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Abstract

Within Rauvolfioideae (Apocynaceae), genera have long been assigned to tribes based mainly on only one or two superficial fruit and seed characters. Taxa with drupaceous fruits were included in Alyxieae. To elucidate relationships within Alyxieae, we analyzed phylogenetically a data set of sequences from four plastid DNA regions (RbcL, matK, TrnL intron, and TrnL-F intergenic spacer) and a morphological data set for 33 genera of Apocynaceae, including representatives of all genera previously included in Alyxieae and two non-Apocynaceae species. Results of parsimony analysis indicate that Alyxieae as previously delimited are polyphyletic, with most genera falling into two main clades. The Alyxia clade includes seven genera: Alyxia Banks ex R. Br., Lepinia Decne., Lepiniopsis Valeton, Pteralyxia K. Schum., and Condylocarpon Desf. together with Plectaneia Thouars. (earlier included in Plumerieae) and Chilocarpus Blume (earlier included in Chilocarpeae). The Vinca clade includes eight genera: Cabucala Pichon, Petchia Livera, Rauvolfia L., Catharanthus G. Don, Vinca L., Neisosperma Raf., Ochrosia Juss., and Kopsia Blume. Vallesia Ruiz & Pav. and Anechites Griseb. are not related to either clade and come out as sister toAspidosperma Mart. & Zucc. (Aspidospermeae) and Thevetia L. (Plumerieae), respectively. The fruit and seed characters previously used to demarcate Alyxieae are homoplasious, as are other morphological characters such as style head structure and syncarpy versus apocarpy. Conversely, pollen morphology, which has not previously played much of a role in tribal delimitation, was shown to be the most useful morphological character for delimiting Alyxieae from other tribes of Rauvolfioideae.
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Appendix 1

Voucher specimens used for morphological character assessment in the Alyxieae study. Herbarium acronyms are in parentheses. Specimens used to study floral structure are indicated with FS, those used for light microscopy, scanning electron miscroscopy, and transmission electron microscopy of pollen grains are indicated by LM, SEM, and TEM, respectively, following the herbarium acronym.

APOCYNACEAE

Acokanthera oblongifolia (Hochst.) Codd

cult. Bot. Gard. Wageningen, Kas et al. s.n. (Z) FS

Acokanthera oppositifolia (Lam.) Codd

South Africa, Bayliss BRI 544 (S) LM, SEM, TEM

Allamanda cathartica L.

cult. Royal Bot. Gard. Kew, 1983, Fallen s.n. (Z) FS; Gabon, Leeuwenberg 12540 (WAG) LM, SEM, TEM

Alstonia scholaris (L.) R. Br.

cult. Fairchild Trop. Gard., Gillis 6995 (Z) FS; New Guinea, Schodde 2472 (L) LM, SEM, TEM

Alyxia oblongata Domin

Australia, Dockrill 835 (L) LM

Alyxia ruscifolia R. Br.

cult. Montpellier, Civeyrel 1055 (Z) FS; Australia, Clark et al. 1753 (L) SEM, TEM

Amsonia ciliata Walter

U.S.A., Sasseen s.n. (WAG) LM, SEM, TEM

Amsonia tabernaemontana Walter

cult. Bot. Gard. Zürich, Endress s.n. (Z) FS

Anechites nerium (Aubl.) Urb.

Ecuador, Asplund 16471 (Z) FS; Dominican Republic, Ekman 15239 (S) LM, SEM

Aspidosperma parvifolium A. DC.

Brazil, Ferreira s.n. (Z) FS; Brazil, Heringer 10672 (UB) LM, SEM

Cabucala caudata Markgr.

Madagascar, Capuron 23701-SF (P) LM, SEM, TEM

Cabucala polysperma (Scott-Elliot) Pichon

Madagascar, Civeyrel 1281 (Z) FS

Catharanthus roseus (L.) G. Don

cult. Bot. Gard. Zurich, Endress s.n. (Z) FS; Liberia, Van Harten 29 (WAG) LM, SEM, TEM

Chilocarpus denudatus Blume

cult. Bot. Gard. Bogor, Burck s.n. (Z) FS; India, Ridsdale 757 (L) LM; Java, Blume s.n. (L) LM; Java,anon. s.n. (S) SEM; Sarawak, Richards 1463 (L) TEM

Chilocarpus suaveolens Blume

Java, Hochreutiner 2547 (L, Z) FS

Condylocarpon guyanense Desf.

