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Periplocoideae, a small but distinctive subfamily of Apocynaceae comprise 33 genera and 

ca. 195 species of mostly lianas, centered in the Old World tropics and subtropics, but also 

occurring in Old World temperate regions. Most species are lianas occupying tropical and 

subtropical forests; other forms include erect or straggling shrubs from semi-arid and desert 

regions, suffrutescent forest climbers, herbaceous geophytes from open habitats, and epiphytes in 

tropical forests. The generally small yet extremely complex flowers of Periplocoideae species 

exhibit the high degree of synorganization between androecium and gynoecium typical for 

derived members of Apocynaceae s.l. Distinctive spoon-like translators which assist in pollen 

transfer are unique to the subfamily. Within Apocynaceae, Periplocoideae are unique in having 

both taxa which shed pollen as tetrads as well as taxa whose pollen is agglutinated into pollinia, 

making this an ideal group in which to investigate the evolution of pollinia.  

The goals of this study were to reconstruct the evolutionary relationships within the 

subfamily, investigate the evolution of vegetative and floral features (particularly the evolution 

of pollinia) in a phylogenetic framework, and conduct a taxonomic revision of the genus 

Decalepis. Phylogenetic relationships were investigated using sequence data from nuclear 
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ribosomal DNA, three plastid regions (trnD-trnT, trnT-trnF and ycf1), and 65 morphological 

characters. One hundred and three ingroup taxa, representing all but one of the 33 currently 

recognized genera, were represented in the molecular analyses. In some analyses, Phyllanthera 

grayi is supported as sister to the rest of the subfamily. Several well-supported clades are 

identified, and 17 of 19 genera represented by more than one species are supported as 

monophyletic. Pollinial species appear in four distinct, well-defined clades, suggesting either 

three or four independent origins of pollinia within the subfamily, and indicate that pollinia 

evolved separately in Periplocoideae and in the common ancestor of Secamonoideae and 

Asclepiadoideae, a hypothesis that is supported by the structural differences of the pollinia in 

each clade. Finlaysonia khasiana is transferred to the Indian genus Decalepis, a clade of 

ethnomedicinally important plants with unique corona morphology, Finlaysonia lanuginosa and 

F. curtisii are transferred to Streptocaulon, and Atherolepis, Meladerma, and Stelmacrypton are 

resurrected.  
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CHAPTER 1 
GENERAL INTRODUCTION 

Periplocoideae, an Old World subfamily of Apocynaceae, comprise ca. 195 species in 33 

genera, found mostly in tropical and subtropical regions of Africa, Asia, and Madagascar; some 

species occur in temperate regions, and a few are found in Australia and Europe. The generally 

small yet complex flowers of Periplocoideae exhibit the high degree of synorganization between 

androecium and gynoecium typical for derived members of Apocynaceae s.l., and are 

characterized by their unique, spoon-shaped pollen translators (Safwat, 1962; Schick, 1982; 

Verhoeven & Venter, 1997). In most species of Periplocoideae pollen is shed as separate tetrads, 

although approximately 12% of species have been documented as having tetrads aggregated into 

pollinia (Verhoeven & Venter, 1998a, 1998b, 2001, 2002). 

Of the five subfamilies of Apocynaceae, Periplocoideae is unique in having both taxa with 

and those without pollinia. It has been proposed that pollinia evolved separately in 

Periplocoideae (from other Apocynaceae), based on key morphological differences in pollen and 

translator morphology in the different subfamilies of Apocynaceae (Venter & Verhoeven, 1997; 

Fishbein, 2001). Translators in Periplocoideae (in taxa both with and without pollinia) are 

relatively soft and spoon-shaped, and pollinia are shed at anthesis onto the sticky foam lining the 

concave receptacle. In contrast, translators of species in the Secamonoideae and Asclepiadoideae 

are in the form of hardened clip-like corpuscles, to which the pollinia are securely attached while 

still within the anther thecae. Pollinia of Periplocoideae lack the pollinium walls of those of 

Asclepiadoideae, and the tetrads are only loosely agglutinated.  

Periplocoideae have been variously included in Asclepiadaceae (Brown, 1810; Bentham, 

1876; Schumann, 1895; Cronquist, 1981; Dahlgren, 1983; Liede & Albers, 1994; Nicholas & 

Baijnath, 1994), considered a distinct family (Schlechter, 1905; Bullock, 1956; Kunze, 1993; 
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Swarupanandan et al., 1996; Omlor, 1996), or recognized as part of a more inclusive 

Apocynaceae along with other Asclepiadaceae, a view now shared by most systematists based on 

a number of higher-level phylogenetic analyses (Safwat, 1962; Thorne, 1992, 2000; Judd et al., 

1994; Takhtajan, 1997; Venter & Verhoeven 1997; Civeyrel et al., 1998; Backlund et al., 2000; 

Endress & Bruyns, 2000; Venter & Verhoeven, 2001; Lahaye et al., 2005; Livshultz et al., 2007). 

A number of phylogenetic analyses support the monophyly of Periplocoideae (Civeyrel et al., 

1998; Potgieter & Albert, 2001; Sennblad & Bremer, 1996; Lahaye et al., 2005, Ionta & Judd, 

2007), and recent studies show that Periplocoideae are likely nested within the paraphyletic 

grade Apocynoideae (Potgieter & Albert, 2001; Sennblad & Bremer, 1996, Livshultz et al., 

2007). 

The number of accepted genera in Periplocoideae has changed considerably through the 

years, and given the small size of the subfamily, a disproportionately high number of monotypic 

and bitypic genera have been named. In recent years a number of smaller genera have been 

placed in synonymy by Klackenberg (1997, 1998, 1999) and Venter and Verhoeven (1997, 

2001). Decalepis Wight & Arn. and Finlaysonia Wall. are key examples of problematic genera; 

both were monotypic until 1997, but today each is an aggregate of formerly monotypic or bitypic 

genera. Currently 33 genera are recognized, with approximately half of the species belonging to 

one of three large genera: Raphionacme Harv. (ca. 36 species), Cryptolepis R. Br. (ca. 30 

species) and Pentopetia Decne. (ca. 23 species). Of the remaining genera, nine are monotypic 

and eight bitypic.  

Previous phylogenetic analyses of the subfamily were based solely on morphological 

characters (Venter & Verhoeven, 1997), limited to a few taxa included in larger-scale studies 

(Civeyrel et al., 1998; Livshultz et al., 2007), or represent only a subset of the group, i.e., 
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tuberous African species (Meve & Liede, 2004). Thus, until this study, relationships among the 

genera remained poorly understood, and tribal and generic circumscriptions were based solely on 

morphological characters (Verhoeven & Venter, 1997).  

Decalepis comprises five species of twining vines and erect shrubs, four of which are 

endemic to rocky hillsides and open areas of the Eastern and Western Ghats of India; the 

exception, Decalepis khasiana, has been documented in northeastern India and neighboring 

countries. Decalepis hamiltonii and D. khasiana are distributed fairly widely, while the other 

species are narrow endemics, each restricted to a different mountain range of the southern 

Western Ghats of India. Four of the five species (with the exception of D. nervosa, for which the 

roots are unknown) have fragrant roots which contain high concentrations of the vanillin isomer 

2-hydroxy-4-methoxybenzaldehyde (MBALD) (Sudha & Seeni, 2001; Nagarajan et al., 2001; 

Thangadurai et al., 2002; Thénint, 1936; Radhakrishnan et al., 1998). These roots are utilized in 

tribal and traditional Indian and Chinese medicine for the treatment of a wide range of ailments 

including those of the digestive system, lungs, and circulatory system (Pushpangadan et al., 

1990; Chopra et al., 1956; Zhang et al., 2002, Radhakrishnan et al., 1998). Numerous recent 

investigations testing the purported medicinal properties of the various species of Decalepis 

support the veracity of various traditional ethnomedicinal claims. For example, Subramoniam et 

al. (1996) found D. arayalpathra root to have immunomodulatory and antitumor activities 

comparable to the reference drug used in their study; D. arayalpathra and D. hamiltonii have 

been shown to have gastroprotective and antiulcerogenic properties (Rao et al., 2004), and 

Srivastava et al. (2006) demonstrated the antioxidant potential of D. hamiltonii. 

Decalepis hamiltonii is also used traditionally as a flavorant and preservative (Chopra et 

al., 1956) and is known to be highly resistant to insect and microbial degradation. Phadke et al. 
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(1994) confirmed the antimicrobial properties of the essential oil of D. hamiltonii, attributing it 

to the presence of MBALD and vanillin, and similar results were demonstrated by George et al. 

(1999a) and Thangadurai et al. (2002, 2004), accounting for its traditional use as a preservative 

of beverages and foods, and highlighting its potential as a natural alternative to chemical 

preservatives. George et al. (1999b) showed D. hamiltonii to be a viable biological alternative to 

synthetic insecticides by establishing its efficacy against important pests of stored food products. 

My primary goals in undertaking this study were: 

• to clarify phylogenetic relationships within Periplocoideae 

• to test previous tribal and generic delimitations in the subfamily, particularly for genera 
such as Finlaysonia and Decalepis, which are conglomerations of recently synonymized 
monotypic and bitypic genera 

• to explore the evolution of floral and vegetative characters in Periplocoideae in a 
phylogenetic framework, with an emphasis on the evolution of pollinia 

• to conduct a taxonomic revision of the small yet ethnobotanically important Indian genus 
Decalepis 

To accomplish these goals I utilized the ITS regions of nuclear ribosomal DNA, three 

plastid regions (trnT-trnF, ycf1, and the trnD-trnT spacer), and morphological data comprising 

65 discrete characters. The resulting hypotheses of phylogenetic relationships were compared 

with the tribes of Venter & Verhoeven (1997) and the results of former phylogenetic analyses, 

and the evolution of morphological traits were explored in this phylogenetic framework. For the 

revisionary chapter (chapter 3), I examined 66 herbarium specimens representing the five species 

of Decalepis. 
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CHAPTER 2 
PHYLOGENETIC RELATIONSHIPS IN PERIPLOCOIDEAE (APOCYNACEAE S.L.) AND 

INSIGHTS INTO THE ORIGIN OF POLLINIA1 

Introduction 

Periplocoideae comprise ca. 190 species in 32 genera found throughout the Old World 

tropics and subtropics and centered in Africa, Asia, and Madagascar; some species occur in 

temperate regions, and a few are found in Australia and Europe. Most are woody climbers 

occupying tropical and subtropical forests; other forms include erect or straggling shrubs from 

semi-arid and desert regions, suffrutescent forest climbers, herbaceous geophytes from open 

habitats, and epiphytes in tropical forests (Venter, 1997; Venter & Verhoeven, 1997, 2001). The 

generally small (most under 10 mm long) yet extremely complex flowers of Periplocoideae 

exhibit the high degree of synorganization between androecium and gynoecium typical for 

derived members of Apocynaceae s.l. Floral form varies between as well as within genera. This 

is evidenced by a wide range of corolla shapes, an elaborate diversification of corolline coronas, 

varying degrees of fusion between coronas and stamens, and differences in the position of floral 

organs on the corolla tube. Venter and Verhoeven (1997, 2001) provide an excellent review of 

the range of vegetative and floral diversity present in Periplocoideae.  

Over the years Periplocoideae have been included in Asclepiadaceae (Brown, 1810; 

Bentham, 1876; Schumann, 1895; Liede & Albers, 1994), considered a separate family 

(Schlechter, 1905; Bullock, 1956; Kunze, 1993; Swarupanandan et al., 1996; Omlor, 1996), or 

recognized as part of a more inclusive Apocynaceae along with other Asclepiadaceae (Safwat, 

1962; Judd et al., 1994; Venter & Verhoeven 1997; Sennblad & Bremer, 1996; Endress & 

Bruyns, 2000; Venter & Verhoeven, 2001). Brown (1810) included Periplocoideae, 
                                                   
1 Reproduced with permission from Ionta & Judd, 2007. Annals of the Missouri Botanical Garden 94: 360-375. 

© 2007 by the Missouri Botanical Garden Press. All rights reserved. 



 

19 

Asclepiadoideae and Secamonoideae in Asclepiadaceae on the basis of morphological 

similarities; primarily the presence of translators (complex pollen carriers formed from hardened 

secretions of the stylar head) in these taxa. The relatively soft translators of Periplocoideae 

consist of a spoon-shaped receptacle onto which pollen is shed at anthesis, an adhesive disc that 

attaches to the pollinator and a stipe or stalk connecting the two (Safwat, 1962; Schick, 1982; 

Verhoeven & Venter, 1997). In most taxa, pollen is shed as separate tetrads; seven genera have 

been documented as having tetrads aggregated into pollinia (Verhoeven & Venter, 1998a, 1998b, 

2001, 2002). In Asclepiadoideae and Secamonoideae, single pollen grains or tetrads are 

aggregated into pollinia that are firmly attached to hardened, clip-like translators before anthesis. 

These differences in pollen and translator morphology led Schlechter (1905) to recognize 

Periplocaceae as a separate family. Today, most researchers agree that Periplocoideae, 

Asclepiadoideae and Secamonoideae belong in an expanded Apocynaceae s.l. A number of 

phylogenetic analyses support this grouping as well as the monophyly of Periplocoideae 

(Civeyrel et al., 1998; Potgieter & Albert, 2001; Sennblad & Bremer, 1996; Lahaye et al., 2005), 

and recent studies show that Periplocoideae are likely nested within the paraphyletic grade 

Apocynoideae (Potgieter & Albert, 2001; Sennblad & Bremer, 1996).  

The number of accepted genera in Periplocoideae has changed considerably through the 

years and is still in flux. Given the small size of the subfamily, a disproportionately high number 

of monotypic and bitypic genera have been named. This may be due to a variety of factors: the 

group is extremely diverse, closely related species may differ greatly in morphology, many taxa 

(particularly in Asia) have not been extensively collected and are poorly known (Venter & 

Verhoeven, 1997; Meve & Liede, 2004), and the small yet highly complex flowers are difficult 

to interpret from herbarium material. A total of 86 genera have been named in Periplocoideae 
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(Venter & Verhoeven, 1997). Venter and Verhoeven proposed a tribal classification of the 

subfamily in 1997, which included 44 genera in three tribes. Since then, a number of smaller 

genera were placed in synonymy by Klackenberg (1997, 1998, 1999) and Venter and Verhoeven 

(2001), reducing the number of genera to 31. Today approximately half of the species belong to 

one of three large genera: Raphionacme (37 species), Cryptolepis (27) and Pentopetia (21). The 

remaining genera contain from one to 14 species; nine are monotypic and eight bitypic. Here I 

follow the generic circumscription of Venter and Verhoeven (2001) with one exception: in 

accordance with Meve and Liede (2004) I recognize the African Petopentia natalensis as 

separate from the Malagasy endemic genus Ischnolepis Jum. & H. Perrier. 

Brown (1902, 1904) used variations in the length of the upper corolla tube to delimit 

genera within the subfamily. Venter and Verhoeven (1997) also emphasized floral features in a 

tribal classification of Periplocoideae based on overall corolla form, exposure of the 

gynostegium from the corolla, and the position of coronas and stamens in the corolla tube. A 

subsequent phylogenetic analysis of the subfamily by Venter and Verhoeven (2001) based on 

morphological data did not support the tribes proposed in their earlier classification, and they 

noted that within Periplocoideae, floral features such as the length of the corolla tube were more 

variable than previously thought.  

Of the five subfamilies of Apocynaceae s.l., Periplocoideae is unique in having both taxa 

with and those without pollinia. Pollinia have been documented in seven genera: five Asian 

(Decalepis, Finlaysonia, Gymnanthera R. Br., Hemidesmus R. Br. and Streptocaulon Wight & 

Arn.) and two African (Epistemma D.V. Field & J.B. Hall and Schlechterella K. Schum.). 

Pollinia in Periplocoideae differ markedly from those found in other Apocynaceae: they are shed 

onto the translator at anthesis (in Secamonoideae and Asclepiadoideae the pollinia are firmly 
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attached to hardened corpuscles before being removed from the anther sacs by pollinators), they 

lack the pollinium walls (ectexine) of Asclepiadoideae, and the tetrads comprising a pollinium 

are only loosely agglutinated. Venter and Verhoeven (1997) hypothesized that pollinia in 

Periplocoideae evolved multiple times, and in 2001 predicted an independent origin of pollinia in 

Asian and African Periplocoideae due to differences in the pollinium structure of Schlechterella 

(Verhoeven & Venter, 1998b) as compared to that of other pollinial taxa. Fishbein (2001: 609) 

explored the origins and diversification of pollinia in the former Asclepiadaceae, concluding that 

“pollinia of Periplocoideae are not reconstructed as homologous with those of other 

asclepiads...it appears that pollinia may have evolved independently on several occasions in 

Periplocoideae, based on the distribution of pollinia among putatively isolated genera in each of 

the three recognized tribes.” 

My primary goal in undertaking this study was to elucidate phylogenetic relationships 

within Periplocoideae. To that end I utilized the ITS regions of nuclear ribosomal DNA and two 

plastid regions: trnT-trnF (the trnT-trnL intergenic spacer, the trnL-trnF spacer and the trnL 

intron) and the trnD-trnT spacer. The trnT-trnF region (in part or in whole) has been used 

successfully to assess relationships among genera throughout Apocynaceae s. str. (Liede, 2001; 

Meve & Liede, 2001, 2002, 2004; Lahaye et al., 2005). The resulting hypotheses of phylogenetic 

relationships are compared with the tribes of Venter and Verhoeven (1997) and the results of 

former phylogenetic analyses. 

Materials and Methods 

Taxon Sampling 

Forty-five taxa representing 29 of 32 currently recognized Periplocoideae genera (sensu 

Venter & Verhoeven, 2001, plus Petopentia Bullock) were included in this study along with two 

outgroup taxa (Table 2-1). Outgroup choice of Forsteronia leptocarpa and Rhabdadenia biflora 
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was based on recent molecular studies nesting Periplocoideae within Apocynoideae (Sennblad & 

Bremer, 1996; Potgieter & Albert, 2001). I was unable to obtain sufficient material for DNA 

extraction of three genera: Sarcorrhiza Bullock, Telectadium Baill., and Maclaudia Venter & 

R.L. Verh.  

Leaf tissue was obtained from live plants grown in the University of Florida, Department 

of Botany Greenhouse, from field-collected specimens dried in silica (generously donated by a 

number of researchers, see acknowledgements), and from herbarium material. Genomic DNA 

was isolated using the CTAB extraction protocol outlined by Doyle and Doyle (1987). Extracted 

DNA was purified using Qiagen QIAQuick® columns (Qiagen, Inc., Santa Clarita, California) 

using the manufacturer’s protocol. 

PCR Amplification and DNA Sequencing 

Ribosomal DNA was amplified in 50µl reactions with primers 17SE and 26SE of Sun et al. 

(1994), using a touchdown thermal cycling program with an initial annealing temperature of 

76˚C, decreasing 1˚C per cycle for 15 cycles, followed by 15 cycles at 61̊C. With difficult 

samples (e.g. herbarium specimens), ITS-1 and ITS-2 were amplified separately using the 

primers and protocol of Blattner (1999). 

The trnD-trnT intergenic spacer region was amplified and sequenced using the primers and 

protocol of Demesure et al. (1995). The trnT-trnF chloroplast region spans trnT-trnL, trnL-trnF, 

and the trnL intron. I amplified and sequenced this region using the primers and protocol of 

Taberlet et al. (1991), with the exception of their trnTR primer, which I substituted with trnT2F 

of Shaw et al. (2005). Attempts to amplify chloroplast regions from genomic DNA extracted 

from herbarium specimens often proved unsuccessful, resulting in fewer exemplars in the 

chloroplast region matrices. 
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PCR products were purified using Qiagen QIAQuick® columns (Qiagen, Inc., Santa 

Clarita, California, USA) using the manufacturer’s protocol. Sequencing reactions were 

performed using BigDye® chemistry. Primers used for cycle sequencing were the same as those 

used in PCR amplification. All sequencing was done on Applied Biosystems ABI 377 

Sequencers at the Interdisciplinary Center for Biotechnology Research, University of Florida. In 

addition to the sequences generated for this study, I included sequences previously published by 

Meve and Liede (2004). 

Phylogenetic Analyses 

Sequences were manually edited and assembled using Sequencher 3.0 (Gene Codes 

Corporation, Ann Arbor, MI), and consensus sequences were visually aligned using SeAl 2.0 

(Rambaut, 1996). Regions of ambiguous alignment were identified and excluded from analyses. 

Parsimony analyses were conducted using PAUP* 4.0b10 (Swofford, 1999). For each heuristic 

search all characters were equally weighted, character state transitions were treated as unordered, 

and gaps were treated as missing data. Each matrix underwent 1000 random addition replicates, 

saving 10 trees per replicate, with tree bisecting and reconnection (TBR) branch swapping, and 

with the MulTrees option in effect. The shortest trees retained in memory were then swapped to 

completion. Relative support for clades was evaluated using 1000 bootstrap (BS) replicates 

(Felsenstein, 1985), with 10 random addition replicates and sub-tree pruning and regrafting 

(SPR) branch swapping.  

Congruence of separate data-sets was assessed using a conditional combination approach 

(Huelsenbeck et al. 1996), as described by Soltis et al. (2001). First, each data-set was analyzed 

separately. I then compared the resultant topologies and searched for instances of strongly 

supported contradictory clades. Following the approach of Mason-Gamer and Kellogg (1996), I 

established a bootstrap value cutoff of 70% for assessing strong conflict between data-sets. The 
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chloroplast genome is inherited as a single unit and is not subject to recombination; therefore I 

treated the plastid data-sets as a single linkage partition. Congruence of nuclear and plastid data 

were further assessed using a partition homogeneity test, as implemented in PAUP* 4.0b10 

(Swofford 1999). 

Analyses of the following data-sets were performed: 1) ITS alone, comprising 43 ingroup 

taxa in 29 genera and two outgroup taxa; 2) trnT-trnF, with 27 ingroup taxa in 18 genera and two 

outgroup taxa; 3) the trnD-trnT region, with 21 ingroup taxa in 17 genera and one outgroup 

taxon; 4) a combined chloroplast data-set containing 28 ingroup taxa in 19 genera and two 

outgroup taxa and 5) a combined total evidence data-set of 45 taxa (43 ingroup taxa in 29 genera 

and two outgroup taxa). Chloroplast sequences are missing for several taxa and as a result the 

data-sets for analyses 4 and 5 are incomplete. 

Results 

ITS 

The aligned ITS matrix was 774 characters long; 265 of 399 variable characters were 

parsimony-informative. Parsimony analysis resulted in 93 most parsimonious trees (MPT) of 

1223 steps (CI = 0.474; RI = 0.609; RC = 0.289) (Figure 2-1). Phyllanthera grayi, an Asian 

taxon, is supported as sister to the rest of the subfamily (BS 99). A large, well-supported clade 

(BS 90; herein referred to as the grooved translator clade) contains 23 Asian and African taxa, 

including the eight pollinial taxa included in this analysis. Within this clade there is moderate 

support (BS 72) for an Asian clade of seven taxa (the Asian pollinial clade), the majority of 

which (five of seven) bear pollinia. Within this Asian pollinial clade the monophyly of 

Finlaysonia, represented in this study by F. insularum and F. lanuginosa, is not supported. 

Finlaysonia lanuginosa is sister to Streptocaulon juventas (BS 71), while F. insularum forms a 

clade with Atherandra acuminata + Gymnanthera oblonga + Zygostelma benthamii (BS 89). 
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Sister to this Asian pollinial clade (BS 95) is a clade containing two African taxa: Buckollia 

volubilis (tetrads) and Epistemma rupestre (pollinia-bearing). Raphionacme is paraphyletic, with 

all but one species forming a clade (BS 100); the exception, Raphionacme lobulata, is sister to 

the genus Stomatostemma N.E. Br. (BS 59). Four of five Periploca L. species included in this 

analysis form a clade (BS 100); the exception, P. nigrescens, is sister to Omphalogonus 

calophyllus (BS 100). Cryptolepis and Pentopetia, relatively large genera represented here by 

five of 27 species and two of 21 species, respectively, are both supported as monophyletic (BS 

99, BS 97). 

Plastid Regions 

The aligned trnT-trnF matrix was 1757 characters long after removal of sites where 

alignment was ambiguous; 57 of 231 variable characters were parsimony-informative. 

Parsimony analysis yielded 9890 shortest trees of 262 steps (CI = 0.931; RI = 0.841; RC = 

0.783). The aligned trnD-trnT matrix was 1292 characters long after removal of sites where 

alignment was ambiguous; 20 of 194 variable characters were parsimony-informative. 

Parsimony analysis yielded 9010 shortest trees of 212 steps (CI = 0.948; RI = 0.667; RC = 

0.632).  

Visual inspection of the strict consensus trees from the separate trnT-trnF and trnD-trnT 

analyses revealed no strongly supported contradictory clades. Therefore, I combined the two 

matrices into a single plastid data-set. Sampling was uneven due to eight missing trnD-trnT 

sequences and one missing trnT-trnF sequence, representing 13.2% of the data. Parsimony 

analysis yielded 9310 MPT of 475 steps (CI = 0.939; RI = 0.801; RC = 0.752) (Figure 2-2). 

Combining the plastid data-sets resulted in greater support for the clades present in the separate 

plastid analyses, with additional groupings not present in the ITS or separate plastid analyses. A 

clade containing Camptocarpus mauritianus, Cryptostegia madagascariensis, Ischnolepis 
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graminifolia, Pentopetia grevei and P. longipetala, representing four of five Malagasy genera 

(Baroniella Costantin & Gallaud is absent from this data-set) is supported (BS 82). Four genera 

are monophyletic: Cryptolepis (BS 79), Pentopetia (BS 68), Periploca (BS 100; P. nigrescens 

absent from plastid data-set) and Raphionacme (BS 97; R. lobulata absent from plastid data-set). 

Ectadium latifolium is weakly supported as sister to Periploca (64% BS); this relationship was 

not supported by the ITS analysis. Schlechterella abyssinica is sister to Raphionacme (BS 72). 

The Asian pollinial clade identified in the ITS analysis is represented in the combined plastid 

analysis by four taxa, which again form a clade (BS 81). Within this clade Finlaysonia is 

polyphyletic, in agreement with the results of the ITS analysis. 

Total Evidence 

Visual inspection of the separate analyses of the nuclear and plastid data-sets revealed no 

strongly supported contradictory clades, and a partition homogeneity test showed that the plastid 

and ITS data-sets are concordant (P = 0.28); therefore I combined the data-sets. Sampling was 

uneven due to 24 missing trnD-trnT sequences and 17 missing trnT-trnF sequences, representing 

34.6% of the data. Parsimony analysis of the total evidence data-set resulted in 142 MPT of 1706 

steps (CI = 0.601; RI = 0.620; RC = 0.373) (Figure 2-3). This analysis yielded a strict consensus 

tree similar in topology to the ITS consensus tree, with better resolution in portions of the tree 

and better support for most nodes. As in the ITS analysis, Phyllanthera grayi is supported as 

sister to the rest of the subfamily, a relationship not seen in the plastid analyses. The Asian 

pollinial clade (BS 71), the grooved translator clade (BS 94), the Cryptolepis + Omphalogonus 

calophyllus + Periploca nigrescens clade (BS 97), and the Periploca laevigata through P. 

calophylla clade (BS 100), all present in the ITS analysis, are supported. Finlaysonia is 

polyphyletic; F. lanuginosa is sister to Streptocaulon juventas with greater support than in 

individual analyses (BS 75). Relationships among those taxa outside of the grooved translator 
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clade are not well resolved. Representatives of two of five Malagasy genera (Camptocarpus 

Decne. and Cryptostegia R. Br.) appear together in 100% of the MPT but there is no statistical 

support for this relationship. 

Morphology 

Morphological assessments were made based on a combination of previously published 

data (Nilsson et al., 1993; Verhoeven & Venter, 1988, 1989, 1994a, 1994b, 1997, 1998a, 1998b, 

2001, 2002; Verhoeven et al., 1989) and my own observations. I examined spirit preserved 

flowers and/ or herbarium specimens of all taxa included in this study, with a particular emphasis 

on pollen and pollen translators. The evolution of pollinia was analyzed by mapping the presence 

or absence of this character (using parsimony) onto one of the shortest trees from my total 

evidence analysis in MacClade 4.05 (Maddison & Maddison, 2002). My investigation into the 

pollen morphology of Periplocoideae is preliminary and only summarized in this paper. 

In a majority of taxa I observed pollen tetrads (not gathered into pollinia) that were round 

to slightly oblong (L/ W ≤ 1.5, Figure  2-4C), with pollen grains arranged tetrahedrally, 

decussately and/ or rhomboidally. The exceptions were: 1) Periploca graeca (non-pollinial), in 

which I observed oblong (L/ W = 1.5--2.0), decussate and rhomboidal tetrads (Figure 2-4E), 2) 

Petopentia natalensis (non-pollinial), with a mix of rhomboidal, linear, and T-shaped tetrad 

shapes (L/W = 1.5--4.0), 3) members of the Asian pollinial clade (most pollinial) with elongate 

(L/W 2.0--6.0, Figure 2-4G, H) T-shaped, rhomboidal or linear tetrads, 4) Epistemma rupestre 

(pollinial), with a mix of rounded and elongate rhomboidal tetrads (L/ W = 1-- 2.5), 5) 

Hemidesmus indicus (pollinial), with a mix of rhomboidal, linear and T-shaped tetrads (L/ W = 

1.5--3.0), and 6) Schlechterella abyssinica (pollinial), with oblong, decussate tetrads (L/W = ca. 

2.0). Tetrads were arranged randomly on the translator spoon with the following exceptions: in 

both pollinial and non-pollinial members of the Asian pollinial clade tetrads were aligned more 
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or less parallel to one another (in a fan-like fashion when the tetrads were T-shaped) and roughly 

perpendicular to the translator spoon, and in the pollinial taxon Schlechterella abyssinica, tetrads 

were mostly randomly aligned, but at least some were aligned parallel to one another. Tetrad 

alignment in the pollinial taxa Epistemma rupestre and Hemidesmus indicus appeared to be 

random. 

Discussion 

Phyllanthera – Sister to the Rest of Periplocoideae? 

Phyllanthera grayi is supported as sister to the rest of Periplocoideae in the ITS and total 

evidence analyses. As currently circumscribed, Phyllanthera Blume comprises eight species of 

Southeast Asian and Australian forest climbers. Forster (1993) placed Phyllanthera (then 

composed of two species) into synonymy with Cryptolepis, recognizing these two taxa plus four 

Cryptolepis species as Cryptolepis subgenus Phyllanthera (Blume) P.I.Forst. Venter and 

Verhoeven (2001) later reinstated the genus Phyllanthera, uniting Cryptolepis subgenus 

Phyllanthera with the monotypic genus Pentanura Blume on the basis of similar floral structures 

including a lack of alternipetalous corona lobes, prominent anther apices and staminal feet 

swollen and fused around the style.  

Phyllanthera grayi (originally described under Cryptolepis subgenus Phyllanthera) is the 

sole representative of the genus in my analyses. Its placement at the base of the subfamily comes 

as a surprise. Endress and Bruyns (2000) described a morphological transformation series in 

flowers of Periplocoideae leading from 1) Gymnanthera type flowers, with staminal feet running 

down a long lower corolla tube made up of congenitally fused corolla, stamens and nectaries 

(Venter & Verhoeven, 2001; Nishino, 1982)), similar to flowers of Rauvolfioideae and 

Apocynoideae, to taxa in which 2) the lower corolla tube is much shorter, with incompletely 

fused staminal feet forming a ring around the top of the ovary, to a condition where 3) the 
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staminal feet are completely fused around the style (e.g. Hemidesmus), approaching in form the 

4) “staminal tube” of Secamonoideae/ Asclepiadoideae. Under this scenario one would expect 

the early-diverging members of Periplocoideae to have a long corolla tube as in the first 

condition described above; however, Phyllanthera, with staminal feet fused incompletely into a 

ring around the style, exemplifies the second condition.  

