape Knysnha
(3423 AB), Keurbooms River bridge, 27 September718rsh, J.A618(PRE, WAG);

SUDAN: Eastern Equatoria: Equatoria prov., 12 May 193%ndrews, F.W.1175 (BR); near Gilo village, 15
November 1980Friis, |.; Vollesen, K217 (C); lwowa, Didimga, Lukoi-Oich., 22 April 193%Jyers, J.G.11033(K);
Unknown: Imatang, 13 February 1978pward, W.JIM 31 (K);

TANZANIA : Arusha: Arusha District, 4 km N of USA River, 10 Decemied88, Pocs, T.88290A (K); Munduli
forest Reserve, near Onjoro Ondare village, 21 agn@999,Simon, G.91 (C); Ketumbeine Forest Reserve, near
lloriento Village NNE of Losirwa Village, 15 Febrya2001,Simon, G773 (MO); Kilimanjaro : Chome-Suiji division,
Chome ward, Gwang 'a village, Gonja kisanzuni stidpkava Sacred Forest, 16 December 260Qdeketa, W640
(MO); Mwanza: Ukerewe area, February 1929nrads, A.H6003 (EA, WAG); T2 Northern: Tanganyike, April
1941,Bally, P.R.02401(G); Tanga: near Wanguwe river, Gare- foothpahabani, S314 (BM);

Unknown: T4, s' Wanga District. Mbizi F.R., 4 November Y9Ruffo, C.K2644(C);

UGANDA: Namojongotyang, Debasigiggeling, W.J2678(BR);

UNKNOWN : South-East Africa, 1880elson, W250 (K);

YEMEN : Al Hudaydah: Gebel Bura, tber Hille, 5 January 188ghweinfurth, G457 (G);

ZAMBIA : North-Western Province Solwezi, 26 July 1964anshawe, D.B8848(K, NDO);

ZIMBABWE : Chipinga: District: Chipinga, October 1966Goldsmith, B.66/ 77 (BM, BR); Manicaland:
District:manicaland, 15 October 19528hase, N.C5309 (BM); District: Manicaland, 16 October 195€hase, N.C.
48774 (BR); Unknown: Melsetter, Bridal veil Falls, 11 January 19B&mps, P.; Symoens, J.J.; Vanden Berghen, C.
765 (BR, WAG); S.w. of Mlenje Banks of little Odsj Riv, 17 September 19568hase, N.C5793 (CAH); District:
Umtali, 4 December 195&hase, N.C7012 (BR); From Satsi River, 26 September 198¢Gregor, G.M.ma5/34
(BM); Dist: Chilimanzi, 2 May 1951Mylne, M.R.16/ 51 (MO); Harare, 3 November 199Pgilécot, P.7339 (G);
District Chirinda, 18 October 194Wild, H.2039(BR, K).

3. Celtis australisL.

Sp. Pl. 1043 (1735); Derevya Kustarniki SSSR 238, 1 (1951); Hegqi, Fl. Mittel-Eur. ed. 2, 3 (1):
f. 117 (1958); Fl. Iran. 142: 12 (1979); Fl. Turkéy1982) 650. Lectotype: Herb. Linn. No. 1209.2
(LINN), designated byZielin'ski, in Rechinger (ed.), Fl. Iranica 142 (1979).

Tree, 10-20 m tall, monoecious, bark grey, smogthung twigs velutinous, leaf blades sharply
serrate, alternate, ovate-lanceolate to lanceofagcm long and 2-4 cm wide, oblique at base,
usually long-acuminate, 3 nerves at base reachi®@®Rthe blade, scabrid above, velutinous and
brownish or brownish-green, petiole to 4-8 mm loimflorescences precocious cymes borne in the
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lower leaf axils, containing 3-many clustered miédavers on pedicels 1.5-5 mm long; the cymes
borne in the uppermost leaf axils contain 1-sevbrs¢xual flowers on pedicels 8-10 mm long,
intermediate cymules consisting of both male amskial flowers; axis and pedicels usually
densely tawny-pubescent.Sepals 4-5, 1.5-3 mm fmrggscent. Fruit a drupe, globose, 5-10 mm
long, 4-6 mm wide, dark-purple, endocarp 6x6 mmpoidy polygonal, rough. Pollen grains
triporate, oblate spheroidal.

Distribution: North Africa, Mediterranean area, Key to Afghanistan (map 7.3).
Habitat and ecology: Dry and upland areas (400-&§00

3000 0 3000 6000 Kilometers
|

Distribution map 7.3Celtis australisn Africa.

Specimens examined

Celtis australisL.

ALGERIA : Chiffa Gorge (Blida -Medea), 11 June 19Dhvis, P.H.53446(BM); Mustapha, April 1879Gandoger,
A.M.878(C);

AZERBAIJAN : Gyandzha "eastern Armenia", Elisabethopol [=Gyandzha], Mdghenacker, R.F5.n.(WAG);
CANARY ISLANDS (SPAIN): Gran Canaria: Tafiva (Vivsul), 29 November 196&unkel, G.7721 (G); Bw. la
Virgen, 11 May 1967Kunkel, G.11080(G); Gar. la Virgen, 11 May 196Kunkel, G.11081(G);

FRANCE: Gard: Le Vigan, 22 April 1860Billot, P.C. 3202 (WAG); Hérault: St. Georges d'Orques, 7 April 1959,
Touw, A106 (WAG); Pyrénées-Orientalesnear Argelés-s-Mer, July 1994ek, F.I. varB51 (WAG; not seen!);
ITALY : Palermo: Palermo, ad vias, in dumetis reg. infer., in sé&oeg. montanae, 1 May 19@ypss, H67 (WAG);
Siena side of Mont Pisan near Asciano (Toscane), 16cMdB61 Billot, P.C. 3202bis (WAG); Sud Tirol: Bozen,
Hausmann, F. vors.n. (WAG); Merano, Tappeinerweg, 30 July 1929pststroom, S.J. va@564 (L); between
Schlanders [Silandro] and Meran, Vintschgau, J8§3l Tappeiners.n.(WAG);

MOROCCO: Fés-Boulemane Ouezzan, June 190%andoger, A.Ms.n. (G, MO, NY); Taza Middle Atlas of
Morocco, 27 April 1969Sendergard, Ps.n.(AAU, C); Unknown: Meknés, June 198Zasas, F7189(G); GA. oued
Moulay Brahim below Asni (above Marrakech), 14 Adr969, Davis, P.H.49362 (BM); Beni Hamed (Ktama), 30
January 1929%-ont Quer, P102 (BM); Ouirgane (Haut Atlas), 10 April 1978ewalle, J.s.n.(WAG); 1865,Mandon,
G. s.n.(G); Asni, 9 April 1936,Paulsen, O.Ws.n. (C); Mountains near Idni, between Tizi-n-Test anghiA5 May
1961,Wilde, J.J.F.E. d@122(BM, BR, WAG);
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SOUTH AFRICA: Transvaal: Pretoria, Weavind Park, Christian Brothers Cadlellount Edmund, 17 April 2002,
Heilgendorff, H.PRE62793(WAG); Pretoria, Sunnyside, Relly Street. (2528C2) February 1981Toit, L. dul72
(WAG); Unknown: Cultivated. 2628AA, 23 January 1999len, H.F.3898(PRE);

SPAIN: Granada: Village Guejar-Sierra, 19 July 199&pngkind, C.C.H2919 (WAG); Murcia: Sierra de Fuensanta
near Murcia, 2 May 185@ourgeau, E. Spain serig&r9 (WAG); Unknown: Pyrenees, Orgeganya, 23 June 1980,
Wijnands, D.O714 (WAG);

TUNISIA : Dorsale, Zoghauau, 3 May 1963puteaux, G63T 13 (BR); May 1906 Cuénod, A.Js.n.(G);

TURKEY : Adrianopel [=Edirne]Noég, F.Ws.n.(WAG).

4. Celtis bifidaJ.-F. Leroy
Bull. Soc. Bot. France 95 (1948) 7. Type: Madagg<Geeve, 212 (holo: P).

Tree, 6-12 m tall, deciduous, monoecious, branshémd young petioles rufescent (rusty)-
pubescent tomentose, leaf blade entire, alteroatge or oblong-lanceolate, 4-7 cm long, 3-5 cm
wide, below the tip subcrenate or wavy, the bagasabor somewhat subemarginate, often slightly
unequal, top gradually or suddenly becoming an ssbtacumen (tip), young ones pubescent-
hirtellous, later glabrous, shiny, lateral vein§,3setiole 6-7 mm long, Axillary cymes with many
flowers, male below, polygamous above, male flovagrghe lower part, hermaphrodite flowers on
top, usually longer than the petioles or slightipider. Male flowers subsessile or short-pedicg]lat
perigonium 5-parted, rarely 4-6-fid, lobes boatpdd slightly tomentose, margin slightly ciliolate
(with hairs). Stamens 5-6, opposite the periantie$o inserted on a hairy disc, anthers 0.6-0.7 mm
long, filaments 0.8-0.9 mm long. Rudimentary ovanyall, top emarginated, disk strongly hispid.
Hermaphrodite flowers: perigonium 5-fid, ovary gfical or globose + acuminate, pubescent,
stigma linear, tip stronglyifid. Fruit a drupe subglabrous or thinly shorbpacent, ellipsoid or
globose , 5-7 mm long, 3-5 mm wide, linear rathi&dptip rather persistent, about 3 mm long,
endocarp 6x5 mm ovoid, polygonal, rough. Pollenrgr&riporate, prolate, spheroidal.

Distribution: Endemic of Madagascar (map 7.4).
Habitat and ecology: In forests, especially aldrgrargins.

Specimens examined:
MADAGASCAR : Central Madagascar, Berenty, April 1985Connor, S41 (K).

200 0 200 400 Kilometers
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Distribution map 7.4Celtis bifidain Madagascar.
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5. Celtis gomphophylld8Baker

Bot. J. Linn. Soc. 22 (1887) 251, Leroy in Fl. Mgddam. 54 (1952) 6. t. 3, fig. 5-8; Letouzey, Fl.
Cameroun 8 (1968) 39, tabs. 2 fig. 4 & t. 5 figs2]1K. Goates Palgrave, Trees Southern Africa
(1977) 97 Tab. 3; Beentje, Kenya Trees, Shrubs &@&s (1994) 318. Type: Madagascar, Central
MadagascamBaron 3697(holo: K; iso: BR, P)

Synonyms:

Celtis durandiiEngl. Notizbl. Bot. Gart. Berlin 3 (1900) 22. Typ€anganyika, Usagard,rotha
171 (B, syntype!) & Congo Republic, Bas-Congo, Dup(sgn: B, isosyn: BR)C. ugandensis
Rendle, Journ. Bot. 44 (1906) 341. Type: Ugandaelibe, Victoria NyanzaBagshawe 66%holo:
BM); C. dioicaS. Moore, Bot. J. Linn. Soc. 40 (1911) 204; typeutBern Rhodesia, Chirinda
forest, Swynnerton 108holotype: BM, isotype: K)C. durandiivar. ugandensigRendle) Rendle,
FTA 6, 2 (1916) 5.

Tree, 3—30 (-50) m tall, decidous, monoeciouse lmflen fluted or buttressed, bark smooth light
grey, wood unpleasant smelling, young stems andches whitish-pubescent, leaf blades entire,
alternate, ovate-elliptic to oblong-elliptic, 6-té long, 2-5 cm wide, apex long-acuminate; base
cuneate to oblate, asymmetrical, (juvenile foliageto 21x9 cm with apex long-acuminate (13
mm), lamina membranous-chartaceous, glabrescert) s€abrid, 3-nerved from the base with the
basal lateral nerves not or hardly extending iheupper half, upper lateral nerves (2)3-6 on each
side of the midrib, prominent above, more strorgglybelow, usually making an angle of less than
45 degrees with the midrib; Petiole 4-8 mm longpués 2—-6 mm long, linear to linear-oblong,
whitish pubescent, caducous. Flowers precocious ftavers in numerous, crowded, few-many-
flowered. Cymes, pedicels 3—7 mm long, bisexualdis few or solitary, pedicels often longer.
Sepals 4-5, 1.2-2 mm long, pubescent, ovary + pelér glabrous, styles unbranched, 2-2.5
mm long. Fruit a drupe, conical-ovoid, often 4-atlvhen dry often 4-7 mm long, 3-5 mm dark
brown or black, endocarp 4x3 mm, angular-ovoidygohal, rough. Pollen grains triporate and
prolate-spheroidal.

Distribution: Nigeria, Sdo Tomé, Cameroon, Ang&8authern Africa, Madagascar (map 7.5).
Habitat and ecology: Low land and upland rain fo(660-1500m).

Specimens examined:

Celtis gomphophylle8Baker

ANGOLA: Cuanza Norte: Cazengo, Granja de S. Lui@ossweiler, J4536 (C, COIl); CAMEROON: Central
Province: 9 km from Yaoundé, road to Makak, path to EloumdeNovember 196 Breteler, F.J.1996 (WAG); 9 km
from Yaoundé, road to Makak, path to Eloumden, 2oB&t 1962 Breteler, F.J.3036 (WAG); 9 km from Yaoundé,
road to Makak, path to Eloumden, 4 April 19&2uijn, J. des.n.(WAG); near Nguna, 50 km ESE of Yaoundé, 21 June
1972,Letouzey, R11341(P); 40 km E of Mbalmayo, between Emamemuam and &ssuh, 23 June 197Retouzey,
R. 11345(P); along road and side paths from road betwebarhba and Kaya, c. 6 km E of Makak, 5 June 1987,
Manning, S.D.1920 (MO, WAG); East Province Road from Bétaré Oya to the North, edge of the Liwar near
Monay, 28 February 196Breteler, F.J.1159 (BR, FI, K, LISC, M, P, WAG); NW of village Ndjanga, road to
Ebaka, 47 km NW of Bertoua, 22 May 19@reteler, F.J.1396 (BR, K, LISC, M, P, WAG, YA); 15 km S of
Yokadouma, road to Moloundou, 22 June 1®kteler, F.J1551(K, P, WAG, YA); NW of Kissi, 28 February 1961,
Letouzey, R3562 (G, P); Dimako ( between Bertoua & Doume), 9 JL@%3,Letouzey, R5422 (BR, WAG); South
Province: Bipindi, Lokundje-Thal, 1912Zenker, G.A4586(G);

CENTRAL AFRICAN REPUBLIC : Lobaye: Oubangui, Boukoko, 4 April 1961Tisserant, C.2055 (G, P);
Oubangui. region Mbai'ki, Bokoko, 27 March 194%serant, C., Equip2417 (WAG);

CONGO (KINSHASA): Bas-Congo Thysville, Matete Forest ("INEAC Vuazi" [eitheodality or the herbarium?
prob. not too far from institute], 21 March 1993ubois, J.180 (BR); Nord-Kivu : Nyange Bukombo, 8 April 1958,
Gutzwiller, R.3628 (BR, WAG); Kitshanga, 9 January 199%onard, A.2441(BR, WAG); Beni-Kasindi road, near
turning to Mutwanga, 21 September 198maston, H.A2648 (BM); Orientale: Yangambi, Island Esali, 14 April
1944 L ouis, J.16984(B, C); Yangambi, Island Tofuse, 27 August 194&onard, J.J.G1401(B, C);
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Distribution map 7.5Celtis gomphophyllan Africa.

EQUATORIAL GUINEA : Bioco (Fernando Pod) Malabo, cerca da povoagao de Baney, 25 July 1@86yalho,
M.F. de2096 (MA, WAG); Malabo-Rebola, km 5, 32NMK7914, 20 Auwgul986,Carvalho, M.F. de2358 (WAG);
Malabo-Cupapa, km 2-3, 32NMK7714, 26 March 1988ayvalho, M.F. de3848 (WAG); Bioco between Luba and
Moeri, 13 July 1986Carvalho, M.F. del0347 (MA, P); Bioco, Malabo-Rebola km 5, 199%8ernandez Casas, F.J.
2358 (P); Between Luba and Moeri, near Bombe, 32NMJ6A& July 1986 Fernandez Casas, F.10347 (MA,
WAG);

ETHIOPIA : lllubabor : Tepi, March 1977Chaffey, D.R1276 (K); 3 km S of Tepi, Along the road to Mezan Tefari,
11 December 1984&riis, 1. 4139 (C, K); Kaffa: along road from Jimma to Bonga, 18 March 19¥fsen, P.C.M.
5304 (ACD, WAG); Kefa: 20 km SW of aman (Mezan Tefari airstrip), 29 Nobem 1984, Friis, 1. 3864 (E);
Unknown: 13 km N of Dolo Menna (Masslo), on the road td&0o25 October 1984yiis, I. 3484(C, K);

IVORY COAST : Abengourou: Surroundings of Naiblé, 30 km E of Abengourou,J8ly 1969,Versteegh, C616
(WAG);

KENYA : Eastern: Meru District, upper Imenti forest, 28 June 19F&den, R.B.74/ 908 (MO, WAG); Nyanza
Nyanza Province, North Kavirondo Distr, Kakamegaesb Station, 17 September 1988as Geesteranus, R.8266
(WAG); Western: Kakamega Forest, near Forest Station, 11 ApiiBlBlansen, 0.J900 (C);

MADAGASCAR : Antsiranana (Diego Suarez) between Maivantana and Antanamarina, Ambanjasifartana, 10
October 1998Antilahimena, P381 (MO, WAG); c. 35 km SW of Antsiranana, park NaabmMontangne d'Ambre,
near Joffreville, N of grand cascade, 17 Febru&921Malcomber, S.T1257 (K, MO); Toliara (Tulear): Toliara,
[Andohahela RN], 29 January 199Dumetz, N1276 (MO); Unknown: South central, Berenty, April 1986,Connor,
A.J.20 (K);

MALAWI : Northern Province: Misuku Hills, Mugesse Forest, 1 October 19B@wsett-Lemaire, FEcol 8 (BR,
FHO); Southern Province Foot of Mt. Mulanje, between Chitakale and LikhiabEorest Depot, 50 m from thr road,
19 December 198% hapman, J.D6963(MO); Mt. Mulanje foot, River Ruo bank at Wykeshiis Grave, 26 October
1988,Chapman, J.D9361 (E, MO); Phirilongwe Hill, 16 October 198Bowsett-Lemaire, FEcol 259 (BR, FHO);
Unknown: Lisau Saddle in Chiradzulu, 14 January 198hapman, J.D.6091 (BR); Mingoli Estate, Zomba,
Likangala, 17 June 1982hapman, J.D6242(BR);

MAYOTTE : Plage Sohoa, 16 October 19$oumille, 0985 (G, MO); 28 October 199Boumille, 0989 (G);

SAO TOME AND PRINCIPE : Sao Tomé Island Sao Tomé island, around Boa Entrada, nearby ar&agust 1905,
Chevalier, A14479(WAG);

SOUTH AFRICA : Transvaal: Johns on Umtata road, 19 March 198@rais, W.R.B468 (FHO, MO; not seen!);
Unknown: 27 km S of Lugwavuma, 5 March 19%8hite, F.10431(FHO, MO; not seen);

SUDAN: Eastern Equatoria: Imatong mountains, Acholi Hills, Upper Talanga t@®ject area, November 1981,
Howard, W.JUTT 17 (C);
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TANZANIA : Arusha: Arusha District, Usa sawmills, logging track, amde from hill, 30 March 1951Hughes, S.J.
67 (BR); Kilimanjaro : Morogoro, Kilombero District, Reserve above Savijage, 26 August 1984Thomas, D.W.
3744 (MO); Lindi: Lindi Distr, Rondo Plateau, 20 February 19%hdallah, R.1679 (K, MO); Rondo Plateau, 7
February 1991Bidgood, S1381 (K, MO); Rondo plateau, Rondo Forest Reserve, éfrirary 1991Bidgood, S1679
(C, K); Mbeya: Pungaluma Hills, about 1.2 km NE of Mshewe villagikong the Mshewe River, 2 January 1998,
Gereau, R.E6119(MO, WAG); Mbeya District, Mshewe, 31 November 09Rovett, J.C4894 (MO, WAG); Tanga
between Amani and Kwamkoro, 2 August 19B&agge, J200 (C, WAG); Korogwe District, (T3) old Ambangulu
Village, N of Msambiyazi and Kwemasimba village§, anuary 1999%iwangoka, M.A242 (MO); Monga, 18 August
1986,Ruffo, C.K1763(C, K); Unknown: Amani, March 1903Warnecke, O350 (E, P);

UGANDA: Central Province: Mabira forest, October 1908ssher, C.B65 (BM); Unknown: Kajansi, October 1937,
Chandler, P2047(P); Kipayo, 15 January 191Bimmer, R.A584 (BM, P); Masindi Distict, Budongo forest, Kaniyo-
Pabidi, Hafashimana, D.L.N48 (E); Kabarole district, Kibale, Forest; NagogonduL997 Hafashimana, D.L.N177
(E); District: Kabarole, Burahya County. Kibale Natal Park. Near Kanyawara, 15 October 199&jutu, D.N3- 86
(C); Western Province Budongo Forest Reserve, Nature Reserve, clogeet&onso River, 25 August 1998kuutu,
D.N. 7-52 (C); District Rukungiri, Bwindi National Park, Nihrern Sector (Kayonza), on slopes near the Ishasle,
23 February 1999\ kuutu, D.N5- 72 (C);

ZIMBABWE : Chipinga: Chirinda Forest, October 19660ldsmith, B.65/ 26 (BR); Manicaland: Umatali District,
Corner, S.Gs.n.(E).

6. CeltismalagasicaSattariamom. nov

Based onC. madagascariensiSattariannom. inval, Blumea 50 (2005) 501. Type: Madagascar:
Toliara, Reserve d’Andohalela, parcelle 2, neardftatsy, along river bankPhillipson 2938,20
Dec. 1988, fl. (holo: MO; iso: WAG).

Small tree, 7 - 10 m high, bark grey, whitish, stho Leaves alternate, simple, ovate-elliptic, 7 -
10 x 2.5 - 3 cm, coriaceous, petiole 7 - 14 mm Jangrgin entire, attenuate or rounded at base, 3
veins at base, midrib reaching the apex, two latexims reaching 2/3 of leaf length, running close
to the margin at % or less of the distance fromrilmitb margin, no conspicuous additional lateral
veins, leaf apex obtuse-mucronate. Inflorescengélarg, as long as or clearly longer than the
petiole, lower ones with male flowers only or witlale flowers and 1--2 hermaphrodite flowers,
upper ones sometimes without male flowers and 2hefnaphrodite flowers. Male and herma-
phrodite flowers creamy with a tender glabrous peldi3 - 5 mm long. Sepals 5, glabrous; stamens
5, filaments shaped as an acumen, often bent dflongring, 5-9 mm long, anthers 1 mm long,
ovate-globose. Fruit a drupe, broadly ellipsoid12.x 8 mm, 1-seeded, green becoming red or
brown, endocarp ovoid-acuminate, polygonal, surfatieulate, creamy-whitish.

Distribution: Endemic of Madagascar. (map 7.6).
Habitat and ecology: in the margin of the forestyland.

Note: Because an older version of the electronialidese (Int. Plant Names Index) was consulted,
the nameCeltis madagascariensiBoj., Hort. Maurit. 296 (1837) was overlooked. 3mame is a
nomen semi-nudum, and a synonyniToéma orientalis.. (Index Kewensis 1895). It appeared the
most prudent to select a new name for the species.

Specimens examined:

Celtis malagasic&attarian

MADAGASCAR : Antsiranana (Diego Suarez) sous-préfecture de Vohemar, commune rurale dealarForét de
Bekaraoka, partie sud, Andranotsimaty. Aux aboudsitlage d' Andranotsimaty, 7 November 20@Ggutier, L.4094
(G, WAG); Antsiranana (Diego Suarez) region, AnkardrS, S of town, 24 November 1988¢cPherson, G14535
(MO); Mahajanga (Majunga): Tsingy de Bemaraha north of the Manambolo rivér,December 1996Jongkind,
C.C.H.3477(WAG); Reserve Naturelle de Bemeraha SE of Antsgl@8 August 198 Rhillipson, P.B2254(WAG);
Toamasina (Tamatave) 1.5 km SE of Ankosy, outside near of national pafkZahamena, 25 January 2000,
Rakotondrajaona, R117 (MO); Toliara (Tulear): Fort Dauphin (Tolanaro) region, SW of town in dst called
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Petriky, along QIT road, 12 January 1984;Pherson, G14772(MO, WAG); Beza Mahafaly RS, near Ambinda, 3
November 1987Phillipson, P.B2509(MO); Beza Mahafaly RS, Beza Betioky. Ehazoara Ruadley E of Sakamena
River, 15 November 198Rhillipson, P.B.2565 (MO, WAG); Reserve d' Andohalela, parcelle 2, neazofosty,
along river banks, 20 December 198®&illipson, P.B.2938 (MO, WAG); Toliara, Integral Natural Reserve of
Andohahela. Parcelle No. 2, 18 March 19B4hajasoa, G226 (MO); Andohahela Reserve intergrale 11, zone no 2,
Inhazofosty, 2 March 199Randriamampionona, B.47 (MO); 16 km SE of the crossing with national road@nks

of the River Onilahy, 9 February 200Randrianaivo, R496 (MO); Dunes of Mandrare, 22 September 19%5€rvice
Forestier de Madagasca&F1558(TAN); 40 km NE of Betioky, near Analafalgussman, 1436 A (MO).
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Distribution map 7.6Celtis malagasicéan Madagascar.

7. Celtis mildbraediiEngl.

Bot. Jahrb. Syst. 43 (1909) 309; in Mildbr. Wissg&bn. Deutsch. Zentral-Afr.-Exped. 1907-1908,
2 (1911) 180, t. 16, fig. E; Pflanzenw. Afr. (19185}; Hauman in Fl. Congo-belge 1(1948) 45;
Keay in Fl. W. Trop. Afr. ed. 2, 1(1958) 592; Pdilhn Kew Bull.19 (1964) 140; in F.T.E.A,,
Ulmaceae: 7 (1966); Letouzey in Fl. Cameroun 8 813, tabs. 3, 4 fig. 2 & t. 5 fig. 4; Palmer &
Pitman, Trees of S. Afr.1 (1972) 427, t. & photo;®oates Palgrave, Trees Southern Africa (1977)
97. Beentje, Kenya Trees, Shrubs & Lianas (19943. 3lype: Congo Republic, Orientale,
Mildbread 2897(lectotype B, photo: K).

Synonyms:

Celtis usambarensigngl., Bot. Jahrb. Syst. 43 (1909) 309. Type: Tayda, East Usambara,
Zimmermann in herb. Amani 858olo: B); C. compressa A. ChewBull. Soc. Bot. France 61,
mém. 8 (1917) 298. Type: Ilvory Coast, Bouroukrailread km 92, 20 Dec. 1906 - 20 Jan. 1907,
Chevalier 22451, 2246(holo: P, isolectotype: BR)C. dubiaDe Wild., Rev. Zool. Afr. 9, suppl.
Bot. 5 (1921), & PI. Bequaert. (1922) 190. TypenGo RepublicBequaert 252%holotype: BR);

C. franksiaeN.E. Brown., Fl. Cap. 5 (2) (1920) 517. Type: SoAtfrica, Franks in herb. M. Wood
11726(holo: K).
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Distribution map 7.7Celtis mildbraediin Africa.

Tree, 10-40 m tall, evergreen or deciduous, manasg branches often drooping, trunk with
buttresses, bark pale smooth or scaling in smaksdYoung twigs tawny-pubescent, leaf margin
obscurely crenate to coarsely dentate in the uppHr alternate, elliptic to elliptic-obovate, 9-15
cm long, 4-6 cm wide, apex long acuminate if treguvenile, otherwise + mucronate, base
cuneate, slightly asymmetrical, lamina chartaceouhlinly coriaceous, venation basal lateral veins
longer than the middle of the leaf; very young Esmgparsely tawny-pubescent; petiole 3—7 mm
long. Stipules 4-5 mm long, lanceolate, tawny-pabes Cymes 4—-15 mm long, of many, rarely
few, often crowded male flowers with pedicels u@team long, bisexual flowers 1 or few at the
apex of the cyme, uppermost cymules of the infloease with several bisexual flowers.Sepals 5-6,
1.5-2 mm long, pubescent. Ovary often with a rirffgsparse hairs at the base, otherwise
subglabrous, styles branched once or twice. Fauitaipe, ovoid-ellipsoid, 4-ribbed when dry, 7-10
mm long, 5-6 mm wide, red or black, endocarp 6x5, miramboid, polygonal, rough. Pollen grains
triporate and prolate spheroidal.

Distribution: Sudan, Congo to West Africa (map 7.7)
Habitat and ecology: lowland forest and marginiodst (200-800 m).

Note: Two of the four syntypes @feltis soyauxiEngl. belong taC. mildbraedij and this name has
been misapplied in the past 16r mildbraedij see note unde2. zenkeri

Specimens examined:

Celtis milbraediiEngl.

