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Atlas of Pyrenulaceae and Trypetheliaceae

The Pyrenulaceae and the Trypetheliaceae are the most speciose
groups of pyrenocarpous lichens. They are mainly tropical and
corticolous. While taxonomical work on most other groups of
lichens has been continuous, these family got more attention in the
initial century of lichenology than in the past century, with even
three monographs of  published before 1900. In the
present century however, more attention was paid to these families,
leading to the description of many new species and world keys for
e.g.  (Aptroot 2006),  (Aptroot 2012) and
Trypetheliaceae (Aptroot & Lücking 2016, and their contributions
to Hongsanan et al. 2020). The families are differing in morpho-
logical characters which correlate well w1ith phylogeny. The spe-
cies concept in these groups was changed considerably this
century. Future, detailed phylogenetic studies may necessitate more
changes, but they are not anticipated here. Recently,
and a similar group have been shown to belong to the Trypetheli-
aceae, but they are not treated here as they are no lichens (and not
tropical).

Taxonomic work on these families continues, and keys become
soon outdated. Some changes to these keys were already published,
e.g. on internet by Aptroot & Sipman, and when a new species in
these families is described, it is usually indicated where it would key
out in a published key. Here, we present fully updated keys to these
families, in which all published changes are incorporated, as well as
some other changes, most importantly a more precise wording of
the first couplet in each  part key.  The keys will
gradually become outdated when new species are being continu-
ously described, but we intend to indicate where newly described
species would key out in these keys. To facilitate this purpose, each
key has an identifying letter.

More importantly, we provide detailed illustrations of the majority
of the accepted species. Published illustrations of species in these
family are scarce, and mainly restricted to recently described
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species, and for Pyrenulaceae ascospore drawings, but for
Trypetheliaceae mainly habitus photographs. Here we illustrate
mostly recently collected material, mostly from ABL herbarium. It
does include many type specimens of recently described species.
Some are holotypes, but most are officially isotypes, because the
counries they were collected demand that the holotype is preserved
in a herbarium in the original country. However, the illustrated
isotype is often the part of the type collection that was mostly used
for the description of the new species. We did not illustrate many
old types, because the characters are often much better seen in
recent material. An example of an exception is ,
which has not been found this century and for which we illustrated
the most recent specimen we could find; its spores are howver
much degenerated.

The selection of the species treated is based on ready availability.
Still, it covers the majority of the species in these two families. In
addition, some representatievs of other, mainly tropical, mainly
corticolous groups are illustrated, especially, but not restricted to,
Monoblastiaceae, Porinaceae, Strigulaceae, Thelenellaceae, and
genera of uncertain position like and

 For these groups, keys are not provided. For  and
, one is referred to Aptroot et al. 2014, for the Strigulaceae

and some Monoblastiaceae to contributions of Lücking and Apt-
root in Hongsanan et al. 2020.

For all treated species, full synonymy is cited, and a description,
which is usually taken from published descriptions, but checked
against our own observations. No major effort is made to strictly
homogenize them, which means e.g. that the ascomata are
sometimes called perithecia, an extending wall involucrellum or
clypeus, and the hamathecium filaments either paraphyses,
pseudoparaphyses or paraphysoids. Such different terminology
should not be taken as too meaningful.

Keys like this are meant to narrow down the possible choices while
identifying. Following them is however no guarantee for a succesful
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identification. That depends on many things. For of all, and we
cannot stress that too often, the majority of wrong identifications
results from starting with a wrong key. Quite often, somebody
thinks to know that the specimen belongs to a certain family or
genus, and starts with a key to the species, while in fact, the
specimen does not belong to that group at all. Clearly, no
satisfactory identification will be reached, and it has even led to the
new description of already described species in wrong genera.

The chemistry of Pyrenulaceae and Trypetheliaceae is not very
diverse, with only a few xanthones and anthraquinones. However,
the detection of these, and also the exact location of them (e.g. in
thallus, ostiole, inside pseudostroma, in ascoma wall, inside
hamathecium gel, outside on ascoma, outside on pseudostroma) is
important. Take care with UV reactions. Many  species
reflect somewhat greenish. This is not a positive reaction. The best
is to approach the lamp gradually with the lichen. If it gradually
brightens, this is no reaction. It will suddenly brighten yellow when
comong close if it contains lichexanthone. Best seen in the dark.

Hamathecium gel inspersion and gelatinous sheaths. Inspersion is
a key character, which often is not mentioned in old descriptions.
Inspersion is oil droplets in the hymenial gel between paraphyses.
Droplets inside the paraphyses are not constant and should not be
noted. Often there are pre-formed gelatinous sheaths or tails on the
spores (or on larger conidia), in fresh specimens. They are not
mentioned in keys, because they are not visible in historical
specimens.
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Material and methods
The pictures are made in Wangen with a Canon Eos 600D, Canon
MP-E 65 mm and Olympus BX51 microskope. In many cases we
stained  the spores for better contrasting with red Phloxine in water or
more rarely with Lactophenol-Cottonblue. Most sections through
apothecia and thalli are made with a freezing microtome (Kryostat
Micron HM 560) and are 5-20 µm thick. Sometimes the lichens have
been pre-treated with acetone or alcohol in order to solve lichen sub-
stances before the section was made. Sometimes we made also pictures
from the IKI+ reaction of the ascus tholus if it has diagnostic value.
But there exists no standard method and we tried to apply for each
species various methods so as to find an optimum that best shows the
important details.

In front of the collecting location we mention the code number of the
source of the examined specimen, so that it always can be located in
our herbaria. [number], in Herbarium Felix Schumm, Wangen;
[ABLnumber] in ABL-Herbarium André Aptroot, partly stored also in
Wangen, and so on.
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General key to the families and some genera of tropical pyrenocar-
pous lichens
(specimens without ascospores or with only conidia can rarely been
identified and are not keyed out; it is important to distinguish septation
with thickened cell walls, called distosepta, from simple eusepta; also
it is important to observe whether or not the hamathecium filaments =
paraphyses are branched; in case one of these characters is not ascer-
tained, try both alternatives)
Please note thatkeys A to E mainly contain Pyrenulaceae, andkeys F
to  are all Trypetheliaceae. The keys look similar to previously
published keys, but differ in numerous points, notably additional spe-
cies and the corrections of mistakes. Each key alternative is given a
separate code (like K2b) for easy future reference. Updated known
world distributions are indicated for each species.

1a Hamathecium filaments absent or slimy; algae dark green, verruca-
rioid; thallus usually microsquamulose. Verrucariaceae
(corticolous:Agonimia, Endocarpon, Placidium, Psoroglaena)

1b Hamathecium filaments present; algae trentepohlioid, or sometimes
absent. 2

2a Ascospores simple. 3
2b Ascospores septate. 5

3a Ascospores globose, >50 per ascus; pantropical (Brazil, Papua New
Guinea, Solomon Islands).Melanophloea pacifica P. James &
Vìzda

3b Ascospores 1 to 8 per ascus. 4

4a Ascospores ornamented with warts or spines.Monoblastia
4b Ascospores not ornamented, with wide, shaped gelatinous sheath:

pantropical, but rarely reported (Brazil, Papua New Guinea).
Papilionovela athallinaAptroot

5a Hamathecium with unbranched paraphyses or hamathecium unclear.
6

5b Hamathecium with branched to anastomosing paraphysoids. 19

6a Ascospores brown. 7
6b Ascospores hyaline. 12
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7a Ascospores remaining stuck in mass on top of the ascoma, mazaedi-
oid. Pyrenulaceae (Mazaediothecium, Pyrgillus). Key E

7b Ascospores discharged. 8

8a Ascospores 1-septate. 9
8b Ascospores more than 1-septate. Pyrenulaceae. 11

9a Ascospores not ornamented, often thick-walled, distoseptate. Pyre-
nulaceae (Clypeopyrenis, Distopyrenis, Granulopyrenis, Parapyre-
nis). Key D

9b Ascospores ornamented, thin-walled. 10

10a Ascospores up to 20 × 8 µm, only in one species larger (up to 30 ×
10 µm).Pseudobogoriella. Key X

10b Ascospores 20–50 × 8–15 µm.Bogoriella. Key Q

11a Ascospores transversely septate. Pyrenulaceae (mostlyEopyrenula,
Lithothelium, Pyrenula). Key B

11b Ascospores (sub)muriform. Pyrenulaceae (mostlyAnthracotheci-
um, Pyrenula). Key A

12a Ascospores >10 per ascus.Thelopsis
12b Ascospores 1 to 8 per ascus. 13

13a Hamathecium a pseudoparenchymatous tissue; ascomata usually in
dense groups with common black cover.Mycoporum

13b Hamathecium consisting of filaments. 14

14a Ascospores thick-walled, distoseptate, either with rather unclear
septation or with filiform ascopores). Pyrenulaceae (Celothelium,
Lithothelium). Key C

14b Ascospores thin-walled, euseptate. 15

15a Ascomata in thalline warts with black pulveraceous mass.Phyllo-
bathelium

15b Ascomata not in thalline warts with black pulveraceous mass. 16

16a Thallus medulla bright yellow or orange.Myeloconis
16b Thallus medualla not bright yellow or orange. 17
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17a Ascomata with periphyses in addition to paraphyses.Topelia
17b Ascomata without periphyses. 18

18a Ascomata adorned with setae formed of conglutinated hairs.Tri-
chothelium

18b Ascomata usually not adorned, but if with setate, these not made of
conglutinated hairs.Porina

19a Ascospores distoseptate, mostly thick-walled; when realtively thin-
walled, either hyaline and with constrictions or brown and orna-
mented. Trypetheliaceae. 23

19b Ascospores thin-walled, euseptate. 20

20a Hamathecium filaments unbranched between the asci. 21
20b Hamathecium filaments branched. 22

21a Ascospores 1 to 3-septate. Monoblastiaceae (Acrocordia, Anisome-
ridium, Megalotremis, Trypetheliopsis)

22b Ascospores muriform.Julella

22a Ascospores hyaline, usually uniseriate in the ascus; conidia with
gelatinous appendages. Strigulaceae (Dichoporis, Flagellostrigula,
Strigula, Swinscowia)

22b Ascospores biseriate; conidia without appendages. Thelenellaceae
(Aspidothecium, Thelenella)

23a Ascospores remaining hyaline. 24
23b Ascospores becoming brown. 50

24a Ascospores 1-septate. 25
24b Ascospores 3-septate to muriform. 26

25a Ascospores smooth-walled.Constrictolumina. Key R
25b Ascospores granular ornamented.Macroconstrictolumina. Key T

26a Thallus ecorticate, usually whitish or greyish. 27
26b Thallus distinctly corticate, olive-green to yellowish brown. 31

27a Hamathecium filaments basally thickened, branched but usually
not anastomosing. 28
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27b Hamathecium filaments thin, straight, branched and anastomosing
to form a net-like structure. 29

