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Heterosamara sect. Villososperma comb. nov. (Polygalaceae) from eastern Asia Sı´lvia Castro, Paulo Silveira, Anto´nio P. Coutinho and Jorge Paiva S. Castro and P. Silveira ([email protected]), CESAM and Dept of Biology, Univ. of Aveiro, Campus Univ. de Santiago, PT3810 193 Aveiro, Portugal.  A. P. Coutinho and J. Paiva Dept of Botany, Faculty of Science and Technology, Univ. of Coimbra, Arcos do Jardim, PT3000 393 Coimbra, Portugal.



In this study, three species of Polygala L. (Polygalaceae) are transferred to the genus Heterosamara Kuntze based on plant morphology, habitat, and palynological features. Heterosamara wattersii (Hance) Paiva & P. Silveira comb. nov., H. caudata (Rehder & E. H. Wilson) Paiva & P. Silveira comb. nov. and H. resinosa (S. K. Chen) Paiva & P. Silveira comb. nov. from tropical and sub-tropical forests of eastern Asia are described. The first two are also illustrated and described palynologically. The inclusion of these species within this genus is justified by their typical heteropolar pollen with bilateral symmetry, bilobate crest (appendage in the keel), large lanceolate leaves with petioles, and forest habitats. The lack of information on the flower morphology of H. resinosa makes the classification of this species more difficult, as it is only known from the type specimen. Nonetheless, the habit, habitat and seed morphology place it in the same taxonomic group as the other species studied. The seeds of these three species present very distinctive features within the genus Heterosamara placing them in a newly recognized section, Heterosamara sect. Villososperma (C. Y. Wu & S. K. Chen) Paiva & P. Silveira comb. nov. Identification keys are provided for the genera, sections and species studied.



Heterosamara (Polygalaceae) was first established by Kuntze (1891) and recently rehabilitated by Paiva (1998). The latter author made a detailed description of the genus and distinguished it from Polygala L. based on palynologic features, flower, fruit, seed and leaf morphology, and plant ecology. Additionally, he included the African species of Chamaebuxus DC sensu Chodat in Heterosamara. The study of pollen morphology, a highly conserved character, has been shown to be an important tool in the supraspecific classification of Polygalaceae (Villanueva and Ramos 1986, Furness and Stafford 1995), and it was particularly important in the delimitation of Heterosamara (Paiva 1998). The genus Heterosamara currently contains 14 species that are distributed in tropical and sub-tropical forests of Africa and Asia. As a result of growing in hotter and more humid habitats, the species in this genus have large, membranaceous leaves that are petiolate. The papilionate flowers are arranged in terminal or pseudolateral racemes, and possess a distinctive bilobed crest (appendage in the keel). The pollen is poly-zono-colporate and is typically heteropolar. The seeds generally possess a caruncle with membranaceous appendages, and a strophiole on the opposite side of the caruncle (Paiva 1998). When examining herbarium material of Polygala wattersii Hance and P. caudata Rehder & E. H. Wilson (Fig. 1), we realised that the features of these species seemed to agree
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more with the description of Heterosamara, than with that of Polygala. Namely, these plants grow in tropical and subtropical forests, present large leaves with long petioles, and a keel with a bilobed crest (Fig. 1BC, 1I). Conversely, species of Polygala usually grow in grasslands or wooded grasslands, have narrow and subsessile leaves, and a keel with a fringed crest (rarely absent). However, the seeds of these species have features very distinct from those of both Polygala and Heterosamara. They do not have a caruncle, a structure typically present in species of Heterosamara (e.g. H. malesiana (Adema) Paiva, H. saxicola (Dunn) Paiva and H. engleri (Chodat) Paiva; Paiva 1998), but they do have a coma with very long hairs (Fig. 1F, 1J) similar to those on the seeds of the Australian endemic genus Comesperma Labill. (e.g. C. calymega Labill., C. polygaloides F. Muell., and C. ericinum DC). Because of their unique seed morphology, these species have already been assigned to a separate section within Polygala by C. Y. Wu and S. K. Chen (Polygala sect. Villososperma C. Y. Wu & S. K. Chen). To clarify the taxonomic position of P. wattersii and P. caudata we studied morphological characters on herbarium specimens and analysed pollen morphology using light and scanning electron microscopy. Unfortunately, due to a lack of herbarium specimens, it was impossible to conduct similar analyses in P. resinosa. This was ameliorated, however, by carefully reviewing the available literature.



