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Appendix S1
Morph-Anatomical Character Analysis from:-

N. Cusimano, J. Bogner, S. J. Mayo, P. C. Boyce, S. Y. Wong, M. Hesse, W. L. A. Hetterscheid, R. C. Keating and J. C. French. 2011. Relationships within the Araceae: comparison of morphological patterns with molecular phylogenies. American Journal of Botany 98(4): 1–16. 
Description of the characters scored in the morpho-anatomical data matrix (see published paper for references).
1. Flower sexuality: bisexual < 0 >; unisexual < 1 >

Flower sexuality is normally unambiguous. However in certain genera such as Calla, the uppermost flowers of the spadix are unisexual in behaviour although bisexual in structure. 

2. Perigon: present < 0 >; absent < 1 >

In some genera the perigon can be inconspicuous, e.g., Anadendrum, Stylochaeton.

3. Trichosclereids: absent < 0 >; present not in bundles, ± large < 1 >; present in bundles, ± small < 2 >

Trichosclereids are found sporadically in Pothos (Keating, 2002). In some genera of the Monsteroideae (e.g., Heteropsis) the trichosclereids are absent (Keating (2002). 

4. Spathe structure: spathe bract-like, unspecialized, ± inconspicuous < 0 >; spathe modified for attraction and display or specialized in some other way < 1 >; spathe absent < 2 >

The spathe is almost always well developed and functions as an integral part of the inflorescence. However in Gymnostachys and Orontium the structure homologous to a spathe is the simple bract that subtends the spadix, while in Pothoidium many spadices entirely lack a spathe or homologous structure.

5. Inflorescence stipe and peduncle: major internode of the inflorescence is the stipe situated between spadix and spathe < 0 >; major internode of the inflorescence is the peduncle situated between spathe and next leaf below < 1 >

The long stipe (character state 0) is most clearly seen in Orontium and Lysichiton.

6. Shoot architecture: continuation shoot in last leaf axil before spathe < 0 >; continuation shoot in axil of penultimate leaf before spathe < 1 >; culm type inflorescence with cauline bracts in addition to spathes (Gymnostachys) < 2 >; monopodial scandent structure < 3 > 

Engler (1877) made the first comparative survey of shoot architecture in Araceae, later further developed by (Ray, 1986, 1987a, b, c, 1988, 1990) and Andrade & Mayo (1998, 2000). The so-called monopodial shoot structure (character state 3) is found only in climbing hemi-epiphytes and is probably a derived condition specialized for that ecological niche. 

7. Phyllotaxy: distichous < 0 >; spiral < 1 >

The analysis of characters 8 to 12 is based primarily on the work of Grayum (1984, 1992), Hesse et al. (2000, 2001); Hesse (2006a) and Bogner and Hesse (2005). 

8. Pollen aperture : monosulcate < 0 >; extended monosulcate < 1 >; zonate < 2 >; diaperturate < 3 >; forate < 4 >; inaperturate (omniaperturate) < 5 >; monosulcoidate < 6 >; ulcerate < 7 >; multiaperturate <8>

Hesse & Zetter (2007, p.103) have observed that “Spathiphyllum/Holochlamys pollen grains are not omniaperturate, like the six other polyplicate genera within the Aroideae, but as indicated by the thickened intine below the plicae ‘multiaperturate’ (Tarasevich 1988, Bogner and Hesse 2005)”. 
9. Pollen units: monads < 0 >; tetrads < 1 >; dyads < 2 >

Tetrad pollen was thought previously to be a good diagnostic character to separate Xanthosoma from Caladium (Mayo and Bogner, 1988), but more recent studies have shown that this is not the case (Bogner & Gonçalves, 2005).

10. Pollen shape: ellipsoid < 0 >; hamburger-shaped < 1 >; globose < 2 >
11. Mean pollen size: small 10-24 μm. < 0 >; medium 25-49 μm. < 1 >; large 50-99 μm. < 2 >; very large 100-199 μm. < 3 >

12. Pollen exine surface: reticulate or other < 0 >; smooth < 1 >; spinose < 2 >; striate (polyplicate) < 3 >

We have included within the character state “reticulate or other” (0) a range of other types named by Grayum (1992).