28a Ascospores smooth-walled.Constrictolumina. Key R
28b Ascospores granular ornamented.Macroconstrictolumina. Key T

29a Ascospores with diamond-shaped lumina.Pseudopyrenula. Key Y
29b Ascospores with almost rectangular lumina. 30

30a Ascospores transversely septate, or when muriform, ostiole apical.
Polymeridium. Key W

30b Ascospores muriform; ostioles lateral.Dictyomeridium. Key S

31a Ascospores transversely septate. 32
31b Ascospores muriform. 41

32a Ascospores very large with few (3–5) septa, typically over 100 ×
30 µm and up to 190 × 60 µm; septa and walls somewhat thickened
but lumina not astrothelioid.Architrypethelium. Key G

32b Ascospores when 3–5-septate very rarely exceeding 100 × 30 µm
and if so, ascospores distinctly astrothelioid, with diamond-shaped
lumina. 33

33a Ascospores with diamond-shaped lumina. 34
33b Ascospores with ellipsoid to lentiform or almost rectangular lumi-

na. 38

34a Ascomata strongly prominent to sessile, completely exposed, pure
black, somewhat egg-shaped.Nigrovothelium. Key V

34b Ascomata immersed to erumpent or aggregate in erumpent to
sessile pseudostromata. Astrothelium. 35

35a Ascomata each with a separate, consistently apical ostiole. 36
35b Ascomata either with a separate, eccentric to lateral ostiole or

several ascomata with afus ed ostiole which is then positioned
apically relative to the ascomatal cluster but with individual chan-
nels originating eccentric or lateral from each individual ascoma or
chamber. 37
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36a Thallus and/or ascomata with external or internal, yellow to red
pigment(s) (usually K+ red to purple) and/or with lichexanthone
(then UV+ yellow).Key H

36b Pigments and lichexanthone absent.Key I

37a Thallus and/or ascomata with external or internal, yellow to red
pigment(s) (usually K+ red to purple) and/or with lichexanthone
(then UV+ yellow).Key J

37b Pigments and lichexanthone absent.Key K

38a Ascomata aggregate in prominent to sessile, brownish black pseu-
dostromata; ascospores with thin septa and walls.Bathelium. Key
P

38b Ascomata solitary to pseudostromatic but pseudostromata not as
above; ascospores with slightly thickened septa. 39

39a Ascomata immersed to erumpent or rarely indistinctly pseu-
dostromatic; pigments mostly absent. 40

39b Ascomata aggregate in distinct, prominent to sessile pseudostrom-
ata; internal and/or external pigments usually present.Trypetheli-
um. Key Z

40a Thallus UV-negative.Viridothelium. Key
40b Thallus UV+ yellow; Brazil. Exiliseptum ocellatum (Müll. Arg.)

R.C. Harris

41a Ascospores with ellipsoid to lentiform or almost rectangular lumi-
na. 42

41b Ascospores with diamond-shaped lumina. 45

42a Ascomata single.Architrypethelium submuriforme Aptroot
42b Ascomata aggregate. 43

43a Ascomata aggregate in prominent to sessile, brownish black pseu-
dostromata.Bathelium. Key P

43b Ascomata in erumpent, whitish pseudostromata. 44

44a Thallus UV-negative: Panama.Viridothelium tricolor Lücking,
M.P. Nelsen & N. Salazar

44b Thallus UV+ yellow; Brazil.Trypethelium muriforme Aptroot &
M.F. Souza
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45a Ascomata in prominent to sessile warts covered by a thick layer of
yellow-orange or red pigment.Marcelaria. Key U

45b Ascomata immersed to erumpent, rarely prominent, usually cover-
ed by thallus, rarely with a thin layer of pigment pruina. 46

46a Ascomata aggregate in irregular, blackish pseudostromata; asco-
spores about 50 × 15 µm; Thailand.Architrypethelium murisporum
Luangsuph., Lumbsch & Sangvichien

46b Ascomata and ascospores not with the above combination of
characters. Astrothelium. 47

47a Ascomata each with a separate, consistently apical ostiole. 48
47b Ascomata either with a separate, eccentric to lateral ostiole or

several ascomata with afus ed ostiole which is then positioned
apically relative to the ascomatal cluster but with individual chan-
nels originating eccentric or lateral from each individual ascoma or
chamber. 49

48a Thallus and/or ascomata with external or internal, yellow to red
pigment(s) (usually K+ red to purple) and/or with lichexanthone
(then UV+ yellow).Key L

48b Pigments and lichexanthone absent.Key M

49a Thallus and/or ascomata with external or internal, yellow to red
pigment(s) (usually K+ red to purple) and/or with lichexanthone
(then UV+ yellow).Key N

49b Pigments and lichexanthone absent.Key O

50a Ascospores transversely septate. 51
50b Ascospores (sub-)muriform. 56

51a Ascospores with a basal euseptum and the basal cell pale, otherwise
distoseptate and brown; neotropical.Polypyrenula sexlocularis
(Müll. Arg.) D. Hawksw.

51a Ascospores septa all similar. 52

52a Ascospores large, usually over 100 µm long. 53
52b Ascospores small, under 50 µm long. 54
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53a Ascospores 3-septate, 25–50 µm broad, about 3–4 times as long as
broad.Architrypethelium. Key G

53b Ascospores 11–15-septate, 25–30 µm broad, about 4–5 times as
long as broad; Colombia. Astrothelium fuscosporumSoto-Medino,
Aptroot & Lücking

54a Ascospores drop-shaped, macrocephalic, with strongly thickened
terminal walls and two narrow, rectangular lumina near the center;
Azores. Schummia angulata(Aptroot & Schumm) Lücking, R.
Miranda & Aptroot

54b Ascospores ellipsoid, not macrocephalic. 55

55a Ascospores up to 20 × 8 µm, only in one species larger (up to 30 ×
10 µm).Pseudobogoriella. Key X

55b Ascospores 20–50 × 8–15 µm.Bogoriella. Key Q

56a Ascospores small, under 50 × 20 µm, often with irregularly thi-
ckened endospore and halter-shaped lumina.Bogoriella. Key Q

56b Ascospores very large, 150–400 × 50–140 µm, with outer wall
often breaking under pressure.Aptrootia. Key F

Key A. Mostly tropical corticolous pyrenocarpous lichens with
simple paraphyses and brown, submuriform to muriform,
distoseptate ascospores (mostly Pyrenulaceae:Anthracotheci-
um, Lithothelium and Pyrenula)

A1a Young ascospores with eusepta only; mature ascospores with
scarce endospore and edgy corners.Anthracothecium. 2

A1b Septation only or mostly distoseptate, with notably thick endospo-
re layers, in particularly in the corners, and causing the locules to
appear rounded. 6

A2a Ascomata simple. 3
A2b Ascomata mostly compound with a joint ostiole. 5

A3a Ostiole apical. 4
A3b Ostiole lateral; pantropical.Anthracothecium australiense (Müll.

Arg.) Aptroot
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A4a Ascospores 2–4/ascus; pantropical.Anthracothecium macrospo-
rum (Hepp) Müll. Arg.

A4b Ascospores 6–8/ascus; pantropical.Anthracothecium prasinum
(Eschw.) R.C. Harris

A5a Ascospores 1–2/ascus; pantropical.Anthracothecium interlatens
(Nyl.) Aptroot

A5b Ascospores 6–8/ascus; australasian, possibly also african.
Anthracothecium gregale (C. Knight) Aptroot

A6a Ascospores strongly flattened (lozenge-shaped), with two rows of
locules.Sulcopyrenula. 7

A6b Ascospores not flattened, circular in transverse section. 11

A7a Thallus UV-negative. 8
A7b Thallus UV+ yellow. 9

A8a Hamathecium inspersed; neotropical.Sulcopyrenula canellae-al-
bae (Fée) H. Harada

A8b Hamathecium not inspersed; pantropical.Sulcopyrenula stauros-
pora (Tuck.) H. Harada

A9a Ascospores with 4 locules. 10
A9b Ascospores with 8 locules; Guyana.Sulcopyrenula biseriata Apt-

root & Sipman

A10a Ascospores ellipsoidal, c. 2 times as long as wide; Brazil.
Sulcopyrenula cruciata Aptroot
A10b Ascospores nearly globose; neotropical.Sulcopyrenula subglobo-

sa (Riddle) Aptroot

A11a Ascospores submuriform, only one or a few of the median locules
with longitudinal septa. 12

A11b Ascospores muriform (when ascospores small, logically only few
longitudinal septa can be present; when in doubt, start with the first
alternative). 25

A12a Ascomata usually fused or compound, when separate, ostioles
lateral; ostioles apical or lateral. 13

A12bAscomata separate and simple; ostioles apical. 18
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A13a Ascomata fused, in black, exposed groups with several ostioles;
ascospores 15–22 µm long; australasian.Lithothelium hieroglyphi-
cum Aptroot

A13b Ascomata compound, with several, usually flask-shaped cham-
bers usually immersed in the thallus and with a joint ostiole. 14

A14a Ascospores mostly less than 25 µm long. 15
A14b Ascospores mostly over 25 µm long. 17

A15a Thallus with pseudocyphellae; ascospores 15–19 µm long; Guy-
ana.Pyrenula infrastroidea Aptroot & Sipman

A15b Thallus without pseudocyphellae. 16

A16a Ascospores red-brown, 14–23 µm long; eastern palaeotropical
(Australia to Japan).Lithothelium nanosporum (C. Knight) Aptroot

A16b Ascospores grey-brown, 17–20(–25) µm long; neotropical.Pyre-
nula subvariabilis Aptroot & Sipman

A17a Ascospores up to 32 µm long; australasian.Pyrenula subumbili-
cata (C. Knight) Aptroot

A17b Ascospores 45–65 µm long; neotropical.Pyrenula erumpens
R.C. Harris

A18a Ascospores 13-35(-40) µm long. 19
A18b Ascospores 34–72 µm long. 24

A19a Ascospores 13-17 µm long. 20
A19b Ascospores 22–35(-40) µm long. 21

A20a Ascospores with little endospore formation, lumina almost angu-
lar; on wood, pacific.Pyrenographa irregularis (Wehmeyer) R.C.
Harris

A20b Ascospores much thickened, with rounded lumina; Florida.Dis-
topyrenis submuriformis R.C. Harris

A21a Thallus probably without algae; temperate.Requienella seminuda
(Pers.) Boise

A21b Thallus superficial, with copious algae. 22
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A22a Ascospores 22–40 µm long; overmature ascospores with reddish
content before shiveling; pantropical.Pyrenula seminuda (Müll.
Arg.) Sipman & Aptroot

A22b Ascospores 23–35 µm long; overmature spores all shrivelled. 23

A23a Ascospores 23–35 µm long; hamathecium not inspersed; eastern
palaeotropical.Pyrenula gibberulosa (Vain.) Aptroot

A23b Ascospores 23–33 µm long; hamathecium inspersed; eastern
palaeotropical (India).Pyrenula darjeelingensis Jagadeesh Ram &
G.P. Sinha

A24a Ascospores with pointed ends; hamathecium not inspersed; eas-
tern palaeotropical (Australia to Japan).Pyrenula subvariolosa (C.
Knight) Aptroot

A24b Ascospores with rounded ends; hamathecium inspersed; neotro-
pical.Pyrenula novemseptata Vain.

