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Abstract

Four species of the genus Sticta are described as new from Bolivia, based on mor-
phological examination and phylogenetic analysis of the fungal ITS barcoding marker. 
Additionally, two species are reported as new to Bolivia (their identification confirmed by 
molecular data) and one previously reported species is confirmed by molecular data for 
the first time. Detailed morphological and anatomical descriptions are provided for all 
new species. Two of the new species, S. isidiolobulata Ossowska, B. Moncada, Lücking 
& Kukwa and S. madidiensis Ossowska, B. Moncada, Lücking & Kukwa belong to clade I, 
as defined in previous studies. In contrast, S. montepunkuensis Ossowska, B. Moncada, 
Lücking & Kukwa and S. macrolobata Ossowska, B. Moncada, Lücking & Kukwa, also de-
scribed here as new to science, belong to clade III. Sticta isidiolobulata has an irregular 
to suborbicular thallus of medium size, with isidia developing into spathulate lobules, cy-
anobacterial photobiont and apothecia with entire to weakly-crenate margins. The large 
irregular thallus of the cyanobacteria-associated S. macrolobata has broad lobes, apoth-
ecia with verrucous to tomentose margins and cyphellae with raised margins, whereas 
S. madidiensis has a medium-sized, palmate to irregular thallus with a stipe, but without 
vegetative propagules and apothecia. Sticta montepunkuensis has large and irregular 
thalli with green algae as photobiont, apothecia with crenate to verrucous margins and 
urceolate cyphellae with a wide pore and a scabrid basal membrane. Two species, S. 
beauvoisii Delise and S. riparia Merc.-Díaz are reported as new to Bolivia (the latter also 
as new to South America) and belong to clade III. Sticta tomentosa (Sw.) Ach., species 
confirmed from Bolivia by molecular data, belongs to clade II. Sticta beauvoisii is char-
acterised by a smooth yellowish-brown upper surface with darker apices and abundant, 
marginal isidia and a brown lower surface with golden-chocolate brown primary tomen-
tum and sparse, golden-brown rhizines. Sticta riparia has a strongly branched thallus, 
with undulate lobes and abundant, marginal, palmate, grey to dark brown phyllidia and 
greyish-brown lower surface with the primary tomentum absent towards the margins. 
Sticta tomentosa has palmate, bluish thalli with white cilia and abundant, submarginal 
apothecia and creamy-white lower surface with a sparse, white primary tomentum.
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Introduction

The name Sticta was first introduced by Schreber (1791), who classified these 
lichens as a section within the genus Lichen. Later, Acharius (1803) raised Sticta 
to the rank of a genus. Sticta has a subcosmopolitan distribution and includes 
macrolichens with true cyphellae and tomentum present at least on the lower 
surface of the thalli, for example, Galloway (1994, 1995), Moncada (2012) and 
Moncada et al. (2018, 2020). At the beginning of the 21st century, about 120 spe-
cies were known within the genus (Kirk et al. 2008), but recently, the number of 
known taxa has tripled (Moncada et al. 2021a). This increase is mainly related 
to the application of integrative taxonomy, based on molecular, morphological 
and anatomical data and the exploration of tropical regions, which are often 
habitats of unknown, endemic species (Tønsberg and Goward 2001; Moncada 
2012; Lendemer and Goffinet 2015; Moncada et al. 2018, 2020; Mercado-Díaz 
et al. 2020; Ossowska et al. 2022a). In Colombia, for example, intensive field 
surveys and laboratory analyses have increased the number of identified Sticta 
from 42 (Sipman et al. 2008) to 150 (Moncada 2012; Moncada et al. 2013a, b, 
2014). Similar explorations have been carried out in other regions of the Neo-
tropics (Dal Forno et al. 2018; Torres et al. 2021; Ossowska 2021; Ossowska et 
al. 2022a, b; Crous et al. 2023), as well as in other parts of the world (McDon-
ald et al. 2003; Simon et al. 2018; Moncada et al. 2020, 2021a; Di Meglio and 
Goward 2023; Kaasalainen et al. 2023). However, in many regions, the genus 
Sticta is still in need of revision, so the number of described species within the 
genus is much lower than estimated (Moncada et al. 2021a, b, c).

In Bolivia, located in the central part of the Neotropical Region of South 
America, research on Sticta has been conducted since the 19th century (Nyland-
er 1859, 1861; Rusby 1896; Herzog 1922, 1923; Feuerer et al. 1998). As a result, 
eleven Sticta species were reported, based solely on their morphological and 
anatomical characters (Ossowska 2021 and literature cited therein). Recently, 
modern approaches in the taxonomy of Sticta, including molecular analyses, 
have been applied to Bolivian collections, resulting in recording nine additional 
species, including seven new to science (Moncada and Lücking 2012; Ossows-
ka et al. 2022a, b; Crous et al. 2023). Here, we present the descriptions and 
records of seven additional species, including four new to science (Sticta isidi-
olobulata Ossowska, B. Moncada, Lücking & Kukwa, S. macrolobata Ossowska, 
B. Moncada, Lücking & Kukwa, S. madidiensis Ossowska, B. Moncada, Lücking 
& Kukwa and S. montepunkuensis Ossowska, B. Moncada, Lücking & Kukwa), 
two new to Bolivia (S. beauvoisii Delise and S. riparia Merc.-Díaz) and the first 
record of S. tomentosa (Sw.) Ach. confirmed by molecular data.

Material and methods

Taxon sampling

The study was based on specimens collected during fieldwork in the Yun-
gas and Tucumano-Boliviano Regions of Bolivia and deposited at KRAM, LPB 
and UGDA Herbaria. Morphology and anatomy were examined under stereo- 
and compound microscopes (Nikon SMZ800N and ZEISS Axioskop). Spot 
test reactions were made with K (potassium hydroxide solution), C (sodium 
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hypochlorite solution), Pd (paraphenylenediamine) and KC (K followed by C on 
the same thallus fragments). Secondary compounds were further analysed us-
ing thin-layer chromatography (TLC) in solvents A and C (Orange et al. 2001).

Species, which were distinguished by Moncada (2012), but have not yet been 
formally described are marked with quotes (e.g. ‘S. isidioimpressula’).

DNA extraction, PCR amplification and sequencing

The protocols for DNA extraction and sequencing of the nuITS rDNA marker 
followed Ossowska et al. (2022a).

Sequence alignment and phylogenetic analysis

The obtained sequences were aligned with available sequences of the genus 
Sticta (Suppl. material 1: table S1), using our previous alignment (Ossowska 
et al. 2022a) based on a recent master alignment (Moncada et al. 2020). The 
new sequences were added to the existing alignment using MAFFT 7.164 with 
the “--add” option (Katoh and Frith 2012; Katoh and Standley 2013), with sub-
sequent manual inspection in BIOEDIT 7.0.9 (Hall 2011). Phylogenetic analysis 
was performed using Maximum Likelihood in RAxML 8.2.0 (Stamatakis 2014) 
on the CIPRES Science Gateway (Miller et al. 2010), with non-parametric boot-
strapping using 400 pseudoreplicates (based on an automated saturation crite-
rion) under the universal GTRGAMMA model. Trees were visualised in FigTree 
1.4.2 (Drummond and Rambaut 2007). After initial analysis of the full taxon set 
containing 1,049 terminals, the alignment was reduced to a subset containing 
3–10 accessions per species, for a total of 211 terminals and the phylogenetic 
analysis was repeated using the above approach.

Results and discussion

Seven new nuITS rDNA sequences were generated for this study. Three of 
these clustered into clades of previously-defined Sticta (McDonald et al. 2003; 
Moncada 2012; Widhelm et al. 2018; Mercado-Díaz et al. 2020). These are S. 
beauvoisii and S. riparia, which are new to Bolivia, and S. tomentosa, which was 
reported from Bolivia, but not confirmed with molecular data until now (Fig. 1). 
Notes on all three species are given below.

Four sequences form distinct lineages, suggesting previously undescribed 
taxa, are grouped within clades I (fuliginosa clade) and III (weigelii clade), as 
defined by Widhelm et al. (2018) (Fig. 1). Comparison of morphological and an-
atomical features of these specimens with similar and related taxa, as well as 
phylogenetic analysis, confirmed they represent species new to science. These 
are Sticta isidiolobulata sp. nov. and S. madidiensis sp. nov. in clade I and S. 
montepunkuensis sp. nov. and S. macrolobata sp. nov. placed in clade III sensu 
Widhelm et al. (2018) (Fig. 1). Detailed descriptions of all four new Sticta spe-
cies are given below.