French Guiana, Sastre 5470 (P, Z) FS

Condylocarpon isthmicum (Vell.) A. DC.

Brazil, Koch s.n. (Z) FS; Brazil, Hatschbach 13030 (Z) LM, SEM, TEM

Craspidospermum verticillatum Bojer ex A. DC.

Madagascar, Civeyrel 1234 (Z) FS, LM, SEM, TEM

Kibatalia gitingensis (Elmer) Woodson

Philippines, Liede 3268 (Z) FS; Philippines, Wenzel 652 (G) LM, SEM, TEM

Kopsia fruticosa (Ker Gawl.) A. DC.

Java, Prévost 167 (Z); cult. Victoria, Trinidad, Broadway 5963 (S) LM, SEM, TEM

Lepinia marquisensis Lorence & W. L. Wagner

Fatu Hiva, Marquesas Islands, Perlman 10271 (BISH, Z) FS

Lepinia solomonensis Hemsl.

Solomon Islands, BSIP 13496 (L) LM, TEM

Lepinia taitensis Decne.

Society Islands, Moorea, Perlman et al. 15071 (PTBG, Z) FS; Society Islands, Tahiti, Whistler 4932 (BISH) SEM

Lepiniopsis ternatensis Valeton

Moluccas, Mochtar 306 (L) LM, SEM; PNH 17362 (L) TEM

Lepiniopsis trilocularis Markgr.

Palau Islands, Lorence 8265 (PTBG, Z) FS

Mascarenhasia arborescens A. DC.

cult. Fairchild Bot. Gard., Bird s.n. (Z) FS; Madagascar, Schlieben 8128 (Z) LM, SEM; Madagascar,Capuron 22808-SF (P) LM, SEM, TEM

Molongum laxum (Benth.) Pichon

Venezuela, Berry 5400 (MO, Z) FS; Colombia, Duntii 36267 (COL) LM, SEM, TEM

Neisosperma nakaiana (Koidz.) Fosberg & Sachet

cult. Waimea Arboretum, Hawaiian Is., Neill 5291 (Z) FS, LM, SEM, TEM

Nerium oleander L.

cult. Bot. Gard. Zurich, Fallen s.n. (Z) FS; France, Segal 232 (WAG) LM, TEM; cult. Perpignan,Leeuwenberg 12206 (WAG) LM, SEM, TEM

Ochrosia coccinea (Teijsm. & Binn.) Miq.

cult. Bogor Bot. Gard., Java, anon. s.n. 30/8/1982 (Z) FS, LM, SEM, TEM

Petchia ceylanica (Wight) Livera

cult. Bot. Gard. Kaiserslautern, Omlor s.n., Kessler s.n. (Z) FS; Sri Lanka, Wambeck 2510 (S) LM, SEM

Picralima nitida (Stapf) T. Durand & H. Durand

cult. Bot. Gard. Wageningen, Leeuwenberg 10779 (Z) FS; Zaire, Gille 100 (BR) LM, SEM, TEM

Plectaneia stenophylla Jum.

cult. Madagascar, Petignat s.n. (Z) FS

Plectaneia thouarsii Roem. & Schult.

Madagascar, Bernardi 11820 (L) LM, SEM, TEM

Pleiocarpa mutica Benth.

cult. Bot. Gard. Wageningen, van Setten 415 (WAG, Z) FS; Ivory Coast, Leeuwenberg 12145 (WAG) LM, SEM

Plumeria rubra L.

cult. Bot. Gard. Zurich, Fallen s.n. (Z) FS; Ghana, Leeuwenberg 11089 (WAG) LM, SEM, TEM

Pteralyxia kauaiensis Caum

Kauai, Perlman 15456 (Z) FS; Hawaii, Flynn 269 (PTBG) SEM

Pteralyxia macrocarpa (Hillebr.) K. Schum.

Hawaii, Swezey s.n. (L) LM, TEM

Rauvolfia vomitoria Afzel.