13. Petiole pulvinus (“geniculum”): absent < 0 >; present < 1 >

The pulvinus (widely called a geniculum) is a zone of swollen tissue at the petiole apex which in some genera (e.g., Bognera, some species of Philodendron, Homalomena) is only clearly visible in living plants; its serves to orientate the leaf blade and is characteristic of long-lived leaves (Hay & Mabberley 1991). In Araceae the nastic movement of the leaf blade ceases once its development is complete. In strictly geniculate leaves (e.g. Marantaceae) nastic movement remains active throughout the life of the leaf.

14. Pollen starch: absent < 0 >; present < 1 >

This analysis is based on the survey by Grayum (1992) with additional observations by Hesse (pers. comm.). 

15. Sclerotic hypodermis in roots: absent < 0 >; present < 1 >

This analysis is based on the survey by (French, 1987a).

16. Endothecial thickenings: present < 0 >; absent < 1 >

This analysis is based on the survey by French (1985a,b, 1986).

17. Resin canals in roots: absent < 0 >; present < 1 >

This analysis is based on the survey by French (1987b).

18. Laticifers: absent or only scattered cells < 0 >; present, simple, articulated < 1 >; present, anastomosing < 2 >

This analysis is based on the surveys by French (1988) and Keating (2002).

The analysis and data for Characters 19 to 22 are based on the survey made by Fox & French (1988), which covered only the genera with abundant milky latex of the subfamily Colocasioideae (as recognized by Bogner & Nicolson, 1991). 

19. Latex s bodies: absent < 0 >; present < 1 >

20. Latex rubber (r) particles: absent < 0 >; present < 1 >

21. Latex y bodies: absent < 0 >; present < 1 >

22. Latex r bodies: absent < 0 >; present < 1 >

23. Primary leaf venation – midrib: midrib of primary veins ± absent with veins arcuate from the base < 0 >; midrib of primary veins well developed, i.e., pinnate veins in anterior division < 1 > 

The midrib is normally formed from the fusion of the proximal portions of the major (primary) veins of the anterior division of the leaf blade. In their distal portions these veins diverge successively from the midrib in a pinnate pattern and are then referred to as primary lateral veins. The midrib, as defined here, refers only to the compound structure created by the proximal fusion of the primary veins. In some genera (e.g., ., Filarum, Ulearum) there is no basal connation of the primary veins and we therefore score this as the absence of a midrib, despite the presence of a single central primary vein. Likewise, those genera with pedately divided leaves (e.g., Dracunculus) are scored as lacking a midrib (state 0) since the primary veins are the central veins of each leaflet. This analysis must be regarded as provisional, because apart from the study by Ertl (1932) there are few data on the ontogenesis of leaf venation in the Araceae. An improved classification of venation patterns in the future would, incidentally, facilitate the taxonomic interpretation of leaf fossils (Wilde et al., 2005; Bogner et al., 2007). 

24. Primary leaf venation – basal ribs: basal ribs of primary veins absent < 0 >; basal ribs of primary veins very well developed, i.e., ± tripartite primary development < 1 >; basal ribs of primary veins distinct but short, i.e., as found in hastate, sagittate, pedate, trilobed and radiate primary vein patterns < 2 > 
Basal ribs are defined here as exactly analogous to the midrib, but formed by the fusion of primary veins of the posterior divisions (see GoA page 8, fig. 6). Basal ribs occur only in leaves which have posterior divisions and are particularly well-developed in the Lasioideae, where in some species of Cyrtosperma they may be more strongly developed than the midrib (e.g., GoA page 139, plate 26). 

25. Primary leaf venation – blade: distinct blade not differentiated, leaf ± linear < 0 >; distinct blade differentiated < 1 >; distinct blade not differentiated, leaf and shoot fused into a thallus-like body called a frond < 2 >

Clear differentiation of petiole and leaf blade is near-universal in Araceae, except Gymnostachys, some species of Biarum, and Cryptocoryne. In the Lemnaceae we interpret the pouch region of the frond of the genera Lemna, Landoltia, and Spirodela as homologous with a petiole and sheath, in contrast to Wolffia and Wolffiella in which the leaf and stem structures are conceived to be congenitally or rather, as a highly reduced neotenic form without such differentiation. 

