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Abstract The genus Leucheria Lag. (Asteraceae Bercht.

and J. Presl, tribe Nassauvieae Cass.) comprises 45 species

and three infraspecific taxa distributed in the Andean region

from southern Chile and Argentina to Peru. Six species are

annual herbs. The genus has had a long taxonomic history

involving the transference of species described originally

under many different genera. The main objectives of this

paper were to determine the phylogenetic relationships of

species of Leucheria, examine the hypothesis that the

ancestor of Leucheria would have originated in a forested

habitat and examine the validity of nine morphologically

defined evolutionary lines recognized in earlier work on the

genus. Additionally we investigated whether the annual

species of Leucheria are derived. We extracted DNA from

leaf material for 45 taxa (94%) of Leucheria. We used

Bayesian inference and plastid and nuclear genes to con-

struct a phylogenetic hypothesis. Results show that Leu-

cheria is monophyletic and is comprised of two main clades.

One clade comprises perennial acaulescent/subacaulescent

species, all with a solitary capitulum. We recognized three

lineages in the second clade comprised of caulescent species

that exhibit multiple capitula. Optimization of life-form over

the phylogeny showed that five of the six annual species

studied are derived in our tree. We conclude that the

appearance of the annual habit is associated with the colo-

nization of arid conditions in thewinter rainfall coastal desert

of northern Chile. Our result shows that species of Leucheria

from forested habitats are derived. Discrepancies with pre-

viously recognized morphologically defined evolutionary

lines were detected.

Keywords Annual life-form � Caulescent � Evolutionary
lines � Leucheria � Phylogeny

Introduction

Southern South America houses many genera and tribes of

Asteraceae, the second most species rich and a widely

cosmopolitan family of angiosperms (Stevens 2001; Panero

and Crozier 2016). A Middle Eocene fossil from north-

western Patagonia and climatic reconstruction of the fossil-

bearing locality suggest that Asteraceae may have formed

part of a diverse tropical to subtropical vegetation assem-

blage in southern South America (Wilf et al. 2005; Barreda

et al. 2010). The fossil documents the divergence of

Mutisioideae s.l. and Carduoideae from Barnadesioideae at

least 47.5 Ma (Barreda et al. 2010). Here we undertake a

molecular phylogenetic reconstruction of the genus
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Leucheria Lag. belonging to the tribe Nassauvieae Cass. of

the large predominantly South America subfamily Muti-

sioideae (Cass.) Lindl. Tribe Nassauvieae contains 25

genera (Katinas et al. 2008b). However, to date, molecular

phylogenies for the tribe Nassauvieae have only been

constructed for Perezia (Simpson et al. 2009) and Nas-

sauvia (Maraner et al. 2012).

Leucheria is exclusively South American, occurring

from 11�N in Peru to 54�S (55) in Tierra del Fuego

(Fig. 1), where it is found in forests, Mediterranean-type

climate vegetation, winter rainfall coastal desert, Andean

vegetation, Magellanic tundra and Patagonian steppe. The

great majority of the species occur in the high Andes and in

the Mediterranean-type climate area of central Chile. All

Leucheria species are herbaceous, with both annual (six

species) and perennial (39 species) species represented.

Species are acaulescent/subacaulescent with a single large

capitulum or caulescent with numerous, small capitula

disposed in cymose or paniculate-like cymose inflores-

cences (Crisci 1976).

Fig. 1 Distribution of Leucheria in southern South America (a). b L. scrobiculata (image courtesy of Sebastián Teillier). Habitat types occupied

by species of Leucheria: c Andean, d alpine tundra, e winter rainfall coastal desert
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The genus Leucheria has a long history involving

transferences of numerous currently unrecognized genera.

In his comprehensive monograph of Leucheria, Crisci

(1976) recognized 46 species and one subspecies. Katinas

et al. (2008b, c) recognized 47 species, and Moreira-Muñoz

et al. (2012) recognized 43 species and two subspecies for

Chile. Currently 45 species, two subspecies and one variety

are recognized in the flora of the Southern Cone (Zuloaga

et al. 2008, and it is including Ratto et al. 2014).