Ivory Coast, Aké Assi s.n. (Z) FS; Nigeria, Leeuwenberg 11337 (WAG) LM, SEM, TEM; Ivory Coast,Leeuwenberg 12122 (WAG) LM, SEM

Rhazya stricta Decne.

Yemen, Brunner 31 (Z) FS; Saudi Arabia, Schimper 812 (L) LM, SEM, TEM

Tabernaemontana divaricata (L.) R. Br. ex Roem. & Schult.

cult. Bot. Gard. Calcutta, anon. s.n. (Z) FS

Tabernaemontana pandacaqui Lam.

Australia, Alkin s.n. (Z) LM, SEM, TEM

Thevetia peruviana (Pers.) K. Schum.

cult. Bot. Gard. Zurich, Fallen s.n., (Z) FS; cult. Florida, Gillis 9227 (S) LM, SEM, TEM

Vallesia antillana Woodson

cult. Fairchild Trop. Gard, Zona s.n. (Z) FS; Florida, Killip 43415 (S) TEM

Vallesia glabra (Cav.) Link

Galapagos Is., A. & H. Andersen 1009 (QCA) LM, SEM

Vinca minor L.

cult. Zurich, Fallen s.n. (Z) FS; cult. Schipluiden, Netherlands, De Kort s.n. (L) SEM; cult. Sollentuna, Sweden, Nilsson s.n. (S) SEM

Vinca major L.

cult. Pijnacker, Netherlands, Van der Ham s.n. (L) LM, TEM

GELSEMIACEAE

Gelsemium sempervirens (L.) J. St.-Hil.

U.S.A., Louisiana, Tucker 28771 (Z) FS; South Carolina, Wall. s.n. (S) LM, SEM, TEM

LOGANIACEAE

Geniostoma rupestre (J. R. Forst. & G. Forst.) var. ligustrifolium (A. Cunn.) B. J. Conn

New Zealand, Garnock-Jones s.n. (WELTU, Z) FS; New Zealand, Nilsson NZ 9 (S) LM, SEM, TEM
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Appendix 2. Voucher specimens used for molecular analyses and GenBank accession numbers.
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Appendix 3. Matrix based on the morphological character coding. For some genera more than one species was used for character coding. a = species used to code characters 1–37 (the non-pollen characters); b = species used to code characters 38–54 (the pollen characters). See Appendices 1 and 4.

Appendix 4

Characters and character states for the morphological matrix used in the cladistic analyses. See Appendix 3.

The characters and character states used in this study are based on the exemplar method; only the characteristics of the species used in the analysis are considered in assigning codes. In cases of large genera with a range of states, this is indicated here.

1. Habit: 0 = trees or shrubs; 1 = lianas or vines; 2 = perennial herbs. The species used to represent Alyxiahere, A. ruscifolia, is a shrub; the great majority of Alyxia species, however, are lianas.

2. Non-articulated laticifers: 0 = absent; 1 = present. Non-articulated laticifers are one of the key characters that distinguish Apocynaceae s.l. from other Gentianales.

3. Phyllotaxis: 0 = leaves opposite; 1 = leaves alternate; 2 = leaves verticillate. Some taxa have leaves that are predominantly verticillate but may have some nodes with only two leaves. These taxa are coded as verticillate here.

4. Stipules: 0 = absent; 1 = present. Apocynaceae are here considered to be estipulate in the sense ofCronquist (1981) and Rosatti (1989). The colleters or interpetiolar ridges found in some taxa are not considered to be homologous with true stipules, nor are the adaxial outgrowths at the base of the petiole inAlstonia scholaris (Sidiyasa, 1998). Small bract- or scale-like organs that are found in some species ofRauvolfia have sometimes been called stipules. In a recent revision of the Neotropical species, however,Koch (2002) argued convincingly that these organs are better interpreted as cataphylls.

5. Supernumerary bracteoles: 0 = absent; 1 = present. Supernumerary bracteoles are clusters of bracteoles on the pedicel subtending the calyx. These bracteoles often resemble the sepals.