Fig. 1. Heterosamara sect. Villososperma (C. Y. Wu & S. K. Chen) Paiva & P. Silveira. Heterosamara wattersii (Hance) Paiva & P. Silveira: (A) habit, (B) detail of keel and crest, (C) flower (Li Cehong 676, MO), (D) leaf (Ludlow & Sherriff. 18828, BM), (E) capsule (Li Cehong 676, MO), (F) seed (Wei Fanan 725, MO); Heterosamara caudata (Rehder & E. H. Wilson) Paiva & P. Silveira, (G) habit (A. Henry 10901a, GH and H. T. Tsai 51848, GH), (H) infructescence with mature capsules (Y. Tsiang 5064, GH and A. N. Steward & H. C. Cheo 115, GH), (I) flower (A. Henry 10901a, GH), (J) seed (A. N. Steward & H. C. Cheo 115, GH).



Methods Morphological observations were made on herbarium specimens of P. wattersii and P. caudata from the following institutions: BM, E, GH, K, and MO (abbreviations follow Holmgren et al. 1990). Pollen samples were taken from herbarium specimens of P. wattersii (n 5 individuals) and P. caudata (n 4 individuals) and were subjected to acetolysis according to the method of Erdtman (1960). For a morphometric



analysis of pollen using light microscopy (LM), pollen grains were mounted in silicon oil (Andersen 1960) and observed with an Olympus CX31 light microscope and an immersion objective (magnification 1000 ). Measurements were taken with an ocular micrometer. For each species, the following characters were assessed for 30 pollen grains: polar axis (P), equatorial diameter (E), colpi number, width and length, diameter of the apocolpium (smaller), width of the mesocolpium and endocingulum, and exine thickness in the apocolpium and costae. 287



Pollen grain morphology and ornamentation was observed using scanning electron microscopy (SEM). After dehydration in ethanol, pollen grains were mounted on aluminium stubs and coated under high vacuum with a gold/palladium film using a Jeol JFC-1100 Ion Sputter. Pollen samples were then observed with a Jeol JSM 5400 SEM operating at 10 kV. Each species was described palynologically following the terminology of Punt et al. (2007). LM definitive preparations and SEM slides were kept at AVE.



covering the caruncle and part of the seed. In some species, the seeds also bear a strophiole opposite to the caruncle. Fourteen species, from tropical forests of Africa and tropical and subtropical Asia.



Taxonomic treatment



Type: Heterosamara wattersii (Hance) Paiva & P. Silveira.



Dichotomous key to the genera



Seeds ovoid, densely tawny to whitish villous, with hairs to 47 mm, caruncle absent, but the hiliferous end with a brown, curved strophiolate appendage. Three species, from southern China, Bhutan, and northern Vietnam.



1. Keel with a fimbriate or plurilobate crest, rarely absent; leaves sessile or shortly petiolate, usually linear to lanceolate; pollen isopolar ........................................................Polygala 1. Keel with a bilobate crest; leaves distinctly petiolate, ovate to largely lanceolate, membranaceous; pollen heteropollar.............................................................. Heterosamara



Heterosamara Kuntze, Rev. Gen. Pl. 1: 47 (1891) Type: Heterosamara birmanica Kuntze (H. cardiocarpa (Kurz) Paiva). Shrublets or shrubs up to 4 m, or herbs, perennial or annual. Leaves alternate, distinctly petiolate with ovate to largely lanceolate, membranaceous limbs. Flowers pedicellate in terminal or pseudolateral recemes. Bracts and bracteoles caducous. Sepals 5, unequal, caducous; 2 internal (lateral) petaloids (wing-sepals). Petals 3, caducous, the basal one forming a keel with a bilobate crest (rarely absent). Pollen poly-zono-colporate, heteropolar, reniform. Fruits as capsules, usually flattened and winged. Seeds ellipsoid to ovoid, carunculate or caruncle absent, bearing a strophiole opposite to the caruncle or without strophiole, glabrous or hairy. Dichotomous key to the sections



1. Seeds glabrous, with short hairs or more rarely villous, with a caruncle . . ...............................Section Heterosamara 1. Seeds densely hirsute-villous, caruncle absent .............. ........................................................... Section Villososperma



Section Heterosamara



Section Villososperma (C. Y. Wu & S. K. Chen) Paiva & P. Silveira comb. nov. Basionym: Polygala sect. Villososperma C. Y. Wu & S. K. Chen in Acta Bot. Yunnan. 2(1): 78 (1980).



