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     Paspalum  L. is primarily an American genus with approx-
imately 330 species distributed in tropical, subtropical and 
temperate regions ( Zuloaga and Morrone 2005 ). A few spe-
cies reach cold-temperate regions of northern Patagonia in 
Argentina (e.g.  P. distichum  L. and  P. vaginatum  Sw.) and cen-
tral-southern Chile and western Argentina (e.g.  P. dasypleu-
rum  Kunze ex E. Desv.). The species occur in flooded, dry, 
saline or sandy soils of savannas, coastal dunes, tropical and 
temperate forests, and prairies. Some species are also found in 
mountainous regions above 4000 m [e.g.  P. candidum  (Humb. 
& Bonpl. ex Flüggé) Kunth.,  P. prostratum  Scribn. & Merr., and 
 P. pygmaeum  Hack.]. 

 Several species of  Paspalum  are important forage and 
turf grasses. Dallisgrass ( P. dilatatum  Poir.) and bahiagrass 
( P. notatum  Flüggé) are the most economically important and 
widely used for forage production, mainly in the southern 
U. S. A. ( Gates et al. 2004 ;  Evers and Burson 2004 ).  Paspalum 
atratum  Swallen has been gaining interest as forage in 
areas with periodic flooding in Florida, U. S. A., northeast-
ern Argentina, southern Brazil, Thailand, Philippines, and 
Australia ( Evers and Burson 2004 ). In addition,  P. scrobicula-
tum  L. is cultivated in India as a cereal crop (Kodo).  Paspalum 
vaginatum  and  P. notatum  are grown as turf grass, and species 
of the Quadrifaria group (e.g.  P. exaltatum  J. Presl,  P. haumanii  
Parodi, and  P. quadrifarium  Lam.) as ornamentals ( Rúgolo de 
Agrasar and Puglia 2004 ). 

 The most common basic chromosome number in  Paspalum  
is  x  = 10. A few exceptions to this number have been reported 
for  P. almum  Chase with  x  = 6 ( Quarín 1974 ),  P. contractum  
Pilg. with  x  = 9 ( Davidse and Pohl 1974 ), and  P. convexum  
Humb. & Bonpl. ex Flüggé and  P. stellatum  Humb. & Bonpl. ex 
Flüggé with  x  = 16 ( Selva 1976 ;  Killeen 1990 ;  Honfi et al. 1991 ). 
Diploid numbers are well-known for the genus ( Norrmann 
et al. 1989 ;  Honfi et al. 1991 ;  Norrmann et al. 1994a ,  1994b ; 
 Zuloaga and Morrone 2005 ), although most of the investi-
gated species of  Paspalum  (80%) are polyploids, of which 50% 
are tetraploid and most of these tetraploids are apomictic 
( Quarín 1992 ;  Quarín et al. 2001 ). 

 Based on inbreeding studies, a variety of genome types 
have been suggested for species of  Paspalum , showing the 
complexity of its evolution: the D genome is assigned to  P. 
vaginatum  ( Burson 1981a ); the I genome to  P. intermedium  
Munro ex Morong & Britton ( Burson 1978 ); the I 2  to  P. consper-
sum  Schrad. ( Burson 1978 ); the J to  P. juergensii  Hack. ( Burson 
1979 ); the J 2  to  P. virgatum  L. ( Burson and Quarín 1982 ); the M 
to  P. malacophyllum  Trin. ( Burson and Hussey 1998 ); the N to 
 P. notatum  ( Burson 1981b ); and the X is an unknown genome 
cited for the yellow-anthered biotype of  P. dilatatum  ( Burson 
1983 ).  Paspalum durifolium  Mez (II, J 2 J 2 , XX) is an allopoly-
ploid which shares genomes with  P. virgatum  and  P. dilatatum  
( Burson 1983 ,  1985 ). 

 From a taxonomic perspective,  Paspalum  was included 
in subtribe Paspalinae of the tribe Paniceae, subfam-
ily Panicoideae ( Zuloaga et al. 2007 ). Molecular phyloge-
netic analyses indicate that this genus belongs to the  x  = 10 
Paniceae clade ( Giussani et al. 2001 ) along with other genera 
with a basic chromosome number of  x  = 10 ( Gómez-Martínez 
and Culham 2000 ;  Duvall et al. 2001 ;  Aliscioni et al. 2003 ). 
The monophyly of  Paspalum  is well-supported when  Thrasya  
Kunth is included in the genus ( Giussani et al. 2001 ;  Denham 
2005 ). However, the monophyly of subgenera and informal 
groups within the genus are still unclear and requires fur-
ther examination. Infrageneric classification of  Paspalum  
is a difficult task. Only a few subgenera and sections have 
been accepted, and several informal groups have been pro-
posed ( Nees ab Esenbeck 1829 ;  Doell 1877 ;  Bentham 1881 ; 
 Pilger 1929 ,  1940 ;  Chase 1929 ;  Clayton and Renvoize 1986 ; 
 Zuloaga and Morrone 2005 ). To date, two major taxonomic 
studies have included the taxonomic diversity of  Paspalum  in 
America. First,  Chase (1929 ) described two subgenera [ Ceresia  
(Pers.) Rchb. and  Paspalum ], and 25 informal groups for 140 
species in the northern Hemisphere. Later,  Zuloaga and 
Morrone (2005 ) recognized three subgenera [ Anachyris  (Nees) 
Chase,  Ceresia , and  Paspalum ], and 28 informal groups for 129 
species in Austral South America.  Denham (2005 ) established 
a fourth subgenus [ Harpostachys  (Trin.) S. Denham] which 
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includes all species previously considered in  Thrasya  as well 
as the Decumbentes group of  Paspalum  [excluding  P. glabrin-
ode  (Hack.) Morrone & Zuloaga]. 

 Within subgenus  Paspalum , the Virgata group was first 
described by  Chase (1929 ) who included nine species from 
North America; this group was later expanded to incorporate 
species of Central and South America ( Chase 1939 ) [ Table 1 ]. 
Within Virgata,  Chase (1929 ) included tall and robust peren-
nial species with; firm blades and sharp-cutting edges, pani-
cles with few to numerous racemes, and paired spikelets 2−3.9 
mm long.  Barreto (1954 ), in a study of the South American 
species, restricted group Virgata of Chase to species with dark 

brown upper anthecia and nonpyramidal panicles. Of these, 
only two species,  P. conspersum  and  P. virgatum  L., had been 
previously included in Virgata by  Chase (1929 ,  1939 ).  Barreto 
(1954 ) added six other allied species to the group ( Table 1 ). 
Finally, in the revision of the Austral South American spe-
cies of  Paspalum ,  Zuloaga and Morrone (2005 ) circumscribed 
four species under the Virgata group ( P. commune  Lillo,  P. con-
spersum ,  P. regnellii  Mez, and  P. virgatum ), and considered  P. 
wettsteinii  Hack. as a synonym of  P. virgatum .  Paspalum chasea-
num  Parodi, and  P. palustre  Mez, were placed in the Virgata 
group by  Barreto (1954 ) but considered in the Plicatula group 
by  Chase (1939 ), and  Zuloaga and Morrone (2005 ).  Paspalum 

Chase ( 1929 ) Chase ( 1939 ) Barreto ( 1954 ;  1966 ) Zuloaga & Morrone ( 2005 )
Molecular phylogeny 

(clades)

 North America  America  South America  Austral South America 

  Paspalum -  INGROUP 
 P. acutum  Chase Virgata Virgata - - -
 P. arechavaletae  Hack. ex Arechav. 

(=  P. exaltatum  J. Presl)
- Virgata - - -

 P. arundinaceum  Poir. Virgata Virgata - - sister to Virgata
 P. arundinellum  Mez - - Quadrifaria Quadrifaria Virgata
 P. brunneum  Mez (=  P. coryphaeum  Trin.) - Quadrifaria* Quadrifaria* - -
 P. chaseanum  Parodi - Plicatula Virgata Plicatula Plicatula +  P. rufum 
 P. commune  Lillo - Macrophylla Virgata Virgata Macrophylla
 P. conspersum  Schrad. Virgata Virgata Virgata Virgata Virgata
 P. coryphaeum  Trin. Coryphaea Quadrifaria Quadrifaria - Coryphaea
 P. dasytrichium  Dusén ex Swallen - Quadrifaria - Quadrifaria Coryphaea
 P. densum  Poir. Virgata Virgata Quadrifaria Quadrifaria Virgata
 P. durifolium  Mez - Eriantha Quadrifaria Ungrouped Ungrouped
 P. exaltatum  J. Presl - Virgata Quadrifaria Quadrifaria Virgata
 P. ferrugineum  Trin. (=  P. quadrifarium  Lam.) - Quadrifaria - - -
 P. haumanii  Parodi - Virgata Quadrifaria Quadrifaria Virgata
 P. hispidum  Swallen - Virgata - - -
 P. indutum  Luces (=  P. coryphaeum ) - Quadrifaria - - -
 P. intermedium  Munro ex Morong & Britton - Virgata Quadrifaria Quadrifaria Virgata
 P. longum  Chase - Virgata - - -
 P. millegrana  Schard. Virgata Virgata Quadrifaria - Virgata
 P. nelsonii  Chase Virgata Virgata - - -
 P. palustre  Mez - Plicatula Virgata Plicatula Plicatula +  P. rufum 
 P. platyaxis  (Döll) Mez (=  P. wrightii  

Hitchc. & Chase)
- Virgata - - -

 P. platyphyllum  Schult. (=  P. conspersum ) - Virgata - - -
 P. plenum  Chase Virgata Virgata - Quadrifaria Virgata
 P. quadrifarium Lam. - Quadrifaria Quadrifaria Quadrifaria Quadrifaria
 P. quarinii  Morrone & Zuloaga - - - Quadrifaria Quadrifaria
 P. regnellii  Mez - Macrophylla Virgata Virgata Macrophylla
 P. rufum  Nees ex Steud. - Eriantha Virgata Ungrouped Ungrouped
 P. schreberianum  (Flüggé) Nash ( = P. millegrana ) - Virgata - - -
 P. secans  Hitchc. & Chase (=  P. arundinaceum ) Virgata Virgata - - -
 P. virgatum  L. Virgata Virgata Virgata Virgata Virgata
 P. wettsteinii  Hack. (=  P. virgatum ) - Macrophylla Virgata - -
  Paspalum  - OUTGROUP 
 P. distichum  L. Disticha Disticha - Disticha Disticha
 P. erianthum  Nees ex Trin. - Eriantha - Eriantha Eriantha
 P. fimbriatum  Kunth Ungrouped Fimbriata - - Fimbriata
 P. glabrinode  (Hack.) Morrone & Zuloaga - - - Decumbentes Decumbentes
 P. inconstans  Chase - Decumbentes - Decumbentes Decumbentes
 P. macrophyllum  Kunth - Macrophylla - - Macrophylla
 P. malacophyllum  Trin. Malacophylla Anachyris - Subg. Anachyris Subg. Anachyris
 P. plicatulum  Michx. Plicatula Plicatula Plicatula Plicatula Plicatula +  P. rufum 
 P. remotum  Remy - Livida - Livida Livida
 P. wrightii  Hitchc. & Chase Plicatula Plicatula - Plicatula Plicatula +  P. rufum 

  Table  1.     Main taxonomic treatments of the informal groups Quadrifaria and Virgata of  Paspalum . Names between parentheses are the accepted names 
in Barreto ( 1966 ), and Zuloaga and Morrone ( 2003 ;  2005 ). A dash indicates that the species was not treated by the authors; * indicates that the specimens 
treated as  Paspalum brunneum  by  Chase (1939 ) and Barreto ( 1966 ) were misidentified and correspond to  P. quarinii  not  P. coryphaeum  (Morrone and Zuloaga 
 2000 ).  
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rufum  Nees ex Steud., another species included in Virgata by 
 Barreto (1954 ), was regarded as part of the Eriantha group by 
 Chase (1939 ), or as ungrouped within subgenus  Paspalum  by 
 Zuloaga and Morrone (2005 ). 