6. Calycine colleters: 0 = absent; 1 = several, across the inner face of the sepal (these sometimes coalesced at the base); 2 = few, mostly in the sepal sinuses. Calycine colleters are a common feature in Gentianales, and their lack or presence and arrangement is often used in Apocynaceae as an aid in distinguishing genera (e.g.,Stapf, 1902; Woodson, 1933; Rosatti, 1989: 338–339; Ezcurra et al., 1992: 9–10; Omino, 1996: 87–88;Middleton, 1999, fig. 1). In Alyxia ruscifolia, although colleters are lacking at the base of the sepals themselves, they are well developed in the many supernumerary bracteoles clustered below the calyx. InEndress et al. (1996), Plumeria was coded as having a continuous row of calycine colleters. Detailed examination, however, has shown that they are not homologous to typical calycine colleters in that the entire inner surface of the upper part of the sepal is glandular. Because no other taxon shares this condition in this study, it is non-informative and thus not coded here.

7. Fusion of corolla tube: 0 = fused just above the level of stamen insertion; 1 = unfused (with gaps) just above the level of stamen insertion. In Apocynaceae, the lower corolla tube (composed of the united petal and stamen primordia) is congenitally fused; the upper part fuses postgenitally and basipetally, so that the last region to fuse is just above the insertion of the stamens. In some genera, flowers reach anthesis before fusion of the upper corolla is complete, resulting in gaps in the corolla tube (Boke, 1948; Nishino, 1982; Erbar, 1991). These gaps are especially long in Aspidosperma, Geissospermum, Haplophyton, and Stephanostegia, resulting in conspicuous slits that are easily visible with a dissecting microscope (Woodson, 1951; Fallen, 1986;Leeuwenberg, 1997). Shorter gaps of some microns in length (visible in microtome serial sections) are also found in Alstonia, Craspidospermum, and Hunterieae, whereas in other genera epidermal remnants are still visible, although there are no distinct gaps. In Endress et al. (1996), epidermal remnants and gaps were treated together as a single character state: corolla incompletely fused. Because, however, the tube may be fused yet still show epidermal remnants, here only the presence of distinct gaps, visible with dissecting microscope or in serial sections, is coded as unfused.

8. Corolla tube mouth: 0 = constricted; 1 = not constricted.

9. Infrastaminal appendages: 0 = absent; 1 = present. Infrastaminal appendages is a term used by Pichon (1948b) for outgrowths of the lower, congenitally fused part of the corolla tube in the staminal sectors (seeAlvarado-Cárdenas & Ochoterena, 2007). They are found mainly in taxa previously included in Cerbereae (e.g., Cerbera, Thevetia, Cerberiopsis). These genera have a long, thin style and a disproportionately large, broad style head.

10. Corolla lobe aestivation: 0 = sinistrorsely contort; 1 = dextrorsely contort; 2 = imbricate. Corolla lobe aestivation is one of the most important morphological characters in Apocynaceae. With a few exceptions, the direction is constant within a genus. In Rauvolfioideae corolla lobes are almost always sinistrorsely contort, whereas in Apocynoideae, corolla lobes are normally dextrorsely contort or, rarely, valvate. The corolla lobes in Kopsia, Ochrosia, and Neisosperma (all Rauvolfioideae) are consistently dextrorsely contort (Hendrian, 2004; Middleton, 2004) and thus an exception to the rule. Alstonia is one of the few genera in the family in which both sinistrorsely as well as dextrorsely contort species occur, and this feature is constant only at the species level.

11. Petals in bud: 0 = not inflexed; 1 = inflexed. In most Apocynaceae, contorted petals in bud are spiraled upward into a tip. Petals that are inflexed in bud are, instead, folded downward and spiral into the mouth of the corolla tube and only unfold at anthesis. Inflexed petals is a relatively uncommon condition in Apocynaceae.

12. Corolline corona below petal sinus, behind and/or just above anther: 0 = absent; 1 = a compact protruding lobe. All outgrowths in the staminal sector and above the insertion of the anther are interpreted here as a corona. These include the vertical ridges in Molongum Pichon, as well as the protuberances termed suprastaminal appendages by Pichon (1948b) in Thevetia; the fimbriate lobes of Allamanda are also interpreted as a corona (see Endress et al., 1996).