A25a Ascomata and/or thallus or medulla with yellow, orange or red
anthraquinone pigments; pigments K+ pink to purplish. 26

A25b Anthraquinones absent; thallus K– or yellowish. 32

A26a Thallus warts internally with soft orange medulla; Philippines.
Pyrenula endocrocea Aptroot
A26b Yellow, orange or red pigment on outside. 27

A27a Ascomata and/or thallus red. 28
A27b Ascomata and/or thallus yellow to orange. 30

A28a Ostiole apical; hamathecium inspersed; neotropical. Pyrenula
cruentata (Müll. Arg.) R.C. Harris

A28b Ostiole lateral; hamathecium not inspersed. 29

A29a Ascomata partly fused with joint ostioles; ascospores with up to
6 locules per segment; caribbean.Pyrenula kermesina R.C. Harris

A29b Ascomata solitary; ascospores with up to 2 locules per segment;
pacific.Pyrenula palmarum (Krempelh.) R.C. Harris

A30a Ascospores 10–23 µm long, with 3 primary septa. 31
A30b Ascospores 23–35 µm long, with 5–7 primary septa; neotropical.
Pyrenula ochraceoflavens (Nyl.) R.C. Harris
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A31a Thallus red-orange; ascospores 9–18 µm long; Brazil. Pyrenula
aurantiacorubra Aptroot & M. Cáceres

A31b Thallus yellow to orange; ascospores 10–23 µm long; pantropi-
cal.

Pyrenula ochraceoflava (Nyl.) R.C. Harris
(with small ascospores with two layers of locules; pacific: Pyrenula

ochraceoflavavar. pacifica P.M. McCarthy)

A32a Ostioles lateral. 33
A32b Ostioles apical. 41

A33a Ascospores <70 µm long. 34
A33b Ascospores >70 µm long. 36

A34a Ascomata at least partly with more than one chamber and with
joint ostiole. 35

A34b Ascomata all simple and single, with separate ostioles; ascospo-
res 15–33 µm long; pantropical (El Salvador, India).Pyrenula
microspora (Nagarkar & Patw.) Upreti

A35a Ascospores 25–45 µm long; pantropical.Pyrenula astroidea
(Fée) R.C. Harris

A35b Ascospores 45–70 µm long; pantropical.Pyrenula ravenelii
(Tuck.) R.C. Harris

A36a Ascospores 2/ascus, 135–200 µm long; pantropical. Pyrenula
lyoni (Zahlbr.) Aptroot

A36b Ascospores 4–8/ascus. 37

A37a Ascospores 25–110 µm long. 38
A37b Ascospores 85–135 µm long. 40

A38a Ascospores 25–31 µm long; Guyana.Pyrenula triangularis Apt-
root & Sipman

A38b Ascospores 50–110(–135) µm long. 39

A39a Ascospores 50–90 µm long; pantropical (El Salvador, India).
Pyrenula ceylonensis (Ajay Singh & Upreti) Aptroot

A39b Ascospores 70–135 µm long; W. Europe, Madagascar & Maca-
ronesia).Pyrenula hibernica (Nyl.) Aptroot
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A40a Ascomata mostly with several chambers; pantropical. Pyrenula
schiffneri (Zahlbr.) Aptroot

A40b Ascomata often with single chamber; neotropical. Pyrenula chi-
lensis (Fée) R.C. Harris

A41a Ascospores <25 µm long. 42
A41b Ascospores >25 µm long. 46

A42a Hamathecium inspersed. 43
A42b Hamathecium not inspersed. 44

A43a Ascospores 13–18 µm long, with basal cilium; Mauritius. Pyre-
nula muriciliataDiederich & Ertz

A43b Ascospores 20–25 µm long, without cilium; Borneo. Pyrenula
borneensisAptroot

A44a Thallus UV+yellow; pantropical.Pyrenula confinis (Nyl.) R.C.
Harris

A44b Thallus UV-negative. 45

A45a Ascospores 15–22 µm long; pantropical.Pyrenula parvinuclea
(Meyen & Flot.) Aptroot

A45b Ascospores 7–10 µm long; India.Pyrenula nanospora (Ajay
Singh) Upreti

A46a Old ascospores containing orange oil before shriveling; pantropi-
cal.Pyrenula breutelii (Müll. Arg.) Aptroot

A46b Old ascospores without orange oil, directly shriveling. 47

A47a Ascospores >80 µm long, mostly 2/ascus. 48
A47b Ascospores <80 µm long, mostly 4–8/ascus. 53

A48a Hamathecium inspersed, ascospores 90–200 µm long. 49
A48b Hamathecium not inspersed. 50

A49a Thallus UV+ yellow, with lichexanthone; neotropical. Pyrenula
xanthoglobulifera Aptroot, Lücking & M. Cáceres

A49b Thallus UV-negative, without lichexanthone; pantropical.Pyre-
nula globifera (Eschw.) Aptroot
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A50a Thallus without pseudocyphellae, ascospores 80–140(–155) µm
long; pantropical.Pyrenula platystoma (Müll. Arg.) Aptroot

A50b Thallus with pseudocyphellae. 51

A51a Ascospores 80–180 µm long, 2-8/ascus. 52
A51b Ascospores 205–350 µm long, 1/ascus; Guyana. Pyrenula mo-

nospora Aptroot & Sipman

A52a Ascospores 80–110 µm long, 2-8/ascus; Hawaii. Pyrenula neo-
sandwicensis Aptroot

A52b Ascospores 115–180 µm long, 2/ascus; pantropical. Pyrenula
duplicans (Nyl.) Aptroot

A53a Hamathecium inspersed. 54
A53b Hamathecium not inspersed. 55

A54a Ascospores 2/ascus, 55–75 µm long; Brazil. Pyrenula bispora
Aptroot & M. Cáceres

A54b Ascospores 8/ascus, 30–45 µm long; pantropical (India, Brazil).
Pyrenula sublaevigata (Patw. & Makhija) Upreti

A55a Locules relatively large and angular, with up to 6 between 2
primary septa; pantropical.Pyrenula leucostoma Ach.

A55b. Locules mostly round, at least in the central part of the ascospore
with more than 6 between 2 primary septa. 56

A56a Ascospores <50 µm long. 57
A56b Ascospores >50 µm long. 60

A57a Ascospores 25–35 µm long; palaeotropical. Pyrenula welwitschii
(Upreti & Ajay Singh) Aptroot

A57b Ascospores >35 µm long. 58

A58a Ascospores 11–15 µm wide; pantropical.Pyrenula thelomorpha
Tuck.

A58b Ascomata 14–22 µm wide. 59

A59a Old ascospores containing colourless oil before shriveling; neo-
tropical. Pyrenula oleosa R.C. Harris

A59b Old ascospores without oil, directly shriveling when old; neotro-
pical. Pyrenula dissimulans (Müll. Arg.) R.C. Harris
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A60a Ascomata deeply immersed in bark below the thallus, not visible,
only ostioles visible; Brazil.Pyrenula abditicarpa Aptroot & M.
Cáceres

A60b Ascomata more-or-less exposed. 61

A61a Ascospores with rounded ends; pantropical. Pyrenula pyrenu-
loides (Mont.) R.C. Harris

A61b Ascospores with pointed ends; pantropical.Pyrenula papillifera
(Nyl.) Aptroot

Key B. Corticolous pyrenocarpous lichens with simple paraphyses
and brown, transversely 3- or more septate distoseptate asco-
spores (mostly Pyrenulaceae:Eopyrenula, Lithothelium and
Pyrenula)

B1a Ascospores 3-loculate. 2
B1b Ascospores 4- or more-loculate. 4

B2a Ascospore septation strongly asymmetrical; Madagascar.Lacry-
mospora parasitica Aptroot

B2b Ascospore septation symmetrical. 3

B3a Ascomata aggregated in grey to black pseudostromata; pantropical.
Pyrenula lineatostroma Aptroot

B3b Ascomata dispersed, not stromatoid; Brazil.Pyrenula biseptata
Aptroot & M. Cáceres

B4a Ascospores nearly only euseptate, locules rectangular, at most a bit
rounded in the corners, end cells often paler than middle cells. 5

B4b Ascospores clearly distoseptate, locules more or less rounded or
diamond-shaped. 17

B5a Ascospores more than 5 times as long as wide; South Africa.
Pyrenowilmsia wilmsiana (Zahlbr.) Aptroot

B5b Ascospores less than 4times as long as wide. 6

B6a Ascospores only 4-loculate; macroconidia 3-septate or unknown.
7
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B6b Ascospores 4–8-loculate; macroconidia either 1–7-septate or
unknown. 12

B7a Ascoma wall dense. 8
B7a Ascoma wall cellular.Eopyrenula. 10

B8a Ascospores smooth, 14–17 µm long; neotropical.Pyrenula tenui-
septa R.C. Harris

B8b Ascospores verrucose, 30–47 µm long.Bogoriella. 9

B9a Ascomata at least partly fused with a more or less joint ostiole;
Japan; pantropical.Bogoriella collospora (Vain.) Aptroot & Lück-
ing

B9b Ascomata all single; Australasian; pantropical.Bogoriella queens-
landica (Müll. Arg.) Aptroot & Lücking

B10a Ascospores 4–5 µm wide; New world temperate.Eopyrenula
parvispora R.C. Harris & Aptroot

B10b Ascospores 5.5–7.5 µm wide. 11

B11a Ascospores mostly <15 µm long; Atlantic (W. Europe).Eopyre-
nula avellanae Coppins

B11b Ascospores mostly >15 µm long; Atlantic (W. Europe).Eopyre-
nula grandicula Coppins

B12a Ascospores 4(–6)-loculate, macroconidia 1-septate; Old world
temperate.Eopyrenula leucoplaca (Wallr.) R.C. Harris

B12b Ascospores (4–)6–8-loculate; macroconidia 3–7-septate or
unknown. 13

B13a Ascospores mostly >15 µm long.Eopyrenula. 14
B13b Ascospores mostly over 25 µm long. 15

B14a Ascospores >6 µm wide, macroconidia (5–)7-septate; Atlantic
Europe.Eopyrenula septemseptata Coppins

B14b Ascospores <6 µm wide, macroconidia 3(–4)-septate; New world
temperate.Eopyrenula intermedia Coppins

B15a Ascospores mostly 37–47 µm long, constricted at the septa;
Europe.Blastodesmia nitidaA. Massal.