Venter and Verhoeven (1997) placed Phyllanthera in the tribe Cryptolepideae. The 

presence of a distinct corolla tube in members of Cryptolepideae led them to hypothesize that 

this tribe was more derived than, and perhaps derived from, the tribe Periploceae. They later 

abandoned this tribal classification based on the results of their own phylogenetic analysis of 

morphological characters (Venter & Verhoeven 2001). It is of interest, however, that in their 

morphology-based phylogenetic analysis Phyllanthera again appeared in a derived position 

(within the “Atherandra clade”), in support of the views of Endress and Bruyns (2000), and in 

conflict with its placement in my DNA-based trees.  

At this time my morphological investigations are still in a preliminary stage. Given the 

absence of clear morphological characters supportive of Phyllanthera in this position, coupled 

with a lack of support for this relationship in the plastid analyses, I consider the phylogenetic 

placement of Phyllanthera as sister to the remaining genera of Periplocoideae to be an 

interesting, but still tentative, hypothesis. 

A Grooved Translator Clade 

A clade containing roughly half of the species sampled (23 of 43 ingroup taxa) appears in 

both the ITS (Figure 2-1, BS 90) and total evidence analyses (Figure 2-3, BS 94). This clade, 

composed of African and Asian taxa, includes the eight pollinial exemplars. Most taxa in this 

clade have pollen translators with a prominent groove (corresponding to a ridge in the stylar head 

where the translator is formed) running transversely along the spoon (Figure 2-4D, I). Often 
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there is a notch at the top of the spoon, which may extend longitudinally down the spoon, 

partially dividing it into two halves. Exceptions are the genus Raphionacme, in which the groove 

is absent or shallow, and Baseonema gregorii, Sacleuxia newii and Schlechterella abyssinica, 

whose translators have a shallow groove. These likely represent reversals.  

Taxa outside of this grooved translator clade bear translators with flattened spoons and 

rounded apices (e.g. Ectadium latifolium, Figure 2-4C); in some cases (e.g. Petopentia 

natalensis) the central axis of the spoon is slightly thinner. I note that the Malagasy taxa sampled 

in this study (representing all five Malagasy genera) fall outside of the grooved translator clade. 

Arekal and Ramakrishna (1980: 430) observed that translator spoons in Decalepis and 

Hemidesmus (both within the grooved translator clade) had “a median partition wall, dividing it 

into two parts, each of which receives pollen tetrads of the nearest anther lobe.” They interpreted 

these translators as more specialized than the un-grooved translators of Cryptolepis buchananii 

(Figure 2-4F) and Cryptostegia madagascariensis (Figure 2-4A), neither of which appeared in 

the grooved translator clade in my analyses. Safwat (1962: 113) noted that “the genus 

Cryptolepis is considered to be rather primitive because of the poorly developed translators, a 

fact which led R. Brown to include it within the Apocynaceae.” 

An Asian Pollinial Clade 

There is moderate support for a clade of seven Asian species (five of which bear pollinia) 

in the ITS (Figure 2-1, BS 72), plastid (four taxa in the plastid data-set, Figure 2-2, BS 81) and 

total evidence analyses (Figure 2-3, BS 71). In the ITS and total evidence analyses this clade 

appears within the grooved translator clade. Members of the Asian pollinial clade appear in all 

three tribes of Venter and Verhoeven (1997) and did not form a clade in their morphology-based 

cladistic analysis (2001). This conclusion of Verhoeven and Venter (1997, 2001) is 

understandable: these are, morphologically, seemingly disparate taxa with little uniting them 
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beyond the presence of pollinia in most. Gymnanthera oblonga, for example, has flowers up to 

17 mm long, a long corolla tube, and squat, transverse-triangular coronas (Forster, 1991). In 

contrast, Zygostelma benthamii, also in the Asian pollinial clade (sister to G. oblonga, Figure 2-

3, BS 91), has flowers ca. 6mm long, a short corolla tube and unique, curiously shaped coronas 

that resemble a pair of ram’s curved horns. The Asian pollinial clade exemplifies the wide range 

of morphological variation found in closely related taxa throughout the subfamily; this 

variability, in part, explains the large number of monotypic and bitypic genera that have been 

recognized in Periplocoideae, as well as the difficulty in assessing relationships on the basis of 

morphology alone.  

Pollen and translators offer clues to intergeneric relationships in Periplocoideae. In most 

taxa, pollen tetrads are round or short-oblong and arranged randomly on the translator spoon 

(Figure 2-4 A, C, I). In contrast, I observed that both pollinia and tetrad-bearing members of the 

Asian pollinial clade have elongate pollen tetrads that are aligned roughly parallel to one another 

(sometimes the tetrads are wider at the distal end; this results in a fanlike arrangement) and more 

or less perpendicular to the translator spoon (Figure 2-4B, G, H). Tetrad shape apparently does 

show some homoplasy in Periplocoideae: I observed a mix of tetrad shapes including elongate 

forms in Periploca graeca and Petopentia natalensis and in the three pollinial taxa appearing 

outside of the Asian pollinial clade in my analyses: Epistemma rupestre has rounded to oblong 

tetrads, Hemidesmus indicus a mix of shapes and Schlechterella abyssinica has oblong, decussate 

tetrads. Thus, with a few exceptions, there is an intriguing trend from more or less rounded 

tetrads in non-pollinial Periplocoideae towards the elongation of pollen tetrads in the pollinial 

taxa and in the tetrad-bearing members of the Asian pollinial clade. 
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The genus Atherandra Decne. has been documented as having pollen arranged in tetrads 

(Venter & Verhoeven, 2001). Prior to including Atherandra acuminata in my phylogenetic 

analyses, I noted that in this species, translator shape and the shape and arrangement of pollen 

tetrads is similar to that of species in the Asian pollinial clade: the tetrads are elongate, aligned 

parallel to one another and roughly perpendicular to the translator spoon. Based solely on this, I 

speculated that A. acuminata would group within the Asian pollinial clade, despite having tetrads 

rather than pollinia. Indeed, when included in my analysis A. acuminata grouped with the Asian 

pollinial taxa, with good support (Figure 2-3, BS 71). 

A Malagasy Clade? 

Five Periplocoideae genera are endemic to Madagascar and the Mascarene Islands: 

Baroniella, Camptocarpus, Cryptostegia, Ischnolepis and Pentopetia. The relationship of these 

Malagasy genera to each other and to other Periplocoideae is poorly resolved in the ITS and 

combined analyses, but in the combined plastid analysis (Baroniella is missing from the plastid 

data-sets) they form a well-supported clade (Figure 2-2, BS 82). This is in accordance with the 

findings of Meve and Liede (2004); their analyses of plastid data supported a Malagasy clade 

(Camptocarpus + Ischnolepis + Pentopetia), a relationship not recovered from their analyses of 

ITS and total evidence data-sets. The hypothesis of a Malagasy clade is compelling; however, at 

this time there is insufficient support for this grouping. 

Monophyly of Genera and the Genus Periploca 

These analyses support the monophyly of Stomatostemma, Pentopetia, and Cryptolepis 

(Figures 2-1, 2-3). Both species of Stomatostemma were sampled; Pentopetia and Cryptolepis, 

however, are fairly large genera (21 and 27 species, respectively), thus further taxon sampling is 

warranted in order to confirm my results. Periploca, the type genus of the subfamily, occurs in a 

variety of habitats in Asia and Africa and extends into Europe. The genus exhibits a wide range 
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of growth types, from forest climber to scrambling or erect shrub to geophytic herb (Venter, 

1997; Browicz, 1966). Venter (1997) delimited two sections in Periploca based on the presence 

(section Periploca, further divided into three subgroups, or series) or absence (section 

Monocoronata) of basally tri-segmented corona lobes. In my analyses, which included 

exemplars from all four subgroups, representatives of section Periploca (P. calophylla, P. 

graeca, P. visciformis and P. laevigata) form a well-supported clade. Periploca nigrescens, in 

contrast (representing section Monocoronata, the other main group delimited by Venter), is well-

supported as sister to Omphalogonus calophyllus (Figure 2-3, BS 100); together these two taxa 

are sister to Cryptolepis.  

The genus Periploca is quite distinctive: nine of 14 species have a dark fleshy center on 

the adaxial corolla lobes, often surrounded by hairs or with a white papillose spot in the center. 

These corolla features, unique to Periploca and perhaps synapomorphic, are not present in P. 

nigrescens or other members of section Monocoronata. Venter and Verhoeven (1997) 

hypothesized that section Monocoronata represented the least modified of Periploca species, and 

further speculated that P. nigrescens was most likely not closely related to other members of that 

section. Inclusion of additional exemplars from Periploca section Monocoronata is planned in 

order to further test the monophyly of the genus. 

Omphalogonus calophyllus-Periploca nigrescens 

Periploca nigrescens and Omphalogonus calophyllus form a well-supported clade in the 

ITS and total evidence analyses (Figures 2-1, 2-3, BS 100). It is difficult to distinguish between 

these two species based solely on vegetative characters; both form large lianas with leaves of 

similar shape, texture and appearance, and the plants are black when dried, a condition not 

present in other Periplocoideae. They are so similar in vegetative form that Bullock (1961) 

combined Periploca nigrescens + Parquetina gabonica Baill. + Omphalogonus calophyllus into 
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a single species, Parquetina nigrescens. Floral morphology in these taxa does, however, differ: 

the flowers of P. nigrescens are rotate, the gynostegium is exserted, and the anthers are large; 

while in Omphalogonus flowers are campanulate with an enclosed gynostegium and less 

conspicuous anthers. Recognizing these differences in floral morphology, Venter and Verhoeven 

(1996) later reinstated Omphalogonus calophyllus and Periploca nigrescens as distinct species in 

two different genera, and in 1997 even placed them in separate tribes. My findings that P. 

nigrescens and O. calophyllus are well-supported as sister taxa illustrate the importance of 

considering both floral and vegetative features when assessing relationships within this complex 

group. 

A Polyphyletic Finlaysonia 

Venter (2001) placed several monotypic and bitypic Asian genera into synonymy under the 

previously monotypic Finlaysonia due to similarities in floral form (the gynostegium exposed 

from a rotate or saucer-shaped corolla) and because all have pollen fused into pollinia. I included 

in my study two Finlaysonia species: F. insularum (=Gymnanthera insularum King & Gamble, 

later Meladerma insularum (King & Gamble) Kerr.) and F. lanuginosa (=Gongylosperma 

lanuginosa Ridley). I was unable to obtain suitable material for DNA sequencing of F. obovata, 

the generic type. My analyses did not support the monophyly of Finlaysonia s.l.: in the ITS and 

combined analyses F. insularum appears in a clade with Atherandra acuminata + Gymnanthera 

oblonga + Zygostelma benthamii (Figures 2-1, 2-3), while F. lanuginosa pairs with 

Streptocaulon juventas. The plastid data-set also strongly supports the relationship between F. 

lanuginosa and S. juventas (Figure 2-2). Finlaysonia lanuginosa has a densely pubescent abaxial 

leaf surface similar to that seen in Streptocaulon species, in contrast to the glabrous condition 

observed in other Finlaysonia species examined. Finlaysonia as currently circumscribed is an 

amalgamation of six smaller genera recently placed in synonymy (Venter & Verhoeven, 2001). I 
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hope to include as many of these species as possible in future analyses (of both molecular and 

morphological data). 

Raphionacme lobulata Renders Raphionacme Non-monophyletic 

In a cladistic analysis of molecular data, which included 17 species in nine genera of 

Periplocoideae, Meve and Liede (2004) found good support for the monophyly of Raphionacme, 

a genus of 37 species. The inclusion of R. lobulata in my analyses rendered Raphionacme non-

monophyletic; R. lobulata is not allied with other Raphionacme exemplars and is instead 

supported as sister to Stomatostemma (Figures 2-1, 2-3). Venter and Verhoeven (1988) originally 

placed R. lobulata in the genus Raphionacme based on similarities in floral features such as 

corolla structure and the position of stamens and corona lobes on the corolla tube. They noted 

pollen grains with eight pores in Raphionacme lobulata. Most Periplocoideae have 4 to 6 pores 

per pollen grain; Raphionacme, Schlechterella and Baseonema Schltr. & Rendle have 8 to 16. 

Venter et al. (in press) later noted that vegetatively, R. lobulata more closely resembles 

Stomatostemma (similar leaves and habit, and similar strings of spherical tubers on their roots) 

and Batesanthus N. E. Br. (similar fleshy interpetiolar stipules) than Raphionacme, and a re-

investigation of pollen in this taxon showed 4 to 6 pores per grain. My results, which indicate a 

close relationship between R. lobulata and Stomatostemma, are in accordance with these 

observations. Here again I see that vegetative and pollen characters can be more informative than 

gross floral morphology in assessing relationships in Periplocoideae. 

Evidence for Multiple Origins of Pollinia 

I mapped the presence of pollinia onto one of the shortest trees from the total evidence 

analysis; my results indicate either three or four separate origins of pollinia in Periplocoideae, 

each of which requires four evolutionary changes. Under DELTRAN optimization (Figure 2-3), 

pollinia are hypothesized to have originated four times: once in the common ancestor of the 
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Asian pollinial clade, two more times (separately) in the African genera Epistemma and 

Schlechterella, and a fourth time in Hemidesmus, a monotypic genus from India. Under 

ACCTRAN optimization, pollinia are hypothesized to have evolved three times: in the common 

ancestor of the Asian pollinial + Epistemma + Buckollia Venter & R.L. Verh. clade, again in 

Schlechterella and a third time in Hemidesmus. Thus, it is equally parsimonious to view the 

pollinia of Epistemma as homologous with those of the Asian pollinial clade (in which case 

Buckollia represents a reversal to tetrads) or as representing yet a fourth separate origin of 

pollinia in the subfamily. These results support the hypothesis of Fishbein (2001) that pollinia 

evolved more than once in Periplocoideae, and more specifically, the hypotheses of Venter and 

Verhoeven that pollinia in Asian and African Periplocoideae evolved polyphyletically (1997) 

and independently (2001).  

My preliminary observations suggest that pollinial form varies in a manner consistent with 

phylogenetic pattern, and is suggestive of multiple origins of pollinia within the subfamily. The 

pollinia of Schlechterella are very different from those found in other pollinial taxa. The most 

striking difference can easily be seen in SEM images: in all other species with pollinia the distal 

tetrad walls are inaperturate or vestigially porate (Verhoeven & Venter, 2001), while in 

Schlechterella (Verhoeven & Venter, 1998b) the pollen tetrads have pores on both proximal and 

distal walls. The proximal walls of a pollinium are defined as walls between adjacent tetrads; 

distal walls are on the outside of the pollinium (Verhoeven & Venter, 1994b, 1998a).  

I observed elongate pollen tetrads aligned parallel to one another and relatively 

perpendicular to the translator spoon in members of the Asian pollinial clade (pollinial and tetrad 

bearing taxa). This is in contrast to the randomly aligned tetrads of Schlechterella and non-
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pollinial taxa. I was unable to determine the orientation of tetrads to the translator spoons in 

Hemidesmus and Epistemma, but additional study is planned.  

In Periplocoideae pollinia are made up of loosely agglutinated tetrads (Verhoeven & 

Venter 1998a). The tectum and granular layer of the tetrads may be fused where pores of 

adjacent tetrads are opposite one another. Fusion between tetrad pores has not been observed in 

Hemidesmus. Verhoeven and Venter (1998a) observed wavy proximal tetrad walls in the pollinia 

of Hemidesmus and Schlechterella, and postulated that this feature may assist in holding the 

tetrads together. These wavy tetrad walls were not observed in members of the Asian pollinial 

clade, Epistemma or other Periplocoideae. 

General Conclusions 

The use of molecular evidence to elucidate evolutionary relationships can be particularly 

crucial in groups that exhibit a complex and widely varying array of floral forms such as 

Periplocoideae. The results of my analyses do not always agree with past generic or tribal level 

classifications; this may stem, at least in part, from an emphasis on rather homoplasious floral 

features by previous systematists. In agreement with previous studies, my results show that 

pollinia in Periplocoideae are likely non-homologous with those of Asclepiadoideae and 

Secamonoideae, and support at least three origins of pollinia in Periplocoideae. I hope to clarify 

relationships and elucidate patterns of character evolution in this fascinating group through 

further sampling of taxa from throughout the subfamily, by completing sequencing of the plastid 

regions used in this study, and with more in-depth morphological investigations. 
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Table 2-1. Voucher information and GenBank accession numbers for plant material used in molecular analyses. Outgroup taxa are 
listed first, followed by ingroup taxa. 

Taxon Origin Voucher Genbank accession numbers 
   trnT-F trnD-T ITS 
Forsteronia leptocarpa (Hook. & 

Arn.) A. DC. 
Brazil, Ubatuba Simões & Singer 1037 

(UEC) 
DQ916868  – DQ916831  

Rhabdadenia biflora (Jacq.) Müll. 
Arg. 

U.S.A., Florida Zona 616 (FTG) DQ916869  DQ916903  DQ916832  

Atherandra acuminata Decne. Thailand, Surat Put. 4139 (P) – – DQ916833  
Baroniella camptocarpoides 

Costantin & Gallaud 
Madagascar, Toliara Phillipson et al. 3956 

(MO) 
– – DQ916834  

Baseonema gregorii Schltr. & Rendle Tanzania Cox & Abdallah 2028 
(K) 

– – DQ916835  

Batesanthus purpureus N. E. Br. Zaire Hart 620 (MO) – – DQ916836  
Buckollia volubilis (Schltr.) Venter & 

R. L. Verh. 
Ethiopia, Sidamo Hangen 2041 (K) – – DQ916837  

Camptocarpus mauritianus (Lam.) 
Decne. 

Madagascar, Toliara Petignat s.n. (UBT) * DQ916887  * 

Cryptolepis buchananii Roem. & 
Schult. 

Pakistan, Islamabad Sultan s.n. (UBT) DQ916870  DQ916888  DQ916838  

Cryptolepis capensis Schltr. South Africa Abbott 7761 (Z) DQ916871  DQ916889  DQ916839  
Cryptolepis delagoensis Schltr. South Africa, KwaZulu-Natal  Bruyns 9357 (BOL) – – DQ916840  
Cryptolepis hypoglauca K. Schum. ex 

Engl. 
Tanzania, Masasi Distr. Bidgood et al 2086 

(K) 
– – DQ916841  

Cryptolepis oblongifolia (Meisn.) 
Schltr. 

South Africa, Transvaal Bruyns 9367 (E) DQ916872  DQ916890  DQ916842  

Cryptostegia madagascariensis Bojer U.S.A., Florida, cult.  Ionta 418 (FLAS) DQ916873  DQ916891  DQ916843  
Cryptostegia madagascariensis Bojer U.S.A., Florida, cult. Ionta 538 (FLAS) – – DQ916844  
Decalepis arayalpathra (J. Joseph & 

V. Chandras.) Venter 
India, Cirzar Hills, 1989 Rajasekharan s.n. (K) – – DQ916845  

Ectadium latifolium N. E. Br. Namibia Albers 2413 (UBT) DQ916874  DQ916892  DQ916846  
Epistemma rupestre H. Huber Cameroon, Rocher Ako’okas deWilde 7462 (MO) – – DQ916847  
Finlaysonia insularum (King & 

Gamble) Venter 
Thailand Middleton 1164 (A) DQ916875  DQ916893  DQ916848  

Finlaysonia lanuginosa (Ridl.) Venter U.S.A., Cornell Univ., cult. Livshultz 03-41 (BH) DQ916876  DQ916894  DQ916849  
Gymnanthera oblonga (Burm. f.) P. Australia, Northern Territory Forster 6133 (K) – – DQ916850
      S. Green 
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Table 2-1. Continued      
Taxon Origin Voucher Genbank accession numbers 
   trnT-F trnD-T ITS 
Hemidesmus indicus (L.) R. Br. ex 

Schult. 
India Civeyrel 1008 (TL) DQ916877  DQ916895  DQ916851  

Ischnolepis graminifolia (Costantin & 
Gallaud) Klack. 

Madagascar, Ambinanitelo Röösli s.n. (UBT) * – * 

Mondia whitei Skeels South Africa, Univ. Natal 
Pietermaritzberg, cult. 

ex hort. Ollerton s.n. DQ916878  DQ916896  DQ916852  

Myriopteron paniculatum Griff. s. loc. Shuncheng 9801135 
(MO) 

– – DQ916853  

Omphalogonus calophyllus Baill. Tanzania, Muheza District Mwangoka et a.. 1241 
(MO) 

– – DQ916854  

Pentopetia grevei (Baill.) Venter Madagascar, Ambinanitelo Mangelsdorff 516 
(UBT) 

* DQ916897  * 

Pentopetia longipetala Klack. Madagascar, Ambalabao Allorge 2422 (P) DQ916879  – DQ916855  
Periploca calophylla (Wight) Falc. China, Sichuan Prov. Liu Zheng Yu 15548 

(GH) 
DQ916880  – DQ916856  

Periploca graeca L. Switzerland, Bot. Gard. Zurich, 
cult.  

Endress s.n. (Z) DQ916881  DQ916898  DQ916857  

Periploca laevigata Ait. Spain, Canary Islands Fernandez s.n. (Z) DQ916882  DQ916899  DQ916858  
Periploca nigrescens Afzel. Ghana Merello et al. 1354 

(MO) 
– – DQ916859  

Periploca visciformis (Vatke) K. 
Schum. 

Socotra, Wadi Ayhaft Mies 1444 (UBT) * – * 

Petopentia natalensis (Schltr.) 
Bullock 

s. loc. ex hort. Kiel. (UBT)  * DQ916900  * 

Phyllanthera grayi (P. I. Forst.) 
Venter 

Australia Forster 24232 (BRI) DQ916883  DQ916901  DQ916860  

Raphionacme flanaganii Schltr. South Africa, Pietermaritzburg Albers 1577 (MSUN) * – * 
Raphionacme galpinii Schltr. South Africa Abbott s.n. (Z) DQ916884  DQ916902  DQ916861  
Raphionacme lobulata Venter & R. 

L. Verh. 
South Africa, Eastern Cape Dold 4461 (GRA) – – DQ916862  

Raphionacme madiensis S. Moore Tanzania, Dodoma Specks 682 (UBT) * – * 
Sacleuxia newii (Benth.) Bullock Tanzania, Kilosa Bruyns 8653 (K) DQ916909/ 10  – DQ916863  
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Table 2-1. Continued      
Taxon Origin Voucher Genbank accession numbers 
   trnT-F trnD-T ITS 
Schlechterella abyssinica (Chiov.) 

Venter & R. L. Verh. 
Kenya, Furole Newton 4555 (UBT) * DQ916904  * 

Stomatostemma monteiroae N. E. Br. s. loc. IPPS 1427 (UBT) * DQ916905  * 
Stomatostemma pendulina Venter & 

D. V. Field 
Mozambique, Ribaue Bruyns 7716 (K) – – DQ916864  

Streptocaulon juventas (Lour.) Merr. Laos, Sii Phan Don, Kong Distr. Middleton 276 (A) – DQ916906  DQ916865  
Tacazzea apiculata Oliver Zambia, Luapula District Renvoize 5760 (MO) DQ916885  DQ916907  DQ916866  
Zygostelma benthamii Baill. Thailand, Phetchaburi Middleton 849 (A) DQ916886  DQ916908  DQ916867  
* Indicates sequences previously published by Meve & Liede (2004). – Indicates missing sequences. Two GenBank numbers are given for the 
trnT-F region of Sacleuxia newii; the first number represents trnL-F and the second (last two digits given) represents trnT-L. 
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Figure 2-1. Strict consensus of 93 equally parsimonious trees (tree length [L] = 1223, CI = 0.474, 
RI = 0.609, RC = 0.289) resulting from parsimony analysis of ITS sequence data. 
Branches in bold indicate pollinial taxa. Numbers above the branches indicate 
bootstrap values. 
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Figure 2-2. Strict consensus of 9310 equally parsimonious trees (L = 475, CI = 0.939, RI = 
0.801, RC = 0.752) resulting from parsimony analysis of combined plastid data. 
Branches in bold indicate pollinial taxa. Numbers above the branches indicate 
bootstrap values. 
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Figure 2-3. One of 142 equally parsimonious trees (L = 1706, CI = 0.601, RI = 0.620, RC = 
0.373) resulting from parsimony analysis of ITS and plastid data combined. Branches 
in bold indicate pollinial taxa. Numbers above the branches indicate bootstrap values. 
Putative origins of pollinia using DELTRAN optimization are marked with arrows. 
Bars indicate branches that collapse in the strict consensus of all shortest trees. 
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Figure 2-4. Translators and pollen of Periplocoideae. A) Cryptostegia madagascariensis. 
Gynostegium, two anthers removed. B) Gymnanthera oblonga. Translator with 
pollinia. C). Ectadium latifolium. Simple translator spoon, globose tetrads. D) Mondia 
whitei. Stylar head, translators. E) Periploca graeca. Pollen tetrads. F) Cryptolepis 
buchananii. Translator with tetrads. G) Decalepis hamiltonii. Linear tetrads from 
pollinium. H) Finlaysonia insularum. Tetrads from pollinium. I) Stomatostemma 
monteiroae. Translator. Scale bars: A & D = 1mm; B & I = 500µm; C & F = 100µm; 
E, G & H = 50µm 



 

45 

CHAPTER 3 
SYSTEMATICS OF PERIPLOCOIDEAE (APOCYNACEAE) BASED ON MOLECULAR 

AND MORPHOLOGICAL CHARACTERS 

Introduction 

Periplocoideae comprise ca. 195 species in 33 genera found throughout the Old World 

tropics and subtropics and centered in Africa, Asia, and Madagascar; some species occur in 

temperate regions, and a few are found in Australia and Europe. Most are woody climbers 

occupying tropical and subtropical forests; other forms include erect or straggling shrubs from 

semi-arid and desert regions, suffrutescent forest climbers, herbaceous geophytes from open 

habitats, and epiphytes in tropical forests (Venter, 1997; Venter & Verhoeven, 1997, 2001). The 

generally small (most under 10 mm long) yet extremely complex flowers of Periplocoideae 

exhibit the high degree of synorganization between androecium and gynoecium typical for 

derived members of Apocynaceae s.l. Floral form varies among as well as within genera. This is 

evidenced by a wide range of corolla shapes, an elaborate diversification of corolline coronas, 

varying degrees of fusion between coronas and stamens, and differences in the position of floral 

organs on the corolla tube. Venter and Verhoeven (1997, 2001) provide an excellent review of 

the range of vegetative and floral diversity present in Periplocoideae, including a description of 

the subfamily and a key to its genera.  

Periplocoideae have been variously included in Asclepiadaceae (Brown, 1810; Bentham, 

1876; Schumann, 1895; Cronquist, 1981; Dahlgren, 1983; Liede & Albers, 1994; Nicholas & 

Baijnath, 1994), considered a distinct family (Schlechter, 1905; Bullock, 1956; Kunze, 1993; 

Swarupanandan et al., 1996; Omlor, 1996), or recognized as part of a more inclusive 

Apocynaceae along with other Asclepiadaceae (Safwat, 1962; Thorne, 1992, 2000; Judd et al., 

1994; Takhtajan, 1997; Venter & Verhoeven 1997, 2001; Civeyrel et al., 1998; Backlund et al., 

2000; Endress & Bruyns, 2000; Lahaye et al., 2005; Livshultz et al., 2007). Brown (1810) 
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included Periplocoideae, Asclepiadoideae, and Secamonoideae in Asclepiadaceae on the basis of 

morphological similarities, primarily the presence of translators (complex pollen carriers formed 

from hardened secretions of the stylar head) in these taxa. The relatively soft translators of 

Periplocoideae consist of a spoon-shaped receptacle onto which pollen is shed at anthesis, an 

adhesive disc that attaches to the pollinator, and a stipe or stalk connecting the two (Safwat, 

1962; Schick, 1982; Verhoeven & Venter, 1997). In most taxa, pollen is shed as separate tetrads; 

seven genera have been documented as having tetrads aggregated into pollinia (Verhoeven & 

Venter, 1998a, 1998b, 2001, 2002). In Asclepiadoideae and Secamonoideae, single pollen grains 

or tetrads are aggregated into pollinia that are firmly attached to hardened, clip-like translators 

before anthesis. These differences in pollen and translator morphology led Schlechter (1905) to 

recognize Periplocaceae as a separate family. Today, most researchers agree that Periplocoideae, 

Asclepiadoideae, and Secamonoideae belong in an expanded Apocynaceae s.l. A number of 

phylogenetic analyses support this grouping as well as the monophyly of Periplocoideae 

(Civeyrel et al., 1998; Potgieter & Albert, 2001; Sennblad & Bremer, 1996; Lahaye et al., 2005, 

Ionta & Judd, 2007), and recent studies show that Periplocoideae are likely nested within the 

paraphyletic grade Apocynoideae (Potgieter & Albert, 2001; Sennblad & Bremer, 1996, 

Livshultz et al., 2007). 

The number of accepted genera in Periplocoideae has changed considerably through the 

years and is still in flux. Given the small size of the subfamily, a disproportionately high number 

of monotypic and bitypic genera have been named. This may be due to a variety of factors: the 

group is extremely diverse, closely related species may differ greatly in morphology, many taxa 

(particularly in Asia) have not been extensively collected and are poorly known (Venter & 

Verhoeven, 1997; Meve & Liede, 2004), and the small yet highly complex flowers are difficult 
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to interpret from herbarium material. A total of 86 genera have been named in Periplocoideae 

(Venter & Verhoeven, 1997). Venter and Verhoeven proposed a tribal classification of the 

subfamily in 1997, which included 44 genera in three tribes. Since then, a number of smaller 

genera were placed in synonymy by Klackenberg (1997, 1998, 1999) and Venter & Verhoeven 

(2001), reducing the number of genera to 31. Today approximately half of the species belong to 

one of three large genera: Raphionacme (36 species), Cryptolepis (30), and Pentopetia (23). The 

remaining genera contain from one to 14 species; nine are monotypic and nine bitypic. Ionta & 

Judd (2007) found the tribal circumscriptions of Venter and Verhoeven (1997) to be unsupported 

on the basis of molecular data. They identified two major clades within Periplocoideae, a 

grooved translator clade, which contained roughly half the species included in their study, and an 

Asian pollinial clade. A clade composed of Malagasy endemics was supported, but only by 

analyses of plastid sequence data. The monophyly of several genera was confirmed, with the 

exception of the Asian genus Finlaysonia, a recent amalgum of several monotypic and bitypic 

genera (Venter & Verhoeven, 2001) that proved to be polyphyletic. Phyllanthera was tentatively 

supported as sister to the rest of Periplocoideae on the basis of ITS sequence data. 

Of the five subfamilies comprising Apocynaceae s.l., Periplocoideae is unique in having 

both taxa with and those without pollinia. Pollinia have been documented in seven genera: five 

Asian (Decalepis, Finlaysonia, Gymnanthera, Hemidesmus, and Streptocaulon) and two African 

(Epistemma and Schlechterella). Pollinia in Periplocoideae differ markedly from those found in 

other Apocynaceae: they are shed onto the translator at anthesis (in Secamonoideae and 

Asclepiadoideae the pollinia are firmly attached to hardened corpuscles before being removed 

from the anther sacs by pollinators), they lack the pollinium walls (ectexine) of Asclepiadoideae, 

and the tetrads comprising a pollinium are only loosely agglutinated. Venter and Verhoeven 
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(1997) hypothesized that pollinia in Periplocoideae evolved multiple times, and in 2001 

predicted an independent origin of pollinia in Asian and African Periplocoideae because of 

differences in the pollinium structure of Schlechterella (Verhoeven & Venter, 1998b) as 

compared to that of other pollinial taxa. Fishbein (2001: 609) explored the origins and 

diversification of pollinia in the former Asclepiadaceae, concluding that “pollinia of 

Periplocoideae are not reconstructed as homologous with those of other asclepiads...it appears 

that pollinia may have evolved independently on several occasions in Periplocoideae, based on 

the distribution of pollinia among putatively isolated genera in each of the three recognized 

tribes.” Ionta & Judd (2007) showed that pollinia evolved multiple times within Periplocoideae, 

independently from pollinia in other Apocynaceae, and more specifically that pollinia originated 

either three (ACCTRAN optimization) or four (DELTRAN optimization) times within the 

subfamily. 