At present, the genus Sticta contains more than 500 species and more than 
one hundred morphological and sixty anatomical characters can be used for 
their circumscriptions (Moncada et al. 2014, 2021a; Ossowska et al. 2022a; 
Kaasalainen et al. 2023). These include the presence and type of vegetative 



24MycoKeys 105: 21–47 (2024), DOI: 10.3897/mycokeys.105.120810

Emilia Anna Ossowska et al.: Additional Sticta species

Sticta_paralimbata_KC732466_MON0030_Colombia

St
ic

ta
_b

re
vi

or
_K

C7
32

49
9_

M
O

N0
09

3_
Co

lo
m

bi
a

Sticta_lobarioides-cyano_KC732634_MON0404_Colombia

Sticta_fuliginosa_MT132687_MON1257_Hawaii

Sticta_pseudoimpressula_OP250127_14750_Bolivia

Sticta_bicellulata_OP250130_14863_Bolivia
Sticta_hypoglabra_KC732670_M

ON0456b_Colom
bia

St
ic

ta
_c

om
et

ie
lla

_K
C

73
26

06
_M

O
N

03
39

_C
ol

om
bi

a

Sticta_pseudolobaria_KC732650_MON0425_Colombia

Sticta_sublimbatoides_KC732595_MON0327_Colombia

Sticta_phyllidiofuliginosa_KC732495_M
ON0088_Colom

bia

Sticta_macrocyphellata_KC732662_MON0438_Colombia

Sticta_hirsutofuliginosa_KC732501_MON0099_Colombia

Sticta_leucoblepharis_KC732597_MON0329_Colombia

St
ic

ta
_m

ad
id

ie
ns

is
-s

p-
no

v_
PP

27
39

90
_1

48
79

_B
ol

iv
ia

Sticta_latior_KC732568_MON0273_Brazil

Sticta_rhizinata_KC732542_M
O

N0187_Colom
bia

Sticta_macrothallina_KC732656_MON0431b_Colombia

Sticta_hirsutofuliginosa_KC732610_MON0346_Colombia

Sticta_weigelii_KC732484_MON0062_Colombia

Sticta_laevis_MG367409_MON0762_ColombiaSt
ic

ta
_m

in
ut

ul
a_

KC
73

27
19

_M
ON

04
82

_C
ol

om
bi

a

Sticta_atroandensis_KC732528_MON0147_Colombia

Sticta_papillata_KC732552_MON0216_Colombia

St
ic

ta
_i

si
di

oi
m

pr
es

su
la

_K
C7

32
76

3_
M

O
N0

55
7_

Co
lo

m
bi

a

St
ict

a_
im

pr
es

su
la_

KC
73

26
43

_M
ON

04
14

_C
ol

om
bi

a

Sticta_fragilinata_AY173384__USA

Sticta_pseudosylvatica_KC732498_MON0091_Colombia

Sticta_weigelii_MN065896_DNA14945_Puerto-Rico

Sticta_aff-subscrobiculata_KC732639_M
O
N0410_Colom

bia

St
ic

ta
_c

om
et

ie
lla

_K
C

73
25

56
_M

O
N

02
37

_C
ol

om
bi

a

Sticta_dilatata_KC732648_MON0420_Colombia

St
ict

a_
hir

su
to

gy
alo

ca
rp

a_
KC73

26
81

_M
ON04

67
_C

olo
mbia

Sticta_canariensis-cyano_KT281700_LG1333_Canary-Islands

Sticta_papillata_KC732551_MON0215_Colombia

Sticta_harris
ii_KC732774_MON0573_Puerto-Rico

Sticta_fuliginosa_AB239345_Japan

Sticta_tomentosa_MT132764_MON4891_Ecuador
Sticta_carolinensis_AY173379__USA

ai
b

mo
lo

C_
53

00
N

O
M_

17
42

37
C

K_
at

al
ub

ol
_a

tc
it

S

Sticta_riparia_MG367373_DNA14513_Puerto-Rico

Sticta_beauvoisii_PP273995_16480_Bolivia

Stic
ta_

ca
thari

nae
_O

P25
01

34
_1

72
63

_B
oliv

ia

Sticta_borinquensis_MN065856_DNA14658_Puerto-Rico
St

ic
ta

_m
ac

ro
gy

al
oc

ar
pa

_K
C7

32
61

9_
M

O
N0

38
0_

Co
lo

m
bi

a
Sticta_pseudohumboldtii_KC732735_MON0515_Colombia

Sticta_arachnofuliginosa_KC732510_MON0113_Colombia

Sticta_globulifuliginosa_KC732608_M
O

N0344_Colom
bia

Sticta_globulifuliginosa_M
G

754197_M
O

N4462_Colom
bia

St
ict

a_
ph

yll
idi

ok
un

th
ii_

KC73
26

84
_M

ON04
70

_C
olo

mbia

Sticta_scabrosa_MT936618_MON0341_Colombia

Sticta_montepunkuensis-sp-nov_PP273991_15115_Bolivia

Sticta_viviana_KC732680_M
O

N0462_Colom
bia

St
ict

a_
ar

bu
sc

ul
a_

KC
73

25
02

_M
ON1

00
a_

Co
lo

m
bi

a

St
ic

ta
_i

m
pr

es
su

la
_K

C7
32

64
6_

M
ON

04
18

_C
ol

om
bi

a

Sticta_leucoblepharis_KC732664_MON0445_Colombia

Sticta_arachnosylvatica_KC732588_MON0320_Colombia

Sticta_neopulmonarioides_KC732633_MON0403_Colombia

St
ic

ta
_s

qu
am

ife
ra

_K
C

73
24

73
_M

O
N

00
37

_C
ol

om
bi

a

Sticta_bicellulata_OP250129_14859_Bolivia
St

ic
ta

_h
irt

a_
KC

73
25

63
_M

ON
01

53
_C

ol
om

bi
a

Sticta_borinquensis_MN065857_DNA14660_Puerto-Rico

St
ic

ta
_p

hy
lli

di
at

a_
KC

73
24

77
_M

O
N0

04
7_

Co
lo

m
bi

a

St
ic

ta
_p

lu
m

be
oc

ili
at

a_
KC

73
27

67
_M

O
N0

56
3_

Co
lo

m
bi

a

Sticta_macrothallina_KC732655_MON0431a_Colombia

Sticta_fragilinata_AY173385__USA

Sticta_canariensis_KT281733_LG3741_Ireland

St
ic

ta
_b

re
vi

or
_K

C7
32

59
6_

M
O

N0
32

8_
Co

lo
m

bi
a

Stic
ta_

gy
alo

ca
rp

a_
KC73

24
55

_M
ON00

04
_C

olo
mbia

Sticta_globulifuliginosa_KC732601_M
O

N0333_Colom
bia

Sticta_phyllidiofuliginosa_KC732764_M
ON0559_Colom

bia

Sticta_scabrosa_MT936600_MON5134_Brazil

Sticta_beauvoisii_KC732707_MON0625_Colom
bia

Sticta_dilatata_KC732647_MON0419_Colombia

St
ic

ta
_m

in
ut

ul
a_

KC
73

25
11

_M
ON

01
14

_C
ol

om
bi

a

Sticta_leucoblepharis_KC732598_MON0330_Colombia

Sticta_marilandia_KC732756_MON0549_Colombia

Sticta_arachnosylvatica_KC732718_MON0650_Colombia

St
ic

ta
_i

si
di

ok
un

th
ii_

KC
73

25
92

_M
ON

03
24

_C
ol

om
bi

a

St
ict

a_
ph

yll
idi

ok
un

th
ii_

KC73
25

93
_M

ON03
25

_C
olo

mbia

Sticta_atlantica_KT281737_LG3858_Azores

Sticta_neopulmonarioides_KC732630_MON0399_Colombia

Sticta_pseudolobaria_KC732653_MON0428_Colombia

Sticta_narinioana_O
P244962_M

O
N

2696_C
olom

bia

Sticta_andensis_KC732547_MON0199_Colombia

Sticta_arachnofuliginosa_KC732525_MON0144_Colombia

Sticta_lobulata_K
C

732482_M
O

N
0060_C

olom
bia

Sticta_maculofuliginosa_KC732514_MON121a_Colombia

Sticta_maculofuliginosa_KC732456_MON0009_Colombia

St
ic

ta
_c

ili
at

a_
KT

28
17

18
_L

G
35

39
_F

ra
nc

e

Stic
ta_

ga
llo

way
an

a_
KC73

27
17

_M
ON06

49
_C

olo
mbia

St
ic

ta
_c

om
et

ie
lla

_K
C7

32
51

6_
M

O
N0

12
7_

Co
lo

m
bi

a

Sticta_albocyphellata_KC732520_M
ON0136_Colom

bia

Sticta_harris
ii_MN065831_DNA14859_Puerto-Rico

Sticta_aff-cordillerana-2_KC732553_M
O
N0225_Colom

bia

Sticta_fuliginoides_KT281738_LG00S4_Devon

Sticta_pseudohumboldtii_KC732737_MON0517_Colombia

Sticta_fuliginosa_KT281702_LG1611_Rwanda

Sticta_albocyphellata_KC732557_M
ON0246_Colom

bia

St
ic

ta
_d

up
lo

lim
ba

ta
_A

B
24

51
17

__
Ta

iw
an

Sticta_tomentosa_MT132745_MON2175_Colombia

Sticta_aym
ara_O

P250125_17220_Bolivia

St
ic

ta
_d

up
lo

lim
ba

ta
_K

T2
81

69
6_

LG
09

19
_R

w
an

da

Sticta_puracensis_KC732706_MON0621_Colombia
Sticta_pseudolim

bata_KC732468_MON0032_Colom
bia

Stic
ta_

gy
alo

ca
rp

a_
KC73

25
77

_M
ON03

07
_C

olo
mbia

Stic
ta_

ga
llo

way
an

a_
KC73

25
07

_M
ON01

08
_C

olo
mbia

Sticta_sylvatica_KT281726_LG3536_France

Stic
ta_

pelt
igere

lla
_M

T13
26

27
_M

ON08
14

_C
olombia

