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Chromosome numbers for 52 populations representing eight South American spe-
cies of Stemodia (Scrophulariaceae) were determined. The numbers 2n = 22 found in 
S. hassleriana and S. palustris, and 2n = 44 in S. lobelioides are the first records for 
the species, while those found in S. hyptoides (2n = 22, 44) and S. stricta (2n = 22) 
constitute new cytotypes for those species. The basic chromosome number x = 11 was 
confirmed for the New World species. Chromosome numbers indicate the existence of 
a polyploid series in S. hyptoides with 2n = 22, 44, 66. Moreover, the existence of at 
least three different ploidy levels, both within and among species, indicates that poly-
ploidy has been one of the mechanisms involved in the evolution of the genus. The 
geographical distribution of different species and cytotypes are analysed and discussed 
in the light of their extant morphological variation and taxonomic implications.
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Introduction

The genus Stemodia (Scrophulariaceae) com-
prises 49 perennial or annual herbaceous spe-
cies that occur in temperate and warm climates 
around the world. The species may have erect or 
prostrate stems and axillary flowers, or the flow-
ers are arranged in terminal spikes. Based on the 
combination of morphological characters and 
geographical distribution, Minod (1918) recog-
nized 31 species in his revision for the Americas. 
According to his criteria all species with flowers 
in spikes live in South America, except S. bar-
tsioides, which is restricted to Mexico. Species 

with axillary flowers were segregated by that 
author in three monotypic genera.

In a more recent revision, Turner and Cowan 
(1993a) recognized 29 species for the Ameri-
cas, including species with both types of flower 
arrangement, 16 exclusive for South America, 
nine for North America and four distributed in 
both. Considering the species distribution cited 
by those authors, three centers of species con-
centration may be distinguished in South Amer-
ica: the first in the NW (Peru, Ecuador, Colom-
bia and Venezuela) with five species, the second 
in NE of Brazil with 10 species; and the third in 
North Argentina, Paraguay, SW of Brazil and 
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Uruguay, with eight taxa. Our study is focused 
on this latter center with seven endemic species 
and S. verticillata that ranges to North America 
(Turner & Cowan 1993b). According to Cabre-
ra’s (1971) and Cabrera and Willink’s (1973) 
phytogeographical treatments of South America, 
four of these species are mostly restricted to 
the phytogeographic Chaco Domain, one to the 
Cerrado Province of the Amazonian Domain, 
whereas the remaining are distributed in both 
domains.

Some taxa of this southern center of spe-
cies concentration exhibit much morphologi-
cal variation at intra or inter-population level, 
which hampers their precise taxonomic iden-
tification (Turner & Cowan 1993a, 1993b; M. 
M. Sosa pers. obs.). Examples include S. stricta 
and S. hyptoides that live in partial sympatry 
in the Argentinean Mesopotamia. Minod (1918) 
pointed out the presence of a “Typus Interme-
dius” within the S. stricta complex, which was 
considered by Turner and Cowan (1993b) to be a 
hybrid between S. stricta and S. hyptoides. More 
drastically, Dawson (1979) treated S. stricta as a 
variety of S. hyptoides. Therefore, the bounda-
ries between some species particularly in the 
southern region of South America are blurred 
and the identity of some taxa is often confused in 
herbarium specimens.

Several genetic mechanisms may contrib-
ute to shadow the morphological differentia-
tion between phylogenetically related species. 
Among them, the most commonly cited are: 
interspecific gene flow in hybrid zones (Riese-
berg et al. 1999, Arnold 2000); morphologi-
cal variation due to chromosome doubling and 
generation of polyploid series (Stebbins 1971, 
Lewis 1980); or combination of both mecha-
nisms giving rise to polyploid and hybrid com-
plexes (Grant 1989). Since reproductive biology 
in Stemodia is poorly understood, estimations of 
gene flow between interspecific populations will 
have to wait until more basic knowledge on this 
genus became available. However, chromosome 
number determinations may provide valuable 
data to determine the causes of morphological 
continuity between species.