The primary goal in undertaking this study was to further elucidate phylogenetic 

relationships within Periplocoideae, building on work of Ionta & Judd (2007) by including more 

taxa, an additional gene region, and morphological characters. The number of ITS sequences was 

more than doubled (increasing from 45 to 103 ingroup taxa), although nine of these are partial 

sequences. An additional chloroplast marker, ycf1, which has been demonstrated to be useful at 

this phylogenetic level in orchids (Neubig et al., 2009) was sequenced, and 65 morphological 

characters were scored. To further test the monophyly of Finlaysonia, which Ionta & Judd 

(2007) showed to be polyphyletic as circumscribed by Venter & Verhoeven (2001), six of seven 

species were included in the ITS, morphological, and total evidence analyses. Finlaysonia 

wallichii (Wight) Venter, which is missing from this study, formerly belonged to the genus 
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Atherolepis Hook. f.; the formerly bitypic Atherolepis is, however, represented in this study by 

F. pierrei. 

Materials and Methods 

Taxon Sampling for Molecular Analyses 

A total of 103 ingroup taxa representing 32 of 33 currently recognized genera of 

Periplocoideae (sensu Ionta & Judd, 2007, plus Kappia Venter, A. P. Dold & R. L. Verh.) was 

included in the molecular portion of this study (Table 3-1); when possible the type species of 

each genus was used. Larger genera (e.g., Cryptolepis, 30 spp. and Raphionacme, 36 spp.) and 

those with taxonomic difficulties (e.g. Finlaysonia, a recently merged amalgum of several 

monotypic and bitypic genera) were sampled more extensively. I was unable to obtain sufficient 

material for DNA extraction of the monotypic genus Maclaudia. Outgroup taxa (Forsteronia 

leptocarpa, Rhabdadenia biflora, and Thyrsanthella difforme) were selected on the basis of 

broader molecular studies showing Periplocoideae to be nested within Apocynoideae (Sennblad 

& Bremer, 1996; Potgieter & Albert, 2001; Livshultz et al., 2007). 

Herbarium materials were used as a source of genomic DNA for over half (63 of 106) of 

the taxa included in the molecular analyses. Drabkova et al. (2002) showed that for consistent, 

successful DNA sequencing of herbarium materials, relatively short (optimally 300-350 base 

pairs [bp]) PCR products should be amplified. In this study the ITS region has the highest 

percentage of parsimony-informative characters (ca. 45%, compared to 7% or less for plastid 

regions, see Table 3-6), and at ca. 800 bp, can be successfully amplified in two relatively short 

segments, with primers lying in the conserved 5.8S region that is positioned between ITS1 and 

ITS2. The relatively small number of parsimony-informative characters in the plastid regions, 

coupled with the length of these regions (combined, ca. 4,800 bp), led me to concentrate on the 

ITS region for herbarium specimens, thus, fewer exemplars are present in the chloroplast 
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matrices. For some taxa I was unsuccessful in my efforts to sequence ITS, and in others, I was 

able to sequence only part of the ITS region. Thus, included in the various analyses are 

representatives of the two vectors identified by Wiens (1998): highly incomplete taxa (partial 

ITS sequences for some taxa), and highly incomplete sets of characters (plastid sequences are 

missing for over half of the taxa included in the larger total evidence analysis). 

DNA Isolation, Amplification and Sequencing 

Leaf tissue for DNA isolation was obtained from field-collected specimens preserved in 

silica, from herbarium specimens, and from live plants grown in the University of Florida 

Department of Biology greenhouse. Extracted DNA also was obtained from the Kew DNA 

Bank. Analyses of molecular data included sequences downloaded from GenBank in addition to 

those generated for this study.  

Genomic DNA isolation and the amplification of nrITS, the trnD-trnT intergenic spacer, 

and the trnT-trnF chloroplast region were performed according to the methods presented by 

Ionta & Judd (2007). Amplification of approximately 1,800 bp of the 3’end plastid gene region 

ycf1 follows the protocols of Neubig et al. (2009), using the amplimers 3’Fapoc and 3’Rapoc, 

which were designed for this study. Internal primers 780F and 910R were required for 

sequencing most taxa; addition primers 470F, 550R, 1300F, and 1410R were useful for 

sequencing difficult samples. 

Sequencing reactions were performed at the DNA sequencing facility of the 

Interdisciplinary Center for Biotechnology Research, University of Florida, on an ABI 3730x 

capillary electrophoresis sequencer (Applied Biosystems, Foster City, California, USA), using 

BigDye® Terminator cycle sequencing chemistry. Complementary electropherograms were 

assembled and manually edited using Sequencher 4.8 (Gene Codes Corporation, Ann Arbor, 

Michigan). 
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Morphological Taxon Sampling and Characters 

Morphological data were obtained from herbarium sheets, from specimens preserved in 

alcohol, and from living, cultivated plants. Herbarium specimens from A, BLFU, BM, CAL, E, 

FLAS, FTG, K, L, M, MO, NY, P, UBT, UEC, US, and Z were examined (herbarium acronyms 

follow Holmgren et al. (1990). Sixty-five morphological characters (Table 3-2) were scored for 

478 herbarium specimens (Table 3-3), comprising 75 species of Periplocoideae and seven 

outgroup taxa from within Apocynoideae (Apocynaceae s.l.), and representing all genera of 

Periplocoideae including Maclaudia, which was missing from the molecular studies. Decalepis 

nervosa, Phyllanthera perakensis, Streptocaulon kleinii, and Telectadium dongnaiense also were 

scored for morphological characters but were not included in the molecular studies. Character 

scorings for morphological characters (Table 3-4) are based on the author’s observations, 

supplemented by published information obtained from the botanical literature. 

Morphological characters used in this study were readily divisible into discrete states, thus 

arbitrary decisions relating to state delimitation (see Stevens, 1991) were avoided. Characters 

with abundant infra-taxon variation and those that could not be delimited into discrete states 

were excluded, e.g., leaf length and width, and length of floral structures except when used in 

relative terms. Multistate characters were treated as unordered. Inapplicable characters (e.g. 

pollen tetrad shape for taxa without tetrads) were treated as missing data in analyses. 

Sequence Alignment and Phylogenetic Analysis 

Alignment 

Consensus sequences were aligned manually using SeAl v2.0a11 (Rambaut, 1996). The 5’ 

and 3’ ends of matrices were trimmed to exclude possible sequencing artifacts, and regions of 

ambiguous alignment were identified and excluded from analyses. Phylogenetic analyses were 

performed on the Florida Museum of Natural History (FLMNH) Phyloinformatics Cluster. 
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Data partitions 

Molecular (representing different gene regions) and morphological data-sets were analyzed 

individually and combined in various ways (Table 3-5). Maximum parsimony (MP) analyses of 

the following data partitions were performed: 1) ITS alone, including only taxa with complete 

sequences; 2) ITS alone, including taxa with partial sequences; 3) the trnT-trnF chloroplast 

region; 4) the trnD-trnT chloroplast region; 5) the yfc1 chloroplast region; 6) chloroplast regions 

combined; 7) total DNA pruned (all molecular regions combined, pruned to include only those 

taxa with both nuclear and plastid data); 8) morphology alone; 9) total evidence, including all 

taxa with morphological data; 10) total evidence pruned, including morphological and molecular 

data-sets, with only those taxa in the “total DNA pruned” data partition (#7). Most analyses 

contained a fair amount of missing sequence data; for some taxa only morphological data were 

available. 

Morphological character-state transformations were traced onto one of the MPTs from the 

unpruned total evidence analysis using the output of PAUP* 4.0b10 (Swofford 1999) and 

MacClade 4.05 (Maddison and Maddison 2002). ACCTRAN optimizations are employed in 

discussions of morphological characters. 

Congruence 

Congruence of separate data sets was assessed using a conditional combination approach 

(Huelsenbeck et al., 1996), as described by Soltis et al. (2001). The chloroplast genome is 

inherited as a single unit and is not subject to recombination; therefore, I treated the plastid data 

sets as a single linkage partition. Each data partition was analyzed separately, and the resultant 

topologies were examined for instances of strongly supported contradictory clades. Following 

the approach of Mason-Gamer and Kellogg (1996), I established a bootstrap value cutoff of 70% 

for assessing strong conflict between data sets. Congruence of nuclear and plastid data were 
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further assessed using the Incongruence Length Difference Test (ILD) (Farris et al., 1994), 

implemented in PAUP* 4.0b10 (Swofford 1999) as the partition homogeneity test. 

Parsimony 

Maximum parsimony analyses were conducted using PAUP* 4.0b10 (Swofford 1999). For 

each heuristic search all characters were weighted equally, character state transitions were 

treated as unordered, and gaps were treated as missing data (Kechner & Wendel, 1996). Each 

matrix underwent 1000 random addition replicates, saving 10 trees per replicate, with TBR 

branch swapping, and with the MulTrees option in effect. The shortest trees retained in memory 

were then swapped to completion. Relative support for clades was evaluated using 1000 BS 

replicates (Felsenstein, 1985), with 10 random addition replicates and SPR branch swapping. 

Bootstrap values between 50 and 75% are categorized as weak, those from 76-90% as moderate, 

and those with 91% or greater support are considered strong. 

Maximum likelihood 

Maximum likelihood (ML) analyses were performed on data partitions one, two, and seven 

(Table 3-5). Each partition was analyzed using Modeltest (Posada & Crandall, 1998) to 

determine an appropriate model of nucleotide substitution, using the Akaike information 

criterion (AIC, Akaike, 1974). In all cases the General Time Reversible (GTR) + Γ+ I model 

(Lavane et al., 1984) was chosen and subsequently used in the ML analyses. Heuristic searches 

were performed with 100 random addition replicates and TBR branch swapping. Support for 

clades was assessed with 100 bootstrap replicates, each with 10 random additions and TBR 

branch swapping, using the same likelihood model. 
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Results 

Sequence Characteristics 

Descriptive data for each data partition are given in Table 3-6. The total evidence data-set 

comprised 5744 characters for 75 ingroup taxa and three outgroup taxa, as follows: ITS = 805, 

trnT-trnF = 1775, trnD-trnT = 1294, ycf1 = 1805, morphology = 65. Five taxa (i.e., Decalepis 

nervosa, Maclaudia felixii, Phyllanthera perakensis, Streptocaulon kleinii and Telectadium 

dongnaiense) are lacking molecular data (both ITS and plastid regions). Due to difficulties 

amplifying plastid sequences from herbarium materials, a number of additional taxa are missing 

from each plastid region (ycf1, 44; trnT-F, 36; trnD-T, 39), and nine taxa are represented by 

partial ITS sequences. 

Parsimony Analyses 

ITS 

Maximum parsimony analyses were performed on two ITS data partitions (DP); DP 1 is 

composed of complete ITS sequences, and DP 2 includes partial ITS sequences (Table 3-5). The 

analyses yielded similar results, but with less resolution and lower statistical support for clades in 

DP 2. Parsimony analysis of DP 1 resulted in 1157 MPTs of 1868 steps, and analysis of DP 2 

yielded 3194 MPT of 1912 steps (see Table 3-6 for tree statistics). The strict consensus of each 

tree is shown in Figures 3-1 and 3-2, respectively. The overall results mirror those of Ionta & 

Judd (2007). However, the Asian genus Phyllanthera, in this data-set represented by three (DP 1) 

or four (DP 2) species, which is in Ionta & Judd (2007) supported as sister to the rest of the 

subfamily (BS 99), is unresolved in the strict consensus trees, but is sister in many of the 

individual trees (DP 1, 77% of MPTs; DP 2, 89% of MPTs). The grooved translator clade of 

Ionta & Judd (2007) is recovered in the strict consensus tree from DP1, with 66% BS, and the 

Asian pollinial clade (Ionta & Judd, 2007) appears in the strict consensus tree of DP 1, but lacks 
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statistical support. Most genera represented by multiple species are monophyletic in the strict 

consensus trees resulting from both analyses, the only exceptions being Finlaysonia (DP1 and 2) 

and Decalepis (DP 2 only). Finlaysonia, a recent amalgam of several monotypic and bitypic 

genera, is represented by four species in DP 1 and six species in DP 2. In the analyses of both 

data-sets Finlaysonia as a whole is polyphyletic, but in DP 1 Finlaysonia curtisii and 

Finlaysonia lanuginosa (both in Gongylosperma Ridl. before being moved to Finlaysonia by 

Venter & Verhoeven in 2001) are supported as monophyletic (BS 100), a grouping which 

appears in 90% of the MPTs from analysis of DP 2, with 87% BS. Two species of Decalepis, D. 

arayalpathra and D. salicifolia, are supported as sister in DP 1 (BS 100), and in DP 2 form a 

clade with Finlaysonia khasiana (BS 87). The position of a third species, D. hamiltonii (included 

only in DP 2, and with a sequence shorter than other partial sequences, i.e., with only 248bp), is 

unresolved. Other intergeneric clades include: Stomatostemma + Kappia (DP 1, BS 60; DP 2, BS 

60); Gymnanthera + Zygostelma Benth. + Atherandra + Finlaysonia pierrei +F. insularum (DP 

1, BS 75; DP 2, BS 74); Finlaysonia curtisii + Finlaysonia lanuginosa + Streptocaulon (DP 1, 

BS 80; DP 2, present in 55 % of MPTs, BS 53); Epistemma + Sarcorrhiza (DP 1, BS 96; DP 2, 

BS80); Epistemma + Sarcorrhiza + Buckollia (DP 1, BS 99; DP 2, BS 88); and Cryptolepis + 

Parquetina Baill. (DP 1, BS 79; DP 2, BS 80). All of these clades (excluding taxa not present in 

that study) appear in the ITS cladograms of Ionta & Judd (2007). 

Plastid regions 

Parsimony analyses of the separate plastid regions each yielded poorly resolved strict 

consensus trees (not shown), compiled from 1839 (trnT-trnF), 3,007 (trnD-trnT), and 65 (ycf1) 

MPTs (Table 3.7). Of the three gene regions, ycf1 was the most informative phylogenetically, 

and trnD-trnT the least. Visual inspection of the strict consensus trees from the separate analyses 

revealed no strongly supported contradictory clades and the ILD test found the different 
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partitions congruent; therefore, I combined the two matrices into a single plastid data-set. 

Sampling was uneven, with three fewer ingroup taxa in the trnD-trnT matrix, and eight fewer 

ycf1 sequences. Combining the plastid data-sets resulted in greater support for most clades 

present in the separate plastid analyses, with additional groupings not present in the ITS or 

separate plastid analyses (Fig. 3-3). A clade containing five species in the Malagasy genera 

Camptocarpus, Cryptostegia, Ischnoleis, and Pentopetia (the Malagasy endemic genus 

Baroniella is absent from this data-set) is present in the trnT-trnF strict consensus trees (BS 67) 

and the combined plastid tree (BS <50). Three genera are monophyletic in the combined plastid 

tree: Ectadium E. Mey. (BS 100), Periploca (BS 100), and Pentopetia (BS 99). Cryptolepis does 

not form a clade in the strict consensus tree, but the genus appears as a clade in many MPTs, and 

has 70% BS (BS 80 in the trnT-trnF analysis). Raphionacme is split into two well-supported 

clades, that together with Schlechterella (sister to the genus in the ITS and combined evidence 

trees) form a clade with 75 BS. Members of the Asian pollinial clade (in this data-set 

Finlaysonia insularum, F. lanuginosum, Streptocaulon juventas, and Zygostelma benthamii) 

form a clade with 85% BS. Within this clade Finlaysonia is polyphyletic and Finlaysonia 

lanuginosa is allied with Streptocaulon (BS 60), in agreement with the results of the ITS 

analysis. 

DNA combined 

Visual inspection of the separate analyses of the nuclear and plastid data-sets revealed no 

strongly supported contradictory clades, and a partition homogeneity test showed that the plastid 

and ITS data-sets are concordant; therefore, I combined the data-sets. Sampling was uneven due 

to multiple missing chloroplast sequences, so I pruned the data-set to include only those taxa 

with both plastid and ITS sequences. Parsimony analysis of the combined DNA data-set, 

comprising 34 ingroup taxa, yielded 21 MPTs of 2072 steps. This analysis yielded a strict 
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consensus tree (Fig. 3-4) similar in topology to the ITS consensus tree, with greater resolution in 

portions of the tree and better support for most nodes. Phyllanthera grayi is supported as sister to 

the rest of the subfamily (BS 73), a relationship present in many of the MPTs from the ITS 

analyses, but not recovered in the plastid analyses. The Asian pollinial and grooved translator 

clades of Ionta & Judd (2007) are supported with 98% BS and 87% BS, respectively, 

Schlechterella is sister to a monophyletic Raphionacme (BS 90), and Kappia forms a clade with 

Stomatostemma (BS 71). Mirroring the results of the ITS analyses, all but one genus represented 

by more than one species is monophyletic, the exception being Finlaysonia. Both species of 

Finlaysonia included in this data-set appear in the Asian pollinial clade (comprised of only four 

species in this analysis), but the genus is paraphyletic, with Finlaysonia lanuginosa sister to 

Streptocaulon (BS 94), a relationship also seen in ITS and plastid trees. 

Morphology 

Parsimony analysis of the morphological data-set, comprising 75 ingroup taxa and seven 

outgroups, resulted in 4996 MPTs of 346 steps. The strict consensus tree is illustrated in Figure 

3.5, and the majority rule tree is shown in Figure 3.6; clade synapomorphies are indicated in 

Figure 3-14, and examples of floral morphology are shown in Figure 3-15. The monophyly of 

Periplocoideae (BS 58) is supported by the following putative synapomorphies: spoon-shaped 

pollen translators (char. 48; translator of undifferentiated foam or sticky bands in outgroups), 

nectaries positioned on lower corolla tube above the base of the ovary (char. 58; nectaries at the 

base of the ovary in outgroups), pollen in tetrads (char. 52; pollen agglutinated into pollinia in 

some taxa; in most outgroups single pollen grains, but tetrads present in the outgroup Apocynum 

cannabinum, although these are considered to have evolved separately due to structural 

differences), and the loss of sclerenchymatic guide rails on anthers (char. 42; guide rails are 

present in all outgroup taxa).  
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Relationships within the subfamily are resolved poorly in the strict consensus tree (Fig. 3-

5), and only generic relationships are supported. Seven genera are monophyletic: Periploca (BS 

62), Camptocarpus (BS 92), Ectadium (BS 100), Gymnanthera (BS 85), Epistemma (BS 98), 

Parquetina (BS 95), and Telectadium (BS 70). In the strict consensus tree, Phyllanthera appears 

in two separate clades (BS 83, BS 70), and Decalepis and Finlaysonia are both polyphyletic, but 

within these genera Decalepis arayalpathra and D. salicifolia are sister species (BS 81), as are 

Finlaysonia curtisii and F. lanuginosa (BS 69). Raphionacme is paraphyletic, but together with 

Schlechterella forms a clade without bootstrap support. Though non-monophyletic in the strict 

consensus tree, a monophyletic Phyllanthera appears in 78% of the MPTs (Fig. 3-6), and 

Cryptolepis in 92%. The three species of Streptocaulon included in this study appear in a clade 

in 75% of MPTs (BS 52), and are allied with Finlaysonia curtisii + F. lanuginosa in 93% of 

MTPs. Three of four Decalepis species (all but D. nervosa) appear together in 69% of MPTs; D. 

nervosa appears as sister to Finlaysonia khasiana in 50% of MPTs. A clade composed of nine 

species (Batesanthus purpureus Kappia lobulata, Myriopteronextensum, Mondia whitei, 

Maclaudia felixii, Stomatostemma montieroae, and three species of Tacazzea Decne.) is present 

in 85% of MPTs; all of these species except Stomatostemma have colleters arrayed along the 

adaxial petioles and leaf midveins (char. 11, lacking in all other Periplocoid species except R. 

flanaganii, which has colleters on the petiole only). 

Molecular and morphological data combined 

Visual inspection of the separate analyses of the molecular and morphological data-sets 

revealed no strongly supported contradictory clades, and a partition homogeneity test showed the 

data-sets to be concordant. An analysis including all taxa with morphological data (75 ingroup 

spp.) and a pruned analysis including only those taxa with plastid, ITS sequences, and 

morphology (34 ingroup taxa) were performed. The larger data-set yielded 2314 MPTs of 2997 
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steps. In general the strict consensus of these trees (Fig. 3-7) is less well resolved than in the ITS 

analyses. The grooved translator clade appears in 99% of MPTs (Fig. 3-8), with BS < 50. The 

Asian pollinial clade appears in 77% of MPTs, also without significant bootstrap support, and the 

midvein colleter clade, recovered in 85% of the MPTs from the morphological analysis, appears 

in the strict consensus but with <50% BS. Genera represented by more than one species are 

monophyletic in the strict consensus tree, with the exception of Finlaysonia and Decalepis 

(Tacazzea is present in only 73% of MPTs, but has 88% BS).  

Smaller intergeneric clades include a clade comprised of the epiphytic taxa Epistemma + 

Sarcorrhiza (BS 73), which together form a clade with Buckollia (BS 82). The African species 

Baseonema gregorii is sister (BS 58) to a clade composed of Raphionacme + Schlechterella (BS 

61), and Cryptolpeis is sister to Parquetina (BS 52), a relationship seen in all analyses except 

morphology alone. Two species in the polyphyletic genus Finlaysonia, F. curtisii and F. 

lanuginosa, form a clade together with Streptocaulon, weakly supported with BS of only 55%. 

Decalepis arayalpathra and D. salicifolia are sister species (BS 81), and in 82% of MPTs form a 

clade with Finlaysonia khasiana (BS 61). Decalepis hamiltonii and D. nervosa appear in a clade 

with these species in at least some (<50%) of the MPT, but the relationship is not statistically 

supported.  

The pruned total evidence data-set yielded 14 MPTs of 2298 steps. The strict consensus 

tree (Fig 3-9) shows better resolution in the deeper nodes when compared to the larger total 

evidence analysis. The grooved translator clade is present (BS 90), as is the Asian pollinial clade 

(BS 99). Cryptolepis appears as sister to Ectadium, and together these genera form a clade with 

Periploca, but bootstrap support for this relationship is lacking. Phyllanthera is sister to the rest 

of the subfamily, but with only 52% BS, a relationship not recovered in either the larger total 
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evidence analysis or the strict consensus trees from the ITS analyses, although it is sister to the 

rest in many of the individual trees. 

Maxiumum Likelihood Analyses 

In general the MP and ML trees from a given data partition exhibited similar topologies, 

with greater resolution and higher statistical support for many clades in the ML analyses. 

Conflicting results from the two types of analyses generally lacked strong BS. The ML trees 

resulting from analysis of the ITS data-sets (Fig. 3-10, DP 1, -log L = 10607.8084; Fig. 3-11, 3-

12, DP 2, -log L = 10860.0329) both support a clade containing Phyllanthera and Telectadium as 

sister to the rest of the subfamily, and in both the grooved translator clade, Asian pollinial clade, 

Raphionacme clade (comprising Raphionacme, Schlechterella, and Baseonema), epiphyte clade 

(comprising Sarcorrhiza, Epistemma, and Buckollia), and midvein colleter clade appear. The 

Malagasy genera appear in two clades, whose circumscriptions are different in the two analyses. 

In addition, Cryptolepis is sister to Parquetina, Hemidesmus is sister to Sacleuxia Baill. (a 

relationship seen only in these trees), and all genera represented by multiple species are 

monophyletic, with the exception of Finlaysonia: once again F. lanuginosum and F. curtisii are 

allied with Streptocaulon. Decalepis (represented by only two species in DP 1) is monophyletic 

in the smaller data-set, and in the larger data-set (DP 2, including three Decalepis species, all but 

D. nervosa), Decalepis arayalpathra, D. salicifolia, and D. hamiltonii form a clade with F. 

khasiana.  

The ML tree resulting from analysis of the pruned total DNA data-set (-log L = 

19273.6377; Fig. 3-13) is similar to the MP tree, with greater BS at most nodes. Conflicting 

results have little to no BS support, e.g., the presence of a clade comprising Ectadium + 

Periploca in the MP tree (Fig. 3-3, BS <50%) but not the ML tree, and conflicting positions for 

Camptocarpus, which is sister to Cryptolepis in the MP tree (BS 51) and part of a poorly 
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supported Malagasy clade in the ML tree (BS 53). The grooved translator clade is supported in 

both trees (MP = BS 87, ML = BS 97), as is the Asian pollinial clade (MP = BS 98, ML = BS 

100). In both, Phyllanthera is sister to the rest of the subfamily (MP = BS 73, ML = BS 62).  

Discussion 

Effect of Missing Data 

The inclusion of missing data, either in the form of partial data (common when 

reconstructing the phylogenetic position of fossil taxa, for example), or when combining data 

partitions composed of non-identical taxa, has the potential to negatively influence phylogenetic 

inference, and may result in both an increase in the number of most parsimonious trees and 

poorly resolved consensus trees (Novacek, 1992; Wilkinson, 1995; Nixon & Wheeler, 1992; 

Wiens, 1998). Wiens (2003, 2006) showed that missing data need not negatively affect 

phylogenetic accuracy, and may in fact increase accuracy; however, when missing data bear too 

few complete characters and are distributed among distantly related species (as in these data-

sets), there may be a tendancy towards long-branch attraction among sampled taxa, potentially 

leading to a decrease in accuracy. In this study there is an overall trend towards poorer resolution 

and less statistical support for clades with the increase of missing data. Pruning taxa from data-

sets to minimize missing data provided greater overall resolution, while including taxa with 

missing data, although tending to decrease resolution, increased the taxonomic scope of the 

analysis, allowing for phylogenetic placement of taxa lacking or with partial sequence data.  

Probabalistic approaches to statistical phylogenetics such as maximum likelihood have 

been shown in numerous computer simulations to be more robust than maximum parsimony 

when long branches are present (Phillipe et al., 2005; Huelsenbeck & Hillis, 1993; Kuhner & 

Felsenstein, 1994; Huelsenbeck, 1995). In this study, the ML trees generated for a particular 
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data-set are better resolved than the corresponding MP trees, particularly in analyses that 

included missing data.  

Position of Phyllanthera 

The Asian genus Phyllanthera (in this study represented by five species, Phyllanthera 

perakensis with morphological data only) is weakly supported as sister to the rest of the 

subfamily in three analyses: the MP (Fig. 3-4, BS 73) and ML (Fig. 3-13, BS 62) analyses of 

total DNA, pruned, and the MP analysis of total evidence (not in strict consensus, but present in 

60% of MPTs [Fig. 3-8], with BS 65). In both ML analyses of ITS data (DP 1, Fig. 3-10; DP 2, 

Fig. 3-11, 3-12) Phyllantera + Telectadium are sister to other species of Periplocoideae. In other 

analyses the deeper nodes of the cladograms are unresolved. The placement of Phyllanthera as 

sister to the rest of the subfamily is in keeping with the results of Ionta & Judd (2007). Once 

again I find the sister relationship of Phyllanthera (and possibly Telectdium) to the rest of 

Periplocoideae, which would indicate an Asian origin of the subfamily, to be evident, but poorly 

supported.  

Clades of Interest 

Grooved translator clade 

A clade composed of roughly half of the species sampled (42 of 75 ingroup taxa in the 

total evidence data-set) appears in ML trees from the ITS (Figs. 3-10, 3-11, 3-12) and the total 

DNA (Fig. 3-13, BS 97) analyses, and the strict consensus trees from the MP analyses of ITS DP 

1 (Fig 3-1, BS 66), total DNA (Fig. 3-4, BS 87), and pruned total evidence (Fig. 3-9, BS 90) 

data-sets. It is also present in 99% of the MPTs from the larger total evidence analysis (Fig. 3-8), 

without bootstrap support. This clade, comprising African and Asian taxa, includes the 21 

pollinial taxa included in this study. Most taxa in this clade have pollen translators with a 

prominent groove (corresponding to a ridge in the stylar head where the translator is formed) 
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running transversely along the spoon (char. 49, absent in Raphionacme procumbens and 

Sacleuxia newii; see Fig. 3-14 for clade synapomorphies), and Ionta & Judd (2007) referred to it 

as the grooved translator clade, noting that taxa outside of this clade bear translators with 

flattened spoons and rounded apices (e.g. Ectadium latifolium, Fig. 2-4). The inclusion of 

additional taxa in the analyses and a more careful examination of the flowers led to the 

identification of several taxa outside of this clade that have translator grooves (six of 34 taxa: 

Telectadium species, Phyllanthera grayi, Periploca calophylla, Ischnolepis graminifolia), which 

may represent independent evolution of this trait. This clade is defined by both vegetative and 

androecial features: additional putative synapomorphies include the loss of distinctive tufts of 

hairs in the leaf axils that are present in almost all species outside of this clade (char. 9-0), the 

presence of stem (char. 6-2) and leaf (char. 14) hairs, interpetiolar colleters (char. 8), and connate 

connective appendages (char. 46), all conditions that also appear outside this group, but less 

frequently. In analyses in which the grooved translator clade is present, it is composed of two 

major subclades, an Asian pollinial clade and a clade that includes species in the Raphionacme 

and the midvein colleter clades (see discussions of these clades below). The Raphionacme + 

midvein colleter clade is characterized by species with a distinct nodal ridge (char. 7-2; a 

homoplasious synapomorphy; also, in some species this ridge is expanded into a frill-like collar 

[char. 7-3]). The positions of Hemidesmus and Sacleuxia within the grooved translator clade are 

unresolved: Hemidesmus is either allied with the Asian pollinial clade (Figs. 3-9, 3-13), placed in 

an unresolved position within the Raphionacme + midvein colleter clade (Fig. 3-1), or appears 

either alone (Fig. 3-8) or together with Sacleuxia (Figs. 3-10, 3-11, 3-12), as sister to the 

Raphionacme + midvein colleter clade. Hemidesmus and species in the Asian pollinial clade bear 

pollinia; however, there are key structural differences. In pollinial species of the Asian pollinial 
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clade, the tectum and granular layer of pollen tetrads are fused together where pores of adjacent 

tetrads are opposite one another (Verhoeven & Venter 1998a), a condition that has not been 

observed in the pollinia of Hemidesmus, which are postulated to be held together by adjacent 

wavy proximal tetrad walls (Verhoeven & Venter, 1998a). Sacleuxia appears in various positions 

within the Raphionacme + midvein colleter clade. Relationships of taxa outside the grooved 

translator clade are less well resolved. 

Asian pollinial clade 

Nested within the grooved translator clade (when that clade is present), the Asian pollinial 

clade of Ionta & Judd (2007) is present in the ML trees from the ITS (Figs. 3-10, 3-11, 3-12) and 

pruned total DNA (Fig. 3-13, BS 100) analyses, and in the strict consensus trees resulting from 

MP analyses of ITS analysis of DP 1 (Fig. 3-1), pruned total DNA (Fig. 3-4, BS 98), pruned total 

evidence (Fig. 3-9, BS 99), and combined plastid data-sets (Fig. 3-3, BS 77). This clade is 

composed of four to 15 Asian species in up to six genera (Atherandra, Gymnanthera, 

Zygostelma, Finlaysonia, Decalepis, and Streptocaulon), depending on which taxa are included 

in the analysis. With the exception of Atherandra acuminata and Zygostelma benthamii, all of 

these taxa bear tetrads agglutinated into pollinia. Putative synapomorphies for this clade include 

the presence of pollinia (char. 52-2; assumed lost in Atherandra and Zygostelma) and elongate 

pollen tetrads (char. 55; tetrads in Zygostelma are a mix of globose and elongate forms). 