Sticta_fragilinata_AY173383__USA

St
ic

ta
_i

si
di

ok
un

th
ii_

KC
73

25
91

_M
ON

03
23

_C
ol

om
bi

a

Sticta_pulmonarioides_KC732658_MON0433_Colombia

Sticta_papillata_MG367414_MON0832_Colombia

St
ic

ta
_p

lu
m

be
oc

ili
at

a_
KC

73
27

65
_M

O
N0

56
0_

Co
lo

m
bi

a

Sticta_lumbschiana_KC732578_MON0308_Colombia

Sticta_arachnofuliginosa_KC732524_MON0143_Colombia

Stic
ta_

pas
tora_

KC73
25

74
_M

ON03
04

_C
olombia

Sticta_maculofuliginosa_KC732515_MON121b_Colombia

St
ic

ta
_p

hy
lli

di
at

a_
KC

73
24

76
_M

O
N0

04
6_

Co
lo

m
bi

a

Sticta_pseudoimpressula_OP250128_14752_Bolivia

Sticta_com
etia_K

C
732626_M

O
N

0395_C
olom

bia

Sticta_humboldtii_KC732705_MON0616_Colombia

Sticta_sylvatica_KT281730_LG3723_Devon

Sticta_hirsutofuliginosa_KC732611_MON0347_Colombia

Sticta_sublimbatoides_KC732715_MON0647_Colombia

Sticta_pulmonarioides_KC732659_MON0434_Colombia

Sticta_rhizinata_KC732491_M
O

N0078_Colom
bia

Sticta_atroandensis_KC732532_MON0164_Colombia

Sticta_borinquensis_MG367397_MON0574_Puerto-Rico

Sticta_pseudolim
bata_KC732467_MON0031_Colom

bia

Sticta_carrascoensis_OP250133_15028_Bolivia

St
ic

ta
_i

si
di

oi
m

pr
es

su
la

_K
C7

32
76

1_
M

O
N0

55
6a

_C
ol

om
bi

a

Sticta_riparia_PP273994_18724_Bolivia
St

ic
ta

_a
nd

in
a_

M
T1

32
67

1_
M

O
N

12
14

_H
aw

ai
i

Sticta_tomentosa_KC732663_MON0442_Colombia

St
ic

ta
_p

hy
lli

di
at

a_
KC

73
25

58
_M

O
N0

03
8_

Co
lo

m
bi

a

Sticta_harris
ii_KC732775_MON0576_Puerto-Rico

St
ic

ta
_h

irt
a_

KC
73

25
29

_M
ON

01
51

_C
ol

om
bi

a

Sticta_isidiolobulata-sp-nov_PP273989_15054_Bolivia

Stic
ta_fulig

inoides_AY173389__USA

Sticta_rhizinata_KC732559_M
O

N0039_Colom
bia

Sticta_sublimbatoides_KC732540_MON0183_Colombia

Sticta_beauvoisii_PP273996_11103_Bolivia

Sticta_humboldtii_KC732702_MON0613_Colombia

Sticta_canariensis_DQ419944__Canary-Islands

Stic
ta_

pas
tora_

KC73
25

18
_M

ON01
32

_C
olombia

St
ic

ta
_s

qu
am

ife
ra

_K
C

73
24

70
_M

O
N

00
34

_C
ol

om
bi

a

Sticta_narinioana_O
P244963_M

O
N

2280_C
olom

bia

Sticta_macrolobata-sp-nov_PP273992_9801_Bolivia

Sticta_beauvoisii_AY173370__USA

Sticta_tomentosa_KC732690_MON0477_Colombia

Stic
ta_peltig

erella
_MT132763_MON4410_Colombia

Sticta_densiphyllidiata_MG367398_MON0575_Puerto-Rico

Sticta_am
boroensis_O

P250132_9900a_Bolivia

Sticta_tomentosa_PP273993_15138c_Bolivia

aib
molo

C_2812
N

O
M_507639T

M_anidna_atcitS

Sticta_hypoglabra_KC732668_M
ON0455b_Colom

bia

Sticta_pseudolobaria-cyano_KC732649_MON0421_Colombia

St
ict

a_
im

pr
es

su
la_

KC
73

26
20

_M
ON0

38
7_

Co
lo

m
bi

a

Sticta_arachnosylvatica_KC732689_MON0475_Colombia

Sticta_beauvoisii_AY173376__USA

Sticta_sylvatica_KT281735_LG3780_Ireland

Stic
ta_

gya
loca

rpa_
KC73

25
94

_M
ON03

26
_C

olombia

Sticta_pseudosylvatica_KC732725_MON0494_Colombia

Sticta_pseudosylvatica_KC732724_MON0493_Colombia

St
ic

ta
_c

ili
at

a_
KT

28
17

16
_L

G
37

81
_I

re
la

nd

Sticta_fuscotomentosa_KC732661_MON0437_Colombia

Sticta_viviana_KC732692_M
O

N0480_Colom
bia

Sticta_am
boroensis_O

P250131_9899_Bolivia

Sticta_sublim
bata_AB245123__Japan

Sticta_pseudohumboldtii_KC732463_MON0025_Colombia

Sticta_albocyphellata_KC732722_M
ON0491_Colom

bia

Sticta_lobarioides_KC732555_MON0236_Colombia

Sticta_viviana_KC732609_M
O

N0345_Colom
bia

St
ic

ta
_i

si
di

oi
m

pr
es

su
la

_K
C7

32
76

2_
M

O
N0

55
6b

_C
ol

om
bi

a

Sticta_sublimbata_AB245118__Japan

Sticta_carolinensis_AY173381__USA

St
ic

ta
_a

nd
in

a_
M

T9
36

76
3_

M
O

N
41

49
_M

ex
ic

o

St
ict

a_
ar

bu
sc

ul
a_

KC
73

25
69

_M
ON0

28
3_

Ec
ua

do
r

Sticta_pseudolim
bata_KC732564_MON0185_Colom

bia

Stic
ta_fulig

inoides_MG367410_MON0806_Colombia

St
ic

ta
_h

irt
a_

KC
73

25
13

_M
ON

01
17

_C
ol

om
bi

a

Sticta_hypoglabra_KC732665_M
O

N0454a_Colom
bia

Sticta_lumbschiana_KC732575_MON0305_Colombia

St
ic

ta
_c

ili
at

a_
KT

28
17

15
_L

G
30

99
_A

zo
re

s

Sticta_densiphyllidiata_MN065890_DNA14665_Puerto-Rico
Sticta_subscrobiculata_K

C
732728_M

O
N

0499_C
olom

bia
Sticta_lumbschiana_KC732743_MON0525_Colombia

aib
molo

C_2140
N

O
M_146237

C
K_aite

moc_atcitS

Sticta_atroandensis_KC732527_MON0146_Colombia

Sticta_marilandia_KC732757_MON0550_Colombia

Sticta_limbata_KT281707_LG2690_Scotland

Sticta_limbata_MG367428_MON1262_Hawaii

Sticta_carolinensis_AY173380__USA

St
ic

ta
_m

ac
ro

gy
al

oc
ar

pa
_K

C7
32

73
8_

M
O

N0
51

8_
Co

lo
m

bi
a

Sticta_paralimbata_KC732539_MON0182_Colombia

Stic
ta_

ca
thari

nae
_O

P25
01

35
_1

72
63

_B
oliv

ia

Sticta_narinioana_O
P244961_M

O
N

2272_C
olom

bia

Sticta_weigelii_MN065897_DNA14532_Puerto-Rico

Sticta_neopulmonarioides_KC732631_MON0400_Colombia

Sticta_pulmonarioides_KC732632_MON0402_Colombia

Sticta_limbata_KT281710_LG3170_USA

Sticta_sublimbata_KT281699_LG1038_Reunion

Sticta_aff-subscrobiculata_KC732734_M
O
N0512_Colom

bia

St
ict

a_
hir

su
to

gy
alo

ca
rp

a_
KC73

25
30

_M
ON01

55
_C

olo
mbia

Sticta_aym
ara_O

P250126_17220_Bolivia

Stic
ta_

hir
su

to
gy

alo
ca

rp
a_

KC73
25

31
_M

ON01
58

_C
olo

mbia

St
ict

a_
ar

bu
sc

ul
a_

KC
73

25
04

_M
ON

10
0c

_C
ol

om
bi

a

St
ic

ta
_i

si
di

ok
un

th
ii_

KC
73

25
23

_M
ON

01
40

_C
ol

om
bi

a

Sticta_scabrosa_MT936648_MON0906_Costa-Rica

Stic
ta_

ga
llo

way
an

a_
KC73

24
96

_M
ON01

03
_C

olo
mbia

Sticta_phyllidiofuliginosa_KC732508_M
O

N0109_Colom
bia

Sticta_humboldtii_KC732703_MON0614_Colombia

ai
b

mo
lo

C_
69

30
N

O
M_

72
62

37
C

K_
ait

e
mo

c_
at

cit
S

St
ic

ta
_b

re
vi

or
_K

C7
32

53
5_

M
ON

01
75

_C
ol

om
bi

a

Sticta_puracensis_KC732701_MON0612_Colombia

Sticta_lobulata_K
C

732727_M
O

N
0496_C

olom
bia

Sticta_macrothallina-cyano_KC732629_MON0398_Colombia

St
ic

ta
_m

in
ut

ul
a_

KC
73

25
83

_M
O

N0
31

5_
Co

lo
m

bi
a

St
ict

a_
ph

yll
id

io
ku

nt
hi

i_K
C7

32
74

8_
MON0

53
4_

Co
lo

m
bi

a

Stic
ta_peltig

erella_MT132629_MON0887_Colombia

Sticta_subscrobiculata_K
C

732549_M
O

N
0204_C

olom
bia

Clade I

Clade III

Clade II

Figure 1. Best-scoring Maximum Likelihood tree of the Sticta target clade containing the new species from Bolivia (red) 
and the species new to Bolivia and phylogenetically confirmed from Bolivia (blue), based on the fungal ITS barcoding 
marker. Supported clades are thickened. For complete tree with individual support values, see Suppl. material 2.