Dichotomous key to the species



1. Capsule with pedicellate, resiniferous glands, bright yellowish; leaves scattered along the branches .................... ....................................................................... 1. H. resinosa 1. Capsule without resiniferous glands, greenbrownish; leaves crowded at the apices of branches .......................... 2 2. Flowers 45(8) mm long; keel appendage peltate with two lobes; capsule ca 83 mm, oblongobovate .............. .......................................................................2. H. caudata 2. Flowers 1420 mm long; keel appendage 2-lobate; capsule 1014 56 mm, obovate or cuneate ................... ......................................................................3. H. wattersii



1. Heterosamara resinosa (S. K. Chen) Paiva & P. Silveira comb. nov. Basionym: Polygala resinosa S. K. Chen in Acta Bot. Yunnan. 2(1): 78, Fig. 2: 13 (1980); S. K. Chen in Fl. Reipubl. Popularis Sin. 43(3): 156, Fig. 34: 13 (1997). Type: China, Guangxi, Lonzhou, C. C. Li 3237 (IBSC, holotype). Shrubs ca 70 cm tall. Leaves scattered along the branches, limb 6121.53 cm, lanceolate, petiole 11.5 cm long. Racemes terminal, simple. Flowers unknown. Capsule bright yellowish, obovoidcuneate, ca 7 4 mm, with pedicelated resiniferous glands, margin narrowly winged, pedicel ca 5 mm long. Seeds ovoid, ca 1.5 mm long, densely yellowish to white villous, caruncle absent, with a curved strophiole. Fruiting period from September to November.



Type: Heterosamara birmanica Kuntze. Seeds ellipsoid to ovoid, scarcely tuberculate or smooth, glabrous, pubescent or rarely villous, with a caruncle. Caruncle with 3 membranaceous appendages, sometimes
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Habitat Sparse forests on mountain slopes.



Fig. 2. (A)(D): LM; (E)(I): SEM. (A) Heterosamara caudata, superficial view, (B) H. caudata, meridional optical section (m.o.s.), (C) H. wattersii, superficial view, (D) H. wattersii, m.o.s., (E) H. wattersii, general view, (F) H. wattersii, detail of the short apocolpium, (G) H. wattersii, detail of the apertures, (H) H. caudata, general view, (I) H. wattersii, larger apocolpium. a apocolpium, m  mesocolpium, mp micro-perforation.
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Distribution



Habitat



China: Guangxi, Longzhou.



Dense forests and shrub forests on limestone mountains, on shaded and sometimes on rocky places, between 450 and 1800 m altitude.



Conservation status The scarce available information and narrow distribution of H. resinosa reveal the importance of further studies on this species to assess the current conservation status and develop management strategies.



Distribution China: Guangdong, Guangxi, Guizhou, Hubei, Hunan, Sichuan, Yunnan. Specimens examined



Note For the description of H. resinosa and for the remaining information on this species, we relied only on bibliographic data; this species is known only from the type specimen held at the Herbarium of the South China Botanical Garden (China, Guangxi, Longzhou, 3 Oct 1956, C. C. Li 3237, IBSC).