Epiphyte clade 

The epiphytic habit is restricted to two genera within the subfamily, Epistemma and 

Sarcorrhiza, which occur in evergreen tropical rain forests in equatorial Africa: Epistemma from 

west Africa (Field & Hall, 1982), and Sarcorrhiza from east Africa (Bullock, 1962). The three 

epiphytic species included in this study (Epistemma rupestre, E. assianum and Sarcorrhiza 

epiphytica) form a clade in all analyses in which they were included (both MP and ML; but these 
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taxa are absent from plastid and pruned data-sets) with the exception of morphology alone, with 

from 73% (total evidence, Fig. 3-7) to 96% (ITS without short sequences, Fig. 3-1) BS, but 

without evident synapomorphies apart from the epiphytic habit (char. 2). These species have 

succulent stems, but many species of Periplocoideae have stems that are succulent to some 

degree, thus it was difficult to delimit discrete states for this character; in addition, this condition 

was difficult to accurately assess in herbarium specimens. Buckollia volubilis, a non-pollinial 

East African species occurring in arid to moderately mesic areas of Commiphora-Acacia scrub 

(Venter & Verhoeven, 1994), is sister to the epiphytic species, with from 82% (Fig. 3-7) to 99% 

(Fig. 3-1) BS, a relationship that is difficult to justify on the basis of morphology alone. 

Epistemma + Sarcorrhiza + Buckollia (the ‘epiphyte clade’) is placed as sister to the Asian 

pollinial clade in all analyses where both of these clades are present (Figs. 3-1, 3-8, 3-10, 3-11, 

and 3-12). 

Raphionacme + Schlechterella + Baseonema 

Raphionacme and Schlechterella form a clade in most analyses (MP and ML, with up to 

99% BS [total evidence pruned, Fig. 3-9]), with the exception of the ITS MP analyses (DP 1 & 

DP 2). Putative synapomorphies include distinctive, turnip-shaped subterranean tubers on 

primary roots (char. 3-2; unique to this clade), relatively long lower corolla tubes (char. 32-0, 

tube short in S. africana), trifid corona lobes (char. 39, also present in Mondia whitei and 

Periploca; see Fig. 3-15), and nectaries extending from the base of the stamens to the ovaries 

(char. 59-2, also found in Gymnanthera). Baseonema appears as sister to Raphionacme + 

Schlechterella in the MP total evidence strict consensus tree (Fig. 3-7, BS 58), and in the ML 

trees from the ITS analyses. Species of Raphionacme, Schlechterella, and Baseonema have a 

greater number of pores on each pollen grain (char. 54) than do other species of Periplocoideae. 
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Midvein colleter clade 

A weakly supported clade composed of up to ten species in up to six genera (Batesanthus, 

Kappia, Stomatostemma, Tacazzea, Mondia Skeels, and Myriopteron Griff.), depending on 

which taxa are included in the analysis, is present in the total evidence MP analysis (Fig. 3-7, BS 

<50), the ML analyses of ITS data (Figs. 10, 11), and (minus Stomatostemma pendulina) in 85% 

of the MPTs in the analysis of morphological data, but without BS. In all species except 

Stomatostemma montieroae and S. pendulina, pairs of colleters are present along the adaxial leaf 

midvein (char. 11; unique to this clade). Other putative synapomorphies include translators with 

a distinct distal notch (char. 50, not present in Kappia, Tacazzea venosa and T. pedicillata; and 

also present in a few other species outside of this clade), and rigid fruit walls (char. 61; but fruit 

walls thin in Stomatostemma pendulina, and the condition is unknown in Batesanthus and 

Maclaudia; fruits are also thick in seven species outside of this clade). The midvein colleter 

clade is part of the grooved translator clade, and is allied with the Raphionacme clade, 

Hemidesmus, and Sacleuxia. 

Kappia + Stomatostemma 

In all analyses except morphology alone, Kappia and Stomatostemma form a clade within 

the grooved translator clade, nested within the midvein colleter clade (if the midvein colleter 

clade is present). A putative synapomorphy for Stomatostemma + Kappia is the presence of 

multiple subterranean tubers on lateral roots (char. 3-3; also present in Sacluexia, Raphionacme 

grandiflora, and Ischnolepis). Other morphological characters shared by Kappia and 

Stomatostemma are largely symplesiomorphic. 

Malagasy clade 

Five Periplocoideae genera are endemic to Madagascar and the Mascarene Islands: 

Baroniella, Camptocarpus, Cryptostegia, Ischnolepis, and Pentopetia. Meve & Liede (2004) and 
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Ionta & Judd (2001) found moderate support for a Malagasy clade in their analyses of plastid 

data, a result not recovered in their analyses of ITS or combined molecular data-sets. In this 

study the Malagasy taxa appear outside of the grooved translator clade in all analyses in which 

the grooved translator clade is recovered. The results from the MP analyses mirror those of Meve 

& Liede (2004) and Ionta & Judd (2001), i.e. the plastid data support a Malagasy clade (but 

Baroniella is absent from this data-set), whereas the ITS and combined data do not. In the trees 

from the ML analyses the Malagasy taxa appear as either a weakly supported clade (pruned total 

evidence; Fig. 3-13, BS 53; Baroniella missing from this data-set), or in two separate clades (ITS 

DP 1, Fig. 3-10; ITS DP 2, Fig. 3-11, 3-12). Morphological characters in common between the 

Malagasy genera are symplesiomorphic (e.g. tufts of hairs in leaf axils [char. 9, lost in 

Ischnolepis]). The hypothesis of a Malagasy clade is intriguing; however, there is at present 

insufficient morphological or phylogenetic support for this grouping.  

Generic Circumscriptions 

Monophyletic genera 

Most of the genera represented by multiple species are resolved as monophyletic (see Fig. 

3-2) in the various analyses. Putative synapomorphies for the genus Periploca (monophyletic in 

all trees with strong support) include the presence of hairs on the adaxial corolla lobes (char.29-

0; see Fig. 3-14) and tube (char. 30-0), a distinct patch of fine papillae on the adaxial corolla lobe 

(char. 31-2), and trifid corona lobes (char. 39; corona lobes also trifid in Raphionacme and 

Schlecterella; see Fig. 3-15). Camptocarpus species (monophyletic with strong support in all 

analyses, but only represented by one species in plastid data-sets) have valvate aestivation in bud 

(char. 23, also in Hemidesmus indicus) and corona lobes fused into an annulus around the 

stamens (char. 38, also present in Baroniella, another Malagasy genus). Putative synapomorphies 

for Ectadium, (monophyletic in all analyses, with strong support) include distinctive stomatal 
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crypts on stems and leaf surfaces (char. 13, unique to this genus) and paired appendages arising 

from the apex of the stylar head (char. 56; unique to this genus). Gymnanthera (absent from 

plastid data-sets, strongly supported as monophyletic in all other analyses) is characterized by 

fine lines of hairs running down the adaxial corolla tube below the stamens (char. 30-2) and 

floral nectaries that extend the length of the lower corolla tube (char. 59-2, shared by 

Raphionacme and Schlechterella). A putative synapomorphy of Epistemma (absent from plastid 

data-sets, strongly supported as monophyletic in all other analyses) is the presence of filiform 

corona lobes with tufts of fine hairs at the apices (char. 36, unique to this genus). Vegetative and 

floral organs of plants in the genus Parquetina (absent from plastid data-sets, monophyletic in 

other analyses) turn black upon drying (char. 5, unique to this genus), and they bear single 

calycine colleters that are the same width as the sepals (char. 21, also present in Camptocarpus 

mauritianus), have warty-tuberculate corolla lobes (char. 31, also present in three species of 

Phyllanthera), and papillate corona lobes (char. 37, also present in three Raphionacme species). 

The genus Telectadium (missing or represented by only one species in all but the morphological 

and total evidence analyses, in which it is monophyletic) is characterized by verticillate 

phyllotaxy (char. 10-2, also present in Ischnolepis graminifolia and Stomatostemma pendulina) 

and nectaries arising between the ovary and anther bases (char. 59, shared by Cryptolepis 

sinensis and Camptocarpus). Cryptolepis (strongly supported as monophyletic in all but the 

morphological analysis, where it is absent from the strict consensus tree but is present in 92% 

MPTs) is characterized by corollas twisted tightly in bud (char. 24, lost in C. decidua, and 

present in two species of Phyllanthera), alternipetalous corona lobes that arise between the 

stamens and the sinus (char. 35, also in Cryptostegia madagascariensis, Pentopetia grevei, and 
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Telectadium), and the gynostegium enclosed in the upper corolla tube (char. 26-0, Fig. 3-15). In 

addition, many species have muricate stems (char. 6; unique to this genus). 

Phyllanthera is monophyletic in the trees based on molecular and total evidence data-sets 

(only one species present in plastid analyses); in analyses of morphology alone it appears in two 

distinct clades in the strict consensus tree, but is monophyletic in 78% of MPTs. Putative 

synapomorphies for the genus include long anther connective appendages (char. 43, also in 

Ectadium and Raphionacme galpinii) and bifid corona lobes (char. 39-2, corona lobes extremely 

short, missing in two species; bifid coronas are also present in Baseonema gregorii, Baroniella, 

and Cryptolepis eburnea). A strongly supported clade of three Phyllanthera species 

(Phyllanthera bifida, P. sumatrana, and P. perakensis) that appears in all analyses is 

characterized by the putative synapomorphies of hairs present along the seed margins (char. 65; 

state unknown in P. perakensis, and also present in Finlaysonia obovata), foliar connective 

appendages (char. 44, unique to this clade), and warty-tuberculate adaxial corolla lobes (char. 31, 

also present in Parquetina). 

A paraphyletic Finlaysonia 

Venter & Verhoeven (2001) placed several monotypic and bitypic Asian genera into 

synonymy under the previously monotypic Finlaysonia because of similarities in floral form (the 

gynostegium exposed from a rotate or saucer-shaped corolla) and because all have pollen fused 

into pollinia. I included in my study six of the seven Finlaysonia species sensu Venter & 

Verhoeven (2001): F. curtisii (=Gongylosperma curtisii King & Gamble), F. insularum 

(=Meladerma insularum), F. khasiana (=Stelmacrypton khasiana Baill.), F. lanuginosa 

(=Gongylosperma lanuginosa), F. pierrei (=Atherolepis pierrei Constantin.) and the type 

species, F. obovata. Plastid sequences were obtained for two species, F. insularum and F. 

lanuginosa, and only partial ITS sequences were obtained for F. khasiana and F. obovata. In 
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keeping with the findings of Ionta & Judd (2007), my analyses did not support the monophyly of 

Finlaysonia s.l. (see Figs. 3.2, 3.6, 3.10, 3.11). The characters used by Venter and Verhoeven 

(2001) to justify their circumscription of Finlaysonia are symplesiomorphic, i.e., exsertion of the 

gynostegium from the corolla tube is the state in the majority of species of Periplocoideae (char. 

26), rotate to saucer-shaped flowers (a character not included in this study as state delimitations 

are difficult) are extremely common in the subfamily, and pollinia are present in most species in 

the Asian pollinial clade to which Finlaysonia species belong, according to results from the 

present study and Ionta & Judd (2007). In most trees (from both MP and ML analyses) 

Finlaysonia lanuginosa and F. curtisii (both formerly in Gongylogperma King & Gamble) were 

strongly supported as sister taxa, which together form a clade with the three species of 

Streptocaulon included in this analysis (Figs. 3-6, 3-8, 3-11, 3-12, 3-13). Putative 

synapomorphies for the clade composed of Streptocaulon + Finlaysonia lanuginosa + F. curtisii 

are raised tertiary and higher veins abaxially that form a reticulum (char. 18, present but variable 

in Tacazzea apiculata and T. venosa), dense, wooly whitish hairs present on the abaxial leaf 

surfaces (char. 14-2, also present in two Pentopetia species), and translator receptacles with a 

deep notch at the apex (char. 50, also appearing in Atherandra, Sarcorrhiza, and the midvein 

colleter clade). Given the polyphyletic nature of Finlaysonia sensu Verhoeven & Venter (2001) 

in this study and the affinity of F. lanuginosa and F. curtisii to Streptocaulon, it is appropriate to 

transfer Finlaysonia lanuginosum and F. curtisii into the genus Streptocaulon, and resurrect 

Atherolepis (Atherolepis wallichii [Wight] Hook. f., Atherolepis perrei) and Meladerma Kerr. 

(Meladerma insularum).1 

                                                   
1 Nomenclatural transfer 

Streptocaulon lanuginosum (Ridl.) Ionta comb. nov. Basionym: Gongylosperma lanuginosum Ridl. J. Straits 
Branch Roy. Asiat. Soc. 59: 135. 1911. 
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Decalepis 

The Indian endemic genus Decalepis is represented in the ITS data-sets by two (DP 1) or 

three (DP 2) of four species sensu Venter & Verhoeven (2001). Decalepis nervosa is absent from 

this data-set (only morphological data available), and there is only a partial (ca. 250 bp, of a total 

of 805 in the aligned matrix) ITS sequence for D. hamiltonii in DP 2. In most analyses D. 

arayalpathra and D. salicifolia are strongly supported as sister (e.g., ITS DP 1, BS 100, Fig. 3-1; 

morphology alone, BS 81, Fig. 3-5; total evidence, BS 81, Fig. 3-7), and they are characterized 

by their uniquely moniliform roots and wide hyaline leaf margins that are minutely erose to 

subcrenulate (char. 16, unique to these species). In the MP analysis of ITS DP 2, Finlaysonia 

khasiana appears as sister to D. arayalpathra and D. salicifolia (Fig 3-2, BS 87, also see 3-8), a 

relationship not recovered in the strict consensus tree from the total evidence MP analysis, but 

present in 82% of the MPTs, with weak support (Fig. 3-8, BS 61). Removal of species lacking 

molecular data (including D. nervosa) from the total evidence data-set resulted in 77% BS (tree 

not shown) for D. arayapathra + D. salicifolia + D. khasiana. Decalepis hamiltonii and D. 

nervosa routinely appear in the Asian pollinial clade in the MP analyses, but their exact 

placement is unresolved. In the ML analysis of ITS DP 2, D. hamiltonii appears in a clade with 

F. khasiana, D. arayalpathra, and D. salicifolia (Fig. 3-11, 3-12). 

Although Decalepis is not supported as monophyletic in these analyses, the species share 

unique characters that may prove to be synapomorphic when additional molecular data is 

obtained. All four species have flattened (char. 40, present in several other genera), short (char. 

41, common throughout the subfamily), tabular corona lobes, and in four species (all but D. 

hamiltonii) the coronas are inserted just above the stamens and fused to the upper corolla tube to 

                                                                                                                                                                    
Streptocaulon curtisii (King & Gamble) Ionta comb. nov. Basionym: Gongylosperma curtisii King & Gamble J. 
Asiat. Soc. Bengal, Pt. 2, Nat. Hist. 74: 510 1907. 
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the level of the petal sinuses (char. 35-3, also the character state in Parquetina calophylla, but in 

that taxon the corona is morphologically quite different). In addition, all but D. nervosa have 

tabular nectaries that are similar in morphology to the corona lobes (the generic name Decalepis 

[“ten scales”] refers to the tabular corona and nectary lobes), and three of the four species (in D. 

nervosa the condition is unknown) have ethnomedicinally important fleshy roots (char. 3-5, 

unique to this genus, roots are also moniliform in D. arayalpathra and D. salicifolia) with a 

sweet vanilla scent due to the presence of the aromatic compound MBALD (the presence of 

MBALD was not included as a character in this analysis because it has not been tested for in 

most species of Periplocoideae).  

Finlaysonia khasiana, sister to D. arayalpathra and D. salicifolia in the ITS DP 2 

analyses, has corona and nectary morphology similar to that of Decalepis species, i.e., the corona 

lobes are flattened and fused laterally to the corolla tube as are coronas in Decalepis, and vanilla-

scented roots containing MBALD (although non-fleshy). Therefore, the inclusion of F. khasiana 

in Decalepis is recommended on the basis of morphology, and to resolve the genus as 

monophyletic. 

General Conclusions 

Results from this study mirror those obtained by Ionta & Judd (2007), while greatly 

expanding the taxonomic sampling of Periplocoidae species. In general greater resolution and 

better statistical support for clades were obtained from ML analyses, and from analyses with 

fewer missing data cells. Thus smaller data-sets were more useful for elucidating deep level 

relationships, and the addition of additional taxa with ITS and/or morphological data, although 

increasing the amount of missing data and generally negatively affecting resolution in the trees, 

allowed for an increase in the taxonomic scope of the study through the use of herbarium 

specimens.  
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Approximately half of the species of Periplocoideae sampled (42 of 75 ingroup taxa in the 

total evidence data-set) belong to a grooved translator clade, which in turn contains the Asian 

pollinial clade, the epiphyte, the Raphioncame clade, and the midvein colleter clade. 

Relationships in taxa outside of the grooved translator clade are less well resolved, although a 

clade composed of five genera endemic to Madagascar is intriguing, but lacks bootstrap or 

morphological support. 

Most genera are supported as monophyletic, with the exception of Finlaysonia and 

Decalepis. Finlaysonia curtisii and F. lanuginosa are transferred to Streptocaulon, and the 

dissolution of Finlaysonia sensu Venter & Verhoeven (2001) is recommended, along with the 

resurrection of Atherolepis and Meladerma. Decalepis arayalpathra and D. salicifolia are sister 

species, in some analyses forming a clade with D. hamiltonii and F. khasiana. The position of D. 

nervosa is unresolved, beyond its placement in the Asian pollinial clade. There is insufficient 

evidence to remove D. nervosa from Decalepis at this time, given the absence of molecular data 

for this species, and the unique tabular coronas present in this and other Decalepis species 

(which suggest that the genus may, in fact, be monophyletic). Decalepis is rendered 

monophyletic in the ML trees with the addition of Finlaysonia khasiana, whose coronas and 

tabular nectaries are similar in form to those of other Decalepis species (see chapter 4), so the 

nomenclatural transfer of this species to Decalepis is recommended. 
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Table 3-1. Vouchers information for plant material used in the molecular analysis of Periplocoideae. 
Taxon Origin Voucher 
Atherandra acuminata Decne. Thailand, Surat Put. 4139 (P) 
Baroniella camptocarpoides Costantin & Gallaud Madagascar, Toliara Phillipson et al. 3956 (MO) 
Baroniella capillacea Klack. Madagascar, Diego-Suarez/ Antsiranana Gautier et al. 3545 (MO) 
Baroniella linearis (Choux) Bullock Madagascar, Bekolosy Gautier & Be 2925 (K) 
Baseonema gregorii Schltr. & Rendle Tanzania Cox & Abdallah 2028 (K) 
Batesanthus purpureus N. E. Br. Zaire Hart 620 (MO) 
Buckollia volubilis (Schltr.) Venter & R. L. Verh. Ethiopia, Sidamo Hangen 2041 (K) 
Camptocarpus acuminatus (Choux) Venter Madagascar, Fianarantsoa Rakoto 254 (MO) 
Camptocarpus crassifolius Decne. Madagascar, Toliara Miller & Randranasolo 6051 (K) 
Camptocarpus mauritianus (Lam.) Decne. Madagascar, Toliara Petignat s.n. (UBT) 
Cryptolepis arbuscula (Radcl.-Sm.) Venter Yemen, Socotra, Mugadrihon Pass Miller 10101B (K) 
Cryptolepis buchananii Roem. & Schult. Pakistan, Islamabad Sultan  s.n. (UBT) 
Cryptolepis capensis Schltr. South Africa Abbott 7761 (Z) 
Cryptolepis cryptolepioides (Schltr.) Bullock South Africa Joubert 27 (BLFU) 
Cryptolepis decidua (Planch. ex Benth.) N.E. Br. South Sfrica Venter 10740 (BLFU) 
Cryptolepis delagoensis Schltr. South Africa, KwaZulu-Natal  Bruyns 9357 (BOL) 
Cryptolepis eburnea (Pichon) Venter Ivory Coast Leeuwenberg 8083 (MO) 
Cryptolepis hypoglauca K. Schum. ex Engl. Tanzania, Masasi Distr. Bidgood et al 2086 (K) 
Cryptolepis intricata (Balf. f.) Venter Yemen, Socotra Miller 10166 (K) 
Cryptolepis migurtina Chiov. Somalia Bolly & Melville 15622 (MO) 
Cryptolepis oblongifolia (Meisn.) Schltr. South Africa, Transvaal Bruyns 9367 (E) 
Cryptolepis obtusa N.E. Br. South Africa Joubert 30  (BLFU) 
Cryptolepis producta N.E. Br. Tanzania, Ufipa Distr. Goyder et al. 3823 (K) 
Cryptolepis sinensis Merr. Thailand Middleton 1016 (A) 
Cryptolepis sanguinolenta (Lindl.) Schltr. Senegal, Basse-Casamance Berghen 9785 (MO) 
Cryptoplepis socotrana (Balf. f.) Venter Yemen, Socotra, Nogad Plain Miller et al. 10289 (K) 
Cryptostegia madagascariensis Bojer U.S.A., Florida, cult.  Ionta 418 (FLAS) 
Decalepis arayalpathra (J. Joseph & V. Chandras.) Venter India, Cirzar Hills, 1989 Rajasekharan s.n. (K) 
Decalepis hamiltonii Wight & Arn. India, Karnataka, Hassan Distr. Ramamoorthy HFP 1810 (MO) 
Decalepis salicifolia (Bedd. ex Hook.f.) Venter India, Tamil Nadu, Palni Hills Fieldman RHT 49764 (K) 
Ectadium latifolium N. E. Br. Namibia Albers 2413 (UBT) 
Ectadium rotundifolium (H. Huber) Venter & J.D.S. Kotze Namibia, Outjo Giess et al. 6205 (MO) 
Ectadium virgatum E. Mey Namibia Venter 10742 (BLFU) 
Epistemma assianum D.V. Field & J.B. Hall Cameroon, near Yaoundé Leeuwenburg 5455 (K) 
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Table 3-1. Continued 
Taxon Origin Voucher 
Epistemma rupestre H. Huber Cameroon, Rocher Ako’okas deWilde 7462 (MO) 
Finlaysonia curtisii (King & Gamble) Venter Thailand, Surat Kerr 12471 (P) 
Finlaysonia insularum (King & Gamble) Venter Thailand Middleton 1164 (A) 
Finlaysonia khasiana (Kurz) Venter India, Meghalaya Koelz 29763 (L) 
Finlaysonia lanuginosa (Ridl.) Venter U.S.A., Cornell Univ., cult. Livshultz 03-41 (BH) 
Finlaysonia obovata Wall. New Guinea, Kerema Bay Schodde & Craven 4205 (L) 
Finlaysonia pierrei (Constantin) Venter Thailand, Chiang Mai Maxwell 99-79 (A) 
Gymnanthera cunninghamii (Benth.) P.I. Forst. Australia, Northern Territory Forster 6133 (K) 
Gymnanthera oblonga (Burm. f.) P. S. Green Australia, Queensland Hyland 8052 (L) 
Hemidesmus indicus (L.) R. Br. ex Schult. India Civeyrel 1008 (TL) 
Ischnolepis graminifolia (Costantin & Gallaud) Klack. Madagascar, Ambinanitelo Röösli s.n. (UBT) 
Kappia lobulata (Venter & R. L. Verh.) Venter, A. P. Dold & 

R. L. Verh. 
South Africa, Eastern Cape Dold 4461 (GRA) 

Mondia ecornuta (N.E. Br.) Bullock Kenya Kawale Distr. Luke & Robertson 2352 (MO) 
Mondia whitei Skeels S. Africa, Univ. Natal Pietermaritzberg, cult. ex hort. Ollerton s.n. 
Myriopteron paniculatum Griff. s. loc. Shuncheng 9801135 (MO) 
Parquetina calophylla (Baill.) Venter Tanzania, Muheza District Mwangoka et a. 1241 (MO) 
Parquetina nigrescens (Afzel.) Bullock Ghana Merello et al. 1354 (MO) 
Pentopetia albicans (Jum. & H. Perrier) Klack. Madagascar, Toliara, N. of Morondave Jongkind & Andriantiana 3743 

(K) 
Pentopetia androsaemifolia Decne. Madagascar, Ambalabao Allorge 2422 (P) 
Pentopetia cotoneaster Decne. Madagascar Allorge 2688 (P) 
Pentopetia grevei (Baill.) Venter Madagascar, Ambinanitelo Mangelsdorff 516 (UBT) 
Pentopetia ovalifolia (Constantin & Gallaud) Klack. Madagascar, Toliara Miller & Randrianasolo 6163 

(P) 
Pentopetia reticulata Jum. & Perrier Madagascar, Mahajanga Leeuwenburg 14691 (K) 
Periploca angustifolia Labill. Fl. Morocco 1974 Reading Univ.BM Exped. 176 

(MO) 
Periploca aphylla Decne. North Africa S. Huber s.n. (UBT) 
Periploca calophylla (Wight) Falc. China, Sichuan Prov. Liu Zheng Yu 15548 (GH) 
Periploca gracilis Boiss. Cyprus Kennedy 1879 (K) 
Periploca graeca L. Switzerland, Bot. Gard. Zurich, cult.  Endress s.n. (Z) 
Periploca laevigata Ait. Spain, Canary Islands Fernandez s.n. (Z) 
Periploca linearifolia Quart.-Dill. & A. Rich. Tanzania, Arusha, Monduli Distr. Kindeketa et al. 265 (MO) 
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Table 3-1. Continued 
Taxon Origin Voucher 
Periploca sepium Bunge China, Shansi Prov. Smith 5562 (A) 
Periploca somaliense Browicz. Yemen, Hadramaut, Mola Matar area Thulin et al. 8154 (K) 
Periploca visciformis (Vatke) K. Schum. Socotra, Wadi Ayhaft Mies 1444 (UBT) 
Petopentia natalensis (Schltr.) Bullock s. loc. ex hort. Kiel. (UBT)  
Phyllanthera bifida Blume Malaysia, Sabah, Sandakan Talip 50561 (L) 
Phyllanthera grayi (P. I. Forst.) Venter Australia Forster 24232 (BRI) 
Phyllanthera nymanii (K. Schum.) Venter New Guinea, Morobe District Hartley 11926 (A) 
Phyllanthera sumatrana (Blume) Venter Sumatra Korthals s.n. (L) 
Raphionacme welwitschii Schltr. & Rendle Tanzania, W. Songia Specks 287 (UBT) 
Raphionacme chimanimaniana Venter & R.L. Verh. Zimbabwe Bruyns 7696 (BOL) 
Raphionacme dyeri Retief & Venter South Africa, KwaZulu-Natal Nicholas 2862 (NH) 
Raphionacme elata N.E. Br. South Africa, Durban-Westville Borchers 47 (NH) 
Raphionacme flanaganii Schltr. South Africa, Pietermaritzburg Albers 1577 (MSUN) 
Raphionacme galpinii Schltr. South Africa Abbott s.n. (Z) 
Raphionacme grandiflora N.E. Br. Tanzania, W. Songea Specks 770 (UBT) 
Raphionacme hirsuta (E. Mey.) R.A. Dyer South Africa A. Venter 722 (BLFU) 
Raphionacme longituba E.A. Bruce Zambia, Lusaka Prov. Bingham 10274 (K) 
Raphionacme lucens Venter & R.L. Verh South Africa HJTV Venter 10751 (BLFU) 
Raphionacme madiensis S. Moore Tanzania, Dodoma Specks 682 (UBT) 
Raphionacme montieroae N.E. Br. Namibia, Outjo Bruyns 5767 (WIND) 
Raphionacme namibiana Venter & R.L. Verh. Namibia, Witmond, Karasburg Bruyns5758 (BOL) 
Raphionacme palustris Venter & R.L. Verh. South Africa HJT Venter 10755 (BLFU) 
Raphionacme procumbens Schltr. South Africa A. Venter 721 (BLFU) 
Raphionacme velutina Schltr. Namibia, Windhoek Kolberg 792 (K) 
Raphionacme zeyheri Harv. South Africa, Cape Prov., Near Steytlerville Lavranos & Bleck 22573 (MO) 
Sacleuxia newii (Benth.) Bullock Tanzania, Kilosa Bruyns 8653 (K) 
Sacleuxia tuberosa (E.A. Bruce) Bullock Kenya, Naivasha Dist. Kerfoot 3596 (K) 
Sarcorrhiza epiphytica Bullock Uganda, Kabarole Distr. Eilu 205 (BLFU) 
Schlechterella abyssinica (Chiov.) Venter & R.L. Verh. Kenya, Marsabit Distr. Newton & Liede 4555 (UBT) 
Schlechterella africana (Schltr.) K. Schum. Kenya, Kilifi Distr. Luke & Robertson 2232 (K) 
Stomatostemma monteiroae N. E. Br. s. loc. IPPS 1427 (UBT) 
Stomatostemma pendulina Venter & D. V. Field Mozambique, Ribaue Bruyns 7716 (K) 
Streptocaulon juventas (Lour.) Merr. Laos, Sii Phan Don, Kong Distr. Middleton 276 (A) 
Streptocaulon wallichii Wight Thailand, Songlka, Haad Yai Distr. Maxwell 84-174 (A) 
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Table 3-1. Continued 
Taxon Origin Voucher 
Tacazzea apiculata Oliver Zambia, Luapula District Renvoize 5760 (MO) 
Tacazzea pedicillata K. Schum. Gabon, M’Passa Breteler 7646 (MO) 
Tacazzea venosa Decne. Ethiopia, Gondar Friis et al. 6898 (K) 
Telectadium edule Baill. Laos, Champasak Maxwell 98-79 (A) 
Zygostelma benthamii Baill. Thailand, Phetchaburi Middleton 849 (A) 
Forsteronia leptocarpa (Hook. & Arn.) A. DC. Brazil, Ubatuba Simões & Singer 1037 (UEC) 
Rhabdadenia biflora (Jacq.) Müll. Arg. U.S.A., Florida Zona 616 (FTG) 
Thyrsanthella difforme (Walter) Pichon U.S.A., FLorida JR Abbott 22608 (FLAS) 
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Table 3-2. Morphological characters used in phylogenetic analyses. Presumed pleisiomorphic states (0) are listed first, followed by 
apomorphic states (0, 1, 2, etc.). 

No. Character States 
1. Growth form Vines (0), erect suffrutescent herbs or woody shrubs (1). 
2. Habit Terrestrial (0), epiphytes (1). 
3. Rootstock 

 
Roots non-tuberous (0), semi-subterranean, rough-skinned tubers present on primary root (1), single, smooth-
skinned subterranean tuber on primary root (2), multiple ,smooth-skinned subterranean tubers on lateral roots (3), 
multiple aerial tubers on lateral roots (4), roots in clusters, fleshy (5) 
Note: For a detailed description and illustrations of the various tuber types, see Meve & Liede (2004). In one 
specimen of Raphioncame flanaganii I observed what appeared to be multiple tubers, but closer examination 
revealed that the primary root had branched early and become succulent, thus I coded this species as 2. 

4. Stem architecture All shoots +/- equivalent in length (0), shoots differentiated into long and short shoots (1), regions of long 
internodes interspersed with regions of short internodes (2). 

5. Plant color upon 
drying 

Plant variously pigmented upon drying (0), plant becoming black on drying (1). 

6. Stem indumentum Stems glabrous (0), stems muricate (1), stems with unicellular or multicellular, uniseriate hairs (2). 
7. Interpetiolar region Interpetiolar region smooth (0), interpetiolar line present (1), interpetiolar ridge present (2), interpetiolar region 

with lobed collar (3). 
8. Nodal colleters Intrapetiolar colleters present (0), intra- and interpetiolar colleters present (1), nodal colleters absent (2). 
9. Intrapetiolar hairs 

 
Hairs absent in intrapetiolar region or resembling adjacent stem hairs (0), Distinct tuft of hairs present in leaf 
axils(1). 

