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                    Abstract
The pollen morphology of 148 taxa (135 species and 13 varieties) of the parasitic plant genus Cuscuta (dodders, Convolvulaceae) was examined using scanning electron microscopy. Six quantitative characters were coded using the gap-weighting method and optimized onto a consensus tree constructed from three large-scale molecular phylogenies of the genus based on nuclear internal transcribed spacer (ITS) and plastid trn-LF sequences. The results indicate that 3-zonocolpate pollen is ancestral, while grains with more colpi (up to eight) have evolved only in two major lineages of Cuscuta (subg. Monogynella and clade O of subg. Grammica). Complex morphological intergradations occur between species when their tectum is described using the traditional qualitative types—imperforate, perforate, and microreticulate. This continuous variation is better expressed quantitatively as “percent perforation,” namely the proportion of perforated area (puncta or lumina) from the total tectum surface. Tectum imperforatum is likely the ancestral condition, while pollen grains with increasingly larger perforation areas have evolved multiple times. The reticulated tectum, unknown in other Convolvulaceae, has evolved in Cuscuta only in two lineages (subg. Monogynella, and clade O of subg. Grammica). Overall, the morphology of pollen supports Cuscuta as a sister to either the “bifid-style” Convolvulaceae clade (Dicranostyloideae) or to one of the members of this clade. Pollen characters alone are insufficient to reconstruct phylogenetic relationships; however, palynological information is useful for the species-level taxonomy of Cuscuta.
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Online resource 1: Pollen size optimized onto a summary consensus tree resulted from three molecular phylogenies of Cuscuta based on nuclear ITS and plastid trnL-F sequences (García and Martin 2007; Stefanović et al. 2007; Stefanović and Costea, personal communication). Pollen size is polymorphic but the species of subg. Monogynella have the largest pollen grains
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Appendix
Vouchers used for scanning electron microscopy. Species (arranged in alphabetical order), country, collector, collector number, herbarium acronym from Index Herbariorum.
Cuscuta acuta Engelm. Ecuador, Galapagos Islands, Anderson 1853 (S); Fagerlind & Wibom 3401 (S); Howell 10140 (G). C. acutiloba Engelm.: Bolivia, Mardon 1481 (G); Peru, Pennell 13242 (USM). C. africana Thumb.: South Africa, Beyers 6968 (NBG); Oliver 11852 (NBG). C. americana L.: USA, Florida, Small et al. 11596 (NY); Mexico, Van Devender and Reina-G 2000-745 (WLU); Bahamas, Correll 45030 (NY); Cuba, Britton et al. 5917 (NY). C. angulata Engelm.: South Africa, Beyers 6968/13 (NBG); Orchard 460 (NU). C. appendiculata Engelm.: South Africa, Hofmeyr s.n. (GRA); Burrows 4666 (J); Bohnen 7827 (NBG). C. applanata Engelm. USA, New Mexico, Casteller 7339 (UNM); Mexico, Van Devender 2001-710 et al. (WLU). C. approximata Bab.: USA, California, Abrams 457 (CAS); Mexico, Henrickson 13083a (RSA); Puebla, McKee 11042 (MEXU). C. argentiniana Yunck.: Argentina, Krapovickas & Schinini 36049, 36757 (CTES); Brücher s.n. (S); Meyer 12467 (UPS). C. aurea Liebm.: Mexico, Palmer 87 (S); Guerrero, Duran & Garcia 634 (MEXU). C. australis R. Br. var. australis: New Caledonia, Bonati 737 (S); Australia, Conveny 756 (RSA). C. australis var. tinei (Insenga) Yunck.: Hungary, Simonkai 2635 (NY); Karkovány s.n. (WLU). C. bella Yunck.: Peru, Killip & Smith 21827 (US). C. boldinghii Urb.: Mexico, Van Devender 92-31 et al. (ARIZ); Sinaloa, Vega 2630 (MEXU). C. boliviana Yunck.: Argentina, Hunzinker 2676 (S); Ruiz Leal 14817 (MERL), Burkart 12503 (CTES). C. brachycalyx Yunck.: USA, California, Ahart 9856 (CHICO); Colwell AC 04-305 (YM/WLU). C. burrelli Yunck.: Brazil, Heringer et al. 43 (UB); Alvarenga-Pereira 766 (RB). C. californica Hook. & Arn: USA, California, Sanders 25122 (UCR); Pinzl 7238a (NY); White 5033 (ASU). C. campestris Yunck.: USA, Iowa, Fay 4568 (UC); Oklahoma, Lipscomb 1894 (SMU); Puerto Rico, Liogier & Martorell 13908 (UPRRP); Venezuela, Killip & Tamayo 37010 (GH). C. cassytoides Nees: South Africa, Balkwill 6968 (NU); Alexandre 2407 (NBG). C. cephalanthi Engelm.: USA, Illinois, McDonald s.n. (NMS); Missouri, Steyermark 79977(MO); Nebraska, Churchill 4560 (MO). C. chapalana Yunck.: Mexico, Garcia-Ruiz 7942 (CIMI); Jalisco, Carrillo-Reyes & al. 468 (CIMI). C. chilensis Ker Gawl.: Chile, Anderson 84-189 (S); Buchtien s.n. (S); Valeutey 94 (S). C. chinensis Lam.: Australia, Carter 628 (CANB); China, Wang Wen-Tsai 2378 (RSA). C. choisiana Yunck.: Mexico, Véase 490 (MEXU). C. cockerellii Yunck.: Peru, Vargas 2600 (CUS). C. colombiana Yunck.: Colombia, Haught 4535 (NY); Venezuela, Aristeguieta 4500 (VEN); Tamayo 4432 (VEN). C. compacta Juss.: USA Mississippi, McDaniel 27291 (MO); Maryland, Hill 17349 (MO); New Jersey, Moldenke & Moldenke 25129 (NY). C. corniculata Engelm.: Brazil, Stannard et al. 51861 (G); Colombia, Pennell 1453 (GH). C. coryli Engelm.: USA, Arkansas, Demaree 19603 (CAS); Maryland, Killip 31293 (NY); Michigan, Hanes 548 (NY); Nebraska, Reynolds 2727; Tennessee, Rydberg 8179 (NY). C. corymbosa Ruiz & Pav. var. grandiflora Engelm.: Mexico, Garcia-Ruiz et al. 7572 (CIMI, WLU); Iltis & Guzman 29077 (MEXU); Galván & Galván 4681 (MEXU). C. corymbosa var. stylosa (Choisy) Engelm.: Mexico, Rzedowski 28752 (UCR); Bopp 206 (MEXU); Pringle s.n. (MEXU). C. costaricensis Yunck.: Mexico, Reina-G. et al. 2006-1049 (ARIZ, WLU); Van Devender 98-1789 (ARIZ); Wiens 96-125 et al. (WLU). C. cotijana Costea & I. García: Mexico, García Ruiz7412 (CIMI,); García Ruiz et al. 7557 (CIMI); Carranza et al. 7316 (IEB). C. cozumeliensis Yunck.: Guatemala, Kellerman 6580 (F); Mexico, Calzade & Nivea 9427 (XAL); Vazquez 176 (MEXU). C. cristata Engelm.: Meyer 10669 (CTES); Argentina, Cabrera 7144 (NY); Hunzinker 4927 (S); Burkart 14000 (SI). C. cuspidata Engelm.: USA, Arkansas, Demaree 15522 (RSA); Texas, Higgins 12480 (NY); Runyon 2828 (SMU). C. decipiens Yunck.: Mexico, Henrickson 6362, 13394, 22781 (RSA). C. deltoidea Yunck.: Mexico, Orcutt 4457 (MEXU); Pringle 5350 (US); García Ruíz 2516 (CIMI). C. dentatasquamata Yunck.: Mexico, Jones s.n. (RSA); USA, Arizona, Lemmon s.n. (UC). C. denticulata Engelm.: USA, Arizona, Peebles & Parker 14793 (NY); California, Thomas 8904 (UC); Nevada, Perish 10299 (CAS); Utah, Choong s.n. (NY). 