2. Heterosamara caudata (Rehder & E. H. Wilson) Paiva & P. Silveira comb. nov. Basionym: Polygala caudata Rehder & E. H. Wilson in Sargent, Pl. Wilson. 2: 161 (1914); S. K. Wu in Fl. Yunnan 3: 266, pl. 74: 18 (1983); C. Y. Wu et al. in Ind. Fl. Yunnan 1: 210 (1984); S. K. Chen in Fl. Reipubl. Popularis Sin. 43(3): 156, Fig. 35: 18 (1997). Type: China, Yunnan, Mengtze, A. Henry 10901 (BM, GH, K, photo!, holotype in K). Nomenclatural synonym: Polygala comesperma Chodat in Bot. Jahrb. Engl. 52, 1/2 Beibl. 115: 71 (1914). Type: China, Yunnan, A. Henry 10901 (BM, GH, K, photo!, syntypes); ibidem 10901a (GH!, syntype); ibidem 10901c (BM, syntype). Taxonomic synonym: Polygala wattersii sensu Hance in J. Bot. 20: 3 (1882); sensu Forbes & Hemsley in J. Linn. Soc. Bot. 23: 63 (1886), pro parte quoad speciemen Kwangtung; sensu Chodat in Me´m. Soc. Phys. Hist. Nat. Gene´ve 32(2): 103, t. 17, Fig. 2930 (1893); sensu Dunn & Tutch. in Kew Bull. Misc. Inf. Add. Ser. 10 (1912); sensu Hand.Mazz. in Symb. Sin. 7: 633 (1933); non Hance (1881). Shrubs 11.5(3) m tall. Leaves usually crowded at apices of the branches, limb 1.53 (4)511 cm, oblong to oblanceolate, sub-coriaceous, glabrous; petiole 410 mm long. Racemes 34. Flowers 45(8) mm long; pedicel 12 mm long; crest with 2-lobed peltate appendage. Capsule oblongobovoid, ca 8 3 mm, apex retuse, attenuate at base, with annular disc, margin winged. Seed ovoid, ca 1.5 1 mm, brownblack, with light brownreddish villosity, especially long on the half opposite to the hilum; caruncle absent, with a curved strophiole. Fig. 1GJ. Flowering period from February to April; fruiting period from March to June. 290



China: Guangxi Province: Ssu Ho T’ou, Ling Yun Hsien, 1000 m alt., 3 Mar 1933, N. Steward & H. C. Cheo 115 (GH); Guizhou Province: Long-Tau-Ho, Tsingchen, 25 Apr 1936, S. W. Teng 90137 (GH); Tungtze, 450 m alt., 16 May 1930, Y. Tsiang 5064 (GH); Qianxi County, Jinbo, 1400 m alt., 7 Jun 1988 Qianxi expedition 971 (GH); Sichuan Province: Nanchuan co., 780 m alt., 2 Apr 1996, Liu Zheng-yu 15486 (E, GH); Yunnan Province: Piu-fa, 1902, J. Cavalerie 889 (E); Ma-kwan Hsien, 1800 m alt., 1 Mar 1933, H. T. Tsai 51848 (GH); Mengtze, A. Henry 10901 (K, photo!, holotype); 1680 m alt., A. Henry 10901a (GH, isotype).



3. Heterosamara wattersii (Hance) Paiva & P. Silveira comb. nov. Basionym: Polygala wattersii Hance in J. Bot. 19: 209 (1881), F. B. Forbes & Hemsl. in J. Linn. Soc. Bot. 23: 63 (1886), pro parte quoad specimen Ichang; S. K. Chen in Fl. Yunnan. 3: 267 (1983); C. Y. Wu et al. in Ind. Fl. Yunnan 1: 210 (1984); S. K. Chen in Fl. Reipubl. Popularis Sin. 43(3): 159, Fig. 35: 918 (1997). Type: China, Ichang, near Hu-peh, T. Watters 21087 (BM!, K, photo!, holotype in K). Taxonomic synonym: Polygala mariesii Hemsl. in J. Linn. Soc. Bot. 23: 61, t. 2b, Fig. 713 (1886); Franchet in Pl. Delavay.: 77 (1889); Chodat in Me´m. Soc. Phys. Gene`ve 31(2): 102, t.17, Fig. 2528 (1893); Pham-hoang Ho in Cayco Vietnam: an illustrated flora of Vietnam 2(1): 439 (1992). Type: China, Ichang Gorge, Maries s. n. (BM!, K, photo!, syntypes); ibidem, A. Henry s. n. (K, syntype). Shrubs 14 m tall. Leaves crowded at the apices of branchlets, limb (4)510(12) 1.53 cm, oblanceolate or ellipticlanceolate, sub-coriaceous, glabrous; petiole 5 10(15) mm long. Racemes 13. Flowers 1.42 cm long; pedicel ca 4 mm long; crest 2-lobate. Capsule obovoid, 10 14 56 mm, apex retuse, attenuated at the base, with a semi-annular sheath, sparsely pubescent, margin winged; wings with transverse veins. Seed ovoid, ca 21.5 mm, brownblack, with light brown villosity, especially long on the half opposite to the hilum; caruncle absent, with a curved strophiole. Fig. 1AF. Flowering period from (March) April to May (June); fruiting period from (April) May to July.