10. Phyllotaxis Leaves opposite (0), leaves alternate (1), leaves verticillate (2). 
11. Leaf colleters Absent (0), colleters in pairs, scattered along adaxial petiole and leaf midrib (1), single large colleter at base of 

adaxial leaf blade (2). 
12. Leaf domatia Absent (0), present (1). 
13. Stomatal crypts Absent (0), present on stem and leaves (1). 
14. Abaxial leaf 

indumentum 
Abaxial leaf surface glabrous (0), abaxial leaves with scattered hairs (1), abaxial surface with dense covering of 
long, wolly white hairs (2).  

15. Papillae, abaxial leaf 
surface 

Absent (0), present (1). 

16. Leaf margin Entire (0), minutely erose to sub-crenulate (1). 
17. Intramarginal 

collecting vein 
Absent (0), present (1).  

18. Abaxial leaf veins Tertiary and higher order veins +/- flat (0), tertiary and higher order veins raised, forming a reticulum (1). 
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Table 3-2. Continued 
No. Character States 
19. Calyx lobe margin 

hairs 
Absent (0), margin fimbriate (1). 
 

20. Calycine colleter 
presence 

Calycine colleters absent (0), opposite sepals (1), alternate to sepals (2), continuous (3). 
 

21. Calycine colleter width Thin (0), spanning width of sepal (1). 
22. Hairs, inner base of 

sepals 
Absent (0), present (1). 

23. Corolla aestivation Imbricate and dextrorse (0), valvate (1). 
24. Corolla, degree of 

twisting in bud 
Twisted 90° or less (0), twisted 180° or more (1). 
 

25. Corolla lobes, 
orientation in respect 
to lower corolla tube 

Lobes erect to rotate (0), lobes strongly reflexed (1). 
 

26. Gynostegium position Gynostegium enclosed (0), gynostegium exposed (1). 
27. Adaxial corolla color 

 
Corolla pale: cream, green or yellow (0), corolla dark: uniformly violet, maroon, red or orange (1), corolla greenish 
with maroon markings (2).  

28. Corolla, abaxial hairs Absent (0), present (1). 
29. Corolla lobes, adaxial 

hairs 
Present (0), absent (1). 
 

30. Lower corolla tube, 
adaxial hairs 

Present, scattered throughout tube (0), absent (1), present, in line running down tube, alternate with staminal foot 
(2), present, in discrete patch below filament (3). 

31. Adaxial corolla lobe 
surface 

Surface smooth (0), surface warty-tuberculate (1), papillate, papillae in distinct pad (2). 

32. Lower corolla tube 
length 

Long, 1/3 to 1/2 total flower length (0), short, less than 1/5 flower length (1).  

33. Alternipetalous corona Absent (0), present (1). 
34. Alternistaminal corona Absent (0), present (1). 
35. Alternipetalous corona, 

position in upper 
corolla tube 

Inserted just above stamen insertion (0), between filament and sinus (1), inserted just below sinus (2), originating 
just above stamen, fused laterally to upper corolla tube to level of sinus (3). 

36. Alternipetalous corona, 
hairs 

Absent (0), hairs in distinct tuft at dilated apex of corona (1), hairs scattered along length of corona (2). 
 

37. Alternipetalous corona, 
surface  

Smooth (0), with fine papillae (1). 
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Table 3-2. Continued 
No. Character States 
38. Alternipetalous corona, 

connation 
Corona lobes free (0), corona lobes fused into a distinct annulus surrounding stamens (1). 

39. Alternipetalous corona 
shape 

Corona lobes not divided, or divided only at apex (0), corona lobes trifid (1), corona lobes bifid at base (2). 

40. Alternipetalous corona 
cross section at base 

Cross section +/- terete (0), flattened in cross section (1.) 

41. Corona length Filiform (0), short (1), minute (2). 
42. Sclerenchymatic guide 

rails on anthers 
Present (0), absent (1). 

43. Anther connective 
appendage length 

Short, less than 1/4 the length of the rest of the anther (0), elongate, equal to or greater than the rest of the anther 
(1). 

44. Anther connective 
appendage form 

Connective appendages variously shaped, not flattened and expanded (0), foliar (1). 
 

45. Dorsal anther 
connective hairs 

Absent (0), hairs present on dorsal surface of anther connective (1). 

46. Anther connective 
appendages, connation  

Connective appendages not connate (0), connective appendages connate (1). 
 

47. Anther base Saggitate (0), at most slightly cordate (1). 
48. Pollen carrier form Undifferentiated foam (0), spoon-shaped translator (1), sticky band (2). 
49. Pollen translator 

receptacle, abaxial 
surface 

Smooth, without abaxial groove along axis, or with a weakly defined groove (0), with a distinct groove (1). 

50. Pollen translator 
receptacle, apex 

Receptacle with rounded or slightly emarginate apex (0), apex of receptacle deeply notched (1). 
 

51. Pollen translator 
receptacle shape 

Receptacle narrowly oblong (0), receptacle variously shaped (elliptic, subglobose, obovate or obovate-deltoid), not 
narrow (1). 

52. Pollen type Single pollen grains (0), pollen in tetrads (1), pollen tetrads, agglutinated into pollinia (2). 
53. Pollinial pores 

 
Pollinia lacking, or if pollinia present, pores present on distal parts of tetrads (0), pollinia lacking pores on distal 
part of tetrads (1). 

54. Pollen pore number, 
individual grains 

Pollen grains 3-6 porate (0), 8-16 porate (1). 

55. Pollen tetrad shape Globose to ovoid (0), elongate (1), mixture (2). 
56. Stylar head apex Apex smooth or obscurely 2-beaked (0), apex with elongate pair of projections (1). 
57. Ovary hairs Absent (0), present (1). 
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Table 3-2. Continued 
No. Character States 
58. Nectary, general 

position 
At base of ovary (0), on corolla tube (1). 
 

59. Corolla tube nectaries, 
position on tube 

At +/- the same level as the insertion point of stamens (0), between ovary and stamens (1), extending from below 
stamens to base of ovary (2). 

60. Follicle silhouette Elongate, narrowing at apex, without constrictions (0), with constrictions or sinuate margin (1).  
61. Fruit wall thickness Fruit wall thin, flexible when dry (0), thick, rigid when dry (1). 
62. Follicle surface Follicle +/- smooth, with at most light longitudinal ribbing (0), follicle with two distinct, thick wings (1), follicle 

with 5 or more rigid ribs (2), with many membranaceous wings, 5-6 mm in length (3). 
63. Follicle hairs Absent (0), present (1). 
64. Seed hairs, at 

micropylar end 
Coma of hairs present at micropylar end (0), hairs absent (1). 
 

65. Seed hairs, along 
margins 

Absent (0), hairs present along seed margin (1). 
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Table 3-3. Voucher specimens used for scoring morphological characters for phylogenetic analyses 
Species Specimens examined 
Apocynum cannabinum L. Brumbach 120-35 (FLAS); Bryson & Newton (FLAS); Demaree 62206 (FLAS); Hood 4683 (FLAS); 

Labisky 88 (FLAS); Thomas 97487 (FLAS); Thomas et al. 23419 (FLAS); Windler & Keenan 3126 
(FLAS) 

Atherandra acuminata Backer 6835 (L); ibid 11762 (L); Put. 4139 (P) 
Baroniella camptocarpoides Dumetz 617 (K); Phillipson et al. 3956 (K, MO, US); Randrianasolo 348 (MO) 
Baroniella capillacea Gautier et al. 3545 (MO) 
Baseonema gregorii Cox & Abdallah 2028 (K); Goyder et al. 4006 (K); van Someren 184 (K) 
Batesanthus purpureus Hart 620 (MO); Onochie 34873 (K); Polhill & Kirkup 5190 (MO); Ujor 30024 (K) 
Buckollia volubilis Beesley 48 (P); Gilbert 420 (MO); Gillett 13711 (K); Hangen 2041 (K); Phillipson & Sitoni 4980 (MO); 

Richards 25306 (K); de Wilde 7279 (MO) 
Camptocarpus crassifolius Humbert 2591 (K); Miller & Randranasolo 6051 (K); O’Connor 57 (K) 
Camptocarpus mauritianus Grondin s.n. 1983, (P) 
Cryptolepis buchananii Dividse 7387 (L, MO); Forrest 19342 (P); Grierson & Long 2060 (A); Huber 19 (NY); Iraui 2007 (MO); 

Jayasuriya 1419 (NY); Maxwell 75-1056 (L); ibid 89-781 (MO); ibid 89-1559 (A) 
Cryptolepis capensis  Buitendag 1200 (MO); Hilliard & Burtt 7575 (K); Joubert 31 (BLFU);Strey7310 (K) 
Cryptolepis decidua Davidse 6200 (MO); Goldblatt & Manning 8782 (MO); Kolberg et al. 559 (K); Miller et al. 10172 (K); 

Seydel 3036 (A, MO); ibid 4330 (MO); Williamson 3678 (MO) 
Cryptolepis eburnea Amshoff 4235 (MO, P); Berhaut 5958 (P); ibid 6550 (P); Leeuwenberg 8083 (MO); Toilliez 358 (P) 
Cryptolepis oblongifolia Amshoff 2316 (P); ibid 7669 (P); Joubert 26 (BLFU); Lowe 1647 (K); Olorunfemi 55719 (P); Pawek 6150 

(MO); Phillips 3129 (Z); Reekmans 7212 (MO); ibid 10192 (MO); Smith 485 (MO); Werdermann & 
Oberdieck 1262 (A) 

Cryptolepis sinensis Chand 5829 (L); Chang 5822 (L); Cheng 231 (MO); Henry s.n. (MO); Koelz 30037 (L); Levine 1129 
(US); Maxwell 76-480 (L); ibid 87-10 (L); Petelot 2211 (NY); Wang & Lin 02017 (A) 

Cryptoplepis socotrana Miller et al. 10289 (K); Smith & Lavranos 734 (K) 
Cryptostegia madagascariensis Ionta 418 (FLAS); Jongkind 1584 (MO); Marulanda & Rodríguez 865 (MO) 
Decalepis arayalpathra  Joseph 46503 (K); Rajasekjaran et al. s.n., 1989 (K) 
Decalepis hamiltonii Arockiasamy RHT 7987 (L); Barber 8454 (K); Ellis 14274 (CAL); Gamble 15085 (K); Jarrett et al. HFP 

605 (E, MO, US); Matthew RHT 41897 (K); Matthew & Murugesan RHT 14819 (K); Matthew & 
Venugopal RHT 13974 (CAL); Nicolson et al. HFP 163 (E, MO, US); Ramamoorthy HFP 1810 (K, MO, 
US); Rao 46873 (CAL); Saldanha 13840 (US); Saldanha 14128 (US); Saldanha 16823 (US); Sreenath & 
Ramesh KFP 4275 (CAL); Yeshoda 81 (NY) 
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Table 3-3. Continued 
Species Specimens examined 
Decalepis nervosa (Wight & Arn.) 

Venter 
Beddome s.n., unknown date (E); Clarke s.n., unknown date (BM), Cole 17254 (BM); Gamble s.n., 
unknown date (BM, M), Hooker & Thomson 25 (M); Metz s.n., unknown date (K); Schmid s.n., unknown 
date (P); Sebastine s.n., 1859 (P); Thomson 3264 (K); Watt 756 (M); Wight 36 (K); Wight 22 (K) 

Decalepis salicifolia Beddome 28 (K); Beddome 53 (K); Beddome s.n., date unknown (BM); Fieldman RHT 49764 (K); Fischer 
3394 (K); Fischer s.n., 1913 (K);  

Ectadium latifolium Coetzee & Werger 6735 (MO); Dinter 1020 (K); ibid 6290 (MO); Mannheimer & Mannheimer 293 (K) 
Ectadium virgatum Giess 13801 (MO); Le Roux & Ramsey 222 (MO); Smook 8011 (MO) 
Epistemma assianum Hall 42397 (K); Leeuwenburg 5455 (K) 
Epistemma rupestre Bos 7462 (MO); Letouzey 9994 (P) 
Finlaysonia curtisii Kerr 12471 (K, P) 
Finlaysonia insularum Chin 1743 (K) 
Finlaysonia khasiana Henry 12061A (US); Koels 29763 (L) 
Finlaysonia lanuginosa Henderson 29141 (K); ibid 37836 (L) 
Finlaysonia obovata Brass 21694 (A, US); Canfield 625 (US); Conklin 734 (L); Kerr 17475 (K); Maxwell 80-16 (L); ibid 96-

1608 (A); Mendoza 97894 (L); Schodde & Craven 4205 (L); Sinclair 4966 (US); Wenzel 1634 (MO) 
Finlaysonia pierrei Maxwell 92-436 (L); ibid 99-79 (A); Put 4111A (P) 
Forsteronia leptocarpa Simões & Singer 1037 (UEC) 
Gymnanthera cunninghamii Forster 6133 (K, L, MO) 
Gymnanthera oblonga Blake 14908 (L); Brass 21925 (A, US); Byrnes 2399 (K); Chan 1341 (P); Craven 6472 (MO); Forster 

3706 (MO); Fryxell & Craven 4178 (NY); Hu 5506 (US); ibid 9081 (A, US); ibid 6334 (US); ibid 11206 
(US); ibid 11543 (K); Hyland 8052 (A, L); Lau 508 (US); Li 158 (A, MO); McClure CCC7652 (MO); 
O’Reilly 670 (L); Petelot 1413 (US); Schomburg s.n., no date (US); Taam 1708 (US) 

Hemidesmus indicus Bernardi 14312 (US); Cooray 69121609R (US); Gamble 16061 (K); Iraui 1260 (MO); Iraui 1289 (MO); 
ibid 1316 (MO); Jarrett et al. HFP 612 (US); Jaysuriya et al. 578 (US); Mueller-Dombois 67121008 
(US); ibid 67121009 (US); Pierre 4376 (US); Raghavan 103310 (US); Ramamoorthy HFP 384  (US); ibid 
1282 (US); Saldanha 9081 (US); ibid 13998 (US); ibid 14096 (US); ibid 14117 (US); ibid 14394 (US); 
ibid 14410 (NY, US); ibid 14522 (US); ibid 15604 (US); ibid 15654 (US); ibid 17867 (US); ibid 17924 
(US); Savalia s.n. 1983 (US); Sebastine 22831 (L); Townsend 73/213 (US); Wirawan 690 (US) 

Ischnolepis graminifolia  Allorge 2366 (P); Leeuwenberg & Rapanarivo 14667 (MO); Malcomber & Leeuwenberg 1168 (MO); 
Messmer & Andriatsiferana NM 815 (MO, P); Phillipson et al. 4042 (MO); Rasoavimbahoaka 386 (P); 
van der Werff & McPherson 13561 (MO) 

Kappia lobulata  Dold 4461 (GRA) 
Maclaudia felixii Venter & R.L. 

Verh. 
Amshoff 866 (K); Félix 1906 (P) 
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Table 3-3. Continued 
Species Specimens examined 
Mondia whitei Bakari ATBP 592 (MO); Berhaut 6351 (P); Bouquet 1266 (P); Goyder & Paton 3665 (MO); Pawek 6417 

(MO); van Welzen 513 (L); HJT Venter 9068 (BLFU) 
Myriopteron paniculatum Belcher 118 (US); Garrett 1264 (K, P, US); Henry 13114 (NY); Koyama T-61371 (A); Maxwell 89-146 

(L); ibid 89-1131 (MO); ibid 89-1154 (L); ibid 89-1206 (MO); ibid 93-281 (A); Shuncheng 98-01135 
(MO); Zhanhuo 91-197 (MO) 

Pachypodium lealii Wels.subsp. 
saundersii (N.E. Br.) G.D. Rowley 

Davis 1279 (FLAS) 

Parquetina calophylla Audru 35065 (P); Keay & Latile FHI 37131 (P); Hiepko & Schultze-Motel 223 (K, MO, P); Mwangoka et 
al. 1241 (MO)Schmidt et al. 3324 (MO); de Wilde 532 (P) 

Parquetina nigrescens Adam 25523 (MO); Louis et al. 830 (P); Merello et al. 1354 (MO); Stam 96 (L); de Wilde 532 (P); ibid 
8114 (MO) 

Parsonsia straminea (R. Br.)F. 
Muell. 

Endress 00-36 (Z)Forster 28693 (MO) 

Pentopetia androsaemifolia Allorge 2442 (P); ibid 2452 (P); Barnett et al. 395 (P); Humbert & Bathie 2369 (A); Jongkind & 
Andriantiana 3628 (K); Malcomber et al., 2845 (MO); Randriamampionona 154 (MO); Wohlhauser 
60078 (MO, P) 

Pentopetia cotoneaster Allorge 2688 (P) 
Pentopetia grevei Eboroke 892 (P); Phillipson 2336 (NY); Turnour 29 (K); ibid 61 (K) 
Pentopetia ovalifolia Allorge 2607 (P); Miller & Randrianasolo 6163 (P); Phillipson 2418 (K); ibid 3425 (K); Rakotomalaza 

584 (P) 
Periploca aphylla Barkley 32 Ir 2439 (MO); Davis & Bokhari 55731 (MO); Boulos & Ali 19373 (K); Dar et al. 19 (MO); 

Goodman s.n. 1985 (MO); Hussain & Akhtar 572 (A); ibid 665 (A); Samuelsson 1014 (NY) 
Periploca calophylla Cehong 755 (MO); Forrest 25318 (MO); Grierson & Long 4026 (A, NY); Guanghui 59085 (MO); Heng 

8893 (MO); Maire s.n., 1921 (MO); Mengi s.n., 1922 (P); Sino-Amer Bot Exped 888 (A, US); Tsai 58768 
(A); Zheng-yu 15548 (A, MO); ibid 15454 (MO); Wang 93 (MO) 

Periploca graeca Barkley & Mohamed 3427 (MO); Daniel & Butterwick 2933 (NY); Dourley 52009 (GH); Lindsay 883 
(MO); Skvortsov s.n. 1976 (MO) 

Periploca laevigata Bramwell 230 (MO); ibid 403 (MO); Grandvaux Barbosa 7286 (MO); Kunkel 12429 (MO); Mennema 
3034 (L); Muschler s.n. 1913 (MO); Röthlisberger s.n. 1989 (Z); Schuhwerk 90/391 (NY) 

Periploca visciformis Burger 1442 (US); Gillett 5456 (P); Wieland 4740 (MO); de Wilde 4811 (MO); de Wilde 7277 (MO); 
Wood 3168 (K) 

Petopentia natalensis HJT Venter 10756 (BLFU); Ward 5884 (K) 
Phyllanthera bifida Forbes 2436 (MO, P); Pulle 318 (L); Talip 50561 (L); de Vogel & Vermeulen 7380 (L); Winckel 128 (L) 
Phyllanthera grayi Gray 1650 (MO) 
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Table 3-3. Continued 
Species Specimens examined 
Phyllanthera nymanii Hartley 11926 (A, L); Millar NGF 23017 (L); Streimann & Kairo NGF 21183 (A, NY); Womersley NGF 

19427 (L) 
Phyllanthera perakensis King & 

Gamble 
Bünnemeyer 31102 (L); de Wilde & de Wilde-Duyfjes 12437 (US) 

Phyllanthera sumatrana Beccari 640 (L); Korthals s.n. (L) 
Prestonia mollis Kunth Fennell 1382 (FLAS);Sagástegui 12482 (FLAS) 
Raphionacme flanaganii Giffen 1222 (MO); Strey 11359 (MO) 
Raphionacme galpinii Balsinhas 3144A (MO); Codd 1973 (MO); Hobson 2134 (MO); Kemp 1177 (MO); Mogg 34965 (MO); 

HJT Venter 10754 (BLFU) 
Raphionacme grandiflora Goyder et al. 3597 (K); Nkhoma et al. 63 (MO); Richards 7397 (K); Wiland & Mboya 46 (MO) 
Raphionacme hirsuta Bayliss 3714 (MO); Meebold 12577 (NY); Paige 4 (MO); Phillipson & Dold 4212 (MO); Scheepers 1023 

(K); van Steenis 24173 (L); A. Venter 722 (BLFU) 
Raphionacme procumbens Goyder 5030 (K); Kemp 1150 (MO); A. Venter 721 (BLFU); HJT Venter (BLFU) 
Rhabdadenia biflora Carnavali et al. 5554(FLAS); West & Arnold 793 (FLAS); Zona 616 (FTG) 
Sacleuxia newii Abdallah & Kaj 95/64 (K, P); Mwangoka & Nyangasa 621 (MO); Pócs & Temu 87228 (K); Thulin & 

Mhoro 2978 (MO) 
Sarcorrhiza epiphytica Pócs 8641 (K) 
Schlechterella abyssinica Gilbert & Jones 87 (K); Newton & Liede 4555 (UBT) 
Schlechterella africana Gillett & Glover 19625 (K); Luke & Robertson 2232 (K); Greenway 10816 (K, P); Haugen 948 (K) 
Stomatostemma monteiroae Chase, 1474 (P); ibid 8096 (MO); Davies 1303 (K); Guy 2467 (MO); Patel 1414 (K); Pope et al. 1440 

(MO); Venter 2427 (MO); ibid 10750 (BLFU) 
Stomatostemma pendulina Bruyns 7716 (K, MO) 
Streptocaulon juventas  Clemens 4016 (MO, US); Frake 522 (L); ibid 656 (L); Hansen & Smitinand 12185 (L); Henry 12439 

(US); ibid 12861 (US); Ko 55864 (A); Kui 231 (M); Lace 2756 (K); Maxwell 75-1035 (L); ibid 87-1654 
(L); ibid 90-662 (MO); ibid 90-808 (L, MO); ibid 92-551 (L, P); ibid 97-1437 (A); ibid 99-234 (A); 
Murata et al. T-16450 (L); Phuakam 58 (L); Rock 2263 (US); ibid 1006 (US); Sulit 5602 (L) 

Streptocaulon kleinii Wight & Arn. Kerr 19676 (L); Pailane 28548 (MO, P); Schmid s.n. 1954 (P) 
Streptocaulon wallichii Elmer 1332 (US); ibid 5549 (US); Geesink & Phengkhlai 6252 (L); Maingay 1100 (L); Maxwell 84-174 

(A); Merrill 168 (US); ibid 890 (US); ibid 3491 (US); Ramos 8 (US); Sinclair 39318 (P) 
Tacazzea apiculata Brummitt et al. 14214 (MO); Hepper 3846 (P); Ngoni 525 (MO); Reekmans 9260 (MO); Renvoize 5760 

(MO); Robynd 1876 (US); Rodin 4380 (US); de Wilde 480 (P) 
Tacazzea pedicillata Breteler 7646 (MO); Everard 3467 (K); Lebrun 1648 (MO); Letouzey 11618 (K, P); ibid 11637 (P); Louis 

106 (NY) 
Tacazzea venosa Friis et al. 6885 (K); ibid 6898 (K); Schweinfurth 192 (L); Sermolli 1240 (K) 
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Table 3-3. Continued 
Species Specimens examined 
Telectadium dongnaiense Pierre ex 

Constantin 
Pierre 3556 (P); Schmidt s.n. 1954 (P) 

Telectadium edule Harmand 97 (US) 
Thyrsanthella difforme J.R. Abbott 22608 (FLAS); Darwing & Sundell 1564 (FLAS); Easley 470 (FLAS); Garland 564 (FLAS); 

Short 32 (FLAS); Sundell & Darwin 2393 (FLAS); Tan 633 (FLAS) 
Zygostelma benthamii Godefroy & Harmand 10 (P); Maxwell 75-406 (L); ibid 91-790 (GH); ibid 91-975 (L, P); ibid 92-594 

(GH, L, P); ibid 92-681 (A); Parnell et al. 95-265 (K), Sangkhachand 1078 (P) 
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Table 3-4. Morphological character-state values for taxa used in cladistic analyses. Refer to table 3-3 for coding of characters. The 
following letters denote polymorphic states: A (0/1), B (0/2), C (0/5), and D (1/2). Ingroup taxa are listed first, followed by 
outgroup taxa. A question mark indicates uncertainty, and a dash indicates an inapplicable character for that taxon. 

          1         2         3         4         5         6         
Species 12345678901234567890123456789012345678901234567890123456789012345 
Atherandra acuminata 00000200000001000002000111?011011000000001100111111100100100???00 
Baroniella camptocarpoides 00000020100000001002000001101101100001012100011100110000010100000 
Baroniella capillacea 0000002010000000?012000001101101100001012100001100110000010100?00 
Baseonema gregorii 000002310000010000120000110111011000002?2100011110110100010000100 
Batesanthus purpureus 00000031001001000012000001101101A000000001000111111100000100???00 
Buckollia volubilis 00010200000001000012000011001101100000000100001110110000110000100 
Camptocarpus crassifolius 00000021100000001012001011001101100001010100011100110000011100000 
Camptocarpus mauritianus 00C00021100000001002101011001101100001010100011100110000011100000 
Cryptolepis buchananii 00000000100000101012000100001101101000001100111100010000010010000 
Cryptolepis capensis 00000100100000000002000110001301101000001100111100010000010100000 
Cryptolepis decidua  10010000100001001010010000001101101000000100001100110000010000000 
Cryptolepis eburnea  A0000100100000100012000100011101101000002100101100010000010000000 
Cryptolepis oblongifolia  A0000100100000001012000100001101101000001100001100010000010000000 
Cryptolepis sinensis  00000A00100000000012000100001101101000001100001100010000011000000 
Cryptolepis socotrana  10000100100000000012000100001101101000001100001100010000010000000 
Cryptostegia madagascariensis  00000010100000000012010000111101101000000100001100110000011011000 
Decalepis arayalpathra  105000100000000100020000010011011030000111000111101210100100?0?00 
Decalepis hamiltonii 00500011000000000002000001010101100000011100111110121010010010000 
Decalepis nervosa 00000211000001000012000001011101103000011100011110121010010000100 
Decalepis salicifolia  10500011000000011002000001001101103000011100011110121010010000000 
Ectadium latifolium 1000020200001100?010000000011101102000001110101100010001010000100 
Ectadium virgatum 1000020200001100?010000000011101102000001110101100010001010000100 
Epistemma assianum  01000202000001000012000001101101100100000100011110121020010000000 
Epistemma rupestre  01000202000001000012000001101101100100000100011110121020010000000 
Finlaysonia curtisii  00000210000002001112000001101101100000000100011111121010010000100 
Finlaysonia insularum 000002100000010000120000011011011000000001000111101210100100???00 
Finlaysonia khasiana 000002100000010000020000010001011030000111001011101210100100?0000 
Finlaysonia lanuginosa  000002120000020011????00011??10?100000???1?0??11???21010010000100 
Finlaysonia obovata  00000010000000001012000001000101100000000100001110121010010000011 
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Table 3-4. Continued 
          1         2         3         4         5         6         
Species 12345678901234567890123456789012345678901234567890123456789012345 
Finlaysonia pierrei 00000221000001000012000001000101100000010100011110121010010010000 
Gymnanthera cunninghamii 10000011000000000002000001001200100000011100011110121010012000000 
Gymnanthera oblonga  00000B11000000000002000001001200100000011100011110121010012000000 
Hemidesmus indicus  00000B21000000000012001001001101100000001100011110121010010000000 
Ischnolepis graminifolia  10320010020000000002000001001101100000000100011110110000010100000 
Kappia lobulata  00300031001000000012000001000101100000001100011110110000010010000 
Maclaudia felixii 000002210010010000120000011011011020000011000111111100000100???00 
Mondia whitei  00C00231001001000012000001201101100000100100011111110000010010000 
Myriopteron paniculatum 00000031001001000002000001001101100000000100011111110000010013000 
Parquetina calophylla 000010111000001000021000011011111030100?1100A01100110000010010000 
Parquetina nigrescens  00001011100000000002100011101111100010000100101100110000010010000 
Pentopetia androsaemifolia  000000A010000000001200000000100110000000A1A0101100110000010000000 
Pentopetia cotoneaster  00000200100002000012000001101000100000001100001100110000010000100 
Pentopetia grevei  00000010100000000012000000101101101000001100001100110000010002000 
Pentopetia ovalifolia  00000200100002000012000001001001100000001100001100110000110012100 
Periploca aphylla  10000B0000000100?002000001200021100000110100101100110000010000A00 
Periploca calophylla  00000010100000001002000001200001100200110100101110110000010000000 
Periploca graeca 00000010100000001002000001200021100000110100101100110000010000000 
Periploca laevigata  0000021010000A00100200000120A021100200110100101100110000010000000 
Periploca visciformis  10000B1010000000?012000001201021100000110100101100110000010000000 
Petopentia natalensis  00100010100000001002000001001101100000000100001110110020010010000 
Phyllanthera bifida  0000001010000000100200000110111100-------111001100110000010000001 
Phyllanthera grayi  000000101000000000020001011011011000002?2110001110110000010010000 
Phyllanthera nymanii  000000101000000000020001011011011000002?2110001100110000010????0? 
Phyllanthera perakensis 0000001010000000100200000110111100-------11110110011000001000000? 
Phyllanthera sumatrana  00000010100000001002000001?011111000002?2111101100110000010000001 
Raphionacme flanaganii  00200231001001000012000001211100100010110100011110110100012000100 
Raphionacme galpinii  10200221000001000012000001211100100010110110011110110100012000100 
Raphionacme grandiflora  10200211000001000012000001101100100000110100011110110100012000000 
Raphionacme hirsuta  102002D1000001000010000001111100100000011100011110110100012000000 
Raphionacme procumbens  002002D1000001000012000001211100100010110100001100110100012000000 
Sacleuxia newii  10300221000001001003000001001100100000001100011100110000110000100 
Sarcorrhiza epiphytica  0140021000000000001???00012011011000000001000?1111110000010000100 
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Table 3-4. Continued 
          1         2         3         4         5         6         
Species 12345678901234567890123456789012345678901234567890123456789012345 
  
Schlechterella abyssinica 002002210000010000100000011011001000001101000111101201000120???00 
Schlechterella africana  002100210000000000100000010011011000001101000111?0120100012000000 
Stomatostemma monteiroae  00300B2100000A000012000000201101102000001100011111110000011010000 
Stomatostemma pendulina  1030002002000000?0????00000?11011020000001000?11???1000001?000000 
Streptocaulon juventas  000002210000020001A2000001100101100000000100011111121010010000100 
Streptocaulon kleinii 00000221000002000102000001?11101100000000100011111121010010000100 
Streptocaulon wallichii 00000221000002000102000001101101100000000100011111121010010000100 
Tacazzea apiculata  0000022100100D000A12000001201101100000000100011111110000010010100 
Tacazzea pedicillata  00000221001000001012000001211101100000000100011110110000010010000 
Tacazzea venosa  100002BA00100D000A12000001201101100000000100011110110000010010000 
Telectadium dongnaiense 10000000120000001012000000?01101101000001100011110110000011000000 
Telectadium edule 10000200120001001012000000?11101101000001100011110110000011000000 
Zygostelma benthamii  00000021000000000012000001101101100000210100011110110020010????00 
Apocynum cannabinum 10000BD000000AA000000000000A100101-------0000002---1000000-000000 
Forsteronia leptocarpa  000002???02100000011100001?0000100-------0000010---000-010-000000 
Pachypodium lealii subsp.saundersii 1001000001000A00000000000000100000-------0000010---000-000-000000 
Parsonsia straminea 000000???0000000001100000101010100-------0000000---000-000-000000 
Prestonia mollis 000002210000010000111001000110001010000000001000---000-000-000100 
Rhabdadenia biflora  0000002200000010000000000000100000-------0001010---000-000-000000 
Thyrsanthella difforme 00000B2100000100001200000000100000-------0001000---000-000-000000 
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Table 3-5. Data partitions and phylogenetic analyses included in study. Analyses not performed 
are denoted with a dash. 