   Chase (1939 ) listed six species in Quadrifaria of subgenus 
 Paspalum :  P. brunneum  Mez,  P. coryphaeum  Trin. [the only spe-
cies previously included in the Coryphaea group by  Chase 
(1929 )],  P. dasytrichium  Dusén ex Swallen,  P. ferrugineum  Trin., 
 P. indutum  Luces, and  P. quadrifarium . Later,  Barreto (1966 ) 
described group Quadrifaria to include ten South American 
species similar to  P. quadrifarium  ( Table 1 ). All these species 
share a caespitose growth habit with hard stiff leaves, mul-
tiracemose inflorescences with pyramidal-shaped panicles, 
and pale-stramineous upper anthecia. Accordingly, based on 
the shape of the panicle and the color of the anthecia,  Barreto 
(1966 ) assigned five species of the Virgata group sensu  Chase 
(1929 ,  1939 ) to the Quadrifaria group. Finally,  Zuloaga and 
Morrone (2005 ) followed Barreto’s concept of Quadrifaria, 
adding to this group  P. dasytrichium  (also listed in  Chase 1939 ), 
and  P. plenum  Chase. The position of  Paspalum durifolium  spe-
cies was included in the Quadrifaria group by  Barreto (1966 ), 
the Eriantha group by  Chase (1929 ,  1939 ), or ungrouped by 
 Zuloaga and Morrone (2005 ). 

 At present, partial phylogenies of  Paspalum  have been pub-
lished ( Aliscioni 2002 ;  Vaio et al. 2005 ;  Essi and Souza-Chies 
2007 ;  Souza-Chies et al. 2006 ); these studies have treated 
Quadrifaria and Virgata groups using a reduced sample of 
species. Using anatomical foliar and exomorphological char-
acters,  Aliscioni (2002 ) found that Quadrifaria and Virgata 
are polyphyletic. Similarly, a molecular phylogeny by  Vaio 
et al. (2005 ) showed the Quadrifaria species partitioned in 
two clades, suggesting that this group is not monophyletic. 

 Here, we present a molecular phylogeny of the Quadrifaria 
and Virgata groups based on DNA sequence data from chlo-
roplast markers, namely the  rpl16  intron, and the region 
comprising the  trnL  intron, the  trnL  partial exon, plus the 
intergenic spacer between  trnL  and  trnF  genes. We test the 
monophyly and the interspecific relationships of Quadrifaria 
and Virgata using parsimony. Additionally, several morpho-
logical features, the ploidy level and the genome formula are 
reviewed using the molecular phylogenetic tree to make infer-
ences regarding the evolutionary history of the genus. 

  Materials and Methods 

  Taxonomic Sampling—  We included a total of 50 specimens repre-
senting both outgroup and ingroup taxa. A list of specimens analyzed is 
reported in Appendix 1. 

   Outgroup Selection—  We investigated ten species of  Paspalum  repre-
senting three subgenera and several informal groups. Classification fol-
lows  Denham (2005 ) and  Zuloaga and Morrone (2005 ). Accordingly, eight 
species were sampled from subg.  Paspalum  [ P. distichum  (Disticha group), 
 P. erianthum  Nees ex Trin. (Eriantha group),  P. fimbriatum  Kunth (Fimbriata 
group),  P. glabrinode  (Hack.) Morrone & Zuloaga (ungrouped),  P. macrophyl-
lum  Kunth (Macrophylla group,  Chase 1939 ),  P. remotum  J. Rémy (Livida 
group), and  P. plicatulum  Michx. and  P. wrightii  Hitchc. & Chase (Plicatula 
group)], one species from subg.  Harpostachys  ( P. inconstans  Chase), and one 
species from subg.  Anachyris  ( P. malacophyllum ). 

 In addition, four representative genera of the subfamily Panicoideae, 
used in the molecular phylogenetic study of  Giussani et al. (2001 ), were 
used as part of the outgroup:  Zea mays  L. (Andropogoneae:  x  = 10), 
 Sacciolepis vilvoides  (Trin.) Chase (Paniceae:  x  = 9 Clade),  Axonopus anceps  
(Mez) Hitchc. (Paniceae:  x  = 10 Clade), and  Chasmanthium latifolium  
(Michx.) Link (tribe Centotheceae).  Chasmanthium latifolium  was used to 
root the tree. 

   Ingroup Selection—   A total of 20 species from the informal groups 
Quadrifaria and Virgata of  Paspalum  (as considered by  Chase 1929 ,  1939 ; 

 Barreto 1954 ,  1966 ; and  Zuloaga and Morrone 2005 ) were included as 
ingroup taxa in the molecular analyses (Appendix 1). To represent the cyto-
logical, morphological and geographical variability, up to three accessions 
for each species of the ingroup were sequenced whenever material was 
available.  Paspalum acutum  Chase,  P. hispidum  Swallen,  P. longum  Chase, 
and  P. nelsonii  Chase, considered by  Chase (1939 ) in the Virgata group 
were not included in our sampling due to the lack of fresh material. 

   DNA Isolation, Amplification and Sequencing—  Total DNA was 
extracted from fresh or silica-gel-dried leaves, using modified CTAB 
protocols as described in  Giussani et al. (2001 ). We amplified the  trnL  
(UAA) intron,  trnL  (UAA) partial 3′exon, and the intergenic spacer 
between the  trnL  (UAA) 3′exon and the  trnF  (GAA) gene ( trnL-F  region) 
using primers C, D, E and F as described in  Taberlet et al. (1991 ); for dif-
ficult taxa in which primers C and F failed to amplify, two new prim-
ers were designed Cii = 5′ TAGACGCTACGGACTTGATTG 3′ and Fdw = 
5′CAGTCCTCTGCTCTACCAGC3′. The gene encoding the ribosomal pro-
tein 16 ( rpl16  intron) was amplified using two shorter modified primers, 
approximately five base pairs shorter than those originally published by 
 Jordan et al. (1996 ). These are F71 5′GCTATGCTTAGTGTGTGTCTC3′ and 
R1661 5′ CCAKATTTTTCCACCACGAC3. For some species, the region 
was amplified in two fragments using primers: F584: 5′TTCATTGGGTG
GGATGGCGGAA3′ and R584: 5′TTCCGCCATCCCACCCAATGAA3. 
For sequencing reactions, one additional internal primer was designed: 
F80: 5′C/TTATTGCTTCGTATTGTCG3′, and the primer R270 ( Zhang 
2000 ) was also employed. 

 The 25 or 50 µl Polymerase chain reaction (PCR) contained 20−40 ng/µl 
of DNA template, and a final concentration of 1×PCR Buffer minus MgCl 2 , 
5 mM MgCl 2 , 0.025 mM each dNTP, 0.2 µM each primer, and 1.25−3 units 
Taq Polymerase (Invitrogen Life Technologies, São Paulo, Brazil). PCR 
amplifications were performed under the following conditions: 1)  trnL-F : 
1 cycle of 94°C for 5 min, 34 cycles of 94°C for 30s, 48°C for 1 min, and 72°C 
for 1 min 30s, and a final extension cycle of 72°C for 7 min; 2)  rpl16 : 1 cycle 
of 94°C for 4 min, 34 cycles of 94°C for 1 min, 55°C for 1 min, and 72°C 
for 2 min 30s, and a final extension cycle of 72°C for 7 min. In species for 
which these protocols were unsuccessful, the conditions of the annealing 
temperature (1−8°C), and number of cycles were modified. In addition, a 
variety of PCR additives and enhancing agents (bovine serum albumin, 
dimethyl sulfoxide, formamide) were used to increase the yield, specific-
ity and consistency of PCR reactions. 

 Cleaning of PCR products was done by Macrogen, Inc. using 
Montage PCR purification kit from Millipore following the manu-
facturer’s protocol. Sequencing reactions were also performed by 
Macrogen, Inc. using the ABI PRISM BigDyeTM Terminator Cycle 
Sequencing Kits with AmpliTaq DNA polymerase (Applied Biosystems, 
Seoul, Korea), following the protocols supplied by the manufac-
turer. Both forward and reverse strands were sequenced with a mini-
mum overlap of 90% for every taxon. Single-pass sequencing was 
performed on each template using selected primers to complete a bidi-
rectional contig of the full sequence. Editing and assembling of sequences 
was conducted using Chromas Pro version 1.34 (Technelysium Pty, 
Ltd, Tewantin, Australia). Quality of sequences was assessed by visual 
inspection of the chromatograms. Sequence alignment was made using 
CLUSTAL W ( Thompson et al. 1994 ) and by eye, manually refined using 
BioEdit ver. 5.0.9 ( Hall 1999 ). All sequences were submitted to GenBank; 
voucher information, and GenBank accession numbers, are provided 
in Appendix 1. Alignments and phylogenetic trees were submitted to 
TreeBASE (study number S2127). 

   Phylogenetic Analysis—  Parsimony-based analyses of sequence data 
were performed to explore phylogenetic relationships among species. 
Phylogenetic searches were carried out independently for the region com-
prising the  trnL  intron, the  trnL  partial exon, plus  trnL-trnF  intergenic 
spacer ( trnL-F ), and the  rpl16  intron, and for all data sets combined. The 
analysis of each individual genomic marker was made to explore phylo-
genetic signal and possible phylogenetic incongruences among the data 
sets. Because of the maternal inheritance of the chloroplast, the phyloge-
netic results can be biased. This can be significant when the specimens 
studied are alloploids. Hence, we sequenced different cytotypes for each 
species including, when possible, a diploid specimen. 

 Heuristic searches were conducted using TNT ver. 1.1 ( Goloboff et al. 
2003 ). During the search we used equal weights and nonadditive charac-
ters, and gaps were treated as missing data. Before searches, all uninforma-
tive characters were deactivated. The searches involved 1,000 replicates, 
each of which generated a Wagner tree using a random addition sequence 
of taxa from the data matrix, swapping the initial tree with TBR (tree bisec-
tion and reconnection) and retaining a maximum of 2 trees in each repli-
cate. Subsequently, all optimal trees were swapped using TBR holding a 
maximum of 100,000 trees. Bremer support ( Bremer 1994 ) was calculated 
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to find suboptimal trees of one to seven steps longer than the shortest 
trees, saving a maximum of 100,000 trees in each step. Jackknife support 
( Farris et al. 1996 ) was calculated by running 1,000 replicates, starting each 
replica with a single Wagner tree, and swappd with TBR, and holding a 
single optimal tree. The resampling probability was set to 0.36. 

 A literature review was made to compile chromosome numbers and 
the genome formula in species of  Paspalum  (Appendix 1). These data 
were used to infer potential trends in genome evolution and to determine 
whether ploidy levels are correlated with some particular phylogenetic 
groups. Inflorescence and spikelet diagnostic characters ( Barreto, 1954 , 
 1966 ) of the Virgata and Quadrifaria groups were mapped onto the molec-
ular phylogeny to investigate how many times these characters have inde-
pendently evolved in these groups. 

    Results 

  Sequence Data—  The  rpl16  intron sequences varied in 
length from 1,053 bp in  Chasmanthium latifolium  to 1,097 bp in 
 Sacciolepis vilvoides , both species outgroups. Within  Paspalum , 
the sequence length for this marker ranged from 1,070 bp in 
 P. distichum  to 1,086 bp in  P. haumanii  ( Morrone s.n. ). Missing 
data for  rpl16  is less than 3%. 

 The length variation of the  trnL  intron sequence is from 
458 bp in  Zea mays  to 543 in all species of  Paspalum  except 
 P. exaltatum  and both specimens of  P. haumanii , which have 
542 bp. The length of the  trnL-trnF  spacer ranged from 333 bp 
in  Sacciolepis vilvoides  (outgroup), and 352 bp in  P. malacophyl-
lum  to 370 bp in  P. distichum . The  trnL  partial exon provided 
little phylogenetic signal. Missing data for the entire region 
( trnL-F ) is 3.7%. 