ANGOLA : Cuanza Norte District de Cazengo, 190%ossweiler, J.613 (P, WAG); Unknown: Golungo-Alto,
Welwitsch, F.M.J6298(BM);

BENIN: Atacora: forét classée de Pénéssoulou, 30 August 11988ngnon, P4607 (BENIN); Atlantique: Niaouli, 5
October 1999Akoegninou, A2981 (BENIN, WAG); Niaouli, 29 May 2000Akoégninou, A3327(BENIN); Dahomey:
Cercle d'Allada, Niaouli, prés Allada, 29 March ©@9Chevalier, A.23407 (P, WAG); Niaouli, 9 September 1998,
Essou, J.-P1138 (BENIN, WAG); Niaouli, 23 August 199%ssou, J.-P1648 (BENIN, WAG); Forét de Djighé, 7
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November 1997Ganglo, J.15 (BENIN, BRLU, WAG); Niaouli, 11 May 198&loungnon, P4392(BENIN); Ouémé
Pobé, 12 November 1988pkpon, NB 13 (BRLU; not seen!);

CAMEROON: : Central Province: Vimeli (=Mbalmayo), 1928Hédin, L.1661 (P, WAG); Essam, 13 February 1959,
Letouzey, R1238(P); Kouambang | (IGN sheet Nanga-Eboko), 11 Ap®H9,Letouzey, R1594(P, WAG); Membine,
9 May 1959,Letouzey, R1894 (P); Membine, 9 May 1959,etouzey, R1895 (P); 25 km WNW of Akonolinga,
Mengang, 9 March 1962,etouzey, R4517 (P); near Yaoundé, near Nkolbison (about 1 hower dkie road W of
Yaoundé), Marécage, 11 March 198deijer, W. 15029 B (MO); near Yaoundé, 195@Rerolle, P.5 (P); East
Province: 10 km N of Ndemba Il = 30 km N of km 29 of roaérBua-Nanga Eboko, 16 June 1968euwenberg,
A.J.M.5915(BR, P, WAG, YA); Gere, map sheet IGN, 1/200.008k¥, 29 June 195%,etouzey, R2297 (P, WAG);
SW of Lomie, map sheet IGN 1/200.000 Abong-MbarigM&arch 1961| etouzey, R3655(P, WAG); Batanga, 30 km
SSE of Batouri, 7 April 1964l etouzey, R4693 (P); 25 km S of Moboy, (45 km East of YokadoumagdGN
1/200.000 Yokadouma, 15 May 1983touzey, R5052 (P, WAG); Littoral Province : Subdivision Bassa, 25 km
Douala, road Razel, 12 May 199 dengle, E37 (P); North Province: 12 km SW of Dir, in the bend of Baoko river
(IGN sheet Bagodo), 31 July 196&touzey, R7585(P);

CENTRAL AFRICAN REPUBLIC : Lobaye: N side of road N' Baiki-Zinga in the S.E.F.I. pezrdi December 1955,
Tellier E-222-2 (P); Boukoko. Oubangui-Chari, 28 October 19bisserant, C1130(P, WAG); Oubangui: Région de
Mbaiki & Boukoko, 17 July 1951ITisserant, C2174(P, WAG); Station of Bukoko, 24 November 194 5serant, C.,
Equipe486 (P); 6 September 1948jsserant, C., Equip&130 (P); between Mbaiki and Boukoko, 17 January 1951,
Tisserant, C., Equip2174 (P); Station of Boukoko, 23 March 195Bisserant, C., Equip2485 (BM, P); Unknown:
Nadakan, upland forest 3 km E of Sango River, 11 888, Gentry, A.H.62710 (MO); Region of Mbaiki and
Boukoko, 23 November 195Ujsserant, C1943(BR);

CONGO (BRAZZAVILLE) : Sembé, Forét de Bellevue, 15 June 1%ia, P.3374(WAG);

CONGO (KINSHASA) : Bandundu: 7 November 1990Masens, B210 (BR, WAG); Bas-Congo Station INERA of
Luki, 26 November 1983Breyne, H4680(BR); road to Tshoa, 21 September 1946nis, C.1380(BR, C); Kiobo, 2
October 1957Matton, J.29 (BR); Luki, Parc de la N'kula, 29 October 1948audoux, E.95 (BR, WAG); N'kula
valley, 23 January 1948 oussaint, L171 (BR, P); Moanda, between Tondé River and the Misdbehind the house
of Brouhns, at fork in road to Moanda, 25 April Z9%Vagemans, J794 (BR); INEAC- Luki, within village of
Kinkoko, 7 March 1959Wagemans, 2104 (BR); Ineac-Luki, 7 February 195®%agemans, 2116 (BR); Equateur:
Lukolela, 23 March 1931Chapin, J.P662 (BM); Station INEAC Boketa, 28 July 195Byrard, C.1459 (BR); Kasai
Oriental: Prov: Kasai, Kole on Lukenie, 3 May 19%Zuwe, G3053(BM, BR, C);Orientale: 30 km along road from
Kisangani to Bengamisa, 6 June 19B8kdam, J4164 (KIS, WAG); 16 km along road from Kisangani to Bamisa,
22 October 1973Bokdam, J4293 (WAG); Yangambi, 29 November 195Dpnis, C.3197 (MO); village of Ahungba
(frumu), July 1949Germain, R5282 (BR); Yangambi, 1947Gilbert, G. 7827 (BR); Yangambi, 1947Gilbert, G.
7960 (BR); Yangambi, 1947Gilbert, G.8004 (BR); Yangambi Gilbert, G.9155(BR); Yangambi, 1948Gilbert, G.
9242 (BR); Harvested on the observation tree no 0-1860947 in Yangambi, 194 Gilbert, G.10141(BR, WAG);
Bambesa, 5 September 19%83érard, P.21 (BR); Bambesa, 11 September 196%rard, P.47 (BR, NY); Mambasa,
(Ituri Forest) Lenda, 9 December 19%2art, T.B.1426 (K); 35 km of Kisangani- (raod of Wanie-Rukula dune
1979, Lisowski, S52653(BR, K); 6 km NE of Yangambi, 25 February 1986uis, J.1362 (BR); Yangambi, 7 km
NW of river, 12 May 1937Louis, J.3849(BR); Yangambi, valley of Mbutu, 29 November 1988@uis, J.6806 (BR,
FI); Yangambi, 23 July 193&,0uis, J.10471(BR); Yangambi, Mbutu valley, 5 October 193&uis, J.11549(BR,
MO, NY); Yangambi, October 1941 0uis, J.16505(BR, C); Yangambi, 6 November 194quis, J.16507 (BM,
BR); Wanie-Rukula, ile Kipokoso, 29 September 1M8ndango2696 (BR); Yangambi, 3 March 1958Jaudoux, E.
577 (BR); Yangambi, 19 June 195Blaudoux, E620 (BR); First transect Stanleyville 25 km, 5 Apr®39, Meiren,
J.J. van deB9 (BR, C);Sud-Kivu: km 69 road Kavumu-Walikale, Bunyakiri, 3 Septemb@55,Pierlot, R.815 (BR);
ETHIOPIA : Wollega: c. 45 km from Nekemti, along road from Addis Abato Nekemti, 15 May 1976lansen,
P.C.M.6244(ACD, WAG);

GABON: Nyanga Réserve de Monts Doudou, au Sud-Ouest de la dige Moukalaba a Morindi, 20 March 2000,
Sosef, M.S.M3874 (LBV, WAG); Ogooué-lvinda 12 950 m, Chantier SHM, Layon 'Z, 22 February 1¥#8ata, J.J.
435 (LBV; not seen!); Boka-Boka, 4 March 197@prence, J.1703(P); Batouala, between Makokou and Mekambo,
27 February 1961Hallé, N. 1361 (P, WAG); Ogooué-Lola about 30 km E of Lastoursville, 30 November 1991,
Breteler, F.J.10844(WAG); Woleu-Ntem: 33 km E de Mitzic, 13 April 1988)ilks, C.M.1708(LBV, WAG);

GHANA : Ashanti Regiont Ashanti, Sekyere. Bobiri forest reserve, 20 Sapr 1988Kisseadoo, $4 (US); Ashanti,
Sekyere, Bobiri forest reserve, 25 September 1RB8eadoo, SL74 (MO); Ashanti Region: Bobiri F.R., E of Kumasi,
NE of Kubeasi, 27 February 197%euwenberg, A.J.M.1977(GC, WAG); Eastern Region Kade A.R.S., 22 March
1970, Enti, A.A.40116 (P, US); Kade Agricultural Research Station, 1 iAp®77, Hall, J.B. GC 46572 (WAG);
Unknown: Foso, 20 March 197Enti, A.A.R1185(NY); Asiakwa District, Sagyimase village, c. 4 KdW of inter-
section of Accra-Kumasi road, 2 July 198@rder, D.K.3311(MO); Dunkwa, February 192¥igne, C.257 (K, P);
GUINEA: Kissidougou Bongoro, 14 April 1949Adam, J.G4419 (WAG); Nzérékoré in village of Sibamou, 25
June 1949Adam, J.G5414(MO);
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IVORY COAST : Abengourou: 25 km east of Abengourou, along the road to MiaBL July 1969ersteegh, C613
(WAG); Adzopé on border of Comoé River, ¢.15 km NW of Mbassé0ckm NE of Adzopé, 27 July 196%/ilde,
W.J.J.0. d&97 (WAG); Agboville: Bouroukrou, 9 January 190Chevalier, A16926(P); Bouroukrou, chemin de fer
km 92, 5 January 190Ghevalier, A.16932 (P, WAG); km 95 new road Abidjan-Ndouci, 1 Octold&79, Kruif,
A.P.M. de390 (UCJ, WAG);Bondoukou: 92 km of Chenive, January 191Ghevalier, A.16152(P); Bongouanou
Morénou, Bangouanou, 25 November 1908¢evalier, A22451(P); Divo: Forét de I''RCC de Divo, 17 October 1990,
Chatelain, C.322 (CSRS; not seen!); Forét de I''RCC de Divo, 170bet 1990Chatelain, C325 (CSRS; not seen!);
NW forét de la Boubo. Ouest du Village V3 de palimdustrie, 11 December 1990hatelain, C587 (G; not seen!); 4
km W of Divo, 13 December 199Chatelain, C596 (G; not seen!); Surroundings of IFCC, 10 km SE ofd)7 July
1969, Versteegh, C411 (WAG); Duékoué Between Issia and Duékoué, 20 February 1%tHing, J. de6563
(WAG); Guiglo: 23 January 195Aubréville, A. (Ivory Coast serie$B (P, WAG); Sassandra 64 km N of Sassandra,
3 km N of Niapidou, 29 January 193%euwenberg, A.J.N2628(WAG); 64 km N of Sassandra, 3 km N of Niapidou,
12 February 1959| eeuwenberg, A.J.M2723 (WAG); 72 km N of Sassandra, direction Lakota, 1yMED62,
Leeuwenberg, A.J.MI078(B, BR, EA, FHI, HBG, K, L, MO, NLI, P, PRE, SL, WAGToumodi: Orumbo Boka, 3
October 1956Wilde, J.J.F.E. d&29 (WAG); Unknown: Douékoue, 6 October 1948dam, J.G6377 (MO); F.C. de
Goin-Débé, centre, forét peu dégradée (7km a rdieteé de la FC.), 20 July 199€hatelain, C.1352 (CSRS; not
seen!); September 1906hevalier, A14346(P); Dahomey, 2 January 1971&touzey, R23407(P); Vavoua: F.C. du
Haut-Sassandra, Nord. entre layon 1 et limite N@ridpvember 199X ouamé, F.N728 (CSRS; not seen!);

KENYA : Coast Kwale District, Mrima hill, 5 March 197Faden, R.B77/678 (K, WAG); Unknown: near Maereni
village, 24 April 1981 Hawthorne, W.D414 (K);

LIBERIA : Lofa: Loma National Forest, 15 December 198borhoeve, A.G739 (WAG); Nimba: Gio National
Forest, Southern part, E slopes of the mountairerily May 1961Yoorhoeve, A.&287 (WAG);

MADAGASCAR : Antsiranana (Diego Suarez) Région de Dariana. Sous-préfecture de Vohemanmame rurale de
Dariana, Forét de Binara, camp I. 1.6 km WSW ofga®November 200G autier, L.4132(G, WAG);

NIGERIA : Cross River State Cross River North Forest Reserve. Compt. 1, Cotpabout 15 km SE of lkom, 20
May 1971 ,Meer, P.P.C. vaii724(WAG); Edo State Ubiaruku, Usonigbe Forest Reserve. BC 33/1, 2@ust 1959,
Oladoyinbo, AFHI 43361 (WAG); Ondo State Province, Ondo, Division: Akure Locality Idanre,January 1948,
Brenan, J.P.M5 (K); Province, Ondo, Locality, Akure, 20 August B9dones, A.P.D20703(FHI, K, P); Unknown:
Kennedy, J.D1956(BM); Kennedy, J.D2400(P);

SAO TOME AND PRINCIPE : Sao Tomé Island Sao Thomé, September 19@hevalier, A1334(P); San Thomé,
Boa Entrada et environs, 19@hevalier, A14345(P, WAG);

SIERRA LEONE: Northern Province: Perankoro, 11 February 196&jam, J.G23671(MO);

SOUTH AFRICA : Kwazulu-Natal: Durban, Natal, 12 December 19F¥anks, M.11726(E); Durban, Stella Bush,
27 May 1950Hilliard, O.M. 689 (E); Natal: Prov, Natal Dist, Durban, 5 November 198&yer, J.1 (BM, PRE);
Pigeon valley, Stella Bush, 12 December 1#H@nks, M.12813(CO, PRE); Durban, Natal, 27 May 1934illiard,
0.M. 686 (E);

SWAZILAND : Unknown: 28 km SE of Siteki, Jilobi forest, 9 October 19Kémp, E.S996 (MO, WAG)

TANZANIA : Tanga: 3 km along road at Zigi Nursery, Amani Botanicaar@en, Nimri camp, Kwamshinde, 18
November 1997Rajabu Hizza, 159 (MO); Lutindi Forest Reserve, 15 August 19B&iffo, C.K1755(K, WAG);
UGANDA: U4 (Buganda flora region) 14 November 196%5tyles, B.T207 (BRLU, ENT, K); Unknown: c. 1 mile
W of Najembe H.Q on clearing of new Kampala-Jimjad, in Lwankima forest, immediately south of thakbita.
Hillside site on red-brown heavy loam, 14 April 9®awkins, H.C.D 599 (K); Masinidi District, Budongo forest,
Kaniyo pabidi beat, February 1998afashimana, D.L.N33 (C); Kibale, 16 December 193Boveridge, M.V252 (K);
Western Province Masindi District, Budongo forest Reserve, NyakigifBlock, c. 2.5 km N of Nyabyeya Forest
college, 15 June 1998frican tropical Biodiversity Program35 (MO); Budongo forest Reserve, Nyakafunjo Block, c.
3 km N of Nyabyeya Forest college at Sonso riv8rJaly 1998 African tropical Biodiversity Progran®64 (MO);
Budongo Forest Reserve, 25 August 199&yutu, D.N6- 118(C); Bundongo, 25 September 196%yles, B.T75 (K);
ZIMBABWE : Chipinga: Chirinda Forest, February 1963pldsmith, B62/56 (BR, K); Chirinda Forest, September
1962, Goldsmith, B.62/ 195 (K, MO, WAG); Chirinde forest interior, NovembeB@2, Goldsmith, B.62/ 197 (BM,
CAH); Unknown: Chirinda Forest, December 1962¢ldsmith, B62/231 (MO, PRE); November 199Tyk, P. van
BSA3351(PER, PRE).

8. Celtis prantlii Priemer ex Engl.

Bot. Gart. Mus. Berl. 3 (1900) 23; in Mildbr. WisErgebn. Deutsch. Zentral-Afr.-Exped. 1907—
1908, 2 (1911) 179; Engl., Pflanzenw. Afr. (1913) Rendle in Fl. Trop. Afr. 6, 2(1916) 8; Hutch.,
Dalziel & Moss in FI. W. Trop. Afr. 1(1928) 423; Haan in Fl. Congo-belge 1(1948) 43; Robyns,
Fl. Sperm. Parc Nat. Alb. 1 (1948) 44. Type: S. €pQuintas 144B, lecotype).
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@ identification OK
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Distribution map 7.8Celtis prantliiin Africa.

Synonyms:

Celtis browniiRendle, Journ. Bot. 53 (1915) 298; in Fl. Trop..Afr 2 (1916) 10; Keay in FI. W.
Trop. Afr. ed. 2, 1(1958) 592. Type: Uganda, Malf@est,E. Brown 462(lectotype: BM);C.
scotellioidesA. Chev., Bull. Soc. Bot. Fr. 61, Mém. 8e (191892 Type: Ivory Coast, Haute-
Sassandra, between Droupleu and Zoanlé, 5 May 1©B8yalier 21459(holo: P (not seen);
isotype: K!); C. crenataA. Chev., Expl. Bot. Afr. Occ. Franc. 1 (1920) 588/pe: Ivory Coast:
Morénou, between Yaboisso and Daoukrou, 4 Dec.,1®08valier 2248&syntype: P (not seen) &
Benin: near Zagnanado, between Abbo and Masséb61840,Chevalier 22575(syntype: P (not
seen); iso: BR !)C. rendleanaG. Tayl. in Exell, Cat. Vasc. Pl. S. Tomé: 302449 Type: from
Angola, Welwitsch 630Zholo: BM!; iso: K!).

Tree, 5-15m tall, deciduous, monoecious, trunkwtort buttresses, bark smooth grey, wood
white.Young twigs very sparsely white-pubescenabgiscent, leaf blades dentate in upper half,
alternate, elliptic to elliptic-ovate or elliptidatong, 6-10 cm long, 3—6 cm wide, apex with a wide
acumen and mucronate tip, base slightly asymmeétacal broadly cuneate to rounded or
subcordate; petiole 8 mm long, lamina thinly cogimgs, pale green, punctate but smooth and +
shiny above, glabrous, 3-nerved from the basehaisal lateral nerves extending almost to the apex,
as strongly prominent beneath as the midrib, ufgteral nerves 1-2 (3) on each side of the midrib,
rather fine and inconspicuous; secondary venatamtyfclosely parallel, + horizontal between the
midrib and basal lateral nerves. Petiole 4-10 mng.I&tipules 3—7 mm long, lanceolate, shortly
produced below the point of attachment, + pubesdafiorescences in leaf axils towards the ends
of branches, lower inflorescences 5-30 mm longtatnimg many crowded male (lower ones, these
sessile or with pedicels to 2 mm long, and a femdle and bisexual flowers at apices of branches
of these inflorescences, their pedicels usuallygéon upper inflorescences usually short with
several bisexual flowers, sepals 2-4 mm long, prdrgs ovary + glabrous, with a basal ring of
long hairs, styles very shortly bifid, 1.5-3 mmdorfrruit a drupe, ovoid, glabrous, 9-12 mm long,
7-10 mm wide, red to black, pedicels 3—7 mm lomglogarp 8x 6 mm, smooth, ovoid, polygonal,
smooth. Pollen grains triporate, oblate spheroidal.
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Distribution: Africa from west to east (map 7.8).
Habitat and ecology: low land and margin of for@§0-700 m).

Specimens examined:

Celtis prantlii Priemer ex Engl

ANGOLA : Unknown: 24 September 19180ssweiler, J5508(BM);

BENIN: Atlantique: Reserve Forest of Ahozon few km N of RNIE 1, 3dgeby 2003 Maesen, L.J.G. van dé1819
(BENIN, WAG); Mono: Kpédjihoudéhoué, 6 August 199Bssou, J.-P871 (BENIN, WAG); Kpédjihoundéhoué, 17
February 1999Essou, J.-P1439 (BENIN; not seen!); Ouédemeé-Péda, 22 February 1888ou, J.-P1549 (BENIN,
WAG); Ouémé Kogbédjo, 8 August 2001Adjakidje, V.4724 (BENIN, WAG); forét de Ké, 26 May 2000,
Akoeégninou, A3315(BENIN; not seen!); Forét de Toffo, 4-5 km W oftiép road to Adja-Ouére, 24 November 1998,
Maesen, L.J.G. van dé&635 (BENIN, WAG); Unknown: Aubréville, A.1439 (WAG); Zou: Oké Owo, 15 December
1999, Adjakidje, V.3188(BENIN, WAG); Lama, 20 June 1998koegninou, A1457 (BENIN; not seen!); Lougba, 21
July 1998,Akoégninou, A1611 (BENIN, WAG); Lama, 21 January 1998koegninou, A1973 (BENIN; not seen!);
forét de Lama; layon 14; secteur de Koto; noyauragn23 October 2001Essou, J.-P3187 (BENIN; not seen!);
Malomi, on offroad to the west of RNIE 3 Savalou-Bar21 September 200Blaesen, L.J.G. van d&315(BENIN,
WAG);

CAMEROON' : Central Province: 15 km from Bafia, road Bafia-Ndikinimeki, 16 Ausful1960,Mpom, B.402 (P);
along Sanaga river, near ferry Nachtigal, c. 20Nmf Obala, 1 July 1964)ilde, W.J.J.0. d2785(B, BR, EA, FHI,

K, MO, P, PRE, WAG, YA, Z)East Province 14 km NE of Doumé, or 9 km SW of sawmill near DkoaS. of road,

5 December 196Mreteler, F.J.724 (BR, K, LISC, M, P, SL, UC, WAG, YA); N of Moundil6 January 1960,
Letouzey, R2654 (P, WAG); 3 km of Momjepom, 22 km of the road obRddouma -Moloundou, 1 June 1963,
Letouzey, R5199 (P); near Mwapak (43 km on Yokadouma-Lomie road),Jine 1963l etouzey, R5293 (G, P,
WAG); Molundu, 4 December 191Mildbread, G.W.J4090(WAG);

CENTRAL AFRICAN REPUBLIC: Lobaye : Bambari,Tisserant, C622 (P); Mabaiki, Boukoko, 26 August 1947,
Tisserant, C., Equip&59 (P); Region of Mbaiki and Boukokd,sserant, C., Equip&007 (P); Mbaiki and Boukoko
region, Boukoko station, 10 October 1948sserant, C., Equip4188 (BM, WAG); Ombella Mpoko: Bangui, 18
December 1903 hevalier, A10847(P);

CONGO (BRAZZAVILLE): Bouenza : Moyen Congo, Jokeni near Mouyondzi, 21 Jan. 18%8chlin, J.2453(P);
CONGO (KINSHASA): Bas-Conga Lombo, (Terr. Thysville), 8 November 195@ompere, P.806 (BR); road
Kimpese to Songa, 16 June 196@@mpére, P2150(BR); Prov: Léopoldville, Territ. Boma, Luki, 2 July48,Donis,

C. 1882 (BR, WAG); Prov: Léopoldville, Territ. Thysvlle, Mazi, 11 June 195Qubois, J.191 (BR, MO); Kenge, 2
November 1979Nsimundele528 (BR); Gimbi, Source of the Fuka river, 31 Decemb®48,Toussaint, L711 (BR);
Congo da Lemba, October 19M\&erschuerery50 (BR); Equateur: station Inéac Boketa, 3 March 19%5yrard, C.
349 (BR); Bosambala, 12 April 195%vrard, C.670 (BR); Station INEAC Boketa, 19 April 195%vrard, C.728
(BR); Popolo, along Mangala?, 10 August 1968rard, C.1603 (BR); Katanga (Shaba) Kaniama, Luba Gallery,
Kitengia, September 1935 erman2117 (BR); Maniema: 60 km on road Kasongo-Kindu, June 19&#&rmain, R.
7835 (BM, YBI); Orientale: Irumu, 12 March 1914Bequaert, J.C.C2952 (BR); Sokudi, along Neduwe, 21 June
1942,Dubois, H.162 (BR); Bambeto, 1943ubois, H.912 (BR, YBI); Bambeto, 1942Dubois, H.955 (BR, YBI);
Bambeto, 1943Dubois, H.998 (BR, YBI); Ango area, source of Bili, December 59&ermain, R4390(BR); Irumu,
Mont Homas, July 1949Germain, R5308 (BR); Madengedenge, August 193%Zilbert, G. DiFor 255 (BR); Prov:
Orientale, Territ. Mangbetu, Paulis, February 193ithert, G.2092(BR, NY, WAG); Yangambi Reserve forest, 1949,
Gilbert, G.9126 (BR); Yangambi, 1949Gilbert, G.9309 (BR); Station Epulu, Mambasa, 23 March 198art, T.B.
16 (BR); Mambasa Zone (lturi forest), 15 April 19%art, T.B.1122(MO); Epulu, Zone of Mambasa, 15 June 1991,
Hart, T.B.1151 (BR); Mambasa (lturi forest), 7 April 199Blart, T.B.1536 (MO); Kawa forest, 28 September 1955,
Smeyers, F311 (BR); Unknown: Lac Albert, gallery forest of Kawa, 19 March 198kn, D. van ded 259 (BR);
Massif Vunda, 16 September 1984bois, J.59 (BR);

EQUATORIAL GUINEA: Annobon Island : Annobon Island: between Capelle San Juan & SanoP21 July 1959,
Wrigley, T.C.68 (BM); Bioco (Fernando Poo) Malabo-Luba, estrada km 11, 32NMK6911, 21 July6l%&arvalho,
M.F. de2040(MA, WAG); Bioco, Malabo Riaba, 58 km of the ro&f May 1987 Carvalho, M.F. de&2936(NY, P);
Malabo-Baney, 17 km on the coast road, 7 July 1@88yalho, M.F. de8519(MA, MO, WAG); Malabo-Baney by the
coastal road, km 17, 199ernandez Casas, F.433429(G);

ETHIOPIA: lllubabor : Tepi, March 1977Chaffey, D.R1241 (K); lllubabor Province, about 7 km NW of Tippi
airstrip, 14 January 196®Jeyer, F.G.8007 (K); near first stream crossing after leaving Teppesan Teferi trail, 12
November 1964Meyer, F.G8929(P, US, WAG)Kefa: Kefa A. Region: At the Bebeka coffee Plantatiom tlee way
to the hot springs, about 25 km west of the coffleatation, 30 November 198Hriis, 1. 3887 (C, K);

GABON: Nyanga forét du Mayombe bayaka. Tchibanga, 13 Novemb@&919e Testu, G.M.P.C1479 (P, WAG);
Tchibanga, January 1916e Testu, G.M.P.C1965(P); Forest in savannah, c. 30 km S of Douss&8a)&ober 1985,
Reitsma, J.M1741 (WAG); Réserve de Monts Doudou, SW of Brigade deukflaba a Morindi, 20 March 2000,
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Sosef, M.S.M875 (LBV, WAG); 25 km SSE of Doussala, forest gallerpraj small river, 14 March 1988Vilde,
J.J.F.E. d€9349 (WAG); Ogooué-Lola Bambidie, axe Lastoursville-Ndangui, 21 May 2082jengui, B521 (LBV,
WAG); GHANA: Brong-Ahafo Region: Near Kwapon, about 100 km WSW of Kumasi, 18 Ddoeni9630Oldeman,
R.A.A.739 (B, BR, FHI, K, LD, MO, P, WAG)Eastern Region Apedwa Forest Reserve, 28 June 19®hgkind,
C.C.H.1617(MO, WAG); Unknown: Akrum river, near Aketswia, 11 June 19Hall, J.B.39638(GC, MO); Abetifi-
Aduamoa road (Eastern Region), January 188e, F.R.1729(E);

IVORY COAST: Bouaké: Bouaké, 9 October 1948 dam, J.G6428 (MO); Bouna: 9 km N of Kakpin, 18 April
1968, Geerling, C.2530(WAG); 9 km N of Kakpin, 18 April 1968Geerling, C.2539 (WAG); P.N. Comoé Sud, 20
May 1990,Poilécot, P.2823(G; not seen!); P.N. Comoé Sud, 15 August 1888lécot, P.4368(G; not seen!)Daloa:
8-10 km E of Daloa, 5 March 196Bernardi, L.8483(WAG); Daoukro: km 11 road Daoukrou-Ananda-Kouassikro, 5
December 1968reteler, F.J.6188(B, BR, C, FHI, FHO, GC, K, LE, MO, PRE, US, WA&éguéla Vavoua, vers
Séguela (village), 19 October 1948dJam, J.G.6674 (MO); Séguela, 23 October 196Bugerdil, M. 533 (G; not
seen!);Unknown: 1932, Aubréville, A. (lvory Coast serie§B9 (P, WAG); Lamto. Forét du grand nord, 15 February
1990, Chatelain, C.103 (G, LAMTO); Lomo-Sud, 26 October 199CGhatelain, C.366 (G); Haut Sassandra, pays des
Dyolas, between Droupleu and Zoanlé, 5 May 1%8evalier, A.21459(BR); Morénou, environs de Akabilikrou, 6
December 1909Chevalier, A.22511 (P, WAG); Lamto, 10 June 197Bgvineau, J.-L1210 (LAMTO; not seen!);
Lamto, 27 October 198Gautier, L.; Béguin, D654 (CSRS, LAMTO; not seen!); Lamto, January 193@ichiger, R.
273 (CSRS, LAMTO; not seen!); Lamto, 12 March 19%&jattoux, Rs.n. (LAMTO; not seen!);Vavoua: F.C. du
Haut-Sassandra, Nord, entre layon 1et limite N2ddSeptember 1998%ouamé, F.N581 (CSRS; not seen!); F.C. du
Haut-Sassandra, Centre, forét tres dégradée, rENKE5, 2 March 199%ouamé, F.N1420(CSRS; not seen!);
KENYA: Coast: Kwale District, 15 miles SW of Kwale, 27 Augu€53, Drummond, R.B4014(BR); Kwale district,
Mrima hill, 5 March 1977Faden, R.B77/701 (K); Unknown: 7 km NE of Garsen, 16 July 1972jllett, J.B.19944
(FI); Kenya, Mrima Hills- Rainforest, 25 June 19Hansen, 0.J100(C);

NIGERIA: Cross River State: Province: Ogoja, Distict: Obubra, 25 August 1988ebusuyi, J.KFHI 43980 (FHI,
WAG); Enugu State 11 miles on Abakaliki-Obubra road, Izicha, 27 kelry 1973 Okafor, J.C.FHI 66035(WAG);
Ogun State West District, Abeokuta, Olokemeji, 6 May 197%5bile, Z.0.FHI 73656 (WAG); Olokemeji forest
Reserve; 32 km W of Ibadan, 14 June 198éntry, A.H32662(K, MO, WAG); Road from llaro to Abeokuta, about 2
km N of llaro (Western State, Abeokuta Province),May 1968,Meer, P.P.C. vary63 (WAG); Ondo State Dist:
Ekiti, Omuo Forest, 3 March 197@)orunfemi, JFHI 70699(FHI, WAG); Okeluse F. R. disused hauling roadJag
1953, 0nochie, C.F.AFHI 33362 (FHI, K, P); Osun State Shasha Forest Reserve, 35 km ENE of Ondo (Western
State, Oyo Province), 10 July 1968eer, P.P.C. var820 (WAG); Oyo State lbadan, Campus of universit@urk,
D.P.M. 2700 (FHI); Ibadan Prov., about 10 miles W of ljaiybpat 21 miles NW of Ibadan. In forest edge on leger
along track, 5 March 1968&/eer, P.P.C. va52 (WAG); Taraba State Adamawa Prov, Gangumi, on the second line
from the base line, 11 December 19b4tilo, M.G. FHI 28885(K, P); Unknown: Valley between Olurere and Orosun
peaks, 5 January 194Brenan, J.P.M8718 (K, P); Lokomed;ji, July 1905Chevalier, A.14071(P); Aponmu forest
reserve, 9 August 1968illett, J.B.15323(K, P); Oleoruta prov., 20 May 1946Jadoyinbo, A8224(FHI, K, P);
SENEGAL: 7 km E of Kayar, east bank of Tanma Lake, 1 km SHtiafye, 24 June 196Raynal, J.7105(P);

SUDAN: Eastern Equatoria: Equatoria Province, Torit District, 6 April 1950ackson, J.K1385(K);

TANZANIA : Morogoro: Morogoro Rural District, Ngambaula forest Reser22 August 2000Mhoro, B. 407 A
(MO); Unknown: Prov. Tanganyika, 29 December 196@msei, S.B139(K, P);

TOGO: Plateaux: Coetonou, km 92 Lomé - Avétonou, 17 September 1Bvdteler, F.J.7172 (B, BR, FHI, FHO,
HBG, MO, P, PRE, US, WAG)Jnknown: 6 km E of Tsévi€, 20 November 19°Efn, H.2483(P, TOGO);

UGANDA: June 1917Dummer, R.A3046 (BM); Waisoke River, Budongo forest, September3,¥gygeling, W.J.
1422 (K); Western Province Budongo forest, Kaniyo-Pabidi beat, February 19%&fashimana, D.L.N15 (C); N.
Bunyoro, Bujenje, Budongo forest, 14 September 18&fende, A.B2739 (MO); Budongo Forest Reserve. Nature
Reserve, close to the Sonso River, forest dominbye@ynometra alexandrand Khaya anthothecaAlong trail, 20
August 1995Nkuutu, D.N6- 16 (C); Bunyoro District, 24 September 19&?yles, B.T65 (FHO, K).

9. Celtis tessmanniRendle.

Journ. Bot. 53 (1915) 297; & FI. Trop. Afr. 6 (21:916); Polhill, Kew Bull. 19 (1964) 140; FI.
Cameroun 8 (1968) 44. Type: from Equatorial Guingland, Mabungo 450 nT,essmann B25
(isotype: KI).

Synonyms:

Celtis brieyiDe Wild., Miss. de Briey: 3 (1920); Hauman, Fl. Qorbelge 1 (1948) 46, tab.7 ; De
Saint Aubin, Foret Gabon (1963) 189. Type: CongasKasa, Region of Ganda-Surigliey 152
(holo: BR).
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Tree, 30-40 m tall, 80-100 cm diameter, trunkraytic, bark dark greyish, with patches of light
grey, rough, crown conical, branches spread outywauch branched, leaf blades entire, alternate,
elliptic, 4-9 cm long, 2-4 cm wide, strongly unebatathe base, sharply acuminate and apiculate at
the tip, main nerves 3 from the base, 2-3 eachddiee midrib, anastomosed (merged) in an bow
before reaching the margin;blade sparsely and Ighloairy both sides, Scabrous, more so on the
veins than on the rest of leaf, petiole 4 mm lotigues caducous, lanceolate-linear, up to 4 mm
long. Cymes 4-15 mm long, of many, rarely few, mfteowded male flowers with pedicels up to 4
mm long, hermaphrodite flowers 1 or few at the ape&xhe cyme, uppermost flowers, sepals 5,
1.5-2 mm long, pubescent. Ovary shortly and denisaigy with two broadened stigmata, deeply
divided. Fruit a drupe, globose, 10-15 mm long,28+hm wide, orange to black, endocarp
11x10mm, lenticular, polygonal, rough. Pollen gsainporate and problate spheroidal.