No. Data partition Maximum parsimony Maximum likelihood  
1. ITS without short sequences x x  
2. ITS including short sequences x x  
3. trnT-trnF x –  
4. trnD-trnT x –  
5. ycf1 x –  
6. Combined plastid x –  
7. Total DNA, pruned x x  
8. Morphology x –  
9. Total evidence x –  

10. Total evidence, pruned x –  
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Table 3-6. Tree statistics for maximum parsimony analyses for individual and combined data partitions 
 Number 

of 
ingroup 
taxa 

Aligned 
length 
(bp) 

Variable 
characters, 
parsimony 
uninformative 

Parsimony-
informative 
characters/ % of 
total characters 

Number of 
most 
parsimonious 
trees 

Length of 
shortest 
tree 

CI RI RC 

ITS (DP 1) 94 794 92 359/ 45.2% 1157 1868 0.400 0.722 0.289 
ITS (DP 2) 103 805 91 364/ 45.2% 3194 1912 0.396 0.725 0.288 
trnT-trnF 34 1873 159 81/ 4.3% 1839 288 0.9132 0.876 0.792 
trnD-trnT 31 1296 156 64/ 4.0% 3000 262 0.916 0.823 0.754 
ycf1 26 1805 184 127/ 7.0% 65 401 0.843 0.773 0.652 
Combined plastid 34 4874 501 260/ 5.3% 31 943 0.877 0.791 0.694 
Total DNA, pruned 34 5621 622 522/ 9.3% 21 2072 0.689 0.654 0.450 
Morphology 75 65 3 62/ 95% 4996 346 0.268 0.680 0.182 
Total evidence 75 5744 598 661/ 11.5% 2314 2997 0.541 0.664 0.359 
Total evidence, pruned 34 5686 628 574/ 10.1% 14 2298 0.655 0.639 0.419 
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Figure 3-1. Strict consensus of 1157 equally parsimonious trees (tree length [L] = 1868, CI = 

0.400, RI = 0.722, RC = 0.289) resulting from parsimony analysis of ITS sequence 
data, without partial sequences (DP 1). Numbers above the branches indicate 
bootstrap values. 
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Figure 3-1. Continued 
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Figure 3-2. Strict consensus of 3194 equally parsimonious trees (tree length [L] = 1912, CI = 

0.396, RI = 0.725, RC = 0.288) resulting from parsimony analysis of ITS sequence 
data including partial sequences (DP 2). Numbers above the branches indicate 
bootstrap values. Monophyletic genera are in boxes, genera represented by one 
species in this analysis are in black, and polyphyletic genera are in color (Decalepis 
in red, Finlaysonia in blue). 
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Figure 3-2. Continued 
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Figure 3-3. Strict consensus of 31 equally parsimonious trees (tree length [L] = 943, CI = 0.877, 

RI = 0.791, RC = 0.694) resulting from parsimony analysis of combined plastid 
sequence data. Numbers above the branches indicate bootstrap values. 
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Figure 3-4. Strict consensus of 21 equally parsimonious trees (tree length [L] = 2072, CI = 0.689, 

RI = 0.654, RC = 0.450) resulting from parsimony analysis of combined sequence 
data. Numbers above the branches indicate bootstrap values. 
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Figure 3-5. Strict consensus of 4996 equally parsimonious trees (tree length [L] = 346, CI = 

0.268, RI = 0.680, RC = 0.182) resulting from parsimony analysis of morphological 
data. Numbers above the branches indicate bootstrap values. 
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Figure 3-6. Majority rule tree from maxiumum parsimony analysis of morphological data. 

Numbers above branches indicate the percentage of MPT the clade appears in. 
Decalepis species are in red, Finlaysonia in blue, and Streptocaulon in green. 
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Figure 3-7. Strict consensus of 2314 equally parsimonious trees (tree length [L] = 2997, CI = 

0.541, RI = 0.664, RC = 0.359) resulting from parsimony analysis of combined 
molecular and morphological data. Numbers above the branches indicate bootstrap 
values. 
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Figure 3-7. Continued 
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Figure 3-8. Majority rule tree from maximum parsimony analysis of combined molecular and 

morphological data. Numbers above branches indicate the number of MPT the clade 
appears in. Decalepis species are in red, Finlaysonia in blue, and Streptocaulon in 
green. 
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Figure 3-8. Continued
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Figure 3-9. Strict consensus of 14 equally parsimonious trees (tree length [L] = 2298, CI = 0.655, 

RI = 0.639, RC = 0.419) resulting from parsimony analysis of combined sequence 
and morphological data, pruned to include those taxa with ITS, plastid, and 
morphological data. Numbers above the branches indicate bootstrap values. 
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Figure 3-10. Maximum likelihood tree obtained from analysis of ITS sequence data omitting 

partial sequences, assuming the GTR + Γ+ I model, -log L = 10607.8084. 
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Figure 3-10. Continued 
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Figure 3-11. Maximum likelihood phylogram obtained from analysis of ITS sequence data 

including partial sequences, assuming the GTR + Γ+ I model, -log L = 10860.0329. 
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Figure 3-11. Continued
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Figure 3-12. Maximum likelihood tree obtained from analysis of ITS sequence data including 

partial sequences, assuming the GTR + Γ+ I model, -log L = 10860.0329. Decalepis 
species are highlighted in red, Finlaysonia species in blue, and Streptocaulon in 
green. 
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Figure 3-12. Continued 
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Figure 3-13. Maximum likelihood tree obtained from analysis of combined ITS and plastid 

sequence data, assuming the GTR + Γ+ I model, -log L = 19273.6377. Bootstrap 
values are listed above the branches. 
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Figure 3-14. One of 2314 MPTs resulting from MP analysis of combined molecular and 

morphological data. Numbers above branches indicate bootstrap values. Thicker 
branches are present in the strict consensus. Decalepis species are highlighted in red 
and Finlaysonia species are blue.Letters indicate putative synapomorpies. a = 42, 48, 
52, 58; b = 6(2), 8, 9(0), 14, 46, 49; c = 52(2), 55; d = 18, 14(2), 50; e = 35(3), 40, 41; 
f = 30(2), 59(2); g = 16; h = 2, i = 36; j = 7(2); k = 54; l = 3(2), 32(0), 39, 59(2); m = 
52(2); n = 11, 50, 61; o = 3(0); p = 10(2), 59; q = 13, 56; r = 23, 38; s = 24, 26-0, 35; t 
= 5, 21, 31, 37; u = 29(0), 30(0), 31(2), 39; v = 39-2, 43; w = 31, 44, 65 
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Figure 3-14. Continued 
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Figure 3-15. Periplocoideae floral morphology. A) Mondia whitei. Gynostegium exserted from 

corolla tube, undivided corolline coronas, connective appendages connate. B) 
Cryptolepis oblongifolia. Gynostegium enclosed by corolla tube. C) Cryptolepis 
capensis. Corolla lobes reflexed. D) Raphionacme procumbens. Trifid corona lobes. 
E) Tacazzea apiculata. Undivided, filiform corona lobes. F) Stomatostemma 
montieroae. Club-shaped corona lobes arising from corolla lobe sinuses. 
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CHAPTER 4 
TAXONOMIC REVISION OF Decalepis (PERIPLOCOIDEAE, APOCYNACEAE) 

Introduction 

Decalepis comprises five species of twining vines and erect shrubs, four of which are 

endemic to rocky hillsides and open areas of the Eastern and Western Ghats of India; the 

exception, Decalepis khasiana, has been documented in the Meghalaya state of eastern India and 

in neighboring Bangladesh, Laos, Myanmar, and the Guangxi, Guizhjou, and Yunnan provinces 

of southern China (see Fig. 4-1). Two species, Decalepis hamiltonii (the type species) and D. 

khasiana, are distributed fairly widely, while the others are narrow endemics, each restricted to a 

different mountain range of the southern Western Ghats of India. None of the species is a 

dominant feature of the vegetation in which it occurs. 

The species of Decalepis are characterized in general by their tuberous, sometimes 

moniliform, vanilla-fragranced roots, usually decurrent leaf bases, shallowly campanulate, 

relatively small flowers (at most 10 mm wide at anthesis, 3-5 mm in most species), tabular 

corona lobes that are fused laterally to the corolla from their point of insertion to the corolla lobe 

sinuses, tabular interstaminal nectaries (shelf-like in D. nervosa), and pollen tetrads agglutinated 

into pollinia. The unique tabular corona lobes are a putative synapomorphy of the genus, and the 

presence of moniliform roots appears to be a synapomorphy for the sister species Decalepis 

arayalpathra and Decalepis salicifolia (see chapter 3). The presence of root tubers also may be 

synapomorphic for the genus, but more information is needed on the roots of D. nervosa. Root 

tubers, in various forms, are synapomorphic for a number of clades within Periplocoideae, e.g. 

turnip-shaped tubers on primary roots in Raphionacme, multiple globoid tubers mainly on 

secondary roots in Sacluexia and Stomatosemma (Meve & Liede, 2004). Fragrant roots 

containing high concentrations of the vanillin isomer MBALD have been reported in all 
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Decalepis species except D. nervosa (Thénint, 1936; Radhakrishnan et al., 1998; Nagarajan et 

al., 2001; Sudha & Seeni, 2001; Thangadurai et al., 2002); this character may be pleisiomorphic, 

given its scattered distribution throughout the subfamily, e.g. Mondia whitei (Mukonyi & 

Ndiege, 2001), Periploca laevigata (Mohamed et al., 2009), and Hemidesmus indicus (Sircar et 

al., 2007). The aromatic compound also occurs in other plant families such as Anacardiaceae 

(Rhus vulgaris Meikle, Sclerocarya caffra Sond [Kubo & Kinst-Hori, 1999]). However, root 

characteristics (particularly fragrance and the chemical makeup of volatile oils) of many species 

in the subfamily are unknown, and given further investigation, the presence of MBALD and 

other aromatic compounds may well turn out to be synapomorphic for the genus. Other likely 

pleisiomorphic characteristics of Decalepis include decurrent leaf bases, shallowly campanulate, 

relatively small flowers, tabular interstaminal nectaries, and pollen tetrads agglutinated into 

pollinia. The presence of pollinia is a synapomorphy of the “Asian pollinial clade” to which 

Decalepis belongs (see Ionta & Judd, 2007; chapters 2, 3). 

Phylogenetic investigations related to this study (see chapters 2, 3) suggest that Decalepis 

sensu Venter and Verhoeven (2001) (minus D. nervosa, for which molecular data were 

unavailable) may be monophyletic with the placement of one additional species, D. khasiana, in 

the genus. The species of Decalepis were until relatively recently (before publications of Venter 

& Verhoeven, 1997, 2001) placed as members of various different genera, and past taxonomic 

treatments are thus restricted, for the most part, to the original species descriptions (also see 

Radhakrishnan et al., 1998; Ravikumar et al., 2001 for notes on ecology and distribution of D. 

salicifolia). During this investigation, I examined 66 herbarium specimens representing all five 

species of Decalepis (see specimens cited following each species description). This revision 
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documents and compares the species that make up this small yet medicinally important group of 

Asian plants. 

Taxonomic History 

The taxonomic history of Decalepis began with the naming of Decalepis hamiltonii by 

Robert Wight and George Arnott Walker-Arnott in Wight’s Contributions to the Botany of India 

(1834), based on a specimen collected by Wight in Madras state, India (Noltie, 2005). Walker-

Arnott, who was collaborating with Wight, upon observing what he referred to as “a double row 

of scales” (referred to in this study as “corona lobes” and “interstaminal nectaries”), placed the 

new species in its own genus, Decalepis (Greek deca=ten, lepis =scale) (Noltie, 2005). Wight 

mistakenly referred to the specimen in an earlier, unpublished version of his manuscript as being 

from the herbarium of the Scottish physician and botanist Francis Hamilton; Walker-Arnott 

chose to honor Hamilton with the specific epithet hamiltonii despite the fact that the specimen 

was from the Madras Herbarium and not from Hamilton’s. 

Decalepis was monotypic until Venter and Verhoeven (1997) synonymized the monotypic 

Indian genera Baeolepis Decne. ex Moq. and Janakia J. Joseph & V. Chandras. with Decalepis, 

followed in 2001 by Utleria Bedd. ex. Benth. & Hook. f., also monotypic and endemic to India, 

on the basis of “ovate-like corona lobes, an obconical style-head with flat apex containing 

translator hollows, and pollen in pollinia” (Venter & Verhoeven, 1997, 2001). Results of 

phylogenetic analyses (excepting D. nervosa, for which molecular data were unavailable; see 

chapters 2, 3) tentatively support this grouping, with the addition of Decalepis khasiana, which 

Venter & Verhoeven (2001) had moved previously from the monotypic Stelmacrypton Baill. to 

Finlaysonia along with several other monotypic and bitypic Asian genera, on the basis of 

similarities in floral form, i.e., the gynostegium exposed from a rotate or saucer-shaped corolla, 

staminal feet swollen and these topped by corona lobes, and pollen tetrads fused into pollinia 
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(most Periplocoideae have pollen in the form of free tetrads). Subsequent molecular studies have 

demonstrated Finlaysonia sensu Venter and Verhoeven (2001) to be polyphyletic, and the 

characters used to support that grouping to be pleisiomorphic (Ionta & Judd, 2007; also see 

chapters 2, 3). 

Ethnobotany and Conservation 

Four of the five species of Decalepis (all except D. nervosa) are utilized in tribal and 

traditional Indian and Chinese medicine for the treatment of a wide range of ailments including 

those of the digestive system, lungs, and circulatory system (Chopra et al., 1956; Pushpangadan 

et al., 1990; Radhakrishnan et al., 1998; Zhang et al., 2002). The principal organs used are the 

tuberous roots, which are fragrant and sweet tasting (fragrant but non-tuberous in D. khasiana), 

with a vanilla-like taste and odor (Thénint, 1936; Radhakrishnan et al., 1998; Nagarajan et al., 

2001; Sudha & Seeni, 2001). Decalepis hamiltonii, the type species, is the most widespread and 

most utilized species in the genus. The tubers are collected and marketed on a large scale, and 

pickled, used to flavor and preserve beverages, dairy and baked products, and for medicinal 

purposes (Bais et al., 2000; Srivastava et al., 2006). A popular drink known locally as Nannari is 

consumed in hotter months for its cooling properties. Medicinally, D. hamiltonii is used as a 

blood purifier (Chopra et al., 1956) and as a substitute for Hemidesmus indicus (Periplocoideae, 

Apocynaceae, vernacular name, sariva), an important Ayurvedic plant used alone or in 

combination with other drugs for the treatment of cough, fever, gout, inflammation, and skin 

infections (Lakshman et al., 2005). 

Decalepis arayalpathra was discovered relatively recently, and described as Janakia 

arayalpathra (Joseph & Chandrasekran, 1978). Pushpangadan et al. (1990) discovered during an 

ethno-medico-botanical investigation that though relatively new to science, D. araylpathra has 

long been recognized by the Kani tribe of Kerala, who consider it an important medicinal plant, 
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as reflected in the vernacular name ‘amrithapala’ , which translates as ‘the plant which gives the 

milky ambrosia or nectar of immortality’ (amritha=ambrosia or ‘nectar of immortality’, 

pala=milk, likely referring to the abundant white latex present in all plant parts). The Kani use 

juice from the tuber as a remedy for peptic ulcer, as a rejuvenating tonic, and as a cure for 

external cancers (Pushpangadan et al., 1990). Although Decaepis salicifolia has been known to 

science since its description in the 19th century, its ethnobotanical use by the semi-nomadic 

Kadars, Malasars, and Muthuvans was discovered only recently. The tubers of ‘Mahali 

kizhangu’ (Mahalekshymy=goddess of wealth, kizhangu=root tubers) are hung from the front of 

huts to bring good fortune, and pickles made from the roots are used to treat colic, bleeding 

ulcer, tuberculosis, asthma, and skin diseases (Radhakrishnan et al., 1998). All parts of Decalepis 

khasiana including its fragrant, vanilla-scented roots are used in Chinese folk medicine, for the 

treatment of bronchitis, cough, stomach and rheumatic aches, and influenza. No records of 

ethnobotanical use were found for D. nervosa. 

The roots of these ethnomedicinally important species of Decalepis contain a sweet, 

vanilla-scented volatile oil containing the aromatic compound MBALD, an isomer of vanillin, as 

the major chemical constituent, and a number of minor but olfactorily significant constituents. 

Mukonyi and Ndiege (2001) showed that MBALD was responsible for the sweet aromatic 

fragrance of Mondia whitei roots. Minor chemical components (varying between species) include 

other aromatic aldehydes, monoterperne hydrocarbons, alcohols, and ketones, e.g. 

salicylaldehyde, methyl salicylate, benzyl alcohol, and vanillin (Thénint, 1936; Chopra et al., 

1956; Chako et al., 2000; Nagarajan et al., 2001; Sudha & Seeni, 2001; Thangadurai et al., 2002; 

Nagarajan et al., 2003; Harish et al., 2005). Vanilla-scented roots containing MBALD are 

documented in several other species of Periplocoideae including Mondia whitei (Burkill, 1997; 
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Mukonyi & Ndiege, 2001; Simon et al., 2007), Periploca laevigata (Mohamed et al., 2009), and 

Hemidesmus indicus (Sircar et al., 2007), and in other plant families such as Anacardiaceae 

(Rhus vulgaris and Sclerocarya caffra). 

The demand for plant-based contemporary and alternative medicines in both developing 

and developed countries has seen a great increase since the latter part of the 20th century, as a 

result of a number of factors, including a growing disillusionment with conventional therapies, 

possible side effects from pharmaceuticals, and in response to the growing cost of conventional 

health care (Eisenberg et al., 1998; Pagán & Pauly, 2005). Current global trade of plant-derived 

products is estimated to be ca. $60 billion U.S. dollars (India’s share estimated at $1 billion), and 

plants with a long, safe history of traditional use such as the ethnomedicinal species of Decalepis 

are of particular interest as herbal medicines and a source for novel medicinal compounds 

(Pandey et al., 2008). Numerous recent investigations testing the purported medicinal properties 

of the different species of Decalepis supported the veracity of various traditional ethnomedicinal 

claims. Subramoniam et al. (1996) found D. arayalpathra root to have immunomodulatory and 

antitumor activities comparable to the reference drug used in their study, and D. arayalpathra 

and D. hamiltonii have been shown to have gastroprotective and antiulcerogenic proterties (Rao 

et al., 2004). Srivastava et al. (2006) demonstrated the antioxidant potential of D. hamiltonii 

using various in vitro assays. Harish et al. (2005) isolated six bioactive compounds with strong 

anitioxidant properties including a novel antioxidant molecule, bis-2,3,4,6-galloyl-α/β-D-

glucopyranoside (aptly named decalepin) from D. hamiltonii root extracts; Zhang et al. (2002) 

isolated four new pregnane glycosides (Stelmatocryptonoside A, B, C and D) from the stems of 

D. khansiana; and four species of sariva (D. hamiltonii, Cryptolepis buchananii, Ichnocarpus 
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frutescens R. Br. (Apocynoideae), and H. indicus) were shown to have potent anti-inflammatory 

properties (Lakshman et al., 2005). 

Ethnobotanical use of Decalepis hamiltonii encompasses a number of non-medicinal uses, 

for example as a flavorant and preservative, and when stored the roots remain free of insect pests 

and microbial degradation for long periods, suggesting antimicrobial and insecticidal properties 

(Chopra et al., 1956). Phadke et al. (1994) confirmed the antimicrobial properties of the essential 

oil of D. hamiltonii, attributing it to the presence of MBALD and vanillin. Similar results were 

demonstrated by George et al. (1999a) and Thangadurai et al. (2002, 2004), accounting for its 

traditional use as a preservative of beverages and foods, and highlighting its potential as a natural 

alternative to chemical preservatives. George et al. (1999b) showed D. hamiltonii to be a viable 

biological alternative to synthetic insecticides by establishing its efficacy against three important 

pests of stored food products: rice weevil (Sitophilus oryzae L.), the lesser grain borer 

(Rhyzopertha dominica F.), and the rust-red flour beetle (Tribolium castaneum Herbst.). 

Thangadurai et al. (2002) isolated two compounds from the root extract that potentially account 

for its insecticidal and anti-microbial properties: α-atlantone (2.06% v/w of oil), commonly used 

to control household insects and nontoxic to mammals, and β-pinene (2.01%), which is used as 

an insecticide and disinfectant.  

In traditional Indian medicine, an estimated 90% of the species used for plant-based 

medicines are collected from wild populations, and roots are the plant organ most commonly 

used, resulting in destructive harvest since the whole plant must be pulled from the ground 

(Sudha & Seeni, 2001). Presently the three peninsular Indian species of Decalepis are threatened 

in the wild, and listed by IUCN (International Union for Conservation of Nature) as endangered 

(D. hamiltonii) to critically endangered (D. arayalpathra, D. salicifolia) due to over-exploitation 
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and habitat loss. Destructive harvesting of the narrow endemics D. arayalpathra and D. 

salicifolia, particularly vulnerable given their limited distributions, is escalating as their 

medicinal properties become known (Ravikumar et al., 2001; Sudha et al., 2005), and even the 

relatively widespread D. hamiltonii faces threats due to its increasing use as a substitute for the 

important Ayurvedic medicinal plant Hemidesmus indicus (Bais et al., 2000). Recent efforts 

aimed at meeting the growing demand for these plants and their useful products while at the 

same time ensuring the protection of wild populations include clonal propagation techniques 

using nodal and axillary bud explants, which have been developed and optimized for each of the 

three ethnomedically important peninsular species (Bais et al., 2000; Reddy et al., 2001; 

Gangaprasad et al., 2003; Giridhar et al., 2005; Sudha et al., 2005). The Foundation for 

Revitalization of Local Health Traditions (FRLHT), a non governmental organization based in 

southern India, has been monitoring populations of D. hamiltonii and established Medicinal 

Plants Conservation Areas focused on the in-situ conservation of D. arayalpathra and D. 

salicifolia. 

Materials and Methods 

General Morphology 

Sixty-six herbarium specimens from BM, CAL, E, K, L, M, MO, NY, P, and US were 

examined in the course of this study (herbarium acronyms follow Holmgren et al., 1990). 

Phenotypic characteristics were measured or observed using a Wild M5A dissecting microscope. 

Measurement and observation of floral characters pertaining to the inflorescence or external 

floral parts were taken directly from herbarium specimens; in addition, for each species 1-3 

flowers were removed from herbarium specimens, rehydrated for several minutes in warm water 

with a drop of dishwashing liquid as a wetting agent, and dissected. Vegetative and fruit 

characters are based on observations of dried material. All of the herbarium specimens examined 
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lack roots, thus root characters were gleaned from the literature (see Thénint, 1936; Joseph & 

Chandrasekaran, 1978; Pushpangadan et al., 1990; Radhakrishnan et al., 1998; Nagarajan et al., 

2001; Ravikumar et. al., 2001). Fragrance (of roots), flower color, and habit were recorded from 

data on herbarium specimen labels and from the literature. 

Scanning Electron Microscopy 

Imaging was carried out at the Interdisciplinary Center for Biotechnology Research at the 

University of Florida. Flowers rehydrated from herbarium specimens were dissected, dehydrated 

in an alcohol series, and critical point dried. The dried specimens were mounted on aluminum 

stubs with double-sided adhesive graphite tabs, and coated with gold-palladium in an argon 

vacuum for approximately 60s. Flower and pollen details were photographed digitally using a 

Hitachi S-4000 FE-SEM, utilizing Advanced Database Systems (Denver, CO) digital capture 

card software. 

Morphology 

Habit 

Three species of Decalepis (D. hamiltonii, D. nervosa, and D. khasiana) are scandent to 

climbing twiners, the commonest growth habit among Periplocoideae (Verhoeven & Venter, 

2001), while two (D. salicifolia and D. arayalpathra) are erect shrubs, a condition that has 

evolved numerous times within the subfamily and is generally correlated with arid environments 

or those with seasonal water shortages (Meve & Liede, 2004). Both D. salicifolia and D. 

arayalpathra are narrow endemics of poor soils in rocky hill slopes and rock fissures in 

deciduous and evergreen forests, at elevations above 600m. However, the vining species of 

Decalepis tend to occupy habitats similar to those of the erect species, particularly the narrow 

endemic D. nervosa. 
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Roots 

Three species have clusters of numerous, fleshy, tuberous roots with a sweet, vanilla-like 

fragrance: Decalepis arayalpathra, D. hamiltonii, and D. salicifolia. The tuberous roots of D. 

arayalpathra and D. salicifolia are moniliform, while those of D. hamiltonii are cylindrical. The 

roots of D. khasiana are documented as being non-tuberous, and fragrant due to an isomer of 

vanillin that is also present in the other fragrant-rooted species. No references were found 

pertaining to the root morphology or chemistry of D. nervosa. 

Stems 

The stems are woody, more or less terete, and reddish brown when young, tending to 

become purplish when older, which is typical for the subfamily (Venter & Verhoeven, 2001). 

Lenticels are common on older branches. The stems of Decalepis salicifolia are somewhat 

succulent, becoming quite wrinkled when dried, and the older stems are covered with a grayish 

wax. Distinct lines or ridges may span the width of the interpetiolar regions. The three climbing 

species (D. nervosa, D. hamiltonii, and D. khasiana) have interpetiolar ridges up to 1.0 mm 

wide, with up to nine caducous, conical, reddish brown glandular colleters along the top. 

Interpetiolar lines are present in D. arayalpathra, and the nodal region in D. salicifolia generally 

lacks these features (lines are occasionally present). Interpetiolar colleters, which are correlated 

with interpetiolar ridges (see chapter 2), are lacking in these two species. 

Leaves 

The leaves are opposite, decussate, petiolate, and exstipulate. In D. salicifolia the leaves 

are restricted to the ends of the young branches and clustered at the shoot apices, where they 

sometimes appear to be alternate or whorled due to reduced internodes at growing shoot tips. As 

many as ten conical, dark reddish brown intrapetiolar colleters up to 1.0 mm long are present in 

the leaf axils. The petiole is shallowly grooved adaxially and in the climbing species ranges from 
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0.4-1.6 cm long; D. arayalpathra and D. salicifolia have the longest petioles, varying from 0.6-

3.6 cm. The lamina ranges from 2.9-11.5 cm long in all but D. salicifolia, a species having leaves 

that may be up to 19.9 cm long, and narrowly lanceolate, in contrast to the elliptic to ovate or 

obovate leaves of the other species. Leaf apices are acuminate, obtuse or rounded, and in D. 

hamiltonii sometimes retuse. The acute to obtuse leaf bases in D. nervosa distinguish it from the 

other species, which have decurrent leaf bases. The lamina is generally flat, but in D. hamiltonii 

it is curved downwards abaxially, particularly at the tip, where it is recurved-falcate. In 

herbarium specimens the leaves of this species often appear to be suborbicular until closer 

inspection reveals the strongly down-turned apex of the leaf, which becomes folded under on 

flattening. The lamina is chartaceous and more or less dull adaxially in all species except D. 

nervosa, which has thicker, coriacious leaves with highly glossy adaxial surfaces. Leaf margins 

are plane to revolute with a hyaline edge, which is distinctively minutely erose in D. 

arayalpathra and sub-crenulate in D. salicifolia. Laminar venation is weakly brochidodromous 

in most species, but strongly brochidodromous with prominant arching loops in D. nervosa, and 

in D. salicifolia the secondary veins coalesce at the margin to form an intramarginal collecting 

vein. The number of secondary veins is relatively consistent within the genus (6-11 on each side 

of midrib) with the exception of D. salicifolia, which has up to 46 secondary veins per midrib, a 

difference that cannot be attributed solely to the longer leaves in this species (see descriptions): 

in this species the secondary veins are also more closely spaced, which is typical of many species 

of Periplocoideae with intramarginal veins (see chapter 2). Also correlated with intramarginal 

veins are randomly reticulate tertiary veins and frequent, moderately developed, composite 

intersecondary veins, both characteristic of D. salicifolia. This contrasts with the alternately 

percurrent tertiary veins and rare and poorly developed (D. hamiltonii) to occasional or common 
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(moderately developed) composite intersecondary veins found in other species in the genus. The 

areoles are moderately developed and irregularly shaped, and the veinlets are simple to multiply 

branched. In most species the veins are more or less flat; D. nervosa is distinctive in having 

prominantly raised abaxial veins. 

Indumentum 

The hairs of Decalepis and Periplocoideae in general show little variation. Without 

exception they are unicellular or multicellular and uniseriate, with slight differences in length, 

width, and the thickness and patterning of cell walls; thus differences between species are 

generally due to distribution and density of hairs rather than hair type. Decalepis arayalpathra is 

glabrous throughout, and the closely allied D. salicifolia is nearly glabrous, with occasional 

unicellular hairs scattered only on distal inflorescence branches and flower pedicels. The other 

species have glabrate stems and leaves. In D. hamiltonii and D. khasiana the inflorescence axes 

are puberulent and the abaxial surfaces of the calyx and corolla are glabrous to glabrate. 

Decalepis nervosa is distinctive in having pilose hairs on the inflorescence axis and abaxial calyx 

and corolla. Unicellular hairs are present on the adaxial corolla lobes of two species: D. 

hamiltonii has distinctive, blunt-tipped bright white hairs that are thin walled, and flatten upon 

drying, and D. khasisa has clear hairs with acute apices. The stamens are glabrous in all but 

Decalepis khasiana, which has hairs scattered along the abaxial anther connective and 

connective appendage that are similar to those on its adaxial corolla lobes. The fruits are 

glabrous in all but D. nervosa, which has scattered whitish hairs to 0.7 mm long. 

Inflorescence 

The inflorescences are sparsely to multiply branched, few- (up to 10 in Decalepis khasiana 

and D. arayalpathra; 15 in D. hamiltonii) to many- (D. salicifolia, to 50; D. nervosa, 80) 

flowered axillary cymes. Branching is monochasial throughout in D. hamiltonii, D. 
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arayalpathra, and D. salicifolia; in D. nervosa the inflorescences branch dichasially proximally 

and monochasially distally, and branching is dichasial throughout in D. khasisana. The 

inflorescence of D. khasiana is the most compact in the genus, at ca. 2.0 cm in length and 1.5-2.2 

cm in diameter. Other species have dense (D. nervosa) to open or lax inflorescences, from 4.3-

6.0 cm long by 0.6-4.5 cm wide (up to 14.5 cm long and 10.0 cm wide in D. salicifolia). 

Inflorescence branches and flowers each are subtended by a single, narrowly ovate to oblong 

bract, with acute to obtuse or rounded apices. Bracts of D. khasiana are thicker than in other 

species, and slightly incurved at the apex. Peduncles in D. salicifolia are up to 8.0 cm long, as 

compared to between 0.2 and 2.8 cm long in other species. Flower pedicels are fairly consistent 

within the genus, ranging from 1.5 to 6.5 mm long. 

Flower Structure and Terminology 

The flower buds of Decalepis are ovoid, the corollas slightly twisted in bud and with 

dextrorsely imbricate aestivation, and the flowers perfect, actinomorphic, and pentamerous. 

Decalepis arayalpathra has the smallest flowers of the genus, at most 2.5 mm long and 4.0 mm 

wide at anthesis. The other species have flowers to 3.2 mm long and 5.3 mm wide, with the 

exception of D. khasiana, which has flowers that are over twice the size of most, at 6.5 mm long 

and 10.0 mm wide. 

Calyx 

The sepals are free, ovate to obovate (oblong-ovate in Decalepis hamiltonii), and 0.7-1.8 

mm long by 0.6-1.5 mm wide, with an acute to obtuse (to rounded in D. salicifolia) apex and an 

irregular to entire, the margin occasionally sparsely ciliolate apically (but margin hairs lacking in 

D. khasiana). The sepals of D. salicifolia flowers are more broadly obovate than those of other 

species, and thinner, lacking an obvious midrib. Brownish oblong to triangular colleters are 
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located singly or in pairs at the inner bases of overlapping margins of adjacent sepals, but these 

are occasionally absent in D. hamiltonii. 