 Excluding a poly-T nucleotide region between bases 41 and 
56 of the  trnL-trnF  spacer, all the indels are only informative 
among outgroup taxa, thus gaps were not included in the 
analyses. 

   Phylogenetic Analyses—   The alignment of the  rpl16  intron 
resulted in 1,178 characters, of which 67 (5.6%) were phyloge-
netically informative. Parsimony analyses yielded 54 trees of 
length = 138 (CI = 0.58; RI = 0.79). The consensus retains 25 
clades, of which 21 clades have a jackknife value (JK) ≥ 50%. 
The majority of clades were also recovered in the trees of the 
combined data analyses ( Fig. 1 ). Only the clade including spe-
cies of the Plicatula group (as defined by  Chase 1929 ;  Zuloaga 
and Morrone 2005 ), e.g.  P. chaseanum, P. palustre ,  P. plicatulum,  
and  P. wrightii , is exclusive of the  rpl16  consensus tree (JK = 
68%, figure not shown). 

  The alignment including the  trnL  intron,  trnL  partial exon 
and  trnL-trnF  intergenic spacer ( trnL-F ) contains 1,007 posi-
tions, of which 60 (6%) are phylogenetically informative. The 
analyses produced 400 shortest trees of 96 steps (CI = 0.70; 
RI = 0.88). The consensus retains 19 nodes (18 with JK ≥ 50%), 
which were also recovered in the trees of the total combined 
analysis ( Fig. 1 ). 

 The results obtained from the  rpl16  and  trnL-F  data sets 
are largely congruent, and twelve clades are common to both 
consensus trees. Topological differences are due to the rela-
tively low resolution for some clades as well as the addition 
of  Paspalum macrophyllum  into the  P. regnellii - P. commune  clade 
of the  trnL-F  dataset, which was not included in the  rpl16  con-
sensus tree. Likewise, the position of both specimens of  P. 
rufum  [ Quarín 3754, 3756 ] (included in a clade with species of 
the Plicatula group in the  trnL-F  tree) and the relationship of 
 P. arundinaceum  (as a sister group of a clade with several spe-
cies of the Virgata group in the  rpl16  tree) are other discrepan-
cies between analyses. 

 The combined data set ( rpl16  intron+ trnL-F ), using 126 
informative characters from both markers produced three 

most parsimonious trees (L = 240; CI = 0.62; RI = 0.82).  Figure 1  
shows one of the most parsimonious trees; only resolution of 
basal branches is ambiguous and varies among the three trees 
(dashed lines in  Fig. 1 ).  Figure 2  represents the consensus tree 
with jackknife and Bremer values shown on branches. The 
monophyly of  Paspalum  is well supported (JK = 99, Bremer 
support (BS) > 7). In turn,  Paspalum rufum  ( Zuloaga 7110 ) and 
 P. durifolium  form a clade (JK = 85, BS = 3) sister to the remain-
ing of the species. In addition, species of the Plicatula group + 
other accessions of  P. rufum  ( Quarín 3754, 3756 ) form a clade 
with moderate support (JK= 84, BS = 3). Even though both 
specimens of  P. rufum  form a well-supported subclade (JK = 
99, BS = 6), the relationships with species of the Plicatula group 
( P. chaseanum ,  P. palustre ,  P. plicatulum , and  P. wrightii ) are not 
resolved ( Figs. 1  and  2 ). Both specimens of  Paspalum corypha-
eum  ( Zuloaga s.n.  and  Longhi et al. 9456 ) and  P. dasytrichium  are 
united in a clade (BS = 1), with  P. coryphaeum  ( Zuloaga s.n. ) and 
 P. dasytrichium  joined in a slightly supported clade (JK= 73, 
BS = 2;  Fig. 2 ). In addition, in these trees either the Plicatula + 
 P. rufum  clade or the  P. coryphaeum  +  P. dasytrichium  clade 
( Fig. 1 ) can be sister to the remaining species. 

  As previously circumscribed ( Table 1 ), the Quadrifaria 
group and the Virgata group are polyphyletic. However, 
our phylogenetic analyses revealed a clade (Clade 1; JK = 98, 
BS = 7;  Fig. 1 ) including most of the species of the Virgata 
group circumscribed in  Chase (1939 ). Clade 1, consisting of 
 Paspalum arundinellum ,  P. conspersum ,  P. densum ,  P. exaltatum , 
 P. haumanii ,  P. intermedium ,  P. millegrana ,  P. plenum , and  P. vir-
gatum , is sister to  P. arundinaceum , although the latter rela-
tionship is poorly supported (BS = 1). Within Clade 1, both 
specimens of  P. exaltatum  form a well-supported subclade 
( JK = 97, BS = 4) with specimens of  P. haumanii  sister to  P. exal-
tatum  and highly supported (JK = 95, BS = 3). A second well-
supported clade (Clade 2; JK = 84, BS = 2;  Fig. 1 ) including 
 P. conspersum ,  P. arundinellum ,  P. densum ,  P. millegrana ,  P. ple-
num , and  P. virgatum  is sister to  P. intermedium . Furthermore, 
a strong relationship is evident among  P. virgatum ,  P. plenum ,  
P. millegrana , and  P. densum  in Clade 3 (JK = 84, BS = 2;  Fig. 1 ). 

 The remaining analyzed species, previously considered 
in the Virgata and Quadrifaria groups ( Table 1 ), fall into dif-
ferent clades ( Figs. 1  and  2 ). For instance, the Macrophylla 
clade includes three species,  Paspalum commune  and  P. regnel-
lii  (JK = 67, BS = 2), which are sister to  P. macrophyllum  ( JK 
= 68, BS = 2). Likewise, the Quadrifaria clade includes two 
species:  P. quarinii  and  P. quadrifarium  (JK = 92, BS = 3), while 
the Coryphaea clade departs from Quadrifaria and encom-
passes two specimens of  P. coryphaeum  and  P. dasytrichium  (BS 
= 1;  Fig. 1 ).  Paspalum rufum  ( Zuloaga 7110 ) and  P. durifolium , 
are part of the “Ungrouped” clade (JK = 85, BS = 3;  Fig. 1 ) 
suggesting an ambiguous status as reported in  Zuloaga and 
Morrone (2005 ). 

    Discussion 

 Based on independent and combined analyses of sequence 
data from the  rpl16  and  trnL-F  chloroplast markers, our study 
indicates that the informal Quadrifaria and Virgata groups 
of  Paspalum  are polyphyletic. Species complexes from pre-
vious classifications are referred as groups according to the 
literature references ( Table 1 ), while results from this study 
are referred as clades. This finding is in agreement with other 
studies encompassing smaller taxonomic sampling ( Aliscioni 
2002 ;  Vaio et al. 2005 ;  Souza-Chies et al. 2006 ). Our molecular 



36 SYSTEMATIC BOTANY [Volume 34

 Fig. 1.     One of three most parsimonious trees inferred from the  rpl16 + trnL-F  data sets. Numbers above branches indicate its length, and letters below 
branches indicate clades that are present in  rpl16  (R) or  trnL-F  (T) trees when analysed alone. Dashed lines correspond to branches that vary between 
the three most parsimonious trees as explained in the text. Chromosome counts of the species are cited following names (2 n ); * indicates a chromosome 
count of the specimen sequenced and references are cited in Appendix 1. Letters between brackets indicate the genome type (see also Appendix 1). Black 
arrows show principal clades within the Virgata group as discussed in the text. Acronyms to the right correspond to informal groups of  Paspalum  shown 
in  Table 1 .    

phylogeny provides a new perspective to group the species, 
and new clades are proposed. 

  Virgata Clade—  The Virgata clade, as referred herein, 
includes all species of the well-supported Clade 1 ( Fig. 2 ), 
namely  Paspalum arundinellum ,  P. conspersum ,  P. densum ,  P. 
exaltatum ,  P. haumanii ,  P. intermedium ,  P. millegrana ,  P. plenum , 
and  P. virgatum . This circumscription is similar to the one 

previously proposed by  Chase (1939 ), except for the inclusion 
of  P. acutum ,  P. hispidum ,  P. longum , and  P. nelsonii , here not 
considered. 

 Based on  Pohl and Davidse (1994 ) and  Zuloaga and 
Morrone (2005 ), references from which some morphological 
measurements were summarized, the Virgata clade is char-
acterized by including tall [1−2 (−3) m], robust, perennial 
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grasses, leaves with sharp-cutting edges, large panicles [(10−) 
20−40 (−50) cm] and numerous racemes [(7−) 20−40 (−100)]. 
The panicle shape, which depends on the ratio between api-
cal and basal racemes, varies from truncated (4−10/10−20) to 
pyramidal (0.5−2/7−15). The rachis of the racemes is (0.5−) 

1−1.5 (−2) mm in width. The spikelets are ellipsoid or sub-
orbicular to obovoid, (1.6−) 2.2−3.2 (−4) mm long and (1.2−) 
1.5−2 (−2.4) mm wide. 

 Geographically, the species of the Virgata clade are widely dis-
tributed in humid grasslands and marshes, ranging from Mexico 

  Fig . 2.    Consensus of three most parsimonious trees based on the combined  rpl16 + trnL-F  data sets. Number above branches indicate jackknife sup-
port, and number below branches indicate Bremer support. Bars indicate the principal clades recovered by the analyses, while black arrows show princi-
pal clades within the Virgata group as discussed in the text.    
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and Central America to South America.  Paspalum arundinellum , 
 P. exaltatum ,  P. intermedium , and  P. haumanii  are species restricted 
to Austral South America, while  P. conspersum, P. densum ,  P. mil-
legrana, P. plenum , and  P. virgatum  are widely distributed from 
Mexico and the Caribbean to Austral South America.  Paspalum 
conspersum ,  P. virgatum,  and  P. intermedium  have been introduced 
in North America ( Pohl and Davidse 1994 ;  Allen and Hall 2003 ). 
In connection with their occurrence in humid habitats, all species 
of the Virgata clade have air cavities (as seen in transverse cross 
sections of the leaves) between the first order vascular bundles 
surrounding the midvein and a group of parenchyma cells above 
these cavities through the adaxial epidermis. These cavities 
have been observed in  P. arundinellum ,  P. conspersum ,  P. densum , 
 P. exaltatum ,  P. millegrana ,  P. plenum , and  P. virgatum  ( Aliscioni 
and Arriaga 1998 ), and in  P. haumanii  and  P. intermedium  
(Giussani, pers. obs.), and are more evident in mature leaves. It 
is feasible that the cavities are genetically controlled and related 
to gas transport and reduction of stress due to floods (Williams 
and Barber 1961). These structures also have been reported in the 
Plicatula and Dissecta groups of  Paspalum  and could represent a 
phylogenetic informative character in  Paspalum  ( Aliscioni 2000 ). 
Further morphological analysis of this group would be useful 
to unveil the interspecific variability of  Paspalum  and to deter-
mine new diagnostic characters supporting the monophyly of 
the Virgata clade and related species. 