Distribution: Gabon, Cameroon, Congo Kinshgsap 7.9).
Habitat and ecology: Rain Forest (200-700 m).

200 0 200 400 \Kilometers
| | |

Distribution map 7.9Celtis tessmannin Africa.

Specimens examined:

Celtis tessmanniRendle

CAMEROON' : Central Province: 9 km from Yaoundé, road to Makak, path to Eloum@&hOctober 196 Breteler,
F.J.1975(A, BR, FI, K, LISC, M, P, SL, UC, WAG, YA); Essart3 February 1959,etouzey, R1296 (P); Essong
Forest (IGN sheet Nanga Eboko), 8 May 195&tpuzey, R1882 (P, WAG); East Province 4 km N of Bertoua, road
to Deng-Deng, 31 August 196Breteler, F.J.1808 (BR, FI, K, LISC, M, P, WAG, YA); SW of Ndinge, Alng-
mbang, April 1961| etouzey, R3845(P); 12 km S of Djouo (20 km E of Somacomo), 23rBaly 1962]) etouzey, R.
4337 (P); Dja faunal reserve, Alat-Makay, 14 July 1986nké, B1630(BR, YA); South Province Ngongondije hill,
near Akonetye, S of Ebolowa, 28 August 19KBufani, A.125 (P); 1500 m S of village d'Ebom, piste villageoi8e,
August 1996 Ndoum, D56 (KRIBI, WAG); about 7 km NE of Ebom. Plot 9, subp&8, tree 5, coordinates: X = 7.5,
Y = 7.5 m, August 199@arren, M.P.E132 (KRIBI, WAG);

CENTRAL AFRICAN REPUBLIC : Sangha EconomiqueLindjombo, within 3 km of village, 15 November 188
Fay, J.M.8833(MO, WAG);
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CONGO (BRAZZAVILLE) : Plateaux Bafuru plateau, 2 km N of Ontchouo village, 1a@er 1991 Thomas, D.W.
8663(MO);

CONGO (KINSHASA) : Equateur: Region of Equateur, zone lkela, road Lokofe-lkigki village Balanga, north of
Tshuapa RiverBermejo, M.94 (BR); Kasai Occidentat North of Lutshuadi, September 1993effet 16 J (BR);
Kamembele (Territoire Dibayal.iben, L.2254 (BR); Kinshasa Nioki, July 1941 Flamigni, A.9010(BR, P, WAG);
Nord-Kivu : Luka River,Michelson, A260 (BR); km 153 road of Sake-Walikale, 10 June 1%%8rlot, R.2185(BR);
Orientale: Yangambi, 1949Gilbert, G.9602(BR); Yangambi, area Plateau, 19&ilbert, G.10116(WAG); Zone of
Mambasa (Ituri). Epulu, 31 March 1984art, T.B.712 (MO); Epulu, zone of Mambasa (Ituri forest), 10 WHE991,
Hart, T.B. 1128 (MO); Afarama, zone of Mambasa (lturi forest), W&rch 1992 Hart, T.B. 1360 (MO); Zone of
Mambasa, (lturi forest) Afarama, 28 July 198#rt, T.B.1374(BR); 70 km of Kisangani, 19 October 19T350wski,
S. 16385 (K); Yangambi, km 8 road of Ngazi, 11 December 7,93uis, J.800 (NY, WAG); Yangambi, 25 March
1937,Louis, J.3493(BR, C); Yambao, 25 km of N-W of Yangambi, 17 Mart937,Louis, J.3622(BR); Yangambi,
16 May 1952] ouis, J.3830(BM, BR); Yangambi, 4-8 km of north of hillslopé buweo, Reserve of Lusambila, 19
March 1937 ouis, J.3908(BR); Yambao, 25 km NW Yangombi, 17 March 19Ba@uis, J.5622(BR, C); Yangambi,
8 km of Ngazi road, 23 July 193[ouis, J.5633(BR, C, MO); Yangambi, Isalowe flora reserve, 2vBmber 1937,
Louis, J.6478 (BR, NY); km 25 C.F. L. ler Trongon Stanleyvillé&2 March 1939Meiren, J.J. van de60 (BR);
Unknown: Sanguru, February 1906uja, E.s.n.(BR); Sanguru, July 1908uja, E.s.n.(BR);

GABON: Moyen-Ogooué environs de Nkogo, sur I'Ogooué, 22 August 191Revalier, A.26618(BR, P, WAG);
Ngounié Boutoumbi, November 192%e Testu, G.M.P.C5737 (P, WAG); Mouyanama a 25 km de Mimongo en
allant vers Mbigou a + 40 minutes a pied en allanms le village Ibaga, 12 February 1986uis, A.M.3160(LBV; not
seen!); 15 km on the road Mbigou to Malinga, 9 Delser 2001 Wieringa, J.J4665(LBV, WAG); upper Waka area,
11 km on IFL forestry road B2, 28 March 200ieringa, J.J5101(WAG); 6 km on Rimbunan Hijau forestry road 2-
1, 3 April 2004,Wieringa, J.J.5225 (WAG); Nyanga Secondary forest along exploitation road + 40 &V of
Ndendé, 2 December 198Bpuis, A.M.1105 (WAG); Ogooué-lvinda M'passa, 2 May 197 Florence, J.217 (P);
M'passa, 5 April 197&lorence, J824 (P); 5km S of Petit Okano, 21 March 19F®rence, J1914(P); M'passa, 26
May 1979,Florence, J2070(P); Forét des Abeilles, 15 km SE du confluent Qgodvindo, 2 April 1984Wilks, C.M.
894 (LBV, WAG); 20 km N of Koumameyong, 17 March 198¥ilks, C.M.1417 (MO, WAG); 4 km E of Agnang, 10
May 1989,Wilks, C.M.1922(MO, WAG); Lopé Reserve, 1988/illiamson, E.A17 (K); Ogooué-Lola about 30 km E
of Lastoursville, 19 November 199reteler, F.J.10580(WAG); about 30 km E of Lastoursville, 30 Novemb#&©1,
Breteler, F.J.10838 (WAG); Makande surroundings, about 65 km SSW obln Makande, 27 February 1999,
Breteler, F.J15243(LBV, WAG); Bambidie, about 30 km E of Lastoursvilleermanent plot at Bambidie Station, Plot
6, 6 November 199®reteler, F.J.15376(LBV, WAG); Ogooué-Maritime: + 17 km sur la route a partir de Doussala
NW direction, 23 March 200Gosef, M.S.ML376 (LBV; not seen!); old logging road leading southev&om chantier
CBG Peni, 22 April 2005Yalkenburg, J.L.C.H. vaB165 (BR, LBV, WAG); Unknown: October 1993McDonald,
K.E. 65 (E); Woleu-Ntem: Region between Ogooué and Cameroon, Essona, Nevel8B3,Le Testu, G.M.P.(Q366
(P, WAG); Minkébé area, 1747 m on transect A, 8 dat990,Minkébé SeriesV 36 (WAG; not seen!); Crystal
Mountains, 50 m on transect G1, 5 July 200bjang Mbomio, D167 (LBV; not seen!); Inventory Oveng; primary
rain forest, c. 25 km WSW of Mintsic, 5 NovembeB&9Reitsma, J.M2483 (WAG); Inventory Oveng; primary rain
forest, c. 25 km WSW of Mintsic, 6 November 198&jtsma, J.M2497 (NY); Chantier Oveng; primary rain forest, c.
25 km WSW of Mintsic, 9 November 198Reitsma, J.M2569 (WAG); Chantier Oveng; primary rain forest, c. k@

W of Mintsic, 10 November 198®eitsma, J.M2592(WAG);

10. Celtis toka(Forssk.) Hepper & J. R. . Wood

Encycl. meth. Bot. 4 (1797) 140; Planch., in DQgqd?. 17 (1873) 192; Kew Bull. 38 (1983) 86;
Engler, Pflanzenw. Afr. 3(I) tab. 6A (1915) 14; Rié: FTA 6, 2 (1916) 7; Vaillant, Bull. Soc.
Etud. Camer. 9 (1945) 40; Aubreville, Andrews, FId®. Anglo-Egypt. Sudan 2 (1952) 251 tab.
87; Sillans, Mém. Soc. Bot. France (1952) 103; @Gd&mtis, Bull. Jard. Bot. Etat 23, suppl.: 5
(1953) Keay, FWTA ed. 2, 1(1958) 592, tab. 171; vawille, Fl. For. Cote d’lvoire 1, 3-4 (1959)
39, tab. I; Keay, Onochie & Stanfield, Nigerianese2 (1966) 156, tab. 116 D; Berhaut, Fl. Senegal
ed. 2 (1967) 231; Kew Bull. 38 (1983) 86.

SynonymsFicus tokaForssk., Fl. Aegypt.-Arab 219 (1775); type: nontaak

C. integrifoliaLam., Encycl. 4 (1797) 140, Fl. W. Trop. Afr. ed.2(1958) 592. Type: Senegal,
Adanson 2294holo: P; photo: K!).
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Tree, 15-25 m tall, deciduous, monoecious, natrattresses; bark light grey, smooth or scaly,
young twigs pubescent. Leaf blades broadly ovat&ch long, 2--4 cm wide. shortly acuminate,
rounded to subcordate at the base, unequal-sidéte,escabrous, subglabrous with a few hairs on
the veins beneath and in the vein-angles, 3-nefr@d the base, with the basal lateral nerves
ascending well into the upper half of the leaf, #mel upper prominent lateral nerves 1-3 on each
side of the midrib; petiole 4--6 mm long. Stipuleear, 4--5 mm long, pubescent. Cymes 2--4 cm
long in flower, and up to 5 cm in fruit, axillary at the nodes below, with many clustered male
flowers and with several terminal hermaphroditevles, Sepals 4--6, 3-5 mm long pubescent.
ovary shortly pubescent with a ring longer hairshat base, styles2--3 branched, 3--5 mm long,
fruit a drupe, globose, 8--11 mm long, 7--10 mnyvianish to balckish, scabrous, endocarp 7x6
mm, ovoid, polygonal, rough. Pollen grains triperaiblate-spheroidal.

Distribution: From Senegal to Uganda and Sudan (fna@).
Habitat and ecology: Dry areas, savanas, alongsri{g€0-500 m).

500 0 500 1000 1500 Kilometers

Distribution map 7.10Celtis tokain Africa.

Specimens examined:

Celtis toka(Forssk.) Hepper & J.R.l.Wood

BENIN: Atacora: Gouandé, 17 August 200Bssou, J.-P2387 (BENIN, WAG); Sérou, 20 August 200Essou, J.-P.
2679 (BENIN, WAG); Borgou: 15 June 1998Adjakidje, V.1841 (BENIN, WAG); Tchatchou, 11 April 1999,
Akoégninou, A2378(BENIN, WAG); Toumé, 11 August 1998koégninou, A2816 (BENIN, WAG); Sonoumon, 20
March 2001,Akoegninou, A4459 (BENIN, WAG); Houngnon, P.2816 (BENIN, BRLU, WAG); 30 April 1999,
Houngnon, P6629(BENIN, WAG); Bétérou, 19 April 2000Houngnon, P7612(WAG); Few km W of Sonouhon, 17
March 2002Maesen, L.J.G. van d&703 (BENIN, WAG); Ouémé Aguigadii, Forét Classée de Kétou, along Ouémé
river, 27 November 1998/aesen, L.J.G. van dé728(BENIN, WAG);

BURKINA FASO: Gourma: Route Fada N'Gourma-Namoungou, 2 November 188zhsch, K.A.91 (WAG);
Sanmatengaroad of Kaya to Malou, 17 km W of Kaya, 14 AugBe05,Maesen, L.J.G. van d8219(CNSF, WAG);
CAMEROON: : North Province: Mogazin Hill, 10 km NE of Maroua, 23 September 49Biholong, M. 157 (P,
WAG); Garoua-Guidder, km 20, 11 February 19B8unougou, E4544 (P); North -Cameroon, 10 December 1954,
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Bounougou, E4545(P); Djengreng (C. Bongor), 12 January 1968ston, A1466 (P, WAG); km 27 of road Garoua-
Rey Bouba, E of Pitowa, N of Mayo Kébi, a tributafythe Benoué R., 28 January 1966euwenberg, A.J.M.603
(B, BR, C, COI, DES, EA, FHI, GENT, HBG, K, L, LD, L&JISC, LUAI, MHU, MO, P, PR); near Moutouroua (45
km SSW of Maroua), 'Colline de I'Aiguille Messerig@B August 1964, etouzey, R6513 (P, WAG); National park of
Bénoué (campement du Grand Capitaine) 25 km, SS&anbua, 11 April 1981Meijer, W. 15521 (MO, WAG);
Mousgoy (Distr. Guider), 29 April 196&ammicheli, As.n.(Fl); Garoua, 5 August 195%/it, H.C.D. de7932(WAG);
Benoué National Park, 2 km E of Buffle Noir CampQ8tober 1974Wit, P.2928 (WAG); 8 km after Pitoa on road
from Rey to Bouba, 29 June 19jt, P.3114 (WAG); National Park of Mozogo-Gokoro, Mayo Ngassa eastern,
16 July 1981Zon, A.P.M. van det042(WAG);

CHAD: Mayo Kebbi: Mayo-Kebbi, 1 September 1984isowski, SB 640 (BR); Unknown: Ba-llli, 4 March 1969,
Fotius, G.1373(P); Narrow valley near Chari, 26 July 196%tius, G.1626 (P); Léré, along lake, 2 March 1971,
Gaston, A2930(P, YA); 82 km S of N' Djamena, Bougoumen villageAugust 1984l isowski, S.B109 (BR); c. 10
km S of Mongo, 10 January 196&/jlde, W.J.J.O. dB287 (WAG);

ETHIOPIA : Gamu-Gofa: Lake of Murle, 19 July 193%Corradi, R.8321 (FI); bank of Dell' Omo, Murle, 16 July
1939, Corradi, R.8324 (FI); Gamu-Gofa Region: Lower Omo Valley, at Russtamp (Karo), 13 November 1998,
Friis, 1. 9010 (C); lllubabor : Gambela, capital of lllubabar Province, 24 Jud71, Ash, J.W.1076 (K); Unknown:
Zone N of Lekemti, gurracci, 21 June 194€4puano, D.19 (FI); SW Omo valley Expedit ION, Lower Omo River
Basin, August 1970Carr, C.J.899 (MO); between Punido town and Gilo River, smalfdzt Island on the bank of
River, 22 November 199%riis, |. 7262 (BR); 2-3 km S of Abobo, 20 April 198Friis, I.; Vollesen, K.2479 (C);
Awash valley, 4 miles west of Metahara, along AwRsber, 19 August 19681eadley, P.M228 (K); Awash valley,

20 December 1968,onghitano, N4 (FI); Yerer, Kereyou Awraja, Awash National Park57 km from the camp
northward following Awash river, 15 January 198gbsebe Demisseéw09(C);

GAMBIA : Kombo, 1835Heudelot, J104 (P); Western Division: W. D. Kombo east district.Bama Kuno Forest park,
12 March 1995Descheres, K53842(BR); Abuko Nature Reserve, July 19arin, E.D.1 (K);

GHANA: Brong-Ahafo Region Bamboi, 17 January 1998pngkind, C.C.H2594 (LISC, P, WAG); near Bamboi
(N.T.), May 1935,Vigne, C.FH 3840 (BM); Northern Region: Kurumbugu, 17 May 192Kitson, A.E.750 (K);
Unknown: Salaga, N TerritonyDalziel, J.M.13 (E, K);

GUINEA : Conakry: near Conakry, Ogogoro, 26 September 1985, H.C.D. def089(WAG);

IVORY COAST : Dabakala: Dabakala, near creek, on sandy soil, 13 Febrd888, Geerling, C.2005 (WAG);
Unknown: May 1939 Aubréville, A. (Ivory Coast serieS8P06(P);

MALI : Kayes Parc National de la Boucle du Baloué. 4 km W gbitégéda, bank of Baloué river, 20 January 1979,
Dekker, A.J.F.M352 (WAG); Unknown: near Dourou town, 19 August 1998ké Assi, L18166(G); Miake near
Djenne, 30 June 189€hevalier, A1136(WAG); DouentzaJaeger, P5401(C);

NIGER: Niamey. Park "W" Niger, 4 October 197%empe, J90 (MO); Park W, road Embarcadere, at the Niger
River, 27 February 197®azurski, M.34 (K, MO);

NIGERIA : Adamwara State Zing in the Mumuye country, between Mayo Belwa afalingo, 8 September 1974,
Chapman, J.D3353(K); State: North-East, District: Adamawa, Locali§ola, Proposed Adamawa, 24 October 1971,
Latilo, M.G.FHI 63523(FHI, WAG); Bauchi State Bauchi, March 1929, ely, H.V.182 (K); Kano State 25 miles S

of Kano, 8 July 197Blom-van Teyn, M. vab53 (WAG); Kano, Wudil District Wudil District of Kang state, located
approximately 50 km SE of the city of Kano, 11 Nobwem 1987,Etkin, L. 199 (MO); N Nigeria, Rano, Zuwo,
November 1979Sharland, R.E967 (K); Kwara State: Jebba, 9 December 1927agerup, 0687 (C); Niger Valley,
10-20 km down stream of Jebba, April 1986@mphorst, A13 (WAG); Nigerdal, 10-20 km down town of Jebba, 1
April 1960, Kamphorst, A33 (C, WAG); Oyo State Ibadan, Prov, Oyo, 27 March 19@&grnardi, L.8835(G); Oyo to
Fiditi, 20 April 1968,Gledhill, D. 994 (WAG); Sokoto State Manu. N Nigeria, 19 March 191%pster, E.W5 (K);
Unknown: Katagum district, March 190&8)alziel, J.M. 213 (K); Majurjour Lakes, Kurmis, near Magori Lake,
December 196Q,eeuw, P.N. dd5 (WAG);

SENEGAL: Casamance Kafountine, 11 September 1984anden Berghen, G339 (BR); Kafountine, near Ile aux
Oiseaux, Vegetation survey 1003, 4 August 198hden Berghen, ®014 (BR); Kafountine, near lle aux Oiseaux.
Vegetation survey, 6 August 1989anden Berghen, Q041 (BR); Basse-Cassamance, Enampor, near village, 10
August 1989Vanden Berghen, ®071(BR, MO); Oriental: Kédougou, Gambie River, 25 May 19&6ngonierma,
A. 501 (IFAN, WAG); Unknown: Village of Ngue'kor, 1 April 1948Adam, J.G990 (MO); Thie's,Adam, J.G26855
(MO); Medina Sabak-Nioro, 28 November 19&®amps, P.7808 (BR); Barkcolgi, Boud mase, 16 January 1964,
Fotius, G.373(P); Walo, Mbig[um] in [tivas's], 1839,eprieur, F.R.s.n.(P); Perrottet, G.S711 (P, WAG); Bambey,
13 December 196(Raynal, J.6684 (P); near Diourbel, Diabange Savanna, 20 July 1988chain, J.L.13 (P); 19
November 1930Trochain, J.L917 (P);

SUDAN: Blue Nile: E Sudan, Disa, 21 April 196&ahni, K.C.210 (K); Darfur Province: near Sullu, 2 December
1957, Francis, D.49 (BM, K); Eastern Equatoriaz Mt. Imatong and surroundings, 1 km S of Lafon,Xcember
1983, Kielland 506 (C); Jonglei. Gebel Lothir, Pibor Post road, 11 February 1&fMpson, N.D7523(K); Southern
Kordofan: Anglo-Egyptian sudan, near Khor just S of Dillir®y, January 1934)andy, J.E289 (BM); Talodi, Nuba
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Mts, 12 April 1930,Simpson, N.D7732 (K); Western Equatoria: Inderaabiro, Jebel Marra, 1 April 1968/ickens,
G.E.2897(K);
TOGO: Unknown: Naboulgou, 25 December 19Fn, H.2750(P, TOGO).

11. Celtis wightii Planch.
Ann. Sci. Nat., Sér. 3, 10 (1848) 307; Polhill, KewliBL9 (1964) 141.
Types: IndiaWight 85 & Wight s.n. & Ceylon, Walker 214 & Gardiell K, syn.)

Synonyms:

C. mauritianaPlanch., Ann. Sci. Nat., sér. 3, 10 (1848) 307;.R.0: 160 (1895); Rendle in FI.
Trop. Afr. 6, 2: (1916) 9; Fl. Deutsch Ost-Afrika-2 (1932) 64; Brenan: 624 (1949) 624; Kenya
Trees & Shrubs (1961) 576. Type: Mauritius, Commers.n. (holotype: P; isotype: KIE.
philippensisBlancovar. wightii (Planch.) Soepadmo, Fl. Males. Ser. 1, 8, 2: (1827

Tree or small tree, 3-20 m tall, often with sh&irtap buttresses, bark smooth, grey. Young twigs
puberulous or subglabrous. leaf blades entirerralte, coriaceous, elliptic-oblong, 5-8 cm long, 3-
7 cm wide, acuminate, broadly cuneate to roundeslibcordate at base, 3-nerved from the base,
with the basal lateral nerves extending practictlyhe near apex and the upper prominent lateral
nerves, petiole 4-10 mm long. Stipules lanceoldté,mm long, shortly produced below the point
of attachment, = pubescent. Cymes 5-30 mm longpindr, up to 40 mm long in fruit, lower ones
with many clustered male flowerand hermaphrodite at the top, sepals 5-6, 2-4 mng,lo
pubescent, ovary glabrous with a basal ring of lbags, styles shorthly bifurcate, 2-5 mm long.
Fruit a drupe, globose, 8-11 mm long, 7-10 mm widsl to black, endocarp 8x6 mm, ovoid,
polygonal, smooth. Pollen grains triporate, obkgiberoidal.

Distribution: Tanzania, Kenya ? (map 7.11), Srikanndia, South Asia.
Habitat and ecology: margin of the forest, lowlarapics (100-500 m).

Distribution map 7.11Celtis wightiiin East Africa.
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Specimens examined:

Celtis wightii Planch.

TANZANIA : Morogoro: Uluguru Mts, Kimboza Forest Reserva, 4 April 19Faden, R.B74/ 414 (MO, WAG);
Tanga: Muheza, Longuza Forest Reserve, 25 October 19§8undai371 (BR, FI, TFD); Muneza District, Longuza
forest, 18 October 198&uffo, C.K.1930 (K); Kwamsambia, 20 October 198Buffo, C.K.2120 (C, K); Msaraza,
Madanga, 17 July 1958anner, R.E.S3006(K, NY); Unknown: T.8. Kingupira Forest, 17 October 19692danga, R.
782 (C); T.8 Kingupira Forest, 20 June 19¥&|lesen, K2454(C).

12.Celtis zenkeriEngl.

In Notizbl. Bot. Gart. Berlin. 3 (1900) 22 & Pflamaw. Afr. 3, 1 (1915) 12; Rendle in Fl. Trop. Afr.
6, 2 (1916) 6; Hauman, Bull. J. Bot. Etat Brux. 461; Hauman in FI. Congo-belge 1 (1948) 45;
Check-list for trees and shrubs Brit. Emp. 5(2)4@)0625; Dale & Eggeling, Indig. trees Uganda,
ed. 2 (1952) 435 fig. 91a ; Andrews, Flow. Pl. Am@gypt. Sudan 2 (1952) 251; Fl. W. Trop. Afr.
ed. 2, 1(1958) 592; Aubreville, Fl. for. Cote d'lk@ 1 (1959) 39; Taylor, Synecol. Silvic. Ghana
(1960) 367 tab. 118; Keay, Nigerian trees 2 (19%&8; Polhill in Kew Bull. 19 (1964) 141. Type:
Cameroon, Yaoundé, 2500 Zienker & Staud® (holo: B; iso: P, K).

Synonyms:

Celtis soyauxiiEngl., Notizbl. Bot. Gart. Berlin 3 (1900) 23. TeipCongo-BrazzavilleSoyaux
(Loango-series) 202K, lectotype, designated here, see not€s)stuhimanniiEngl. Notizbl. Bot.
Gart. Berlin 3 (1900) 23, & Pflanzenw. Afr. 3 (198, & Pflanzenw. Afr. 3, 1 tab. 9 (B-C) (1915)
14. Type: Tanganyika, Uluguru Mt§tuhimann8703 (lecotype: B; isotype: K)C. rugosaA.
Chev., Expl. Bot. Afr. Occ. Franc. 1 (1920) 589 péy. Ivory Coast, Bouroukrou, railroad km 92,
20 Dec. 1906 - 20 Jan. 190CZhevalier 1613 Anoumaba forest, railroad km 140, 12-20 Nov.
1909,Chevalier 22393syntypes: P, not seen; isosyn: BR);affinisDe Wild., Rev. Zool. Afr. 9,
suppl. Bot. (1921). Type: Congo KinshaBaguaert 3301, 325@BR, syntypes!).

Tree, 15 - 30 m tall, monoecious, buttressed atbtise, bark smooth, grey. Young twigs tawny
pubescent to tomentose, leaf blades entire or mamaly toothed in 1/3 upper part, alternate,
oblong-elliptic to ovate, 6-13 cm long, 5-8 cm widortly acuminate, apex 6 mm long, broadly
cuneate to rounded at the base, glabrous above nvaeme, hairy especially on the veins, 3-nerved
from the base, with the basal lateral nerves extgnd little way into upper half, tertiary veinsear
parallel, petiole 5--8 mm long. Stipules lanceolaté mm long, pubescent, scarious. Cymes 1--4
cm long in flower up 5 cm in fruit, axillary or #te nodes below, lower ones with many clustered
male flowers, often with hermaphrodite flowers, aep5-6, 2--3 mm long, pubescent. Ovary
densely tawny pubescent, styles 1 or 2 branched,i@m long. Fruit a drupe, subglobose or ovoid
5--8 mm long, 4-7 mm wide, red or black (at mayjriendocarp 5x4 mm, ovoid polygonal, rough.
Pollen grains triporate and sub prolate.

Distribution: West to East and North-East Africawap 7.12).
Habitat and ecology: Lowland forest and forest rimesg200-800 m).

Note: Celtis soyauxiiEngl. was based on 4 specimens: two of thBoyaux (Loango-series) 202
(K) from Congo, Loango an@elwitsch 628%BM, K) from Angola, Cuanza, are conspecific with
C. zenkeriwhile the other two specimens, both from Angolaa@za,Welwitsch(6298 & 6284
belong toC. mildbraedii.Rendle (1916) considered the last two specimenspi@sent the ‘real.
soyauxiibut made no choice for a single specimen as lgmotFollowing Rendle for about 30
years the nam€. soyauxiiwas used for what is here presentecCamildbraedii However, other
authors like Hauman (1942), Keay (1958), PolhiBg4 & 1966) and Letouzey (1968) considered
the first two specimens to represé&ht soyauxii Neither of these authors established a lectotype,
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although Hauman (1942) states that Rendle shouwd had selecte@oyaux 202According to
article 9.12 of the botanical code (Greuter et2800), the element that corresponds best to the
description should be selected as lectotype. Incase this is clearl$oyaux (Loango-series) 202
since that element corresponds nearly entirely thigéhprotologue, the only discussion could be on
how many dents the leaf margin should have to laicerrata” Welwitsch 6298&lso fits the
protologue fairly well, but is sterile. Thereforewave selected the Soyaux specimen as lectotype,
thereby settling the discussion on how to applyrtameC. soyauxii C. soyauxiiwas described in

the same paper & zenkeribut since previous authors regarding them aspsmifsc have always
used the later nam€, zenkerhas priority. This priority was probably estabésghby Keay (1958).
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Distribution map 7.12Celtis zenkerin Africa.

Specimens examined:

Celtis zenkeriEngl.