C. desmouliniana Yunck.: Mexico, Spellenberg 4943 (NMS); Van Devender & Reina-G 2002-23 (WLU); Van Devender 96-360 et al. (WLU). C. draconella Costea & Stefanović: USA, New Mexico, Spellenberg & Mahrt 10497 (NY); Wagner 3395 (UNM); Herman 462 (NY). C. epilinum Weihe: Canada, Quebec, Barabe 16914 (DAO); Sweden, Samuelson 1317 (RSA). C. epithymum (L.) L.: Argentina, Bana 14733 (CTES); USA, New York, Ahles 67695 (SMU); Belgium, Meulebrouck s.n. (WLU). C. erosa Yunck.: USA, Arizona, Jones s.n. (CAS); Mexico, Rebman 4275; Sánchez NF-172 et al. (WLU). C. europea L.: Finland, Alava et al. s.n. (OSU); Sweden, Holmgren 19784 (SD). C. exaltata Engelm.: USA, Texas, Snyder 472 (SMU); Carter 10584 (MO). C. floribunda aff. Kunth: Mexico, Prather & Soule 1221 (TEX). C. flossdorfii Hicken var. pampagrandensis Yunck.: Bolivia, Mendoza & Acebo 919 (MO). C. foetida Kunth var. foetida: Ecuador, Holm-Nielsen & Andrade 18480 (AAU); Holm-Nielsen et al. 5181 (AAU); Peru, Smith 1624 (MO). C. foetida var. pycnantha Yunck: Peru, Plowman et al. 14291 (F). C. friesii Yunck.: Argentina, Krapovickas et al. 21898 (CTES); Saravia Toledo et al. 12993 (CTES); Mulgura 1245 (SI). C. glabrior (Engelm.) Yunck.: USA Texas, Wolff 3270 (NY); Mexico, Marsh 1115 (SMU); Henrickson 13676 (RSA). C. globiflora Engelm.: Argentina, Mulgura et al. 1199 (MO); Bolivia, Plowman & Davis 5196 (GH); Peru, King et al. 247 (USM). C. globulosa Benth: Puerto Rico, Stahl 1064 (S); Urban855 (S); Liogier & Oquendo 180 (UPRRP). C. glomerata Choisy: USA, Texas, Barkley 13886 (RSA); Wolff 3321 (SMU). C. goyaziana Yunck.: Brazil, Macedo 3731 (NY). C. gracillima Engelm.: Mexico, Pringle 6716 (NML); Koch and Fryxell 82253 (NY); García Ruiz 7334 (CIMI, WLU). C. grandiflora Kunth: Argentina, Schinini et al. 34615 (CTES); Ecuador, Løjtnant et al. 11829 (AAU); Tipaz et al. 1563 (QCNE); Peru, Pennell 13613 (GH). C. gronovii Willd. ex Roem. & Schult. var. gronovii: Canada, Ontario, Catling 5111 (DAO). USA Alabama, Kpeooer et al. s.n. (NY); Georgia, Mellinger s.n. (SMU). C. gronovii var. latiflora Engelm.: USA, Missouri, Brant & Donnell 4813 (MO); Texas, Lundell 11721 (SMU); New York, Ferguson 6091 (NY). C. gymnocarpa Engelm. Galapagos Islands, Fagerlind & Wibom3658 (S); Werff 2068 (S); Werff 2136 (NY). C. harperi Small: USA, Alabama, Demaree 46295 (NY); Harper s.n. (NY). C. haughtii Yunck.: Ecuador, Asplund 15974 (S); Holm-Nielsen et al. 2308 (NY). C. howelliana Rubtzoff: USA, California, True 7407 (DS); Oswald & Ahart 7978 (JEPS); Reino & Alava 6809 (JEPS). C. hyalina Roth.: India, Pushpauder s.n. (CANB); Namibia, Bosch 25022 (BOL). C. incurvata Prog.: Paraguay, López et al. 243 (CTES); Anisits 2395 (S); Hassler 8170 (S). C. indecora Choisy var. indecora: USA, California, Wolf 4392 (UC); Louisiana, Allen 19239 (BRIT); New Mexico, Spellenberg et al. 3427 (NY). C. indecora var. attenuata (Waterf.) Costea: USA, Oklahoma, Waterfall 17496 (GH); Texas, Fisher 4118 (CAS); Mexico, Palmer 333 (F). C. indecora var. longisepala Yunck.: Argentina, Leal 7964 (NY); USA Texas, Runyon 2819 (NY). C. jalapensis Schltdl.: Mexico, Ton & Lopez 9826 (NY); Sharp 45380 (NY); Waterfall & Wallis 14213 (SMU). C. japonica Choisy: China, Bartholomew et al. 883 (NY); Japan, Furuse 6890 (RSA). C. jepsonii Yunck.: USA, California, Dudley 1774 (DS); Heller 5981 (UC); Tracy 2349 (UC). C. killimanjari Oliv.: Malawi, Lacroix 4559 (MO); Tanzania, Scheffler 434 (MEL); Zimbabwe, Eyles 352 (J). C. lehmanniana Bunge: Uzbekistan, Vvedensky s.n (MEL); Drobov 3763 (NY). C. leptantha Engelm.: Mexico, Wiggins 17125 (MEXU); Lindsay 2928 (SD); Sanders 7523 (UCR); Van Devender & Reina-G 2000-933 (WLU). C. lindsayi Wiggins: Mexico, Wiggins 13185 (MO). C. longiloba Yunck.: Brazil, Krapovickas & Schinini 31255 (CTES); Paraguay, Casas & Molero 4384 (MO). C. lupuliformis Krock.: Austria, Barta 2004-302 (NY); Netherlands, Lennhouts 2514 (CANB). C. macrocephala W. Schaffn. ex Yunck.: Mexico, Rebman 5743 (SD); Van Devender & Reina-G. 2006-872 (WLU); Reina-G. & Van Devender 
2001-774 (WLU). C. mcvaughii Yunck.: Mexico, Hinton et al. 12098 (NY). C. micrantha Choisy: Chile, Philippi 489 (G); Skottsberg 995 (F). C. microstyla Engelm. var. bicolor Hunz.: Argentina, Boelcke et al. 10243 (CTES); Burkart et al. 6968 (SI); Prina et al. 2362 (CTES). C. mitriformis Engelm.: Mexico, Rzedowski 41379 (IEB); Bye 2011 (MEXU); Bye 50488 (UCR). C. monogyna Vahl: Grece, Greuter 11459 (NY); Turkmenistan, Sintenis 1240 (MO). C. natalensis Baker: South Africa, Rudatis 1319 (NBG); Rudatis 2412 (NBG). C. nevadensis I.M. Johnst.: USA, California, Raven 12865 (CAS); Peebles 263 (NY); Nevada, Brandegee s.n. (UC), LaRivers & Hancock 164 (NY). C. nitida E. Mey.: South Africa, Burgers 2649 and 3318 (NBG); Rogers 17342 (J). C. obtusiflora Kunth var. obtusiflora: Argentina, Arbo et al. 7973 (CTES); Bordódon s.n. (CTES). C. obtusiflora Kunth var. glandulosa Engelm.: Cuba, Wright 1659 (GH); USA, California, Parish 2110 (CAS); Delaware, collector illegible (“MC”) s.n. (CAS); Texas, Clare 2144 (CAS). C. occidentalis Millsp.: USA, California, Howell 48868 (CAS); Ertter 7326 (NY); Schoolcraft et al. 2220 (NY); Nevada, Tiehm 12257 (NY); Utah, Garrett 2170 (NY). C. odontolepis Engelm.: Mexico, White 2730 (GH); Van Devender & Reina-G 2006-869; 2006-467 (WLU). C. odorata Ruiz & Pav.: Ecuador, Jaramillo 10372 (AAU); Sparre 16186 (S); Peru, Hitchcock 20320 (GH); Ugent & Ugent5323 (MO). C. orbiculata Yunck.: Brazil, Alvaregna 93605 (RB); Bolivia, Krapovickas et al. 19221 (CTES). C. ortegana Yunck.: Mexico, Hinton et al. 16294 (MICH); Van Devender et al. 2006-74 (WLU). C. paitana Yunck.: Ecuador, Madsen 63940 (QCNE); Peru, Horton 11575 (GH). C. parodiana Yunck.: Argentina, Eyerdam 22423 (MO); Novara 7976 (S); Balegno 447 (SMU). C. partita Choisy: Brazil, Eiten & Eiten 3961 (US); Krapovickas et al. 38723 (CTES); Lindman 3481 (S). C. parviflora Engelm. var. elongata Engelm.: Brazil, Filgueiras 1476 (RB); Oliveira et al. 745 (US). C. pauciflora Phil.: Chile, Werdermann 1884 (SGO). C. pentagona Engelm.: USA, Alabama, Kral 31225 (SMU); Florida, Welch 1633 (NY); North Dakota, Stevens s.n. (NY); Virginia, Weatherby 4230 (NY). C. planiflora Ten.: Australia, Howitt & Zaicon-Kunesch s.n. (PERTH); Palestine, Musselman 10461 (RSA). C. plattensis A. Nelson: USA, Wyoming, Nelson 2741 (MO); Nelson 2768 (NY). C. platyloba Prog.: Argentina, Burkart 10554 (CTES); Brazil, Dusen 10005 (S); Paraguay, Montes 16599 (CTES). C. polygonorum Engelm.: USA Indiana, Yuncker 10836 (NY); Ohio, Core & Anderson s.n. (NY). C. polyanthemos Schaffn. ex Yunck.: Mexico, Wiggins 13153 (SD); Van Devender & Reina-G 2006-809 (WLU). C. potosina W. Schaffn. ex S. Wats. var. potosina: Mexico, Rose et al. 9650 (NY). C. potosina var. globifera W. Schaffn.: Mexico, Perez et al. 3707 (IEB); Pringle 6575 (MEXU); Van Devender 96-451 et al. (WLU); USA, Arizona, Gooding 290-61 (ASU). C. prismatica Pav. ex Choisy: Ecuador, Mille 112 (F); Hitchcock 20141 (GH). C. punana Costea & Stefanović: Ecuador, Madsen 63850 (AAU). C. purpurata Phil.: Chile, Dillon & Teillier 5104 (MO); Johnston 5170 (US); Morong 1143 (US). C. purpusii Yunck.: Mexico, Martinez 1093; (MEXU); Torres Colin 15864 (MEXU); Hendrickson 6608 (RSA). C. racemosa Mart. var. racemosa: Brazil, Pinheiro 55 (SPF). C. racemosa Mart. var. miniata (Mart.) Engelm.: Brazil, Menezes et al. 5100 (CTES); Name illegible 7835 (S); Rapini et al. 491 (WLU). C. reflexa Roxb.: India, Kanta s.n. (ASU); Cullelt s.n. (MEL); Koelz 21955 (NY). C. rostrata Shuttlw. ex Engelm. & A. Gray: USA, North Carolina, Bozeman et al. 45268 (OSU); Tennessee, Jennison 2824 (NY); Texas, Lundell 11480 (SMU). C. rubella Yunck.: Peru, Macbride & Featherstone 371 (NY). C. rugosiceps Yunck.: Mexico, Carranza & Silva 5997 (IEB); Taylor 21457 (SMU). C. runyonii Yunck. USA, Texas, Correll & Johnston 14906 (NY); Lundell 9840 (SMU). C. salina Engelm. var. salina: USA, Arizona, Hammond 10349 (NY); California, Bacigalupi & al. 2667 (DS); Nevada, Tiehm 5991 (CAS). C. salina var. major Yunck.: 