Corolla 

The corolla is shallowly campanulate (to rotate in Decalepis khasiana), with ovate to 

oblong corolla lobes 1.5-3.2 mm long in all but D. khasiana (3.5 to 4.9 mm), with acute to obtuse 

apices. The floral tube is ca. 0.4-0.5 mm long in D. arayalpathra (the smallest-flowered species), 

and 1.0 to 1.5 mm in the other species. In most species the corolla is cream to yellow or greenish, 

but in D. nervosa and D. khasiana the flowers are rose to dark purple. The corolla lobes of D. 

nervosa flowers are thicker than in most species, with a tuberculate adaxial surface (smooth in 

other species); deep grooves radiate from the inner corolla tube adjacent to the base of each 

corolla lobe, oriented below the pollen translators and extending ca. half way to the lobe apex. 

Interestingly, this species lacks the tabular nectar lobes present in others of the genus, the groove 

acting in tandem with the shelf-like nectaries to form nectar collecting pockets. 

Corona 

The corona lobes alternate with the corolla lobes, emerging just above the filaments, and in 

most cases fused laterally to the upper corolla tube to the level of the corolla sinuses, and free 

above that. In Decalepis hamiltonii the corona lobes are free from the corolla tube (i.e., attached 

only at base). The lobes are fleshy and flattened in cross section. In D. nervosa, D. salicifolia, 

and D. arayalpathra, the lobes are, respectively, rectangular, oblong or triangular ovate, with 

rounded to obtuse apices, and ca. 0.2-0.57 mm long and roughly as wide. Decalepis khasiana has 

triangular lobes about 1.4 mm long and 0.8 mm wide at the base, with an acute apex, and the 

corona lobes of D. hamiltonii are lanceolate and ca. 1.1 mm long by 0.6 mm wide. The corona 

lobes of D. nervosa are uniquely minutely tuberculate abaxially, with an irregular to lobed apex. 
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Androecium 

The stamens are inserted on the corolla just below the corona lobes, from 0.10 to 0.35 mm 

(1.0 mm in Decalepis khasiana) below the corolla sinuses. The anthers are ovate to oblong-ovate 

(deltoid in D. nervosa), from 0.5 to 0.6 mm long, excluding the connective appendage (1.0 mm 

long in D. khasiana). The anther connectives are postgenitally fused at the inner base to the 

lower rim of the stylar head, and the anthers are connivant over the apex of the stylar head and in 

most species are connate at their apices by ca 0.3 mm long tetragonal connective appendages. 

The 0.5 mm long, dark colored wedge-shaped connective appendages found in D. khasiana are 

free from each other. The filaments (absent in D. nervosa) are generally short (ca. 0.2 mm long) 

but longer (1.0 mm) in D. khasiana, and dilated at the base in D. arayalpathra, D. salicifolia, and 

D. hamiltonii (in the last species they are also adnate to the corona). Swollen staminal feet are 

present on the lower corolla tube just below the filaments in those species lacking dilated 

filament bases. In most species the stamens are glabrous, but D. khasiana has hairs scattered 

along the abaxial anther connective and connective appendage. 

Pollen and Translators 

Pollen is in the form of tetrads that are agglutinated into pollinia at anthesis and deposited 

onto spoon-shaped translators. The tetrads are elongate and uniplanar, generally elliptic to 

obovate, and in most species the individual grains of the tetrads are arranged into a mix of 

rhomboidal (the most common shape), t-shaped, and linear forms. In Decalepis nervosa only 

rhomboidal tetrads were observed. Decalepis hamiltonii is unique in having predominantly linear 

tetrads (occasionally rhomboidal). The distal walls of the tetrads forming pollinia are 

inaperturate. Pollen translators are spoon-like and distally dilated into a broad obcordate concave 

receptacle with an emarginate apex. The receptacle has a longitudinal groove on the abaxial 

surface, effectively forming two shallow cups in which pollinia are deposited. The viscidium is 
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discoid. Decalepis khasiana and D. hamiltonii have the largest translators, with receptacles 0.6-

0.4 mm long and stipes ca. 0.2 mm long. In other species the translator receptacles are 0.15-

0.25mm long, the stipes 0.05 to 0.1 mm long. 

Nectaries 

In Decalepis the nectaries are located between adjacent pairs of stamens (interstaminal) 

and just below them, and in most species they are tabular in form, with the exception of D. 

nervosa, in which they are in the form of a low ledge. The tabular nectar discs are flattened in 

cross section and fleshy, and oriented upwards, so that together with the adjacent dilated filament 

bases (or staminal feet in D. khasiana), they surround the style branches, causing the nectar to 

collect in the upper corolla tube below the pollen translators, thus attracting pollinators towards a 

position that is favorable for pollen transfer. The ledge-like nectar discs of D. nervosa similarly 

surround the style (alternating with swollen staminal feet), the nectar collecting in the deep 

grooves in the corolla that are oriented just below the pollen translators. The tabular nectaries are 

fleshy and similar in shape to the corona lobes (but shorter, from 0.2-0.6 mm long) in D. 

hamiltonii, D. salicifolia, and D. arayalpathra. In D. khasiana the lobes are rectangular with 

rounded edges, in contrast to its triangular corona lobes. 

Gynoecium 

The ovaries are bicarpellate, subglobose, and half-inferior, and vary from 0.8 to 1.2 mm 

long. The compound, more or less terete styles are from 0.2-0.3 mm long (to 0.7 in Decalepis 

hamiltonii), becoming united and dilated at the apex to form a pentagonal stylar head, which is 

obscurely 2-beaked at the center with depressions on the upper surface where the pollen 

translators (a hardened secretion of the stylar head) are formed. In Periplocoideae the upper 

surface of the stylar head is usually domed, and of the species of Decalepis, the stylar head of D. 

khasiana, which is deltoid in longitudinal section, is most typical for the subfamily. In other 
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species of Decalepis, the stylar head is much shallower, in all cases wider than tall. In D. 

hamiltonii and D. nervosa the upper surface is concave, and in D. salicifolia and D. arayalpathra 

it is broadly convex. 

Fruits 

The fruits of Decalepis, like other Periplocoideae, are paired, divaricate follicles. In 

Decalepis they are more or less cylindrical (D. hamiltonii with a median groove along the 

suture), narrowing distally towards an acute apex, and 3.5-7.5 mm long. The endocarp is waxy, 

bright yellow and ca. 0.2 mm thick. The mesocarp is relatively thin in most species (ca. 0.4 mm), 

but markedly thicker in D. hamiltonii (1.5 mm). The exocarp is light to dark brown, and in D. 

hamiltonii and D. salicifolia extremely waxy, and wrinkled when dry. The fruits of D. khasiana 

are not known. 

Seeds 

The seeds are elliptic to obovate and flattened (curved along the longitudinal axis towards 

the funicular side in Decalepis nervosa), with a coma of white to yellowish hairs up to 2.9 cm 

long at the micropylar end. Coma hair color varies significantly within species and is not 

taxonomically informative. The seeds are slightly keeled at the point of attachment to the 

placenta, and in D. hamiltonii and D. nervosa the surface is smooth or somewhat wrinkled on the 

funicular side. Testa color ranges from dark red-maroon to dull black, and varies within the 

species. Seeds of D. khasiana are not known. 

Summary 

It is apparent that the species of Decalepis are easily distinguished from each other by a 

number of characters, both vegetative and floral. The following characters may be useful in 

identifying these species, but also see more comprehensive discussions following the species 

descriptions: D. arayalpathra - erect shrub, elliptic to ovate leaves; D. salicifolia - erect shrub, 
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narrowly lanceolate leaves; D. hamiltonii - vine, adaxial corolla pilose, the hairs bright white and 

reflective; D. khasiana - vine, flowers in small, compact cymes, corolla rose to purple (cream, 

green or yellow in all but this species and D. nervosa), adaxial corolla puberulous, with fine, 

translucent (not reflective) hairs; D. nervosa - young stems, inflorescences, and adaxial perianth 

parts pilose (at most glabrate in other species), leaves highly glossy adaxially with raised abaxial 

veins, flowers densely clustered, purple. 

Phylogeny 

Prior to this study, Ionta & Judd (2007) showed Decalepis (represented by D. 

arayalpathra) to be part of the “Asian pollinial clade” of Periplocoideae, based on maximum 

parsimony analyses of ITS sequence data, with moderate bootstrap support (71%). For the 

present study (see chapter 3), I included ITS sequence data from three of the four species of 

Decalepis sensu Venter & Verhoeven (2001), i.e., D. hamiltonii, D. arayalpathra, and D. 

salicifolia, and morphological data for all four species. The results of maximum parsimony and 

maximum likelihood analyses of molecular and combined data partitions (when D. nervosa, 

which lacks molecular data, is disregarded) show the group to be paraphyletic without the 

addition of Finlaysonia khasiana, which is here transferred to Decalepis. The strict consensus 

trees from the morphological analysis are largely unresolved, as is the position of D. nervosa in 

this and in the total evidence analysis; however, I recommend that this species remain in 

Decalepis based on the presence (in this and other Decalepis species) of tabular coronas that are 

laterally fused to the upper corolla tube to the level of the sinus, a putative synapomorphy for the 

genus. 

Species relationships within Decalepis are not well resolved, save for good support in both 

molecular and morphological analyses for D. arayalpathra as sister to D. salicifolia. 

Synapomorphies for this pairing include an erect habit (versus climbing in other Decalepis 
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species), moniliform tuberous roots (rootstock tuberous but cylindrical in D. hamiltonii, non-

tuberous in D. khasiana, and unknown in D. nervosa), and erose to sub-crenulate leaf margins 

(versus entire in other Periplocoideae species). 

Habitats and Distribution 

Four of the five species of Decalepis are endemic to the Eastern and Western Ghats of 

peninsular India; the exception, D. khasiana, is geographically isolated from the peninsular 

species, occupying forested areas in the Meghalaya state in the easternmost part of India, 

Bangladesh, Laos, Myanmar, and parts of southern China. The mountainous Eastern and 

Western Ghats rise from the coastal plains that border the Arabian Sea and the Bay of Bengal, 

respectively. Nearly meeting at their southernmost points at the tip of India, the Eastern and 

Western Ghats, together with the northern Vindhya and Satpura ranges (running roughly WSW 

to ESE), bound the vast, roughly triangular Deccan Plateau which comprises much of peninsular 

India. The Western Ghats are in general higher than the Eastern Ghats, rising to heights up to 

2695 m (Anaimudu peak, Kerala); they also harbor a more diverse flora with a greater number of 

endemic species (see Subramanyan & Nayar, 1974; Nayar, 1989, 1996, for general information 

concerning the geology and ecology of the Eastern and Western Ghats). All five species occur in 

hilly to montane regions, in elevations ranging from 100-1200 meters. 

Decalepis hamiltonii, the type species and most widespread of the Indian endemics, has 

been documented in Andhra Pradesh, Karnataka, and Tamil Nadu, where it is fairly common in 

rocky areas of the dry to moist deciduous forests of the Eastern and Western Ghats, and found at 

a range of altitudes between 100 and 1200m. Though relatively widespread, its populations are 

fragmented and gradually declining due to destructive harvesting of the tuberous roots (Giridhar 

et al., 2005).  
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The remaining peninsular species, Decalepis arayalpathra, D. salicifolia, and D. nervosa, 

have more restricted distributions, each occupying a different mountain range in the southern 

part of the Western Ghats. The south Western Ghats (bordered to the north by the Kalindi River) 

is extremely diverse floristically, comprising the richest center of endemism in peninsular India, 

with almost 1200 endemic species (Nayar, 1989, 1996). Subramanyan and Nayar (1974) 

compared this assemblage of hilltops, bounded to the west by the coastal plain and by the semi-

arid Deccan plain to the east, to an island chain in respect to the distribution of endemic species. 

In the Western Ghats the length of the dry season can range from three to eight months over a 

distance of only 20km due to windfall patterns and topography, resulting in the development of 

small ecological islands with unique floras on the borders of wet evergreen and dry evergreen 

and deciduous forests (Nayar, 1996).  

Decalepis nervosa, the northernmost of these narrowly endemic Decalepis species, is 

restricted to one of the highest sections of the Western Ghats, the Nilgiris (Blue Mountains in 

Tamil), which occupy the western corner of Tamil Nadu where it borders Karnataka and Kerala 

states. Decalepis nervosa has been documented at an elevation of ca. 1500 to 2300m, on rocky 

hillsides and exposed areas of deciduous forests near Coonoor, Kothagiri, and Wellington. The 

Nilgiris are geographically isolated from the neighboring mountains to the south by the 32-42 km 

wide Palghat gap, a low pass in the Western Ghats. Decalepis salicifolia and D. arayalpathra 

occupy similar habitats in hilly and mountainous areas to the south of Palghat gap. Decalepis 

salicifolia has been documented in three localities, the Anamalai Hills (Kerala and Tamil Nadu), 

Nelliampathy (Kerala) and Marayoor (Kerala) forests. The Anamalai Hills (elephant hills in 

Tamil) straddle Kerala and Tamil Nadu states just south of Palghat gap, and are known for their 

abundant wildlife and under consideration by the UNESCO World Heritage Committee for 
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selection as a World Heritage Site. Further south, Decalepis arayalpathra occupies rocky hill 

slopes on the Agasthiyar hills (Kerala) and within the Kalakkadu Mandanthurai tiger reserve in 

Tamil Nadu. 

Decalepis khasiana was first described from a specimen collected at an altitude of 900-

1200m, in the Khasia hills in eastern India. It has since been documented in Laos, on the Tran-

Ninh plateau in the area of Xieng-Khowang, at an altitude of 800-900 m (Thénint, 1936), in the 

Tamabil-Jaflong hills of the Sylhet district in Bangladesh, and in the Yunnan, Guizhou, and 

Sicuan provinces of China, in bushland forests (Zhang et al., 2000), and in Myanmar. 

Generic Description 

Decalepis Wight & Arn. Contr. Bot. India: 64 1834. – Type: Decalepis hamiltonii Wight & Arn. 

 

Baeolepis Decne. ex Moq., Prodr. 13: 216. 1849. Brachylepis Wight & Arn. (non Brachylepis 

C.A. Mey. 1829 [Chenopodiaceae]), Contr. Bot. India: 63 (1834). Cornacchinia Endl. (non 

Cornacchinia Savi 1837 [Verbenaceae]), Gen. pl.: 1397. 1841. Type: Baeolepis nervosa (Wight 

& Arn.) Decne. ex Moq. (Brachylepis nervosa Wight & Arn.). 

 

Utleria Bedd. ex Benth. & Hook. f., Gen. pl. 2: 743. 1876. Type: Utleria salicifolia Bedd. ex 

Benth. & Hook. f. 

 

Hanghomia Gagnep. & Thénint, Bull. Soc. Bot. France 83: 392. 1936. Type: Hanghomia 

marseillii Gagnep. & Thénint. 

 

Stelmacrypton Baill., Bull. Mens. Soc. Linn. Paris 2: 812. 1889. Type: Stelmacrypton khasianum 

(Kurz.) Baill. 
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Janakia J. Joseph & V. Chandras. J. Bot. Soc. 57: 308. 1978. Type: Janakia arayalpathra J. 

Joseph & V. Chandras. 

Perennial twining vines or erect shrubs, with white latex; glabrous or with indumentum of 

unicellular or uniseriate, multicellular hairs. Roots (unknown in D. nervosa) moniliform or 

cylindrical, tuberous or woody, with vanilla fragrance. Stems woody, slender, scandent, twining, 

or erect, smooth, with lenticels common on older branches; young stems reddish-brown, 

becoming maroon with age, sometimes covered with grayish wax, glabrous, glabrate or 

pubescent, becoming glabrous with age; interpetiolar region with or without nodal line or ridge, 

if ridge present, with caducous, conical, reddish brown colleters along the top. Leaves opposite, 

decussate, rarely falsely appearing alternate or whorled due to short internodes at shoot tips; leaf 

axils with intrapetiolar colleters, the colleters conical, dark reddish-brown. Leaves petiolate, 

exstipulate, the petiole shallowly grooved, glabrous to pubescent; blade simple, lanceolate, 

elliptic, obovate or ovate, ±flat or recurved-falcate, chartaceous or coriacious, dull or highly 

glossy adaxially, glabrous or glabrate, with hairs restricted to veins (abaxial and sometimes 

adaxial) and sometimes margins, the base decurrent, acute or obtuse, the margin plane to 

revolute, entire to minutely erose or sub-crenulate, with hyaline edge, the apex acuminate, 

obtuse, rounded or retuse, the venation pinnate, weakly or strongly brochidodromous, 

intramarginal vein sometimes present. Inflorescences axillary, simple to multiply branched 

paniculate cymes, branching monochasial or dichasial; bracts subtending inflorescence branches 

and flowers persistent, decreasing in size distally in inflorescence, the inflorescences and flowers 

glabrous, glabrate or pilose. Flowers perfect, actinomorphic, pentamerous, small, to 6 mm long 

and 10 mm wide at anthesis, the buds ovoid, with dextrorsely imbricate aestivation. Sepals free, 
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ovate to obovate, the margin entire, membranaceous, glabrous, glabrate or pubescent; brownish 

colleters located singly (rarely absent or in pairs) at inner base of overlapping margins of 

adjacent sepals. Corolla shallowly campanulate or rotate, cream to yellow or greenish or rose to 

purple, the tube short, at most 1/3 the length of the lobes; corolla lobes ovate to oblong, 

spreading, the margin entire, the apex acute to obtuse or rounded, abaxially glabrous, glabrate or 

pubescent, adaxially glabrous or pubescent. Corona lobes alternating with corolla lobes, 

emerging just above filaments, free or fused laterally to corolla to level of sinuses, flattened in 

cross-section, silhouette triangular, triangular-ovate, oblong or lanceolate, the lobes fleshy, the 

apex acute, rounded, obtuse or retuse, entire to irregular or lobed. Gynostegium exserted from 

corolla tube. Stamens inserted on corolla tube just below corona lobes, anthers ovate to oblong-

ovate or deltoid, glabrous or with unicellular hairs along the back of connective and connective 

appendages, the anther connective postgenitally fused at inner base to lower margin of stylar 

head, the anthers connivent over apex of stylar head, and free or connate at apices by tetragonal 

anther appendages, the anthers sessile or with filaments to 1.0 mm long. Pollen agglutinated into 

pollinia, the tetrads elongate, uniplanar and rhomboidal, t-shaped or linear, the distal wall of 

tetrads forming pollinia inaperturate. Nectaries interstaminal and inserted slightly below 

stamens, oriented upwards to surround style branches, tabular and flattened or shelf-like, fleshy. 

Ovary of 2 distinct carpels, half-inferior, with each carpel subglobose, glabrous; compound style 

(of connate carpels) terete, glabrous, projecting through orifice bounded by alternating staminal 

feet or dilated filament bases and nectaries, united and dilated at apex to form pentagonal stylar 

head, obscurely 2-beaked at center and with depressions on upper surface where translators form. 

Translators spoon-like, distally dilated into a broad obcordate concave receptacle, the apex 



 

138 

emarginate, the viscidium discoid. Follicles paired, divaricate, glabrous or pubescent. Seeds 

flattened, with coma of hairs at micropylar end, white to yellowish-white. 

Key to the Species of Decalepis 

1. Erect shrubs; leaf margins sub-crenulate or minutely erose; stems and leaves glabrous............2 

1. Twining vines; leaf margins entire; stems pubescent or glabrate, the leaves glabrate................3 

2. Leaves narrowly ovate to elliptic, to 19.8 cm long, margins sub-crenulate, with intramarginal 

vein...................... 

...................................................................................................................................5. D. salicifolia 

2. Leaves ovate to elliptic, at most 7.1 cm long, margins minutely erose, lacking intramarginal 

vein............................... 

..............................................................................................................................4. D. arayalpathra 

3. Leaves highly glossy adaxially, coriacious, the veins strongly brochidodromous and raised 

abaxially, base acute to obtuse; corolla glabrous adaxially; nectaries pocket-like............................ 

......................................................................................................................................1. D. nervosa 

3. Leaves dull adaxially, chartaceous, the veins weakly brochidodromous and ± flat adaxially, 

base decurrent; the corolla adaxial surface with bright white or transluscent hairs; nectaries 

tabular..............................................................................................................................................4 

4. Inflorescence with monochasial branching, lax; flowers at most 3.0 mm long and 3.5 mm 

wide; adaxial corolla yellow to green, hairs bright white; leaves strongly recurved apically........... 

..................................................................................................................................2. D. hamiltonii 

4. Inflorescence branching dichasially, dense; flowers at least 6.0 mm long and 8.0 mm wide; 

adaxial corolla rose to purple, hairs clear; leaves ± flat.............................................3. D. khasiana 
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Species Descriptions 

1. Decalepis nervosa (Wight & Arn.) Venter 

Decalepis nervosa (Wight & Arn.) Venter, Taxon 46: 712. 1997. Brachylepis nervosa Wight & 

Arn., Contr. Bot. India: 63. 1834. Baeolepis nervosa (Wight & Arn.) Decne. ex Moq., Prodr. 13: 

216. 1849. Type: INDIA. Neelgherry [Nilgiri hills], location not specified. R. Wight, WC 1565 = 

Wall. Asclep. 107 (= Wall. Cat. 8246) (lectotype: K!; isotypes: L, P). 

Twining vine. Roots unknown. Stems trailing to twining, pubescent at least when young, 

the hairs unicellular or uniseriate and multicellular, clear to ferruginous, to 0.7 mm long; 

interpetiolar region with nodal line or with ridge up to 0.2 mm wide, with up to 6 colleters 

extending from apex of ridge, the colleters ca. 0.7 mm long. Leaves glabrate, hairs occasional on 

abaxial and adaxial veins and margin, the petiole pubescent, the hairs similar to those on stem 

and to 0.5 mm long; intrapetiolar colleters as many as 6 per petiole, to ca. 0.7 mm long; petiole 

0.5-1.3 cm long; blade elliptic to ovate or obovate, 4.2-11.5 cm long, 1.9-6.0 cm wide, flat, 

coriacious, dark green and highly glossy adaxially, paler green abaxially, the base acute to 

obtuse, the margin entire, plane or weakly revolute, with 0.03 mm wide hyaline edge, the apex 

acuminate, the venation brochidodromous, 8-14 secondary veins on each side of midvein, 

composite intersecondary veins common, when present the intersecondary veins extending from 

the midrib to from ca. half way to 7/8 of the way to margin, rarely meeting marginal loop of 

secondary vein, the tertiary veins alternate-percurrent, areoles moderately developed, irregularly 

shaped, with veinlets simple to multiply-branched, the secondary veins prominently raised 

abaxially, the higher order abaxial veins moderately to slightly raised, abaxial veins purplish. 

Inflorescences multiply branched, branching dichasial proximally, monochasial distally, to 6.0 

cm long and 1.0-4.5 cm in diameter, with up to 80 flowers, the axes pilose, the hairs unicellular 

(rarely uniseriate and few-celled), to 0.7 mm long, thinner than stem or leaf hairs, lightly 
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ornamented, translucent white to lightly ferruginous (lighter than stem hairs); peduncles 0.5-2.8 

cm long; proximal segment of lowermost branches 0.3-2.0 cm long, more distal internodes of 

inflorescence branches shorter, ultimate branches 0.5-1.0 mm long, with flowers appearing in 10- 

to 30- flowered dense glomerules; pedicels 2.5-6.5 mm long, pilose; proximal inflorescence 

bracts narrowly ovate, 2.0-6.0 mm long, 0.7-2.2 mm wide, with apices acute, the bracts 

pubescent abaxially with hairs similar to those of inflorescence axis. Flowers 2.5-3.0 mm long 

and 2.5-3.5 mm wide at anthesis. Sepals ovate, thin, 1.2-1.7 mm long, 1.0-1.2 mm wide, midrib 

present, abaxially pubescent with hairs similar to those of inflorescence, adaxially glabrate, with 

sparse apical hairs similar to those of inflorescence, the margin slightly irregular to entire, 

sparsely ciliolate, the apices acute; colleters located singly (rarely in pairs) at inner base of 

overlapping margins of adjacent sepals, conical, ca. 0.2 mm long, 0.1 mm wide. Corolla 

shallowly campanulate, dark purplish, abaxially pubescent, with whitish hairs similar to those of 

inflorescence but to 0.4 mm long, adaxially glabrous; corolla lobes ovate, 1.6-2.0 mm long, 1.0-

1.4 mm wide, 0.2 mm thick, margin glabrous, the adaxial surface tuberculate, with a deep groove 

radiating from base of each corolla lobe (oriented below translator viscidium), extending half 

way to lobe apex, the apex convex, acute; corolla tube ca. 1.0 mm long. Corona lobes fused 

laterally to corolla to level of corolla lobe sinuses, free above that, the lobes rectangular, 0.2-0.4 

mm long and 0.5 mm wide, with rounded, irregular to lobed apex, the abaxial surface minutely 

tuberculate, color unknown. Stamens inserted on corolla tube ca. 0.35 mm below corolla lobe 

sinuses, glabrous; anthers sessile, deltoid, ca. 0.5 mm long excluding connective appendage, 

postgenitally connate at apices by 0.3 mm long tetragonal connective appendages; staminal foot 

present below anther base. Pollen tetrads comprising pollinia obovate or elliptic, rhomboidal. 

Nectaries in the form of ledges, creating pockets oriented below translator viscidia. Ovaries ca. 
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1.2 mm long, the styles ca. 0.2 mm long, the upper surface of the stylar head broadly concave, 

ca. 0.8 mm wide and 0.5 mm tall. Translator receptacles ca. 0.2 mm wide and 0.15 mm long, the 

stipe 0.1 mm long. Follicles cylindrical, narrowing towards an acute apex, 7.0-7.5 cm long and 

1.0-1.2 cm wide, the endocarp yellow, ca. 0.2 mm thick, the mesocarp thin, ca. 0.3 mm, the 

exocarp dark brown, with scattered hairs similar to that of inflorescence, 0.7 mm long, whitish. 

Seeds elliptic to slightly obovate, curved along longitudinal axis on funicular side, 10.0-13.0 mm 

long, 3.5-5.0 mm wide, smooth, somewhat wrinkled and keeled on funicular side, brown to dull 

black; coma ca 2.2-3.0 cm long, white to yellowish-white. 

Additional specimens examined 

INDIA. Tamil Nadu: Nilghiri Hills [Nilgiris], Beddome s.n., unknown date (E); Mont. 

Nilagiri [Nilgiris], Clarke s.n., unknown date (BM); Nilgiris, 5000 ft., Cole 17254 (BM); Mont. 

Nilghiri [Nilgiris], Gamble s.n., unknown date (BM, M); Neilgherries [Nilgiris] Hooker & 

Thomson 25 (M); Mont Nilagiri [Nilgiris], Metz s.n., unknown date (K); Neilgherries [Nilgiris], 

Schmid s.n., unknown date (P); Nilghiri [Nilgiris], Sebastine s.n., 1859 (P); Nilagiri [Nilgiris], 

Thomson s.n., unknown date (K); Nilgiri, 2060 m, Thomson 3264 (K); no locality, Watt 756 (M); 

Nilgiris, 6000 ft., Wight s.n., unknown date (BM); no locality, Wight s.n., unknown date (K); 

Nilghiri [Nilgiris], Wight 36 (K); Neelgherry hill [Nilgiris], Wight 22 (K); no locality, unknown 

collector, 1854 (P); Nilgherries [Nilgiris], Coonoor, 7000 ft., unknown collector, March 14, 1870 

(BM); Nilgiris, 5000 ft., unknown collector, May 1886 (K); Nilgiris, Coonoor, unknown 

collector, March 12, 1887 (E); Nilgiris, Neduwattum [Naduvattam], unknown collector, Feb. 10, 

1887 (E); Nilgiris, Neduwattum [Naduvattam], unknown collector, Feb. 19, 1887 (E); 

Neelgherries, unknown collector, unknown date (E); no locality, unknown collector, unknown 

date (P); no locality, unknown collector, no date (NY). 
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Comparison to other species 

Decalepis nervosa, ‘nerved-leaf Decalepis’ shares the vining habit with D. hamiltonii and 

D. khasiana (D. arayalpathra and D. salicifolia being erect shrubs). It is easily distinguished 

from other species of Decalepis by a number of features that are unique to this species. 

Vegetative features include: highly glossy adaxial leaf surfaces (versus dull in other species), 

strongly brochidodromous venation (vs. weakly brochidodromous, or with an intramarginal 

vein), and distinctly raised venation on the abaxial leaf surface (vs. ± flat veins abaxially). The 

inflorescences and abaxial surface of sepals and corollas are densely pubescent to pilose with 

whitish hairs, in contrast to the glabrous or glabrate condition found in other species. 

Inflorescence branching is dichasial proximally and monochasial distally (monochasial 

throughout in other species except D. khasiana, which branches dichasially throughout), the 

adaxial corolla is dark purple (rose to purple in D. khasiana, cream, yellow or green in other 

species) and tuberculate (vs. smooth), and the nectaries are in the form of pocket-like ledges in 

the corolla tube (vs. distinct tabular nectar lobes). 

Nomenclatural details 

Wight and Arnold (Wight, 1834) created a new genus for this newly described species, 

naming it Brachylepis for the five short, truncate corona lobes in the throat of the corolla (Greek 

brachys=short and lepis=a scale), being unaware that this generic name was already assigned to a 

genus of Chenopodiaceae, i.e. Brachylepis C.A. Mey. The generic name Brachylepis was also 

incorrectly assigned by Hooker (1834) to a South American genus of Asclepiadaceae.  

Endlicher (1837), in an attempt to correct the illegal name given by Wight and Arnold, 

renamed the genus Cornacchinia, being unaware of the existence of Cornacchinia Savi, a genus 

of Verbenaceae. Decaisne (1849) gave the genus its first correct name, Baeolepis, with a single 

species (B. nervosa), the generic name once again referring to the corona lobes (Greek 
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baeo=little, lepis=scale). The specific epithet nervosa refers to the conspicuous veins present on 

the abaxial leaf surface, a feature that distinguishes this species from all other species of 

Decalepis. The genus remained monotypic until it was synonymized with Decalepis by Venter & 

Verhoeven (1997). 

2. Decalepis hamiltonii Wight & Arn. 

Decalepis hamiltonii Wight & Arn., Contr. Bot. India: 64. 1834. Type: INDIA. Madras, locality 

not specified. R. Wight, WC 1566 = Wallich, Asclep. 139 (= Wall. Cat. 8247) (lectotype: K!).  

Scandant or twining vine. Roots in clusters, cylindrical, tuberous, fleshy outer layer 

surrounding woody core, ca. 1-6 cm diameter, with vanilla fragrance. Stems trailing to twining, 

glabrous or glabrate, the hairs unicellular, falcate, to 0.1 mm long, clear; interpetiolar region with 

nodal line or with distally oriented nodal ridge up to 1.0 mm wide, with up to five colleters 

extending from apex of ridge, the colleters 0.5-0.7 mm long. Leaves glabrate, with occasional 

hairs present on petiole and adaxial and abaxial veins, the hairs similar to those on stem and 0.2 

mm long; intrapetiolar colleters as many as 8 per petiole, 0.4-1.0 mm long; petiole 0.4-1.0 cm 

long; blade obovate to elliptic, 2.9-7.0 (-7.5) cm long, 2.0-5.5 (-5.6) cm wide, falcate (strongly 

recurved apically), chartaceous, dull, the base decurrent, the margin plane, entire, with 0.05-0.1 

mm wide hyaline edge, the apex obtuse to rounded to retuse, the venation uniform, weakly 

brochidodromous, 6-8 secondary veins on each side of midvein, composite intersecondary veins 

rare and poorly developed if present, the tertiary veins alternate percurrent, areoles moderately 

developed, irregularly shaped, with veinlets simple to multiply-branched, the secondary veins 

slightly to moderately raised abaxially, the higher order abaxial veins ± flat. Inflorescences 

sparsely to multiply branched, lax, with monochasial branching, to 4.3 cm long and 1.0-2.9 cm in 

diameter, with up to 15 flowers, the axes puberulent, the hairs unicellular, falcate, to 0.15 mm 

long, clear; peduncles (2.5-) 6.0-26.0 mm long; proximal segment of lowermost branches (1.0-) 
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1.5-3.25 (-4.5) mm long, distal internodes of inflorescence branches increasingly shorter, 

ultimate branches ca. 0.5 mm long; pedicels 1.5-3.5 mm long; proximal inflorescence bracts 

narrowly ovate to oblong, 1.0-2.1 mm long, 0.4-0.6 mm wide, with apices obtuse to rounded. 