ANGOLA : Benga Luanda, Caxombo-Quixinge region, 21 January 1®dimundo, A.R.F600 (LUA, WAG);
Cuanza Norte Golungo Alto, Luinha, 4 October 190%Gossweiler, J.4389 (BM); Mata cafeei de Salazar, 18
November 1968Raimundo, F.19 A (LUA, WAG); Cuanza Sul Amboim, Gossweiler, J4683 (C, FI); BENIN:
Atacora: Soubouroukou, 29 July 1998koegninou, A1768 (BENIN, WAG); Borgou: Tchatchou, 11 April 1999,
Akoégninou, A2380(BENIN, WAG); Mono: Avégame, 5 August 199&ssou, J.-P832 (BENIN, WAG); Ouedeme-
Péda, 22 February 1998ssou, J.-P1552 (BENIN, WAG); Atchannou, 5 July 199%0kpon, N852 (BENIN, WAG);
Ouémé Ewe, 10 May 1990Houngnon, P5206 (BENIN, WAG); Pobe, 28 April 198%okpon, NB 152 (BRLU; not
seen!);Zou: Djaloukou (Tchetti), 27 August 200Akoegninou, A5329(BENIN, WAG);

CAMEROON: : Central Province: Centre agronomique N'Kolbisson, 8 km W of Yaoun®é April 1964, Wilde,
W.J.J.0. de2299 (WAG); East Province 15 km E of Dimako (village halfway Bertoua-Doumd), June 1965,
Leeuwenberg, A.J.Mi825(B, BR, C, EA, FHI, GC, K, LISC, MO, P, PRE, SRGH, \BAYA); S of Elandjo, on km
65 of road Yokadouma-Moloundou, 21 July 1968euwenberg, A.J.Mi227 (BR, K, MO, P, PRE, WAG, YA); Piste
Manjoum (feuille Deng-Deng) Gere-feuille IGN 1/2000 Yoko, 28 June 1958¢etouzey, R2292 (WAG); Forest S of
Dimako, bank of river Mobonda, 18 January 1966touzey, R2675 (P, WAG); 3 km of Momjepom (km 22 road
Yokadouma-Moloundou, 19 June 196&touzey, R5198 (P, WAG); On 15 km SSE of Yokadouma, 23 March 1973,
Letouzey, R12155 (P, WAG); South-West Province around Kupe Mountain, Tombel, Etam Forest Rese20e,
August 1986Ftuge, M.214 (WAG); Bole-Meboka, Kumba-Mamfa road, 4 July 198Apmas, D.W7156(NY);
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CENTRAL AFRICAN REPUBLIC : Lobaye: Mbaiki and Boukoko region, Boukoko station, 12dud 950, Tisserant,
C., Equipel775(BM, WAG);

CONGO (KINSHASA) : Bas-Congo Lukula, Kondo (station INERA), 26 January 19B®%yne, H3553(BR); Lovo,
27 November 1959Compere, P911 (BR); Mindombela, 18 September 19%levred, R.683 (BM, BR); Luki, 14
December 1947Donis, C.1634 (BR); M'vuazi, 16 April 1957 Dubois, J.181 (BR, WAG); Equateur: Libenge,
Gilbert, G.1833(BR, P, WAG); Libenge, 21 June 193&ontovitch, C78 (BR); Nord-Kivu : Kivu Province, River
Tungula, 18 September 1952smaston, H.A2642 (BM); Orientale: between Dunge and Farad@e Schlippe217
(BR); Bogoro, June 193TGilbert, G.1595 (BR, G, WAG); lturi, Epulu area, 19 September 1984tzwiller, R.412
(BR); Bambesa, 20 June 1952¢rard, P.199 (BR); Bambesa, 28 September 196&rard, P.1036 (BR); Bambesa,
14 May 1957,Gérard, P.2856 (BR, MO); Bambesa, 8 May 195Gérard, P.2886 (BR, WAG); Mambasa ( Ituri
forest), 29 March 1993art, T.B.1525(BR, MO); Uéle-Kimbiri, Bondo, March 1981 ebrun, J2425(BR);

ETHIOPIA : lllubabor : 17 km east of Punido, along the new road to GdgNovember 1995riis, |. 7319 (C, K);
Kefa: Kefa A. region: 20 km SW of Aman (Mezan Tefarisiip), 29 November 1984riis, I. 3865(C, K); Kefa A.
region: Bebeka coffee plantation, S of Mezan Tefaoout 5 km southwest of the coffee plantation,ec@mber 1984,
Friis, 1. 3991(C, K);

GHANA : Unknown: Kade A.R.S. Arboretum, 28 March 19'Hall, J.B.40153(GC, MO); Bosomoa Forest Reserve,
June 1933Vigne, CFH 3003(NY);

GUINEA : Kissidougou Kissidougou, 14 April 194%dam, J.G4406(MO);

IVORY COAST : Abengourou: Surroundings of Kodjina, 15 km SW of Abengour@a8,July 1969Versteegh, C579
(BR, WAG); Agboville: Bouroukrou, 92 km on the railroad, 20 Decembed6lZhevalier, A.16130 (P, WAG);
Bouna P.N. Comoé, Kakpin, 14 March 199hatelain, C.s.n.(CSRS; not seen!Paloa: F.C. du Haut-Sassandra,
Sud. forét peu dégradée, layon 28, Est CTFT, 19 1886,Kouamé, F.N1530(CSRS; not seen!}Jnknown: March
1947, Andoh, J.E4976 (MO); SL. relevé 57, 13 November 1992hatelain, C.1061 (G); Lamto, 21 August 1974,
Devineau, J.-L1010(LAMTO; not seen!); Lamto, 28 June 198%autier, L.; Béguin, D1329(CSRS, G, LAMTO);
Lamto, 12 October 1992,0ndoh, J108 (LAMTO; not seen!); LamtoYuattoux, Rs.n.(LAMTO; not seen!)Vavoua:
F.C. du Haut-Sassandra, Centre, forét peu dégraeiéeé FNK10, 21 June 199Kpuamé, F.N1293 (CSRS; not
seen!); F.C. du Haut-Sassandra, Nord. bord de, mstee layons 11 & 12, 30 June 198#&uamé, F.N1364 (CSRS;
not seen!);

NIGERIA : Edo State South Nigeria, Sapob&ennedy, J.D1872 (K); Ugo- Urhuehue Motor road, 23 November
1959, Olorunfemi, JFHI 43865(FHI, WAG); Benin Province, 22 March 1938pss, R131 (BM); Osun State ljebu
Province, Shasha Forest Reserve, 2 March 1B85s, R50 (BM, MO); Oyo State Busogboro village, 10 March
1993,Daramola, B.O53 (K); Ibadan campus University, March 196&rk, D.P.M.3138(IFE, MO);

SUDAN: Eastern Equatoria: Equatoria Prov., 9 June 1938ndrews, F.W1752 (BM, K); Talanga, 26 November
1980, Friis, I.; Vollesen, K479 (C); Talanga, 24 November 1988iis, |.; Vollesen, K490 (C); Western Equatoria:
S.W. Equatoria province, Azza forest, S of Meridi,March 1939Hoyle, A.C.760(BM, K);

TANZANIA : Kilimanjaro : Gonja Forest Reserve, between Mtundu & Mpirailigyes, 28 February 200Egesto, L.
986 (MO); Going Forset Reserve, forest edge at NE bapndf reserve along road from gonja maore to Mpjra8
February 2001Gereau, R.E6628 (MO); Morogoro: Morogoro District, Turiani, 3 June 193Burtt, B.D.4728 (K);
Kilosa Disrict, T6, Chunga Wale, 21.2 miles from H&Zh June 1973Greenway, P.J15237 (MO); T6.Udzungwa
Mountains National Park. Beside Mwaya River, 4 lkaby 1998 Massawe, G159 (C, MO); Isyaga river, Mahenge,
14 April 1988,Mhoro, B.5707 (MO); Pwani: T6, Mtemere, along Rufiji, 1 May 197&,llesen, K.3515 (C); T6
Mtemere, 9 June 1978&ollesen, KMRC 3853 (C, WAG); Tanga: Tanga District, 7 miles E of Korogwe. Maguna
Estate, on lower slopes of E Usambaras, 26 June D3&6&mond, R.B3016 (K); Muheze District, Longuza, Forest
Project station, 4 July 197®jagogo, F.C.737 (K); Morogoro Golf course, 26 December 1988¢chelmore, A.P.G.
866 (K);

TOGO: Unknown:; near AmakpaveBerg, C.C.138 (MO); Glei, 20 km S of Atakpamé, 9 December 19ih), H.
2662 (P, TOGO); Glei, in village, 27 February 1978, H. 3226 (B, P, TOGO); Tokpli-village, 25 June 1985,
Schafer, P.A8596(B, K, LUA, MO, MPU, P, WAG);

UGANDA: January 191@)immer, R.A2788(K); Budongo, October 193%&ggeling, W.JE 2259 (BM); 9 February
1960, Letouzey, R2973 (P); Western Province Masindi district, Budongo Forest, 29 June 1988jcan tropical
Biodiversity Prograniv02 (MO); Masindi District, Budongo forest, Kaniyo pdbbeat, February 1996jafashimana,
D.L.N. 19 (C); N Bunyoro, Bujenje, Royal mile Budongo, 14 gust 1977,Katende, A.B2744 (MO); District:
Masindi. Budongo Forest Reserve, 20 August 188&utu, D.N6- 8 (C); Budongo Forest Reserve, 25 August 1995,
Nkuutu, D.N.7- 34 (C); District: Bunyoro, Bundongo, 24 September 2,3tyles, B.T64 (BR, FHO); Bundongo, 29
September 196&tyles, B.T110(BR, FHO).
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Chapter 8

THE “CELTIS PHILIPPENSIESOMPLEX”

A. SATTARIAN & J.J.WIERINGA

Summary

Celtis philippensiBlanco was a widespread species with differentogooal settings.
We found it could be divided into 5 quite distimabrphological groups. Each entity
had its own geographical area; in this study wedude& marker, to testCeltis
philippensisas complex species. We see that 3 of the 4 sarepkites of the complex
group together and indeed seem to constitute alesmpith the support for an internal
branch in the complex being lower (68%) than tHainost other branches outside the
complex (82-100%). The support for the complexliitee high (93%). The fourth
sampled entity of the comple&, malagasicaloes not end up with the other members
of the complex, and seems to be not related to .tAenreally address questions on
specific delimitation and phylogentic relations hiit this complex, further sampling,
both from more species and from different geogregdhorigin, is urgently needed.

8.1 Introduction
For a review of species, particularly those ocagrin Africa, see Chapters 1 and the previous
Chapter 7. One species @feltis, C. philippensisBlanco, was considered to be particularly
widespread, with a distribution from Tropical Ai@and Madagascar over India, Burma, SE China,
Taiwan, Indo-China, Thailand, throughout MalaysiaNE and West Australia and the Solomon
Islands (Soepadmo, 1977). Soepadmo distinguished/anieties,C. philippensisvar. philippensis
andC. philippensisvar. wightii, and noted they may not be clearly distinguishedviBus authors
such as Polhill (1963) and Letouzey (1972) had icened this entity as a complex, comprising
several species, while in reaction on Soepadmadsiqation Hewson (1989) remarked that some
Australian specimens did not fit @. philippensis

While going through various herbarium accessidrhis C. philippensiscomplex from Africa,
Asia, Australia, and Madagascar, we found it cdugddivided into 5 quite distinct morphological
groups. Each entity had its own geographical aveerlap between two entities only occurs in East
Africa and Thailand. Now the question arises: aese¢ 5 entities merely geographical forms of a
single species, or are they really distinct species

Based on the morphology of the specimens, we csplitl up theCeltis philippensiscomplex
into C. philippensiss.str. restricted to S.E. Asia (Indonesia, Makayand Thailand to the
Philippines and Taiwan¥;eltis wightiifrom Tanzania and Asia (from India to China anaildnd),
C. prantlii from Africa, C. madagascariensisndemic to Madagascar, af@d australiensisfrom
Australia (see more details in chapter 4 & 7 irs tihiesis). The last two entities did not yet have a
available name, and, based on the morphologicalysamd the results presented in this chapter,
were described as new by Sattarian & van der Mad2€95). Regrettably the name.
madagascariensiproved to be preoccupied, and has to be replag€l lmalagasicé&sattarian (see
above).

To provide a framework for further studies on ehation and relationships within th@eltis
philippensiscomplex we want to add a molecular marker for phgghetic analyses. To examine the
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hypothesis of one versus several species withiroraptex, we have to use a marker with a
relatively high substitution rate. The internalnsaribed spacerl{S) region nuclear ribosomal

DNA is a proven source of useful phylogenetic cbhima at this taxonomic level (Yesson et al.
2004; Abigail 2003), although it is also known #@mwhole set of potential problems (Alvarez &
Wendel 2003; Wieringa & Gervais 2003).

8.2 Materials and Methods

In molecular systematics, character selection offteirs down to choosing the appropriate DNA
region for sequencing (Pelser 2003). But, althotliggre is an enormous variation in evolutionary
rates among the different regions of the genométi§SDO98) it is often difficult to identify the
DNA region with the optimal rate for studying theotutionary history of the group of interest. This
Is especially because rates of evolution for angcgig DNA region may vary among, or even
within, groups (Savolainen et al. 2000). The in&rtmanscribed spacelT®) region of nuclear
ribosomal DNA has been widely used for phylogenetionstruction at the level of species (cf.
Baldwin 1992) and populations (Chiang & Schaal )9¥wing to in general high substitution
rates, the interspecific and intraspecific varifpilof the ITS provides sufficient phylogenetic
information on closely related taxa (Paul et aD20Abigail et al. 2003; Alexandra 2004; Baldwin

et al. 1995).

8.2.1 Taxon Sampling
We sampled 4 herbarium specimen of eltis philippensiscomplex (table 8.1). Although 4
samples are far too limited to really assess iofnaplex relationships, at least these 4 samples
represent the 4 main areas where the complex ocAfnisa, Madagascar, Asia and Australia.
GenBank accessions of 3 more specieSailfisand ofUlmus, ZelkovandHemipteleavere added

as outgroups.

Table 8.1 Collection data of samples used in thidys

Species Family Collector Genbank no. Herbarium Origin

C. australiensis Celtidaceae  S.J.Forbes 389 To be added L Australia
C. malagasica Celtidaceae  Linda 436A To be added WAG Madagascar
C. wightii Celtidaceae  |.Friis 479 To be added C Tanzania
C. philippensis s.s. Celtidaceae  E.F.de Vogel 5874 To be added L Indonesia
Zelkova sicula Ulmaceae AJ622884 GenBank Asia

Z. schneiderii Ulmaceae AJ22876 GenBank Asia
Ulmus minor Ulmaceae AJ622836 GenBank Asia
Hemiptelea davidi Ulmaceae AJ622832 GenBank Asia

C. africana Celtidaceae AJ630212 GenBank Africa

C. australis Celtidaceae AJ630210 GenBank Asia

C. tournefortii Celtidaceae AJ580069 GenBank Asia

Total genomic DNA was extracted from herbarium tica-dried leaves (10-25 mg) using the
modified CTAB extraction protocol of Doyle (1987dllowing the DNA extraction protocol of the
Biosystematics Group (Vrielink et al. 2005 and dka). Internal transcribed spac&rg) regions

were PCR amplified and sequenced (White et al. 1990
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8.2.2 Phylogenetic analyses

Sequences were assembled and edited using thenStadeion 1.5.3, (http://Staden. Source-
forge.net/) alignment of sequences was carriedusirtg Bio-Edit (Hall 1999), more alignments
were done by eye using the same software (seeri@atet al. 2006, chapter 3), and MacClade
version 4.07 (PPC). Indels in alignments were caakegresent/absent characters where they could
be coded unambiguously, following the simple indetling protocol as described by Simmons
(2000).

Data were analyzed using the parsimony algoritinthe software package PAUP version
4.0b10 for Macintosh (PPC), on a Macintosh G5. 8gbently a jackknife analysis was performed.
We used jackknife support analysis with heurisgarsh, number of jackknife replicates 1000,
nominal percentage of characters deleted in eguitages 37, 1248 characters, all the characters
are of unordered type, all characters have equahiveGaps were treated as missing, addition
sequence was random. Number of replicates 10, nuailieses held at each step during stepwise
addition 1, Branch-swapping algorithm tree-bisaetieconnection (TBR).

— C. australiencis4
69

9 — C.philipensis62

86 C. wightii50

Celtis spp

85 ———— C. tournefortiiAJ80069

C. africanaAJ30212
100

— C. australisAJ630210

82

— C. malagasical39

91

H. davidiiAJ622832

U. minorAJ622836 Out groups

Z. siculaSAJ622884

Z. schneiderianaAJ622867

Figure 8.1. MP majority-rule consensus cladogra@®(lreplicates, TBR swapping).
Support values > 50 % are showh§ marker).

8.3 Results and discussion
In this study for analysis we used maximum parsixbine ITSregion has an aligned length of 721
characters, ITS indel) and contains 162 parsimony informative rabters (22.4%). The Mp
resulted in a single tree of 566 steps, Cl = 0.R5; 0.858 (Fig. 8.1), the majority rule consensus
tree based ofTSand indel has 8 nodes.

The topology of the Jackknife analysis showSedtis clade with 100% support. The number of
the Celtis species included here is very low, and taxon sagblere for aims of phylogeny is very
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poor but in the clade of theeltis Celtis australiensigrom Australia andCeltis philippensidrom
South Asia are sister groups with 69% support, sister toC. wightii from Africa with 93%
support. These in their turn are sister to the M§altis tournefortiiwith 86% support, with the
next joining species being African agai@eltis africana.This entire clade is sister to a clade
containing the other 2 species in this analySisustralisandC. malagasica.

We see that 3 of the 4 sampled entities of theptexngroup together and indeed seem to
constitute a complex, with the support for an inétbranch in the complex being lower (68%) than
that of most other branches outside the complexi(8®6). The support for the complex itself is
high (93%). The fourth sampled entity of the compl€. malagasicadoes not end up with the
other members of the complex, and seems to beefaied to them at all. This topology renders it
even more surprising they were ever confused athafl is reflected in the morphology as well,
with the morphological differences with for instanC€. prantlii and C. philippensisbeing quite
striking. The fifth entity of the complexC. prantlii, is not included in this study, and should be
added to see if it is part of the real complextlmat it falls outside alikeC. malagasica Our
morphological study, however, indicate€it prantlii is closely related t€. wightii, so most likely
it will belong to the complex. More material, esjadly of African C. wightii specimens, is needed
to assess whether this Tanzanian population réalbpnspecific with AsiarC. wightii, or that it
may belong tcC. prantlii. More molecular data will be most useful.

To really address questions on specific delimitatend phylogentic relations within this
complex, further sampling, both from more specied &om different geographical origin, is
urgently neededTS nowadays is often considered a problematic magkesenting problems like
paralogs (see Alvarez & Wendel 2003). Althoughhis tstudy so far no length variation within a
sample was detected, it might be useful to considleer markers, or even other techniques, i.e.
AFLP’s™  to further assess this complex.
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CONSPECTUS OFCELTIS(CELTIDACEAE) SPECIES
WORLDWIDE

A. SATTARIAN & L. J.G. VAN DER MAESEN

Introduction

An attempt was made to provide basic informatiooutlall names produced @eltisin the course

of taxonomic history. The protologues were obtaitedprocure details of the type and its
whereabouts. Information from databases such asirtenational Plant Names Index was
completed from various sources. The present gebgra@s gleaned from Flora’s and some more
recent literature e.g. Berg & Dahlberg (2001). Bletus of many names is unsure, as this thesis is
focused on African species, and this conspectusldhm® considered as a first step to oversee all
Celtis species and the formidable synonymy in cases. élancdecision was made on synonymy,
and we merely followed the opinion of Flora’s amdjional revisions as far as most non-African
species are concerned. Not all literature was abigl Most species are small or larger trees, and
descriptive elements were omitted.

Celtis acataBuch.-Ham,, Trans. Linn. Soc. 17: 211 (1834).

Type: India: near Gongachor, Hamilton. K, L. SynCofaustralisL. India.

Celtis aculeataSw.var. aculeatg Nov. Gen. Sp. PI. Prodr. 53 (1788).

Type: Ind. Occid., Swartz s.n. Holotype: S; iso:KB,IEl. Syn. of C. iguanaea(Jacq.) Sarg. BasionynMertensia
aculeata (Sw.) Schult.,Momisia aculeata(SW.) Klotzsch; Ziziphus commutatgas commutatuys apparently to
substitute the nam€eltis aculeata Mertensia commutatgRoem. & Schult.) Hemsl. South America: Dominican
Republic, Cuba, Mexico, Venezuela, Granada, Peru.

Celtis aculeataSw.var. laevigata(Kunth) Planch., in DC. Prodr. 17: 187 (1873).

Type: Mexico. Campeche: without locality, Humboldt.dHolotype: B or P. Syn. &. iguanaegJacqg.) Sarg.

Celtis aculeataSw.var. pubescenssriseb., Fl. Br. W. Ind. Isl. 149 (1859).

Type: Jamaica. 25 July 1850, Alexander Prior s.t. Pblotype: GOET,; iso: K. Syn. &@. iguanaegJacqg.) Sarg.
Celtis aculeataSw.var. serrataGriseb., Fl. Br. W. Ind. Isl. 149 (1859).

Type: Jamaica. Mar. 1856 (?), Macfayden s.n. Hokty®OET; iso: K. Syn. of. iguanaegJacq.) Sarg.

Celtis adolfi-friderici Engl., Bot. Jahrb. Syst. 43: 308 (1909).

Type: Congo Dem. Republic, Kivu Province, few km Wfaot of Mt. Ruwenzori: Mildbread 2725; in Kwa Mg
forest NW of Beni: Mildbread 2169; in Kwa Muera ést NW of Beni: Mildbread 2242 Syntypes: B. AcceptE.
Africa, Uganda, Sudan, Congo Republic,Botswana, 4Zanitozambique, Malawi, Zimbabwe.

Celtis affinisDe Wild., Rev. Zool. Afr. 9 Suppl. Bot. B1. (1921).

Type: Congo Dem. Republic, Bequaert 3301, 3259.y@@st BR. Syn. o€. zenkerEngl. Africa.

Celtis africanaBurm.f., Fl. Cap. Prodr. 31 (1768).

Type: Africa: Burmann. K, BM. Accepted. SyiCeltis kraussian®ernh. Eritrea, Somalia, Ghana, Nigeria, Cameroon,
Central African Republic, RD Congo, Ethiopia, Ugand&nya, Tanzania, Angola, Zambia, Malawi, Mozambkiqu
Swaziland, Lesotho, Yemen.

Celtis albaRafin., Fl. Ludov. 25 (1871).

Type:. Accepted. North America.

Celtis albicanswilld. ex Steud, Nom. Ed. 2. 1. 316 (1840).

Type: Syn. offrema micranth&Bw.,Sponia canescens

Celtis alnifolia (Wedd.) Mig., Mart. Fl. Bras. 15 (1): 175 (1853).

Type: Brazil: prov. Mato Grosso, forest of junctiohCuxipo river, Weddell 3028. Holotype: P, iso:fhotograph in
G. Syn. ofC. iguanaegJacq.) Sarg. Tropical America.
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Celtis alpinaRoyle, Illustr. Bot. Himal. 341 (1835/39).

Type: India. B, BM, K, G, BM, CGE, K.

Celtis amblyphyllaF.Muell., Fragm. 9: 76 (1875).

Type: Australia: Howe Island, Moore & Fullagar sHuolotype: MEL; iso: K. Basionym of. confertaPlanch. subsp.
amblyphylla(F.Muell.) P.S.Green. Australia.

Celtis amboinensig8uch.-Ham. ex Wall, Wall. Cat. n. 3693 (1831).

Type: Nomen. K-Wall. Syn. défrema politoria

Celtis amboinensiVilld. , Sp. PI. ed. 4: 997 (1806).

Type: Syn. offrema amboinensi@Villd.) Blume.

Celtis americanaMill. , Gard. Dict. ed. 7. n. 4 (1768).

Type: Accepted. N. America.

Celtis americanaHort. ex Planch, in DC. Prodr. 17: 176. 1873.

Type: Hort. Paris., herb. Thouin, Cambessedes. iHmdotP, iso: MPU? Syn. &. mississipiensiBosc.

Celtis amphibolaC.K.Schneid, Sarg. Pl. Wils. 3. 279 (1916).

Type: China:Yunnan, Mengtsze, Henry 9323. A, B, E, HKcepted. China.

Celtis amplifoliaNoronha, Verh. batav. 5. ed. 1. Art. 4. 11 (1790).

Celtis anfractuosa.iebm., Vidensk. Selsk. Naturvidensk. Math. Afh., Ser25338. (1851).

Type: Mexico: Veracruz: Xalcomulco (=Jalcomulco).Ji841, Liebmann 5894. Holotype: C. Syn. ®f iguanaea
(Jacq.) Sarg.

Celtis angustifoliaLindl., Wall. Cat. n. 3691(1831).

Type: India, Wallich. K-Wall, U. Syn. dfrema angustifolia

Celtis angustifolia(Mig.) Planch., in DC. Prodr. 17: 186 (1873).

Basionym: Solenostigma angustifoliuriig. Type: W. Sumatra. Holotype: U. Syn. @iziphus angustifoligMiq.)
Hatus. ex Steenis. India, Burma, Thailand, SumMedaysia, Philippines, New Guinea.

Celtis aphanonthoide¥oidz., Bot. Mag. Tokyo 27: 563 (1913).

Type: Japan. Syn. @. jessoensiKoidz. Japan.

Celtis appendiculatd&E.Mey. ex Planch, Ann. Sc. Nat. Bot. sér. 3, 10: 341 (1848).

Type: South Africa, distr. Uitenhage, Galgeboschfdrest, Drége s.n. Holotype: P; iso: K. Syn. Gifiaetachme
aristataPlanch

Celtis arcataBuch-Ham. ex Wall, Wall. Cat. n. 3695 (1831).

Based on India, Gungachora, Parroma & Sukanaghamiltbn. K-Wall. Syn. ofC. australisL.

Celtis aristataE.Mey. ex Planch, Ann. Sc. Nat. Bot. sér. 3, 10: 341 (1848).

Type: S. Africa, Osawumbo, below 1000 ft., Drége Blolotype: P; iso: K. Syn. dthaetachme aristatRlanch.
Celtis asperaBrongn., Duperr. Bot. Voy. Cog. 213. t. 48 (1829).

Type: Australia: Blue Mountains, near Port Jacké@sson d'Urville. Syn. ofrema aspera

Celtis asperd_odd. ex G. Don in Loudon, Hort. Brit. 413 (1830).

Type: nom. in synonymy df. occidentalisN. a. Syn. ofC. australisL.

Celtis asperifoliaMerr. , Philipp. J. Sci. 17: 246 (1920).

Type: Philippines: Mindanao, Davo prov. Santa Crgar. Bur. 27562 De Mesa. Holotype: PNH; iso: Syh.Co
rigescensMindanao.

Celtis asperrima_ojac., Fl. Sci. 2, 2: 355 (1907).

Type: Brazil, Para: Without locality, Martius s.noldtype: M, Photographs in MO and NY; Isotype (frant): U.
Celtis asperulaMig., in Mart. Fl. Bras. 4, 1. 176 (1853).

Type: Brazil: Para, no locality, Martius s.n. Holpgy M., Photograph in MO and NY; Isotype (fragmehk) Syn. ofC.
iguanaea(Jacq) Sarg. America, Mexico, Guatemala, El saluadizaragua, Panama, Peru, Ecuador.

Celtis audibertianaSpachvar. audibertiang Ann. Sc. Nat. Paris Sér. 2, 16: 41 (1841).

Type: N. America. P. Accepted.

Celtis audibertianaSpachvar. oblongataSpach Ann. Sc. Nat. Paris Sér. 2, 16: 41 (1841).

Type: N. America. P. Accepted.

Celtis audibertianaSpachvar. ovataSpach Ann. Sc. Nat. Paris Sér. 2, 16: 41 (1841).

Type: N. America. P. Accepted.

Celtis aurantiacaNakai, Chosen Sanrin Kwaiho 59: 23 (1930); Fl. Sylvairéana 1: 63 (1932).

Type:. Accepted. Korea, N.E. China.

Celtis australiensisSattarian, Blumea 50: 499 (2005).

Type: W. Australia: Dampier distr., Geikie Gorge, foed 11722. Holotype: CBG,; iso: BISH, BRI, L, NSWERTH.
Accepted. Australia, WA, NT, Qld.

Celtis australisA.Rich., Tent. FI. Abyss. 2: 257 (1851).

Type: Syn. ofC. kraussiand@ernh., henc€. africanaBurm.f.
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Celtis australisL., Sp. PI. 1043 (1753).

Type: Habitat in Europae australi & Africa citeriorglerb. Linn. 1209.2. Lecto: LINN. Accepted. S. Europe,
Afghanistan, N.W.India (Himalaya), C. Asia, N. Afai. Widely introduced.

Celtis australisL. subsp.caucasica(Willd.) C.C.Townsend, Fl. Iraq 4, 1: 73 (1980).

Basionym:C. caucasicaVilld. Iraq, Turkey, Iran, W. Pakistan, AfghanistaW. India, C. Asia, S. Europe.

Celtis azcurrensiarodi, Anal. Soc. cient. Argent. 5: 152 (1878).

Type: Paraguay: Asuncién, Anon. s.n. Argentina. tkeated (Berg & Dahlberg 2001). Possililgltis ehrenbergiana
Celtis bainingensidRech, Denkschr. Akad. Wiss. Wien 532 (1914).

Celtis balansadlanch, in DC. Prodr. 17: 183 (1873).

Type: New Caledonia, Bourail, on the Nera river,d@dsh 1041. Holotype: P.

Celtis bequaertDe Wild., Rev. Zool. Afr. 9. Suppl. Bor. 2 (1921).

Type: RD Congo. BR. Syn. &. mildbraedii

Celtis berlandieriKlotzsch, Linnaea 20: 541 (1848).

Type: Mexico. A, B, BM, BP, F, FI, G, MO, NY. Synt €. laevigata

Celtis berteroanaJrb., Rep. Sp. Nov. Regni Veget. 15: 109 (1917).

Type: Jamaica, Bertero 2116, Fuertes 670. Jamaica.

Celtis betulaefoliavandas Oest. Bot. Zeitschr 39: 221 (1889).

Type: Herzegowina, B, A, BH, L, SI.

Celtis betulinaLojac., Fl. Sci. 2 (2): 355 (1907).

Type: Sicily.

Celtis bifidaLeroy, Bull. Soc. Bot. France 95: 7 (1948).

Type: Madagascar, vallee du Fiherama, Greve 212tifm: P. Accepted.

Celtis bifloraRuiz. ex Miqg., Mart. Fl. Bras. 4. (1). 182 (1853).

Type: Peru and New Grenada.

Celtis bifloraRuiz & Pav.

Celtis biondiiPamp, Nuov. Giorn. Ital. 17: 252 (1910); Bull. Soc. To€xtic. ser. 3: 214 (1911).

Type: China, Kouy-Tcheou, environs de Koug-yang, bleida Pagoda Longo-chan A, P, LU, LI. Accepted. dn&h
Japan, Taiwan.

Celtis biondiiPamp.var. biondii, Bull. Soc. Tosc. Ortic. ser. 3: 214 (1911).

Type: China: Hupeh.

Celtis biondiiPamp.var. cavalieri Schneid.W. China

Celtis biondiiPamp.var. heterophylla (Lév.Schneid.Korean Peninsula.

Celtis biondiiPamp.var. holophylla (Nakai) E.W. Ma, Bull. Lab. North-East. Inst. 7: 125 (1980).

Type: Syn.C. leveilleivar.holophyllaLév.

Celtis biondiiPamp.var. insularis Hatusima, Fl. Ryukyus 224 (1971), no latin descr.

Type: Japan, Ryukyu Isl.

Celtis bodinieriLeveillé, Feddes Repert. 13: 265 (1914).

Type: China, Yunnan: Kouy-Tcheou, Environs de Kouyeyakh P, NTM.

Celtis boliviensisPlanch, Ann. Sc. Nat. Bot. Sér. 3, 10: 311 (1848).

Type: Bolivia. Without locality, 1839, Pentland Holotype: K; iso: P. Syn. dE. brasiliensigGardner) Planch.
Celtis boninensiKoidz., Bot. Mag. Tokyo 27: 183 (1913).

Type: Japan. Kuwanoha-yenoki. S@eltis jessoensikoidz. Japan, Bonin. Liukiu, insl. Okinawa.

Celtis bonplandianaPlanch, in DC. Prodr. DC. 17: 190 (1873).

Type: Argentina. Corrientes: without locality, Boapt 943. Holotype: P. Syn. 6f ehrenbergianéKlotsch) Liebm.
Celtis brasiliensigGardner) Planch., Ann. Sci. Nat. Bot. sér. 3, 10: 310 (1848).

Type: Brazil, Rio de Janeiro: Serra dos Orgao's, M&13, Gardner 347. Holotype: K, A, B, BM, BR, bR, E, F, FI.
Accepted. Basionynivlertensia brasiliensi&ardner, London J. Bot. 2: 3391(843).

Celtis brasiliensigGardner) Planch.f. claussenianaWedd.) Planch, in DC. Prodr. 17: 189 (1873).

Type: Brazil.Minas Gerais: without locality, 1838aGssen 1067. Holotype: P; iso: P.

Celtis brevifolia(Klotzsch) Mig., in Mart., Fl. Bras. 4, 1: 180 (1853).

Type: South America (Guayaquil?) Ruiz s.n. Holotype:Syn. ofC. iguanaea(Jacq.) Sarg. BasionyniMomisia
brevifolia Klotzsch, Linnaea 20: 5381(847).

Celtis brevinervis(Blume) Planch, in DC. Prodr. 17: 183 (1873). Basiony®olenostigma breviner@lume, Mus.
Bot. Lugd. Bat. 2: 67 (1856). Type: New Guinea, Zigpelotype: L. Syn. ofC. paniculata

Celtis brevipess.Watson Proc. Am. Acad. 14. 297 (1879).

Celtis brieyiDe Wild., Miss. de Briey Mayumbe 11: 1 (1920).

Type: DR Congo: Region of Ganda-Sundi, Count J. deyBL52. Holotype: BR. Syn. . tessmanniRendle. West
Trop. Africa.

Celtis browniiRendlg Journ. Bot. 53. 298 (1915).

Type: Uganda, Mabira forest, E. Brown 462. Lectotygld; iso: K. Syn. ofC. prantlii Priemer ex Engl.
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Celtis bungeanalume, Mus. Bot. Lugd. Bat. 2: 71 (1856).

Type: China, Japan. GH, SU. Accepted. Central anthNisia.

Celtis bungeanalume var. bungeana Mus. Bot. Lugd. Bat. 2: 71 (1856).

Celtis bungeanalume var. heterophyllaLév.

Type:. Syn. ofC. biondiivar.heterophylla

Celtis bungeanaBlume var. jessoensigKoidz.) Kudo.

Type: Basionym of. jessoensiKoidz.

Celtis bungeanaBlume var. deginensisXiang, W.Li & G.S.Fan, Acta. Bot. Yunnanica 20, 2: 160 (1998), as
"degiensis.

Type: Holotype: KUN.

Celtis bungeana&lume var. lanceolataE.W.Ma, Bull. Bot. Lab. North-East Forest. Inst. 7: 1258Q%

Celtis burmanniiPlanch, Ann. Sc. Nat., sér. 3, 10: 296 (1848).

Type: South Africa, Drége s.n. Lectotype: P; isolgpet K.

Celtis canescenkKunth, Nov. Gen. et Sp. 2: 28 (1817).

Syn. of Trema micranthé_.) Blume.

Celtis caninaRaf., Am. Monthly Mag. 2: 43 (1817).