26. Primary leaf venation – marginal venation of anterior division or ultimate leaf lobes: ± no sympodial marginal or inframarginal vein, primary veins usually fusing only near apex < 0 >; sympodial marginal vein formed of ± all primary veins, no sympodial inframarginal vein < 1 >; sympodial inframarginal vein formed by majority of primary veins, lowermost primary veins forming non-sympodial marginal veins < 2 >

This analysis is based on a reading of Ertl (1932) from which a transformation series can be conceptualized beginning with a Hydrocleys-like pattern in which the primary veins diverge at the petiole insertion and curve around to join together at or very near the leaf apex. In the Araceae this pattern is found in Anthurium sect. Digitinervium and is approached in Pistia and Ambrosina. In most Araceae the primary lateral veins join together at the margin into a sympodial marginal vein (e.g., Philodendron, Schismatoglottis, Heteropsis). Sometimes a sympodial submarginal collective vein is also formed (e.g., GoA, pages 104 107, plates 8i to 8iv) apparently by fusion of the distal portions of some or nearly all the primary lateral veins. In these cases the marginal vein is formed by the distal portion of more basal primary lateral veins. Some genera (e.g., Peltandra, Typhonodorum) characteristically have a series of marginal and submarginal veins running parallel to each other near the margin (GoA, page 248, plate 84A, B) 

27. Marginal form of leaf: margin not lobed < 0 >; margin lobed pinnately in the anterior division < 1 >; margin lobed pedately or radiately < 2 >; margin lobed both pinnately and pedately (dracontioid) < 3 >; margin lobed trifidly including deeply sagittate < 4 >; margin bi- to tri- to quadripinnate < 5 >; margin lobed both pinnately and pedately (decompound) < 6 >
According to Hay & Mabberley (1991), Hetterscheid (in prep.) and Boyce (Flora of Thailand, in prep.) a decompound leaf has the lamina trisect with all divisions erect, the primary divisions usually pinnatisect, bipinnatisect or dichotomously further divided (rarely undivided) the highest order divisions being the leaflets, which are entire, never fenestrate or lobed and only ever with one tip and decurrent at the base or rarely petiolulate. This leaf form is typical in Amorphophallus. 

A dracontioid leaf on the other hand is an elaborated form of sagittate, hastate or trisect leaves in which the anterior lobe is erect and the posterior lobes are directed downwards. The anterior and posterior divisions are highly dissected and subdivided; the highest order divisions entire, often fenestrate, or lobed with divisions occurring through early-onset necrosis; the leaflets often have two or more tips. This leaf type is typical in Dracontium, Pycnospatha, Anchomanes and Pseudohydrosme. In the Lasioideae (clade 7) leaf development is acropetal and the leaf blade emerges in a very early stage of development with most growth occurring subsequently.

The patterns of leaf lobing are among the most striking characters of Araceae, but explanations of the relationships between these patterns are still ad hoc and require more thorough morphogenetic studies. There is a close link between the differentiation of major veins and the appearance of leaf lobes or segments, but the degree of marginal lobing may vary considerably among taxa with essentially similar primary vein patterns (e.g., Hay 1986; Philodendron subgen. Meconostigma, Mayo, 1991). Dracontioid leaves (state 3) are the result of subdivision of leaves in which the posterior and anterior divisions are approximately equally well-developed. Pedate leaves represent the condition of subdivision of the posterior divisions with the anterior division remaining entire (e.g., Philodendron goeldii ). In some pinnately lobed and pinnatisect leaves the lobing of posterior divisions is only weakly or not at all developed (e.g., Anaphyllum, Zamioculcas, and Gorgonidium).

28. Fine venation: secondaries and tertiaries forming mostly cross veins to primaries < 0 >; secondaries and tertiaries parallel to primaries, joined by cross veins only < 1 >; secondaries and tertiaries ± parallel to primaries, often forming interprimary sympodial veins, cross connections often reticulated < 2 >; secondaries and tertiaries mostly reticulating freely, forming interprimary sympodial veins < 3 >; absent, only primary veins present < 4 >