B15b Ascospores 25–35 µm long.Requienella. 16
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B16a Ascospores 5-7-septate, rarely 3-septate; temperate.Requienella
seminuda (Pers.) Boise

B16b Ascospores mostly 3-septate; temperate.Requienella fraxiniJak-
litsch & Voglmayr

B17a Ascospores red brown and locules at least becoming rounded
when older (species on rock not keyed out here).Lithothelium. 18

B17b Ascospores grey to brown, rarely red brown and then locules
angular or diamond-shaped.Pyrenula. 22

B18a Thallus UV+ yellow; Costa Rica. Lithothelium fluorescensApt-
root & Sipman

B18b Thallus UV-negative. 19

B19a Ascospores 4-loculate. 20
B19b Ascospores 8-loculate. 21

B20a Ascospores 15–20 µm long; eastern palaeotropical. Lithothelium
decumbens(Müll. Arg.) Aptroot

B20b Ascospores 25–40 µm long; northern temperate. Lithothelium
phaeosporum (R.C. Harris) Aptroot

B21a Ascospores 30–40 µm long; northern temperate. Lithothelium
septemseptatum (R.C. Harris) Aptroot

B21b Ascospores 55–80 µm long; New world temperate. Lithothelium
macrosporum (R.C. Harris) Aptroot

B22a Ostioles pointing in various directions, mostly eccentric to lateral;
ascomata sometimes with several chambers connected to joint
ostioles. 23

B22b Ostioles apical or, when eccentric, all pointing in the same
direction; ascomata with one chamber or each chamber with own
ostiole. 48

B23a Ascospores 6–16-loculate. 24
B23b Ascospores 4-loculate. 27

B24a Ascospores 6-loculate. 25
B24b Ascospores 10–16-loculate. 26
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B25a Ascospores 42–55 µm long, 8/ascus; neotropical (Colombia,
Florida). Pyrenula pleiomera (Nyl.) Zahlbr.

B25b Ascospores 60–65 µm long, 4/ascus; Venezuela. Pyrenula tetras-
pora Aptroot & Sipman

B26a Ascospores 10–14-loculate, 65–90 × 17–22 µm; ascomata with
single chamber; Brazil.Pyrenula fusispora (Malme) Aptroot

B26b Ascospores 12–16-loculate, 50–70 × 4.5–6 µm; ascomata with
5–15 stellately fused chambers; Japan.Pyrenula tokyensis (Müll.
Arg.) H. Harada

B27a Thallus UV+ yellow. 28
B27b Thallus UV-negative. 29

B28a Ascospores 21–23 µm long; Hawaii.Pyrenula hawaiiensis Apt-
root

B28b Ascospores 32–45 µm long; Brazil. Pyrenula crassiuscula
(Malme) Aptroot

B29a Terminal locules directly against the exospore wall. 30
B29b Terminal locules separated from the exospore wall by endospore

thickening. 34

B30a Ascomata at least partly with 2-7 chambers with joint ostioles;
neotropical. Pyrenula subgregantula Müll. Arg.

B30b Ascomata single. 31

B31a Ascospores 13–25 µm long. 32
B31b Ascospores 25–65 µm long. 33

B32a Ascospores 16–25 µm long; pantropical.Pyrenula circumfiniens
Vain.

B32b Ascospores 13–16 µm long; neotropical.Pyrenula elliptica Müll.
Arg.

B33a Ascospores 45–65 µm long; neotropical.Pyrenula erumpens R.C.
Harris

B33b Ascospores 25–35 µm long; pantropical. Pyrenula cuyabensis
(Malme) R.C. Harris

B34a Ostiole with red colour (inconspicuous character!). 35
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B34b Ostiole without red colour. 36

B35a Ostiole outside with a red ring; New world temperate. Pyrenula
wetmorei R.C. Harris

B35b Ostiole red brown to bright red, eccentric, single; Brazil. Pyrenu-
la rubrolateralis Aptroot & M. Cáceres

B35c Ostiole red, fused; Brazil.Pyrenula sanguineoastroidea Aptroot

B36a Ascomata mostly with several chambers and a joint ostiole. 37
B36b Ascomata nearly all single. 43

B37a Ascospores 10–24 µm long. 38
B37b Ascospores >25 µm long. 41

B38a Ascospores 10–12 µm long; Argentina. Pyrenula punctoleucotry-
pa Aptroot, L.I. Ferraro & M. Cáceres

B38b Ascospores mostly 15–20 µm long. 39

B39a Ascospores 17–20 x 5.5–6.5 µm; hamathecium inspersed with
colourless oil globules instead of clear; Brazil. Pyrenula inspersi-
collaris Aptroot & M. Cáceres

B39b Ascospores 12–24 µm long; pantropical. 40

B40a Thallus partly wine-red to purplish by K+ purple pigment; asco-
spores 16–21 µm long; Brazil. Pyrenula violaceastroidea C.O.
Mendonça, Aptroot & M. Cáceres

B40b Thallus not pigmented; ascospores 12–24 µm long; pantropical.
Pyrenula septicollaris (Eschw.) R.C. Harris

B41a Ascoma chambers deeply immersed; ascospores 23–27 µm long;
Brazil. Pyrenula leptaleoides Aptroot & M. Cáceres

B41b Ascoma chambers emergent; ascospores mostly over 25 µm long.
42

B42a Ascospores 25–35 µm long; pantropical. Pyrenula cubana (Müll.
Arg.) R.C. Harris

B42b Ascospores 30–45 µm long; pantropical. Pyrenula cryptothelia
(Müll. Arg.) Aptroot & Etayo

B43a Ascospores 13–17 µm long; hamathecium inspersed;USA
(Florida). Pyrenula wheeleri R.C. Harris
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B43b Ascospores >17 µm long; hamathecium not inspersed. 44

B44a Ascospores 17–28 µm long. 45
B44b Ascospores 28–45 µm long (compare alsoPyrenula minarum,

with partly eccentric ostioles). 47

B45a Ascospores with dark bands of euseptum material between the
locules, 19–22 µm long; Brazil.Pyrenula viridipyrgilla Aptroot &
M. Cáceres

B45b Ascospores without dark bands, 18–30 µm long. 46

B46a Ascospores with at least one pointed end; almost cosmopolitan.
Pyrenula acutispora Kalb & Hafellner

B46a Ascospores with rounded ends; pantropical.Pyrenula microtheca
R.C. Harris

B47a Ascospores 35–45 µm long; pantropical. Pyrenula adacta Fée
B47b Ascospores 28–32 µm long; probably pantropical (only known

from Brazil and Papua New Guinea).Pyrenula gahavisukana Apt-
root

B48a Ascospores with 2-8 or many hyaline cilia at the ends (not to be
confused with germ tubes which are one per lumen). 49

B48b Ascospores without cilia. 50

B49a Ascospores 4-loculate; Australasian (Papua New Guinea). Pyre-
nula ciliata Aptroot

B49b Ascospores 6–8-loculate; neotropical.Pyrenula hirsuta Etayo

B50a Ascospores at least partly with more than 3 septa, or with 3 septa
and long tails at one or both ends, seemingly more than 4-loculate.
51

B50b Ascospores all distinctly 4-loculate. 65

B51a Ascospores at least seemingly 5–8-loculate. 52
B51b Ascospores 8–18-loculate, more than 4 times as long as wide. 59

B52a Ascospore with tails c. 1 µm wide and not septate; palaeotropical.
53

B52b Ascospore without tails, at most pointed; neotropical. 54
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B53a Ascospores with tails at both ends; Australia.Pyrenula bicuspida-
ta Müll. Arg.

B53b Ascospores with tail at basal end only; Oceania.Pyrenula masti-
gophora Aptroot

B54a Ascospores more than 4 times as long as wide; neotropical. 55
B54b Ascospores les than 4 times as long as wide. 56

B55a Ascospores more than 4 times as long as wide; hamathecium
clear. Pyrenula melanophthalma (Mont.) Trevis.

B55b Ascospores 30–37 x 3–4 µm; thallus UV+ yellow instead of UV–;
hamathecium inspersed with colourless oil globules.Pyrenula
musaespora Aptroot & M. Cáceres

B56a Ascospores <30 µm long. 57
B56b Ascospores >29 µm long. 58

B57a Old ascospores with orange oil; thallus often with pseudocyphel-
lae; pantropical. Pyrenula sexlocularis (Nyl.) Müll. Arg.

B57b Ascospores without orange oil; thallus without pseudocyphellae;
South Africa. Pyrenula wilmsiana Müll. Arg.

B58a Ascospores 29–35 µm long; hamathecium not inspersed; Aus-
tralasian (Papua New Guinea).Pyrenula sexluminata Aptroot

B58b Ascospores 30–55 µm long; hamathecium inspersed; pantropical.
Pyrenula caracasana Müll. Arg.

B59a Ascospores with a long tail at one end; Pacific (Mariana Islands).
Pyrenula flagellata H. Harada

B59b Ascospores without tails. 60

B60a Ascospores 8–18-loculate. 61
B60b Ascospores (6–)8-loculate. 64

B61a Thallus without pseudocyphellae. 62
B61b Thallus with pseudocyphellae. 63

B62a Ascospores 13–18-loculate; eastern palaeotropical (Ryukyu Is-
lands, Japan). Pyrenula cylindrica Kashiw.

B62b Ascospores 8–13-loculate; USA (Florida).Pyrenula clavatispora
Common & Aptroot
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B63a Ascospores 8–12-loculate; eastern palaeotropical (India). Pyrenu-
la subcylindrica Jagadeesh Ram & Upreti

B63b Ascospores 12–18-loculate, 75–90 × 4.5–6.5 µm, gradually atte-
nuated toward the ends; New Caledonia.Pyrenula filiformis Aptroot

B64a Ascospores 30–38 µm long; pantropical.Pyrenula montagnei
Müll. Arg.

B64b Ascospores 53–70 µm long; Australasian (New Zealand), also
neotropical? Pyrenula moniliformis (C. Knight) Müll. Arg.

B65a Ascospores more than 4 times as long as wide; Brazil. Pyrenula
fusoluminata Aptroot

B65b Ascospores less than 4 times as long as wide. 66

B66a Ascospores mostly >50 µm long. 67
B66b Ascospores mostly <50 µm long. 73

B67a Locules not in a straight line, somewhat zig-zag; Brazil. Pyrenula
hoehneliana Zahlbr.

B67b Locules in a straight line or ascospores bent, not zig-zag. 68

B68a Terminal locules directly against the exospore wall. 69
B68b Terminal locules separated from the exospore wall by endospore

thickening; thallus with pseudocyphellae or crystalline papillae. 71

B69a Thallus UV+yellow; neotropical.Pyrenula praelucida (Mont.)
Trevis.

B69b Thallus UV-negative. 70

B70a Hamathecium not inspersed; pantropical.Pyrenula rockii Zahlbr.
B70b Hamathecium inspersed; neotropical.Pyrenula subpraelucida

Müll. Arg.