 The panicle shape was usually used to separate species of 
the Virgata and Quadrifaria groups of  Paspalum  ( Barreto 1954 , 
 1966 ;  Zuloaga and Morrone 2005 ). To make some inferences 
regarding the evolution of the panicle shape, we optimized 
this character on the most parsimonious trees and found 
that the pyramidal shape is plesiomorphic while a truncated 
panicle has arisen several times in the evolution of  Paspalum  
(figure not shown).  Paspalum exaltatum ,  P. haumanii , and 
 P. intermedium , the earliest divergent species within the Virgata 
clade ( Figs. 1  and  2 ), are characterized by pyramidal panicles, 
with highly branched secondary paracladia (ramifications 
of the racemes), a character particularly evident in  Paspalum 
exaltatum  and  P. haumanii  ( Rua 1996 ); furthermore,  Paspalum 
exaltatum  and  P. haumanii  form a strongly supported clade 
(JK = 95; BS = 3;  Fig. 2 ). This relationship is reinforced because 
both species have the upper glume and lower lemma longer 
than the upper floret ( Zuloaga and Morrone 2005 ). A novel 
truncated panicle evolved in members of Clade 2 with two 
reversals from truncated to pyramidal in  P. densum  and  P. ple-
num . Lastly, Clade 3, another well-supported clade, includes 
species with obovoid spikelets:  P. virgatum ,  P. millegrana , 
 P. densum , and  P. plenum  ( Fig. 2 ). Most of the examined species 
of  Paspalum plenum  have ellipsoid spikelets; however the spec-
imen included in this analysis ( Maruñak 539 ) has suborbicular 
to obovoid spikelets. This is a derived condition within the 
Virgata clade, all other species having ellipsoid spikelets. 

 Within the Virgata clade the chromosome numbers are 
variable. The most common number is 2 n  = 4 x  = 40. Diploid 
species include  P. densum ,  P. haumanii ,  P. intermedium , and 
 P. plenum , while pentaploids (2 n  = 5 x  = 50) where found for 
 P. arundinellum  (Appendix 1). 

 Several interspecific crosses have been made between dip-
loid and tetraploid species of  Paspalum  ( Burson 1978 ;  Burson 
and Quarín 1982 ;  Quarín and Norrmann 1990 ;  Caponio and 
Quarín 1993 ). The phylogenetic relationships among spe-
cies of the Virgata clade are supported by results of interspe-
cific crosses, in which hybrids between diploid members of 
the Virgata clade were characterized by regular meiosis with 

high levels of bivalent associations ( Quarín and Norrmann 
1990 ;  Caponio and Quarín 1993 ). For instance,  Quarín and 
Norrmann (1990 ) found that  Paspalum intermedium  was more 
closely related to  P. haumanii  than to  P. quarinii  (as  P. brunneum), 
P. quadrifarium  ( Quarín 3810 , included in our analysis), or 
 P. rufum .  Caponio and Quarín (1993 ) related  P. densum  to 
 P. intermedium  as all hybrids had regular meiosis with mostly 
bivalent associations. In addition, interspecific crossing 
between a diploid member of  P. intermedium  and the tetraploid 
 P. conspersum  ( Burson 1978 ), and hybrids between  P. interme-
dium  (2 n  = 2 x  = 20) and  P. virgatum  (2 n  = 4 x  = 40;  Burson and 
Quarín 1982 ) also revealed the close relationships among spe-
cies of the Virgata clade. 

 Even though the position of  Paspalum arundinaceum  indi-
cates that this species is sister to the Virgata clade, further 
analyses are required to confirm this relationship. The species 
was reported as hexaploid with multivalent associations and 
irregular pairing ( Davidse and Pohl 1974 ). Thus, the puta-
tive sister relationship with the Virgata clade could reflect a 
parental linkage to its tentative alloploid origin ( Davidse and 
Pohl 1974 ).  Paspalum arundinaceum  differs from members of 
the Virgata clade because it has evident adaxial ribs associ-
ated with first and second order vascular bundles, with bul-
liform cells connected to large parenchyma cells displacing 
the third order vascular bundles to the abaxial epidermis 
( Aliscioni and Arriaga 1998 ).  Paspalum arundinaceum  is native 
to Mesoamerica, the Caribbean, and northern South America 
( Pohl and Davidse 1994 ). 

   Quadrifaria Clade—  Based on our results, the Quadrifaria 
clade is here confined to  Paspalum quarinii  and  P. quadrifarium  
( Figs. 1  and  2 ). This clade is made up of only two species of 
the Quadrifaria group ( Table 1 ), which is strongly supported 
by our results (JK = 92; BS= 3;  Fig. 2 ). This clade comprises 
caespitose, tall and robust perennial species with long leaves 
and pseudo-petiolate basal leaves. Both species have pyrami-
dal panicles 12−30 cm long, with numerous racemes [(10−) 
25−40] and narrow rachis (0.4−0.6 mm) with papillose marginal 
hairs, 1−4 mm long. The spikelets are ellipsoid, 1.6−2.4 mm 
long and 0.8−1 mm with short and tender hairs with tuber-
culate base on upper glume and lower lemma ( Zuloaga and 
Morrone 2005 ). Both  Paspalum quarinii  and  P. quadrifarium  
occur in eastern Argentina, southern Brazil, Paraguay and 
Uruguay, and several chromosome numbers have been 
reported throughout their distributional range:  P. quadrifar-
ium  2 n  = 20, 30, 40, and  P. quarinii  2 n  = 20, 39, 40 (Appendix 1). 
The close relationships between these two species have been 
proposed by  Quarín and Norrmann (1990 ), who reported reg-
ular meiotic behavior in hybrids between diploid specimens. 
Likewise,  Vaio et al. (2005 ) showed a similar pattern in the 
location of the ribosomal rDNA gene 45S in chromosomes 
between a diploid specimen of  P. quadrifarium  and a tetraploid 
specimen of  P. quarinii . Furthermore,  Vaio et al. (2005 ) reported 
that  Paspalum quadrifarium  likely hybridizes with species of 
the Virgata group as they found a tetraploid specimen close 
related to  P. haumanii ,  P. exaltatum , and  P. intermedium . 

   Coryphaea Clade—  In the revision of the North American 
species of  Paspalum ,  Chase (1929 ) proposed the Coryphaea 
group to include a robust rhizomatous species ( P. coryphaeum ) 
with hirsute sheaths, long flat blades, and with large pani-
cles with numerous slender racemes. She also indicated that 
all species related to  P. coryphaeum  were confined to South 
America, although not revealing which species she referred 
to. Later,  Chase (1939 ) considered  P. coryphaeum  within the 
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Quadrifaria group, in which she listed five other species 
( P. brunneum ,  P. dasytrichium ,  P. ferrugineum ,  P. indutum , and 
 P. quadrifarium ) ( Table 1 ). However, our study did not show 
a relationship among these species but only weakly sup-
ported the close relationship between both specimens of 
 P. coryphaeum  and  P. dasytrichium.  Both  P. coryphaeum  and 
 P. dasytrichium  are robust perennial plants with an erect to 
leaning growth habit, tuberculate hairs on sheaths, and papil-
lose-hirsute leaves (although the hairiness of leaves is variable 
among specimens in  P. coryphaeum ). Measurements obtained 
from  Chase (1929 ) and  Zuloaga and Morrone (2005 ) indicate 
that the panicles are pyramidal, 10−25 cm long, with 10−50 
racemes, and the rachis of racemes narrow, 0.3−0.5 mm wide; 
the spikelets are ellipsod, 1.8−2.5 mm long and 1 mm wide. 
Based on the morphological affinities between both spe-
cies and the phylogenetic placement, we suggest including 
 P. coryphaeum  and  P. dasytrichium  in the Coryphaea clade 
analogous to the group of  Chase (1929 ). The geographical 
distribution of  P. coryphaeum  extends from Panama to the 
Guianas and northern Brazil, while  P. dasytrichium  is endemic 
to southern Brazil.  Paspalum coryphaeum  is a polymorphic 
species with different ploidy levels (2 n  = 20, 40, 60), while 
the chromosome number is unknown for  P. dasytrichium  
(Appendix 1). 

   Macrophylla Clade—  This clade consist of all specimens 
of  Paspalum regnellii  (3) and  P. commune  (2) along with 
 P. macrophyllum  as the sister to the remainder of the clade. 
 Chase (1939 ) recognized these species and proposed the infor-
mal group Macrophylla in which she also included  P. wet-
tsteinii  and  P. barclayi  Chase. With the exception of  P. wettsteinii  
(=  P. virgatum ), we propose reinstating the informal South 
American group Macrophylla, as proposed by  Chase (1939 ). 
In addition to the relationships revealed by the phylogenetic 
analyses, these species are characterized by including peren-
nial plants 0.4–1 (−2) m tall, with wide blades (10−25 mm), 
rounded at the base; panicles truncate with 3−15 racemes and 
rachis 0.4−0.8 mm wide. Spikelets are ellipsoid to obovoid, 
pubescent, with pale or brown anthecia, (2−) 2.2−2.7 (−3) 
mm long and (1.4−) 1.8−2 mm wide (measurements based 
on  Chase 1927 ; and  Zuloaga and Morrone 2005 ). Within 
this clade, tetraploid counts have been cited for  P. commune , 
and tetraploid cytotypes were also reported for  P. regnellii  
(Appendix 1) The sister species,  P. macrophyllum  includes 2 n  = 
40 and 60 cytotypes (Appendix 1). The Macrophylla clade is a 
South American group of species mainly distributed in moist 
soils of forest borders or open grounds at middle and low alti-
tudes of Colombia, Ecuador, Peru, Bolivia, and northwestern 
Argentina. Only  Paspalum regnellii  is restricted to modified 
soils in forest borders of southeastern South America (north-
eastern Argentina, eastern Paraguay, and southern Brazil) 
and Central Brazil. 

   Plicatula + Paspalum rufum Clade—  The controversial 
 Paspalum chaseanum  and  P. palustre , included in the Virgata 
group by  Barreto (1954 ) and in the Plicatula group by  Chase 
(1939 ) and  Zuloaga and Morrone (2005 ) ( Table 1 ), were investi-
gated to determine their phylogenetic position. Their alliance 
with  Paspalum plicatulum  and  P. wrightii  confirms its place-
ment within the Plicatula group. The Plicatula group is easily 
recognized by the morphology of the spikelet (sterile lemma 
with transverse wrinkles, the anthecium conspicuously con-
vex, dark brown and shining), although the variability of 
reproductive and vegetative characters make the identifica-
tion difficult at the specific level ( Zuloaga and Morrone 2005 ). 

Species of the Plicatula group studied here exhibit several 
ploidy levels: 2 n  = 20, 30, 40 (Appendix 1), and are wide-
spread in America, occupying different environments such as 
open grounds, wet wood borders, moist sands or margin of 
streams. Two specimens of  Paspalum rufum , a diploid ( Quarín 
3754 ) and a tetraploid ( Quarín 3756 ) specimen reported as 
possibly originating via autopolyploidy ( Quarín et al. 1998 ), 
are related to species of the Plicatula group.  Paspalum rufum  
and species of the Plicatula group share a dark brown upper 
anthecium and occur in low and wet grounds, flooded lands 
and margins of streams. Nevertheless, additional sampling is 
needed to corroborate this phylogenetic relationship. 

   “Ungrouped” Clade—  This clade includes two species, 
 Paspalum durifolium  and  P. rufum .  Paspalum durifolium  is rep-
resented here by a pentaploid specimen ( Valls 12282 ) of natu-
ral origin ( Honfi 2003 ). Two other cytotypes are also known 
for this species: an apomictic allohexaploid presumably with 
three different genomes (II, J 2 J 2 , XX) ( Burson 1985 ) and a sexual 
allotetraploid ( Quarín 1994 ). The strong relationship found 
between  P. durifolium  ( Valls 12282 ) and  P. rufum  ( Zuloaga 7110 ) 
( Fig. 2 ) is congruent with their morphological affinities such 
as the ellipsoid pubescent spikelets, with an acute apex and 
with the overlapping distribution (growing in moist grounds 
or low flooded lands of southeastern South America). We 
believe that  Paspalum rufum  could represent a parental line of 
the allopolyploid  P. durifolium , both of which have at least one 
genome type in common ( Burson and Quarín 1992 ;  Quarín 
1994 ). Unfortunately, there are no cytological studies that con-
firm the chromosome number and the meiotic behavior of the 
specimen of  P. rufum ,  Zuloaga 7110 . 