13. Anthers: 0 = atop filaments that arise from the corolla tube; 1 = sessile upon enlarged staminal ridges.

14. Lignified guide rails: 0 = absent; 1 = present. Lignified guide rails are a specialization of the lateral parts of the anther and have a function in the complex pollination mechanism in Apocynaceae; they are absent in most Rauvolfioideae, but are characteristic for Apocynoideae. It is important to note that lignified guide rails are also characteristic for the majority of Tabernaemontana species (including all of the Neotropical taxa), although absent in the two representative species used in this study and in all of section Ervatamia to which they belong (see Leeuwenberg, 1994b: xv). Thus, for this character, most species of Tabernaemontana would show more affinity morphologically to Molongum than is apparent from the representative species used here (compare with Endress et al., 1996, in which a Neotropical species was used in the morphological analysis).

15. Anther dehiscence: 0 = introrse; 1 = latrorse; 2 = extrorse.

16. Anther/style head synorganization: 0 = anthers situated above or below, but not closely synorganized with, the style head; 1 = anthers at about the same level as, and connivent over and encircling the style head; 2 = anthers agglutinated to the style head via hair pads and adhesive. Synorganization of the anthers and the style head has always been a key character in Apocynaceae. It is the most important traditional character that separates Apocynoideae (in which the anthers are postgenitally united with the style head) from Rauvolfioideae (in which the anthers are free from the style head).

The lack of close synorganization of the anthers and style head in Tabernaemontana divaricata is not typical of the whole genus (as defined by Leeuwenberg, 1991). In all Neotropical species of Tabernaemontana and in some Paleotropical ones as well, the style head and anthers are more closely synorganized and would be coded as character state 1 in this study.

17. Style apex specialization: 0 = style apex without secretory epithelium; 1 = style apex transformed into an enlarged style head with epithelium of the body uniformly secretory and receptive; 2 = style apex transformed into an enlarged style head with epithelium of the body vertically differentiated with stigmatic region at base; 3 = style apex transformed into an enlarged style head, with epithelium of the body vertically differentiated, stigmatic zone at base, and radially mechanically interrupted by the adnate anthers. All Apocynaceae are characterized by having the carpel apices forming an enlarged style head with secretory epithelium. The degree and manner of histological differentiation of the style head and the epithelium is variable, with a specific type often characteristic of a particular tribe (Schick, 1980; Fallen, 1986). Although the gynoecium apex inGeniostoma J. R. Forst. & G. Forst. is post-genitally fused and enlarged, it is not covered with a secretory epithelium like that found in Apocynaceae. Instead, on male flowers, enlarged glue-filled irritable hairs with an abscissable tip are found scattered among the more numerous smaller, normal papillae (Endress et al., 1996). Specialized glue hairs like those found in Geniostoma are unknown in Apocynaceae.

18. Style head upper hair wreath: 0 = absent; 1 = present. Some style heads have a wreath of longer hairs just below the unfused carpel tips. The main function of the wreath is for pollen deposition and secondary presentation. The flowers are protandrous; shortly before anthesis, the anthers dehisce and shed their pollen toward the center of the flower. If the style head has an upper wreath, the pollen is shed onto this ring of hairs, which plays a role in the complex pollination mechanism of Apocynaceae (Church, 1908; Schick, 1980; Fallen, 1986).

19. Style head base: 0 = without collar or flange; 1 = with a distinct, thin collar; 2 = with a wreath of longer hairs; 3 = with thick flange. The base of the style head is often equipped with a means of scraping off donor pollen from the proboscis of an insect visitor. The presence (or absence) and type of scraper is often diagnostic of a particular tribe, and thus a useful character in the family. When a scraper is present at the base of the style head, the receptive zone is located beneath it (Schick, 1980; Fallen, 1986).

20. Style head unfused apices: 0 = small, inconspicuous, less than 1/3 the length of the total style head; 1 = enlarged, conical and tapering to blunt and clavate, at least 1/3 the length of the total style head.