B71a Hamathecium inspersed with orange oil globules, K+ greenish,
not clear; ascospores 60–75 x 24–28 µm; thallus without papillae;
Venezuela. Pyrenula aurantioinspersa Aptroot & Sipman

B71b Hamathecium not inspersed. 72
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B72a Ascospores (45–)50–60 µm long; thallus without papillae but
with pseudocyphellae; pantropical.Pyrenula immissa (Stirt.) Zahl-
br.

B72b Ascospores 75–90 µm long; thallus with crystalline papillae;
Costa Rica. Pyrenula montocensis Lücking

B73a Locules not in a straight line, somewhat to strongly zig-zag. 74
B73b Locules in a straight line, not zig-zag. 75

B74a Thallus UV+ yellow; pantropical.Pyrenula aggregans Vain.
B74b Thallus UV-negative; pantropical.Pyrenula papilligera (Leight.)

Müll. Arg.

B75a Ascomata and/or thallus with yellow, orange or red anthraquines
on the outside. 76

B75b Ascomata and thallus without external pigments. 97

B76a Terminal locules directly against the exospore wall. 77
B76b Terminal locules separated from the exospore wall by endospore

thickening. 80

B77a Ascomata at least partly yellow; hamathecium not inspersed;
neotropical and pacific (Panama, Costa Rica, Puerto Rico, Hawaii).
Pyrenula luteopruinosa Etayo & Aptroot

B77b Ascomata or thallus orange or red; hamathecium inspersed. 78

B78a Ascomata red; thallus UV-negative; Australasian (Lord Howe
Island). Pyrenula howeana Aptroot

B78b Thallus or ascomata orange, thallus UV+ yellow. 79

B79a Ascomata orange; ascospores 17–20 µm long; eastern palaeotro-
pical (Korea). Pyrenula sipmanii Aptroot & K.H. Moon

B79b Thallus orange; ascospores 19–22 µm long; eastern palaeotropi-
cal (Thailand). Pyrenula aurantiopileata Aptroot

B80a Thallus yellow (in shade) to orange (in full light). 81
B80b Thallus and/or ascomata at least partly pink, red or lilac. 82

B81a Ascospores ca. 25-40 µm long, not plicate; found in mangrove;
neotropical. Pyrenula cerina Eschw.
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B81b Ascospores 55-65 µm long, longitudinally plicate; Chile. Pyrenu-
la plicataSipman & Aptroot

B82a Thallus and/or ascomata at least partly red. 83
B82b Thallus lilac; Brazil.Pyrenula lilacina C.O. Mendonça, Aptroot

& M. Cáceres
B82c Thallus salmon pink; hamathecium inspersed; ascospores 24–27

× 13–16 µm; Brazil.Pyrenula salmonea Aptroot

B83a Hamathecium not inspersed. 84
B83b Hamathecium inspersed with colourless oil globules. 91

B84a Ascomata aggregated in pseudostromata. 85
B84b Ascomata mostly separate. 88

B85a Ascospores 15–18(-20) µm long. 86
B85b Ascospores 20–24 µm long; ascomata densely aggregated in

well-delimited, bright red pseudostromata; Brazil. Pyrenula sangu-
inea Aptroot, M. Cáceres & Lücking

B86a Ascomata covered by red thallus; Brazil. Pyrenula cinnabarina
Aptroot, E.L. Lima & M. Cáceres

B86b Ascomata covered by red pigment only. 87

B87a Ascospores 15–17 µm long; Costa Rica. Pyrenula rubroanomala
Aptroot & Lücking

B87b Ascospores 15–18(–20) µm long; Brazil. Pyrenula coccinea C.O.
Mendonça, Aptroot & M. Cáceres

B88a Ascospores 16–19 µm long. 89
B88b Ascospores 21–28 µm long. 90

B89a Red colouration only in tissue arond the ostiole; neotropical.
Pyrenula rubrostoma R.C. Harris

B89b Red coloration extending over the thallus; Brazil. Pyrenula rub-
ronitidula Aptroot & M. Cáceres

B90a Thallus extensively carmine-red-stained; Brazil. Pyrenula rub-
roacutispora Aptroot

B90b Only ostioles of (immersed) ascomata red; Caribbean. Pyrenula
sanguineostiolataAptroot & Mercado Diaz
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B91a Ascomata aggregated in pseudostromata; ascospores 12–15 x
6–8µm; Brazil. Pyrenula reginae E.L. Lima, Aptroot & M. Cáceres

B91b Ascomata not aggregated. 92

B92a Ascospores about 15–18 µm long. 93
B92b Ascospores mostly over 19 µm long. 94

B93a Ascospores about 19–22 µm long. 95
B93b Ascospores about 19–22 µm long. 96

B94a Thallus orange-brown to red, ostioles black; Brazil. Pyrenula
rubromamillanaE.L. Lima, Aptroot & M. Cáceres

B94b Only ostioles pigmented, red; Brazil. Pyrenula rubrostigma Apt-
root & M. Cáceres

B95a Thallus dark reddish to orange-brown, K+ crimson; ascomata
hemispherical, 0.4–0.7 mm diam.; eastern palaeotropical (Java).
Pyrenula rubrojavanica Aptroot

B95b Thallus orange, K+ purple; ascomata low-conical, 0.7–1 mm
diam.; Brazil. Pyrenula aurantiacothallina C.O. Mendonça, Apt-
root & M. Cáceres

B96a Ascospores 25–29 x 10–12 µm; thallus with red spots or lines;
ascomata immersed in thallus, 0.2–0.4 mm diam.; Caribbean.
Pyrenula sanguineomeandrata Aptroot & Mercado Diaz

B96b Ascospores 27–35 µm long; thallus with red patches or comple-
tely red; ascomata erumpent, c. 0.4–0.8 mm diam.; pantropical.
Pyrenula cruenta (Mont.) Vain.

B97a Ascomata mostly aggregated, with fused walls but with separate
ostioles. 98

B97b Ascomata mostly simple, only aggregated as by chance when
crowded (if difficult to decide, start with the first alternative). 112

B98a Old ascospores with red oil; Puerto Rico. Pyrenula concastroma
R.C. Harris

B98b Old ascospores without red oil. 99

B99a Terminal locules directly against the exospore wall; Australasian
(Papua New Guinea).Pyrenula pyrenastrospora Aptroot
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B99b Terminal locules separated from the exospore wall by endospore
thickening. 100

B100a Hamathecium inspersed with colourless oil globules. 101
B100b Hamathecium not inspersed. 103

B101a Ascospores 16–20 µm long. 102
B101b Ascospores 25–40 µm long; ostioles sometimes partly eccentric;

pantropical. Pyrenula minarum Vain.

B102a Ascomata hemispherical, 0.3–0.5 mm diam.; ascospores 16–18
µm long; Brazil.Pyrenula paraminarum Aptroot & M. Cáceres

B102b Ascomata conical with flattened tip, 0.4–1.2 mm diam.; asco-
spores 17–20 µm long; Argentina.Pyrenula inspersoleucotrypa
Aptroot, L.I. Ferraro & M. Cáceres

B103a Ascospores mostly <20 µm long. 104
B103b Ascospores mostly >21 µm long. 108

B104a Ascospores with dark bands between the locules; USA (Florida).
Pyrenula atrolaminata R.C. Harris

B104b Ascospores without dark bands. 105

B105a Ascomata not in dense stromata but more loosely aggregated,
the individual ascomata often well recognizable, conical, with
distinct ostioles. 106

B105b Ascomata in dense, well delimited stromata, subglobose with
indistinct, black ostioles. 107

B106a Ascospores 11–13 x 3.5–5 µm; Brazil. Pyrenula aggregataspis-
tea Aptroot & M. Cáceres

B106b Ascospores 15–18(–22) µm long; Brazil. Pyrenula infraleuco-
trypa Aptroot & M. Cáceres

B107a Ascospores mostly >15 µm long; ascomata in dense stromata;
pantropical. Pyrenula anomala (Ach.) Vain.

B107b Ascospores mostly <15 µm long; pantropical.Pyrenula arthoni-
otheca Upreti

B108aAscospores mostly <25 µm long. 109
B108b Ascospores mostly >25 µm long. 110
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B109a End locules elongated; Costa Rica. Pyrenula subsoluta (Müll.
Arg.) Aptroot

B109b All locules more or less rounded; eastern palaeotropical. Pyre-
nula leucotrypa (Nyl.) Upreti

B110a Thallus with pseudocyphellae; neotropica. l111
B110b Thallus without pseudocyphellae; eastern palaeotropical (Sri

Lanka). Pyrenula zeylanica Upreti & Ajay Singh

B111a Thallus with pseudocyphellae; Cuba. Pyrenula wrightii (Müll.
Arg.) R.C. Harris

B111b Thallus with pseudocyphellae, ascomata slightly fused, in
groups of few ascomata which are hardly touching eachother;
Brazil. Pyrenula diamantinensisC.O. Mendonça, Aptroot & M.
Cáceres

B112a Thallus ecorticate, whitish. 113
B112b Thallus corticate (may be difficult to observe in poor specimens;

when in doubt try the first alternative first). 118

B113a Thallus UV+yellow. 114
B113b Thallus UV–. 115

B114a Ascospores 18–21 µm long; pantropical. Pyrenula cocoes Müll.
Arg.

B114b Ascospores 14–17 µm long; Brazil. Pyrenula xanthinspersa
Aptroot & M. Cáceres

B115a Hamathecium inspersed; pantropical (Brazil, Philippines). Pyre-
nula albothallina Vain.

B115b Hamathecium not inspersed. 116

B116a Thallus white to grey, dull; ascomata <0.7 mm diam.; pantropi-
cal. Pyrenula microcarpa Müll. Arg.

B116b Thallus cream to silvery or inapparent, smooth; temperate. 117

B117a Ascospores <18 µm long; hamathecium K-negative; pycnidia
present. Known from temperate regions on the northern hemis-
phere and reported from Chile, so probably cosmopolitan in tempe-
rate regions.Pyrenula coryli A. Massal.
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B117b Ascopores >18 µm long; hamathecium sometimes KOH+ blue
(fleeting), pycnidia absent; temperate northern hemisphere.Pyre-
nula laevigata (Pers.) Arnold

B118a Old ascospores with orange oil. 119
B118b Old ascospores without orange oil. 120

B119a Ascospores 25–35 µm long; pantropical.Pyrenula bahiana Mal-
me

B119b Ascospores (30–)35–51 µm long; eastern palaeotropical. Pyre-
nula thailandica Aptroot

B120a Terminal locules all directly against the exospore wall (if anthra-
quinones present on thallus and/or ascomata, compare B75). 121

B120b Terminal locules mostly (at least in mature ascospores) separa-
ted from the exospore wall by endospore thickening. 142

(See alsoP. minae, P. pyrgillospora andP. xanthominuta which are
keyed out via 142 because they have a thick outer wall suggesting
an apical endospore layer. Their ascospores resemble Pyrgillus
javanicus)

B121a Thallus UV+yellow. 122
B121b Thallus UV-negative. 124

B122a Hamathecium not inspersed; pantropical.Pyrenula cocoes Müll.
Arg.