The type of fine leaf venation has been used since Engler (1876) as a subfamily character within the Araceae. Subsequent work by (Ertl, 1932) suggested that these differences were less distinct than had been thought and recent molecular phylogenetic studies have suggested that this character is useful only at lower taxonomic categories. Engler’s subfamilies Philodendroideae and Colocasioideae Engler (1920) were characterized respectively by parallelpinnate venation (secondaries and tertiaries parallel to pinnately organized primary lateral veins; GoA, page 311, Venation types F) and colocasioid venation (GoA, page 311, Venation types E). However, subsequent phylogenetic studies have shown that parallel-pinnate and reticulate venation may both occur within a single tribal clade (e.g., Spathicarpeae sensu Gonçalves, 2002, Gonçalves et al., 2007) and the two tribes characterized by colocasioid venation, the Caladieae and the Colocasieae, are found in widely separate subclades of the subfamily Aroideae (Keating, 2002; Bogner & Petersen, 2007; Cabrera et al., 2008). We have therefore avoided the older analysis terms into “reticulate”, “philodendroid” and “colocasioid” and instead attempted a description of each state in terms of the mutual relationships of primary, secondary and tertiary lateral veins. This classification of vein patterns remains provisional and needs further studies to put it on a firmer footing.

29. Leaf fenestration: fenestration by necrosis between primary veins absent < 0 >; fenestration by necrosis between primary veins present < 1 >

The best-known examples of leaf fenestration occur in Monstera and some other genera of the tribe Monstereae. While normally understood as the occurrence of perforations in an otherwise simple leaf, we have followed previous authors (e.g., Grayum, 1984, 1990; Hay 1986) in interpreting the pinnatisect and dracontioid leaves of some other genera (Rhaphidophora, Epipremnum, Dracontium, Dracontioides, Anchomanes) as the result of necrotic fenestration (programmed cell death) rather than differential marginal growth. No comparative study of programmed cell death has yet been made in Araceae but an recent report in Monstera is that of Gunawardena et al., (2005).

30. Prickles on stem or petiole: absent < 0 >; present < 1 >

31. Stem producing erect shoots with bulbils: absent < 0 >; present < 1 >

This character is only present in the genus Remusatia.

32. Stem type – thickening: not condensed or strongly thickened < 0 >; condensed, strongly thickened but not depressed-globose < 1 >; condensed, strongly thickened into depressed-globose tuber (corm) < 2 >; stem reduced to a minute button, or indistinguishable from the thalloid structure < 3 >

Stem morphology, like leaf venation, is another character field in need of a more analytical understanding of homologies to substitute the present rather intuitive expression of character states. Anatomical and morphogenetic studies are needed to provide the basis for this desired improvement in understanding. The analysis presented here (characters 32 and 33) focuses on separating stem thickening for nutrient storage from the habit, although these may not be completely independent characters.

33. Stem type – habit: subaerial, creeping to erect < 0 >; ± erect at least distally, aerial < 1 >; entirely subterranean < 2 >; aerial and climbing, including hemiepiphytes < 3 >; aerial and truly epiphytic < 4 >

Subterranean stems tend to be thickened for nutrient storage, i.e., correlation with character 32 but this is not always the case; for example in some Stylochaeton species and in Gearum the roots seem to have such a role, being often very thick and fleshy and the stem relatively slender despite the geophytic habit. Epiphytes and hemiepiphytes tend to have elongated and relatively slender green stems, but Remusatia, with a subglobose tuberous stem, is habitually found as an epiphyte. Many other such examples exist which make the independence of stem storage thickening and habit at least a reasonable working hypothesis.

34. Peltate leaves; absent < 0 >; present < 1 >

35. Aquatic habit: not aquatic < 0 >; helophytes < 1 >; floating aquatics < 2 >; submerged aquatics < 3 >; rheophytes < 4 >; amphibious <5>

We use “not aquatic” in preference to “terrestrial” because the latter state could be interpreted to exclude epiphytic and hemi-epiphytic taxa, and this habit difference is dealt with in character 33.

According to Boyce (Flora of Thailand, in prep.), helophytes are defined as plants inhabiting constantly saturated soils (water mostly flowing slowly) with leaves occasionally submerged but mainly exposed and usually in full sun, e.g., Lysichiton, Symplocarpus, Orontium, Aglaodorum, Montrichardia, Peltandra, Typhonodorum, Lasimorpha, Lasia, Anaphyllum, Dracontioides, Anaphyllopsis, most Urospatha, most Zantedeschia, some Cyrtosperma, Homalomena rostrata, H. expedita, Typhonium flagelliforme, some Philodendron. Amphibious plants on the other hand grow in soils saturated for part of the year (water flowing slowly) when the leaves are mainly submerged, but in the dry season when the soil dries out the leaves are exposed e.g., Dracontioides salvinii, some Indian Cryptocoryne, Urospatha wurdackii.