Chromosome numbers for species of Stemo-
dia were usually provided as part of larger stud-
ies in Scrophulariaceae or included in general 

chromosome number lists. These reports cited 
2n = 28 and 2n = 42 for the Old World species S. 
viscosa, and 2n = 22 and 2n = 44 for S. verticil-
lata and S. multifida, respectively, of the New 
World (Fedorov 1974, Subramanian & Pond-
mudi 1987, Turner & Cowan 1993a). A more 
recent contribution on South American species 
reported 2n = 22 for S. ericifolia, S. lanceolata 
and S. verticillata, 2n = 44 for S. stricta and 2n 
= 66 for S. hyptoides (Sosa & Seijo 2002). Based 
on these preliminary results, additional stud-
ies on chromosome numbers of southern South 
American species were conducted to shed light 
on (1) the mechanisms contributing to species 
diversification, and (2) the causes of morpho-
logical continuity among species.

Material and methods

The species analysed, chromosome numbers, 
localities and collectors are listed in the Appendix. 
Voucher specimens have been deposited at the 
herbarium of the Instituto de Botánica del Nord-
este (CTES), and plants from several populations 
are cultivated under greenhouse conditions.

For mitotic studies, root tips were pre-treated 
with 8-hydroxyquinoline 0.002 M for about 
3 hrs at room temperature, then fixed in 5:1 
ethanol:lactic acid (Fernández 1973) and kept 
in 70% aqueous ethanol at 4 °C until use. Roots 
were stained following the Feulgen’s technique 
and meristems were macerated and squashed in a 
drop of 3% acetic orcein. Permanent slides were 
prepared using Euparal as mounting media.

The map showing chromosome number dis-
tribution includes the results obtained in this 
report and those cited by Sosa and Seijo (2002).

Results

Chromosome numbers of 52 populations belong-
ing to eight species of Stemodia from Argentina, 
Paraguay and Uruguay were determined and are 
listed in the Appendix. Stemodia ericifolia (Fig. 
1A), S. hassleriana, S. lanceolata, S. palustris, 
S. stricta and S. verticillata were diploids with 
2n = 2x = 22; S. lobelioides was tetraploid with 
2n = 4x = 44; whereas S. hyptoides showed three 
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cytotypes 2n= 2x = 22 (Fig. 1B), 2n = 4x = 44 
(Fig. 1C) and 2n = 6x = 66 (Fig. 1D). Among 
the tetraploids of S. hyptoides is included one 
population that was formerly misidentified as S. 
stricta (Sosa & Seijo 2002).

Diploids are the most common and distrib-
uted throughout the study area. Tetraploids are 
more restricted and hexaploids are found rarely 
(Fig. 2). Among the 19 populations of S. hyp-
toides, seven are diploids, nine tetraploids and 
three hexaploids. Diploid populations of this spe-
cies complex are concentrated along the Paraná 
River in the northwest of the Misiones Prov-
ince (Argentina); tetraploid populations are more 
dispersed, ranging from north Uruguay to the 
Misiones Province (Argentina), whereas hexa-
ploids are scarce, growing only in the Misiones 
and Corrientes Provinces (Argentina) close to 
the Paraná River (Fig. 2). Only one contact zone 
between diploid and tetraploid cytotypes was 
detected in the western limit of this species range. 
In this area, individuals showed a great range of 
morphological variation, mainly in the size of 
the leaf blades (length and width) and length of 
corolla. Most diploid individuals analysed in this 

area resemble those belonging to S. stricta. The 
latter species has disjunct areas, one related to the 
Paranaense forest in eastern Argentina and NW 
Uruguay, and the other related to the Tucumano-
oranense forest in western Argentina.