Type: Basionym ofeltis occidentalivar.canina

Celtis caucasicddohen. ex Planch.Ann. Sc. Nat. sér. 3. 10: 285 (1848).

Name in synonymy. Syn. @eltis australisl.

Celtis caucasicawilld., Sp. Pl. ed. 4: 994 (1806).

Type: Caucasus on Caspian Sea, Adam 18981. HoldB/péar. of Celtis australisL. Iran, Afghanistan, Central Asia,
Nepal, Kashmir. Sometimes accepted as separatespec

Celtis caucasicaWilld. subsp.caudata(Planch.) I.A.Grudz., Novosti Sist. Vyssh. Rast. 16: 93 (1979). Basioig.
caudataPlanch.

Celtis caudataHance Ann. Sc. Nat. Bot. sér. 5, 5: 241 (1866).

Type: Taiwan, near Tam-sui. Holotype: P. SynPoinus pogonostyl®&axim.

Celtis caudataPlanch, Ann. Sc. Nat. Bot. sér. 3, 10: 294 (1848).

Type: Mexico, Zimapan, Coulter 1492, commun. Harvéylotype: K.

Celtis caudatawall. ex Planch, in DC. Prodr. 17: 199 (1873).

Type: India, Hogla hill, Wallich 1860. Holotype: Rerb. DC.

Celtis cavaleriei_eveille, Feddes Repert. 1: 440 (1912).

Type: China, Kouy-Tchéou, Pin-Fa, 4 sept. 1902 @akalerie, 349). A, G, K, L, P. China.

Celtis cerasiferaC.K.Schneid., Sarg. Pl. Wils. 3: 271 (1916).

Type: China (Hupeh), Collector, Fang Hsein, Octd®07.no 593, type, Wushan hsein, September 19Q7.Al4B,
DS, E, GH, K, MO, N, NY. Western Hupeh (China).

Celtis cercidifoliaC.K.Schneid., Sarg. Pl. Wils. 3: 271 (1916).

Type: China, Western Hupeh, Collector: A. Henry 2282B, BM, BRSL, CAL, DBN, E, F, G, K, L. SynCeltis
sinensisHemsley in Jour. Linn. Soc. 26: 450 (non Pers.p4)18China, Western Tienmushan, In forests, altO#00
Celtis chekiangensi€heng Contrib. Biol. Lab. Sc. Soc. China, Bot. ser. 4571934).

Type: Yutsing, western Tienmushan, W.C.Cheng (Chi&92 A, BM, DS, E, US. China, Yutsing, Western
Tienmushan, alt 7000 m.

Celtis chichapgWedd.) Mig., in Martius, Flora Bras. 4, 1: 181 (1853).

Type: Bolivia. Santa Cruz: Santa Cruz de la Siebay.Cordillera),Nov 1845, Weddell 3610. Holotypgt: iso: P,
MPU, Photograph in MO. Accepted. Basionyviomisia chichap&Vedd., Ann. Sci. Nat. Bot., Sér 3, 18: 193 (1852).
Celtis chichileaRuiz & Pav. ex Planch, Ann. Sc. Nat. Bot. sér. 3, 10: 335 (1848).

Type: Peru, Collector: Mathews 2038. Tex, Astc. S§Trema micranthaPeru.

Celtis chicopaMig., in Martius FI. Bras. 4, 1: 181 (1853).

Type: Syn. ofCeltis chicapgWedd.) Miq.

Celtis chinensiBunge, Enum. PI. Chin. Bor. 61 (1831).

Type: China. China.

Celtis choseniandNakai, Chosen Sanrin Kwaiho, No, 59, 21 (1930); NakhiSklvat. Koreana, 19. 59 (1932).
Type: Korea. Tl, A. SynCeltis koraiensiwvar. holophyllaNakai in Tokyo Bot.Mag. 40: 167 (1956). China, Kare
Celtis chuanchowensiMetcalf, Sunyatsenia, 3, 113 (1936).

Type: China (Fokien), Collector: H.H. Chung 3148, @ypmoy university, duplicate type, Lingnan Naturistory
Survey and Museum. A, AU, B, BM, F, FCU, FH. Fuki&@huanchow, roadside.

Celtis cinereaTorr., Bot. Mex. Bound. t. 50 (year).

Type: Syn. ofCeltis tala

Celtis cinnamomed.indl., Wall. Cat. 130. n. 3696 (1831).

Type: Bangladesh, Sylhet, Wallich no 3696m. Indias#m, Griffith in herb. Hook et Leman. Syntypes: KW E. In
open forest at low altitudes. India and Ceylonaealand Sumatra, China, Philippines.
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Celtis cinnamomed.indl. ex Planch, Ann. Sci. Nat. Bot. sér. 3, 10: 303 (1848).

Type: Bangladesh, Sylhet. E. Syn. ©f timorensisSpan. Himalaya (Nepal, Sikkim), India, BangladeSh, Lanka,
Burma, Indo-China, Malaysia.

Celtis clausseniangdWedd.) Mig., in Martius, FI. Bras. 4, 1: 178. (1853).

Type: Brazil: Minais Gerais, no locality, 1838, Cdaen 1067. Holotype: P; isotype P. SynCobrasiliensis(Gardner)
Planch. Other synMomisia claussenian#/edd.C. chichapeWedd.

Celtis collinsaeCraib, Kew Bull. 370 (1918).

Type: Sriracha, Mrs D. J. Collins, 230,241. A, BM,MO, NY, US. Syn. ofZ. philippensisBlanco.

Celtis commersoniA.Brong., Duperr. Voy. Coq. bot. 215 (£1834).

Type: Syn. offrema orientalis

Celtis compressa&.Chev,, Bull. Soc. Bot. Fr. 61, Mém. 8: 298 (1917).

Type: Ivory Coast: Bouroukrou, railroad km 92, 20cD&906 - 20 Jan. 1907, Chevalier 22451, 22460types: P.
Syn. ofC. mildbraedii

Celtis confertaPlanch, in DC. Prodr. 17: 183 (1873).

Type: not given; see varsuneataPlanch. anelliptica Planch.

Celtis confertaPlanch. subsp.amblyphylla(F.Mueller) P.S.Green J. Arn. Arbor. 67, 1: 120 (1986).

Type: basionymC. amblyphyllaF. Muell.

Celtis confertaPlanch.var. cuneataPlanch, in DC. Prodr. 17: 1911 (1873).

Type: New Caledonia: on the seacoast, Pancher, aridd® France, Vieillard 315. Syntypes: P. SynCofconferta
Planch.

Celtis confertaPlanch.var. elliptica Planch, in DC. Prodr. 17: 1911 (1873).

Type: New Caledonia: Noumea, Balansa 962. Holoti?p&yn. ofC. confertaPlanch.

Celtis cordataPers, Syn. 1: 222 (1805).

Celtis cordifoliaL'Herit. ex Duham., Arb. ed. Nov. 2. 37 (+1835).

Type: Korea. Tl. Japan, Chojusan prov. Kokai.

Celtis cordifoliaNakai, Bot. Mag. Tokyo 15: 168 (1926).

Celtis crassifoliaLam., Encyc. Méth. Bot. 4: 138 (1797).

Type: N. America. P. Syn. @&. occidentalid.. var. cordata.

Celtis crassifoliaLam. var. crassifolia Ann. Sci. Nat. (Paris) (sér. 2) Bot. 16: 40 (1841)

Type: Not indicated. P.

Celtis crassifoliaLam. var. eucalyptifoliaSpach Ann. Sci. Nat. (Paris) (sér. 2) Bot. 16: 39 (1841

Type: Not indicated. P.

Celtis crassifoliaLam. var. morifolia Spach Ann. Sci. Nat. (Paris) (sér. 2) Bot. 16: 39. (184

Type: Not indicated. P.

Celtis crassifoliaLam. var. tiliaefolia Spach Ann. Sci. Nat. (Paris) (sér. 2) Bot. 16: 39 (1841

Type: Not indicated. P.

Celtis crenata(Wedd.) Miqg., in Mart. Fl. Bras. 4, 1: 181 (1853).

Type: Bolivia: Santa Cruz: Santa Cruz de la Sidtray.Cordillera, Nov. 1845, Weddell 3579. Holotypeiso: P. Syn.
of C. brasiliensigGardner) Planch. Other syMpmisia crenataVedd., Ann. Sci. Nat. Bot., sér. 3, 18: 195 (1852
Celtis crenataA.Chev., Expl. Bot. Afr. Occ. Franc. 1. 588 (1920).

Type: Ivory Coast: Morénou, between Yaboisso and uRemu, 4 Dec. 1909, Chevalier 22488 & Benin: near
Zagnanado, between Abbo and Massé, 6 Feb. 1910ae22575. P. Syn. @&. prantlii Priemer ex Engl.

Celtis crenataMiq., in Mart. Fl. Bras. 4 (1). 181 (1853).

Type: Bolivia: Santa Cruz: Santa Cruz de la Siefay. Cordillera) Nov. 1845, Weddell 3579. Holotygg iso: P.
Syn. ofC. tala In prov. S. Cruz de la Sierra Boliviae.

Celtis crenataPlanch, in DC. Prodr. 17: 1911 (1873).

Type: Bolivia: Prov.Cordillera, Santa Cruz de lar&gNov.1845, Weddell 3579. Holotype: P; iso: P.

Celtis crenato-serrataerr., Philipp. J. Sci. 5. 174 (1910).

Type: Philippines, Luzon, Province of Bataan, DuBlasest Bur. 20043 Tapacio, 2 Oct. 1909. BR. LuRymyince of
Bataan, Duale,

Celtis curiandiubaGomez ex Planch.in DC. Prodr. 17: 204 (1873).

Type: SI, LIL. Syn..Trema micrantha

Celtis davidianaCarr, Rev. Hortic. 300 (1868).

Type: China. P. Syn. &. bungeana.

Celtis dichotomgKlotzsch) Ruiz ex Miq, in Mart. Fl. Bras. 4, 1: 182. (1853).

Type: Peru: Pasco: Pozuzo, Chacahuassi, Ruiz & PavorHolotype: B; iso: B. Syn. @&. iguanaea(Jacq.) Sarg.;
Basionym:Momisia dichotoma&lotzsch, Linnaea 20: 539.1847.

Celtis dichotomaRuiz ex Miq., in Mart. Fl. Bras. 4, 1: 182. (1853).

Type: Peru. Holotype: B; iso: B.
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Celtis diffusaPlanch, Ann. Sci. Nat. Bot. sér. 3, 10: 314 (1848).

Type: Brazil: Arraial das Merces, Oct 1840, Gardb&B4. Holotype: K. Syn. of. iguanaea(Jacq.) Sarg. Brasiliae
prov. Minas Geraes, loco dicto Arraial das Merces.

Celtis dioicaS.Moore Bot. J. Linn. Soc. 11: 204 (1911).

Type: Zimbabwe: Gazaland, Chirinda Forest, Swynnetfifh Holotype: K; iso: BM. Syn. o. gomphophyllaBaker.
Chirinda forest, 3700-4000 ft.

Celtis discolorA.Brongn., Duperr. Voy. Coq. Bot. 1: 215. t. 47. f. B. (433

Type: Basionym of ofrema discoloBlume.

Celtis distichaParodi, Anal. Soc. Cient. Argent. 5: 96 (1878).

Type: Paraguay: Caaguazu, Apr. 1863, Anon. s.nifdoed. Possibly ndeltis.

Celtis djungiel(Blume) Planch, in DC. Prodr. 17: 185 (1873).

Type: Indonesia: W. Java. U. Basiong@ualenostigma djungi@lume. Syn. ofC. philippensiBlanco.

Celtis douglasiiPlanch, Ann. Sc. Nat. sér. 3. 10: 293. (1848).

Type: Canada: British Colombia, Douglas s.n. Heriold, Herb. Lindl. Accepted. Canada, USA.

Celtis dubiaDe Wild., Rev. Zool. Afr. 9. Suppl. Bot. 5 (1921).

Type: DR Congo: Bequaert 2525 (holotype: BR);. Hgtet BR. Syn. ofC. mildbraedii

Celtis dumosaCasar. ex Planch.in DC. Prodr. 17: 188 (1873).

In synonymy ofC. ferruginea(Wedd.) Planch..

Celtis durandiiEngl., Notizbl. Bot. Gart. Berlin, 3. 222 (1900).

Type: Congo, Tanzania, Trotha 171. B, BR, L. SyrCofjomphophyll®8aker. Uganda, Kenya, Tanganyika.

Celtis durandiiEngl. var. ugandensigRendle) Rendle Fl. Trop. Afr. 6, 2: 5 (1916).

Type: Uganda, Bagshawe 669. Holotype: BM. Syn. aj@nphophylla Baker; Basionyr@. ugandensi®endle.

Celtis dysodoxylomhwaites, Enum. Pl. Zeyl. 267 (1861).

Type: Sri Lanka, Thwaites c.p. 2563. PDA, BM, HAK, kptype. Sri Lanka, India, Nepal, Bangladesh, Byrma
Thailand, Indo-China and Malaysia.

Celtis edulisNakai, Chosen Sanrin Kwaiho, No, 59. 23 (1930); NakhiSklvat. Koreana. 19: 70 (1932).

Type: Korea: Prokogen, Kanhoku. TH, TI. Prov. Kongei: Taikisan (S. Fukubara & K. Takaichi, Prov. Kanbok
Meisen Jokomen.

Celtis ehrenbergiandKlotzsch) Liebm., Dansk. Vidensk. Selsk. Skrift. 5. 2. 339 (1851).

Type: Mexico: near Montezuma, Jan 1840, C. Ehrenlddrtt. Holotype: B. BasionymMomisia ehrenbergiana
Klotzsch. South America, Mexico, Haiti, Puerto Risouthern USA.

Celtis elongatawall., Cat. N. 3692 (1831).

Type: Syn. oVillebrunea integrifoliaGaudich.

Celtis emuyacaMetcalf, Sunyatsenia 3, 112 (1936).

Celtis epiphylladena@rtega, Hort. Matr. 799 (1797); Nov. PI. Descr. Dec. 19§9).

Type: Unknown (Berg & Dahlberg 2001). Not in MA. Sy C. iguanaegJacq.) Sarg.

Celtis erianthaE.Mey. ex Planch, Ann. Sc. Nat. sér. 3. 5: 296 (1848).

Type: South Africa, Cape prov., near Graafreyne®010300 m, Burke in herb. Hook. OR DREGE. SynCoffricana
Burm.f. South Africa.

Celtis eriocarpaDecne Jacquem. Voy. Bot. 150 (1844).

Type: Between Nekki and Prountche. RAW, E. N.W.Hawpal

Celtis espinosd.arrafiaga, Publ. Inst. Hist. Geogr. Urug. 3: 42 (1924).

Nom. nud.

Celtis fenggingensi$iu ex E.W.Ma, Bull. Bot. Lab. North-East. Forest. Inst. 7: 129§Q).

Celtis ferarumStandl. & L.O.Williams, Ceiba 1: 77 (1950 ).

Type: Nicaragua: Paul C. Standley no. 20384. ENAGGH, US. Nicaragua, Loma entre matorrales, cerca de
Condega. alt. 550 m.

Celtis ferruginea(Wedd.) Mig., In Mart. Fl. Bras. 4, 1: 177 (1853).

Type: Brazil: Rio de Janeiro, Gaudichaud 1832, Gagad 846. Holotype: P-Photograph in MO,L, CL, D,,BRFI, G,
MPU, PC, W. Syn. oMomisia ferrugineaWedd. Ann. Sci. Nat. Bot., sér. 3,18: 149.1852ad8ia, Prope Rio de
Janeiro, ibid. in monte Corcovado.

Celtis ferruginea(Wedd.) Planch, in DC. Prodr. 17: 188 (1873).

Type: Brazil: Rio de Janeiro, Gaudichaud no 1833a@ztto no 1846. Holotype: P.

Celtis ferrugineaWalp., Nov. Act. Nat. Cur. 19. Suppl. 1: 424 (1843).

Type: Syn. oZiziphus exsert®C. in sylvulis ditionis Yungas reipublicae bolins. Bolivia.

Celtis flagellarisCasar. ex Planch.in DC. Prodr. 17: 189 (1873).

Type: Syn. ofC. brasiliensigGardner) Planch.

Celtis flexuosa(Wedd.) Mig., in Mart. Fl. Bras. 4, 1: 181 (1853).

Type: Bolivia: La Paz: Prov. Yungas, Dec. 1846, Wdddi¢21. Holotype: P; iso: P, PC, S. Syn.©f brasiliensis
(Gardner) Planch. Other syhMomisia flexuos&edd., Ann Sci. Nat. Bot., sér. 3, 18: 1951(852).
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Celtis flexuosaWedd. var. glabrifolia Griseb., Abh. Konigl. Ges. Wiss. Gottingen 24, 1: 85 (1879

Type: Argentina: Salta: Oran, Oct 1873, Lorentz & rdiggmus 483. Holotype: GOET. Syn. 6f ehrenbergiana
(Klotsch) Liebm.

Celtis flexuosaPlanch, in DC. Prodr. 17: 192 (1873).

Type: Bolivia: La Paz, Prov. Yungas, Dec.1846, Weldt21.

Celtis floridanaRafin., New. FI. Am. 3. 37 (1836-38).

Celtis fluminensisCarauta, Atlas Soc. Biol. Rio de Janeiro 15, 1: 39 (1971).

Type: Brazil: Rio de Janeiro,1832 Gaudichaud 91okple: P-Photograph in MO, L, CL, D, BR, F, FI, G, MIFPC,
W. Syn. ofC. brasiliensigGardner) Other synMomisia ferrugineaVedd.,C. ferruginea(Wedd.) Miq.

Celtis fragiferaA.Chev, Expl. Bot. Afr. Occ. Franc. 1. 588 (1917).

Type: Ivory Coast: Valley of the Moyen-Comoé riveetween Tingouéla and Assikasso, Chevalier 2257 btyfe:
P, iso: K. Nomen, syn. @&. adolfi-friderici Priemer ex Engl.

Celtis franksiaeN.E.Br., in Dyer, Fl. Cap. 5, 2: 517 (1920).

Type: S.Africa, Natal, near Durban, Miss Franks erttHiWood 11725. Syn. &. mildbraedii

Celtis fuscataRafin., New. FI. Am. 3: 33 (1836-38).

Celtis fuscataRojas, Cat. Hist. Nat. corrient. 81 (1897).

Celtis formosanaHayata, Journ. Coll. Sci. Univ. Tokyo 3 Art. 1, 272 (1911)

Type: Accepted. Taiwan.

Celtis gardneriPlanch, Ann. Sc. Nat. sér. 3, 10 : 311 1848).

Type: Brazil: Alagoas, Rio Sao Francisco, Sao Péslamd, Feb. 1838, Gardner 1406. Holotype: K, BpS. Syn. of
C. iguanaegJacq.) Sarg. Brazil.

Celtis georgianaSmall, Bull. Torrey Bot. Club 24: 439 (1897).

Type: America (north-central Georgia). Syn. @éltis tenuifoliavar. georgiana(Small) Fernald & B.G.Schub. and
Celtis pumilavar. georgianaSarg. &Celtis occidentalisubspgeorgiana(Small) E. Murry. &Celtis occidentalivar.
georgiana(Small) H. E. Ahles. Along or near streams, Nomimical Georgia.

Celtis glabraNoronha, Verh. Batav. Gen. v. ed. 1 art. 4, 12 (1790).

Type: L. India: Kumaon.

Celtis glabraPlanch, Ann. Sc. Nat. Bot. sér. 3, 10: 298 (1848).

Type: Upper India: Kumaon, Wallich 3695B. HolotyjhéNN; iso: K.

Celtis glabrataSpreng, Syst. Veg. 5: 150 (1828).

Type: Mexico. Campeche: without locality, Apr., ierb. Humboldt s.n. Holotype: B; iso:UN. Syn. kffertensia
laevigataKunth.,Momisia laevigatadKunth) F.Dietr. Celtis aculeateSw. var.laevigata(Kunth) Planch.

Celtis glabrataStev. ex Planch.Ann. Sc. Nat. sér. 3, 10: 285 (1848).

Type: Province Caucasus, Tauria, Stev. Dd. 1834sé8esseorgia near Elisabethpol in herb. Hook. SysdyiX.
Accepted. Caucasus, Asia Minor.

Celtis glomerataHochst, Flora 28. 87. (1845).

Type: South Africa. L, K, BR. Syn. @ponia guineensidochst. Natal.

Celtis glycycarpaMart. ex Mig., in Mart. Fl. Bras. 4, 1: 174, 1853.

Type: Brazil: Minas Gerais: Near Itambe' and Duast®s Pohl s.n.; Minas Gerais: Praesidium S.Joatidae,
Martius s.n. Syntypes: M., photograph in MO and N¥respectively. Syn. d. iguanaegJacq.) Sarg.

Celtis gomphophyllaBaker, J. Linn. Soc. 12. 521 (1887).

Type: Madagascar, Baron 3697. Holotype: K; iso: BRAccepted. Madagascar.

Celtis gongshanensiXiang, W.Li & G.S.Fan, Acta. Bot. Yunnanica 20, 2: 160 (1998).

Type: China South-Central, Collector: G. M.Feng 2192E. Holotype: KUN. Gongshan Xian, 2000 m.

Celtis goudotiiPlanch, Ann. Sc. Nat. Bot. sér. 3. 10, 312.1848.

Type: Colombia: Tolima: between Ibagu'e and FusaguegsGoudot s.n. Holotype: K. Syn. 6f iguanaea(Jacq.)
Sarg.

Celtis grandidentataren., Ind. Sem. Hort. Neap. 15 (1833).

Type: Syn. ofCeltis occidentalivar.grandidentataDippel.

Celtis grewioidedVarb., Bot. Jahrb. Syst. 13. 287 (1891).

Type: Syn. oZiziphus angustifoliaindia, Burma,Thailand, Malaysia, Philippines, Néwinea.

Celtis guineensisschum. & Thonn,, Beskr. Guin. PI. 160 (1827).

Type: Ghana. iso: C. Syn. @fema guineensiéSchumach. & Thonn.) Ficalho. Tropical Africa, Madacar, Arabia.
Celtis hamataBlume, Mus. Bot. Lugd. Bot. 22: 72 (1856).

Type: Malaya. Syn. of. timorensisSpan. Malaya, India, Bangladesh.

Celtis hamiltonii Planch, Ann. Sc. Nat. Bot. sér. 3, 10: 301 (1848).

Type: India. Attran river, Hamilton s.n. Holotype:NIN.

Celtis harperiHorne ex Baker, Bot. J. Linn. Soc. 20. 371 (1883).

Type: Fiji. GH, K, LE K. Mountain forests between Waai and Lomaloma, Vanua Levu.
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Celtis hashimotoKoidz., Acta Phytotax & Geobot. 1. 19 (1932).

Type: Japan: Hondo, C. Hashimoto. TH, TI. SynCofessoensi&oidz. Japonia, Honto, prov. Ohmi, Higashi-asaigun
Kusanomura, Kami-itanami, Yasakajinjia, Prov. Mimies, prov. Bittsiu, prov. Aki.

Celtis hasseltiPlanch, in DC. Prodr. 17: 185. (1873).

Type: Japan, Honto, Ohmi, Higashi, C. Hashimotalapan, Honto, prov. Ohmi, Higashi-asaigun, Kusarrarrami-
itanami, Yasakajinjia, Prov. Mimasaka, prov. Biitgprov. Aki.

Celtis helleriSmall, Bull. Torrey Bot. Club 24: 439 (1897).

Type: Texas, near San Antonio, Collector: Mr. Heller,1587. Accepted. SyrC. lindheimeriEngelm. ex C.Koch.
Celtis henriquesiiEngl., Notizbl. Bot. Gart. Berlin 3. 22 (1900).

Type: Angola. Lectotypes: BM, K. Syn. 6f africanaBurm.f. Africa: Benguella, in Jugo Chella alt. 80200m.
Celtis heterophylaRafin., New. FI. Am. 3: 37 (1836-38).

Celtis hilariana Planch, in DC. Prodr. 17: 189 (1873).

Type: Brazil. Minas Gerais: without locality, 1818211, Saint-Hilaire 1877. Holotype: P; iso: P. SghC. iguanaea
(Jacq.) Sarg.

Celtis hildebrandiiSoepadmo Fl. Males. Ser. 1, 8 (2): 63 (1977).

Type: Malesia, Molucas XXX(Buru, rare), New Guin&R, L, LAE, M, MAN. Malesia, Moluccas (Buru, rare) e
Guinea, W & E parts, common, New Britain, in bothmary and secondary forests at 0-1000 m.

Celtis holtziiEngl., Engl. & Drude, Veg. der Erde 9: 12 (1915).

Type: Tanzania, Collector: holtz 1591. Holotype: Bot in K. Syn. ofC. africanaBurm.f.

Celtis hottleiStandl., Tropical Woods 20: 20 (1929).

Type: Honduras & British Honduras, Near ProgresgptD¥oro, April 4, 1929, W.D. Hottle 32. (Herb. keMus.
589282, Type: Yale 15610). Farm 43 near Progresoil 2pd, 1929, Hottle 108 (Yale 15669)- British Hhmas,
Hillbank, July 1928, C. S. Brown xvii (Yale. A, Aonduras, near Progreso, Hillbank.

Celtis hunanensidHand-Mazz., Anz. Akad. Wiss. Wien, Math.-Nat, 9: 53 (1922).

Type: China (Hunan).

Celtis hypoleucéPlanch, in DC. Prodr. 17: 183 (1873).

Type: In Nova Caledonia, Balansa n. 1665 and 1668ua Paris. New Caledonia, Canala.

Celtis iguanaea (as iguaneugjacq.) Sarg, Silva North America 7: 64 (1895).

Type: Jamaica. BasionynRhamnus iguanaeuacq., Enum. syst. Pl. 16.1760. Other.syiziphusiguanea(Jacq.)
Lam., Encycl. 3: 318 (1789) &. aculeataSw. America: Florida (USA) to Argentine.

Celtis ilicifolia Engl., Pflanzenw. Ost-Afr. C. 160 (1895).

Type: Tsaydo River, Collector, Hildebr. No 2608. Hygfte: B; iso: BO, BZF.

Celtis ingensF.Muell., Fragm. Phyt. Australiae 4: 88 (1864).

Type: Australia, Hasting river, Richmond et Clareiteer, at Edgecomb Bay, Sula, Sweer's Island. tp&a MEL;
iso: K, L. Syn. ofC. paniculata(Endl.) Planch.

Celtis inglisii Royle, lllustr. Bot. Himal. 341 (1835/39).

Type: India, Kunaor, Royle s.n. Name, no description

Celtis insularisRendle, Journ. Bot. 3: 297 (1915).

Type: West tropical Africa, St. Thomas Island, Dos VBelwitsch, 6304, Qumtas 144, Princes Island, 1K1%yn. of
C. philippensisBlanco. West Tropical Africa, St. Thomas IslandnBeis Island.

Celtis integrifoliaLam., Encyc. 4. 140 (1797).

Type: Senegal, Adanson 229 A. Holotype: P, photK.isyn. of C. toka(Forssk.) Hepper & J.R.l. Wood. Senegal to
Uganda, Sudan, and Arabia.

Celtis ituriensisDe Wild., Rev. Zool. Afr. 9, Suppl. Bot. 4 (1921).

Type: Congo Republic, Bequaert 2153. Holotype: By, f C. adolfi-friderici Engl. DR Congo (K).

Celtis jamaicensidlanch, Ann. Sc. Nat. Bot. sér. 3. 290 (1848).

Type: Jamaica, Shakspeare s.n. in herb. Banks & Balefh s.n. in herb. Hook. Syntypes: K.

Celtis japonicaPlanch, in DC. Prodr. 17: 172 (1873).

Type: Japan, Small s.n., coll. Wright. HolotypeBRsionym ofC. sinensis/ar.japonica(Planch.) Nakai, Japan, China.
Celtis jessoensikoidz., Bot. Mag. Tokyo 27: 183 (1913).

Type: Japan, Ezo-enoki. A, Tl. Accepted. Japan &d&atin monte Hakuyozan prov. Zennan, silvis montinirisan
prov. Zennan, in monte Keiryuzan prov. Chunan, lissKoryo prov. Keiki.

Celtis julianaeC.K.Schneid., in Sarg. PIl. Wils. 3: 265 (1916).

Type: China (Hupeh). A, B, K, NY, P, S. China (westelupeh) Patung hsien, woodlands, alt. 900 -1100 m

Celtis kajewskiiMerr. & Perry , Journ. Arn. Arb. 32: 254 (1941).

Type: Bismark (New Britain), Solomon Islands, (Eassalia), Guadalcanal, Berande, Kajewski 2445udgn1931.
Holotype: A; iso: FU. Solomon Islands, GuadalcaBalande, in rain forest, New Britain (Keravat Expent station,
near Rabaul).

Celtis koidzumiNakai, Bot. Mag. Tokyo 28: 265 (1914).

Type: Japan. Japan.
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Celtis koraiensidNakai, Bot. Mag. Tokyo 23: 191 (1909).

Type: Korea, Sailhokumen prov., Kyongsan. A, TE. Axted. Korea, N. China, Manchuria.

Celtis kotschyangtev, Bull. Soc. Nat. Mosc. 30: 329 (1857).

Celtis kraussianaBernh., Flora 28: 87 (1845).

Type: South Africa, Cape Province, Krauss. Holotyein Hook herb.; iso: BM, G, K. Syn. @. africanaBurm.f. S.
Africa: Tafelberg.

Celtis kraussianaBernh. var. stolzii, Feddes Repert. Beih. 40, 2: 64 (1932).

Type: Holotype: B; iso: BM, K.

Celtis kunmingensi€Cheng & Hong, Scientia Silvae 1: 12 (1967).

Type: China. China.

Celtis labilisC.K.Schneid, in Sarg. Pl. Wils. 3: 267 (1916).

Type: China, Western Hupeh: Changyang Hsien, A. H&4i04. A, B, NY, P, S. Accepted. China: West Hupeh
Changyang Hsien, alt. 900 -1300 m.

Celtis lacteaSim, Fl. Port. E. Afr. 97 (1909).

Celtis laetaSalisb, in DC. Prodr. 175. 1873.

Celtis laevigataKunth) Spreng., Syst. Veg.1: 932 (1824).

Type: Mexico: Campeche, no locality, Humboldt s.nldtype: B. Syn. ofC. iguanaegJacqg.) Sarg.

Celtis laevigatawilld. , Enum. Hort. Berol. 67 ( 1814 ).

Type: Syn..C. mississipiensis

Celtis laevigatawilld. , Berlinische Baumzucht, ed. 2: 81 (1811).

Celtis laevigatawilld. subsp.reticulata (Torr.) E.Murray , Kalmia 13: 4 (1983).

Type: BasionymC. reticulataTorr.

Celtis laevigatawilld. var. anomalaSarg, Bot. Gaz. 67: 225 (1919).

Celtis laevigataWilld. var. appostitaAshe Bull. Torrey Bot.Club 50: 361 (1923).

Celtis laevigatawilld. var. brachphyllaSarg., Bot. Gaz. 67: 225 (1919).

Celtis laevigataWilld. var. brevipesSarg, Bot. Gaz. 67: 225 (1919).

Celtis laevigatawilld. var. reticulata (Torr.) L.D.Benson, Amer. J. Bot. 30: 225. 1943.

Type: Syn. ofC. reticulata

Celtis laevigatawilld. var. smallii Sarg, Bot. Gaz. 67: 223 (1919).

Type: BasionymC. smalliiBeadle. Accepted. SE USA.

Celtis laevigataWwilld. var. texanaSarg., Bot. Gaz. 67: 223 (1919).

Type: BasionymC. texanaScheele. Accepted. SE USA.

Celtis lamarckianaRoem. & Schult, Systema veget. 6: 311 (1820).

Type: Martinique Martin (Pacific Ocean). BZF, J, EnSof Trema lamarckiangRoem. & Schult.) Blume.