 The presence of long hairs on the upper glume and lower 
lemma of  P. durifolium  and  P. rufum  resemble those of the 
members of the Eriantha group of  Chase (1939 ), in which 
Chase included  P. durifolium ,  P. devincenzii  Parodi (synonym of 
 P. durifolium ),  P. erianthum  Nees,  P. erianthoides  Mez.,  P. hassleri  
Hack. (synonym of  P. rufum ), and  P. rufum . The position of 
these two species within the Eriantha group was tested by 
adding  P. erianthum  to this analysis. This hypothesis was 
rejected as our analyses showed that  P. erianthum  is more 
closely related to  P. malacophyllum  and  P. fimbriatum , although 
with moderate support. This finding concurs with that of 
 Morrone et al. (2004 ), who set apart  P. durifolium  and  P. rufum  
from the Eriantha group. Therefore, the taxonomic position 
of  P. durifolium  ( Valls 12282 ) and  P. rufum  ( Zuloaga 7110 ) will 
remain in doubt until further studies are conducted. 

   Diploid – Polyploid Complexes—  Extensive cytological 
and inbreeding studies were conducted in species of the 
Macrophylla, Plicatula, Quadrifaria, and Virgata clades of 
 Paspalum , and sufficient data is available to discuss ploidy 
relationships among species. 

 The morphological similarity among diploids and tetra-
ploids and the presence of multivalent chromosome associa-
tions in polyploid cytotypes suggest the probable origin of 
polyploids via autopolyploidy; hence, different cytotypes 
may form part of the same taxonomic complex ( Quarín 
and Lombardo 1986 ;  Caponio and Quarín 1987 ;  Quarín and 
Norrmann 1987 ;  Norrmann et al. 1989 ;  Honfi et al. 1991 ; 
 Quarín 1992 ;  Quarín et al. 1996 ,  1998 ;  Acuña et al. 2005 ). 
Diploid and tetraploid specimens were reported for most of 
the species analyzed in this study while triploid, pentaploid 
and hexaploid specimens are less frequent ( Fig. 1 , Appendix 1). 
When the chromosome numbers of the species are consid-
ered for terminal taxa in the most parsimonious trees, diploid 
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and polyploid taxa merge in most monophyletic clades. For 
example, the diploid and tetraploid cytotypes of  Paspalum 
exaltatum  together with the diploid specimen of  P. haumanii  
(Virgata clade); both diploid and tetraploid specimens of 
 P. rufum , which are related to the Plicatula clade; and different 
cytotypes of  P. quarinii  and  P. quadrifarium  (Quadrifaria clade) 
( Fig. 1 ). Therefore, polyploidy within monophyletic com-
plexes such as Plicatula +  P. rufum  clade, Quadrifaria clade, 
and Virgata clade, may have arisen from diploid ancestors via 
autoploidy ( Quarín and Lombardo 1986 ;  Quarín et al. 1998 ). 
In addition, the morphological homogeneity of the diploid-
polyploid monophyletic clades (see above) is consistent with 
the tentative autoploid origin of polyploid races. 

 Although interspecific hybrids have been obtained from 
diploids ( Quarín and Norrmann 1990 ), or between poly-
ploids ( Burson and Quarín 1982 ;  Burson 1985 ;  Quarín and 
Norrmann 1987 ;  Burson and Quarín 1992 ;  Caponio and 
Quarín 1993 ;  Quarín 1994 ;  Burson and Hussey 1998 ), they 
are usually highly sterile and rarely found in natural popula-
tions. To investigate patterns of reticulate evolution, hybrid-
ization of closely related species, and lineage sorting in major 
groups of  Paspalum , it is necessary to explore congruence 
between chloroplast (maternal line) and nuclear phyloge-
nies (both parental lines), to further detect parental origin of 
diploid – polyploid complexes. 

 Regarding the genome type variation in  Paspalum , previous 
hybridization studies demonstrated that  P. densum  ( Caponio 
and Quarín 1993 ),  P. durifolium  ( Burson 1985 ),  P. haumanii  
( Quarín and Norrmann 1990 ),  P. quadrifarium  ( Quarín and 
Norrmann 1990 ),  P. quarinii  (as  P. brunneum  in  Quarín and 
Norrmann 1990 ;  Burson and Quarín 1992 ),  P. rufum  ( Quarín 
and Norrmann 1990 ;  Burson 1989 ;  Burson and Quarín 1992 ), 
and  P. virgatum  ( Burson and Quarín 1982 ) share the I genome. 
In addition, the I 2  genome of  Paspalum conspersum  would 
be partially homologous to the I genome ( Burson 1978 ). All 
these species, which possess the I genome characteristic of 
 P. intermedium , are related to different clades in our phylogeny 
( Fig. 1 ). Although the genome formula is known for a few 
species of  Paspalum , the I genome could be ancestral in the 
origin of  Paspalum , appearing as the common basic genome 
to all species. 

 In summary,  Paspalum  is a large, polymorphic genus with 
complex and wide array of geographic, morphological, and 
taxonomic lineages. Our study provides preliminary insights 
to circumscribe monophyletic clades and infer interspecific 
relationships in  Paspalum . Foremost, a monophyletic Virgata 
clade, consisting of nearly all the species listed in an unpub-
lished manuscript by Chase, is recovered in our analysis. 
Also, the Quadrifaria group is restricted to  P. quadrifarium  
and  P. quarinii , and other species traditionally treated within 
Virgata or Quadrifaria were distantly related. Therefore, the 
phylogenetic placement of some species is in need of reevalu-
ation within a major taxonomic framework. 

      Acknowledgments.   We are grateful to Amalia Scataglini, and Silvia 
Denham for helpful discussions and suggestions on the manuscript. To 
D. Litwiller for comments on the manuscript; H. M. Longhi Wagner, 
J. F. M. Valls, G. H., Rua, and R. Fortunato for providing some of the sam-
ples used in this study. Field and laboratory work was supported in part by 
Fundación Antorchas grants 4248−73 and 14116−161, Mini-PEET Awards 
to Enhance Transfer of Taxonomic Knowledge, National Geographic 
Society research grant 7792−05, Consejo Nacional de Investigaciones 
Científicas y Técnicas (CONICET) research grant PIP 5453, Agencia 
Nacional de Promoción Científica y Técnica (ANPCyT) grants 11739, 
13374, 13578, and PAV13714.  

 Literature Cited 

      Acuña ,  C. A.  ,   E. J.   Martínez ,  and   C. L.   Quarín .    2005 .  Sexual diploid and 
apomictic tetraploid races in  Thrasya petrosa  (Gramineae) .  Australian 
Journal of Botany   53 :  479 – 484 . 

      Adamowski ,  E. V.  ,   M. S.   Pagliarini ,    A. B.   Mendes Bonato ,    L. A.   Rocha 
Batista ,  and   J. F. M.   Valls .    2005 .  Chromosome numbers and meiotic 
behavior of some  Paspalum  accessions .  Genetics and Molecular Biology  
 28 :  773 – 780 . 

      Aliscioni ,  S. S.     2000 .  Anatomía ecológica del género  Paspalum  (Poaceae: 
Panicoideae: Paniceae) .  Darwiniana   38 :  187 – 207 . 

      Aliscioni ,  S. S.     2002 .  Contribución a la filogenia del género  Paspalum  
(Poaceae: Panicoideae: Paniceae) .  Annals of the Missouri Botanical 
Garden   89 :  504 – 523 . 

      Aliscioni ,  S. S.   and   M. O.   Arriaga .    1998 .  Estudio histofoliar comparado de 
las especies de los grupos Virgata y Quadrifaria del género  Paspalum  L. 
(Poaceae-Panicoideae-Paniceae) .  Candollea   53 :  333 – 348 . 

      Aliscioni ,  S. S.     L. M.   Giussani ,    F. O.   Zuloaga ,  and   E. A.   Kellogg .    2003 .  
A molecular phylogeny of  Panicum  (Poaceae: Paniceae). Tests of 
monophyly and phylogenetic placement within the Panicoideae . 
 American Journal of Botany   90 :  796 – 821 . 

      Allen,   C. M.   and   D. W.   Hall .    2003 .   Paspalum  . Pp.  566 – 599  in  Flora of North 
America, North of Mexico vol. 25 , eds.    M. E.   Barkworth ,    K. M.   Capels ,   
 S.   Long ,  and   M. B.   Piep .    New York :  Oxford University Press . 

      Barreto ,  I. L.     1954 .  Las especies afines a  Paspalum virgatum  en la América 
del Sur .  Revista Argentina de Agronomía   21 :  125 – 142 . 

      Barreto ,  I. L.     1966 .  Las especies afines a  Paspalum quadrifarium  (Gramineae) 
en la América del Sur de clima subtropical y templado .  Darwiniana  
 14 :  130 – 155 . 

      Bentham ,  G.     1881 .   Paspalum.  Notes on Gramineae .  Journal of the Linnean 
Society of Botany   19 :  34 – 38 . 

      Bremer ,  K.     1994 .  Branch support and tree stability .  Cladistics   10 :  295 – 304 . 
      Burson ,  B. L.     1975 .  Cytology of some apomictic  Paspalum  species .  Crop 

Science   15 :  229 – 232 . 
      Burson ,  B. L.     1978 .  Genome relations between  Paspalum conspersum  and 

two diploid  Paspalum  species .  Canadian Journal of Genetics and Cytology  
 20 :  365 – 372 . 

      Burson ,  B. L.     1979 .  Cytogenetics of  Paspalum urvillei  ×  P. intermedium  and  P. 
dilatatum  ×  P. paniculatum  hybrids .  Crop Science   19 :  534 – 538 . 

      Burson ,  B. L.     1981a .  Cytogenetic relationships between  Paspalum jurgensii  
and  P. intermedium, P. vaginatum  and  P. setaceum  var .  ciliatifolium. Crop 
Science   21 :  515 – 519 . 

      Burson ,  B. L.     1981b .  Genome relations among four diploid  Paspalum  spe-
cies .  Botanical Gazette (Chicago, Ill.)   142 :  592 – 596 . 

      Burson ,  B. L.     1983 .  Phylogenetic investigations of  Paspalum dilatatum  and 
related species . Pp.  170 – 173  in  Proceedings of the 14 th  International 
Grassland Congress , eds.    J. A.   Smith ,  and   V. W.   Hays .    Boulder, 
Colorado :  Westview Press . 

      Burson ,  B. L.     1985 .  Cytology of  Paspalum chacoense  and  P. durifolium  and 
their relationship to  P. dilatatum.    Botanical Gazette (Chicago, Ill.)   146 : 
 124 – 129 . 

      Burson ,  B. L.     1989 . Phylogenetics of apomictic  Paspalum dilatatum . Pp. 
 413 – 414  in   Proceedings of the 16 th  International Grassland Congress  . 
 Nice, France : French Grassland Society. 

      Burson ,  B. L.   and   H. W.   Bennett .    1971 .  Chromosome numbers, microsporo-
genesis and mode of reproduction of seven  Paspalum  species .  Crop 
Science   11 :  292 – 294 . 

      Burson ,  B. L.   and   M. A.   Hussey .    1998 .  Cytology of  Paspalum malacophyl-
lum  and its relationship to  P. juergensii  and  P. dilatatum  .  International 
Journal of Plant Sciences   159 :  153 – 159 . 

      Burson ,  B. L.   and   C. L.   Quarín .    1982 .  Cytology of  Paspalum virgatum  and its 
relationship with  P. intermedium  and  P. jurgensii  .  Canadian Journal of 
Genetics and Cytology   24 :  219 – 226 . 

      Burson ,  B. L.   and   C. L.   Quarín .    1992 .  Cytological relationship between 
 Paspalum dilatatum  and diploid cytotypes of  P. brunneum  and  P. rufum  . 
 Genome   35 :  332 – 336 . 