The ancestor ofLeucheria according toCrisci (1976)would

have been a large caulescent forest-dwelling species, with the

leaves distributed along the entire stem and bearing a panicu-

late-cymose inflorescence with large capitula. This ancestor

gave rise to smaller herbaceous plants that subsequently col-

onized a wide range of drier habitats in South America. Crisci

(1976) assigned species of the genus to nine evolutionary lines

based mainly on characteristics of the stem, inflorescence

morphology, capitulum size and distributional area.

Phylogenetic studies show that annual species are

derived from a perennial ancestor (Datson et al. 2008;

Cruz-Mazo et al. 2009). However, transitions in the reverse

direction have also been reported. For example, Bena et al.

(1998) showed that perennial species of Medicago (Faba-

ceae) were derived from an annual lineage, Tank and

Olmstead (2008) showed that the perennial clade of Cas-

tilleja (Orobanchaceae) with 160 species was derived from

an annual ancestor, and Eastwood et al. (2008) and

Drummond (2008) showed the perennial species of Lupi-

nus were derived. If Leucheria arose in a forested habitat as

suggested by Crisci (1976), the annual species of Leucheria

are likely to have evolved later as the genus spread

northward into more arid conditions and thus be derived.

The main objectives of this paper were to determine the

phylogenetic relationships of species of Leucheria as pre-

sently circumscribed, test the hypothesis that the ancestor

of Leucheria evolved in a forested habitat as proposed by

Crisci (1976) and examine whether the nine lineages pro-

posed by this author based on morphological characters are

monophyletic. To answer these questions, we constructed a

molecular phylogeny of Leucheria based on the ITS of the

rDNA and the trnL intron and trnL-trnF spacer and rpl32

intron of the cpDNA, identified clades within the genus and

compared the results with Crisci’s (lines) informal infra-

generic phylogeny. We investigated where the perennial

and annual species are placed in the phylogeny.

Methodology

Taxon sampling

We collected material of Leucheria species and outgroups

for DNA extraction in the field. Samples were stored in

silica. Vouchers are deposited in the herbaria HULS,

CONC and SGO. For some species of Leucheria, we also

sampled herbarium specimens in the collections of the

herbaria listed above. We also downloaded sequences for

some species from GenBank. The total number of Leu-

cheria taxa considered was 45, representing 94% of all

currently recognized taxa (Table 1). We also sampled 18

representatives of the tribe Nassauvieae found in other

studies to be closely related to Leucheria (Kim et al. 2002;

Katinas et al. 2008a; Panero and Funk 2008; Gruenstaeudl

et al. 2009). Given the sister relationship to Asteraceae

with Calyceraceae (Kim and Jansen 1995; Lundberg and

Bremer 2003), Nastanthus scapigerus was chosen as

outgroup.

DNA extraction, amplification and sequencing

Genomic DNA was extracted with the DNeasy Plant Kit

(Qiagen, Valencia, CA, USA). We amplified the DNA

using the primers listed in Table 2. PCR used a final vol-

ume of 30 lL, which contained 4 ll DNA (25 ng/ll),
8.35 ll distilled water, 3 ll MgCl2 (25 mM), 6 ll buffer,
2.4 ll of dNTP (1 mM), 1.8 ll of each primer (10x), 2.4 ll
BSA (25 mM) and 0.25 ll GoTaq (5 U/ll). DNA was

denatured at 95 �C for 5 min, followed by 35 amplification

cycles of 45 s at 94 �C, annealing for 1 min at 50 �C,
elongation for 1.5 min at 72 �C and a final extension of

7 min at 72 �C. Samples were sent to Macrogen (Seoul,

South Korea) for purification and sequencing. Sequences

were loaded, edited and aligned using ChromasPro 2.33

(Technelysium, Brisbane, Australia) and BioEdit 7.0 (Hall

1999) and have been deposited in GenBank (Table 1).