Celtis lanceolataParodi, Ann. Soc. Cient. Argent. V. 5: 152 (1878).

Type: Paraguay: Caaguazu, 1863, Anon. s.n. Not drgBerg & Dahlberg 2001). Possibigeltis brasiliensis
Paraguay.

Celtis lancifolia (Wedd.) Miq., in Mart FI. Bras. 4, 1: 175 (1853).

Type: Brazil: Rio Grand do Sul: without locality, 38 Gaudichaud 1723. Holotype: P. Syn. of C. eleagihna
(Klotsch) Liebm. Basionymiomisia lancifoliaWedd.

Celtis lancifolia Planch, in DC. Prodr. 17: 192 (1873).

Type: Brazil: Rio Grand do Sul: without locality, 38 Gaudichaud 1723. Holotype: P. Basionywiomisia lancifolia
Wedd. Brazil: prov. Rio Grande.

Celtis latifolia Planch, in DC. Prodr. 17: 186 (1873).

Type: New Guinea. U, W. Aisuma Isl. near New GuirMalaysia, Philippines.

Celtis laurifolia Planch, in DC. Prodr. 17: 185 (1873).

Type: Java, Mt. Menara. FB. Syn.©f philippensisBlanco. Indonesia: Java, Bantam.

Celtis leveilleiNakai, Bot. Mag. Tokyo. 19: 266 (1914).

Type: Japan, China. Tl, A. Accepted. S¢h bungeanaar. heterophyllaLév., C. sinensignon Pers.) Nakai pro parte.
Japan, China, Korea.

Celtis leveilleiNakai var. holophylla Nakai.

Type: Japan. Accepted. Japan.

Celtis limaBlanco, Fl. Filip. ed. 1. 197 (1837).

Type: Syn. offrema blancoBlume.

Celtis limaLam., Encycl. 4: 40 (1796).

Type: Syn. offrema lamarckiana

Celtis limaSw, Prodr. Veg. Ind. occ. 53 (1788).

Type: Syn. offrema limaBlume.

Celtis lindheimeriEngelm. ex C.Koch Dendro. 2, 1: 434 (1872).

Type: N. Mexico, Texas. SynC. helleriSmall.
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Celtis littoralis Liebm., Vidensk Selsk. Skr. 5, 2: 337 (1851).

Celtis liukiuensisNakai, Bot. Mag. Tokyo. 27: 265 (1914).

Type: Japan. TAI. Syn. of ®oninensiKoidz. Japan.

Celtis longifoliaNutt, N. Amer. Sylv. 1: 134 (1852).

Type: Syn. ofC. occidentalissar. integrifolia Nutt.

Celtis longifolia Rafin., Atl. Journ. 177 (1833).

Celtis loxensisC.C.Berg, Brittonia 53: 75 (2001).

Type: Ecuador. Loja: Rd. Catamayosan Pedro de la Berdack to hosteria Bella Vista, km 3, secondaagk to
right, km 3.5, G.P.Lewis & C.C.Berg 3739. Holotyh&®JA, iso: AAU, MO, K, BG, AAU, QCA, QCNE. Accepted.
Celtis luteaPers, Syn. PI. 1: 292 (1805).

Type: Syn. ofC. australisL.

Celtis luzonicaWarb., Perkins, Frag. Fl. Philipp. 164 (1905).

Type: Philippines, Northen Luzon to Mindanao, Waghiit912. US, PNH, B, E, HUG, BM, C, GH, L.

Celtis macrophyllaKunth, Nov. Gen. et Sp. 2: 24 (1817).

Type: Syn. offrema macrophyllgKunth) Blume.

Celtis madagascariensiBoj., Hort. Maurit. 296 (1837).

Type: Nom. inval., nom nud. Syn. ®fema orientalid_.

Celtis madagascariensiSattarian, Blumea 50: 501 (2005).

Type: Madagascar: Toliara, Reserve d'Andohalehdlig®on 2938. Holotype: MO; iso: WAG. Madagascamon
nov.: Celtis malagasic&attarian.

Celtis maireiLév., Feddes Repert. 13. 264 (1914).

Type: China: Yunnan, Tong-Tchouan. DAO, E. China: yamnear Long-Tan a Tong-Tchouan, 2500 m.

Celtis malagasicé&attarian, This volume, nom nov. To replaCe madagascariensiSattarian nom. inval.

Type: Madagascar: Toliara, Reserve d’Andohalehdjd3oin 2938. Holotype: MO; iso: WAG.

Celtis maritimaRafin., Am. Monthy. Mag. 2. 44 (1817).

Celtis mauritianaPlanch, Ann. Sc. Nat. sér. 3, 10: 307 (1848).

Type: Mauritius, Commerson. Holotype: K. Mauritius.

Celtis membranace@/Nedd.) Miq., Mart. Fl. Bras. 4, 1: 176 (1853).

Type: Brazil: Rio de Janeiro, 1831-1833, Gaudich&aQ81. Holotype: P; iso: P. Syn. &f. iguanaea(Jacq.) Sarg.
BasionymMomisia membranaced/edd. Brazil: prov. Goyaz.

Celtis micrantha(L.) Sw., Prodr. veg. Ind. Occ. 53 (1788).

Type: L. BasionynRhamnus micranthh. Syn. ofTrema micrantha

Celtis microcarpaSalzm. ex Planch.Ann. Sc. Nat. sér. 3. 10: 333 (1848).

Type: Syn. offTrema micranthgL.) Blume.

Celtis microphyllaZipp. ex Blume Mus. Bot. Lugd. Bat. 2. 59 (1856).

Type: Syn. offrema timorensi8lume.

Celtis mildbraediiEngl., Bot. Jahrb. Syst. 43. 309 (1909).

Type: Congo Republic, Mildbread 2897. Lectotype: B,BIBG, L, photo in K. Accepted. Tropical Africa frohaory
Coast to Tanzania and Angola.

Celtis mindanaensi&€lmer, Leaflets Philipp. Bot. 8. 2842 (1915).

Type: Mindanao: District of Davao, Mindanao, jun®09, A.D.E. Elmer 10999. A, B, BM. Syn. @. philippensis
Blanca Philippines, Mindanao.

Celtis mississippiensiBosc, Lam. Encycl. Méth. Agr. 7. 577 (1821).

Type: Syn. ofC. laevigatawilld.

Celtis mollisHumb. & Bonpl., Revisio Generum Plantarum 2: 634 (1891).

Type: Syn. offrema orientalissar. mollis Kuntz.

Celtis mollisHumb. & Bonpl. ex Willd., Sp. PI. ed. 4: 996 (1806).

Type: Syn. offrema micranthdL.) Blume.

Celtis molliswall., Wall. Cat. n. 7203 (1831).

Celtis monoicaHemsl, Biol Centr.-Am., Bot. 3. 139 (1883).

Type: Mexico.

Celtis montanalungh. ex Planch, in DC. Prodr. 17: 193 (1873).

Material: Junghuhn s.n. BOG, L. Nomen nudum. SyfRafsponia parvifloraMig.

Celtis morifolia Planch, Ann. Sc. Nat. sér. 3. 10: 311 (1848).

Type: Brazil: Goia's: La Natividad, Dec 1839, Gard&426. Holotype: K; isotype (fragment): U. Syn.@figuanaea
(Jacq.) Sarg.

Celtis morifolia Rafin., New FI. Am. 3. 34 (1836-38).

Type:. Brazil: prov. Goyaz.

Celtis mukii Siebold & Zucc, Abh. Akad. Minch. 4. 3: 223 (1846).

Type: Japan.
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Celtis mukuSiebold Verh. Batav. Gen. 12. 28 (1830).

Type: Syn. ofAphananthe asperBlanch.

Celtis multifolia EImer ex Merr., Enum. Philipp. FI. PI. 2. 32 (1923).

Type: Philippines: Northen Luzon to Mindanao and wala US, PNH. Syn. oE. philippensisBlanco. Philippines:
Northern Luzon to Mindanao and Palawan, Southea§lbina and Taiwan to north eastern Australia.
Celtis napalensiglanch, Ann. Sc. Nat. sér. 3. 10: 298 (1848).

Type: Nepal. L. Syn. of. tetrandraRoxb. Nepal.

Celtis nervosaHemsl, Bot. J. Linn. Soc. 26: 450 ( 1894).

Type: Taiwan; Apes' Hill, Playfair 458. K, Li, CheByn. ofC. tetrandraRoxb. subspsinensigPers.). Taiwan.
Celtis nymaniiK Schum,, K. Schum & Lauterb. Nachtr. Fl. Deutsch. Stuidse@ (2205).

Type: Malaysia, Nyman 239. B. Syn. ©f rigescengMiq.). New Guinea.

Celtis obliqguaMoench, Meth. 344 (1794).

Type: Syn. ofC. occidentalid_.

Celtis occidentalid., Sp. Pl. 1044 (1753).

Type: USA, Virginia. Accepted. N. America.

Celtis occidentalid.. subsp.georgiana(Small) E.Murray, Kalmia 12. 19 (1982).

BasionymC. georgianaSmall.

Celtis occidentalid.. subsp.tenuifolia (Nutt) E.Murray , Kalmia 12. 19 (1982).

Basionym:C. tenuifoliaNutt.

Celtis occidentalid.. var. asperaDippel, Handb. Laubholzk 2: 44 (1892).

Basionym:C. asperaDippel.

Celtis occidentalid.. var. audibertianaDippel, Handb. Laubholzk 2: 43 (1892).

Basionym:C. audibertianaSpach.

Celtis occidentalid_. var. canina Sarg, Bot. Gaz. 67: 217 (1919).

Basionym:C. caninaRaf.

Celtis occidentalid.. var. canina (Pers.) Willd.

Celtis occidentalid.. var. crassifolian (Lam.) Dippel, Handb. Laubholzk 2: 44 (1892).

Basionym:C. crassifoliaLam.

Celtis occidentalid.. var. georgiana(Small) H.E.Ahles J. Elisha Mitchell. Sci. Soc. 80: 172( 1964).
Basionym:C. georgianaSmall.

Celtis occidentalid.. var. grandidentataDippel, Handb. Laubholzk 2: 44 (1892).

Type: BasionynC. grandidentatalren.

Celtis occidentalid.. var. grandidentataSpach Ann. Sci. Nat. Bot. Sér 2, 16: 40 (1841).

Type: Nom. superfl.

Celtis occidentalid.. var. pumila (Muhlenb.) Pursh, Gray Manual ed. 2: 397 (1856).

Basionym:C. pumilaPursh. Accepted. N. America.

Celtis occidentalid.. var. reticulata (Torr.) Sarg., Cat. For. Trees 9: 126 (1884).

BasionymC. reticulataTorr.

Celtis occidentalid.. var. serrulataSpach Ann. Sci. Nat. (Paris) (sér 2) Bot. 16: 41 (1841)

Celtis occidentalid.. var. submembranace&ernald, Rhodora 37: 425. 1935.

Type: USA, Virginia, Knott's Island, Fernald & Lor3910. Holotype: GH. Accepted. USA, Virginia, N &Garolina,
Georgia.

Celtis opacaC.Moore ex Benth, Fl. Austral. 6. 157 (1873).

Type: Australia: N.S. Wales, N.Australia. Hastingar@nce, and Richmond rivers, Beckler, C. Moore, dam
Exhibition 1862, n. 93. L, M. Syn. @&. paniculata(Endl.) Planch. Pacific Islands, Australia.

Celtis opegraph&lanch, Ann. Sc. Nat. sér. 3, 10: 294 (1848).

Type: South Africa, Cape Province. K, Isolecto. SyC. africanaBurm.f.

Celtis orientalisHort. ex Steud, Nom. ed. 2. 1: 316 (1840).

Type: Syn. ofC. occidentalid_.

Celtis orientalisLam., Enc. 4: 138 (1796).

Type: Syn. offrema commersonBlume.

Celtis orientalisL., Sp. Pl. 1044 (1753).

Type: Syn. ofTrema orientalis Tropical Africa, Himalaya, India, Ceylon, Indo-@h, W & S China, Australia,
Polynesia.

Celtis orientalisMill. , Gard. Dict. ed. 8 (1768).

Type: Syn. ofC. australisL.

Celtis orientalisThunb., Fl. Jap. 114 (1784).

Type: Japan. Syn. &. sinensis

Celtis orthocanthodPlanch, Ann. Sci. Nat. sér. 3, 10 : 309 (1848) & Miqg.Nfart., Fl.bras. 4(1): 175.1853.
Type: Brazil: Bahia, without locality, Salzmann gHuolotype: K. Syn. oC. aculeata
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Celtis pacificaPlanch, Ann. Sc. Nat. sér. 3. 10: 308 (1848).

Type: Pacific Ocean, Mathews no 95 in herb. Hook BK]. Syn. of C. paniculata(Endl.) Planch. Pacific ocean:
Novaheoha.

Celtis palauensi&anehira & Hatusima, Bot. Mag. Tokyo. 53: 190 (1939).

Type: Japan. A, BO, FU. Syn. ©fema integrifolia Japan.

Celtis pallidaTorr., Rep. U.S. Mex. Bound. 2: 203.1859.

Type: USA, W Texas, Fort Duncan on Gulf of Mexicop Rrande, 1851-1852, Wright 1858. Lectotype: NY; Bo
Syn. of C. ehrenbergiana (Klotsch) Liebm. Other :s¢h.tala var. pallida (Torr.) Planch. &C. spinosavar. pallida
(Torr.) M.C. Johnst.

Celtis pallidaTorr. subsp.sericea(Romanczuk) Romanczuk Darwiniana, 21, 2-4: 562 (1978).

Type: Argentina: Jujuy: Depto. San Pedro. San Lu2aslan 1976, Cabrera et al. 27532. Holotype:s8t; P. Syn. of
C. chichape (Wedd.) Mig.

Celtis pallidaTorr. subsp.sericeaRomanczuk & M.A.Martinez, Darwiniana, 21, 2-4: 562 (1978).

Type: Syn. of C. chichape (Wedd.) Mig.

Celtis pallidaTorr. var. discolorHunz. & Dottori, Kurtziana, 9: 130 (1976).

Type: Argentina: Catamarca: Depto. Capayan, SiegrAmbato,Quebrada de San Jeronimo, 5 km of Chumabith
Feb 1975, Hunziker et. al. 22774. Holotype: CORIN.®f C. chichapgWedd.) Mig.

Celtis pallida(Endl.) Planch, Ann. Sc. Nat. Bot. sér. 3, 10: 305 (1848).

Type: Syn. ofSolenostigma paniculatandl. Norfolk Isl., Pacific Ocean.

Celtis pallidaPlanch, Ann. Sc. Nat. Bot. sér. 3. 10: 305 (1848).

Type: Australia, Pacific.

Celtis paniculata(Endl.) Planch, Ann. Sc. Nat. sér. 3, 10: 305 (1848).

Type: Australia, Pacific. K, BM. Accepted (J. Arntbbr. 67: 119 (1986). Australia, Malesia, New Gaine

Celtis parvifoliaA.Rich, Fl. Cub. Fanerog. 2. 219.

Type: Cuba.

Celtis parvifoliaRafin., New. Fl. Am. 3. 36 (1836-38).

Type: Syn. ofC. occidentalid..

Celtis patulaRafin., New FI. Am. 3. 37 (1836-38).

Type: Syn. ofC. reticulata

Celtis pavoniiPlanch, Ann. Sc. Nat. sér. 3. 10: 313 (1848).

Type: Peru, without locality, Ruiz & Pavon s.n. Hglee: K, in herb. Hook, specim. Ex herb. Lambert easbb
Berolinensi sulC. biflorag iso: G, photograph in MO, =same type collectisrfa M. dichotomaKlotzsch. Syn. ofC.
iguanaea(Jacq.) Sarg. Peru.

Celtis petenensikundell, Bull. Torr. Bot. Cl. 69: 386. 1942.

Type: Guatemala, C.Llundell 4306 Type in UniversityMithigan Herbarium. Holotype: MICH; iso: A, BM, &,
GH, K, LCU. Guatemala: Peten: Lake Yaxha, on ruin§agdoxte.

Celtis philippensisBlanco, Fl. Filip.ed. 1: 197 (1837), ed. 2: 139 (184%), & 249 (1877).

Type: Philippines: Malaitmo. US, PNH, WAG. Syk: philippinensisBenth.,C. strychnoide$lanch. Indian Ocean,
Burma, S.E. China, Hong Kong, Taiwan, Indo-China, [Eimai, Malesia, Solomon lsls.

Celtis philippensisBlancovar. wightii (Planch.) SoepadmpFIl. Males. Ser. 1, 8 (2): 62 (1977).

Basionym:C. wightii. Relegated to the synonymy ©f wightii Planch.

Celtis philippinensisHayata, Hayata Enum. Pl. Formos. 369 (1906), (non Blanco).

Specimen examined by Hayata: Taiwan, Kelung and iRactMakino s.n. anno 1896 (TAl). Taiwan. Syn. ©f
philippensisBlanco

Celtis planchonianaK.l.Christensen, Fl. Hellenica 1: 54 (1997).

Type: Ukraine: Crimea. Lectotype: H, B, BR. Syn.@fglabra Stev. ex PlanchorG. tourneforti Lam var.glabrata
Boiss. S. Jugoslavia and Bulgaria, NE Greece, Tur®gsia, N. Iraq and Iran.

Celtis platycaulisGreenm, Proc. Amer. Acad. Arts 39: 78 (1903).

Type: Mexico: Morelos, near Yantepec, 5 Jul. 190indhe 8535. Holotype: GH.; iso: G, GOET, M, NY, BS. Syn.
of C. iguanaegJacq.) Sarg. Other symomisia platycadigGreenm.) Rose & Standl.

Celtis politoriaWall., Wall.Cat. n. 3693 (1831).

Type: Nepal & Kumaon,Thompson 838. RAW, syntype. .SyghTrema politoria India;: Himalaya, S.W. China:
Yunnan.

Celtis polycarpa_év., Feddes Repert. 11: 296 (1912).

Type: China: Kweichau, Cavalerie no 3790. Holotypgiso: A, G, K.

Celtis polycladaPeter, Feddes Repert. Beih. 11. 2. Anhang. 1 (1932).

Type:.

Celtis prantlii Priemer ex Engl, Nobtizbl. Bot. Gart. Berlin 3: 23 (1900).

Type: W. Africa. K. Accepted. West Africa.
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Celtis prantlii Priemer ex Engl.f. parvifolia Hauman, Bull. Jard. Bot Etat 16: 411 (1942).

Type: DR Congo: Bokoboli, Claessens 612; betweendianand Poko, Lebrun 3074; La Kulu, Vandenbranden 668
Luja, s.l., s.n. Syntypes: BR. Syn.©f prantlii Priemer ex Engl. DR Congo.

Celtis prantliiRendle Fl. Trop. Afr., ed. Prain, 6, 2: 8 (1916).

Type: Annobon Isl. Syn. dE. rendleands. Taylor.

Celtis proceraSalisb, Prodr. 175 (1796).

Type: Syn. ofC. occidentalid..

Celtis pruniputamineak.W.Ma, Bull. Bot. Lab. North.-East Forest Inst. 1980, Z311980).

Type: China: Kweichau. P, A, G.

Celtis pubescengunth) Spreng., Syst. Veg. 1: 931 (1824).

Type: Ecuador: Guatas, Guayaquil, Feb 1802, Humbmllt Holotype: B, Photograph in NY; so: P. Syn.(f
iguanaea(Jacq.) Sarg.; Other syiMertensia pubescersunth, Nov. Gen. Sp.2: 26 (folio)(1817); SchuByst.Veg. 6:
312.1820Momisia pubescen®unth) Spreng., Nachtr. Vollst. Lex. Gaertn. Bait123 (1819).

Celtis pubescenKunth, Nov. Gen. et Sp. 2: 32 (1817).

Celtis pubescenS.Y.Wang & C.L.Chang, J. Henan Agric. Coll. 1980, 2: 7 (1980) & FI. Henl: 268 (1981).
Type: China. China: Southeast (Henan).

Celtis pubescengunth) Planch var. chichape(Wedd.) Baehnj Candollea 7: 201 (1937).

Type: Bolivia: Santa Cruz: Santa Cruz de la SieReoy.Cordillera), Nov -Dec 1845, Weddell 3610. Hyfe: P,
photograph in MO; iso: MPU, P. Syn. idiomisia chichap&Vedd, Ann. Sci. Nat.Bot.,sér. 3,18: 193.1852.

Celtis pumilaPursh, FI. Amer. Sept. 1: 200 (1814).

Type: America: Maryland and Virginia. Basionym@f occidentalisvar. pumila (Pursh) A.Gray & Coccidentalisvar.
pumilaDippel & C. mississippiensigar.pumilaMack & Bush in Mack.

Celtis pumilaPursh var. deamiiSarg, Bot. Gaz. 67: 228. (1919).

Celtis pumilaPursh var. georgianaSarg, Bot. Gaz. 67: 227. (1919).

Type: Syn. of C. georgiana Small.

Celtis punctata(Urb. & Ekman) Urb. & Ekman , Arkiv. Bot. 22A, 8: 14 (1929).

Type: Haiti, Montagnes du Trou d'Eau, near Glore, &% 1924, Ekman H.1041. Holotype: B, iso: S. Syh.Go
ehrenbergiandKlotsch) Liebm. BasionynfSarcomphalus punctatigrb. & Ekman.

Celtis rendleanaG.Taylor, Exell, Cat. Vasc. Pl. S. Tome 302 (1944).

Type: Angola: Welwitsch 6302. Holotype: BM, iso: 8yn.of C. prantliiPriemer ex Engl.

Celtis reticulataBoorsma, Bull. Dep. Agric. Ind. Neerl. 7: 32 (1907), Spimal

Type: GH, NY. Syn. oC. laevigatasubspreticulata(Torr.) E. Murray.

Celtis reticulataHook. f. & Thomson ex Planch.in DC. Prodr. 17: 209 (1873).

Type: Syn. ofGironniera reticulata N. America.

Celtis reticulataTorr., Ann. Lyceum. Nat. Hist. New York 2: 247 (1828).

Type: N. America, N. Mexico. Accepted. Basionym ©f occidentalisvar. reticulata (Torr.) L.D.Benson &C.
occidentalissubspreticulata(Torr) E.Murray, other syrC. reticulatavar.vestitaSargent.

Celtis reticulataTorr. var. vestitaSarg, Bot. Gaz. 67: 221 (1919).

Type: America. Syn C. reticulataTorr.

Celtis reticulosaMiq., in Pl. Jungh. 69 (1851).

Type: Syn. ofC. cinnamomegC. timorensisSpan.

Celtis rhamnifolia Presl, Bot. Bemerk. 37 (1845).

Type: South Africa without locality, Zeyher no. 3Byn. ofC. africanaBurm.f.

Celtis rhamnoide®C. ex Planch, in DC. Prodr. 17: 189 (1873).

Type: Syn. ofC. brasiliensis

Celtis rhamnoidedwilld. , Sp. PI. ed. 4: 998 (1806).

Type: Sp. Pl. 4: 998 (1806) C. Commelin, Horti MAdhstel.ed.3 t. 73 (1724). Syn. of C. iguanaea (J&&arg.
Celtis rigescen®lanch, in DC. Prodr. 17: 182 (1873).

Type: Sumatra. NY, U, US, W. Syn. 6f sumatrana&lanch. Sumatra, Prov. Palembang.

Celtis rigidaBlume, Bijdr. 486 (1824).

Type: Syn. offrema rigida Blume

Celtis rigidaD.Parodi, An. Soc. Ci. Argent. 5: 153 (1878).

Type: Paraguay: Central, Asuncién, Anon. s.n. Natdd (Berg & Dahlberg 2001). Possibly @altis Paraguay.
Celtis ripariaKunth, Nov. Gen. et Sp. 2: 28 (1817).

Type: B, K. Syn. offrema ripariakunth.

Celtis ripariaLiebm., Vidensk. Selsk. 5. 2. 337 (1851).

Type: Syn. ofC. caudata

Celtis rockiiRehder, Journ. Arn. Arb. 12: 199 (1933).

Type: China: Yunnan, region of Tungshana. Ti, A. Chiiznnan: region of Tungshan drainage basin, ddskiang.
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Celtis rostrataZipp. ex Span, Linnaea 15: 343 (1841).

Type: Syn. ofSponia rostrata

Celtis roxburghii J.0.Voigt, Hort. Suburb. Calcutt. 294 (1845).

Type: East India. A, BM, BR, CAL, E, G. Syn. 6f trinerviaKoord.

Celtis roxburghii DC. ex Planch, Ann. Sc. Nat, sér. 3, 10 : 302 (1848).

Type: Syn. ofC. tetrandra

Celtis rubroveniaElmer, Leaflets Philipp. Bot. 2. 464 (1908).

Type: Philippines: Luzon, Vidal 1330, Loher 5037, Etn6©40, 8775, Vanoverbergh 2578. A, B, DS, Accepted
Philippines (Luzon), Malesia, New Guinea.

Celtis rufescen®anks ex Planch. Ann. Sc. Nat, sér. 3, 10 : 334 (1848).

Type: Jamaica, Hartweg no. 1559. BM, NY. SynT#ma micranthdL.) Blume. Jamaica.

Celtis rugosaA.Chev,, Expl. Bot. Afr. Occ. Franc. 1. 589 (1920).

Type: Ivory Coast: Bouroukrou, railroad km 92, 20cD&906 - 20 Jan. 1907, Chevalier 16130 & Anourniabest,
railroad km 140, 12-20 Nov. 1909, Chevalier B. 2239yntypes: P. Syn. &. zenkerEngl. Guinea, Ivory Coast.
Celtis rugosaRydb., Bull. Torrey Bot. Club 39: 304 (1912).

Type: Syn.C. rugulosaRydberg. USA, Colorado.

Celtis rugosawilld. , Sp. Pl. ed. 4. 996 (1806).

Type: Syn. offrema rugosa

Celtis rugulosaRydb., Fl. Rocky Mts. 207 (1917).

Type: A, AS, MT, NEB, NY. Syn. of. rugosa

Celtis salicifoliaRafin., New Fl. Am. 3: 34 (1836-38).

Type: Syn. ofC. mississippiensis

Celtis salomonensi®ech, Denkschr. Akad. Wiss. Wien. 1913, 84: 532 (1914).

Celtis salvatianaC.K.Schneid., in Sarg. Pl. Wils. 3: 283 (1916).

Type: China: Yunnan. TI. China.

Celtis scabraCasar. ex Planch.in DC. Prodr. 17: 204. (1873).

Type: Syn. offrema carinataBlume.

Celtis scabraHort. ex Dippel, Handb. Laubholzk. 2. 44 (1822).

Type: Syn. ofC. occidentalid..

Celtis schiedean&chlecht Linnaea 7: 140 (1832).

Type: Nom. nud. Syn. dfrema micranthgL.) Blume.

Celtis schippiiStandl., Field Mus. Nat. Hist. Botanical ser. 12: 409 (83

Type: British Honduras, Temash River, in primary &yéarch 25, 1935, W.A.Schipp 1322. A, B, BM, BK&yn. of
Sparrea schippi(Standl.) Hunz. & Dottori (UImaceae). Honduras.

Celtis scotellioide#\.Chev., Expl. Bot. Afr. Occ. Franc. 1. 590 (1920), nomen.

Type: Ivory Coast: Haute-Sassandra, between DroupidiZoanlé, 5 May 1909, Chevalier 21459. Holotypiaso: K.
Syn. ofC. prantlii Priemer ex Engl.

Celtis sellowianaMiq., in Mart. Fl. Bras. 4, 1: 179 (1853).

Type: Brazil: In Brasiliae australiore, Sellow sHolotype: U: iso: P, US. Syn. of C. ehrenbergialibtsch) Liebm.
Other syn.C. talavar.selloviana(Mig.) Kuntze. Brazil, Rio Grande.

Celtis sellowianaMiq. f. praecoxLorentz, Not published.

Type: Argentina: near Cérdoba, Estancia Germanica,-Dac. 1874, Lorentz 133. GOET, MPU, P. Syn.Qf
ehrenbergiandKlotsch) Liebm.

Celtis sericeaM.C.Romanczuk Hickenia 1, 2: 8 (1976).

Type: Argentina: Jujuy: depto. San Pedro, San LiZagan 1976, Cabrera et al. 27532. Holotype: I; P. Syn. o€C.
chichape(Wedd.) Miq. Other synC. pallidasubspsericea(Romanczuk) Romanczuk.

Celtis serotinaPlanch, Ann. Sc. Nat. Bot. sér. 3, 10: 301 (1848).

Type: India, Nilgiri Mts, Gardner in herb. Hook. Htype: K, W. Syn. ofC. tetrandra India, Burma, Indo-China,
Malaysia.

Celtis serrataHort. ex Dippel, Handb. Laubholzk. 2: 43 (1822).

Type: Syn. ofC. australisL.

Celtis serrataHort. ex Ettingsh., Blatt-Skel. Dikot. 26. t. 3, fig 14 (1861).

Celtis shortiiPlanch, Ann. Sc. Nat, sér. 3, 10: 292 (1848).

Type: North America, Short, in herb. Hook. Holotypge:DWC, GH, L, MO, W.

Celtis similisMerr. & Perry , Journ. Arn. Arb. 22. 253. (1941).

Type: New. Guinea: Balim River, Brass & Versteeghla@68. A, AMES, B, BM, BR, F, GH. New Guinea.

Celtis sinensisPers, Syn. PI. 1: 286 (1805).

Type: China. KAO, KW, L, LU. Accepted. China, Koreapan, Taiwan.

Celtis sinensidPers.var. japonica (Planch.) Nakai

Type: BasionymC. japonicaPlanch. Japan, Korea, China. Accepted by someeauth
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Celtis sinensisPlanch, Ann. Sc. Nat. sér. 3, 10: 286 (1848).

Type: China. China.

Celtis sinensigwilld. , Enum. Hort. Berol. Suppl. 67 (1814).

Type: Japan. Japan.

Celtis smalliiBeadle Small, FI. S. E. U. 365 (1903).

Type: USA: Tennessee to Georgia and Alabama. U.oBgsi of C. lavigatavar. smallii Sarg. USA: North Carolina
and Tennessee to Georgia and Alabama.

Celtis solenostigm&Jnwin, West African Forests & Forestry 246 (1920).

Type: Nigeria. W, S, K, N. Abeokuta, Ibadan, Bertyerri, Ogoja provinces of Nigeria in the mixed ideous forest
zone.

Celtis soyauxiiEngl., Notizbl. Bot. Gart. 3: 23 (1900).

Type: Congo Republic: Soyaux 202 (Lectotype: B; Kp& Angola, Cuanza Norte, Welwitsch 6285 (ParatyB#,
COl, E, COI, K. Syn. o€. zenkeriLoango: Tschintschocho, Bergwald Nuzala. Angola.

Celtis spinosaRuiz ex Miq., in Mart. Fl. Bras. 4, 1: 182 (1853).

Type: Brazil, no locality, Sellow s.n. Holotype: Byn. ofC. iguanaegJacq.) Sarg.

Celtis spinosaRuiz ex Miq. var. pallida (Torr) M.C.Johnst., Southw. Naturalist 2(4): 172 (1957).

Basionym:C. pallida Torr. Type: USA Texas: Rio Grande, 1851-1852, Writ®58. Lectotype [M.C.Johnston]. Syn
of C. ehrenbergianéKlotsch) Liebm.

Celtis spinosaRuiz ex Mig. var. weddeliana(Planch.) Baehnj Candollea 7: 204 (1936).

Type: Argentina: Corrientes: without locality, Fa832, Bonpland 1211. P. Syn.©f ehrenbergiangKlotsch) Liebm.
Other syn.C. talavar.weddelianaPlanch.

Celtis spinos&Spreng, Syst. Veg. 1: 932 (1824.).

Type: Brazil. Without locality, Sellow s.n. HolotypB. Brazil.

Celtis spinos&Ruix & Pav., see Planch., in DC., Prodr. 17: 187 (1873).