B122b Hamathecium inspersed. 123

B123a Thallus olivaceous with thick cortex; northern temperate. Pyre-
nula pseudobufonia(Rehm) R.C. Harris

B123b Thallus pale grey, with thin cortex; neotropical (Guyana, Vene-
zuela). Pyrenula guyanensis Sipman & Aptroot

(Pyrenula obvoluta (Nyl.) R.C. Harris may be an older name, but in the
lectotype the fertile warts are only 0.6–0.8 mm wide and details of
hamathecium and ascospores are missing)

B124a Hamathecium inspersed (in some cases only in the upper part).
125

B124b Hamathecium not inspersed. 136

B125a Ascospores with elongated end locules. 126
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B125b Ascospores with all locules more or less rounded to angular. 129

B126a Ascospores 20–25 µm long; pantropical (compare alsoPyrenula
acutalis which is only inspersed in the upper part).Pyrenula
maravalensis Vain.

B126b Ascospores >25 µm long. 127

B127a Ascospores with attenuated, horn-like apices, (21–)25–29(–32)
µm long; Brazil.Pyrenula cornutispora Aptroot & M. Cáceres

B127b Ascospores without horn-like apices. 128

B128a Ascospores 26–30 µm long; Australasian (Papua New Guinea).
Pyrenula rinodinospora Aptroot

B128b Ascospores 35–50 µm long; eastern palaeotropical (India).
Pyrenula kurzii Ajay Singh & Upreti

B129a Ascospores all <16 µm long; pantropical.Pyrenula cayennensis
Müll. Arg.

B129b Ascospores partly >16 µm long. 130

B130a Ascospores <40 µm long. 132
B130b Ascospores >40 µm long. 135

B131a Ascospores partly >30 µm long. 132
B131b Ascospores all <30 µm long. 133

B132a Ascospores with black granular material around the ends; Aus-
tralasian (Papua New Guinea).Pyrenula grossa Aptroot

B132b Ascospores without black granular material; eastern palaeotro-
pical (Borneo, Sri Lanka). Pyrenula fulva (Krempelh.) Müll. Arg.

B133a Thallus with patches of orange brown colouration which are
KOH+purple; known from temperate regions on the northern he-
misphere and South Africa, so probably cosmopolitan. Pyrenula
occidentalis (R.C. Harris) R.C. Harris

B133b Thallus without coloured, KOH+purple patches. 134

B134a Hamathecium only inspersed in the upper part; neotropical.
Pyrenula acutalis R.C Harris

B134b Hamathecium totally inspersed; pantropical. Pyrenula fetivica
(Krempelh.) Müll. Arg.
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B135a Ascospores 42–50 µm long, mostly straight; eastern palaeotropi-
cal (India). Pyrenula subcamptospora Upreti

B135b Ascospores 45–52 µm long, mostly curved; neotropical. Pyre-
nula cryptostoma (Nyl.) Müll. Arg.

B136a End locules elongated. 137
B136b All locules more-or-less rounded to angular. 139

B137a Ascospores 20–29 µm long; ascomata <0.7 mm diam. 138
B137b Ascospores 27–40 µm long; ascomata >0.7 mm diam.; pantropi-

cal. Pyrenula vernicosa(Krempelh.) Müll. Arg.

B138a Ascospores 20–29 µm long; ascomata 0.5–0.7 mm diam.; eas-
tern palaeotropical. Pyrenula finitima Müll. Arg.

B138b Ascospores 20–29 µm long; ascomata <0.5 mm diam.; pantropi-
cal. Pyrenula approximans (Krempelh.) Müll. Arg.

B139a Ascomata >2 mm diam.; eastern palaeotropical (Philippines).
Pyrenula irosina Vain.

B139b Ascomata <2 mm diam. 140

B140a Ascospores 11–13 µm long; palaeotropical (Seychelles). Pyre-
nula infracongruensAptroot & Schumm

B140b Ascospores >13 µm long. 141

B141a Ascospores 14–16 µm long; eastern palaeotropical. Pyrenula
mastophoriza (Nyl.) Zahlbr.

B141b Ascospores at least partly >16 µm long; pantropical. Pyrenula
nitidula (Bres.) R.C. Harris

B142a Hamathecium inspersed. 143
B142b Hamathecium not inspersed. 162

B143a Hamathecium inspersed with coloured particles. 144
B143b Hamathecium inspersed with colourless oil globules. 146

B144a Hamathecium inspersed with orange, K-negative crystals; Sri
Lanka. Pyrenula multicolorata Weerakoon & Aptroot

B144b Hamathecium inspersed with red or yellow oil globules. 145
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B145a Hamathecium inspersion red; ascospores 13-16 µm long; Vene-
zuela. Pyrenula rubroinspersa Aptroot & Sipman

B145b Hamathecium inspersion yellow; ascospores 29-35 µm lon;
Ecuador. Pyrenula flavoinspersa Aptroot & Sipman

B146a Central ascospore locules elongated; Northern temperate. Pyre-
nula subelliptica (Tuck.) R.C. Harris

B146b Central ascospore locules transversely lenticular to rounded. 147

B147a Ascospores constricted at the central septum; litle endospore
thickening between the outer lumina and the wall; Costa Rica.
Pyrenula minae Aptroot & Lücking

B147b Ascospores not constricted, at most becoming constricted when
postmature. 148

B148a Ascomata mostly <0.7 mm diam. 149
B148b Ascomata mostly >0.7 mm diam. 153

B149a Ascospores 13–18 µm long; neotropical.Pyrenula laetior Müll.
Arg.

B149b Ascospores >18 µm long. 150

B150a Ascospores about 18-25 µm long. 151
B150b Ascospores >27 µm long. 152

B151a Ascospores 18–20 µm long; thallus and ascomata without any
anthraquinone; eastern palaeotropical (Singapore).Pyrenula sub-
glabrata (Nyl.) Müll. Arg.

B151b Ascospores 18–25 µm long; thallus and/or ascomata with pat-
ches of rusty anthraquinone; known from temperate regions on the
northern hemisphere and South Africa, so probably cosmopolitan.
Pyrenula occidentalis (R.C. Harris) R.C. Harris

B152a Ascospores 25–31 µm long; thallus with pseudocyphellae; Bra-
zil. Pyrenula supralaetior C.O. Mendonça, Aptroot & M. Cáceres

B152b Ascospores 27–50 µm long; thallus without pseudocyphellae;
eastern palaeotropical (India, Sri Lanka).Pyrenula oculata Ajay
Singh & Upreti

B153a Ascospores mostly 10-20 µm long. 154
B153b Ascospores mostly >20 µm long. 156



35

B154a Ascospores mostly 10–14 µm long, up to 4 µm wide; Brazil.
Pyrenula inframamillana Aptroot & M. Cáceres

B154b Ascospores mostly >15 µm long. 155

B155a Ascospores mostly 14-17 µm long and about half as wide,
biseriate in the ascus; pantropical.Pyrenula castanea (Eschw.)
Müll. Arg.

B155b Ascospores mostly 17–21 µm long and about one third as wide,
uniseriate in the ascus; pantropicalPyrenula mamillana (Ach.)
Trevis.

B156a Ascospores <30 µm long. 157
B156b Ascospores 30–45 µm long. 159

B157a Ascoma chamber deeply immersed in the bark; only ostioles
visible, often with red-brown pigment; Brazil.Pyrenula celaticar-
pa Aptroot & M. Cáceres

B157b Ascomata erumpent, at least partially visible as black dots. 158

B158a Ascospores rounded, uniseriate in the ascus; pantropical. Pyre-
nula massariospora (Starb.) R.C. Harris

B158b Ascospores at least at one end pointed, biseriate in the ascus;
neotropical. Pyrenula acutalis R.C. Harris

B159a Ascomata conical, emergent. 160
B159b Ascomata globose to hemiglobose. 161

B160a Ascomata conical, emergent, sides spreading; eastern palaeotro-
pical. Pyrenula interducta (Nyl.) Zahlbr.

B160a Ascospores without black granular material, and with thin apical
walls bulging at the spore tips; palaeotropical (Seychelles). Pyre-
nula supracongruensAptroot & Schumm

B161a Ascomata globose, immersed; neotropical. Pyrenula mastopho-
roides (Nyl.) Zahlbr.

B161b Ascomata hemispherical, prominent; eastern palaeotropical.
Pyrenula ocellulataWijeyaratne, Lücking & Lumbsch

B162a Thallus UV+ yellow (when material well preserved, sometimes
only part of the thallus reacting). 163
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B162b Thallus UV-negative or greenish/whitish reflecting. 167

B163a Ascospores mostly >24 µm long. 164
B163b Ascospores mostly <24 µm long. 165

B164a Ascospores 25–40 µm long, without black granules; Costa Rica
(also reported from China). Pyrenula andina Aptroot

B164b Ascospores 36–45 µm long, with black granules at the tips;
temperate America. Pyrenula caryae R.C. Harris

B165a Thallus brownish with thick cortex; ascomata not in distinct
thalus warts. 166

B165b Thallus whitish with thin cortex; ascomata immersed in distinct
thallus warts; ascospores 15–22 µm long, ellipsoidal, not pointed;
neotropical. Pyrenula micromma(Mont.) Trevis.

(Pyrenula obvoluta(Nyl.) R.C. Harris & Aptroot is most probably a
separate species, characterized by not-pointed ascospores)

B166a Ascospores 9–11 µm long, ellipsoid; pantropical (Australia,
Guyana). Pyrenula xanthominuta Aptroot

B166b Ascospores 14–21 µm long, fusiform, pointed; cosmopolitan.
Pyrenula dermatodes (Borrer) Schaer.

(somewhat variable, especially in UV-reaction, but always with pointed
ascospores and thallus at least partly covering the ascomata.Pyre-
nula shirabeicola Kurok. & S. Nakan. is probably a further syno-
nym. The oldest name found for specimens that are not reacting
with UV is Pyrenula subtrahens (Nyl.) Müll. Arg.)

B167a Ascospores mostly >25 µm long. 168
B167b Ascospores mostly <25 µm long. 181

B168a Ascospores 36–45 µm long, with or without black granules at
the tips. 169

B168b Ascospores <40 µm long, without black granules at the tips. 170

B169a Ascospores 36–45 µm long, with black granules at the tips;
temperate America. Pyrenula caryae R.C. Harris

B169b Ascospores 36–45 µm long, without black granules at the tips;
pantropical. Pyrenula subducta (Nyl.) Müll. Arg.