Phylogenetic analysis, character reconstruction

and evolutionary lines

We performed a combined analysis for sequences of the

nuclear gene ITS (White et al. 1990) and the two chloro-

plast genes, trnL-trnF (Taberlet et al. 1991) and rpl32

(Shaw et al. 2007) (Table 2). Bayesian inference analyses

were performed with MrBayes (Ronquist and Huelsenbeck

2003). For the combined analysis with Bayesian inference,

three partitions were used corresponding for each genes

(ITS, trnL-trnF and rpl32), in which evolutionary models

for each one were: GTR?G in ITS; GTR?I?G in trnL-

trnF; and GTR?I in rpl32. The Tracer program (v1.6,

Rambaut et al. 2003–2013) was used to visualize output

parameters in order to prove stationarity and if there are

duplicated runs or not to converged on the same mean

likelihood. Runs appeared stationary prior to 206 genera-

tions, and we conservatively excluded the first

2.0 9 106 generations of each run as burn-in. The effective

sample size (ESS) value was greater than 200 in a range
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sé
n

P
H

3
3
8
1
6
0

7
0
8
1
5
0

C
O
N
C

1
6
3
1
0
6

H
A
n
d
ea
n

K
Y
0
1
0
3
7
5

K
Y
2
2
3
7
5
2

K
Y
2
2
3
8
0
3

L
.
sc
ro
b
ic
u
la
ta
*

G
il
li
es

&
D
.D
o
n

P
H

3
4
8
1
3
0

6
9
8
4
9
0

C
O
N
C

1
6
6
1
5
8

H
A
n
d
ea
n

K
Y
0
1
0
3
8
5

K
Y
2
2
3
7
6
1

K
Y
2
2
3
8
1
2

L
.
se
n
ec
io
id
es

H
o
o
k
.
&

A
rn
.

P
H

3
6
8
4
5
0

7
3
8
0
2
0

C
O
N
C

1
3
4
2
5
0

H
M
ed
it
er
ra
n
ea
n

K
Y
0
1
0
3
7
6

K
Y
2
2
3
7
5
3

K
Y
2
2
3
8
0
4

L
.
su
a
ve
o
le
n
s*

(d
’U

rv
.)
S
k
o
tt
sb
.

P
H

5
1
8
6
7
0

5
7
8
8
1
0

C
O
N
C

1
8
1
2
6
1

F
A
lp
in
e
tu
n
d
ra

K
Y
0
8
5
9
6
4

K
Y
2
2
3
7
7
7

K
Y
2
2
3
8
2
9

L
.
te
n
u
is

L
es
s.

A
H

3
3
8
2
1
0

7
0
8
2
2
0

C
O
N
C

1
6
3
0
8
2

H
M
ed
it
er
ra
n
ea
n

K
Y
0
0
6
5
8
6

K
Y
2
2
3
7
4
0

K
Y
2
2
3
7
8
9

L
.
th
er
m
a
ru
m

R
ei
ch
e

P
H

3
6
8
5
4
0

7
1
8
2
4
0

C
O
N
C

1
8
1
2
2
4

F
F
o
re
st

K
Y
0
1
0
3
9
6

K
Y
2
2
3
7
7
0

K
Y
2
2
3
8
2
1

L
.
to
m
en
to
sa

(L
es
s.
)
C
ri
sc
i

P
H

3
2
8
4
7
0

7
1
8
3
2
0

C
O
N
C

9
3
7
7
7

H
M
ed
it
er
ra
n
ea
n

K
Y
0
1
0
3
8
0

K
Y
2
2
3
7
5
6

K
Y
2
2
3
8
0
7

L
.
vi
sc
id
a

(B
er
te
ro

ex
C
o
ll
a)

C
ri
sc
i

P
H

3
4
8
2
4
0

7
2
8
0
2
0

C
O
N
C

1
0
5
5
8
7

H
A
n
d
ea
n
/

M
ed
it
er
ra
n
ea
n

K
Y
0
1
0
3
8
6

K
Y
2
2
3
8
1
3

R
ep
re
se
n
ta
ti
v
es

o
f
th
e
N
as
sa
u
v
ie
ae

tr
ib
e

A
co
u
rt
ia

co
u
lt
er
i

(A
.G
ra
y
)
R
ev
ea
l
&

R
.M

.K
in
g

P
H

G
B

F
J9
7
9
6
8
0

F
J9
7
9
7
2
9

A
m
eg
h
in
o
a
p
a
ta
g
o
n
ic
a

S
p
eg
.