propagules, such as isidia, phyllidia, soredia or lobules (Galloway 1994, 1995; 
Moncada 2012; Moncada et al. 2014; Ossowska et al. 2022a; Kaasalainen et 
al. 2023). Moreover, some species may develop two types of propagules, like 
the newly-introduced S. isidiolobulata, which has isidia and lobules or S. cyano-
caperata Kaasalainen and S. andina B. Moncada, Lücking & Sérus. having isidia 
and phyllidia (Moncada 2012; Moncada et al. 2021b; Kaasalainen et al. 2023). 
Of the Sticta species known from Bolivia with records confirmed by molecu-
lar data, seven produce vegetative propagules and most of them have isidia: 
S. andina, S. aymara Ossowska et al., S. beauvoisii, S. isidiokunthii B. Moncada 
& Lücking and S. weigelii (Ach.) Vain. (Moncada et al. 2014; Ossowska 2021; 
Ossowska et al. 2022a). The structure of the isidia and their distribution on the 
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thallus, as well as their colour and size, are diagnostic to distinguish species. 
For example, in S. isidiokunthii, isidia are darker and in S. beauvoisii lighter than 
the thallus; they are cylindrical to squamiform in S. beauvoisii and globular to 
cylindrical in S. aymara, palmate to coralloid in S. andina and cylindrical in other 
isidiate species (Moncada 2012; Moncada and Lücking 2012; Moncada et al. 
2021b; Ossowska 2021; Ossowska et al. 2022a).

Phyllidia resemble isidia, but are flattened and dorsiventral (Nash 2008); they 
are known in two taxa from Bolivia, S. scabrosa B. Moncada, Merc.-Díaz & Bun-
gartz subsp. scabrosa and S. riparia. They are dark brown in S. riparia, whereas 
of the same colour as the thallus in S. scabrosa subsp. scabrosa (Moncada 
2012; Mercado-Díaz et al. 2020; Moncada et al. 2021b; Ossowska et al. 2022b).

Lobules are like small lobes, i.e. forming minute cyphellae and partly also to-
mentum on the lower surface (Nash 2008; Moncada 2012; Mercado-Díaz et al. 
2020; Moncada et al. 2020, 2021a). To date, only a few Sticta species with lobules 
have been described, for example, S. guilartensis Merc.-Díaz from Puerto Rico or 
S. antoniana B. Moncada & Lücking from Hawaii (Moncada 2012; Mercado-Díaz 
et al. 2020; Moncada et al. 2020, 2021a). Sticta isidiolobulata described here is 
the first lobulate species from Bolivia; in this taxon, the lobules develop from 
isidia, especially at the edges of lobes and it is one of its diagnostic features.

Soredia are the rarest type of propagules found in Sticta (Moncada 2012; 
Moncada et al. 2013b); however, none of the known sorediate taxa has been 
found in Bolivia so far.

Another important diagnostic feature of Sticta is the presence of apothecia. 
The fertile species in Bolivia are: S. amboroensis Ossowska et al., S. bicellulata 
Ossowska et al., S. carrascoensis Ossowska et al., S. catharinae Ossowska et 
al., S. macrolobata, S. monlueckiorum Ossowska, Flakus & Rodr.Flakus, S. mon-
tepunkuensis, S. pseudoimpressula Ossowska et al. and S. tomentosa (Moncada 
2012; Ossowska et al. 2022a, this paper; Crous et al. 2023). The most important 
differences between them are the abundance of apothecia (scarce in S. bicellula-
ta and S. montepunkuensis or abundant in S. catharinae and S. amboroensis), their 
distribution (submarginal in S. tomentosa, laminal to submarginal in S. macrolo-
bata or marginal in S. carrascoensis) or the structure of the apothecial margins 
(crenate to hirsute in S. amboroensis, crenate to verrucose in S. montepunkuensis, 
verrucous to tomentose in S. macrolobata, entire to crenate in S. pseudoimpressu-
la, hirsute to ciliate, but in young apothecia glabrous in S. monlueckiorum) (Mon-
cada 2012; Ossowska et al. 2022a; Crous et al. 2023). In addition, there is a group 
of Sticta species that have two forms: with apothecia and vegetative propagules 
as in S. andina, the newly introduced S. isidiolobulata and S. scabrosa subsp. sca-
brosa (but only in specimens from Bolivia both, phyllidia and apothecia, are pres-
ent) (Moncada et al. 2014, 2021a, b; Ossowska et al. 2022b).

The cyanobacteria-associated Sticta madidiensis lacks both apothecia and 
vegetative propagules. In Sticta, such situations are mostly known in species 
possessing two photosymbiodemes, i.e. lichen thallus can be formed with a 
green alga or a cyanobacteria (e.g. in S. lobarioides B. Moncada & Coca or S. 
pseudolobaria B. Moncada & Coca). In such cases, the green algal form has 
abundant apothecia, whereas the cyanobacterial form usually lacks apothecia 
and vegetative propagules (Moncada 2012; Moncada et al. 2013a) as it is in S. 
madidiensis. Potentially S. madidiensis is a species that also forms photosym-
biodemes, but at present, only the cyanobacterial thalli are known.
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Morphodemes, which are species that are morphologically and anatomically 
similar, but phylogenetically distant, are common in the genus Sticta (Moncada 
et al. 2021b). For instance, S. andina and S. scabrosa are morphodemes of 
S. weigelii (Moncada et al. 2020, 2021b), whereas S. arenosella Di Meglio & 
Goward and S. gretae Goward & Di Meglio are morphodemes of S. fuliginosa 
(Di Meglio and Goward 2023). Such taxa have also been found in Bolivia and 
S. isidiolobulata introduced in this paper and S. pseudoimpressula described by 
Ossowska et al. (2022a) are morphodemes of S. impressula (Nyl.) Zahlbr. They 
all have a pitted to scrobiculate or rugose upper surface with apothecia and 
cilia (Moncada 2012; Ossowska et al. 2022a), but differ in the structure of the 
cyphellae and also in the colour and thickness of the primary and secondary 
tomentum. In addition, S. isidiolobulata also produces isidia and lobules, which 
are absent in S. impressula. Despite similarities to S. impressula, the new S. isid-
iolobulata is closely related to the still undescribed species ‘S. pseudosylvatica’, 
whereas S. pseudoimpressula forms a clade with S. bicellulata (Ossowska et 
al. 2022a). Sticta montepunkuensis belongs to the S. laciniata morphodeme, 
which has a green algal photobiont, a scrobiculate upper surface, with apoth-
ecia and without true cilia, but with a visible extension of the lower tomentum 
(Hooker 1822). The differences are also in the size of the thalli (in S. laciniata 
(Sw.) Ach., the thallus is smaller and highly branched), the distribution of the 
apothecia (in S. montepunkuensis, they are mainly laminal and subaggregated 
and in S. laciniata, submarginal and dispersed), the apothecial margins (in S. 
laciniata apothecia margins are tomentose and, in S. montepunkuensis crenate 
to verrucous) and the density of the cyphellae (S. montepunkuensis has more 
abundant cyphellae towards the margins and in the centre than S. laciniata).

The diversity of lichen species in Bolivia is still not fully understood; however, 
recent results systematically increase the number of species known from this 
country (Flakus et al. 2019; Guzow-Krzemińska et al. 2019; Kukwa and Ossowska 
2022; Kukwa et al. 2023a, b). The knowledge on Sticta in Bolivia is also increas-
ing and recent morphological and anatomical studies supported by phylogenet-
ic analyses have contributed significantly to this (Ossowska 2021; Ossowska 
et al. 2022a, b; Crous et al. 2023). With the taxa described here, Sticta currently 
comprises twenty-six species in Bolivia (three other recorded species are defi-
nitely misidentifications; see Ossowska et al. (2022a)), of which twenty-one are 
confirmed by molecular data. A further five species remain to be verified; these 
are S. dilatata (Nyl.) Vain, S. fuliginosa (Dicks) Ach., S. kunthii Hook., S. laciniata 
and S. sinuosa Pers. (Rodriguez-Flakus et al. (2016) and literature cited therein). 
Literature data suggest that at least S. dilatata and S. fuliginosa can also be pres-
ent in Bolivia as they have been recorded from other South American countries 
(Widhelm et al. 2018). Sticta fuliginosa s.str. is a subcosmopolitan species (Mc-
Donald et al. 2003; Hodkinson et al. 2014; Magain and Sérusiaux 2015; Di Meglio 
and Goward 2023; Kaasalainen et al. 2023) and, in South America, is known only 
from Brazil (Magain and Sérusiaux 2015; Widhelm et al. 2018). However, numer-
ous morphodemes of S. fuliginosa are known from the Neotropics (Moncada et 
al. 2015); therefore, it is likely that Bolivian material may have represented one or 
several of these. It is the same with S. laciniata. Records of the species may be-
long to other species, for example, to S. montepunkuensis, which is described as 
a new species in this paper and belong to the S. laciniata morphodeme. The phy-
logenetic positions of S. kunthii (described from Peru) and S. sinuosa (described 
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from Brazil) have not so far been confirmed by molecular data (Moncada 2012; 
Kaasalainen et al. 2023), so it may be difficult to prove their presence in Bolivia. 
Sticta kunthii was reported from Africa by Kirika et al. (2012), but Kaasalainen 
et al. (2023) did not find this species amongst the studied species of Sticta. The 
authors concluded that the specimens reported by Kirika et al. (2012) probably 
represent S. umbilicariiformis Hochsc. ex Flotow and/or S. aspratilis Kaasalain-
en & Rikkinen (Kaasalainen et al. 2023).