Type: Syn. ofC. iguanaegJacq.) Sarg.

Celtis spinosissim@Wedd.) Mig., in Mart. Fl. Bras. 4, 1: 176 (1853).

Type: Brazil: Rio de Janeiro, Aug. 1828, Gay s.nlatipe: P, photograph MO. Syn. 6f iguanaegJacq.) Sarg. Prov.
Rio de Janeiro, Augusto.

Celtis strychnoide#lanch, Ann. Sc. Nat. sér. 3, 10: 306 (1848).

Type: Australia. DNH, TEX, TPV. Syn. &. philippensisBlanco.

Celtis stuhlmanniEngl., Notizbl. Bot. Gart. 3: 23 (1900).

Type: Tanganyika: Uluguru Mts., Stuhlmann 8703. Legtet B, isolecto: K. Syn. df. zenkerEngl.

Celtis subdentat&.Mey. ex Planch, Ann. Sc. Nat. Bot. sér. 3, 10: 341 (1848).

Type: South Africa: distr. Somerset, Mt. Enon 100026. Holotype: P; iso: K. Syn. @haetachme aristatRlanch.
Celtis sumatrangMiq.) Planch., in DC. Prodr. 17: 181 (1873).

Type: North Sumatra, prov. Angkol, forest, Junghgim BasionymSolenostigma sumatranuMiq. Holotype: U.
Indonesia, Sumatra.

Celtis swartziiPlanch, Ann. Sc. Nat. Bot. sér. 3, 10: 304 (1948).

Type: Jamaica, Swartz . NY, K. Jamaica.

Celtis taiyuanensi€.W.Ma, Bull. Bot. Lab. North-East. Inst. 1980, 7: 124 (098

Type: China. A, GH, US, DS. China.

Celtis taiwannaHayata, Journ. Coll. Sci. Univ. Tokyo 3 Art. 1: 272 (1911

Type: Japan, Koshun: Naibun, Collector: G. Nakahlaed, 1907, Shizangan, Kelung, et Pikaku, T. Maki@®6. TlI,
MAK. Syn.: Celtis philippinensisHayata. Hayata, Enum. Pl. Formos. p. 369, (nomd&la Koshun: Naibun,
Shizangan.

Celtis talaGill. ex Planch, Ann. Sc. Nat. sér. 3, 10: 310 (1848).

Type: Argentina, prov. of San Luis, Gillies s.n. Lagpe: K. Syn. ofC. ehrenbergiangKlotsch) Liebm.

Celtis talaGill. ex Planch.var. tala Gill. ex Planch, Ann. Sc. Nat. sér. 3, 10: 310 (1848).

Type: Bolivia: Tariya, near Palo, Mar. 1910, Herz@®p3a; Tariya, Rio Pilcomayo, Nov. 1910, Herzog 10B#ya,
between Ipaguassu and Fontin d'Orbigny, Nov. 1BiB0zog 1071. Syntypes: G?, G & S, Z resp. SyrC.ofhichape
(Wedd.) Mig.

Celtis talaGill. ex Planch.var. tala Gill. ex Planch. f. obtusata Chodat & Hass|.Bull. Herb. Boiss. sér. 2, 3: 348
(1903).

Type: Paraguay: near Concepcion, Sept. 1901-1908sléta7295. Holotype: G; iso: MPU, NY, P. Syn. ©f
ehrenbergiangKlotsch) Liebm.

Celtis talaGill. ex Planch.var. chichape(Wedd.) Planch, in DC. Prodr. 17: 191 (1873).

Type: Bolivia: Santa Cruz: Santa Cruz de la SieReoy.Cordillera), Nov -Dec 1845, Weddell 3610. Hype: P,
photograph in MO; iso: MPU, P. Syn. ©f chichapgWedd.) Mig.
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Celtis talaGill. ex Planch.var. chichape(Wedd.) Planch. f. subpilosa KuntzeRev. Gen. PI. 3, 3: 294 (1898).
Type: Argentina: Santiago del Estero, Pinto, Oct.218Quntze s.n. Holotype: NY; iso: NY. Syn. 6f ehrenbergiana
(Klotsch) Liebm.

Celtis talaGill. ex Planch.var. chichape(Wedd.) Planch. f.subtomentos&untze, Rev. Gen. Pl. 3, 3: 294 (1898).
Type: Argentina; Salta, Oran, Oct. 1873, Lorentz &idhymus 3. Holotype: NY; iso: GOET, S. Syn. ©f
ehrenbergiandKlotsch) Liebm.

Celtis talaGill. ex Planch.var. gillesianaPlanch, (typical variety), in DC. Prodr. 17: 191 (1873).

Type: Argentina, prov. of San Luiz, Gillies s.n., Mewideo and Buenos Aires, Capt. King s.n., Horgekiensis as
Celtis du Paraguay, herb. Durand. Syntypes: K, (kRmespectively. Lectotype: K. Syn.®f ehrenbergiangKlotsch)
Liebm.

Celtis talaGill. ex Planch.var. gaudichaudianaPlanch, in DC. Prodr. 17: 191 (1873).

Type: Brazil: Rio Grande do Sul, no locality, 18&xudichaud 1732. Holotype: P. Syn.fehrenbergiangKlotsch)
Liebm.

Celtis talaGill. ex Planch.var. pallida (Torr.) Planch., in DC. Prodr. 17: 191 (1873).

Type: USA, W. Texas, Fort Duncan on Gulf of Mexicorigtit 1858 & Port Lavaca, Trecul 1148. Syntypes: yh. ®f
C. ehrenbergiandKlotsch) Liebm. BasionymC. pallidaTorr.

Celtis talaGill. ex Planch.var. selloviana(Mig. ) Kuntze, Revis. Gen PI. 3. Pt. 2: 294 (1898)saflowiana
Basionym:C. sellovianaMig.

Celtis talaGill. ex Planch.var. weddellianaPlanch, in DC. Prodr. 17: 191 (1873).

Type: Argentina.Corrientes: without locality, Feb328 Bonpland 1211. Lectotype: P. Syn. ©f ehrenbergiana
(Klotsch) Liebm. Other synC. spinosavar.weddelliana(Planch.) Baehni.

Celtis tenuifoliaNutt., Gen. N. Amer. PI. 1: 202 (1818).

Type: N.America. Syn. of. occidentalissubsp. tenuifolia (Nutt) E.Murrag;. georgianaSmall,C. occidentalid_. var.
georgiana(Small) Ahles;,C. pumilaPursh vargeorgiana(Small) SargentC. tenuifoliavar. georgiana(Small) Fernald
& B.G. Schubert. N. America.

Celtis tenuifoliaRafin., New. Fl. Am. 3. 36 (1836-38).

Type: Syn. ofC. occidentalid..

Celtis tenuifoliaRafin. var. tenuifolia Nutt., Gen. N. Amer. PI. 1: 202 (1818).

Celtis tenuifoliaRafin. var. georgiana(Small) Fernald & B.G.Schub, Rhodora 50: 16 (1948).

Type: USA: Georgia. Basionyrn@. georgianaSmall.

Celtis tenuifoliaRafin. var. soperiB. Boivin, Naturaliste Canad. 94: 622 (1967).

Type: Canada: Ontario, Burcher, Soper 2200. HolotiaA.

Celtis tessmanniRendle Journ. Bot. 53: 297 (1915).

Type: Equatorial Guinea: inland, Mabungo 450, m, esm B25 (B). Near Celtis zenkeri. W, B. Acceptéest
Africa, Eq. Guinea, Gabon.

Celtis tetrandraRoxb. f. pendulaY.Q.Zhu, Bull. Bot. Res. North -East. Forest. Univ. 2020@0).

Type: China (Shandong). North-Central China.

Celtis tetrandrawall., Wall. Cat. n. 3695 F (1831).

Type: Holotype: K-Wall. Syn. o¥illebrunea integrifolia

Celtis tetrandraRoxb., Hort. Beng. 21 (1814); FI. Ind. 2, 2: 63 (1832).

Type: Nepal, Hamilton n. 1802. K. Himalaya (KumaorBhutan), Khasia, Deccan and Malaysia, China.

Celtis tetrandraRoxb. subsp.sinensis(Pers.)Y.C.Tang Acta Phytotax. Sin. 17, 1: 51 (1979).

Type: Berlandierii. Syn. of. nervosaHemsl. BasionymC. sinensiders.

Celtis texanaScheeleLinnaea 22: 146 (1849).

Type: America, Lindheimer. BM, A, ARIZ, B, C, CAL, LSyn. of C. laevigatavar. texana(Scheele) Sarg. USA:
Texas.

Celtis tikalanaLundell, Wrightia 2: 50 (1960).

Type: Guatemala, C.L. Lundell no 16083. A, BM, C, EU, MO, NY. Guatemala.

Celtis timorensisSpan, Linnaea 15: 343 (1841).

Type: Timor. Holotype: L; isotype: K. Indonesia: Timdts.

Celtis toka(Forssk.) Hepper & J.R.I.Wood, Kew Bull. 38: 86 (1983).

Type: Senegal. Holotype: P-JU, G, PJU, P-LA. Accgptasionym:Ficus tokaForssk. Somalia, Senegal, Chad,
Cameroon, Central African Republic, Sudan, Ethiopiganda, Yemen.

Celtis tomentosd&oxb., Hort. Beng. 86 (1814); Fl. Ind. 2, 2: 66 (1832).

Type: Syn. offrema amboinensi/illd.

Celtis tournefortiiLam., Encycl. méth. 4: 138 (1797).

Type: Turkey. L, K. Syn. o€. australisL. Balkan, Anatolia, N Iraq, W Iran, accepted bynsoauthors.

Celtis trichocarpaCheng & E.W.Ma, Bull. Bot. Lab. North-East. Forest. Inst. 1980 (@)1 (1980) astlrchocarpd.
Type: China. China.
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Celtis triflora (Klotzsch) Ruiz ex Mig, in Mart. Fl. Bras. 4, 1: 181 (1853).

Type: Peru. Pasco: Pozuzo, Ruiz & Pavén s.n. Hototi photograph in MO; iso: P. Basionyiomisia triflora
Ruiz ex Klotzsch, Linnaea 20: 537 (1847). SynCofala

Celtis trinerviaKoord., Exkursionsfl. Java 2: 76 (1912).

Type: Syn. ofC. roxburghii J.O. Voigt & Bosea trinerviaRoxb. (Amaranthaceae). Indonesia, Malaysia, Hiyzala
Andamans, Sri Lanka, Australia.

Celtis trinerviaLam., Encycl. Méth. Bot. 4: 140 (1797).

Type: Guatemala, Santo Domingo. Accepted. SynSmdnia trinervia(Lam.) Decne,C. swartzii Planch. Southern
Mexico, Guatemala, Sto Domingo.

Celtis tupalangiVassilcz, Not. Syst. Herb. Inst. Bot. Acad. Sci. URSS 18(1957).

Celtis ugandensifendle Journ. Bot. 64: 341 (1906).

Type: Uganda: Entebbe, Bagshawe 669. Holotype: BM. 8§C. gomphophyll8aker. Uganda.

Celtis urticifolia Rafin., New FI. Am. 3: 32 (1836-38).

Type: Syn. ofC. occidentalid_.

Celtis usambarensi&ngl., Bot. Jahrb. Syst. 63: 309 (1909).

Type: Tanganyika, E. Usambara, on Bomole about 10@nmmermann in Herb. Amani 853. Holotype: B. SynCof
mildbraedii Tanzania

Celtis utilis (Caminhod) Caminhog Bot. Ger. Med. 5: 2237 (1883); Carauta, Rodrigugg, 39: 109 (1974).

Type: BasionynMertensia utilisCaminhoa. Probably syn. Gkltis orthocanthas

Celtis vandervoetian&.K.Schneid., Sarg. Pl. Wils. 3: 267 (1916).

Type: China: Szechuan, Veitch Exped. No 4467. BMCKina (Szechuan).

Celtis velutinaPlanch, Ann. Sci. Nat. Bot. sér. 3. 10: 313. (1848) &Mart., Fl. Bras. 4(1): 1811 (1853).

Type: Peru, Quebrada de Pariahuanca, Mathews 82@tyHe: K, iso: K. Syn. o€. iguanaegJacq.) Sarg.

Celtis vesiculosadochst. ex Planch.Ann. Sc. Nat. sér. 3, 10: 295. (1848).

Type: In mountibus Samensibus Abyssiniae, Schimpé2 1Ethiopia. Holotype: B?; iso: BM, K. Syn. @f kraussiana
= C. africana Ethiopia, Tropical and S.Africa, Yemen).

Celtis villosulaRydb., FI. Rocky Mts. ed 2: 1116 (1923).

Type: Utah (without definite locality), M.E. Jonea.dLL, GH. USA.

Celtis virgataRoxb., Wall. Cat. n. 3694 (1831).

Type: K-Wall. Syn. offrema timorensis

Celtis vitiensisA.C.Smith, Bull. Torrey Bot. Club 52: 536 (1943).

Type: Viti Levu: Tholo North: Vicinity of Nandarivatalt. 750 m, Nandrau, alt about 600 m.

Degener no 14322, Gillespie 4185. A, MO, B. SynCofpaniculata(Endl.) Planch. Pacific: Viti Levu: Tholo North:
Vicinity of Nandarivatu.

Celtis waitziiBlume, Bot. Lugd. Bat. 2: 71 (1856).

Type: India, Bangladesh, Burma. Syn.Gfcinnamomea.indl. Sri Lanka, India, Bangladesh, Burma, Thailalmdio-
China, Malaysia, Indonesia.

Celtis wallichii Steud, Nom. ed. 2, 1: 316 (1840-41).

Nomen. East India. Syn. @. tetrandra

Celtis weddelliangPlanch.) Romanczuk Hickenia, 1, 2: 8. (1976).

Type: Argentina.Corrientes: without locality, Feb328 Bonpland 1211. Lectotype: P. Syn. ©f ehrenbergiana
(Klotsch) Liebm. BasionynC. talavar.weddellianaPlanch.

Celtis wightii Planch, Ann. Sc. Nat. sér. 3, 10: 307 (1848).

Type: India, In peninsula Indiae orientalis, ibidntontibus Neelgherries Wight 85 & Wight s.n. & Gayl Walker 214
& Gardner s.n. (K). Syntypes: K. Accepted. Indig,l%nka, S.E. Asia, Uganda, Kenya, Mozambique.

Celtis willdenowianaRoem. & Schult, Syst. Veget. 6: 306 (1820).

Type: Japan. B. Syn. &. sinensiwar.japonica Japan, China.

Celtis williamsii Rusby, Bull. N.Y. Bot. Gard. 6: 497 (1910).

Type: Bolivia: La Paz, San Buenaventura, 30 Nov 180%, Williams 603. Holotype: NY; iso: K, NY, USy& of C.
iguanaea(Jacq.) Sarg. Indian peninsula, Sri Lanka.

Celtis xizangensi&€.W.Ma, Acta Phytotax. Sin. 18: 14 (1980).

Type: China: Tibet, Zhao Chong-fu 417. PE. China.

Celtis yangquanensi&.W.Ma, Bull. Lab. North- East. Forest. Inst. 1980, 7: {2380).

Type: A, B, E, Hk. China.

Celtis yunnanensisC.K.Schneid., Sarg. Pl. Wils. 3: 279 (1916).

Type: China: Yunnan, Collector: A. Henry 9323. Hgfze: NY. China (Yunnan).

Celtis zenkeriEngl., Notizbl. Bot. Gart. Berlin. 3: 22 (1900).

Type: Cameroon, Yaoundé, Zenker & Staudt 9. Holotypeiso: K, P. Accepted. Africa: Cameroun, Congd® R
Congo, Nigeria, Ghana, Cote d'lvoire.
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Celtis zippelii(Blume) Planch, in DC. Prodr. 17: 185 (1873).

Type: New Guinea, Zippel. Holotype: L. Basiony®olenostigma zippelliBlume. Java. Close t€. philippensis
Blanco s.s.

Celtis zizyphoidegKunth) Spreng., Syst. Veg. 1: 932 (1824).

Type: Colombia: Bolivar, Rio Magdalena. Near Mompe®dompos), Michiqueo and Penones de Roso, May 1831,
Humboldt s.n. Holotype (fragment): B; photographN¥; iso: P, photograph in G. Basionyiertensia ziziphoides
Kunth in Humb. & Bonpl., Nov. Gen.Sp. 2:26 (foli®1 (quarto) (1817). Syn. &. iguanaedaJacq.) Sarg., other syn.:
Momisia ziziphoidegKunth) F.Dietr. New Grenada.
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Chapter 10

SUMMARY AND CONCLUSIONS

A. SATTARIAN & L. J.G. VAN DER MAESEN

10.1 Introduction

Celtidaceae (formerly Ulmaceae-Celtidoideae) (ELi830; Grudzinskaya 1976; Judd et al. 1994;
Omori et al. 1993, Omori & Terabayashi 1991, Uedaale 1997) comprise ca. 150 species
classified in 9 genera. In Africa, Celtidaceae srall family with the main genu@eltis

The species, which are mostly trees, are founuojpical and temperate regions of the world.
Some species of the family are ornamental; someised for timber and reforestatidDeltis was
reported to be represented by c. 8 species incbpifrica (Letouzey 1972) but in current research
12 species can be distinguished (Sattarian & vaidesen 2005)Celtis species range from North
Africa (Algeria, Libya and Morocco) to South Afrieaend Madagascar.

The species are found in different ecologicalisgst Several tree species are found in the rain
forest Celtis tessmannii, Celtis adolfi-friderigisome in semi-deciduous fore&l. (mildbraedii, C.
prantlii, C. zenkel. Other Celtis are shrubs or small trees of rain forest undertgro{C.
gomphophylly or found on the forest/savanna boundary, songstinm mountain forestC(
africang). One specieqJ. tokg is a fairly large tree with a compact crown, higibeside streams or
planted in villages in the Sudano-Sahelian zone.

The main purpose of the research projects pregentéhis thesis was to identify the African
Celtis species by different ways and means. Morphology erolutionary relationships constitute
the main chapters of the work.

In which family shouldCeltis be placed? Formerly it was classified in the Ulezee
Celtidoideae. A literature review formed the swirtthe work. As a first step in this research we
looked at the history of this genus (its phylogang morphology).

10.2 Phylogeny

Molecular data show the place of Urticalean famailathin a well-defined and supported Rosales
clade sensu APG 1998; including Barbeyaceae, Dinackae, Eleagnaceae, Ramnaceae, and
Rosaceae (Chase et al. 1993; Gunter, Kochert &M@asirLl994; Soltis et al. 1997; Qiu et al. 1998).
Celtis, Humulus, TremandBoehmeriaare classified in an Urticalean clade wiflorus andFicus,

and that Urticalean clade is placed in their Rdsatade. The three-gene analysis of Soltis et al.
(2000) also provided strong support for the separaif Uimaceae and Celtidaceae. A small-scale
matk analysis of Celtidaceae (5 genera of Celtidaceak 8&aother genera of Urticalean rosids)
placed Cannabaceae solidly within a portion of @edtidaceae (Song et al. 2001). Ulmaceae and
Celtidaceae are separate families (Sytsma et @2)20hile Cannabaceae and Celtidaceae should be
merged. The origin of Cannabaceae within a clad€elfidaceae is supported by ultrastructure,
chromosome number, and cpDNA restriction site (\WWaegy Sytsma & Guries 1998) and matk data
(Song et al. 2001) as well as with thebkeL, trnL-F, andndhF sequence data. All the analyses of
Sytsma et al. (2002) are basedrbaL, trnL-F andndhF. Gironnierais sister to a clade comprising
Celtis Chaetachmg Parasponia Pteroceltis and Trema but these relationships are not well
supported (Song et al. 2001).
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10.3 Morphology

The family Ulmaceae Mirbel (sensu lato) consists16f19 genera and c. 150-200 species,
depending on the authority quoted. Link (1831) atasady of the opinion that the Ulmacdwesl to

be split into separate families: the Ulmac@adknusand related genera) and the Celtidad€ssdtis
and related genera). This proposal has not beegrglgnbeen accepted since that time.

The Ulmaceae (Engler 1907) are divided in two amniilies (Celtidoideae and Ulmoideae).
Hutchinson (1976) divided the Ulmaceae genera m tiibes (UImeae and Celteae) according to
the fruit type (fleshy fruits versus dry samaraj @he major dispute appears to lie within the
family. As Engler 1907 and Sweitzer 1971 indicatedheir taxonomic reviews and anatomical
studies of the family, the majority of morpholodieaithorities considered the Ulmacdaeconsist
of two subfamilies; the Ulmoideae and the Celtidaie (Engler 1907; Cronquist 1981, 1988;
Sweitzer 1971).

Are the Ulmaceae a monophyletic group?

In Chapter 2, results clearly confirm that Ulmacsdke is not a monophyletic group, and that the
Celtidoids or Celtidaceae must be separated frotdlihaceae s.s. is sister to the other Urticalean
Rosids, All the 125700 MP trees present the Cettgls.1. as sister to a clade with Moraceae and
Urticaeae. Athough jackknife support for this relaship is only moderate (72% jackknife support)
the high p.p. values (97 and 99) in the Bayesiatyars and congruence with the results of Sytsma
et al. (2002) who acquired better support for teiationships with the addition of the chloroplast
genendhF, indicate that support will probably increase vilie addition of more character data.

Are the Celtidoid or Celtidaceae genera monophy?eti

Most Celtidaceae or Celtidoid genera are monopiaylenly the status ofrema,Parasponiaand
Celtisremains uncertain. It is clear that not all gereaearepresented by all their species, and the
addition of more taxa could alter this conclusion.

What are the intergeneric relationships within@wsdtidoids or Celtidaceae?
Aphananthas sister to all other Celtidoid s.1. gendrazanellaappears as sister to the remainder,
andGironnieraas sister to a clade comprisi@gltis ChaetachmeRarasponia Pteroceltis and
Trema but these relationships are not well supporteid.possible that when more data is added,
the positions of.ozanellaandGironnierawould switch, or that both will appear as sistee&ch
other.

Is African Celtismonophyletic within Celtidaceae?
The topology of the Jackknife analysis has shownoaophyletic clade o€eltis with 83% value
support {rnL-F, morphology) and without morphology this cladesiged (64%) value support (fig.
3.1 &3.2). GenerallyCeltis appears in an unresolved clade containRigroceltis Tremag
ChaetachmeHumulus and Cannabis (99%). This clade is sister tGironniera (67%), then to
Lozanella(99%) and tcAphananthg59%). The clade containing all Celtidaceae andn@baceae
is related toFicus Brosimimum Morus, Cecropig Pellionia (100%) and finally sister to
Ampelocera and Ulmus (100%). In general this topology shows that gerdr&eltidaceae are
monophyletic. In theCeltis cladeCeltis gomphophyllas sister to all othe€eltis South American
taxa form a clade of their own (81%).

The Sub-clade and other African and Asian taxapaeed together and display no special
pattern, in this clade a polytomy is seen, whiclansethat for better-resolved patterns different
markers are needed as well as more taxa.
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Is there any relationship between phylogeny anddmgraphy

African and Asian taxa are together and displagpecial pattern, in this clade a polytomy is seen,
but there is a pattern for South Ameridaaltis that can morphologically be distinguished by the
presence of thorns (figs 3.1 & 3.2). There is radelfor African and Asian species ©éltis, this
means that they are paraphyletic accordingrtb-F marker. Geographical distribution, except for
South American species, does not provide spedditems. We need better DNA sequence markers
for a better-resolved phylogeny.

Which are useful macro- and micro-morphologicalrabters?

Celtisis a widespread tree genus, its species can béiamsae; from 4m tall inCeltis africanato
40 m tall for Celtis tessmannii. Celtisrunks vary from cylindrical and sub-cylindricalitiv
branches in the crown, to branched at lower levalsropical Celtis species normally cylindrical
stems are seen e.g.@ adolfi-friderici, andC. tessmanniThe bark in AfricarCeltisis smooth and
whitish to grey; buttresses are presentCinadolfi-friderici, and C. tessmanniCeltis yields a
lightweight to heavy hard wood with a density 004860 kg/ni

In African Celtis different types of hairs can be distinguishedndidar and non-glandular ones,
with various densities of hairs on leaves, or ofhents of trees. Leaf shapes range from ovate to
lancolate.

In African Celtis the pattern of stomata in epidermis is useful.akapytic pattern is found in
Celtis africana, C. tessmannii, C. mildbraedii, £&nkeri, C. prantlii,and C. bifida. Anisocytic
stomata are seen i@eltis adolfi-friderici, C. tokaand cyclocytic stomata are found @eltis
gomphophyllaandC. africana Inflorescences i€eltisare cymose or fasciculate. In gendéZeltis
pollen is not very variable. It is triporate, sptidal and small- to medium-sized. Most of the
species show a sunken area around the pore in 8&Nn(LM).This area is never present in pollen
grains ofC. africanaandC. gomphophyllaAccording to the P/E ratio and size a distinctam be
made between Asian and Afric@eltis species (see Fig. 5.2): pollen grains of Aglattis species
(Celtis occidentalis, C. sinensis, C. tourneforéire bigger and more oblate than those of African
species. Furthermore, among African species thmcmbspecies(. tessmannjiC. adolfi-friderici)
have smaller pollen than the species from drieasafe. africang C. gomphophylla) Morphology
of African Celtisspecies do not seem to be correlated with otlxentamic characters.

The drupaceous fruits of th@eltis vary in colour from bright yellow to orange, deegar and
purple and are primarily bird-dispersed water dispkeoccurs as well. Endocarp characters prove to
be important to distinguish species of Afridaaltisin Ulmaceae/Celtidaceae.

The endocarp shape varies from elliptic to ovdehticular, or ovoid-beaked. The size of
endocarp ranges from small (4 x 3 x 2 mm) to lafge x 10x 8) and is very useful in terms of
identification of species. The endocarp colour esrirom white, cream, and grey to brown and
helps to separate species. The endocarp shaps frane globular to polygonal. The outer layers of
the endocarp differ; they curve, and are raisenhftie bottom to the top but in different directions
The apex of the endocarp is round or beaked. Tuesi of the endocarp are another character; from
a faint ridge to 1--3 clear ridges can be seen gnfAsnican Celtis Outer layers of the endocarp
(sculpture) vary from smooth with different size lobles, to a prominent rough surface, and
membranous platelets can be present. The ratidloédocarp length also varies from % to 6/8,

African Celtis species often have a polygonal sculpture. Thiscsire is formed by the ridges
and cross-connection between the edges. Polygoungdtsre is found irCeltis adolfi-friderici, C.
africana, C. australis, C. toka, C. tessmannii, lfffida, and C. mildbraedii,and normally the
surface is rough, especially @ tessmanniandC. adolfi-friderici, and the polygones are curved. A
non-polygonal shape is found @ gomphophyllabut there are some prominent edges from the
bottom.C. philippensiss.s. has also a non-polygonal shape and smod#dtsutn some species the
apex is conspicuously pitted: @ adolfi -friderici, C. gomphophyllaandC. tessmannii.
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With high magnification the outer walls of the endrp or periclinal walls can be seen to differ.
There are two main types. One type of endocarprbiagh layers with different sizes of holes,
prominent sculpturing, and membranous plateletsijewthhe other one is smooth-layered and
fissured, it looks like films in different layersmooth layers and crusts, and the coverings are
usually continuous without very prominent surfacelgturing.

10.4 Conclusions
* Ulmaceae s.1. is not a monophyletic group, andGk#idoids or Celtidaceae must be
separated from it.

* Most Celtidaceae or Celtidoid genera are monopitylednly the status ofTrema,
ParasponiaandCeltisremains uncertain.

» African Celtisis not a monophyletic group.
e Geographical distribution, except for South Amemicgpecies, does not provide specific
phylogenetic patterns. We need better DNA sequemeekers for a better-resolved

phyloeny.

* The endocarp character was discerned as new armatanpin AfricanCeltis. The shape of
the endocarp showed variation among the Africahi€

» Description of the pollen grains of all Afric&eltis species was provided.

» African Celtiswas taxonomically revised, resulting in the didiioie of 12 species for that
continent.

» Two new species have been describ€eitis australiensisSattarian is described from
Australia, andCeltis malagasic&attarian is new for Madagascar.
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Appendix 1.

Taxon list with information on used markers and edSource information is given for new sequen¢esb@rium or botanic garden).
Successful amplifications are indicated by a Y urtde concerned markerb¢L1, rbclL2, trnL, trnL-F. Missing data are indicated by hyphens.
Two species o€rataegugRosaceae) are combined in the dataset.

Family Genus Species rbcL1 rbcL2 trnL trnL-F Code Source Source/code  Collector Number.