S
H

G
B

E
F
5
3
0
2
2
3

E
F
5
3
0
2
6
9

Phylogenetic reconstruction of the South American genus Leucheria Lag. (Asteraceae, Nassauvieae) 225

123



T
a
b
le

1
co
n
ti
n
u
ed

T
ax
o
n

A
u
th
o
ri
ty

F
V

L
o
ca
li
ti
es

C
o
ll
ec
ti
o
n

N
o
.

S
o
u
rc
e

m
at
er
ia
l

M
ai
n
h
ab
it
at

G
en
B
an
k
N
o
.

L
at
it
u
d
e
�S

L
o
n
g
it
u
d
e
�W

IT
S

tr
n
L
-t
rn
F

rp
l3
2

B
u
rk
a
rt
ia

la
n
ig
er
a

(H
o
o
k
.
&

A
rn
.)

C
ri
sc
i

S
H

G
B

F
J9
7
9
7
2
8

C
a
lo
p
a
p
p
u
s
a
ce
ro
su
s

M
ey
en

P
H

3
3
8
2
1
0

7
0
8
1
5
0

S
G
O

1
6
0
7
3
0

F
K
Y
0
1
0
3
6
0

K
Y
2
2
3
7
3
7

K
Y
2
2
3
7
8
6

C
a
lo
re
zi
a
n
u
ta
n
s

(L
es
s.
)
P
an
er
o

P
H

3
6
8
3
0
0

7
1
8
1
1
0

C
O
N
C

1
6
4
9
2
3

H
K
Y
0
0
9
6
0
9

K
Y
2
1
0
1
4
0

K
Y
2
2
3
7
8
1

D
o
li
ch
la
si
u
m

la
g
a
sc
a
e

G
il
li
es

ex
D
.D
o
n

S
H

G
B

E
F
5
3
0
2
5
9

E
U
3
8
5
0
6
2

H
o
lo
ch
ei
lu
s
b
ra
si
li
en
si
s

(L
.)
C
ab
re
ra

P
H

G
B

E
F
5
3
0
2
4
7

E
F
5
3
0
2
9
3

Ju
n
g
ia

fl
o
ri
b
u
n
d
a

L
es
s.

P
H

G
B

E
F
5
3
0
2
3
3

E
F
5
3
0
2
7
9

L
eu
n
is
ia

la
et
a

P
h
il
.

S
H

3
2
8
0
5
0

7
0
8
3
4
0

H
U
L
S
1
3
3
9
3

H
K
Y
0
1
0
3
5
7

K
Y
2
2
3
7
3
4

K
Y
2
2
3
7
8
3

M
a
cr
a
ch
a
en
iu
m

g
ra
ci
le

H
o
o
k
.f
.

P
H

5
3
8
3
3
0

7
2
8
1
8
0

C
O
N
C

1
7
2
1
0
3

H
K
Y
0
0
9
6
1
0

K
Y
2
2
3
7
8
2

M
a
rt
ic
o
re
n
ia

fo
li
o
sa

(P
h
il
.)
C
ri
sc
i

S
H

3
2
8
5
0
0

7
0
8
0
8
0

C
O
N
C

1
6
4
9
7
9

H
K
Y
0
0
6
5
8
4

K
Y
2
2
3
7
3
3

K
Y
2
2
3
7
8
0

M
o
sc
h
a
ri
a
p
in
n
a
ti
fi
d
a

R
u
iz

&
P
av
.