21. Free disc nectary: 0 = absent; 1 = entire, annular; 2 = two separate lobes. In Apocynaceae, a free nectar disc is often present. Sometimes the nectar disc is adnate to the base of the ovary. Some taxa (especially in Rauvolfioideae) are nectarless and apparently use deceit pollination (Haber, 1984; Lin & Bernardello, 1999). In some cases it is difficult to distinguish whether or not the base of the ovary is nectariferous. For this reason, only the presence versus absence of a distinct nectary disc is coded here. In the large genus Alstonia, this character varies from species to species. The species included in this study, A. scholaris, has a shallow nectar disc. In some other species of Alstonia, a slight thickening can be discerned at the base of the ovary, and in yet others there is no indication of a nectary at all.

22. Ovary: 0 = 2-carpellate; 1 = 3–5-carpellate. Throughout Apocynaceae s.l., the gynoecium is composed of two carpels. The only exceptions are found in Lepinia and Lepiniopsis in the Alyxieae and in Pleiocarpa in Hunterieae (Endress et al., 1997).

23. Placentas: 0 = lignified or indurated in fruit; 1 = not lignified or indurated in fruit.

24. Mesocarp consistency: 0 = fleshy, without fibers; 1 = fleshy, with fibers; 2 = dry or woody.

25. Endocarp: 0 = not forming a stone around the seed; 1 = lignified or sclerified and forming a stone around the seed.

26. Seeds: 0 = sessile; 1= funiculate.

27. Seed shape: 0 = broad, compressed, not folded, mostly circular to ovoid; 1 = cylindrical, as if longitudinally rolled; 2 = narrowly fusiform, flattened, with a longitudinal fold; 3 = irregularly shaped, globular or angular, not flattened, or flattened on one side only, the other side convex.

28. Seed margin: 0 = with neither flattened edge nor wing; 1 = with a narrow flattened edge, this sometimes dissected; 2 = with a well-developed, usually membranous wing(s); 3 = fimbriate.

29. Seed coma: 0 = absent; 1 = present. A coma is a tuft of hairs all arising from a small restricted region at the end(s) of a seed. It is not considered to be homologous to the fimbria that are found around the margin of the seed in, for example, Alstonia.

30. Hilar depression: 0 = absent; 1 = an ovate depression, less than 50% the length of the seed; 2 = a deep, broad furrow, traversing the entire seed length; 3 = a deep, narrow fissure, traversing 75%–80% of the length of the seed.

31. Hilum shape: 0 = linear, traversing the length of the seed; 1 = linear, but shorter than the seed; 2 = small, circular (punctiform); 3 = ovate, covering a larger area.

32. Endosperm: 0 = not ruminate; 1 = with shallow, irregular tubercules or ruminations; 2 = with deep longitudinal ruminations. Ruminate endosperm, although relatively rare in Apocynaceae, is characteristic forTabernaemontana and is also found in several genera of Alyxieae. Chilocarpus is unusual in this aspect in that the genus can be divided into two groups: those with smooth and those with ruminate endosperm (Pichon, 1949c; Markgraf, 1971). The representative species used in the analysis here belongs to the group with smooth endosperm; had a species from the other group been selected, Chilocarpus would fit better with other Alyxieae as to this character.

33. Endosperm: 0 = tough and corneous to subcartilaginous; 1 = firm, fleshy or starchy; 2 = delicate, soft or mealy. There is considerable variation in the thickness of the endosperm. For example, the endosperm ofAlyxia, Chilocarpus, Condylocarpon, Lepinia, Lepiniopsis, and Pteralyxia is especially thick and tough (even difficult to cut with a razor blade). In Allamanda, Picralima, Plectaneia, and Pleiocarpa, endosperm is also tough but much thinner, but because no clear demarcation between “thick” and “thin” could be found, only the consistency of the endosperm is coded.

34. Cotyledon base: 0 = auriculate; 1 = not auriculate. Although cotyledons are typically auriculate at the base in Tabernaemontaneae (sensu Leeuwenberg, 1991), this was not the case in the species included here.

35. Secoiridoids and complex indole alkaloids: 0 = absent; 1 = secoiridoids present, indole alkaloids absent; 2 = dominant indole alkaloids present, but only those with non-rearranged secologanin skeleton; 3 = dominant indole alkaloids present, including those with rearranged secologanin skeleton of the eburnan and/or plumeran type; 4 = dominant indole alkaloids present, including those with rearranged secologanin part of the ibogan type.