Discussion

The chromosome numbers found in the spe-
cies here analysed revealed a basic chromosome 
number of x = 11, in agreement with the data 
previously reported for species of the New World 
(Fedorov 1974, Turner & Cowan 1993a, Sosa & 
Seijo 2002). These results suggest that American 
species have exclusively x = 11, while the Old 
World species have x = 11 and x = 7. Species 
within the Scrophulariaceae show a wide range 
of haploid numbers, from n = 6 to n = 84 (Dar-
lington & Wylie 1956, Moore 1973, Fedorov 
1974, Goldblatt 1981, 1984, 1985, 1988; Gold-
blatt & Johnson 1990, 1991, 1994, 1996, 1998, 
2000, 2003, 2006). Since the commonest number 
in the family is n = 8, it has been proposed that 
this may be the original number of the family, 

Fig. 1. Mitotic chromo-
somes in species of Ste-
modia. — A: S. ericifolia, 
2n = 2x = 22. — B: S. hyp-
toides, 2n = 2x = 22. — C: 
S. hyptoides, 2n = 4x = 
44. — D: S. hyptoides, 2n 
= 6x = 66. Scale bar = 
5 µm.
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while n = 10, 11, 12, 13, 14, etc. were derived by 
aneuploid series followed by polyploidy (Subra-
manian & Pondmudi 1987). However, an inverse 
occurrence of this mechanism (i.e., polyploid 
series followed by aneuploidy) would have been 
more parsimonious, because chromosome losses 
are better tolerated after chromosome duplica-
tion. According to this scenario, the American 
species of Stemodia can be considered as derived 
since they are all based on x = 11.

Chromosome numbers for S. hassleriana, S. 
lobelioides, S. palustris and S. stricta are the first 
reports, while those found in S. ericifolia, S. lan-
ceolata and S. verticillata are in agreement with 
previous records (Fedorov 1974, Sosa & Seijo 
2002). The diploid and tetraploid levels detected 
in S. hyptoides are new cytotypes for the species, 
while the hexaploid cytotype was reported pre-
viously (Sosa & Seijo 2002). The chromosome 
numbers found in the populations of this spe-
cies demonstrate that they constitute a polyploid 
series. The fact that 25% of the analysed species 
and 57% of the populations of S. hyptoides were 
polyploid suggests that polyploidy has been one 
of the major mechanisms involved in the evolu-
tion of Stemodia.

Among those South American species that 
have only diploid cytotype, there is a remark-
able morphological differentiation, mainly in the 
growth habit of plants, leaf shape and floral 
characters. This variation probably led Minod 
(1918) to segregate S. ericifolia, S. hassleriana 

and S. verticillata in different monotypic genera. 
However, three of the diploid species are dis-
tantly distributed (S. ericifolia, S. hassleriana 
and S. palustris), while S. lanceolata, S. stricta 
and S. verticillata are widespread, with overlap-
ping ranges. In spite of the partially sympatric 
distribution, no putative hybrids have so far been 
found, either in herbarium or in natural popula-
tions, suggesting that a high degree of reproduc-
tive isolation is operating among these species.

In contrast, species having polyploid cyto-
types exhibit much morphological inter- and 
intra- populational variation; some plants with 
intermediate characters between S. hyptoides 
and S. stricta were noted by Minod (1918) and 
Turner and Cowan (1993a, 1993b) and puta-
tive hybrids were repeatedly cited, based on 
characters such as plant height and length of the 
corolla. Although the genetics of these traits are 
not known for Stemodia, they are usually deter-
mined as quantitative traits and are often cited as 
having been affected by the gigas effect due to 
polyploidy (Stebbins 1971, Lewis 1980, Grant 
1989, Solís Neffa 2000, Almada et al. 2006). 
Diploid specimens of S. hyptoides are usually 
shorter than polyploids and have smaller leaf 
blades, but the length of corolla has an inverse 
relationship with ploidy level (Sosa 2005, 2007). 
In this respect, diploids of S. hyptoides resemble 
S. stricta in plant height and in size of the leaf 
blade, but they are individuals that better fit the 
description of S. hyptoides (based on original 
description of Chamisso & Schlechtendal 1828) 
when the corolla size is considered. Therefore, 
the variation observed in the intermediate indi-
viduals and putative hybrids may be explained, 
to some extent, by the gigas effect. Clearly, a 
wide and detailed analysis of the variability of 
these two species in combination with chromo-
some number counts has to be done in order to 
precisely delimit these taxa.