A
H

G
B

E
F
5
3
0
2
1
8

E
F
5
3
0
2
6
4

N
a
ss
a
u
vi
a
a
cu
le
a
ta

P
o
ep
p
.
&

E
n
d
l.

P
H

3
8
�
3
3
0

7
1
�
1
1
0

S
G
O

1
5
9
0
1
4

F
K
Y
0
1
0
3
6
1

K
Y
2
2
3
7
3
8

K
Y
2
2
3
7
8
7

P
er
ez
ia

ly
ra
ta

W
ed
d
.

P
H

3
6
8
5
4
0

7
1
8
2
4
0

C
O
N
C

1
8
1
2
2
5

F
K
Y
0
1
0
3
5
9

K
Y
2
2
3
7
3
6

K
Y
2
2
3
7
8
5

P
h
a
m
p
h
a
le
a
h
et
er
o
p
h
yl
la

L
es
s.

A
H

G
B

E
F
5
3
0
2
4
8

E
F
5
3
0
2
9
4

P
le
o
ca
rp
h
u
s
re
vo
lu
tu
s

D
.D
o
n

S
H

3
0
8
4
2
0

7
1
8
0
0
0

H
U
L
S
1
3
7
7
2

F
K
Y
0
0
6
5
8
5

K
Y
2
1
0
1
4
1

P
ro
u
st
ia

il
ic
if
o
li
a

H
o
o
k
.
&

A
rn
.

S
H

2
8
8
5
6
0

7
1
8
0
9
0

H
U
L
S
1
6
3
0

H
K
Y
0
1
0
3
5
8

K
Y
2
2
3
7
3
5

K
Y
2
2
3
7
8
4

T
ri
p
ti
li
o
n
sp
in
o
su
m

R
u
iz

&
P
av
.

P
H

3
3
8
4
3
0

7
0
8
2
8
0

S
G
O

1
6
1
1
3
6

F
K
Y
0
1
0
3
6
2

K
Y
2
2
3
7
3
9

K
Y
2
2
3
7
8
8

R
ep
re
se
n
ta
ti
v
es

d
e
th
e
C
al
y
ce
ra
ce
ae

N
a
st
a
n
th
u
s
sc
a
p
ig
er
u
s

M
ie
rs

P
H

3
3
8
4
8
0

7
0
8
1
4
0

S
G
O

1
6
1
1
4
0

F
K
Y
0
0
9
6
0
8

K
Y
2
2
3
7
3
2

K
Y
2
2
3
7
7
9

In
fo
rm

at
io
n
o
n
st
em

ty
p
e
an
d
n
u
m
b
er

o
f
ca
p
it
u
la

is
g
iv
en

fo
r
al
l
ta
x
a

F
V
li
fe
-f
o
rm

(A
H

an
n
u
al

h
er
b
s,
H
P
p
er
en
n
ia
ls

h
er
b
s,
S
H

sh
ru
b
s)

S
o
u
rc
e
o
f
m
at
er
ia
l
(H

h
er
b
ar
iu
m
,
F
fi
el
d
,
G
B
G
en
B
an
k
)

*
In
d
ic
at
e
ta
x
a
w
it
h
an

ac
au
lo
u
s/
su
b
ac
au
lo
u
s
h
ab
it
an
d
so
li
ta
ry

ca
p
it
u
lu
m

226 P. Jara-Arancio et al.

123



between 8076 and 32,250. Nodes with C0.95 were con-

sidered to be supported for posterior probabilities (Ron-

quist and Huelsenbeck 2003).

Life-form reconstruction was performed on the com-

bined Bayesian tree using parsimony and maximum like-

lihood methods as implemented in Mesquite 2.74

(Maddison and Maddison 2008). Life-form character was

scored as annual or perennial according to information

given in Crisci (1976) (Table 1). To analyze the evolu-

tionary lines proposed by Crisci (1976), the nine evolu-

tionary lines were compared with the molecular

phylogenetic relationships obtained in this study (Online

Resource 1).