36. Cardenolides: 0 = absent; 1 = present.

37. Steroidal alkaloids: 0 = absent; 1 = present.

38. Pollen unit: 0 = monad; 1 = tetrad. Tetrads are rare in Rauvolfioideae, and of the taxa sampled here they occur only in Condylocarpon and Craspidospermum.

39. Pollen grain: 0 = small (≤ 51 µm); 1 = large (≥ 60 µm). Average largest pollen grain size (either the length of the polar axis, P, or the diameter of the equatorial plane, E) varies between 25 and 90 µm. It appears that a relatively large gap exists between 51 and 60 µm and that only Anechites (56 µm) falls between. Coding pollen size either as small (≤ 51 µm) or as large (≥ 60 µm), with one ambiguous case, gives two rather well-separated size classes.

40. Pollen grain shape: 0 = regular; 1 = irregular. Pollen grains with a regular shape have a zonoaperturate aperture system with equally spaced apertures on the equator. The polar axis and the equatorial plane can be easily indicated. In pollen grains with an irregular shape, the position/orientation of the polar axis and the equatorial plane cannot be indicated because there are only one or two porate apertures that are unequally spaced and sized and have an oblique orientation. Irregular pollen grains with three porate apertures have unequally spaced and sized apertures with oblique orientations.

41. Aperture number: 0 = zero; 1 = one or two; 2 = three or four; 3 = five or more. In Rauvolfioideae, onlyCondylocarpon has inaperturate pollen (aperture number = zero). Two-aperturate pollen (sometimes mixed with 1-aperturate) occurs in Alyxia, Chilocarpus, Plectaneia, and Pteralyxia, while 3- and/or 4-aperturate pollen (often mixed within a single sample) is found in most other genera. A few genera have five or more apertures (up to 10 apertures are found in Craspidospermum). In most samples studied, minor percentages of pollen grains with deviating aperture numbers are found, which is a common phenomenon in dicots. The coding given is for the dominant aperture numbers.

42. Ectoapertures: 0 = long colpi; 1 = short colpi; 2 = large pori; 3 = small pori; 4 = indistinct. Colpate ectoapertures are either longer than ca. 2/3 (long colpi) or shorter than ca. 1/3 (short colpi) the length of the polar axis (P). Large pori are at least 6 µm; if 6 µm (Chilocarpus, Plectaneia), then they are always accompanied by larger pori (up to 9 and 12 µm, respectively) in the same pollen grain. Small pores are 2–5 µm and do not vary much in size in a single grain. Due to its thin outer exine, Vinca pollen has indistinct ectoapertures.

43. Ectoaperture margin: 0 = not outwardly thickened; 1 = outwardly weakly thickened; 2 = outwardly distinctly thickened; 3 = with conspicuous arcus-like ridges. The ectoaperture margin is usually not thickened. In genera with large pores, but also in the brachycolpate Molongum, it is distinctly thickened into a well-delimited, protruding margin (aspidate pollen). In the genera with small pores, the ectoaperture margin is not or only weakly thickened. Aspidosperma and Vallesia have conspicuous ridges (massive and partly hollow, respectively) along the colpi joining toward the poles.

44. Endoapertures: 0 = distinct from and smaller than ectoapertures; 1 = not distinct from ectoapertures; 2 = distinct from and larger than ectoapertures. In Alyxia, Lepinia, Lepiniopsis, Plectaneia, and Pteralyxia (all with porate pollen), the endoapertures are not delimited from the ectoapertures (endo- and ectoapertures congruent). In other porate genera, the endopore is distinct by being situated in a differentiated inner exine layer, and also in all other taxa the endo- and ectoapertures are incongruent. In colporate pollen grains, the endoapertures are always smaller than the ectoapertures, except in Vinca, in which the endoapertures (delimited by costae) are larger than the ectoapertures.

45. Endoaperture margin: 0 = not inwardly thickened; 1 = with endoannulus; 2 = with polar costae; 3 = with lateral costae. This character can only be assessed by using LM and/or SEM images of the inner pollen-wall surface. An endoannulus is an inward thickening encircling the endoaperture. Polar costae are thickenings at the polar sides of usually lalongate endoapertures. Lateral costae are thickenings at the lateral sides of circular to lalongate endoapertures.