37

B170a End locules elongated, ascospores 24–29 µm long; Virgin Is-
lands. Pyrenula expectata R.C. Harris

B170b End locules not elongated. 171

B171a Growing on rock, ascospores with dark bands between the
locules, 25–30 µm long; Brazil.Pyrenula quarzitica Aptroot

B171b Growing on bark, ascospores without dark bands. 172

B172a Ascomata mostly >0.7 mm diam. 173
B172b Ascomata mostly <0.7 mm diam. 176
(Pyrenula lilacina with lilac-colored thallus keys out here when the

pigment is not observed)

B173a Thallus with pseudocyphellae; temperate regions of the old
world. Pyrenula macrospora (Degel.) Coppins & P. James

B173b Thallus without pseudocyphellae. 174

B174a Ascospores 27–32 µm long, when mature dark brown and
constricted at the central septum instead of pale grey brown and
constricted at the locules; Guyana. Pyrenula minoides Aptroot &
Sipman

B174b Ascospores pale greybrown and constricted at the locules. 175

B175a Ascospores 24–29 µm long, thallus thick; eastern palaeotropical
(Papua New Guinea, Juan Fernandez).Pyrenula media Aptroot

B175b Ascospores 29–40 µm long, thallus thin; eastern palaeotropical.
Pyrenula complanata(Mont.) Trevis.

B176a Ascospores with diamond-shaped locules; temperate regions on
both hemispheres.Pyrenula chlorospila (Nyl.) Arnold

B176b Ascospores with somewhat rounded or quadrangular locules. 177

B177a Ascospores with dark granules between the locules; temperate
America and Japan.Pyrenula macounii R.C. Harris

B177b Ascospores without dark bands. 178

B178a Ascospores 32–42 µm long; temperate America and Japan.
Pyrenula punctella (Nyl.) Trevis.

B178b Ascospores mostly 25–37 µm long; tropical. 179
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B179a Central locules of ascospores much longer than wide; ascomata
superficial, hemispherical; Guyana.Pyrenula perfecta Aptroot &
Sipman

B179b Central locules of ascospores not longer than wide. 180

B180a Central locules much wider than long, ascomata conical, emer-
gent, thallus without pseudocyphellae; pantropical.Pyrenula mas-
tophora (Nyl.) Müll. Arg.

B180b Central locules more-or-less rounded; ascomata somewhat roun-
ded, often partly immersed in the thallus; thallus often with
(generally sparse) pseudocyphellae; pantropical.Pyrenula quassii-
cola (Fée) Fée

B181a Ascospores mostly 21–25 µm long. 182
B181b Ascospores mostly <21 µm long. 189

B182a Ascomata c. 3–4 mm diam.; Japan.Pyrenula gigas Zahlbr.
B182b Ascomata <3 mm diam. 183

B183a Ascomata with red, KOH+purple crystals inside. 184
B183b Ascomata without red crystals. 185

B184a Ascomata <0.5 mm diam.; temperate regions of Europe and
Asia. Pyrenula nitidella (Flörke ex Schaer.) Müll. Arg.

B184b Ascomata >0.5 mm diam.; temperate regions of Europe and
Asia. Pyrenula nitida(Weigel) Ach.

B185a Ascospores with angular diamond-shaped locules; temperate
North and South America.Pyrenula micheneri R.C. Harris

B185b Ascospores with rounded or quadrangular locules. 186

B186a Ascospores with bands of dark granules between the locules,
without much endospore thickening between the outer lumina and
the wall; pantropical. Pyrenula pyrgillosporaAptroot

B186b Ascospores without bands of dark granules. 187

B187a Thallus with dense pseudocyphellae; postmature ascospores
longitudinally plicate; Chile.Pyrenula maritima Sipman & Aptroot

B187b Thallus without pseudocyphellae; ascospores not regularly pli-
cate when postmature. 188
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B188a Ascospores with at least one pointed end; temperate northern
hemisphere, extending to the tropics.Pyrenula acutispora Kalb &
Hafellner

B188b Ascospores with rounded ends; eastern palaeotropical (India).
Pyrenula submastophora Ajay Singh & Upreti

B189a Ascospores 7–10 µm long; Iran. Pyrenula minutissima Aptroot,
Valadbeigi & Sipman

B189b Ascospores >10 µm long. 190

B190a Ascospores mostly <15 µm long. 191
B190b Ascospores mostly >15 µm long. 195

B191a Ascomata >0.7 mm diam.; pantropical. Pyrenula atropurpurea
(Eschw.) Müll. Arg.

B191b Ascomata <0.7 mm diam. 192

B192a Ascospores 6–8 µm wide; pantropical.Pyrenula brunnea Fée
B192b Ascospores 3–6 µm wide. 193

B193a Ascospores 3.5–4.0 µm wide, rhomboidal; Brazil. Pyrenula
rhomboidea Aptroot & M. Cáceres

B193b Ascospores 4–6 µm wide. 194

B194a Ascospores 4–6 µm wide; pantropical.Pyrenula aspistea (Ach.)
Ach.

B194b Ascospores 5–6 µm wide; like P. aspistea but with immersed
ascomata; Brazil. Pyrenula minutisporaAptroot & M. Cáceres

B195a Thallus at least partly 0.3 mm thick. 196
B195b Thallus thinner. 197

B196a Ascospores at least partly constricted at the septa; Australasian
(Papua New Guinea).Pyrenula montana Aptroot

B196b Ascospores not constricted; neotropical (Puerto Rico, Brazil).
Pyrenula psoriformis Zahlbr.

B197a Ascomata >0.7 mm diam. 198
B197b Ascomata <0.7 mm diam. 201
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B198a Thallus with pseudocyphellae; New Zealand. Pyrenula delique-
scens (C. Knight) Müll. Arg.

B198b Thallus without pseudocyphellae. 199

B199a Ascospores pale reddish brown instead of pale grey-brown;
Brazil. Pyrenula mattickiana Sipman & Aptroot

B199b Ascospores pale grey-brown. 200

B200a Locules rounded; eastern palaeotropical (India). Pyrenula scuta-
ta (Stirt.) Zahlbr.

B200b Locules angular; pantropical.Pyrenula balia (Krempelh.) R.C.
Harris

B201a Ascospores with distinct inner endospore layer around locules;
neotropical (Florida, Louisiana).Pyrenula rubrostoma R.C. Harris

B201b Ascospores without extra endospore layers. 202

B202a Ascospores with dark bands between the locules; North America
and Asia. Pyrenula confoederata R.C. Harris

B202b Ascospores without dark bands. 203

B203a Ascomata <0.4 mm diam.. 204
B203b Ascomata reaching >0.4 mm diam.; pantropical (UV-negative

material ofPyrenula dermatodes keys out here as well; The oldest
name found for such specimens that are not reacting with UV is
Pyrenula subtrahens (Nyl.) Müll. Arg.). Pyrenula aggregata (Fée)
Fée

B204a Thallus pale grey, with thin cortex and filled with crystals, not
oily or olivaceous; Brazil. Pyrenula albonigra Aptroot, D.S. An-
drade & M. Cáceres

B204b Thallus olivaceous, oily. 205

B205a Ascospores 18–20 µm long; palaeotropical.Pyrenula tristissima
Vain.

B205b Ascospores <18 µm long; neotropical.Pyrenula minor Fée

Key C. Pyrenocarpous lichens with simple paraphyses and septate,
hyaline, distoseptate ascospores
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(Celothelium, Lithothelium; temperateCelothelium species are not
keyed out as they are dubious; all saxicolousLithothelium species
are keyed out here as well to make the treatment of all Pyrenulace-
ae complete, even if some of them have have brown ascospores)

C1a Ascospores filiform.Celothelium. 2
C1b Ascospores ellipsoid to fusiform.Lithothelium. 7

C2a Ascomata sideways fused. 3
C2b Ascomata solitary or with joined ostioles. 4

C3a Ascomata sideways grouped in dense, often linear, clusters; neotro-
pical.Celothelium cinchonarum (Vain.) Vain.

C3b Ascomata in small groups; temperate.Celothelium ischnobelum
(Nyl.) M.B. Aguirre

C4a Ostiole lateral to eccentric, fused or not. 5
C4b Ostiole apical, ascomata solitary. 6

C5a Ascomata less than 0.5 mm wide; neotropical.Celothelium acicu-
liferum (Nyl.) Vain.

C5b Ascomata over 0.5 mm wide; Korea.Celothelium longisporum
K.H. Moon & Aptroot

(here also keys out from India:Lithothelium filisporum (Patw., Makhija
& D. Rane) Kr.P. Singh & G.P. Sinha, which could well be a
Celothelium)

C6a Without yellow pigment; neotropical.Celothelium dominicanum
(Müll. Arg.) Aguirre

C6b With yellow pigmentation; Bermuda.Celothelium lutescens F.
Berger & Aptroot

C7a Ascospores colourless. 8
C7b Ascospores red-brown to brown; on rock (species on bark are in

keys A and B). 25

C8a Thallus on bark; ascospores 3-septate. 9
C8b Thallus on rock. 21

C9a Ascospores 4/ascus; Thailand.Lithothelium quadrisporum Aptroot
C9b Ascospores mostly 8/ascus. 10
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C10a Ascomata with fused ostioles only or with fused ostioles and
fused walls. 11

C10b Ascomata solitary. 14

C11a Ascomata with fused ostioles only; thallus epiphloeodic, brow-
nish to green; ascospores 12–15(–18) × 4–6 µm; pantropical.
Lithothelium obtectum (Müll. Arg.) Aptroot

C11b Ascomata with fused ostioles and fused walls. 12

C12a Thallus endophloeodic, brownish to grey; ascospores 18–23 ×
(6–)7–10 µm; pantropical.Lithothelium illotum (Vain.) Aptroot

C12b Thallus epiphloeodic, brownish to green. 13

C13a Ascospores 18–23 × (6–)8–11 µm; neotropical.Lithothelium
paraguayense Müll. Arg.

C13b Ascospores 16–18 × 7–8 µm; neotropical.Lithothelium fugax
(Müll. Arg.) Aptroot

C14a Thallus epiphloeodic, brownish green to greenish. 15
C14b Thallus endophloeodic, whitish to brownish grey. 17

C15a Ascospores 10–12 × 4–4.5 µm; Florida.Lithothelium microspo-
rum R.C. Harris

C15b Ascospores larger. 16

C16a Ascospores 16–19 × 5.5–6.5 µm; South Africa.Lithothelium
almbornii Aptroot

C16b Ascospores 27–37 × 12–17 µm; pantropical (Brazil, China).
Lithothelium grossum Aptroot

C17a Hymenium inspersed with oil droplets; ascospores (9–)10–14(–
17) × (3–)4–5 µm; Japan.Lithothelium japonicum H. Harada

C17b Hymenium not inspersed. 18

C18a Terminal lumina much smaller than the central lumina. 19
C18b Terminal lumina only slightly smaller than the central lumina. 20

C19a Ascospores 14–20(–24) × 6–8(–12) µm; pantropical. Lithotheli-
um hyalosporum (Nyl.) Aptroot
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C19b Ascospores 18–31 × 10–20 µm; Australia.Lithothelium quie-
scens P.M. McCarthy

C20a Paraphyses simple; ascospores 18–23 × (6–)7–10µm; pantropi-
cal.Lithothelium illotum (Vain.) Aptroot

C20b Paraphyses branched and anastomosing; ascospores 17–25 ×
8.5–12 µm; India.Lithothelium insulare Makhija & Adaw.