      Caponio ,  I.   and   C. L.   Quarín .    1987 .  El sistema genético de  Paspalum sim-
plex  y de un híbrido interespecífico con  P. dilatatum  .  Kurtziana   19 : 
 35 – 45 . 

      Caponio ,  I.   and   C. L.   Quarín .    1993 .  Cytology and reproduction of  P. densum  
and its genomic relationship with  P. intermedium  and  P. urvillei  .  The 
Journal of Heredity   84 :  220 – 222 . 

      Chase ,  A.     1927 .   Paspalum  . Pp.  434 – 555  in  The grasses of Ecuador, Peru, and 
Bolivia. Contributions from the United States National Herbarium , Vol.  24  
ed.    A. S.   Hitchcock .    Washington D.C. :  Government Printing Office . 

      Chase ,  A.     1929 .  The North American species of  Paspalum  .  Contributions 
from the United States National Herbarium   28 :  1 – 310 . 

http://www.ingentaconnect.com/content/external-references?article=0067-1924()53L.479[aid=8675084]
http://www.ingentaconnect.com/content/external-references?article=0067-1924()53L.479[aid=8675084]
http://www.ingentaconnect.com/content/external-references?article=0026-6493()89L.504[aid=8000715]
http://www.ingentaconnect.com/content/external-references?article=0026-6493()89L.504[aid=8000715]
http://www.ingentaconnect.com/content/external-references?article=0002-9122()90L.796[aid=7462954]
http://www.ingentaconnect.com/content/external-references?article=0748-3007()10L.295[aid=527637]
http://www.ingentaconnect.com/content/external-references?article=0006-8071()142L.592[aid=8675075]
http://www.ingentaconnect.com/content/external-references?article=1058-5893()159L.153[aid=8675073]
http://www.ingentaconnect.com/content/external-references?article=1058-5893()159L.153[aid=8675073]


2009] GIUSSANI ET AL.: MOLECULAR PHYLOGENETIC STUDIES IN PASPALUM 41

      Chase ,  A.     1939 . Unpublished manuscript.   Paspalum  of South America . 
 Washington D. C. :  Hitchcock and Chase Library, Botany Department, 
Smithsonian Institution . 

      Clayton ,  W. D.   and   S. A.   Renvoize .    1986 .  Genera Graminum .  London :  Her 
Majesty’s Stationery Office . 

      Dandin ,  S. B.   and   M. S.   Chennaveeraiah .    1983 .  Chromosome number and 
meiotic behaviour in interpretation of basic chromosome number in 
the genus  Paspalum  .  Journal of Cytology and Genetics   18 :  26 – 33 . 

      Denham ,  S. S.     2005 .  Revisión sistemática del subgénero  Harpostachys  de 
 Paspalum  (Poaceae: Panicoideae: Paniceae) .  Annals of the Missouri 
Botanical Garden   92 :  463 – 532 . 

      Davidse ,  G.   and   R. W.   Pohl .    1972 .  Chromosome numbers, meiotic behav-
ior, and notes on some grasses from Central America and the West 
Indies .  Canadian Journal of Botany   50 :  1441 – 1452 . 

      Davidse ,  G.   and   R. W.   Pohl .    1974 .  Chromosome numbers, meiotic behav-
ior, and notes on tropical American grasses (Gramineae) .  Canadian 
Journal of Botany   52 :  317 – 328 . 

      Doell ,  J. C.     1877 .  Paniceae . Pp.  33 – 358  in  Flora Brasiliensis , vol.  2  ed.    C. F. P.  
 von Martius .    München :  F. Fleischer . 

      Duvall ,  M. R.,     J. D.   Noll ,  and   A. H.   Minn .    2001 .  Phylogenetics of Paniceae 
(Poaceae) .  American Journal of Botany   88 :  1988 – 1992 . 

      Espinoza ,  F.   and   C. L.   Quarín .    1997 .  Cytoembryology of  Paspalum chasea-
num  and sexual diploid biotypes of two apomictic  Paspalum  species . 
 Australian Journal of Botany   45 :  871 – 877 . 

      Essi ,  L.   and   T. T.   Souza-Chies .    2007 .  Phylogeny of Linearia and Notata 
groups of  Paspalum  L. (Poaceae: Panicoideae: Paniceae) and related 
species .  Genetic Resources and Crop Evolution   54 :  779 – 791 . 

      Evers ,  G. W.   and   B. L.   Burson .    2004 .  Dallisgrass and other  Paspalum  spe-
cies . Pp.  681 – 713  in  Warm-Season (C 4 ) Grasses, Agronomy Monographs 
45 , eds.    L. E.   Moser ,    B. L.   Burson ,  and   L. E.   Sollenberger .    Madison , 
 Wisconsin: ASA-CSSA-SSSA . 

      Farris ,  J. S.  ,   V. A.   Albert ,    M.   Källersjö ,    D.   Lipscomb ,  and   A. G.   Kluge .    1996 . 
 Parsimony jackknifing out performs neighbor-joining .  Cladistics   12 : 
 99 – 124 . 

      Gates ,  R. N.  ,   C. L.   Quarín ,  and   C. G. S.   Pedreira .    2004 .  Bahiagrass . Pp.  
651 – 680  in  Warm-Season (C 4 ) Grasses, Agronomy Monographs 45 , eds. 
   L. E.   Moser ,    B. L.   Burson ,  and   L. E.   Sollenberger .    Madison ,  Wisconsin: 
ASA-CSSA-SSSA . 

      Giussani ,  L. M. ,    J. H.   Cota-Sánchez ,    F. O.   Zuloaga ,  and   E. A.   Kellogg .    2001 . 
 A molecular phylogeny of the grass subfamily Panicoideae (Poaceae) 
shows multiple origins of C 4  photosynthesis .  American Journal of 
Botany   88 :  1993 – 2012 . 

      Goloboff ,  P.     J.   Farris ,  and   K.   Nixon .    2003 . TNT: Tree Analysis using New 
Technology. Program and documentation at  http://www.zmuc.dk/
public/phylogeny/tnt . 

      Gómez-Martínez ,  R.   and   A.   Culham .    2000 .  Phylogeny of the subfamily 
Panicoideae with emphasis on the tribe Paniceae: evidence from 
the  trnL-F  cpDNA region . Pp.  136 – 140  in  Grasses: systematics and 
evolution , eds.    S. W. L.   Jacobs ,  and   J. E.   Everett .    Australia, Victoria, 
Collingwood :  Commonwealth Scientific and Industrial Research 
Organization (CSIRO) Publishing . 

      Hall ,  T. A.     1999 .  BioEdit: a user-friendly biological sequence alignment 
editor and analysis program for Windows 95/98/NT .  Nucleic Acids 
Symposium Series   41 :  95 – 98 . 

      Holmgren ,  P. K.,     N. H.   Holmgren ,  and   L. C.   Barnett .    1990 .  Index Herbariorum. 
Part I: The Herbaria of the World. Eighth edition .  New York :  New York 
Botanical Garden . 

      Honfi ,  A. I.     2003 .  Citoembriología de poliploides impares en el género Paspalum 
(Panicoideae: Gramineae) .  Tesis doctoral. Argentina, Córdoba :  Univer-
sidad Nacional de Córdoba . 

      Honfi ,  A. I.  ,   C. L.   Quarín ,  and   J. F.   Valls .    1991 .  Estudios cariológicos en 
gramíneas sudamericanas .  Darwiniana   30 :  87 – 94 . 

      Hunziker ,  J. H.,     F. O.   Zuloaga ,    O.   Morrone ,  and   A.   Escobar .    1998 .  Estudios 
cromosómicos en Paniceae sudamericanas (Poaceae: Panicoideae) . 
 Darwiniana   35 :  29 – 36 . 

      Jordan ,  W. C.  ,   M. W.   Courtney ,  and   J. E.   Neigel .    1996 .  Low levels of 
intraspecific genetic variation at a rapidly evolving chloroplast DNA 
locus in North American Duckweeds (Lemnaceae) .  American Journal 
of Botany   83 :  430 – 439 . 

      Killeen ,  T. J.     1990 .  The grasses of Chiquitanía, Santa Cruz, Bolivia .  Annals 
of the Missouri Botanical Garden   77 :  125 – 201 . 

      Martínez ,  E. J.   and   C. L.   Quarín .    1999 .  Citoembriología y comportamiento 
reproductivo de un citotipo diploide de  Paspalum hydrophilum  y sus 
híbridos con  P. palustre  (Poaceae, Paniceae) .  Darwiniana   37 :  243 – 251 . 

      de Moraes Fernandes ,  M. I. ,    I. L.   Barreto ,    F. M.   Salzano ,  and   M. O. F.   Sacchet . 
   1974 .  Cytological and evolutionary relationships in Brazilian forms 
of  Paspalum  (Gramineae) .  Caryologia   27 :  455 – 465 . 

      Morrone ,  O.   and   F. O.   Zuloaga .    2000 .   Paspalum quarinii  Morrone & Zuloaga 
(Gramineae-Paniceae), una nueva especie de Paraguay, sur de Brasil 
y Argentina .  Candollea   55 :  311 – 314 . 

      Morrone ,  O.,     S. S.   Denham ,  and   F. O.   Zuloaga .    2004 .  Revisión taxonómica 
del género  Paspalum  grupo Eriantha (Poaceae, Panicoideae, Paniceae) . 
 Annals of the Missouri Botanical Garden   91 :  225 – 246 . 

      Morrone ,  O.  ,   A.   Escobar ,  and   F. O.   Zuloaga .    2006 .  Chromosome studies 
in American Panicoideae (Poaceae) .  Annals of the Missouri Botanical 
Garden   93 :  647 – 657 . 

      Morrone ,  O.  ,   J. H.   Hunziker ,    F. O.   Zuloaga ,  and   A.   Escobar .    1995 .  Números 
cromosómicos en Paniceae sudamericanas (Poaceae: Panicoideae) . 
 Darwiniana   33 :  53 – 60 . 

      Nees ab Esenbeck ,  C. G.     1829 .  Agrostologia brasiliensis . Pp.  1 – 608  in  Flora 
Brasiliensis seu Enumeratio plantarum in Brasilia tam sua sponte quam 
accedente cultura provenientium   vol. 2 , eds.    C.F. P.   Martius .    Stuttgart et 
Tubingae :  Sumpribus J. G. Cottae . 

      Norrmann ,  G. A.     1981 .  Citología y método de reproducción en dos espe-
cies de  Paspalum  (Gramineae) .  Bonplandia (Corrientes)   5 :  149 – 158 . 

      Norrmann ,  G. A.  ,   O. A.   Bovo ,  and   C. L.   Quarín .    1994a .  Post-zygotic 
seed abortion in sexual diploid × apomictic tetraploid intraspecific 
 Paspalum  crosses .  Australian Journal of Botany   42 :  449 – 456 . 

      Norrmann ,  G. A.  ,   C. L.   Quarín ,  and   B. L.   Burson .    1989 .  Cytogenetics and 
reproductive behavior of different chromosome races in six  Paspalum  
species .  The Journal of Heredity   80 :  24 – 28 . 

      Norrmann ,  G. A.  ,   C. L.   Quarín ,  and   T. J.   Killeen .    1994b .  Chromosome num-
bers in Bolivian grasses (Gramineae) .  Annals of the Missouri Botanical 
Garden   81 :  768 – 774 . 

      Pilger ,  R.     1929 .  Bermerkungen zur systematik der gattung  Paspalum  L . 
 Repertorium Specierum Novarum Regni Vegetabilis   26 :  228 – 231 . 

      Pilger ,  R.     1940 .  Gramineae III. Unterfamilie Panicoideae . Pp.  1 – 208  in  Die 
natürlichen Pflanzenfamilen. Ed. 2, 14e. , eds.    A.   Engler ,  and   K.   Prantl . 
   Leipzig :  V. W. Engelmann . 