46. Supplementary endocolpi: 0 = absent (no endoplates recognizable); 1 = weak (zones of endocracks; endoplates indistinct); 2 = distinct (endoplates well recognizable). Supplementary endocolpi are narrow (e.g.,Cabucula) to wide (e.g., Rhazya) zones along the colpi (one at each side) where the inner exine layer is more or less missing. They may join interaperturally toward the poles. In some genera (e.g., Catharanthus), they seem to have taken over at least some of the function of the ectocolpi, bordering on distinctly thicker intine parts (see El-Ghazaly, 1990, fig. 17). Usually, supplementary endocolpi have a granular inner surface and delimit smooth endoplates in the mesocolpium centers (mesocolpial plates) and under the colpi at the polar sides of the endoapertures (colpal plates). Supplementary endocolpi occur only in colporate genera (not all) and are absent in all porate genera.

47. Intine protrusions: 0 = absent; 1 = present. Coding of this character is largely based on data provided byPichon (1947c, 1948a, b, c, 1950a, b). Protruding intine bulges at the endoapertures occur in both genera with porate pollen and genera with colporate pollen. In some cases, it could be observed (TEM) that the outer zone of a bulge has an intricately channeled structure. In Alyxia, there seems even to be a kind of relatively rigid operculum topping the protrusion (Huang, 1986).

48. Exine: 0 = not reduced; 1 = reduced (thin). Condylocarpon and Vinca have a thin exine (0.1–0.6 µm and ca. 0.1 µm, respectively), whereas in the other genera, exine thickness is at least 0.9 µm, but is usually much thicker.

49. Inner exine surface: 0 = psilate; 1 = scabrate; 2 = verrucate; 3 = granular. This character codes for the inner ornamentation of the exine (nexine surface) and was taken from the inside of the mesocolpia (mesoporia) centers. A scabrate surface has elements smaller than 1 µm. Verrucate and granular elements are larger than 1 µm, the former with a broad base, the latter with a constricted base.

50. Inner exine layer (nexine): 0 = ectexinous/endexinous (foot layer/endexine); 1 = ectexinous (endexine absent); 2 = endexinous (foot layer absent). This character codes for the composition of the inner exine layer (nexine). Endexinous parts are indicated by ‘white lines,’ a lamellate structure and/or a ± spongy aspect. Ectexinous parts are ± homogeneous. Usually endexinous and ectexinous parts differ in contrast.

51. Infratectum: 0 = columellate; 1 = granular, reticulate or irregular; 2 = not recognizable (commissural line). A columellate condition is found only in Gelsemium. In most other genera, the infratectum is granular, reticulate or irregular, and varying in thickness. In Alyxia, Lepinia, Lepiniopsis, and Pteralyxia, an infratectum is indistinct (sparse gaps in inner exine layer), the contact between ectexine and endexine being largely a commissural line.

52. Tectum: 0 = thicker than infratectum + inner exine layer; 1 = equal to infratectum + inner exine layer; 2 = thinner than infratectum + inner exine layer. This character codes for the thickness of the tectum compared with the rest of the exine (infratectum + inner exine layer). It is also an approximate measure for the relative position of the infratectum. Usually the tectum is well delimited. When the boundary is irregular (e.g., inPlectaneia), the average tectum thickness was measured.

53. Outer exine surface: 0 = psilate (even to undulate); 1 = verrucate, with angular anastomosing verrucae; 2 = verrucate, with ± circular isolated verrucae; 3 = microreticulate; 4 = scabrate; 5 = striate-reticulate. This character codes for the outer ornamentation of the exine (tectum surface). Most genera have psilate pollen (no protuberances), with an even to undulate, often perforate surface. Lepinia and Lepiniopsis have verrucate pollen with anastomosing verrucae. The other states, except for scabrate exine, occur in single genera.

54. Mesocolpium/mesoporium centers: 0 = outer surface hardly or not deviating from surrounding exine; 1 = outer surface clearly deviating from surrounding exine. In about 1/4 of the sampled genera with colporate pollen, the outer surfaces of the mesocolpium centers have a different ornamentation compared with the surrounding areas. Usually the mesocolpium centers have a rugulate, microfossulate to verrucate, or a less distinctly perforate ornamentation.
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