Habitat Broad-leaf dense forests, shrub forests on limestone mountains, sometimes in shady ravines or on cliffs, between 450 and 2000 m altitude. Distribution Bhutan: Lhuntse. China: Guangdong, Guangxi Zhuang, Guizhou, Henan, Hubei, Hunan, Jiangxi, Sichuan, Xizang, Yunnan.



1700 m alt., A. Henry 10910 (BM); Unknown location: Nan-T’o and mountains to northwards, 1887, A. Henry 1973 (K); C. Maries s.n. (K); Apr 1880; Dai Tainilun 100654 (MO). Note In the original description of P. mariesii, the author refers to its similarities with P. wattersii and P. karensium. P. wattersii and P. mariesii are synonyms, while P. karensium presents a branched crest and isopolar pollen (pers. obs.) characteristic of Polygala.



North Vietnam: Lao Cai.



Palynological description Conservation status In some localities (Bhutan; China: Guangxi Zhuang and Sichuan) this species is reported as an uncommon and rare plant with a patchy distribution (Wei Fanan 725, W. F. Fang 12116, Ludlow & Sherriff 18828). Additional information is necessary to update its conservation status. Specimens examined Bhutan: Dunkhar, Kuru Chun Valley, 6500 m alt., 7 May 1949, Ludlow & Sherriff 18828 (BM). China: Guangxi Zhuang Autonomous Region: Jinxiu Yaozu Zizhixian, 8 Oct 1936, C. Wang 40589 (MO); 26 Apr 1964, Wei Fanan 725 (MO); 6 Apr 1964, Wei Fanan 513 (MO); Guizhou Province: Kouy-Tcheou, May 1901, J. Esquirol 462 (K); Kouy-Tcheou, May 1913, J. Esquirol 4374 (K); Lipo, 17 Apr 1983, Song Xianghou 502 (K); Tungtze, 450 m alt., 26 May 1930, Y. Tsiang 5064 (K); Hubei Province: Ichang, near Hu-peh, Apr 1880, T. Watters 21087 (BM!, K, photo!, holotype); 18851888, A. Henry 1104 (BM); Ichang Gorges, R. Yangtse, 1879, C. Maries s. n. (BM, K, photo!, syntypes); Ou-pon-chan, 600 m alt., 1423 Mar 1910, C. Silvestri 3073 (K); Chongqing, S. Wushan, E. M. Wilson 567 (K); Ichang, 16 Mar 1907, E. M. Wilson 162 (K); western, MarApr 1907, E. M. Wilson 29 (BM, K); Hubei Fan country, 800 m alt., 11 Oct 1958, K. R. Liu 606 (MO); Chongqing, Tchen-keou-tin, Su-tchuen oriental, R. P. Farges 842 (K); Sichuan Province: Chen Keo country, 1350 m alt., 18 Oct 1958, Dai Tainlun 103820 (MO); Eı` Mei Mountains, 1000 m alt., 20 May 1996, Jiang Cunrong 124 (MO); Tien-Chuan-hsien, 1280 m alt., 8 Apr 1936, K. L. Chu 2256 (BM, K); Tien-Chuanhsien, 2400 m alt., 1 May 1936, K. L. Chu 2476 (BM, K); Pas-heing-hsien, 20 Jun 1936, K. L. Chu 2843 (BM); TienChuan-hsien, 2300 m alt., 9 Jun 1936, K. L. Chu 2919 (BM); Pas-heing-hsien, 17 Jul 1936, K. L. Chu 3141 (BM); 1150 m alt., 28 Apr 1996, Li Cehong 76 (MO); 1050 m alt., 3 Mar 1999, Li Cehong 676 (MO); Omei-hsien, 5 May 1936, S. S. Chien 5560 (BM, K); Nanchuan hsien, 15 May 1928, W. F. Fang 785 (K); Kuan-hsien, 7 Apr 1938, W. F. Fang 12116 (BM); Kuan-hsien, Mt. Tsingcheng, 9 Apr 1938, W. F. Fang 12148 (BM); Yunnan Province: 15001700 m alt., A. Henry 9395 (BM, K, MO);



Heterosamara caudata (Rehder & E. H. Wilson) Paiva & P. Silveira (Fig. 2A B, 2H).