36. Petiole ligule: petiole sheath not long-ligulate apically < 0 >; petiole sheath long-ligulate apically < 1 >

This character is common to all genera (but not all species) of the Schismatoglottideae, but also occurs in Calla.

37. Intravaginal squamules: absent < 0 >; present < 1 >

Intravaginal squamules are similar to colleters, epidermal structures that appear to have a secretory function in the early development of the shoot and later may become stiff and even prickle-like in certain species of Philodendron subgen. Meconostigma. In the Araceae they occur only in the Cryptocoryneae and Philodendron.

38. Spathe behaviour: no differentiation in persistence, entire spathe persistent or withering slowly without distinctive abscission < 0 >; tube or lower half persistent, blade marcescent or caducous < 1 >; no differentiation, entire spathe caducous with distinct basal abscission < 2 >

Some unisexual-flowered genera show a marked differentiation of persistence and colour between spathe tube and blade in which the paler (often white) blade, along with the associated portion of the spadix, speedily withers, decomposes or just falls off following a rapid absicission. Prior to the results of French et al. (1995) and GoA (1997) this was considered characteristic of the subfamily Colocasioideae, but it is also typical of the Schismatoglottideae. In Piptospatha, the spathe is sub-globose but exhibits rapid spathe-limb abscission during anthesis, thus demonstrating that this character is not necessarily correlated with the presence of the spathe constriction characteristic of many genera e.g., Xanthosoma, Colocasia. Spathes which fall soon after flowering are typical of many Monsteroideae. Ecologically there must be a connection between spathe behaviour and the mode of protection of the developing seeds, but this has been little studied since Madison (1979). In Monsteroideae for example, the spathe does not protect the developing fruits within the spadix as in e.g., Philodendron). Instead the floral tissues are full of trichosclereids which presumably protect them from herbivores.

39. Spathe shape: fully expanded, often reflexed < 0 >; boat- shaped, ± convolute basally or not < 1 >; convolute basally into distinct tube with distinctly different, ± expanded blade < 2 >

The presence of strong shape differentiation between spathe tube and blade is found only in unisexual-flowered genera. This character is often accompanied by the presence of a more (e.g., Xanthosoma) or less (many Philodendron species) strongly marked constriction between the two portions of the spathe. In Arisaema the spathe tube tends to be cylindric without a constriction despite an often remarkable differentiation of the blade (e.g., A. griffithii ). Within the unisexual genera there are many in which spathe shapes are much simpler, e.g., the boat-shaped spathes of Anchomanes. As with other features of spathe and spadix morphology, biological understanding requires further study of floral ecology, pollination and dispersal.

40. Spadix-spathe fusion – chambers: spathe and spadix not forming 2 distinct chambers by fusion < 0 >; spathe and spadix forming 2 distinct chambers by partial fusion < 1 >

State 1 describes a more complete separation of tube and blade by the presence of partial septum with only a narrow passage allowing the movement of pollinators.

41. Spadix-spathe fusion – internal flap: spathe without internal flap covering the spadix apex < 0 >; spathe with internal flap covering the spadix apex < 1 >

This character (state 1) is unique to Cryptocoryneae.

42. Spathe margins: margins free or connate only at extreme base < 0 >; connate for distinct distance < 1 >

Connate spathe tubes are probably only synapomorphic for the genera of the Cryptocoryneae.

43. Spadix-spathe fusion – dorsal fusion: spadix dorsally free of spathe < 0 >; spadix female zone dorsally adnate to spathe < 1 >; spadix entirely dorsally adnate to spathe < 2 >

Completely adnate spadices (2) occur in Spathicarpa and Spathantheum.

44. Spadix zonation: no zonation < 0 >; male and female zones only < 1 >; female, sterile, male zones < 2 >; female, male, sterile zones < 3 >; female, sterile, male, sterile zones < 4 >

The zonation is to be thought of as extending from base to apex in the above schema. All bisexual-flowered genera are counted as “no zonation” (0), and this character is thus partly dependent on flower sexuality (character 1). However, in some bisexual-flowered genera the lowermost flowers are sterile and have a role in rewarding pollinators either by gum-like secretions (e.g. Monstera) or as food (Podolasia). Recent observations in Schismatoglottideae (Boyce & Wong, pers. comm.) have revealed a fifth spadix zonation type: sterile-female-sterile-male.