It is worth noting that the new Sticta species described here have only been 
found in single localities, suggesting their putative endemism. Previously, prob-
ably endemic Sticta species were described from Bolivia by Ossowska et al. 
(2022a), so if all molecularly confirmed species of Sticta from Bolivia are con-
sidered, 38% of them are endemic. The occurrence of endemic species of Stic-
ta has been noted, for example, in Madagascar and the Mascarenes (Simon 
et al. 2018), as well as in Puerto Rico (Mercado-Díaz et al. 2020). However, as 
the genus is still not well studied in many regions, some species may appear 
more widespread, for example, in this paper, we report the first record of S. 
riparia from Bolivia, which has been known only from Puerto Rico so far (Mer-
cado-Díaz et al. 2020).

The question remains open also in the case of how many species occur in 
Bolivia. The number of Bolivian specimens awaiting revision is still large and 
taking into account all data from neighbouring countries, we estimate that 
around 90 species of Sticta may occur in Bolivia.

Taxonomy

Species new to science described from Bolivia

Sticta isidiolobulata Ossowska, B. Moncada, Lücking & Kukwa, sp. nov.
MycoBank No: 852904
Fig. 2

Diagnosis. Differing from S. impressula in the presence of isidia developing into 
spathulate lobules and apothecia with entire to weakly-crenate margins and the 
presence of sparse, secondary tomentum.

Type. Bolivia. Dept. Cochabamba; Prov. Carrasco, Parque Nacional Carras-
co, between Meruvia and Monte Punku, 17°34'43"S, 65°15'25"W, elev. 3082 m, 
Podocarpus forest, Ceja de Monte Inferior (Altimontano), corticolous, 26 Nov. 
2014, M. Kukwa 15054 (holotype UGDA, isotype LPB).

Description. Primary photobiont cyanobacterial (Nostoc). Stipe absent. 
Thallus irregular to suborbicular, subcoriaceous, up to 15 cm diam., moderately 
branched, with 3–5 branches per 5 cm radius, branching polytomous to aniso-
tomic; lobes ligulate to flabellate, adjacent, plane to involute, with their apices 
rounded and involute and their margins entire to crenate and not thickened; 
lobe internodes (2–)3–5(–7) mm long, (3–)6–8(–10) mm broad. Upper sur-
face pitted to rugose-foveolate towards the centre, beige brown with slightly 
darker apices when dry, shiny; surface glabrous, without papillae and pruina, 
with orbicular to irregular, scattered, pale beige maculae; marginal cilia ab-
sent, but extension of the lower tomentum visible. Apothecia abundant, most-
ly laminal or submarginal, dispersed or rarely grouped in four, subpedicellate 

http://www.mycobank.org/MycoTaxo.aspx?Link=T&Rec=852904
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Figure 2. Morphology of Sticta isidiolobulata (holotype) A upper surface B lower surface C lower tomentum with cyphel-
lae D, E Isidia developing into spathulate lobules and apothecia F section of apothecium. Scale bars: 1 mm (A–D, F, G); 
0.5 mm (E); 50 μm (F).

to pedicellate, without pronounced invagination on lower side, up to 2.5 mm 
diam.; disc orange-brown or yellow (in young apothecia), shiny, concave in 
young apothecia, convex in older; margin entire to weakly crenate, light brown, 
not visible from surface view in mature apothecia. Vegetative propagules in the 
form of flattened and branched isidia developing especially on margins into 
spathulate lobules, aggregate, branched, horizontal, up to 0.25 mm long and 
0.5 mm broad, darker than the thallus, brown grey, shiny. Lower surface un-
dulate and veined, beige to light brown towards the centre; primary tomentum 
dense, but absent towards the margin, thick, but thinner towards the margin, 
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spongy to fasciculate, soft, beige to brown in older parts; secondary tomentum 
present, pubescent, sparse. Rhizines absent. Cyphellae 1–20 per cm2 towards 
the thallus centre and 21–40 per cm2 towards the margin, scattered, round-
ed or elongated, urceolate with wide pore to cupuliform, prominent, remaining 
below the level of the primary tomentum, with the margin erect to raised and 
involute, cream to brown coloured, with tomentum; pore (0.25–)0.5–0.7 mm 
diam.; basal membrane scabrid, white. Medulla compact, white. Pycnidia pres-
ent, immersed.

Upper cortex paraplectenchymatous, 30–75 μm thick, differentiated into two 
cellular layers with the upper layer consisting of 1–2 cell layers, cells 4.5–12 × 
4.5–7 μm, their walls 1–3.5 μm thick and their lumina rounded to elongated, 
4–11 × 3–6 μm. Photobiont layer 25–55 μm thick, its cells 5–10 μm diam. 
Medulla 50–150 μm thick, its hyphae 2–4 μm broad, without crystals. Lower 
cortex paraplectenchymatous, 30–60 μm thick, of 2–4 cell layers; cells 6–15 × 
6–12 μm diam., their walls 1–3 μm thick. Hairs of lower primary tomentum up 
to 400 μm long, in fascicles more than 20, hyphae unbranched, septate with 
free apices; hairs of secondary tomentum 10–18 μm long, 5–6 μm broad, con-
sisting of two 2–4 cells. Cyphellae cavity up to 250 μm deep; cells of basal 
membrane with many small papillae (up to 0.5 μm high). Apothecia biatorine, 
up to 500 μm high, without or with distinct stipe; excipulum up to 130 μm broad, 
without hairs. Hymenium up to 130 μm high; epihymenium 2.5–5 μm high, yel-
lowish, without gelatinous upper layer; epihymenium pale brown-orange. Asci 
4–8-spored, ascospores fusiform, 1(–3)-septate, 25–35 × 6–8 μm.

Secondary chemistry. No lichen substances detected by TLC. All parts of 
thallus and apothecia K–, C–, KC–, P–.

Habitat and distribution. Sticta isidiolobulata is known only from the type lo-
cality in the Parque Nacional Carrasco in the Cochabamba Department. It was 
found on tree bark in Podocarpus forest.

Etymology. The epithet refers to the presence of isidia that develop into 
spathulate lobules, especially at the lobe margins.

Notes. Sticta isidiolobulata is another morph within the S. impressula mor-
phodeme, like S. pseudoimpressula and the undescribed ‘S. isidioimpressula’ 
(Moncada 2012; Ossowska et al. 2022a). However, the new species is the only 
one in this group characterised by the presence of both vegetative propagules 
and apothecia, isidia developing into spathulate lobules, without true cilia and 
with beige to brown primary tomentum, which is dense, but absent at the mar-
gins. Sticta pseudoimpressula lacks vegetative propagules, the tomentum is 
greyish-brown to black and dense at the margins (Ossowska et al. 2022a). In 
contrast, ‘S. isidioimpressula’ produces laminal, white to grey, cylindrical isidia, 
instead of marginal, greyish-green and spathulate lobules observed in S. isidiol-
obulata. Furthermore, the primary tomentum in S. isidioimpressula is dense and 
sparse towards the margins and without secondary tomentum (Moncada 2012).

The presence of propagules in the form of isidia and lobules is also charac-
teristic of S. macrofuliginosa B. Moncada & Lücking from Colombia (Moncada 
et al. 2015) and S. parvilobata Merc.-Díaz from Puerto Rico (Mercado-Díaz et 
al. 2020). However, in S. macrofuliginosa, isidia are cylindrical, whereas in S. 
parvilobata, they are granular to globular. In contrast, the lobules in both spe-
cies are lobuliform. These taxa also differ from S. isidiolobulata in the upper 
surface of the thallus, which is scrobiculate to foveolate with sparse laminal 
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apothecia in the Colombian species and smooth to scrobiculate without apoth-
ecia in the Puerto Rican species. In addition, the primary tomentum is dense to 
the lobe margins and spongy in S. macrofuliginosa and sparse, but sometimes 
dense and hirsute to fasciculate in S. parvilobata (Moncada 2012; Moncada et 
al. 2015; Mercado-Díaz et al. 2020).

The new species is related to the Colombian ‘S. pseudosylvatica’ (Fig. 1), 
which still awaits formal validation. Both taxa differ in the structure of the upper 
surface, which is smooth to ribbed in ‘S. pseudosylvatica’ and pitted to rugose 
in S. isidiolobulata. Furthermore, ‘S. pseudosylvatica’ has abundant, laminal 
isidia and primary tomentum is dense to the margins (Moncada 2012). The 
abundance of cyphellae also varies between them and, in ‘S. pseudosylvatica’, 
they occur in amounts of 21–40 per cm2 towards the centre and 61–100 per 
cm2 towards the margins, while in the new species, there are 1–20 per cm2 and 
21–40 per cm2, respectively (Moncada 2012).

Sticta macrolobata Ossowska, B. Moncada, Lücking & Kukwa, sp. nov.
MycoBank No: 852905
Fig. 3

Diagnosis. Differing from S. laciniata in cyanobacteria as photobiont, thallus up 
to 25 cm in diam., broad lobes, verrucous (rarely weakly crenate) to tomentose 
apothecial margins, which is often ciliate in the lower part, light to dark brown 
lower surface and cyphellae with elevated margins.

Type. Bolivia. Dept. Santa Cruz; Prov. Florida, Parque Nacional Amboró, 
above la Yunga Village, senda Los Helechos, 18°03'30"S, 63°54'36"W, elev. 
2330 m, Yungas cloud forest, corticolous, 07 June 2011, M. Kukwa 9801 (holo-
type UGDA, isotype LPB).