Barbeyaceae Barbeya oleoides AJ225788 AJ225795 AJ225788 GenBank

Cannabaceae Cannabis Sativa 1 AF500344 AF501598 AF500344 GenBank
Cannabis Sativa 2 AJ390068 AJ390367 AJ390068 GenBank
Humulus japonicus Y - Y Y Hujap36 U u0034889 Windler, D. 4046
Humulus lupulus AF061992 AF501599 AF061992 GenBank

Cecropiaceae Cecropia palmata AF061196 AF501615 AF061196 GenBank
Coussapoa ovalifolia - - AF501616 AF501616 GenBank

Celtidaceae Aphananthe aspera AF500339 AF501594 AF500339 GenBank
Aphananthe monoica Y - Y Y Apmon35 U u0034883 Fernandez N, R. 3462
Aphananthe philippensis 1 Y - Y Y Apphi64 L L0413100 Forster, P.I. 6657
Aphananthe philippensis 2 - - Y Y Apphio6 L L0413099 Mabberley, D.J. 1785
Celtis aetnensis Y Y Y Y Ceaet52 Catania B.G.
Celtis africana Y Y Y Y Ceafr32 BR Wellas, N.J. 2717
Celtis australiensis Y Y - - CeausA4 L Forbes, S.J. 389
Celtis australis Y Y Y Y Ceausb51 Wageningen B.G. BG07840 Sattarian, A. 22
Celtis brasiliensis Y - Y Y Cebra33 U Simonis, J.E. 165
Celtis caucasica Y - Y Y Cecau07 Utrecht B.G 81RD00394 Velzen, R. van 12
Celtis durandii Y Y Y Y Cedur66 Meise B.G 19620209
Celtis Edulis Y Y Y Y Ceedu59 Kew B.G 1982-8477 Chase, M. 20136
Celtis ehrenbergiana - - Y - CeehrA3 U Stephental 4435
Celtis gomphophylla Y Y Y Y Cegom25 co Hafashimana 177
Celtis iguanaea 1 - - AY488673 AY488673 GenBank
Celtis iguanaea 2 Y Y Y Y Ceigu69 U Nee, M. 26592
Celtis julianae Y Y Y Y Cejul48 Mt Holyoke B.G.  990600-1
Celtis koraiensis Y Y Y Y Cekorll U 84RD00179 Velzen, R. van 13
Celtis laevigata Y Y Y Y Celae45 Wageningen B.G  BG22927 Sattarian, A. 25
Celtis malagasica Y Y Y Y Cemad68 MO 2993
Celtis mildbraedii Y Y Y Y Cemil31 WAG 148228 s.n. 1138
Celtis occidentalis Y Y Y Y Ceocc54 Mt Holyoke B.G 970126-1
Celtis selloviana Y Y Y Y Cesell6 Wageningen B.G  85BG07007 Leeuw, H. de 421
Celtis sinensis Y Y Y Y Cesin47 Helsinki B.G 2003-0564
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Family Genus Species rbcL1 rbcL2 trnL trnL-F Code Source Source/code  Collector Number.
Celtis sinensis japonica D86309 - - D86309 GenBank
Celtis Tala Y Y Y Y Cetal67 Meise B.G 19371993
Celtis tournefortii Y Y Y Y Cetoul? Wageningen B.G  80BG45421 Leeuw, H. de 452
Celtis zenkeri Y Y Y Y Cezen30 WAG 149438 s.n. 1768
Chaetachme aristata 1 Y Y Y Y Chari4l L L0413098 Schijff, H.P.v.d. 3444
Chaetachme aristata 2 D86310 - - D86310 GenBank
Chaetachme madagascariensis Y Y Y Y Chmad94 WAG McPherson, G 14423
Chaetachme microcarpa Y Y - - Chmic92 WAG Bamps, P 4325
Gironniera celtidifolia Y Y Y - Gicell03 L L0413097 Sands, M.J.S. 855
Gironniera Hirta Y - Y Y Gihir76 L L0413094 Hoogland, R.D. 10351
Gironniera rhamnifolia - - Y Y Girha77 L L0413090 Hoogland, R.D. 10541
Gironniera subaequalis 1 AF500340 - - AF50034 GenBank
Gironniera subaequalis 2 D86311 - - D86311 GenBank
Gironniera subaequalis 3 Y16772 - - Y16772 GenBank
Lozanella enantiophylla AF500341 AF501595 AF5003 GenBank
Lozanella permollis Y - Y Y Loper38 U u034890 Solomon, J.C. 18073
Lozanella trematoides Y Y Y Y Lotre71 L L0413085 Pringle, C.G. 8983
Parasponia andersonii Y Y Y Y Paand65 L Meyer, J.-Y. 2556
Parasponia melastomatifolia Y Y Y Y Pamel72 L L0413079 Pullen, R. 7963
Parasponia parviflora AF500342 AF501596 AF500342 GenBank
Parasponia Rigida 1 - - AY488675 AY488675 GenBank
Parasponia Rigida 2 U59820 - - U59820 GenBank
Parasponia rugosa - - Y Y Parug74 L L0413074 Damas, K. 74501
Parasponia simulans - - AY488674 AY488674 GenBank
Pteroceltis tatarinowii AF500343 AF501597 AF5003 GenBank
Trema africana - - AY488690 AY488690 GenBank
Trema aspera - - AY488681 AY488681 GenBank
Trema cannabina Y Y Y Y Trcan81 Hawaii B.G 980151 Lorence, D. 9381
Trema cannabina dielsiana - - AY488678 AY488678 GenBank
Trema discolor Y Y Y Y Trdis80 Hawaii B.G Lorence, D. 9329
Trema domingense Y Y Y Y Trdom44 U u034891 Ekman, E.L. 12293
Trema integerrima - - AY488716 AY488716 GenBank
Trema lamarckiana - - AY488696 AY488696 GenBank
Trema micrantha 1 Y Y Y Y Trmic12 U Chatrou, L.W. 413
Trema micrantha 2 u03844 - - u03844 GenBank
Trema nitens - - AY488679 AY488679 GenBank
Trema orientalis D86313 - - D86313 GenBank
Trema orientalis | - - AY488688 AY488688 GenBank
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Family Genus Species rbcL1 rbcL2 trnL trnL-F Code Source Source/code  Collector Number.
Trema orientalis Il - - AY488693 AY488693 GenBank
Trema politoria - - AY488677 AY488677 GenBank
Trema tomentosa - - AY488685 AY488685 GenBank
Trema virgata - - AY488683 AY488683 GenBank
Dirachmaceae Dirachma socotrana AJ225789 AJ225796 AJ225789 GenBank
Elaeagnaceae Elaeagnus angustifolia U17038 Y - U17038 GenBank
Shepherdia argentea AJ225787 AJ225794 AJ225787 GenBank
Moraceae Artocarpus Altilis AF500345 AF501600 AF500345 GenBank
Brosimum alicastrum AF500346 AF501601 AF500346 GenBank
Broussonetia papyrifera AF500347 AF501602 AF5003 GenBank
Castilla elastica AF500348 AF501603 AF500348 GenBank
Dorstenia mannii AF500349 AF501604 AF500349 GenBank
Ficus benjamina AF500350 AF501605 AF500350 GenBank
Ficus pumila AF500352 AF501606 AF500352 GenBank
Maclura cochinchinensis - - AF501607 AF5016 GenBank
Maclura pomifera D86318 - - D86318 GenBank
Morus Alba D86319 AF501608 D86319 GenBank
Streblus pendulinus AF500353 AF501609 AF500353 GenBank
Rhamnaceae Berchemia discolor AJ225786 AJ225793 AJ225786 GenBank
Ceanothus coeruleus - - AJ225798 AJ225798 GenBank
Ceanothus sanguineus u06795 - - u06795 GenBank
Colletia ulcinia U59819 AY460412 u59819 GenBank
Discaria chacaye U59826 AY460415 U59826 GenBank
Hippophae salicifolia u59821 AJ225801 U59821 GenBank
Nesiota elliptica AJ225783 AJ225803 AJ225783 GenBank
Phylica polifolia AJ225784 AJ226791 AJ225784 GenBank
Rhamnus lycioides AJ390070 AJ225790 AJ390070 GenBank
Zizyphus aff. glabrata U60313 AJ225799 U60313 GenBank
Rosaceae Aruncus dioicus u06794 AF348536 u06794 GenBank
Crataegus Columbiana (rbcL) u06799 AF348541 u06799 GenBank
monogyna (trnL-F)
Dryas drummondii u59818 AJ225802 u59818 GenBank
Geum chiloense L01921 - - L01921 GenBank
Potentilla fruticosa u06818 AF348557 u06818 GenBank
Prunus emarginata u06820 AF318670 u06820 GenBank
Rosa woodsii u06824 - - u06824 GenBank
Ulmaceae Ampelocera hottleyi AF500335 AF501592 AF500335 GenBank
Hemiptelea davidii AF500336 - - AF500336 GenBank
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Family Genus Species rbcL1 rbcL2 trnL trnL-F Code Source Source/code  Collector Number.
Holoptelea integrifolia D86315 - - D86315 GenBank
Ulmus americana AF500337 AF501593 AF500337 GenBank
Zelkova serrata 1 Y Y Y Y Zeser05 Utrecht B.G 92RD00266 Velzen, R. van 9
Zelkova serrata 2 AF500338 - - AF500338 GenBank
Urticaceae Boehmeria calophleba AY208700 AY208723 AY208700 GenBank
Boehmeria Nivea AF062005 AF501610 AF062005 GenBank
Elatostema parvum AY208703 AY208733 AY208703 GenBank
Hesperocnide tenella AF500355 - - AF500355 GenBank
Laportea canadensis AF500356 - - AF500356 GenBank
Myriocarpa longipes AY208705 AY208724 AY208705 GenBank
Parietaria pensylvanica AF500357 AF501611 AF5003 GenBank
Pellionia daveauana AF500358 AF501612 AF500358 GenBank
Pilea depressa AF500359 AF501613 AF500359 GenBank
Pilea nummulariifolia - - AY208727 AY208727 GenBank
Poikilospermum sp. Wooliams 54 AF500362 AF501617 AF500362 GenBank
Procris frutescens Y Y AY208704 AY208704 GenBank
Urera glabra AF500360 AF501614 AF500360 GenBank
Urtica Dioica AY208707 AY208725 AY208707 GenBank
Betulaceae Alnus incana X56618 AF327574 X56618 GenBank
Betulaceae Betula papyrifera X56617 - - X56617 GenBank
Casuarinaceae Casuarina equisetifolia AY033859 AY147090 AY0338 GenBank
Fagaceae Castanea crenata AB060565 AF344181 AB060565 GenBank
Fagaceae Fagus sylvatica L13340 AF133654 L13340 GenBank
Juglandaceae Carya glabra Y Y L12637 L12637 GenBank
Juglandaceae Juglans Nigra AF206785 AY231170 AF206785 GenBank
Myricaceae Morella cerifera AJ626759 AY147093 AJ626759 GenBank
Myricaceae Myrica Gale AJ626757 - - AJ626757 GenBank
Nothofagaceae Nothofagus antarctica 113343 AY147091 113343 GenBank
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Appendix 2

Taxon list with morphological characters, Unisextt#¢rmaphrodite, Male (U/H/H+M).

Family Genus Species Habit Leaf arr. Flowering Habit Flowers  Fruit type Leaf margin Pollen type Thorns
Barbeyaceae Barbeya oleoides Tree opposite dioecious U Achene entire 3 porate absent
Cannabaceae Cannabis sativa 1 Herb alternate dioecious ] Achene lobed 3 porate absent
Cannabis sativa 2 Herb alternate dioecious U Achene lobed 3 porate absent
Humulus japonicus Herb alternate dioecious ] Achene lobed 3 porate absent
Humulus lupulus Herb alternate dioecious U Achene lobed 3 porate absent
Cecropiaceae Cecropia palmata Tree alternate monoecious U Achene lobed <3 porate absent
Coussapoa ovalifolia Tree alternate monoecious H Drupe entire <3 porate absent
Celtidaceae Aphananthe aspera Tree alternate monoecious H Drupe entire 3 porate absent
Aphananthe monoica Tree alternate monoecious H Drupe entire 3 porate absent
Aphananthe philippensis 1 Tree alternate monoecious H Drupe entire 3 porate absent
Aphananthe philippensis 2 Tree alternate monoecious H Drupe entire 3 porate absent
Celtis aetnensis Tree alternate monocious H+M Drupe serrate 3 porate absent
Celtis africana Tree alternate monocious H+M Drupe serrate 3 porate absent
Celtis australiensis Tree alternate monocious H+M Drupe entire 3 porate absent
Celtis australis Tree alternate monocious H+M Drupe serrate 3 porate absent
Celtis brasiliensis Tree alternate monocious H+M Drupe serrate 3 porate thorns
Celtis caucasica Tree alternate monocious H+M Drupe serrate 3 porate absent
Celtis durandii Tree alternate monocious H+M Drupe entire 3 porate absent
Celtis edulis Tree alternate monocious H+M Drupe entire 3 porate absent
Celtis ehrenbergiana Tree alternate monocious H+M Drupe ? 3 porate thorns
Celtis gomphophylla Tree alternate monocious H+M Drupe entire 3 porate absent
Celtis iguanaea 1 Tree alternate monocious H+M Drupe ? 3 porate thorns
Celtis iguanaea 2 Tree alternate monocious H+M Drupe ? 3 porate thorns
Celtis julianae Tree alternate monocious H+M Drupe ? 3 porate absent
Celtis koraiensis Tree alternate monocious H+M Drupe serrate 3 porate absent
Celtis laevigata Tree alternate monocious H+M Drupe serrate 3 porate absent
Celtis malagasica Tree alternate monocious H+M Drupe entire 3 porate absent
Celtis mildbraedii Tree alternate monocious H+M Drupe entire / serrate 3 porate absent
Celtis occidentalis Tree alternate monocious H+M Drupe serrate 3 porate absent
Celtis selloviana Tree alternate monocious H+M Drupe serrate 3 porate absent
Celtis sinensis Tree alternate monocious H+M Drupe serrate 3 porate absent
Celtis sinensis japonica  Tree alternate monocious H+M Drupe serrate 3 porate absent
Celtis tala Tree alternate monocious H+M Drupe serrate 3 porate thorns
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Family Genus Species Habit Leaf arr. Flowering Habit Flowers  Fruit type Leaf margin Pollen type Thorns
Celtis tournefortii Tree alternate monocious H+M Drupe serrate 3 porate absent
Celtis zenkeri Tree alternate monocious H+M Drupe entire / serrate 3 porate absent
Chaetachme aristata 1 Tree alternate monoecious H Drupe entire 3 porate thorns
Chaetachme aristata 2 Tree alternate monoecious H Drupe entire 3 porate thorns
Chaetachme madagascariensis  Tree alternate monoecious H Drupe entire 3 porate thorns
Chaetachme microcarpa Tree alternate monoecious H Drupe entire 3 porate thorns
Gironniera celtidifolia Tree alternate monoecious H Drupe serrate 3 porate absent
Gironniera hirta Tree alternate monoecious H Drupe serrate 3 porate absent
Gironniera rhamnifolia Tree alternate monoecious H Drupe serrate 3 porate absent
Gironniera subaequalis 1 Tree alternate monoecious H Drupe serrate 3 porate absent
Gironniera subaequalis 2 Tree alternate monoecious H Drupe serrate 3 porate absent
Gironniera subaequalis 3 Tree alternate monoecious H Drupe serrate 3 porate absent
Lozanella enantiophylla Tree opposite dioecious U Drupe serrate 3 porate absent
Lozanella permollis Tree opposite dioecious ] Drupe serrate 3 porate absent
Lozanella trematoides Tree opposite dioecious U Drupe serrate 3 porate absent
Parasponia andersonii Tree alternate monoecious H Drupe serrate 3 porate absent
Parasponia melastomatifolia Tree alternate monoecious H Drupe serrate 3 porate absent
Parasponia parviflora Tree alternate monoecious H Drupe serrate 3 porate absent
Parasponia rigida 1 Tree alternate monoecious H Drupe serrate 3 porate absent
Parasponia rigida 2 Tree alternate monoecious H Drupe serrate 3 porate absent
Parasponia rugosa Tree alternate monoecious H Drupe serrate 3 porate absent
Parasponia simulans Tree alternate monoecious H Drupe serrate 3 porate absent
Pteroceltis tatarinowii Tree alternate monoecious H Drupe serrate 3 porate absent
Trema africana Tree alternate monoecious H Drupe serrate <3 porate absent
Trema aspera Tree alternate monoecious H Drupe serrate <3 porate absent
Trema cannabina Tree alternate monoecious H Drupe serrate <3 porate absent
Trema cannabina dielsiana Tree alternate monoecious H Drupe serrate <3 porate absent
Trema discolor Tree alternate monoecious H Drupe serrate <3 porate absent
Trema domingense Tree alternate monoecious H Drupe serrate <3 porate absent
Trema integerrima Tree alternate monoecious H Drupe serrate <3 porate absent
Trema lamarckiana Tree alternate monoecious H Drupe serrate <3 porate absent
Trema micrantha 1 Tree alternate monoecious H Drupe serrate <3 porate absent
Trema micrantha 2 Tree alternate monoecious H Drupe serrate <3 porate absent
Trema nitens Tree alternate monoecious H Drupe serrate <3 porate absent
Trema orientalis Tree alternate monoecious H Drupe serrate <3 porate absent
Trema orientalis | Tree alternate monoecious H Drupe serrate <3 porate absent
Trema orientalis Il Tree alternate monoecious H Drupe serrate <3 porate absent
Trema politoria Tree alternate monoecious H Drupe serrate <3 porate absent
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Family Genus Species Habit Leaf arr. Flowering Habit Flowers  Fruit type Leaf margin Pollen type Thorns
Trema tomentosa Tree alternate monoecious H Drupe serrate <3 porate absent
Trema virgata Tree alternate monoecious H Drupe serrate <3 porate absent
Dirachmaceae Dirachma socotrana Shrub alternate monoecious H Capsule serrate ? absent
Elaeagnaceae Elaeagnus angustifolia Tree alternate dioecious U Drupe entire 3 porate thorns
Shepherdia argentea Shrub opposite monoecious H Drupe serrate ? thorns
Moraceae Artocarpus altilis Tree alternate monoecious H Syncarp serrate 3 porate absent
Brosimum alicastrum Tree alternate monoecious H Syncarp entire ? absent
Broussonetia papyrifera Tree alternate monoecious H Syncarp entire ? absent
Castilla elastica Tree alternate monoecious H Drupe ? ? absent
Dorstenia mannii Shrub alternate monoecious H Drupe entire >3porate absent
Ficus benjamina Tree alternate monoecious H Syncarp entire / lobed <3 porate absent
Ficus pumila Tree alternate monoecious H Syncarp entire / lobed <3 porate absent
Maclura cochinchinensis Tree alternate dioecious U Syncarp ? ? absent
Maclura pomifera Tree alternate dioecious ] Syncarp ? ? absent
Morus alba Tree alternate monoecious H Syncarp entire / lobed 3 porate absent
Streblus pendulinus Tree opposite monoecious H Drupe serrate ? absent
Rhamnaceae Berchemia discolor Shrub alternate dioecious U Drupe ? >3porate absent
Ceanothus coeruleus Shrub alternate monoecious H Capsule entire ? absent
Ceanothus sanguineus Shrub alternate monoecious H Capsule entire ? absent
Colletia ulcinia Shrub alternate monoecious H Capsule entire 3 porate absent
Discaria chacaye Shrub alternate monoecious H Capsule ? 3 porate absent
Hippophae salicifolia Tree alternate dioecious U ? ? >3porate thorns
Nesiota elliptica Tree opposite monoecious H ? ? ? absent
Phylica polifolia Shrub alternate monoecious H ? ? 3 porate absent
Rhamnus lycioides Tree alternate monoecious H Drupe serrate ? absent
Zizyphus aff. glabrata Tree alternate monoecious H Drupe serrate 3 porate absent
Rosaceae Aruncus dioicus Herb alternate dioecious H Follicle serrate 3 porate absent
Crataegus Columbiana Shrub alternate monoecious H ? serrate 3 porate absent
monogyna)
Dryas drummondii Shrub alternate monoecious H Achene entire ? absent
Geum chiloense Herb alternate monoecious H Achene serrate 3 porate absent
Potentilla fruticosa Herb alternate monoecious H Achene serrate 3 porate absent
Prunus emarginata Tree alternate monoecious H Drupe entire 3 porate absent
Rosa woodsii Shrub alternate monoecious Achene serrate 3 porate spines
Ulmaceae Ampelocera hottleyi Tree alternate monoecious H Drupe entire >3porate absent
Hemiptelea davidii Tree alternate dioecious U Samara serrate >3porate thorns
Holoptelea integrifolia Tree alternate monocious H Samara entire >3porate absent
Ulmus americana Tree alternate monoecious H Samara serrate >3porate absent
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Family Genus Species Habit Leaf arr. Flowering Habit Flowers  Fruit type Leaf margin Pollen type Thorns
Zelkova serrata 1 Tree alternate monoecious H Drupe serrate >3porate absent
Zelkova serrata 2 Tree alternate monoecious H Drupe serrate >3porate absent
Urticaceae Boehmeria calophleba Shrub alternate monoecious H Achene serrate 3 porate absent
Boehmeria nivea Shrub alternate monoecious H Achene serrate 3 porate absent
Elatostema parvum Herb alternate monoecious H Achene ? 3 porate absent
Hesperocnide tenella Herb opposite monoecious H Achene ? ? absent
Laportea canadensis Herb alternate monoecious H Achene ? >3porate absent
Myriocarpa longipes Shrub alternate dioecious U Achene serrate ? absent
Parietaria pensylvanica Herb alternate monoecious H Achene ? 3 porate absent
Pellionia daveauana Herb alternate monoecious H Achene entire >3porate absent
Pilea depressa Shrub opposite monoecious H Achene entire >3porate absent
Pilea nummulariifolia Shrub opposite monoecious H Achene entire >3porate absent
Poikilospermum sp. Wooliams 54 Herb alternate monoecious H Achene entire ? absent
Procris frutescens Shrub alternate monoecious H Achene entire ? absent
Urera glabra Shrub alternate monoecious H Achene entire >3porate absent
Urtica dioica Herb opposite monoecious H Achene serrate 3 porate absent
Betulaceae Alnus incana Tree alternate dioecious U Achene entire / serrate ? absent
Betulaceae Betula papyrifera Tree alternate dioecious ] Achene serrate 3 porate absent
Casuarinaceae Casuarina equisetifolia Tree alternate dioecious U Drupe serrate 3 porate absent
Fagaceae Castanea crenata Tree alternate dioecious ] Achene serrate ? absent
Fagaceae Fagus sylvatica Shrub alternate monoecious H Samara serrate 3 porate absent
Juglandaceae Carya glabra Tree alternate dioecious U Achene entire 3 porate absent
Juglandaceae Juglans nigra Tree alternate dioecious U Drupe entire 3 porate absent
Myricaceae Morella cerifera ? alternate ? ? Syncarp ? ? absent
Myricaceae Myrica gale Shrub alternate monoecious H ? serrate ? absent
Nothofagaceae Nothofagus antarctica Tree alternate monoecious H Achene serrate 3 porate absent
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Appendix 3

Taxon list with Extraction number, Species, Coilattor Gen Bank no, Herbarium, Herbarium or

Silicagel material (H/S), Origin. All material hasarkertrnL-F.

Extr. Species Collection Herb. H/S Origin

nr or Gen Bank no.

5 Celtis adolfi-friderici V.J. Jakiaje 842 MO H Cameroon
Celtidaceae

52 C. aetnensis Catania bot gard, Sicily S Italy
Celtidaceae

32,58 C. africana M.J. Wells 2717 WAG H South Africa
Celtidaceae

136 C. australiensis S.J. Forbes 1997 CANB H Australia
Celtidaceae

A4 C. australiensis S.J. Forbes 389 L H Australia
Celtidaceae

7 C. australis E. Relief 38154 WAG H South Africa
Celtidaceae

8 C. australis Bochpoderi 11429 WAG H Spain (WAG Bot. Gard.)
Celtidaceae

81 C. australis Sattarian 22 H Iran
Celtidaceae

51 C. australis A. Sattarian 9 S Italy (Bot. Gard.)
Celtidaceae

88 C. bifidia O. Connar 44 L H Madagascar
Celtidaceae

137 C. brasiliensis s.n. 145 U H South America
Celtidaceae

33 C. brasiliensis J. E.Simonis 165 U H Paraguay
Celtidaceae

7 C. caucasica R. van Velzen 12 S Uzbekistan
Celtidaceae

59 C. edulis M. Chase 20136 L H South Korea
Celtidaceae

3 C. ehrenbergiana Stephantal 4435 U H Mexico
Celtidaceae

A3 C. ehrenbergiana H.H. de Leeuw 496 WAG H Mexico
Celtidaceae

6 C. gomphophylla . Friis & G. Gilbert 3864 MO, WAG H Ethiopia
Celtidaceae

25 C. gomphophylla Hafashimana 177 CcO H Uganda
Celtidaceae

29,69 C.iguanaea M. Nee & K. Taylor 26592 U H Mexico
Celtidaceae

45 C. jamaicanses G.R. Proctor 2776 U H South America
Celtidaceae

48 C. julianae Mount Holyoke bot gard S Asia
Celtidaceae

73 C. koraiensis H.H. de Leeuw 421 WAG H Korea (Bot. Gard.)
Celtidaceae

11 C. koraiensis R. van Velzen 13 S Korea (Bot. Gard.)
Celtidaceae

45 C. laevigata A. Sattarian 25 S North America (Bot. Gard.)

Celtidaceae




Extr. Species Collection Herb. H/S Origin

nr or Gen Bank no.

1 C. latifolia Bochpoderi 11429 L H Philippines
Celtidaceae

139 C. madagascariensis L. Sussman 436A WAG H Madagascar
Celtidaceae

68 C. madagascariensis  Linda 435A WAG H Madagascar
Celtidaceae

125 C. mississippiensis Lumusee 1877 uu H North America
Celtidaceae

77 C. occidentalis H.H. de Leeuw 504 WAG H North America
Celtidaceae

54 C. occidentalis H.H. de Leeuw 505 WAG S North America (Bot. Gard.)
Celtidaceae

62 C. paniculata I.R. Telford 10943 U H Malaysia
Celtidaceae

4 C. philippensis S.J. Forbes 389 L H Australia
Celtidaceae

78 C. rhamnifolia S.n. 15 WAG H Ethiopia
Celtidaceae

41 C. schippii J. Schunke 5989 U H Mexico
Celtidaceae

16,76 C. selloviana H.H. de Leeuw 421 WAG S,H  South America
Celtidaceae

18, 75 C. sinensis H.H. de Leeuw 504 WAG S,H Japan
Celtidaceae

44 C. soyauxii J.-P. Essou 1138 MO H Benin
Celtidaceae

67 C.tala Meise bot gard S South America
Celtidaceae

59 C. tessmannii J.J Wieringa 5101 WAG H Gabon
Celtidaceae

50 C. toka S. Demissew 1709 H Ethiopia
Celtidaceae

17 C. tournefortii H.H. de Leeuw 452 WAG H South Europe (Bot. Gard.)
Celtidaceae

74 C. tournefortii WAG bot gard 7843 H Spain (Bot. Gard.)
Celtidaceae

25 C. trinervia S.n. 542 U H Mexico (U Bot. Gard.)
Celtidaceae

32 C. zenkeri C. Donis 1634 MO H Congo (Kinshasa)
Celtidaceae

30 C. zenkeri S.n. 1768 WAG H Cameroon
Celtidaceae

94 Chaetachme madagas- G. McPherson 14423 WAG H Madagascar
cariensis, Celtidaceae

76 Gironniera hirta R.D. Hoogland 10351 L H New Guinea
Celtidaceae

77 G. rhamnifolia R.D. Hoogland 10541 L H New Guinea
Celtidaceae

71 Lozanella trematoides C.G. Pringle, 8983 L H South America
Celtidaceae

65 Parasponia andersonii  J.-Y. Meyer 2556 WAG H Polensia

Celtidaceae
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Extr. Species Collection Herb. H/S Origin

nr or Gen Bank no.
74 P. rugosa K. Damas 74501 L H New Guinea
Celtidaceae
12 Trema micrantha L.W. Chatrou 413 ] H Bolivia
Celtidaceae
Cannabis sativa AF500334
Cannabaceae
Humulus lupulus AF061992
Cannabaceae
Cecropia sp. AF501615
Cecropiaceae
Ampelocera sp. AF500335
Celtidaceae
Aphananthe aspera AF500352
Celtidaceae
Parasponia tatarinowii AF500343
Celtidaceae
Trema africana AY488690
Celtidaceae
Brosimum sp. AF500346
Moraceae
Ficus sp. AF500350
Moraceae
Ficus sp., AF500352
Moraceae
Morus sp. D86319
Moraceae
Ulmus sp. AF500337
Ulmaceae
Pellionia sp. AF500358
Urticaeae
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Samenvatting

BIJDRAGE AAN DEBIOSYSTEMATIEK VAN CELTIS
L. (CELTIDACEAE) MET SPECIALE AANDACHT
VOOR DEAFRIKAANSE SOORTEN

A. SATTARIAN

Celtis L. (Celtidaceae, eerder deel uitmakend van de tha@) is een genus met voornamelijk
boomsoorten, dat van nature is verspreid in Afrtkat, Middellandse Zeegebied, Azié, Noord- en
Zuid-Amerika, en noordelijk Australi€. Buiten hettourlijke verspreidingsgebied worden diverse
soorten in de gematigde zone aangeplant, maarmerkgoor in diverse verschillende ecologische
habitats, tropische en gematigde gebieden op afitrenten. Sommige soorten hebben sierwaarde,
sommige worden voor hout en herbebossing gebruikt.

Dit proefschrift is gecentreerd op Afrikaan€eltis soorten met de bedoeling een algemene
fylogenie van de Celtidaceae te leveren, de vewschappen van de Afrikaanse soorten te
begrijpen, een revisie van de AfrikaarSeltis soorten te maken, de belangrijkste morfologische
kenmerken te bestuderen, en een conspectus, eanesdg overzicht van de namen en synoniemen
te geven.

Dit onderzoek leverde resultaten, waarvan de vwmlgezijn uitgelicht: Ulmaceae s.l. zijn niet
monofyletisch en wij bevestigen dat de familie weé delen moet worden opgesplitst: Ulmaceae
s.s. en Celtidaceae; de Celtidaceae zouden metadeaGaceae moeten worden samengevoegqd,
over het algemeen eltis zelf monofyletisch, maar voor meer ondersteunir@eten we meer
markers gebruiken en soorten toevoegen. In de vesalaap varCeltis kunnen een aantal clades
worden onderscheiden, speciaal voor de Zuid-Amarika soorten die door de aanwezigheid van
doorns in een aparte clade kunnen worden gerarngsdhiimorfologische kenmerk onderscheidt de
groep van de rest van het gerDsltis Afrikaanse en Aziatisch€eltis vormen een gemengde
clade, deze kan beinvloed zijn door de verspreiftirgpersie) van deze soorten.

In totaal zijn er 12 soorte@eltis onderscheiden in Afrika en Madagasdaeitis adolfi-friderici,

C. africang C. australis, C. mildbraedii, C. gomphophylla, C. ptianC. tessmannii, C. toka, C.
wightii, enC. zenkeriOp Madagascar kan men twee endemische soorterefianiC. bifidaen de
onlangs als nieuw beschreven soGltis malagasicaVoor Australié werd een nieuwe soort
afgesplitst uit het Celtis philippensis complex”. Celtis australiensis. De belangrijkste
morfologische kenmerken om soorten te onderschemgn bladvorm, nervatuur, beharing,
huidmondijes, bloeiwijzen, stuifmeel, vruchtvorm ele van het endocarp. Twee soorten
pollenkorrels konden worden onderscheiden op des vas hun kiemopening; twee soorten haren
zZijn te onderscheiden (met en zonder klieren),ddrhondjes vindt men in drie types: paracytisch,
cyclocytisch en anisocytisch; de bloeiwijzen zijrephald (cymeus) en de vruchten zijn
steenvruchten (drupa), het endocarp V@eltis varieert van rond-ellipsoide tot eivormig in
verschillende grootte, kleuren en textuur.

De conspectus bevat ongeveer 500 namen op denrarage soort en infraspecifische taxa,
waarvan er vele nog voor publicatie- en typificatietaillering moeten worden nagezocht. Om
betere verwantschapspatronenGaltis te verkrijgen kan in het algemeen worden aanbevbédt
genus te revideren voor Azié.
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Summary

CONTRIBUTION TO THE BIOSYSTEMATICS OF
CELTISL. (CELTIDACEAE) WITH SPECIAL EMPHASIS
ON THEAFRICAN SPECIES

A. SATTARIAN

CeltisL. (Celtidaceae, earlier part of the Ulmacea&) genus mainly of tree species, which has its
natural distribution in Africa, the Mediterraneaegion, Asia, North and South America, and
northern Australia. Outside this natural distribativarious species are planted in temperate areas,
but they occur in many different ecological halsitatopical and temperate regions in all continents
Some species are ornamental; some are used fartamnld reforestation.

This thesis is focused on Afric&eltiswith general objectives such as providing a phgiggof
the Celtidaceae, understanding the relationship&fratan Celtis preparation of a revision of the
African Celtis species, a study of the main morphological charactand a conspectus containing
all names and synonyms in the genus.

This thesis provided results, such as: Ulmacdais 10t monophyletic and we confirm that this
family has to be split into two families, Ulmacesas. and Celtidaceae; the Celtidaceae should
merge with Cannabaceae; in gendétaltis is monophyletic but for more support we need to add
more markers and taxa. In the relationship€eltis a few clades can be seen especially for South
American species, which have thorns and by thipphmogical character that clade is distinguished
from the rest of the gen@eltis. African and AsiarCeltisform a mixed clade, this clade could have
been influenced by the dispersal of these species.

In total 12 AfricanCeltis are identified in Africa and Madagasc&eltis adolfi-friderici, C.
africana, C. australis, C. mildbraedii, C. gomphophylla, C. ptian C. tessmannii, C. toka, C.
wightii, and C. zenkeri.On Madagascar there are two endemic spe€edifida and the newly
described specieGeltis malagasicaFor Australia a new species was separated frani@eltis
philippensiscomplex”: Celtis australiensisThe main morphological characters in Afric@eltis
instrumental for the distinction of species inclu@af shape, venation, indumentum, stomata,
inflorescences, flowers, pollen, fruits and theidecarps. Two pollen types could be distinguished
based on the feature of the apertures, also twestgp hairs are distinguished (glandular and non-
glandular); stomata include three types: paracyywlocytic and anisocytic; inflorescences are
cymose and fruit shape are drupes, the endoca@Geltif differs from globose ellipsoid to ovoid
with different sizes, colours, and texture.

The conspectus contains about 500 names of spewifi infraspecific rank, many of which
remain to be verified to complete publication apgification details. Generally for getting better
relationship patterns of this genus revision ofAlsenCeltisis recommended.
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