      Pohl ,  R. W.   and   G.   Davidse .    1994 .   Paspalum  L.  Pp.  335 – 352  in  Flora 
Mesoamericana ,  vol. 6 , eds.    G.   Davidse ,    S. M.   Sousa S. ,  and   A. O.  
 Chater .    México, Distrito Federal :  Universidad Nacional Autónoma 
de México . 

      Quarín ,  C. L.     1974 .  Relaciones citotaxonómicas entre  Paspalum almum  
Chase y  P. hexastachyum  Parodi (Gramineae) .  Bonplandia (Corrientes)  
 3 :  115 – 127 . 

      Quarín ,  C. L.     1977 .  Recuentos cromosómicos en gramíneas de Argentina 
subtropical .  Hickenia   1 :  73 – 78 . 

      Quarín ,  C. L.     1992 .  The nature of apomixis and its origin in Panicoid 
grasses .  Apomixis Newsletter :  7 – 15 . 

      Quarín ,  C. L.     1994 .  A tetraploid cytotype of  Paspalum durifolium : cytology, 
reproductive behavior and its relationship to diploid  P. intermedium  . 
 Hereditas (Lund)   121 :  115 – 118 . 

      Quarín ,  C. L.   and   B. L.   Burson .    1991 .  Cytology of sexual and apomictic 
 Paspalum  species .  Cytologia   56 :  223 – 228 . 

      Quarín ,  C. L.   and   W. W.   Hanna .    1980 .  Effect of three ploidy levels on meio-
sis and mode of reproduction in  Paspalum hexastachyum  .  Crop Science  
 20 :  69 – 75 . 

      Quarín ,  C. L.   and   E. P.   Lombardo .    1986 .  Niveles de ploidía y distribución 
geográfica de  Paspalum quadrifarium  (Gramineae) .  Mendeliana   7 : 
 101 – 107 . 

      Quarín ,  C. L.   and   G. A.   Norrmann .    1987 .  Cytology and reproductive 
behavior of  Paspalum equitans, P. ionanthum , and their hybrids with 
diploid and tetraploid cytotypes of  P. cromyorrhizon  .  Botanical Gazette 
(Chicago, Ill.)   148 :  386 – 391 . 

      Quarín ,  C. L.   and   G. A.   Norrmann .    1990 .  Interspecific hybrids between 
five  Paspalum  species .  Botanical Gazette (Chicago, Ill.)   15 :  366 – 369 . 

      Quarín ,  C. L.,     G. A.   Norrmann ,  and   F.   Espinoza .    1998 .  Evidence for autop-
loidy in apomictic  Paspalum rufum  .  Hereditas   129 :  119 – 124 . 

      Quarín ,  C. L.,     M. T.   Pozzobon ,  and   J. F. M.   Valls .    1996 .  Cytological and 
reproductive behavior of diploid, tetraploid and hexaploid germ-
plasm accesions of a wild forage grass:  Paspalum compressifolium  . 
 Euphytica   90 :  345 – 349 . 

      Quarín ,  C. L.  ,   F.   Espinoza ,    E. J.   Martínez ,    S. C.   Pessino ,  and   O. A.   Bovo . 
   2001 .  A rise of ploidy level induces the expression of apomixis in 
 Paspalum notatum  .  Sexual Plant Reproduction   13 :  243 – 249 . 

      Rua ,  G. H.     1996 .  The inflorescences of  Paspalum  (Poaceae: Paniceae): 
the Quadrifaria group and the evolutionary pathway towards the 
fully homogenized, truncated common type .  Plant Systematics and 
Evolution   201 :  199 – 209 . 

      Rúgolo de Agrasar ,  Z. E.   and   M. L.   Puglia .    2004 .  Gramíneas Ornamentales . 
P.  336  in  Plantas de la Argentina. Silvestres y cultivadas ,  vol. 1 , ed.      
 Hurrell  J. A.    Argentina, Buenos Aires :  Editorial LOLA (Literature of 
Latin America) . 

http://www.ingentaconnect.com/content/external-references?article=0002-9122()88L.1988[aid=7462962]
http://www.ingentaconnect.com/content/external-references?article=0067-1924()45L.871[aid=8675107]
http://www.ingentaconnect.com/content/external-references?article=0925-9864()54L.779[aid=8675106]
http://www.ingentaconnect.com/content/external-references?article=0748-3007()12L.99[aid=760059]
http://www.ingentaconnect.com/content/external-references?article=0748-3007()12L.99[aid=760059]
http://www.ingentaconnect.com/content/external-references?article=0002-9122()88L.1993[aid=7462947]
http://www.ingentaconnect.com/content/external-references?article=0002-9122()88L.1993[aid=7462947]
http://www.ingentaconnect.com/content/external-references?article=0261-3166()41L.95[aid=528494]
http://www.ingentaconnect.com/content/external-references?article=0261-3166()41L.95[aid=528494]
http://www.ingentaconnect.com/content/external-references?article=0002-9122()83L.430[aid=760161]
http://www.ingentaconnect.com/content/external-references?article=0002-9122()83L.430[aid=760161]
http://www.ingentaconnect.com/content/external-references?article=0026-6493()77L.125[aid=8675103]
http://www.ingentaconnect.com/content/external-references?article=0026-6493()77L.125[aid=8675103]
http://www.ingentaconnect.com/content/external-references?article=0026-6493()93L.647[aid=8675098]
http://www.ingentaconnect.com/content/external-references?article=0026-6493()93L.647[aid=8675098]
http://www.ingentaconnect.com/content/external-references?article=0067-1924()42L.449[aid=8675097]
http://www.ingentaconnect.com/content/external-references?article=0026-6493()81L.768[aid=8675095]
http://www.ingentaconnect.com/content/external-references?article=0026-6493()81L.768[aid=8675095]
http://www.ingentaconnect.com/content/external-references?article=0011-4545()56L.223[aid=8675093]
http://www.ingentaconnect.com/content/external-references?article=0006-8071()148L.386[aid=8675090]
http://www.ingentaconnect.com/content/external-references?article=0006-8071()148L.386[aid=8675090]
http://www.ingentaconnect.com/content/external-references?article=0018-0661()129L.119[aid=8675088]
http://www.ingentaconnect.com/content/external-references?article=0014-2336()90L.345[aid=8675087]
http://www.ingentaconnect.com/content/external-references?article=0934-0882()13L.243[aid=8675086]
http://www.ingentaconnect.com/content/external-references?article=0378-2697()201L.199[aid=8675085]
http://www.ingentaconnect.com/content/external-references?article=0378-2697()201L.199[aid=8675085]
http://www.zmuc.dk/public/phylogeny/tnt
http://www.zmuc.dk/public/phylogeny/tnt


42 SYSTEMATIC BOTANY [Volume 34

      Selva ,  S. B.     1976 .  Some preliminary observations on a new basic number 
in  Paspalum convexum  (Gramineae) .  Canadian Journal of Botany   54 : 
 385 – 394 . 

      Souza-Chies ,  T. T.  ,   L.   Essi ,    G. H.   Rua ,    J. F. M.   Valls ,  and   R.   Miz .    2006 .  A pre-
liminary approach to the phylogeny of the genus  Paspalum  (Poaceae) . 
 Genetica   126 :  15 – 32 . 

      Speranza ,  P.     M.   Vaio ,  and   C.   Mazzella .    2003 .  Karyotypes of two cytotypes 
of  Paspalum quadrifarium  Lam. (Poaceae). An alternative technique 
for small chromosomes in plants .  Genetics and Molecular Biology   26 : 
 499 – 503 . 

      Taberlet ,  P.     L.   Gielly ,    G.   Pautou ,  and   J.   Bouvet .    1991 .  Universal primers for 
amplification of three non-coding regions of chloroplast DNA .  Plant 
Molecular Biology   17 :  1105 – 1109 . 

      Thompson ,  J. D.,     D. G.   Higgins ,  and   T. J.   Gibson .    1994 .  CLUSTAL W: 
improving the sensitivity of progressive multiple sequence align-
ment through sequence weighting, position specific gap penalties 
and weight matrix choice .  Nucleic Acids Research   22 :  4673 – 4680 . 

      Vaio ,  M.     P.   Speranza ,    J. F. M.   Valls ,    M.   Guerra ,  and   C.   Mazzella .    2005 . 
 Localization of the 5S and 45S rDNA sites and cpDNA sequence 
analysis in species of the Quadrifaria group of  Paspalum  (Poaceae, 
Paniceae) .  Annals of Botany   96 :  191 – 200 . 

      Williams ,  W. T.   and   D. A.   Barber .   1961.  The functional significance of aer-
enchyma in plants .  Symposia of the Society for Experimental Biology   15 : 
 132 – 144 . 

      Zhang ,  W.     2000 .  Phylogeny of the Grass family (Poaceae) from  rpl16  intron 
sequence data .  Molecular Phylogenetics and Evolution   15 :  135 – 146 . 

      Zuloaga ,  F. O.   and   O.   Morrone .    2003 .  Paspalum . In    F. O.   Zuloaga ,    
O.   Morrone ,    G.   Davidse ,    T. S.   Filgueiras ,    P. M.   Peterson ,    R. J.   Soreng ,  
and   E. J.   Judziewicz    [eds.], Catalogue of New World grasses 
(Poaceae): III. Subfamilies Panicoideae, Aristoideae, Arundinoideae, 
and Danthonioideae.  Contributions from the United States National 
Herbarium   46 :  1 – 662 . 

      Zuloaga ,  F. O.   and   O.   Morrone .    2005 .  Revisión de las especies de  Paspalum  
para América del Sur Austral (Argentina, Bolivia, sur de Brasil, 
Chile, Paraguay y Uruguay) .  Monographs in Systematic Botany from the 
Missouri Botanical Garden   102 :  1 – 297 .  

      Zuloaga ,  F. O.  ,   O.   Morrone ,    G.   Davidse ,  and   S. J.   Pennington .    2007 . 
 Classification and biogeography of the Panicoideae in the New 
World .  Aliso   23 :  503 – 529 . 

     Appendix 1.   Voucher information and GenBank accession numbers. 
For species of  Paspalum , the chromosome counts, type of genome, and cor-
responding references are cited following species names in square brack-
ets. Voucher specimens are deposited in: BAA, BAB, CTES, SI ( Holmgren 
et al. 1990 ). GenBank accession numbers are cited in this order:  trnL-F  and 
 rpl16  intron. * denotes the chromosome count of the voucher specimen 
cited, followed by the corresponding reference. 

   Axonopus anceps   (Mez) Hitchc.—Venezuela, Bolívar, Gran Sabana, 
 Morrone O. et al. 4767  (SI), EU871111, EU871062. 

   Chasmanthium latifolium   (Michx.) H.O. Yates.—Argentina, Buenos 
Aires, cultivated,  Giussani L. M. 353  (SI), EU871113, EU871064. 