Canada, Kennedy & Ganders 4947 (UBC); USA, California, Dudley 267 (CAS); Moldenke 25731 (NY). C. sandwichiana Choisy: USA, Hawaii, Stern 8416 (CHICO); Fosberg 9822a (RSA). C. santapaui Banerji & Sitesh Das: Nepal, Nicolson 2796 (MO). C. serrata Yunck.: Brazil, Acevedo & Lopes 848 (RB); Smith 15049 (US). C. sidarum Liebm.: Guatemala, Standley 74614 (NY); Mexico, Ayala 1054 (TEX & LL); Palmer 51 (S); Nicaragua, Stevens & Krukoff 20950 (GH). C. squamata Engelm.: USA, New Mexico, Wooton & Standley 3355 (CAS); Wooton s.n. (NMC); Texas, Hutchins 643 (BRIT). C. stenolepis Engelm.: Ecuador, Jaramillo & Carvajal2307 (AAU); Nuñez et al. 2220 (QCNE); Asplund 6678 (NY). C. strobilacea Liebm.: Mexico, Gentry 5291 (ARIZ); Jones s.n. (RSA). C. suaveolens Ser.: Australia, Alcock 10415 (RSA); Chile, Rusby 2000 (NY); USA, California, Dudley s.n. (CAS). C. subinclusa Durand & Hilg.: USA, California, Dudley 1653 (DS); Ewan 11049 (NY); Mason 5766 (NY). C. suksdorfii Yunck.: USA, California, Oswald & Ahart 5874 (CHICO); Twisselmann 14603 (SD); Tracy 18430 (UC); Bailey & Bailey 2672a (UC). C. tasmanica Engelm.: Australia, Barker s.n. (CANB); Lepschi 908 (CAMB); Watts 1/86 (MEL). C. tinctoria Mart. ex Engelm.: Mexico, Ventura 4248 (IEB); Rzedowski 34596 (IEB); Van Devender 94-1008 et al. (WLU). C. tuberculata Brandegee: USA, Arizona, Beauchamp 3112 (SD); Mexico, Gunn & Felger 19998 (ARIZ); Rodriguez 1642 (MEXU); Reina-G. & Van Devender 2001-624 (WLU). C. umbellata Kunth var. umbellata: Mexico, Nabhan & Rea 167 (ARIZ); Moran 24758 (SD). C. umbellata var. reflexa Yunck.: USA, Arizona, Felger 92-707 (CAS); Mexico, Van Devender 93-1123 et al. (UCR); Van Devender 94-458 et al. (UCR); Van Devender & Reina-G. 2006-638 (WLU). C. umbrosa Beyr. ex Hook: Canada, Alberta, Allen 150 (DAO); Manitoba, Criddle s.n. (DAO); USA Utah, Jones s.n. (CAS); Colorado, Mulford s.n. (NY). C. vandevenderi Costea & Stefanović: Mexico, Van Devender et al. 2006-983; 98-1334 (WLU). C. veatchii Brandegee: Mexico, Porter 198 (MEXU); Rebman 3189 (SD). C. victoriana Yunck.: Australia, Cowie 9624 (CANB); Glennon 379 (CANB). C. werdermanii Yunck.: Chile, Werdermann 880 (SGO). C. woodsonii Yunck.: Guatemala, Molina & Molina 30020 (MO); Panama, Davidson 967 (GH). C. xanthochortos Mart. ex Englem. var. xanthochortos: Argentina, Arbo et al. 6953 (MO); Paraguay, Zardini & Vera 46124 (MO). C. xanthochortos var. carinata Yunck.: Paraguay, Bernardi 18758 (MO), Billiet & Jadin 3294 (MO). C. xanthochortos var. lanceolata Yunck.: Argentina, Schulz 7139 (CTES); Paraguay, Zardini & Villate 46371 (WLU). C. yucatana Yunck.: Mexico, Alava 1341 (CAS; TEX & LL); Nee & Taylor 29575 (MO); Breedlove & Smith 22017 (MO).
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