45. Spadix Appendix: Appendix absent or inconspicuous < 0 >; Appendix a conspicuous and well developed organ, staminodial < 1 >; Appendix a conspicuous and well developed organ, smooth to corrugated < 2 >
In state 1 there is a clear androecial structure on the Appendix with the stamindodes clustered in floral units, whereas in corrugated spadix appendices (state 2) the corrugations bear no obvious relation to floral structure.

46. Basipetal flowering: flowering sequence of spadix not basipetal < 0 >; flowering sequence of spadix basipetal < 1 >

This character < 1 > is only known in subfamily Lasioideae.

47. Female zone length: composed of more than 1 flower < 0 >; composed of only 1 flower < 1 >

In Pistia and Ambrosina the female zone consists of only a solitary gynoecium. In Arisarum, there may be as few as two.

48. Stamen thecae horns: thecae not horned < 0 >; thecae horned < 1 > 

Horned thecae occur in the tribes Cryptocoryneae and Schismatoglottideae, but not in the genera Schismatoglottis, Bakoa or Piptospatha.

49. Stamen connective: not strongly thickened < 0 >; strongly thickened laterally, at apex, and ± glandular < 1 >

Thick stamen connectives are found in many unisexual-flowered genera, a typical example being Philodendron. Based on the study of osmophores by Vogel (1963) it is likely that in these genera the stamen connectives generate floral odours.

50. Stamen connation: stamens free < 0 >; connate by filaments < 1 >; entirely connate (including connectives) < 2 >

Connation of the stamens of the floral unit is mostly found in unisexual-flowered genera, although in Lasimorpha (subfamily Lasioideae) the filaments are more-or-less connate. In genera with thickened stamen connectives (character 49) connation of the stamens is accompanied by the presence of a large mass of osmophoric glandular tissue within each male flower (e.g., Anubias, Xanthosoma). 

51. Anther dehiscence: dehiscing by longitudinal slits < 0 >; dehiscing by oblique pore-like slits < 1 >; dehiscing by apical pores < 2 > 

The manner in which the anthers dehisce and present the pollen varies widely. In many unisexual-flowered genera the pollen is extruded in strings from pore-like anther stomia. Pollen presentation modes may be correlated with other inflorescence attributes such as the secretion of sticky substances like resins (Grayum, 1990).

52. Staminodes in female zone: absent < 0 >; present < 1 >

The presence of staminodes in the female flower is characteristic of the tribe Spathicarpeae (including Dieffenbachia as reformulated by Gonçalves et al., 2007), the Peltandreae, Protarum, most Homalomena and Furtadoa. The function of these organs has been little-studied except in Dieffenbachia and Homalomena Homalomenawhere they serve as food for pollinating beetles (Young, 1986, Boyce, pers. comm.).

53. Ovary locules: two to three < 0 >; unilocular < 1 >; more than three < 2 >

Unilocular ovaries in Araceae are regarded as pseudomonomerous (Eyde et al., 1967), and usually provide anatomical evidence of derivation from multilocular ancestors. Ovaries with high numbers of locules are found in some genera of Spathicarpeae, and especially in Philodendron, although in the latter case there are also species with as few as 2 or 3 locules (Mayo, 1989). High locule number may be a derived feature linked to parasitism of ovules and seeds by chalcid wasps (Gibernau et al., 2002).

54. Ovule type: anatropous or hemianatropous < 0 >; campylotropous < 1 >; hemiorthotropous < 2 >; strictly orthotropous < 3 >

55. Endosperm: copious, embryo relatively small < 0 >; sparse to absent, embryo relatively large < 1 >

Important sources of information on endosperm characters in Araceae are Seubert (1993) and Tillich (2003).

56. Placentation: axile or on strongly intrusive placentae < 0 >; apical < 1 >; parietal, septa very reduced < 2 >; basal, basal-parietal or basal-axile < 3 >; basal and apical < 4 >

Placental characters are normally observed in herbarium or living specimens using low-power microscopy or even hand lenses but the analysis of this character would benefit from more detailed comparative anatomical studies.

57. Chromosome base number: x =12 < 0 >; x =13 < 1 >; x =14 < 2 >; x =11 < 3 >; x =19 < 4 >; x =10 < 5 >; x =15 < 6 >; x =16 < 7 >; x =17 < 8 >; x =18 < 9 > 

Bogner and Petersen (2007) have reviewed this character recently and added a number of important new counts. This paper includes the most recent synopsis of the family classification based on GoA but including the Lemnacae as subfamily Lemnoideae.