Results

The data matrix contained 3631 nucleotide characters (945

ITS, 1139 trnL-trnF and 1547 rpl32). The pattern indicated

in this study was maintained in all cases. The few differ-

ences with the combined analysis are due to: (a) genes with

different evolutionary history (maternal and bi-parental

inherence); (b) not all trees were constructed with the same

number of species, since not all the genes could be

amplified in some samples; (c) the robustness level of

many nodes in each of the trees was low, but these

strengthened when information from genes was combined;

and (d) in the combined analysis secondary signals

appeared that were not observed in the analysis of the

genes separately. Topologies based on individual markers

are shown in online resources 2, 3 and 4. The combined

analysis shows that the genus Leucheria is monophyletic

with respect to the groups considered (Fig. 2). Conse-

quently, all species belonging to genera synonymized

under Leucheria are part of Leucheria as originally cir-

cumscribed by Crisci (1976). Included here are L. flori-

bunda and L. nutans originally described in Eizaguirrea

and Clybatis, respectively, and which according to Crisci

(1976) are somewhat atypical in the genus.

The topology revealed a primary division between

acaulescent/subacaulescent species with solitary capitula

(Clade A) and caulescent species with numerous capitula

(Clade B). The only exception to this observation is L.

achillaeifolia, which although caulescent and its inflores-

cence has multiple capitula, is part of Clade A. Clade A

contains 16 taxa of perennial herbs. Three well-supported

lineages were identified in Clade B. Subclade I comprises

two species (L. coerulescens and L. floribunda), both of

which are perennial herbs; Subclade II contains 13 taxa, of

which three are annuals; Subclade III contains 14 taxa,

including two annual species (Fig. 3). These last three

lineages unlike A and B cannot be separated by any

obvious morphological characteristic.

Table 1 shows the vegetation type for each species of

Leucheria. The three forest species are found in different

subclades (Subclade I: L. coerulescens; Subclade III: L

magna and L. thermarum) and not sister to all other species

of Leucheria. Species sister to the forest dwellers are found

predominantly in non-forested habitats. Thus, it is unlikely

that the Leucheria clade arose from an ancestor that

inhabited forest.

We found incongruences between the evolutionary lines

proposed by Crisci (1976) and our phylogenetic results

(Fig. 3). Species of the L. thermarum line are dispersed

throughout Subclade I and III. Species in each of the L.

glacialis, L. amoena and L. cerberoana lines are found in

Subclade II and III. Species of the L. salina and L. can-

didissima line are all found in Clade A, but are not

monophyletic. The L. achillaeifolia and L. nutans lines,

each with a single species, are also in Clade A, whereas the

L. floribunda line, also with a single species, is part of

Clade B, Subclade I (Fig. 3).

Reconstruction of life-form showed that the annual herbs

in Leucheria, found in Subclade II and III are derived

(Figs. 3, 4). Two of the five annuals included in the phy-

logeny form a single cladewithin Subclade II, indicating that

while the annual habit arose from the perennial habit, some

annuals in Leucheria have given rise to other annual species.

These particular annual species inhabit the coastal winter

rainfall desert in northern Chile (L. cerberoana and L.

cumingii) as L. menana. The remaining annuals (L. tenuis y

L. oligocephala) form a clade in Subclade III and occur at

low to mid-elevations in the Mediterranean-type climate

area of central Chile (Figs. 3, 4).

Table 2 Primers used to

amplify and sequence rDNA

and cpDNA

Primer Sequence (50–30) References

ITS 4 TCCTCCGCTTATTGATATGC White et al. (1990)

ITS 5 GGAAGTAAAAGTCGTAACAAGG White et al. (1990)

trnL CGAAATCGGTAGACGCTACG Taberlet et al. (1991)

trnF ATTTGAACTGGTGACACGAG Taberlet et al. (1991)

rpl32-F CAGTTCCAAAAAAACGTACTTC Shaw et al. (2007)

trnL(UAG) CTGCTTCCTAAGAGCAGCGT Shaw et al. (2007)
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Discussion

According to our results, the sister group to Leucheria

according to the outgroups used, is a clade formed by

monotypic Marticorenia and Moscharia (with two clo-

sely related species). Leucheria’s closest relatives

according to Crisci (1976) are Holocheilus and

Macrachaenium. Kim et al. (2002) using cpDNA con-

cluded that the sister group of Leucheria was Jungia.