Pollen grains heteropolar, with bilateral symmetry (Fig. 2A, 2H), reniform in meridional optical section (Fig. 2B), oblonglobate to ellipticlobate in equatorial optical section, peroblate to oblate (P/E 0.5590.037 (0.490.64)), tectate. P 25.592.87 (22.031.0) mm; E 46.294.56 (39.053.5) mm. Aperture system poly-zono-colporate, endocingulate. Colpi 2091.3 (1722), 17.691.48 (15.020.5) mm 3.890.74 (3.05.0) mm, colpal membrane psilate or scabrate; endocingulum 6.090.91 (4.5 8.0) mm wide; costae 2.890.28 (2.53.5) mm. Apocolpia micro-perforate or perforate, the smaller with a maximum diameter of 19.894.46 (15.530.0) mm; mesocolpium 2.290.43 (1.53.0) wide, with or without ramifications. Exine thickness in the apocolpium 3.490.54 (2.54.5) mm. Sculpture psilate or scabrate, rarely granulate. Specimens examined China: Guizhou Province: Long-Tau-Ho, Tsingchen, 25 Apr 1936, S. W. Teng 90137 (GH); Sichuan Province: Nanchuan co., 780 m alt., 2 Apr 1996, Liu Zheng-yu 15486 (GH); Yunnan Province: Ma-kwan Hsien, 1800 m alt., 1 Mar 1933, H. T. Tsai 51848 (GH); 1680 m alt., A. Henry 10901a (GH).



Heterosamara wattersii (Hance) Paiva & P. Silveira (Fig. 2C G, 2I)







Pollen grains heteropolar, with bilateral symmetry (Fig. 2C, 2E), reniform in meridional optical section (Fig. 2D), oblonglobate to ellipticlobate in equatorial optical section, oblate (P/E 0.6090.027 (0.540.66)), tectate. P  41.891.91 (36.544.6) mm; E 69.992.47 (64.970.3) mm. Aperture system poly-zono-colporate, endocingulate (Fig. 2G). Colpi 2591.7 (2128), 29.691.77 (25.932.5) mm 4.790.53 (4.15.6) mm, colpal membrane psilate or scabrate; endocingulum 13.791.48 (11.213.7) mm wide; costae 3.790.52 (3.03.6) mm. Apocolpia microperforate or perforate (Fig. 2F, 2I), the smaller with a maximum diameter of 23.992.85 (19.328.4) mm; mesocolpium 3.290.65 (2.04.1) mm wide, with or without 291



ramifications. Exine thickness in the apocolpium 5.391.48 (4.16.6) mm. Sculpture psilate, scabrate or granulate. Specimens examined Bhutan: Dunkhar, Kuru Chun Valley, 7 May 1949, Ludlow & Sherriff 18828 (BM). China: Guangxi Zhuang Autonomous Region: Jinxiu Yaozu Zizhixian, 8 Oct 1936, C. Wang 40589 (MO); 6 Apr 1964, Wei Fanan 513 (MO); Sichuan province: 1050 m alt., 3 Mar 1999, Li Cehong 676 (MO); 1150 m alt., 28 Apr 1996, Li Cehong 76 (MO).