Description. Primary photobiont cyanobacterial (Nostoc). Stipe absent. Thal-
lus irregular, coriaceous, up to 25 cm diam., moderately branched, with 4–5 
branches per 5 cm radius, branching pleurotomous to polytomous; lobes lac-
iniate to flabellate, plane, with their apices orbicular and involute, margins en-
tire, not thickened, with brown marginal line; lobe internodes 7–14 mm long, 
7–50 mm broad. Upper surface smooth to shallowly scrobiculate, light brown 
to brown with darker apices when dry, shiny; surface glabrous, without papil-
lae and pruina, but with irregular, scattered, pale beige maculae; marginal cilia 
absent, but extensions of the lower tomentum visible. Apothecia abundant to 
sparse, principally laminal to submarginal, dispersed to aggregated, pedicellate, 
with pronounced invagination on the lower side, up to 5 mm diam.; disc plane, 
brown to chestnut-brown, shiny, epruinose to delicately pruinose; margin per-
sistent, verrucous to tomentose, rarely weakly crenate, often ciliate in the lower 
part, with brown tomentum, abundant in young apothecia, sparse in old ones. 
Vegetative propagules absent. Lower surface plane to uneven, light towards 
the margins and dark brown towards the centre; primary tomentum dense, 
thick, but thinner towards the margin, spongy to fasciculate, golden-brown in 
young parts to brown in older with lighter tips; secondary tomentum present, 
pubescent. Rhizines present, irregularly dispersed, fasciculate to barbate, up 
to 6 mm, dark brown. Cyphellae 1–20 per cm2 towards the thallus centre and 
41–60 per cm2 towards the margin, scattered, rounded to irregular, urceolate 

http://www.mycobank.org/MycoTaxo.aspx?Link=T&Rec=852905
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Figure 3. Morphology of Sticta macrolobata (holotype) A upper surface B lower surface C apothecia with verrucous to to-
mentose margins D lower tomentum with cyphellae E rhizines F section of apothecium. Scale bars: 1 mm (A–E); 100 μm (F).

with wide pore, erumpent to sessile, remaining below the level of the prima-
ry tomentum, with the margin elevated and involute, brown-coloured, without 
tomentum or with tomentum at the base; pore (0.25–)0.5–1(–1.5) mm diam.; 
basal membrane scabrid, yellow. Medulla compact, yellow. Pycnidia present, 
sparse, immersed.

Upper cortex paraplectenchymatous, 30–40 μm thick, differentiated into 
two cellular layers with the upper layer consisting of 1–2 layers of small cells, 
cells 4–15 × 4–10 μm diam., their walls 1–3 μm thick and their lumina round-
ed to isodiametric, 3–14 μm diam. Photobiont layer 45–75 μm thick, its cells 
10–20 μm diam. Medulla 80–120 μm thick, its hyphae 3–4 μm broad. Lower 
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cortex paraplectenchymatous, 30–40 μm thick, homogeneous, consisting of 
2–3 layers of cells, cells 7–15 × 6–10 μm, their walls 2–4 μm thick. Hairs of 
lower primary tomentum up to 220 μm long, in fascicles of more than 20, hy-
phae simple or rarely branched, 6–8 μm wide with uneven walls, septate with 
free apices; secondary tomentum sparse, locally developed, up to 2 cells and 
up to 10 μm long. Cyphellae cavity up to 250 μm deep; cells of basal membrane 
without papillae. Apothecia biatorine, up to 1 mm high, with distinct stipe; ex-
cipulum up to 150 μm broad, laterally with projecting hairs. Hymenium up to 
125 μm high; epihymenium up to 10 μm high, brown-orange, with gelatinous 
upper layer, covered by tiny granules. Asci 6–8-spored, ascospores fusiform, 
1(–3)-septate, 25–38 × 6–8 μm.

Secondary chemistry. Unidentified substance in Rf classes A2–3 and C2. 
Basal membrane of cyphellae K– to K+ pale yellow, C–, KC–, P–. Medulla K+ 
ochraceous-yellow, C–, KC–, P–.

Habitat and distribution. Sticta macrolobata was found on tree bark in Yun-
gas forest. It was collected from a single locality in the Parque Nacional Ambo-
ró in the Santa Cruz Department.

Etymology. The name refers to the presence of wide lobes, which are up to 
50 mm broad.

Notes. Sticta macrolobata resembles S. laciniata, but the latter has green 
photobiont and the thallus is smaller, up to 10 cm broad and more branched 
than in the new species (Hooker 1822; Moncada 2012). Both species have 
apothecia with tomentose margins, but in the new species, the margins are also 
verrucous to rarely weakly crenate and often ciliate in the lower part, whereas 
in S. laciniata, only tomentose. In addition, in S. macrolobata, the apothecial 
discs are brown to chestnut-brown and in S. laciniata, orange to reddish (Hook-
er 1822; Moncada 2012).

The new species forms a clade with Sticta borinquensis Merc.-Díaz & Lück-
ing, S. densiphyllidiata Merc.-Díaz & Lücking, S. riparia and S. scabrosa (Fig. 1), 
although with low support. All four species produce abundant propagules in 
the form of phyllidia which are absent in the new species (Mercado-Díaz et al. 
2020; Moncada et al. 2021b). Sticta borinquensis and S. densiphyllidiata are 
epiphytic species known so far from Puerto-Rico (Mercado-Díaz et al. 2020) 
and S. riparia is reported here as new to Bolivia (see below). Sticta scabrosa 
subsp. scabrosa was recently confirmed from Bolivia (Ossowska et al. 2022b) 
and apothecia were observed in the Bolivian specimens for the first time.

Sticta madidiensis Ossowska, B. Moncada, Lücking & Kukwa, sp. nov.
MycoBank No: 852906
Fig. 4

Diagnosis. Differing from other Sticta in having up to 1 cm long stipe, a palmate 
to irregular thalli, without vegetative propagules and apothecia, with scabrid 
upper surface.

Type. Bolivia. Dept. La Paz; Prov. Franz Tamayo, Parque Nacional y Área Nat-
ural de Manejo Integrado Madidi, below Keara Bajo, 14°41'90"S, 69°03'51"W, elev. 
3060 m, open area with shrubs and scattered trees, Ceja de Monte Inferior (Altim-
ontano), on shrubs, 18 Nov 2014, M. Kukwa 14879 (holotype UGDA, isotype LPB).

http://www.mycobank.org/MycoTaxo.aspx?Link=T&Rec=852906
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Figure 4. Morphology of Sticta madidiensis (holotype) A, B upper surface C, D lower surface E marginal cilia and exten-
sion of the lower tomentum F scabrid upper surface G lower tomentum with cyphellae H section of cyphella. Scale bars: 
1 mm (A–G); 50 μm (H).
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Description. Primary photobiont cyanobacterial (Nostoc). Stipe present, up 
to 1 cm long. Thallus palmate to irregular, coriaceous, up to 15 cm diam., mod-
erately branched, with 3–5 branches per 5 cm radius, branching pleurotomous 
to polytomous; lobes laciniate to ligulate, imbricate, partly involute, with their 
apices obtuse and acute and their margins entire to sinuous, thickened; lobe 
internodes 4(7–)–17(–20) mm long, (5–)8–9(–12) mm broad. Upper surface 
smooth to slightly canaliculate, brown to brownish-grey in central part of thal-
lus when dry, with darker apices and darker marginal line, shiny; surface slightly 
scrobiculate to rugose, with papillae in young parts of lobes and without pruina, 
but with irregular, scattered, beige maculae; marginal cilia sparse to abundant 
fasciculate, white to brown, up to 1 mm, in some areas extension of the lower 
tomentum present. Apothecia absent. Vegetative propagules absent. Lower 
surface smooth, yellow-beige to orange-beige; primary tomentum dense, thick, 
but thinner towards the margin, fasciculate to spongy, soft, whitish-yellow to 
dark brown in the centre; secondary tomentum present, sparse, pubescent. 
Rhizines absent. Cyphellae 1–10 per cm2 towards the thallus centre and 21–40 
per cm2 towards the margin, dispersed, rounded to elongate, urceolate with 
wide pore, erumpent to prominent, remaining below the level of the primary 
tomentum, with the margin raised and involute or rarely erect, cream to dark 
brown-coloured, without tomentum; pore (0.25–)0.5–1(–2) mm diam.; basal 
membrane scabrid, white. Medulla compact, white. Apothecia not found.

Upper cortex paraplectenchymatous, up to 50 μm thick, differentiated into 
two cellular layers with the upper layer consisting of 1–2 layers of smaller cells, 
cells 5–15 × 5–10 μm, their walls 1–3 μm thick and their lumina rounded to 
irregular, 4–14 × 4–9 μm. Photobiont layer 30–60 μm thick, its cells 10–20 μm 
diam. Medulla 110–150 μm thick, its hyphae 4–5 μm broad, without crystals. 
Lower cortex paraplectenchymatous, 30–40 μm thick, with 2–4 cell layers; 
cells 7–16 μm × 6–12 diam., their walls 1–3 μm thick. Hairs of lower primary 
tomentum up to 500 μm long, in fascicles of more than 10, hyphae unbranched, 
septate with free apices; secondary tomentum sparse of up to 10 μm long. 
Cyphellae cavity up to 140 μm deep; cells of basal membrane without or with 
one papilla.

Secondary chemistry. No lichen substances detected by TLC. Basal mem-
brane of cyphellae, K+ yellowish, C–, KC–, P–. Medulla K+ yellowish, C–, KC–, 
P–.

Habitat and distribution. Sticta madidiensis was found on shrubs in moun-
tain vegetation with scattered trees. The species is known only from one local-
ity in in the Madidi protected area in the La Paz Department.