Gruenstaeudl et al. (2009) using cpDNA placed Leu-

cheria in a clade with Perezia and Nassauvia. According

to Katinas et al. (2008a), based on cpDNA, the sister

group to Leucheria is Polyachyrus. We were unable to

extract quality DNA from Polyachyrus, which prevented

us from verifying Katinas et al. (2008a) findings. Panero

and Funk (2008) using cpDNA concluded that Leucheria

is sister to a clade formed by Acourtia, Dolichlasium,

Jungia, Nassauvia, Perezia and Trixis. Resolution of this

important issue for understanding the evolutionary his-

tory of tribe Nassauvieae Cass., subfamily Mutisioideae

clearly requires consideration of all genera recognized in

the Nassauvieae tribe.

Crisci (1976) proposed that Leucheria descended from a

forest-dwelling ancestor. In the topology presented here,

the three forest species of Leucheria (L. magna, L. coer-

ulescens, L. thermarum) appear in two derived subclades.

Thus, it is unlikely that the ancestor of Leucheria grew in a

forested habitat. The great majority of species in Leucheria

are found in open, non-forested habitats. From there, spe-

cies have evolved into forests on at least two occasions.

Our results suggest Leucheria underwent a major split

between acaulescent plants with solitary capitula (Clade A)

and caulescent plants with multiple capitula (Clade B

comprised of three subclades). In Leucheria, the acaules-

cent habitat is probably primitive, but more work and

dating are required to ascertain this conclusion. Species in

Clade A are found principally in high Andean vegetation

from the extreme southern part of the South American

continent to southern Peru. The acaulescent habitat is

common in high elevation species (Fabbro and Körner

2004), where plants of short stature are favored under the

harsh environmental conditions. Species belonging to the

three caulescent lineages (Subclades I, II, III) are dis-

tributed principally in sub-Andean vegetation,

Leucheria

Fm. Calyceraceae

Tribe Nassauvieae

1

*
1

1*

1

*

1

*

1

1

1

1

1

1

0.91

1

0.93

Fig. 2 Bayesian inference phylogenetic tree based on combined

analysis (rDNA and cpDNA) for taxa of the genus Leucheria and 19

taxa belong to the Calyceraceae and the tribe Nassauvieae. Posterior

probability values are found above the branches. Asterisks indicate

nodes without support (\0.90). Gray lines indicate the external group,

and black lines the internal group
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Mediterranean-type vegetation and coastal desert

(Table 1). Species found at relatively lower elevations, as

are the species in these three subclades are likely to have

evolved well-developed stems because of competition for

light with other species in taller vegetation.

Molecular analysis of cpDNA suggests that the caules-

cent state is basal in the genus Rheum (Sun et al. 2012). In

the genus Streptocarpus, the basal species are caulescent

species, but shifts to the acaulescent habit have also

occurred (Möller and Cronk 2001). In Viola, derived clades

can include both caulescent and acaulescent species (Bal-

lard and Sytsma 2000). Evolutionary transitions between

the caulescent and acaulescent state will depend on the

sequence of habitats colonized in evolutionary time. For

example, acaulescent species are common in high alpine

environments. When a lineage descends from high eleva-

tion, it is likely to acquire a caulescent habit; to the con-

trary, if a linage colonizes into the high altitude

11
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*
*

1
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1

1
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*

0.97

*1

1

*
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1
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*
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0.92