Although some species have partially over-
lapping ranges, habitat segregation is observed 
among the diploid ones (Fig. 2). Stemodia erici-
folia is restricted to the dryer part of the western 
Chaco Province where it is found in the herba-
ceous stratum of xerophytic deciduous forests 
on sedimentary soils of fluvio-lacustrine origin 
that are flooded frequently. Stemodia palustris is 
distributed in a narrow band in association with 

Fig. 2. Distribution of cytotypes of Stemodia ericifolia 
(+), S. hassleriana (), S. hyptoides (), S. lanceolata 
(), S. palustris (), S. stricta (), S. verticillata (¥), all 
the species with 2n = 2x = 22. S. hyptoides () and S. 
lobelioides () with 2n = 4x = 44. S. hyptoides () with 
2n = 6x = 66. The arrow indicates the contact zone.
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the Uruguay River basin in the NE extreme of 
the Pampeana Province and the eastern Espinal 
Province. Stemodia hassleriana is endemic to 
the Cerrado Province and occurs in riparian 
forest. Stemodia lanceolata, S. stricta and S. ver-
ticillata are more widespread, but although they 
are adapted to a wider range of soils, they only 
occur in places with a pluviometric range over 
1000 mm per year. Habitat segregation, mainly 
for species with restricted areas, suggests that 
morphological differentiation and speciation of 
diploids occurred in allopatry. This hypothesis 
is supported because the areas of the present 
day distribution of the allopatric diploids are 
considered as refugia for the flora during the 
Quaternary climate changes, i.e. lowlands in the 
western Dry Chaco region, Amambay ranges in 
the Cerrado Province and southern ranges of the 
Brazilian Plateau (Ab’Sáber 1977, Solís Neffa & 
Fernández 2001, Speranza et al. 2007).

Among the polyploid taxa, S. lobelioides is 
restricted to the Pampeana Province in riversides 
of the Uruguay River basin. Its morphological 
similarity and geographical distribution down-
stream of S. palustris suggest that the species 
are closely related, and it can be hypothesized 
that the tetraploid condition of S. lobelioides 
allowed its expansion southwards during the 
more benign periods of the Quaternary. Stemodia 
hyptoides has a wide distribution throughout the 
east of the Espinal and Chaco Provinces, NE of 
the Pampeana Province and in the SW of the 
Paranaense Province of the Amazonian Domain. 
Diploid populations were collected only toward 
the NE of the species range (in the Paranaense 
Province), tetraploids are distributed throughout 
the area, whereas hexaploids are restricted to SW 
of Misiones and Corrientes (Argentina). This 
pattern of cytotype distribution is characteristic 
of mature polyploid complexes (Stebbins 1971) 
and agrees with the direction of flora retreats 
and expansions in a NE–SW direction during 
the Quaternary (Iriondo 1999). The current dis-
tribution of diploids in the NE extreme of the 
analysed area comprises a region, in which rem-
nants of the subtropical flora persisted during the 
glaciations, while tetraploids and hexaploids are 
currently found in the areas that became more 
temperate and humid only in interglacial periods 
(Iriondo 1999).

Our results provide evidence that diploid 
species may have originated in allopatry and that 
the lack of a clear delimitation of the taxa in Ste-
modia is, in part, due to the existence of species 
with polyploid series as well as closely related 
diploid and polyploid species. Moreover, the 
geographical distribution of cytotypes suggest 
that, at least for S. hyptoides, increases in ploidy 
levels may have favored the range expansion of 
the species.
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