Etymology. The name refers to the type locality.
Notes. The new species has a palmate thallus with a stipe, similar to S. cath-

arinae recently described from Bolivia (Ossowska et al. 2022a), which is, how-
ever, not related to the new species (Fig. 1). However, cilia in the new species 
are sparse to abundant and white to brown, whereas in S. catharinae, they are 
abundant, agglutinated to fasciculate, dark brown with paler tips (Ossowska 
et al. 2022a). Furthermore, S. catharinae produces apothecia, which are not 
known in S. madidiensis (Ossowska et al. 2022a). Another taxon with palmate 
thalli is S. neopulmonarioides B. Moncada & Coca (a form with cyanobacteria), 
but it has abundant, laminal and marginal propagules (phyllidia and lobules) 
without apothecia (the form with green alga has apothecia, but the thallus is 
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larger than in S. madidiensis and irregular). In addition, the primary tomentum 
is absent towards the margins. Sticta neopulmonaroides is known only from 
Colombia (Moncada 2012; Moncada et al. 2013a).

Sticta montepunkuensis Ossowska, B. Moncada, Lücking & Kukwa, sp. nov.
MycoBank No: 852907
Fig. 5

Diagnosis. Differing from other Sticta in the green algal photobiont, large thal-
li up to 30 cm diam., moderately branched, the upper surface scrobiculate to 
pitted or rugose, the margins of the apothecia crenate to verrucous and the 
presence of urceolate cyphellae with wide pores and scabrid, white to yellow-
ish-white basal membrane.

Type. Bolivia. Dept. Cochabamba; Prov. Carrasco, Parque Nacional Carras-
co, Korikaza close to Monte Punku, 17°33'30"S, 65°16'32"W, elev. 2880 m, lower 
montane Yungas cloud forest, corticolous, 27 Nov 2014, M. Kukwa 15115 (ho-
lotype UGDA, isotype LPB).

Description. Primary photobiont green alga. Stipe absent. Thallus irregular, 
up to 30 cm diam., moderately branched, with 3–5 branches per 5 cm radius, 
branching pleurotomous to polytomous; lobes ligulate to laciniate, adjacent to 
interspaced, plane to involute, with their apices rounded to obtuse and plane 
and their margins entire, slightly thickened; lobe internodes (7–)10–18(–
20) mm long, (5–)10–15(–18) mm broad; thallus coriaceous. Upper surface 
scrobiculate, pitted or rarely rugose, yellowish-brown and darkening towards 
the margins when dry, with brown marginal line, shiny; surface glabrous, with-
out papillae, pruina and maculae; marginal cilia absent, but extension of the 
lower tomentum visible. Apothecia sparse, principally laminal, pedicellate, with-
out pronounced invagination on lower side, up to 0.5 mm diam.; disc brown to 
red-brown, shiny; margin crenate to verrucous, light cream-brown. Vegetative 
propagules absent. Lower surface scrobiculate to undulate or faveolate, beige 
to dark brown towards the centre; primary tomentum dense, thick, but thinner 
towards the margin, fasciculate, soft, brown often with whitish tips; secondary 
tomentum present, pubescent to arachnoid. Rhizines sparse, irregularly dis-
persed, often in groups, fasciculate to barbate, brown with paler tips, up to 1 cm 
long. Cyphellae 41–60 per cm2 towards the thallus centre and more than 100 
per cm2 towards the margin, scattered, rounded to slightly elongate, urceolate 
with wide pore, erumpent to sessile, remaining below the level of the primary 
tomentum, with the margin elevated and involute, brown-coloured, without to-
mentum; pore (0.3–)0.5–1.8(–2.5) mm diam.; basal membrane scabrid, white 
to yellowish-white. Medulla compact, white. Pycnidia present.

Upper cortex paraplectenchymatous, not distinctly differentiated into lay-
ers, 50–65 μm thick, consisting of up to nine cell layers, size of cells gradually 
decreasing towards the upper part, cells 5–17 × 4–14 μm, their walls 1–4 μm 
thick and their lumina rounded to isodiametric, 4–16 × 3–13 μm. Photobiont 
layer 30–50 μm thick, its cells 3.5–6 μm diam. Medulla up to 160 μm thick, 
its hyphae 3–4.5 μm broad, without crystals. Lower cortex paraplectenchy-
matous, 35–50 μm thick, with 3–4 cell layers; cells 9–17 × 8–13 μm, their 
walls 1–3 μm thick. Hairs of lower primary tomentum up to 220 μm long, in 
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Figure 5. Morphology of Sticta montepunkuensis (holotype) A, B upper surface C lower surface D apothecia with crenate 
to verrucous margins E, F lower tomentum with cyphellae and rhizines. Scale bars: 1 mm.

fascicles of 6–12, simple or often branched in upper parts, septate with free 
or interlocked apices, up to 8 μm wide; secondary tomentum up to 25 μm 
long. Cyphellae cavity up to 100 μm deep; cells of basal membrane usually 
without or rarely with up to three papillae. Apothecia biatorine, up to 700 μm 
high, with very short stipe; excipulum up to 250 μm broad, laterally with pro-
jecting hairs on the lower side, simple to branched. Hymenium up to 150 μm 
high; epihymenium up to 10 μm high, pale orange-brown, with gelatinous up-
per layer, ca. 4 μm high. Asci 6–8-spored, ascospores fusiform, 1(–3)-septate, 
17–32 × 7–9 μm.
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Secondary chemistry. No lichen substances detected by TLC. All parts of 
thallus and apothecia K–, C–, KC–, P–.

Habitat and distribution. Sticta montepunkuensis is known only from the 
type locality in Yungas cloud forest in Nacional Parque Carrasco, where it was 
collected on the bark of tree, at an elevation of 2880 m.

Etymology. The name refers to the settlement Monte Punku in Parque Nacio-
nal Carrasco, near where the new species was found.

Notes. The new species is related and morphologically similar to other green 
algal Sticta species, such as S. lobarioides and S. pseudolobaria (Fig. 1). All 
these taxa produce apothecia, but they are aggregated, with entire to verru-
cose margins in S. lobarioides, scattered with hairy to verrucous margins in S. 
pseudolobaria and, in S. montepunkuensis, they are subaggregated with cren-
ate to verrucous margins. They also differ in the presence of a stipe (absent 
in S. montepunkuensis) and the different sizes of the thalli (up to 20 cm in S. 
lobarioides and over 15 cm in S. pseudolobaria). The upper surface in these 
species is faveolate rather than scrobiculate to pitted as it is in the new species 
and the primary tomentum is sparse over the entire surface, with no secondary 
tomentum (primary tomentum dense, secondary present in S. montepunkuen-
sis) (Moncada 2012; Moncada et al. 2013a). For the differences between S. 
montepunkuensis and S. laciniata, see the general discussion above.

Other species known from Bolivia with green algae and large thalli include S. 
amboroensis and S. carrascoensis. The species differ in the structure of the to-
mentum. In S. amboroensis, it is spongy to dense, fasciculate, light to dark brown 
and sparse towards the margin (Ossowska et al. 2022a). Sticta carrascoensis has 
a primary tomentum that is dense towards the margin like in S. montepunkuensis, 
but it is spongy, light to dark brown, whereas in the new species, it is fasciculate, 
brown with white tips. Sticta montepunkuensis also has more abundant cyphel-
lae, i.e. 41–60 per cm2, towards the centre and more than 100 per cm2 towards 
the margin, whereas S. carrascoensis has 1–10 per cm2 and 21–40 per cm2, re-
spectively and S. amboroensis 1–20 per cm2 and 21–40 per cm2 (Ossowska et 
al. 2022a). Both, S. amboroensis and S. carrascoensis, have abundant apothecia, 
which are sparse in the new species and are submarginal in S. amboroensis and 
marginal to laminal in S. carrascoensis. Their apothecial margins are crenate to 
hirsute in both species, rather than crenate to verrucous as in S. montepunkuen-
sis (Ossowska et al. 2022a). All three species are not closely related (Fig. 1).

Species newly reported from Bolivia

Sticta beauvoisii Delise
Fig. 6

Description. For the description, see McDonald et al. (2003) and Moncada 
(2012).

Habitat and distribution. The records of S. beauvoisii presented here are the 
first from Bolivia. The species was found on the bark of trees in Tucumano-Bo-
liviano forest at elevations of 1815 m and 1900 m in the Tarija and Chuquisaca 
Departments. Before, S. beauvoisii was known from Colombia and North Amer-
ica: Canada and USA (McDonald et al. 2003; Moncada 2012; Moncada et al. 
2020, 2021a).
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Notes. Sticta beauvoisii is characterised by a smooth, yellowish-brown up-
per surface with darker apices, without apothecia, but with abundant, marginal, 
cylindrical to flattened isidia, which are light to dark brown coloured, a brown 
lower surface, golden-chocolate brown primary tomentum which becomes thin 
and shorter towards the margins and a sparse, golden-brown, fibrillose to fas-
ciculate rhizines (Delise 1825; McDonald et al. 2003; Moncada 2012).