58. Staminodes: staminodes in interfertile zones absent, prismatic or fungiform < 0 >; staminodes in interfertile zones hair-like, subulate, bristle-like or clavate-elongated < 1 >

Character state (1) occurs almost exclusively in the tribe Areae. 

59. Style: styles not laterally thickened or extended < 0 >; styles laterally thickened or extended into ”mantle” and contiguous < 1 > 

Laterally extended or thickened styles (state 1) are characteristic of the genera Xanthosoma and Chlorospatha in tribe Caladieae, and the absence of this character state has been used to distinguish Caladium from these genera by Madison (1981) and Mayo & Bogner (1988). However, new studies in Caladieae by Gonçalves, Diener et al., (2004) have shown (see also Bogner & Gonçalves, 2005) that this character is more complex than previously thought.

60. Ovule number: 3 or more per locule < 0 >; 1-2 per locule < 1 > 
61. Perigon-tepal connation: tepals free or partly free < 0 >; perigon a single unit < 1 >

62. Perigon-tepal apex: unthickened < 0 >; thickened < 1 >

63. Male flowers: no pistillode present < 0 >; pistillode or vestige, e.g., stigmatoids, present < 1 >

Pistillodes in male flowers are characteristic of Spathicarpeae, Zamioculcadoideae (clade 18) and Furtadoa.

Characters 64 – 69 are from the comprehensive monograph of Araceae vegetative

anatomy by Keating (2002).

64. Leaf TS spongy aerenchyma: compact tissue or cell-sized air spaces type 1, type 1a < 0 >; intercellular spaces 2-3 times the cell diameter size, type 2 < 1 >; intercellular spaces large with uniseriate partitions, type 3 < 2 >; intercellular spaces with multiseriate partitions, type 4 < 3 >

65. Leaf TS collenchyma: banded, type B < 0 >; banded, interrupted, type Bi < 1 >; strands irregular, often flattened, type Sb < 2 >; strands as phloem caps, type Svc < 3 >; strands discrete, usually circular, type Sv < 4 >; absent < 5 >

66. Leaf TS vascular bundles: broad, phloem strands semi-circular, type 1 < 0 >; narrow, phloem strands elliptical, type 2 < 1 >; small, xylem a wide cell or lacuna, type 3 < 2 >

67. Petiole TS collenchyma: banded, type B < 0 >; banded interrupted, type Bi < 1 >; irregular flattened strands, not aligned with vascular bundles, type Sb < 2 >; bundle caps, type Svc < 3 >; strands aligned with vascular bundles, type Sv < 4 >; ensheathing vascular bundles < 5 >; absent < 6 >

68. Petiole TS ground tissue: cells compact in centre < 0 >; cells loosely packed (cell-sized cavities), type 1 and 2 < 1 >; uniseriate partitions separating cavities, type 3 < 2 >; multiseriate partitions separating cavities, type 4 < 3 >

69. Petiole TS vascular bundles: large, type 1 < 0 >; medium-sized, type 2 < 1 >; small, with dominant single xylem element, type 3 < 2 >

Characters 70 – 74 are from Tillich (2003):

70. Cotyledon type: haustorial < 0 >; storage < 1 >

71. Cotyledon shape: compact < 0 >; hypophyll widened, blade-like < 1 >

72. First leaf: cataphyll < 0 >; eophyll < 1 >

73. hypocotyl presence: present < 0 >; absent < 1 >

74. Primary root presence: present < 0 >; absent < 1 >

75. Sporopollenin in ektexine: present < 0 >; absent < 1 >

This character is based on the studies of Hesse (2006a, b, c))

Characters 76 – 79 focus on the differentiation of the Lemnoid genera from

the rest of the family, based on Landolt (1998):

76. Roots: present < 0 >; absent < 1 >

77. Root branching: present < 0 >; absent < 1 >

78. Leaf veins: present < 0 >; absent < 1 >

79. Anther thecae: tetrasporangiate < 0 >; disporangiate < 1 >

80. Raphides: absent < 0 >; present < 1 >

All Araceae (including the Lemnoideae) have raphides.

81. Biforines: absent < 0 >; present < 1 >

This character is based on information from Keating (2002), who observed biforines only in unisexual-flowered genera.