Discussion The results obtained permitted the reclassification of the studied species as Heterosamara wattersii (Hance) Paiva & P. Silveira comb. nov. and H. caudata (Rehder & E. H. Wilson) Paiva & P. Silveira comb. nov. They are placed within the genus Heterosamara because of their heteropolar pollen, unique to this genus (Paiva 1998), large leaves with a long petiole and a keel with a bilobed appendage. These species grow on tropical and subtropical forests from south China to north Vietnam and northeast Bhutan. As previously observed, the morphology of the pollen grains, associated with morphological descriptions, are important tools in the taxonomy of Polygalaceae (Furness and Stafford 1995). Additionally, seeds of H. wattersii have a uniseriate tegument (Chodat 1895), a characteristic of P. sect. Semiocardium (which was included in Heterosamara by Paiva 1998). The lack of information on flower morphology of P. resinosa clearly makes the classification of this taxon more difficult. This species grows in tropical forests from south China and presents large leaves with a long petiole, while Polygala species grow in open habitats (grasslands or wooded grasslands) and have narrow and subsessile leaves. Thus, the scarce information available (mostly vegetative characters and habitat) suggests that this species is misplaced in the genus Polygala. Furthermore, P. resinosa greatly resembles H. wattersii, also having a particular seed morphology highly similar to both H. wattersii and H. caudata. This particular seed morphology is unknown for other species of Polygala and the only group having similar features is the distinct Australian endemic genus Comesperma Labill. These observations, together with the previous taxonomic treatments (Chen 1997), lead to its reclassification as H. resinosa (S. K. Chen) Paiva & P. Silveira comb. nov., thus, remaining together with the other species studied. Regarding seed morphology, H. wattersii, H. caudata, and H. resinosa have very distinctive features within Heterosamara. Seeds of other species from this genus are glabrous or sparsely pubescent, rarely densely pubescent (H. bennae (Jacq.-Fe´l.) Paiva), have a trilobate caruncle with membranaceous appendages (which are sometimes highly developed), or a strophiole opposite to the caruncle (for illustrations see Paiva 1998). Conversely, seeds of the three species under study are densely pubescent with very long hairs, which are 23 times longer than the seed diameter, 292



and the caruncles are absent (Fig. 1F, 1J). Based on the characteristics of the seeds, Chodat (1893) already separated H. wattersii from the remaining species. Also, in Flora Reipublicae Popularis Sinicae (Chen 1997), this species, together with H. resinosa and H. caudata, was placed in a distinct section, Polygala sect. Villososperma C. Y. Wu & S. K. Chen, for having seeds densely hirsutevillous without a caruncle. Thus, taking into account the value of seed morphology in the taxonomy of Polygala and Polygalaceae (Eriksen 1993, Chen 1997), two sections were recognized within the genus Heterosamara: sect. Heterosamara and sect. Villososperma (C. Y. Wu & S. K. Chen) Paiva & P. Silveira comb. nov. Further studies on seed morphology of species of Polygala from this region are needed to fully perceive its diverse morphology and evolution within the genus. Pollen morphology was found to be a very important tool in the delimitation of Polygala and Heterosamara, as already demonstrated by Paiva (1998). Polygala has polyzono-colporate isopolar pollen with radial symmetry (spherical to prolate), and pollen of Heterosamara is poly-zonocolporate but heteropolar (reniform, Fig. 2), with bilateral symmetry. Within the genus Heterosamara, pollen characters were constant and did not allow further infra-generic delimitations (for additional pollen descriptions see Paiva 1998). Phylogenetic studies conducted so far revealed that most genera within Polygalaceae are monophyletic with a few exceptions. For example, the genus Polygala sensu Chodat is polyphyletic, although several of its sections are monophyletic (Persson 2001, Forest et al. 2007). Regarding Heterosamara, the few analysed species appeared to be clustered within Polygala, near the subgenera Chodatia Paiva (Persson 2001, Forest et al. 2007) and Chamaebuxus (DC) Schb. (Forest et al. 2001). Further phylogenetic studies involving more species of Heterosamara are needed to clarify the relationship between them and Polygala. The present study contributes to the taxonomy and palynology of Polygalaceae, namely Heterosamara, and reveals the diversity existent within this genus. Nonetheless, further detailed and large-scale studies are needed to fully assess the species belonging to Heterosamara and clarify the taxonomy of the family. An extensive palynological study of species of Polygala, mainly from Africa and Asia, will allow an easy recognition of further species that belong, instead, to Heterosamara. Further studies should also address the conservation status of the studied species. Finally, it would be very interesting to study the ecological function of the comose seeds in these species.
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