0.98

0.97

Outgroup

Sc III

Sc II 

Sc I 

Clade A

Clade B   

*
*

1

1

1

Fig. 3 Bayesian inference phylogenetic tree based on combined

analysis (rDNA and cpDNA) for 45 taxa of the genus Leucheria and

taxa belong to the Calyceraceae and the Tribe Nassauvieae. Posterior

probability values are found above the branches. Asterisks indicate

nodes without support (\0.90). Gray lines indicate the external group,

and black lines the internal group. The principal clades are denoted by

letter A (acaulescent/subacaulescent species with solitary capitula)

and B (caulescent species with numerous capitula). Subclades (Sc) are

denoted by roman numerals (I, II, III). The colors of the lines indicate

the nine evolutionary lines recognized by Crisci (1976): light green

Line L. thermarum; yellow Line L. glacialis; red Line L. amoena; blue

Line L. cerberoana; dark green Line L. candidisima; orange Line L.

salina; cyan Line L. achillaeifolia; violet Line L. nutans, pink Line L.

floribunda and black taxa not considered by Crisci (1976)
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environment from lower elevation, the direction of evolu-

tion is likely to be from caulescent to acaulescent.

The discrepancies found between the nine morphologi-

cally defined evolutionary lines recognized by Crisci

(1976) and the lineages identified in this study are mainly

due to the types of characters that were used to categorize

the nine lines. Morphological characteristics, such as

amount of pubescence or plant size, can be highly homo-

plastic (Álvarez et al. 1999) and show similarities without

an ancestor–descendent relationship. Consequently, mor-

phological and molecular characters commonly show

incongruences (Hillis and Wiens 2000). Moreover, char-

acteristics such as plant size can be affected by environ-

mental factors (Goyenechea and Contreras-Ramos 2007).

Crisci (1976) omitted two species from his nine evolu-

tionary lines (L. papillosa and L. glandulosa). In the

topology presented here, these species are found in Clade A

and Subclade III, respectively.

The results showed that the annual habit in Leucheria is a

derived condition that evolved on two independently occa-

sions in Subclades II and III. The three annual herbs in

Subclade II (L. cerberoana, L. cumingii and L. menana)

inhabit the Chilean coastal winter rainfall desert character-

ized by extremely low and unpredictable rainfall. Rainfall

varies from 100 to 120 mm/year in the southern part of the

winter rainfall desert to 14 mm/year in the northern sector

near Antofagasta. Annuals in Subclade III (L. tenuis and L.

oligocephala) are found in the northern part of central Chile

Nastanthus scapigerus 
Calorezia nutans 
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Calopappus acerosus 
Nassauvia aculeata 
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Fig. 4 Reconstruction of life-form for 45 taxa of Leucheria on the Bayesian tree using parsimony (left) and maximum likelihood (right). Green

annual herbs; white perennial herbs; black shrubs. The outgroup included 19 taxa belonging to the Calyceraceae and the Tribe Nassauvieae
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with aMediterranean-type climate,where rainfall is less than

250–700 mm/year. In general, annuals are favored in desert

and Mediterranean-type climates. Annuals can avoid long

dry seasons and unpredictable rainfall as seed banks and have

the capacity for high growth rates during the humid season

(Schaffer and Gadgil 1975; Evans et al. 2005; Jara et al.

2006; Rivero et al. 2007). Annuals are favored in deserts also

because of the abundance of open space, which enhances

seedling survival (Schaffer and Gadgil 1975; Crawley 1997;

Dimmitt 2000; Silvertown and Charlesworth 2001; Evans

et al. 2005). In central Chile, the frequency of annual species

in the vascular plant flora increases with the degree of aridity

(Arroyo et al. 1995), and it is known that the annual species

have longer lived seed banks than perennial species in

Chaetanthera (Arroyo et al. 2006). Although no experi-

mental work has been undertaken to detect seed banks in

Leucheria, it is very likely that the annual species will turn

out to have persistent seed banks.
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Wilf P, Johnson KR, Cúneo NR, Smith ME, Singer BS, Gandolfo MA

(2005) Eocene plant diversity at Laguna del Hunco and Rı́o
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