Sticta beauvoisii belongs to clade III sensu Widhelm et al. (2018) (Fig. 1), as 
do, for example, S. weigelii and the undescribed ‘S. luteocyphellata’. However, 
they differ in the colour of the upper and lower surface of the thalli, the isidia 
and the tomentum. In ‘S. luteocyphellata’ the upper surface is light brown, with 
a brown marginal line and dark brown isidia. The lower surface, on the other 
hand, is cream to dark brown, with dense in the centre, but sparse towards 
the margin primary tomentum and greyish-brown with paler apices (Moncada 
2012). In S. weigelii, the upper surface is reddish-brown to dark brown with a 
black marginal line and blackish-brown isidia, while the lower surface is beige 
to reddish-brown with dark brown primary tomentum, dense to the margin 
(Moncada 2012; Ossowska 2021). Both, ‘S. luteocyphellata’ and S. weigelii pro-
duce abundant rhizines, which are white and fasciculate in ‘S. luteocyphellata’ 
and brownish-black and fibrillose to anziform in S. weigelii (Moncada 2012; 
Ossowska 2021; Torres et al. 2021). In contrast, S. beauvoisii has sparse, gold-
en-brown, fibrillose to fasciculate rhizines (McDonald et al. 2003). Another tax-
on with which S. beauvoisii may be confused is the not yet formally described 

Figure 6. Morphology of Sticta beauvoisii A upper surface (Kukwa 16480) B lower surface (Kukwa 16480) C marginal 
isidia (Kukwa 16480) D lower surface with tomentum, cyphellae and sparse rhizines (Kukwa 11103). Scale bars: 1 mm.
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‘S. pseudobeauvoisii’, but it produces narrow phyllidia, rather than isidia and 
the primary tomentum is light grey to brown, dense and sparse towards the 
margins (Moncada 2012). ‘Sticta pseudobeauvoisii’, like S. beauvoisii, belongs 
to clade III of the global Sticta phylogeny (Widhelm et al. 2018; Fig 1).

Specimens examined. Bolivia. Dept. Chuquisaca; Prov. Hernando Siles, 
15 km west of Monte Agudo, 19°48'57"S, 64°05'60"W, elev. 1815 m, disturbed 
Tucumano Boliviano Forest, corticolous, 20 July 2015, M. Kukwa 16480 (LPB, 
UGDA). Dept. Tarija; Prov. Aniceto Arce, Papachacra, 21°41'52"S, 64°29'15"W, 
elev. 1900 m, Tucumano Boliviano Forest, corticolous, 8 Aug 2012, M. Kukwa 
11103 (LPB, UGDA).

Sticta riparia Merc.-Díaz
Fig. 7

Description. For the description, see Mercado-Díaz et al. (2020).
Habitat and distribution. The record of S. riparia presented here is the first 

one from Bolivia and South America, as the species has been previously known 
only from Puerto Rico (Mercado-Díaz et al. 2020). In Bolivia, the species was 
found on tree bark in semi-natural Sub-Andean Amazon forest in the Cocha-
bamba Department.

Figure 7. Morphology of Sticta riparia (Kukwa 18724) A upper surface B lower surface with very sparse tomentum 
C, D marginal phyllidia. Scale bars: 1 mm.
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Notes. Sticta riparia has a strongly branched thallus, with undulate lobes, 
the margins of which are covered with branched, abundant, palmate, grey to 
dark brown phyllidia. The lower surface is greyish-brown, with the primary to-
mentum absent towards the margins. In addition, cyphellae are abundant, with 
a density of 41–60 per cm2 towards the centre and more than 100 per cm2 
towards the margins (Mercado-Díaz et al. 2020). It is similar to S. densiphyllid-
iata as, in both species, the lobe margins are abundantly covered by phyllidia, 
but in S. densiphyllidiata, these are dispersed, coralloid and darker than the 
thallus. Furthermore, the lower surface of the latter taxon is reddish with a 
dense tomentum. The abundance of the cyphellae towards the margins and 
centre is also a feature common to both taxa. However, in S. densiphyllidiata, 
the membrane reacts with K+ weakly pink, whereas in S. riparia, it is K+ pale 
yellow (Mercado-Díaz et al. 2020). Both species belong to clade III of the Sticta 
tree (Fig. 1). Sticta densiphyllidiata is only known from Puerto Rico (Merca-
do-Díaz et al. 2020).

Recently, a new phyllidiate species, S. cerradensis T.D. Barbosa, J.-M. Torres, 
Kitaura & A.P. Loren, phylogenetically similar to S. riparia, has been described. 
However, it has larger lobes and the lower surface is light brown to dark. Sticta 
cerradensis is only known from Brazil (Torres et al. 2021).

Specimens examined. Bolivia. Dept. Cochabamba; Prov. Chaparre, Parque 
Nacional Carrasco, Guacharos, 17°03'50"S, 65°28'31"W, elev. 445 m, semi-nat-
ural Sub-Andean Amazon forest, corticolous, 10 Nov 2016, M. Kukwa 18724 
(LPB, UGDA).

Species confirmed for Bolivia with molecular data

Sticta tomentosa (Sw.) Ach.
Fig. 8

Description. For a description, see Moncada (2012) and Moncada et al. (2021a).
Habitat and distribution. The record of S. tomentosa given here is the first 

from Bolivia supported by a DNA sequence. The taxon was previously reported 
from the country by Nylander (1859, 1861) and Herzog (1922). The specimen 
examined here was found on tree bark in in the lower montane Yungas cloud 
forest in the Cochabamba Department. Outside Bolivia, S. tomentosa has been 
reported from South and North America (Galloway 1995; Moncada 2012) and 
Africa (Galloway 1995; Kaasalainen et al. 2023).

Notes. Sticta tomentosa has palmate, bluish thalli with white cilia, abundant, 
submarginal apothecia with entire to crenate margins; the lower surface is 
creamy-white with a sparse, white primary tomentum (Moncada 2012).

The palmate thallus is characteristic for newly-distinguished S. madidiensis; 
however, the taxa differ in the size of the thallus, which is smaller in S. tomen-
tosa (up to 5 cm) with abundant, fasciculate cilia. In addition, S. tomentosa has 
abundant apothecia, which are absent in S. madidiensis. Both taxa also differ 
in the structure of the tomentum, which in S. tomentosa, is sparse and absent 
towards the margin and white to greyish-white towards the centre, whereas in 
S. madidiensis, the primary tomentum is dense towards the margin and whit-
ish-yellow to dark brown in the centre (Moncada 2012; Moncada et al. 2021a). 
Both species are not closely related (Fig. 1).
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Figure 8. Morphology of Sticta tomentosa (Kukwa 15138c) A upper surface B lower surface with tomentum and cyphel-
lae C apothecia D marginal cilia. Scale bars: 1 cm (A); 1 mm (B–D).

The species may also be confused with the phylogenetically closely-related 
S. leucoblepharis (Nyl.) Tuck. (Fig. 1), but they differ in the colour of the cilia and 
the density of the tomentum. In S. leucoblepharis, the cilia are golden-brown 
and longer than in S. tomentosa, while the primary tomentum is dense and 
sparse towards the margins. In addition, the apothecia are laminal rather than 
submarginal as in S. tomentosa and smaller (up to 1.5 cm in diameter) and their 
discs are orange (Moncada 2012; Moncada et al. 2021a).

Another phylogenetically similar taxon is S. antoniana B. Moncada & Lücking 
and the two cannot be separated, based on nuITS rDNA sequences (Moncada 
et al. 2020; Moncada et al. 2021a). However, there are important morphological 
differences. Sticta antoniana has an irregular to orbicular and highly-branched 
thallus, without cilia and with abundant lobules, the primary tomentum is thick 
and dense, but without secondary tomentum. In S. tomentosa, on the other 
hand, the thallus is palmate to suborbicular, moderately branched, with abun-
dant cilia and without vegetative propagules, while primary tomentum is sparse 
and absent towards the margin and with secondary tomentum. Both species 
produce apothecia, but unlike S. tomentosa, in S. antoniana, they are laminal 
and with crenate margins (Moncada et al. 2020; Moncada et al. 2021a).

Specimens examined. Bolivia. Dept. Cochabamba; Prov. Carrasco, Parque 
Nacional Carrasco, near Rio Ibrisu, close to Sajtarumi, 17°27'09"S, 65°16'29"W, 
elev. 2059 m, lower montane Yungas cloud forest, corticolous, 28 Nov 2014, M. 
Kukwa 15138c (LPB, UGDA).
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Supplementary material 1

Specimens of Sticta used in molecular analysis with locality, voucher 
information, GenBank accession numbers and list of references

Authors: Emilia Anna Ossowska, Bibiana Moncada, Robert Lücking, Adam Flakus, 
Pamela Rodriguez-Flakus, Sandra Olszewska, Martin Kukwa

Data type: docx
Explanation note: Sequences generated for this study are in bold.
Copyright notice: This dataset is made available under the Open Database License 

(http://opendatacommons.org/licenses/odbl/1.0/). The Open Database License 
(ODbL) is a license agreement intended to allow users to freely share, modify, and 
use this Dataset while maintaining this same freedom for others, provided that the 
original source and author(s) are credited.

Link: https://doi.org/10.3897/mycokeys.105.120810.suppl1

Supplementary material 2

Best-scoring Maximum Likelihood tree of the Sticta target clade containing 
the new species from Bolivia (red) and the species new to Bolivia and 
phylogenetically confirmed from Bolivia (blue), based on the fungal ITS 
barcoding marker

Authors: Emilia Anna Ossowska, Bibiana Moncada, Robert Lücking, Adam Flakus, 
Pamela Rodriguez-Flakus, Sandra Olszewska, Martin Kukwa

Data type: pdf
Explanation note: Supported clades are thickened and individual support values are in-

dicated.
Copyright notice: This dataset is made available under the Open Database License 

(http://opendatacommons.org/licenses/odbl/1.0/). The Open Database License 
(ODbL) is a license agreement intended to allow users to freely share, modify, and 
use this Dataset while maintaining this same freedom for others, provided that the 
original source and author(s) are credited.
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