   Paspalum arundinaceum   Poir.— [2 n  = 60 (Davidse and Pohl. 1974)]. 
Argentina, Facultad de Agronomía, cultivated from seeds CIAT # 16081, 
 Rua G. 23963  (BAA), EU871121, EU871072; Venezuela, Miranda,  Morrone 
O. et al. 4661  (SI), EU871120, EU871071.   Paspalum arundinellum   Mez— 
[2 n  = 40, 50 ( Honfi et al., 1991 ;  Honfi, 2003 ; Sede, Escobar, Morrone, and 
Zuloaga (unpublished data)]. Argentina, Corrientes,  Quarín C. L. 4113  
(CTES), EU871134, EU871085; 2 n  = 50* ( Honfi, 2003 ); Formosa,  DaviñaJ. R. 
and A. I. Honfi 479  (CTES), EU871135, EU871086, 2 n  = 40* ( Honfi, 2003 ); 
Misiones,  Zuloaga F. O. and Morrone O.  6790 (SI), EU871115, EU871066. 
  Paspalum chaseanum   Parodi— [2 n  = 20, 40 ( Espinoza and Quarín, 1997 ; 
Quarín, unpublished data)]. Bolivia, Santa Cruz,  Toledo C. S. 13894  (CTES), 
EU871136, EU871087, 2 n  = 40* (Quarín, unpublished data); Paraguay, 
Boquerón,  Fortunato R. 8742  (BAB), EU871147, EU871098;   Paspalum com-
mune   Lillo— [2 n  = 40 ( Quarín, 1977 ,  Hunziker et al., 1998 ;  Zuloaga and 
Morrone, 2005 ;  Morrone et al., 2006 ; Sede, Escobar, Morrone, and Zuloaga 
(unpublished data)]. Argentina, Tucumán,  Cialdella A. M. et al. 35  (SI), 
EU871110, EU871061; Salta,  Zuloaga F. O. 8480  (SI), EU871144, EU871095, 
2 n  = 40* (Sede, Escobar, Morrone, and Zuloaga, unpublished data). 
  Paspalum conspersum   Schrad.— [2 n  = 40, 60 ( Quarín, 1977 ;  Quarín and 
Hanna, 1980 ;  Dandin and Chennaveeraiah, 1983 ; Honfi, et al. 1991, 
 Adamowski et al., 2005 ;  Zuloaga and Morrone, 2005 ); Genome type I 2 I 2  JJ 
( Burson, 1978 ). Argentina, Corrientes,  Quarín C. L. 4292  (CTES), EU871118, 
EU871069.   Paspalum coryphaeum   Trin.— [2 n  = 20, 40, 60 (Davidse and 
Pohl, 1974;  Burson, 1975 ;  Honfi et al., 1991 ,  Morrone et al., 1995 ; 
 Adamowski et al., 2005 )]. Brazil, Biri Biri,  Zuloaga F. O. s.n.  (SI), EU871145, 

EU871096; Serra do Caraça,  Longhi-Wagner H. M. et al. 9654  (SI), EU871141, 
EU871092.   Paspalum dasytrichium   Dusén ex Swallen— Brazil, Paraná, 
 Morrone O. and Zuloaga F. O. 5381  (SI), EU871117, EU871068.   Paspalum 
densum   Poir.— [2 n  = 20 ( Caponio and Quarín, 1993 ); Genome type II 
( Caponio and Quarín, 1993 )]. Bolivia, Santa Cruz,  Morrone O. and Giussani 
L. M. 4298  (SI), EU871108, EU871059.   Paspalum distichum   L.— [2 n  = 20, 
30, 40, 60, 61 (Davidse and Pohl, 1974;  Quarín, 1977 ;  Quarín and Burson, 
1991 ;  Honfi et al., 1991 )]. Argentina, Entre Ríos,  Zuloaga F. O. and Morrone 
O. 6935  (SI), EU871100, EU871051.   Paspalum durifolium   Mez— [2 n  = 40, 
50, 60 ( Burson, 1985 ,  Quarín, 1994 ;  Honfi, 2003 ); Genome types II, J 2 J 2 , XX 
( Burson, 1983 ;  1985 )]. Argentina, Corrientes,  Quarín C. L. 4110  (CTES), 
EU871140, EU871091, 2 n  = 50* ( Honfi, 2003 ).   Paspalum erianthum   Nees 
ex Trin.— [2 n  = 80 ( Norrmann et al., 1994b )]. Bolivia, Santa Cruz,  Morrone 
O. & Giussani L. M. 4291  (SI), EU871116, EU871067.   Paspalum exaltatum   
J. Presl— [2 n  = 20, 40 ( Burson and Bennett, 1971 ;  de Moraes Fernandes et 
al. 1974 ; Quarín, unpublished data)]. Argentina, Buenos Aires,  Giussani L. 
M. and Morrone O. 321  (SI), EU871105, EU871056; Buenos Aires, Balcarce, 
 Laterra s.n.  (CTES), EU871127, EU871078, 2 n  = 20* (Quarín, unpublished 
data).   Paspalum fimbriatum   Kunth— [2 n  = 20 (Davidse and Pohl, 1974)]. 
Mexico, Quintana Roo,  Morrone O. and Giussani L. M. 3651  (SI), EU871114, 
EU871065.   Paspalum glabrinode   (Hack.) Morrone & Zuloaga— [2 n  = 20 
( Morrone et al., 2006 )]. Argentina, Misiones,  Zuloaga F. O. and O. Morrone 
6809  (SI), EU871106, EU871057, 2 n  = 20*.   Paspalum haumanii   Parodi— 
[2 n  = 20, 40 ( Burson, 1975 ;  Norrmann et al., 1989 ); Genome type II ( Quarín 
and Norrmann, 1990 )]. Argentina, Buenos Aires,  Morrone O. s.n.  (SI), 
EU871102, EU871053; Santa Fe,  Quarín C. L. 3854  (CTES), EU871129, 
EU871080, 2 n  = 20* ( Norrmann et al., 1989 ).   Paspalum inconstans   
Chase— [2 n  = ca. 60, 60 (Sede, Escobar, Morrone, and Zuloaga, unpub-
lished data;  Morrone et al., 2006 )]. Venezuela, Trujillo,  Morrone O. et al. 
4732  (SI), EU871123, EU871074.   Paspalum intermedium   Munro ex Morong 
& Britton— [2 n  = 20, 40 ( Burson, 1978 ;  Burson and Quarín, 1982 ;  Honfi et 
al., 1991 ;  Caponio and Quarín, 1993 ;  Norrmann et al., 1989 ;  1994a ;  1994b ; 
 Quarín, 1994 ); Genome type II ( Burson, 1978 )]. Argentina, Corrientes, 
 Zuloaga F. O. and Morrone O. 7122  (SI), EU871103, EU871054; Chaco, 
 Schinini A. 28857  (CTES), EU871130, EU871081, 2 n  = 20* ( Norrmann et al., 
1989 ).   Paspalum macrophyllum   Kunth— [2 n  = 40, 60 (Davidse and Pohl, 
1974; Sede, Escobar, Morrone, and Zuloaga (unpublished data)]. 
Venezuela, Táchira,  Morrone O. et al. 4705  (SI), EU871122, EU871073, 2 n  = 
40* (Sede, Escobar, Morrone, and Zuloaga, unpublished data).   Paspalum 
malacophyllum   Trin.— [2 n  = 40 ( Honfi et al., 1991 ;  Norrmann et al., 
1994b ;  Burson and Hussey, 1998 ;  Hunziker et al., 1998 ), Genome type 
MM ( Burson and Hussey, 1998 )]. Argentina, Salta,  Morrone O. et al. 3400  
(SI), EU871099, EU871050.   Paspalum millegrana   Schard.— [2 n  = 40, 60 
(Davidse and Pohl, 1972;  Morrone et al., 1995 )]. Mexico, Veracruz,  Zuloaga 
F. O. et al. 7420  (SI), EU871109, EU871060.   Paspalum palustre   Mez — [2 n  
= 20, 40 ( Quarín and Burson, 1991 ;  Martínez and Quarín, 1999 )]. 
Argentina, Corrientes,  Bordón A. 110  (CTES), EU871119, EU871070, 2 n  = 
40* (Quarín, unpublished data).   Paspalum plenum   Chase— [2 n  = 20, 40 
(Davidse and Pohl, 1972;  Norrmann et al., 1994b )]. Argentina, Salta, 
 Maruñak 539  (CTES), EU871133, EU871084, 2 n  = 40* (Quarín, unpublished 
data).   Paspalum plicatulum   Michx.— [2 n  = 20, 40 (Davidse and Pohl, 
1972; 1974;  de Moraes Fernandes et al., 1974 ;  Hunziker et al., 1998 ;  Honfi 
et al., 1991 ;  Norrmann et al., 1994b ; Sede, Escobar, Morrone, and Zuloaga, 
unpublished data)]. Argentina, Salta,  Zuloaga et al. 8477  (SI), EU871125, 
EU871076, 2 n  = 20* (Sede, Escobar, Morrone, and Zuloaga, unpublished 
data).   Paspalum quadrifarium    Lam. — [2 n  = 20, 30, 40 ( Quarín and 
Lombardo, 1986 ;  Norrmann et al., 1989 ;  Norrmann et al., 1994a ;  Speranza 
et al., 2003 ), Genome type II ( Quarín and Norrmann, 1990 )]. Argentina, 
Buenos Aires,  Giussani L. M. and Morrone O. 320  (SI), EU871104, EU871055; 
 Morrone O. s.n.  (SI), EU871128, EU871079; Corrientes,  Quarín C. L. 3810  
(CTES), EU871131, EU871082, 2 n  = 20* ( Norrmann et al., 1989 ).   Paspalum 
quarinii   Morrone & Zuloaga— [2 n  = 20, 39, 40 (as  P. brunneum  in  Burson, 
1975 ;  Norrmann et al., 1989 ;  Honfi et al., 1991 ;  Burson and Quarín, 1992 ), 
Genome type II (as  P. brunneum  in  Quarín and Norrmann, 1990 ;  Burson 
and Quarín, 1992 )]. Argentina, Santa Fe,  Quarín C. L. 3755  (CTES), 
EU871132, EU871083, 2 n  = 20* ( Norrmann et al., 1989 ).   Paspalum regnel-
lii   Mez— [2 n  = 40 ( Norrmann, 1981 ;  Honfi et al., 1991 )]. Argentina, 
Misiones,  Honfi A. I. 130  (CTES), EU871139, EU871090; Brazil, Paraná, 
 Longhi Wagner H. M. et al. 9507  (SI), EU871146, EU871097;  Longhi Wagner 
H. M. et al. 9447  (SI), EU871143, EU871094.   Paspalum remotum   Remy— 
2 n  = 40, 80 ( Hunziker et al., 1998 ; Sede, Escobar, Morrone, and Zuloaga, 
unpublished data)]. Argentina, Jujuy,  Morrone O. et al. 3551  (SI), EU871101, 
EU871052.   Paspalum rufum   Nees ex Steud.— [2 n  = 20, 40 ( Burson, 1975 ; 
 Norrmann et al., 1989 ;  Burson and Quarín, 1992 ;  Norrmann et al., 1994a ), 
Genome type II ( Quarín and Norrmann, 1990 ;  Burson, 1989 ;  Burson and 
Quarín, 1992 )]. Argentina, Corrientes,  Zuloaga F. O. and Morrone O. 7110  
(SI); EU871126, EU871077; Santa Fe,  Quarín C. L. 3754  (CTES), EU871124, 
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EU871075, 2 n  = 20* ( Norrmann et al., 1989 ); Uruguay, from gemoplasm 
BR 2186,  Quarín C. L. 3756  (CTES), EU871138, EU871089, 2 n  = 40* 
( Norrmann et al., 1989 ).   Paspalum virgatum   L.— [2 n  = 40 (Davidse and 
Pohl, 1972;  Burson and Quarín, 1982 ;  Dandin and Chennaveeraiah, 1983 ), 
Genome type II J 2  J 2  ( Burson and Quarín, 1982 )]. Argentina, Salta,  Morrone 
O. et al. 3367  (SI), EU871107, EU871058; Paraguay,  BSA 23248  (BAA), 
EU871137, EU871088, 2 n  = 40* (Quarín, unpublished data).   Paspalum 

wrightii   Hitchc. & Chase— [2 n  = 20, 30, 40 ( Quarín, 1977 ;  Norrmann, 
1981 ;  Honfi et al., 1991 ;  Martínez and Quarín, 1999 )]. Mexico, Oaxaca, 
 Zuloaga F. O. et al. 7411  (SI), EU871112, EU871063, 2 n  = 20* ( Morrone et al., 
2006 ). 

   Sacciolepis vilvoides   (Trin.) Chase—Brazil,  Longhi Wagner H. M. et al. 
9429  (SI), EU871142, EU871093. 

   Zea mays   L.— X86563, AF133477.    