Flowers ca. 3.0 mm long and 5.0-5.3 mm wide at anthesis. Sepals oblong-ovate, thin, 0.9-1.8 

mm long, 0.6-0.9 mm wide, midrib present, abaxial surface glabrous to glabrate at the base, the 

hairs similar to those of the inflorescence, adaxial surface glabrous, the margin slightly irregular 

to entire, the upper 1/3 occasionally sparsely ciliolate, with 1-8 unicellular hairs to 0.1 mm long, 

the apices convex and acute; colleters absent or located singly at inner base of overlapping 

margins of adjacent sepals, oblong, terete, ca. 0.05 mm long. Corolla shallowly campanulate, 

cream to yellow, glabrous to glabrate abaxially, the hairs few and similar to those of 

inflorescence, adaxially pubescent on the lobes, the hairs unicellular, extremely thin-walled 

(flattened on drying) with rounded ends, highly micro-ornamented, thus appearing bright white, 

the hairs to 0.5 mm long; corolla lobes ovate to oblong, spreading and reflexed at apices, 2.5-3.2 

mm long, 0.9-1.5 mm wide; corolla lobe margin infrequently sparsely ciliolate apically, with 1-2 

unicellular hairs to 0.1 mm long, clear, the adaxial surface smooth, the apex convex, acute; 

corolla tube 1.0-1.2 mm long. Corona lobes lanceolate, 1.0-1.1 mm long and 0.5-0.6 mm wide at 

base, the apex rounded and entire, color unknown. Stamens inserted on corolla tube ca. 0.3 mm 

below sinus, glabrous; anthers ovate, ca. 0.5 mm long excluding connnective appendage, 

postgenitally connate at apices by 0.2 mm long tetragonal connective appendages; filament ca. 

0.2 mm long, dilated and adnate to corona lobes at base. Pollen tetrads comprising pollinia linear 

(occasionally rhomboidal). Nectaries tabular, with same shape as corolla lobes, ca 0.6-0.7 mm 

long. Ovaries ca. 1.2 mm long, the styles 0.6-0.7 mm long, the upper surface of the stylar head 

broadly concave, ca. 1.0 mm wide and 0.3 mm tall. Translator receptacles ca. 0.25 mm wide and 
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0.4 mm long, the stipe 0.02 mm long. Follicles cylindrical with median groove along suture, 

narrowing towards apex, 4.8-6.0 cm long, 1.8-2.3 cm wide, the endocarp yellow, ca. 0.2 mm 

thick, the mesocarp thick, ca. 1.5 mm, the exocarp waxy, wrinkled and yellow-tan when dry, 

glabrous. Seeds elliptic to obovate, 5.5-6.5 mm long and 3.0-4.2 mm wide, ca. 0.3 mm thick, 

smooth, somewhat wrinkled and keeled on funicular side, dark red-maroon to dull black, the 

margins rounded; coma ca 1.8-2.9 cm long, white to yellowish-white. 

Additional specimens examined 

INDIA. Andhra pradesh: Cuddapah dist., 350 m., Ellis 14274 (CAL); ibid, 4500 ft., 

Gamble 15085 (K); Harur dist., Dharmapuri, 800 m., Matthew & Venugopal RHT 13974 (CAL); 

Chittoor dist., towards Akasaganga, 1000 m, Rao 46873 (CAL); Cuddapah hills, unknown 

collector, unknown date (BM). Karnataka: Hassan dist., Mysore, Nagpuri, 820 m, Jarrett, 

Saldanha & Ramamoorthy HFP 605 (E, MO, US); ibid, 920 m, Nicolson, Saldanha & 

Ramamoorthy HFP 163 (E, MO, US); ibid, 900 m, Ramamoorthy HFP 1810 (K, MO, US); ibid, 

Saldanha 13840 (US); ibid, Saldanha 14128 (US); Hassan dist., Mysore, Nagpuri middle 

section, Saldanha 16823 (US); Bellary dist., Kudligi-Sandur road, 18 km before Sandur, 

Sreenath & Ramesh KFP 4275 (CAL). Kerala: Anaimalai Hills, Barber 8454 (K). Tamil Nadu: 

Salem dist., Attur, bridle path to Attur from Nagalur, 700 m, Arockiasamy RHT 7987 (L); 

Dindigul, Kodaikanal, Ghat road to Thandigudi, 700 m, Matthew RHT 41897 (K); Salem dist., 

1000 m, Matthew & Murugesan RHT 14819 (K); Salem dist., 3000 ft, Yeshoda 81 (NY). No 

locality, Wight s.n., no date (K). 

Comparison to other species 

Decalepis hamiltonii, ‘Hamilton’s Decalepis’, shares the vining habit with D. nervosa and 

D. khasiana. It can be distinguished from other species of Decalepis by several features. 

Vegetatively, its leaves are broader than other species of the genus, even approaching sub-
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orbicular in some specimens. The leaf blade is falcate, arching downwards abruptly at the leaf 

apex so that when dried and flattened the leaf apices appear to be rounded, when in fact they are 

convex and obtuse to acute, sometimes retuse at the tip. Florally, the key character defining this 

species is the presence of thin-walled, bright white and reflective hairs on the adaxial corolla 

lobes. It is the only vining species of Decalepis with a cream to yellow corolla (rose to purple in 

D. khasiana and D. nervosa). The corona and interstaminal nectaries in this species are 

lanceolate, with a length/width ratio about twice that found in the other species. 

3. Decalepis khasiana (Kurz) Ionta 

Decalepis khasiana (Kurz) Ionta, comb. nov. Pentanura khasiana Kurz, Forest Fl. Burma 2: 

196. 1877. Stelmacrypton khasianum (Kurz) Baill., Bull. Mens. Soc. Linn. Paris ii. 812. 1889. 

Finlaysonia khasiana (Kurz) Venter, Ann. Missouri Bot. Gard. 88: 565. 2001. Type: INDIA. 

Khasia Mountains, W.S. Kurz, commissioned from Dr. King, Mar. 1883 (lectotype: K). 

 

Hanghomia marseillii Gagnep. & Thénint, Bull. Soc. Bot. France 83: 392. 1936. Type: LAOS. 

Region Xieng-Khonang, Plateau Tran-Ning, M. André s.n. (holotype, P). 

 

Periploca acuminata Rahman & Wilkock, J. Linn. Soc., Bot. 110: 373. 1992. Type: 

BANGLADESH. Sylhet Tambil-Jaflong Hills, Rahman & Hossain 56 (holotype: ABD; isotypes, 

BM, K, 2 sheets). 

Twining vine. Roots woody, with vanilla fragrance. Stems twining, glabrate, the hairs 

unicellular, falcate, to 0.15 mm long, clear to brownish; interpetiolar region with nodal ridges up 

to 0.1 mm wide, with up to 9 colleters extending from apex of ridge, the colleters to 0.5 mm 

long. Leaves glabrate, with occasional hairs present on petiole and adaxial and abaxial veins, the 

hairs similar to those of stem; intrapetiolar colleters as many as 8 per petiole, to 0.8 mm long; 
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petiole 0.6-1.2 cm long; blade elliptic to obovate or ovate, 5.2-9.2 cm long, 2.5-4.4 cm wide, flat, 

chartaceous, dull, the base decurrent, the margin plane, entire, with 0.05 mm wide hyaline edge, 

the apex acuminate, the venation weakly brochidodromous, 8-10 secondary veins on each side of 

midvein, composite intersecondary veins occasional, when present extending from midrib to at 

most 3/4 of the way to margin, the tertiary veins alternate percurrent, areoles moderately 

developed, irregularly shaped, with veinlets simple to multiply-branched, the secondary veins 

slightly raised abaxially, higher order veins ± flat. Inflorescences sparsely to multiply branched, 

dense, with dichasial branching, to 2.0 cm long and 1.5-2.2 cm in diameter, with up to 10 

flowers, the axes puberulent, the hairs similar to those of stem; peduncles 0.2-0.5 mm long; 

inflorescence branches at most 0.1 mm long; pedicels 2.0-2.6 mm long; proximal inflorescence 

bracts narrowly ovate, thick, ca. 2.0 mm long and 1.2 mm wide, with apex acute and slightly 

incurved. Flowers 6.0-6.5 mm long and 8.0-10.0 mm wide at anthesis. Sepals ovate, thick, 0.9-

1.5 mm long, 0.9-1.5 mm wide, midrib present, glabrous, the margin slightly irregular to entire, 

glabrous, the apices acute and slightly inflexed; colleters located singly at inner base of 

overlapping margins of adjacent sepals, triangular, flattened, ca. 0.04 mm long, 0.3 mm wide at 

base. Corolla rotate to shallowly campanulate, rose to purple colored, glabrous abaxially, 

puberulous adaxially above level of nectaries, the hairs unicellular, to 0.25 mm long, lightly 

ornamented, clear, with acute apex; corolla lobes ovate, 3.5-4.9 mm long and 2.2-2.7 mm wide, 

corolla margin glabrous, the adaxial surface smooth, the apex acute, the corolla tube ca. 1.5 mm 

long. Corona lobes fused laterally to corolla to the level of corolla sinuses, free above that, 

triangular, ca. 1.4 mm long and 0.8 mm wide at base, the apex acute, entire, color unknown. 

Stamens inserted on corolla tube ca. 1.0 mm below corolla lobe sinuses, glabrous; anthers 

oblong-ovate, ca. 1.0 mm long excluding connective appendage, the anthers terminating with 0.5 
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mm long, wedge-shaped, dark colored connective appendages, the appendages not connate, 

abaxial connective and appendage with scattered unicellular hairs similar to adaxial corolla hairs 

but to 0.6 mm long; filament ca 1.0 mm long, staminal foot present below filament base. Pollen 

tetrads comprising pollinia obovate to elliptic and rhomboidal, t-shaped or linear. Nectaries 

tabular, rectangular with rounded corners, ca 0.2 mm long, 0.6 mm wide. Ovaries ca. 1.2 mm 

long, the styles ca. 0.3 mm long, the upper surface of the stylar head deltoid, ca. 1.0 mm wide 

and 0.9 mm tall. Translator receptacles ca. 0.6 mm wide and 0.6 mm long, the stipe 0.2 mm 

long. Follicles and seeds not seen. 

Additional specimens examined 

CHINA. Yunnan: Szemoa, Henry 12061A (US). INDIA. Meghalaya, Cherrapunjee, East 

Khasi hills, Koels 29763 (L). 

Comparison to other species 

Decalepis khasiana, named for the Khasi Hills where it was first discovered, shares the 

vining habit with D. nervosa and D. hamiltonii. The inflorescence of D. khasiana is more 

compact and fewer-flowered than in other Decalepis species, the flowers are larger (up to 6.5 

mm long versus 3.2 mm in other species), the corona lobes uniquely triangular (in other species 

rectangular, oblong or triangular ovate, with rounded to obtuse apices), and the adaxial corolla 

lobes are puberulent, with translucent hairs, while D. hamiltonii has larger, blunt-tipped, bright 

white, reflective hairs, and the other species glabrous adaxially. 

Nomenclatural details 

Kurz (1877) originally described and named Pentanura khasiana. Shortly thereafter, 

Baillon (1889) moved the species to a new genus Stelmacrypton, as its sole species. 

Stelmacrypton is often spelled incorrectly in the literature, for example, as Stelmocrypton (Wu & 

Raven, 1995) or Stelmatocrypton (Schumann, 1895; Zhang, 2002). 
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4. Decalepis arayalpathra (J. Joseph & V. Chandras.) Venter 

Decalepis arayalpathra (J. Joseph & V. Chandras.) Venter, Taxon 46: 172. 1997. Janakia 

arayalpathra J. Joseph & V. Chandras., J. Indian Bot. Soc. 57: 308. 1978. Type: INDIA. Kerala, 

Trivandrum Dist., Kursumalai, C. 875 Bonaccord Estate, J. Joseph 46503 (holotype: CAL; 

isotypes: JCB, K!, KFRI, L, MH, RHT).  

Erect shrubs, to 1.5 m tall. Roots in clusters, tuberous, moniliform, ca. 30 cm long, with 

vanilla fragrance. Stems spreading, glabrous; interpetiolar region with nodal line, interpetiolar 

colleters absent. Leaves glabrous, subtended by as many as 6 intrapetiolar colleters, the colleters 

0.1 to 0.3 mm long; petiole 1.2-3.6 cm long; blade elliptic to ovate, 3.1-7.1 cm long, 1.3-4.0 cm 

wide, ± flat, chartaceous, dull, the base decurrent, the margin plane, with minutely erose 0.15-0.2 

mm wide hyaline edge, the apex acuminate, the secondary venation weakly brochidodromous, 9-

11 secondary veins on each side of midvein, composite intersecondary veins few, when present 

extending from midrib to at most 3/4 of the way to margin, the tertiary veins alternate-percurrent, 

aligned ± perpendicular to midrib, areoles moderately developed, irregularly shaped, with 

veinlets simple or once-branched, the secondary veins slightly raised abaxially and adaxially, 

higher order veins ± flat. Inflorescences simple or sparsely branched, lax, slender, with 

monochasial branching, inflorescence to 5.8 cm long and 0.6-1.1 cm in diameter, containing up 

to 10 flowers, the axes glabrous; peduncles 1.1-2.1 cm long, proximal segment of lowermost 

branches 1.2-2.2 cm long, distal internodes of inflorescence branches increasingly shorter, 

ultimate branches 0.5-1.0 mm long; pedicels 2.5-6.5 mm long, glabrous; proximal inflorescence 

bracts narrowly ovate, ca. 1.4-2.5 mm long, 0.6-1.0 mm wide, with apex convex and acute, 

glabrous. Flowers 2.3-2.5 mm long and 2.5-4.0 mm wide at anthesis. Sepals ovate, thin, 0.7-1.25 

mm long, 0.6-1.1 mm wide, midrib present, glabrous, the margin slightly irregular to entire, 

occasionally sparsely ciliolate apically, with 1-3 unicellular hairs to 0.1 mm long, the apices 
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convex and obtuse; colleters single (occasionally in pairs) at inner base of overlapping margins 

of adjacent sepals, oblong, flattened, ca. 0.2 mm long, 0.15 mm wide. Corolla shallowly 

campanulate, greenish to creamy or yellow; glabrous, lobes ovate to oblong, 1.5-2.5 mm long, 

1.0-1.25 mm wide, the margin glabrous, the adaxial surface smooth, the apex obtuse, rounded 

and slightly inflexed, the tube ca 0.4-0.5 mm long. Corona lobes fused laterally to corolla to the 

level of corolla sinuses, free above that, triangular-ovate, inflexed at apex to cup over proximal 

half of anther, 0.4-0.75 mm long and 0.6-0.75 mm wide, with obtuse and entire apex, the lobes 

white. Stamens inserted on corolla tube ca. 0.15 mm below corolla lobe sinuses, glabrous; 

anthers ovate, ca. 0.6 mm long excluding connective appendage, postgenitally connate at apices 

by 0.3 mm long tetragonal connective appendages; filament ca. 0.1 mm long, dilated at base. 

Pollen tetrads comprising pollinia obovate to elliptic, and rhomboidal to t-shaped. Nectaries 

tabular, with same shape as corolla lobes, ca. 0.15-0.2 mm long. Ovaries ca. 0.8 mm long; styles 

0.25 mm long, the upper surface of the stylar head broadly convex, ca. 0.6 mm wide and 0.3 mm 

tall. Translator receptacles ca. 0.15 mm wide and 0.15 mm long, the stipe 0.05 mm long. 

Follicles cylindrical with median groove along suture, narrowing towards apex, truncate, ca. 5.2 

cm long and 0.6 cm wide, glabrous. Seeds elliptic to narrowly lanceolate, ca. 9.0 mm long; coma 

ca 1.5 cm long, white to yellowish white. 

Additional specimens examined 

INDIA. Kerala: Trivandrum dist., Kursumalai, near Bonacord estate, 875 m, Joseph 46503 

(K); Circar hills near Ponmudi, Rajasekharan & party s.n., Apr. 11, 1989 (K). 

Comparison to other species 

Decalepis arayalpathra shares several features with D. salicifolia that are lacking in the 

other Decalepis species: both are erect shrubs with tuberous moniliform roots (the tuberous roots 

of D. hamiltonii are cylindrical) and glabrous stems (young stems are glabrate in other species), 
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the leaf margins have a wide, hyaline edge (to 0.2 mm, narrower in other species), and both have 

stamens with similar dilated filament bases (filament bases in D. hamiltonii are dilated but also 

fused to adjacent corona lobes, the other species lack dilated filament bases, and instead the 

filaments are subtended by a swollen staminal foot). This species is differentiated from D. 

salicifolia by the shape of its leaves, which are elliptic to ovate (compared to the narrowly 

elliptic to ovate leaves of D. salicifolia), and by its minutely erose leaf margins and weakly 

brochidodromous venation (in contrast, D. salicifolia has strongly brochidodromous venation 

with an intramarginal vein). 

Nomenclatural details 

Joseph and Chandrasekran (1978) named the genus Janakia in honor of Dr. E.. K. Janaki 

Ammal, an important Indian botanist (Joseph & Chandrasekran, 1978; Pushpangadan et al., 

1990). The specific epithet refers to the resemblance of the leaves, with their acuminate apices, 

to those of Ficus religiosa L.: the local name Arayal=Ficus religiosa, and pathra=leaf (Sanskrit). 

5. Decalepis salicifolia (Bedd. ex. Hook. f.) Venter 

Decalepis salicifolia (Bedd. ex. Hook. f.) Venter, Ann. Missouri Bot. Gard. 88: 564. 2001. 

Utleria salicifolia Bedd. ex Hook.f. Fl. Brit. India 4: 7. 1883. Type: INDIA. Deccan Peninsula, 

Anamallay [Anamalai] Mts., alt. 3000-4000 ft., R.H. Beddome 53 (holotype: K!). 

Erect, deciduous shrub, to 2.5 m tall. Roots in clusters, tuberous, moniliform, up to 50 cm 

long and ca. 4.0 cm diameter, with vanilla fragrance. Stems profusely branching from base, 

somewhat succulent, glabrous, older stems covered with grayish wax; nodal lines or small ridges 

occasionally present in interpetiolar regions, but usually absent. Leaves restricted to youngest 

branches and clustered at shoot apices, glabrous; intrapetiolar colleters as many as 10 per petiole, 

to 1.0 mm long; petiole (0.3-) 0.6-3.0 (-3.9) cm long; blade very narrowly ovate, 4.7-19.8 cm 

long, 0.6-3.2 cm wide, flat, chartaceous, dull, the base decurrent, the margin revolute, 
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subcrenulate, with 0.15-0.2 mm wide pinkish hyaline edge, the apex acuminate, the venation 

brochidodromous, 30-37 (-46) secondary veins on each side of midvein, the secondary veins 

merging to form a well-developed submarginal vein, composite intersecondary veins frequent 

and moderately developed, extending from midrib to at most 3/4 of the way to margin, the 

tertiary veins randomly reticulate, areoles moderately developed, irregularly shaped, with 

veinlets simple or rarely singly-branched, the secondary and higher order veins ± flat. 

Inflorescences multiply branched, open, with monochasial branching, to 14.5 cm long and to 

10.0 cm in diameter, with up to 50 flowers, the axes glabrate, with occasional scattered 

unicellular, straight clear hairs to 0.1 mm long present on distal branches and flower pedicels; 

peduncles 2.0-8.0 cm long, glabrous, proximal segment of lowermost branches 1.1-3.5 (-5.7) cm 

long, distal internodes of inflorescence branches increasingly shorter, ultimate branches 0.5-1.0 

mm long; pedicels 2.5-6.5 mm long, glabrate; proximal inflorescence bracts ovate to elliptic, 

thin, ca. 2.0-4.0 mm long, 0.8-1.0 mm wide, with apex convex, acute to obtuse. Flowers 2.5-3.2 

mm long and 2.5-3.5 mm wide at anthesis. Sepals broadly ovate to obovate, thin, 0.7-1.6 mm 

long, 0.6-1.3 mm wide, lacking a midrib, glabrous, the margin entire to irregular, occasionally 

sparsely ciliolate apically, the apices obtuse to rounded; colleters located singly at inner base of 

overlapping margins of adjacent sepals, ca. 0.2 mm long, 0.1 to 0.2 mm wide, narrowly 

triangular and flattened. Corolla shallowly campanulate, cream to greenish-yellow, glabrous; 

corolla lobes ovate to oblong, 1.6-2.3 mm long, 1.0-1.5 mm wide, thin, the margin glabrous, the 

adaxial surface smooth, the apex acute to obtuse, corolla tube ca 1.2 mm long. Corona lobes 

fused laterally to corolla to the level of corolla sinuses, free above, the lobes short-oblong, 

flattened, ca. 0.5 mm long, 0.4-0.7 mm wide, with entire, rounded or retuse apex, color 

unknown. Stamens inserted on corolla tube ca. 0.3 mm below corolla lobe sinuses, glabrous; 



 

153 

anthers ovate, ca. 0.6 mm long excluding connective appendage, postgenitally connate at apices 

by 0.3 mm long tetragonal connective appendages; filament ca. 0.2 mm long, dilated at base. 

Pollen tetrads comprising pollinia obovate to elliptic and rhomboidal, t-shaped or linear. 

Nectaries tabular, rectangular with broadly rounded apex, ca. 0.2 mm long and 0.2 mm wide. 

Ovaries ca. 0.8 mm long; styles 0.3 mm long, the upper surface of the stylar head broadly 

convex, ca. 1.0 mm wide and 0.6 mm tall. Translator receptacles ca. 0.25 mm wide and 0.25 mm 

long, the stipe 0.1 mm long. Follicles cylindrical, narrowing towards acute apex, 3.5-5.5 cm 

long, 0.6-1.0 cm wide, the endocarp not seen, the mesocarp thin, ca. 0.4 mm, the exocarp waxy, 

wrinkled and brownish yellow to dark brown when dry, glabrous. Seeds obovate, thin, ca. 7.0-8.0 

mm long, 2.7-3.5 mm wide, ca. 0.075 mm thick, smooth, slightly keeled on funicular side, 

brown; coma white to yellowish white. 

Additional specimens examined 

INDIA. Tamil Nadu; Anamalais, Coimbatore, Valparai rock, 4100 ft, Fischer s.n., May 3, 

1913 (K). Kerala or Tamil Nadu; Anamallays [Anaimalai hills], Beddome s.n., no date (BM); 

Anamallays [Anaimalai hills], 3500 ft, Beddome s.n., no date (BM); Anaimalais, 5000 ft, Fischer 

3394 (K); Anamallay hills [Anaimalai hills], Beddome 53 (K); Anamallays [Anaimalai hills], 

3000-4000 ft, Beddome 28 (K). 

Comparison to other species 

Decalepis salicifolia, ‘willow-leaved Decalepis’, shares many features with the closely 

allied species D. arayalpathra; see discussion following description of that species (#4).
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Figure 4-1. Distribution of Decalepis species. Bold line represents Western Ghats. 
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CHAPTER 5 
GENERAL CONCLUSIONS 

The main purpose of this study was to elucidate phylogenetic relationships within 

Periplocoideae using molecular and morphological data. The Asian genus Phyllanthera is 

positioned as sister to the rest of the subfamily in several of the analyses of ITS and combined 

data from chapters 2 and 3, either alone or in a clade with Telectadium, a relationship not 

recovered from analyses of plastid data (chapters 2, 3) or morphology alone (chapter 3). The 

grooved translator clade of Ionta & Judd (2001), which contains roughly half of the species 

sampled, appears in the majority of analyses, with strong BS. Most taxa in this clade have pollen 

translators with a prominent groove running transversely along the spoon, while taxa outside of 

this grooved translator clade usually bear translators with flattened spoons and rounded apices.  

Several smaller clades are nested within the grooved translator clade. There is support for a 

clade of six Asian genera (Atherandra, Decalepis, Finlaysonia, Gymnanthera, Streptocaulon, 

and Zygostelma), five of which bear pollinia. This morphologically varied group is characterized 

solely by the presence of pollinia and elongate pollen tetrads, exemplifying the wide range of 

morphological variation found in closely related taxa throughout the subfamily; a variability that, 

in part, explains the large number of monotypic and bitypic genera that have been recognized in 

Periplocoideae, and the difficulty in assessing relationships on the basis of morphology alone. 

An epiphyte + Buckollia clade (Epistemma + Sarcorrhiza + Buckollia) is strongly supported, and 

is sister to the Asian pollinial clade when that clade is present (chapters 2, 3).  

Also within the grooved translator clade is a clade composed of the African genera 

Raphionacme, Schlechterella, and Baseonema, which all have a greater number of pores per 

pollen grain than other Periplocoideae. Raphionacme and Schlechterella are further characterized 

by several features, including single, turnip-shaped root tubers (unique to this group), relatively 
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long lower corolla tubes, trifid corona lobes, and nectaries extending from the base of the 

stamens to the ovaries. A clade of six genera (Batesanthus, Kappia, Stomatostemma, Tacazzea, 

Mondia, and Myriopteron), most (except Stomatostemma) with colleters along their adaxial 

petioles and leaf midveins (also characterized by notched translator spoons and thick follicles), is 

present in the ML analyses of ITS data alone. When present, this midvein colleter clade is sister 

to the Raphionacme clade.  

Outside of the grooved translator clade, relationships are more or less unresolved. There is 

weak (chapter 3) to moderate (chapter 2) support for a clade composed of Malagasy endemics 

(Camptocarpus, Cryptostegia, Ischnolepis, and Pentopetia; Baroniella is missing from plastid 

data-sets) in analyses of plastid data, a grouping that is in accordance with the findings of Meve 

and Liede (2004). In the ITS and combined data-sets this clade is not recovered. The hypothesis 

of a Malagasy clade is intriguing; however, there is insufficient morphological or phylogenetic 

support for this grouping. 

Most of the genera represented by multiple species in the various analyses are resolved as 

monophyletic, most with clear morphological synapomorphies. Periploca is characterized by 

flowers with hairy adaxial corolla lobes, each with a patch of fine papillae and trifid corona 

lobes. Species of Camptocarpus have valvate aestivation in bud and corona lobes that are fused 

into an annulus around the stamens. Putative synapomorphies for Ectadium include distinctive 

stomatal crypts on stems and leaf surfaces and paired appendages arising from the apex of the 

stylar head. Gymnanthera is characterized by fine lines of hairs running down the adaxial corolla 

tube below the stamens and floral nectaries that extend the length of the lower corolla tube. A 

putative synapomorphy of Epistemma is the presence of filiform corona lobes with tufts of fine 

hairs at the apices. Vegetative and floral organs of plants in the genus Parquetina turn black 
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upon drying, and the flowers bear single calycine colleters which are the same width as the 

sepals, have warty-tuberculate corolla lobes, and papillate corona lobes. The genus Telectadium 

is characterized by verticillate phyllotaxy and nectaries arising between the ovary and anther 

bases. Cryptolepis is characterized by corollas twisted tightly in bud, alternipetalous corona lobes 

that arise between the stamens and the sinus, and the gynostegium enclosed in the upper corolla 

tube. Phyllanthera is monophyletic in the trees based on molecular and total evidence data-sets. 

Putative synapomorphies for the genus include long anther connective appendages and bifid 

corona lobes. A strongly supported clade of three Phyllanthera species (Phyllanthera bifida, P. 

sumatrana, and P. perakensis) that appears in all analyses (Phyllanthera perakensis only in 

analyses including morphological data) is characterized by the putative synapomorphies of hairs 

present along the seed margins (while most species in Periplocoideae have seeds with a coma of 

long white hairs at the micropylar end), foliar connective appendages, and warty-tuberculate 

adaxial corolla lobes. 

Pollen and translators offer clues to intergeneric relationships in Periplocoideae. In most 

taxa, pollen tetrads are round or short-oblong and arranged randomly on the translator spoon. In 

contrast, I observed that both pollinia and tetrad-bearing members of the Asian pollinial clade 

have elongate pollen tetrads that are aligned roughly parallel to one another, and more or less 

perpendicular to the translator spoon. Tetrad shape apparently does show some homoplasy in 

Periplocoideae: a mix of tetrad shapes including elongate forms was observed in Periploca 

graeca and Petopentia natalensis, and in the three pollinial taxa appearing outside of the Asian 

pollinial clade in these analyses. Thus, with a few exceptions, there is an intriguing trend from 

more or less rounded tetrads in non-pollinial Periplocoideae towards the elongation of pollen 

tetrads in the pollinial taxa and in the tetrad-bearing members of the Asian pollinial clade. 
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Mapping of pollinia onto one of the shortest trees from the total evidence analysis 

indicated either three or four separate origins of pollinia in Periplocoideae (chapter 2). Under 

DELTRAN optimization, pollinia are hypothesized to have originated four times: once in the 

common ancestor of the Asian pollinial clade, two more times (separately) in the African genera 

Epistemma and Schlechterella, and a fourth time in Hemidesmus, a monotypic genus from India. 

These results support the hypothesis of Fishbein (2001) that pollinia evolved more than once in 

Periplocoideae, and more specifically, the hypotheses of Venter and Verhoeven that pollinia in 

Asian and African Periplocoideae evolved polyphyletically (Venter & Verhoeven 1997) and 

independently (Venter & Verhoeven 2001).  

Venter (2001) placed several monotypic and bitypic Asian genera into synonymy under the 

previously monotypic Finlaysonia based on similarities in floral form and because all have 

pollen fused into pollinia. This study included six of seven Finlaysonia species sensu Venter & 

Verhoeven (2001), all except F. wallichii. These analyses did not support the monophyly of 

Finlaysonia s.l.; instead, F. lanuginosa pairs with Streptocaulon, a grouping that makes sense 

based on the similarly densely pubescent abaxial leaf surfaces of both species, which is in 

contrast to the glabrous condition observed in other Finlaysonia species, and a putative 

synapomorphy for Streptocaulon + F. lanuginosum + F. curtisii. I thus transferred F. 

lanuginosum and F. curtisii to Streptocaulon, and recommend the dissolution of Finlaysonia 

sensu Venter & Verhoeven (2001), whose circumscription was based on symplesiomorphic 

characters. I also recommend the resurrection of Atherolepis and Meladerma. 

The Asian pollinial genus Decalepis is weakly supported as monophyletic (when D. 

nervosa, which lacks molecular data, is removed) with the addition of Finlaysonia khasiana, 

which I have here transferred to Decalepis (chapter 4). The presence of tabular coronas that are 
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laterally fused to the upper corolla tube to the level of the sinus is a synapomorphy for the genus 

(including D. nervosa and D. khasiana). Decalepis arayalpathra and D. salicifolia are strongly 

supported as sister species, and share unique characters such as moniliform tuberous roots and 

erose to subcrenulate leaf margins, as well as a non-climbing habit (both are erect shrubs). The 

position of D. nervosa within Periplocoideae is unresolved, beyond its placement in the Asian 

pollinial clade, however, there is insufficient evidence to remove D. nervosa from Decalepis at 

this time, given the absence of molecular data for this species, and the unique tabular coronas 

present in this and other Decalepis species.  
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