C21a Ascospores 4–8-septate, 20–25(–30) × 3–5·5(–6)µm; Bahamas.
Lithothelium bahamense Riddle

C21b Ascospores 3-septate. 22

C22a Ascomata with fused ostioles and fused walls; thallus endolithic.
23

C22b Ascomata solitary; thallus at least partly epilithic. 24

C23a Thallus violet-grey; hamathecium IKI+ blue to orange; asci with
rounded ocular chamber; ascospores 13–17(–20) × 3·5–5(–6) µm;
neotropical.Lithothelium cubanum Müll. Arg.

C23b Thallus greenish grey; hamathecium IKI negative; asci with
sagittiform ocular chamber; ascospores 16–19 × 5–7 µm; Falk-
lands.Lithothelium falklandicum (Nyl.) Aptroot

C24a Ostioles apical; asci without ocular chamber; ascospores 17–20 ×
6–8 µm; Eurasian temperate.Lithothelium triseptatum (Nyl.) Apt-
root

C24b Ostioles lateral; asci with rounded ocular chamber; ascospores
15–18 × 6–7 µm; Hawaii.Lithothelium hawaiiense Aptroot

C25a Ascospores ornamented with spines, 14–19 × 6–7·5 µm; China.
Lithothelium echinatum Aptroot

C25b Ascospores smooth. 26

C26a Thallus epilithic, rimose to areolate; ascospores 18–28 × 8–14
µm; Australia.Lithothelium austropacificum P.M. McCarthy

C26b Thallus endolithic; ascospores 20–26 × 6–8 µm. 27

C27a Ascospore lumina all rounded: New Zealand.Lithothelium aus-
trale Aptroot & H. Mayrhofer

C27b Ascospore lumina partly diamond-shaped and connected; Bermu-
da.Lithothelium bermudense F. Berger, LaGreca & Aptroot
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Key D. Tropical pyrenocarpous lichens with simple paraphyses and
1-septate, distoseptate, brown ascospores (mostly Pyrenulace-
ae:Clypeopyrenis, Distopyrenis, Granulopyrenis, Parapyrenis)

(all are rare or rarely collected and rarely studied; at least the sequenced
Granulopyrenis is basal in or sister to the Pyrenulaceae)

D1a ascomata conical, distinctly flattened, superficial, 0.6–1.2 mm
diam.; ostioles apical, black, obconical; ascospores brown, bilocu-
late, 6–8 × 2–2.5 µm, ellipsoidal; neotropical.Clypeopyrenis
microsperma (Müll. Arg.) Aptroot

D1b Ascospores larger. 2

D2a Ascospores with double wall, with a layer of conspicuous granules
inside.Granulopyrenis. 3

D2b Ascospores without internal granules. 7

D3a Ascomata grouped under a stroma; Brazil.Granulopyrenis nigre-
scens (Müll. Arg.) R.C. Harris

D3b Ascomata single. 4

D4a Thallus not blackened around the ascocarps; ostiole apical, asci
with rounded ocular chamber; South Africa.Granulopyrenis
macrocarpoides (Zahlbr.) Aptroot

D4b Thallus blackened around the ascocarps. 5

D5a Ostiole lateral; asci with rounded ocular chamber; on bark; on
driftwood; USA.Granulopyrenis hymnothora Aptroot

D5b Ostiole apical to eccentric; asci without ocular chamber. 6

D6a Ostiole partly eccentric; Caribbean.Granulopyrenis portoricensis
(Petrak) Y. Z. Wang, Aptroot & K. D. Hyde

D6b Ostiole apical; Hong Kong.Granulopyrenis seawardii Aptroot &
Sipman

D7a Thallus lichenicolous; Papua New Guinea.Parapyrenis lichenico-
la Aptroot & Diederich

D7b Thallus not lichenicolous. 8
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D8a Thallus on driftwood; Papua New Guinea.Parapyrenis maritima
Aptroot

D8b Thallus on bark. 9

D9a Ascomata grouped under a stroma; neotropical (Brazil, Puerto
Rico).Distopyrenis composita R.C. Harris

D9b Ascomata single. 10

D10a Thallus with violet tinge; Australia.Distopyrenis violacea Aptroot
D10b Thallus brownish or whitish. 11

D11a Ascospores with elongated lumina. 12
D11b Ascospores with rounded or angular lumina. 13

D12a hamathecium IKI + blue; ascocarps flattened, simple or aggrega-
ted; Bermuda.Parapyrenis elongata Aptroot

D12b hamathecium IKI negative; ascocarps not flattened, simple; neo-
tropical.Parapyrenis guayaca (Fée) Aptroot

D13a Ascospores with an euseptum within the septum. 14
D13b Ascospores only distoseptate with relatively small lumina. 15

D14a Lumina angular; thallus whitish grey to invisible, not blackened
around the ascocarps; USA and Caribbean.Distopyrenis america-
na Aptroot

D14b Lumina rather rounded; thallus pinkish grey, blackened around
the ascocarps; Mexico and Caribbean.Distopyrenis fuliginosa Ap-
troot

D15a Ascospores with large, rounded lumina; Australia. Parapyrenis
conica Aptroot

D15b Ascospores with angular lumina, with much thickened endospo-
rium formation, thus lumina relatively small. 16

D16a Ascomata flattened; Java.Parapyrenis aurora (Zahlbr.) Aptroot
D16b Ascomata conical; French Guiana.Distopyrenis pachyspora Ap-

troot
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Key E. Pyrenocarpous lichens with mazaedioid ascomata
(Pyernulaceae:Mazaediothecium, Pyrgillus)

E1a Ascoma wall not carbonized; ascospores amassing in the large
ostioles of the cup-like ascomata, either1- septate or cruciate sub-
muriform.Mazaediothecium. 2

E1b Ascoma wall carbonized; ascospores amassing in a cup-like
structure on top of the closed ascomata, transversely 1-3-septate.
Pyrgillus. 6

E2a Ascomata red; Papua New Guinea.Mazaediothecium rubiginosum
Aptroot

E2b Ascomata black. 3

E3a Ascospores 1-septate. 4
E3b Ascospores cruciate submuriform. 5

E4a Thallus corticate; photobiont trebouxioid; Brazil. Mazaediotheci-
um serendipiticum Aptroot

E4b Thallus not corticate; photobiont trentepohlioid; French Guiana.
Mazaediothecium uniseptatum Aptroot

E5a Thallus UV+ yellow; neotropical.Mazaediothecium album Aptroot
E5b Thallus UV-negative; Malaysia. Mazaediothecium mohamedii H.

Harada & Yoshik. Yamam.

E6a Ascospores 1-septate. 7
E6b Ascospores 3-septate. 9

E7a Mazaedium pruina golden-yellow; pantropical.Pyrgillus indicus
(Kremp.) Aptroot

E7b Mazaedium pruina white. 8

E8a Ascospores with pale ends, red brown; Australia. Pyrgillus fuscus
Aptroot

E8b Ascospores with dark ends, brown; pantropical.Pyrgillus cubanus
Nyl.

res 10–14 × 5–7 µm; Cambodia and China.Pyrgillus cambodiensis
Kashiw., K.H. Moon & Aptroot
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E9b Thallus UV+ yellow, with lichexanthone. 10

µm; pantropical.Pyrgillus javanicus (Mont. & Bosch) Nyl.
E10b Mazaedium pruina orange or red, KOH+ orange, reddish violet or

violet. 11

15–20(–23) × 7.5–10.0 µm; India.Pyrgillus tibellii Kr. P. Singh &
Pushpi Singh

E11b Mazaedium pruina red but KOH+ violet or orange, UV+ red;
ascospores 13.0–17.5×5.0–7.5 µm. 12

E12a Mazaedium pruina orange, KOH+ violet; ascospores 13–16 ×
6.0–7.5 µm, c. 2 times as long as wide; Brazil.Pyrgillus aurantia-
cus Aptroot & M. Cáceres

E12b Mazaedium pruina red, KOH+ orange; ascospores 15.0–
17.5×5.0–6.5 µm, c. 2.5–3 times as long as wide; Brazil. Pyrgillus
rufus Aptroot & M. Cáceres

Key F. Aptrootia species

F1a Thallus on bark, corticate, green, bullate; ascospores ornamented;
Eastern palaeotropical.Aptrootia elatior (Stirt.) Aptroot

F1b Thallus on soil and bryophytes, not corticate, grey, cartilaginous,
smooth; ascospores smooth. 2

F2a Ascospores 170–230 × 40–70 µm; amphipacific (Costa Rica,
Papua New Guinea, Solomon Islands).Aptrootia terricola
(Aptroot) Lücking, L. Umaña & Chaves

F2b Ascospores 150–360(–400) × 65–140 µm; Australia.Aptrootia
robusta (P.M. McCarthy & Kantvilas) Aptroot

Key G. Architrypethelium species with transversely septate asco-
spores

G1a Ascospores remaining hyaline 2
G1b Ascospores soon becoming brown 5
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G2a Ascomata sessile, very large (up to 3 mm diam.); Brazil. Architry-
pethelium grande (Kremp.) Aptroot & Lücking

G2b Ascomata immersed or in erumpent prominent thallus warts,
smaller (usually not exceeding 1 mm diam.). 3

G3a Ascomata completely immersed between bullate thallus warts;
Brazil. Architrypethelium lauropaluanum Lücking, M.P. Nelsen &
Marcelli

G3b Ascomata erumpent to prominent, partly thallus-covered. 4

G4a Thallus UV+ yellow; neotropical. Architrypethelium hyalinum
Aptroot

G4b Thallus UV–; Bolovia. Architrypethelium penuriixanthum Flakus
& Aptroot

G5a Ostiole eccentric; ascomata sometimes with fused ostioles; neotro-
pical. Architrypethelium nitens (Fée) Aptroot

G5b Ostiole apical; ascomata solitary. 6

G6a Hamathecium inspersed; Colombia.Architrypethelium columbi-
anum (Nyl.) Aptroot & Lücking

G6b Hamathecium clear; pantropical.Architrypethelium uberinum
(Fée) Aptroot

Key H. Astrothelium species with ascospores transversely septate,
ostiole apical, secondary substances present on thallus and/or
ascoma

H1a Lichexanthone present; thallus and/or ascomata UV+ yellow;
pigment(s) present or absent. 2

H1b Lichexanthone absent; pigment(s) always present, thallus and
ascomata usually K+ red to purple and UV+ orange or red. 20

H2a Pigments present in thallus and/or ascomata; lichexanthone on
thallus; ascomata pseudostromatic, in irregular black lines. 3

H2b Pigments absent; lichexanthone on thallus and/or ascomata; asco-
mata variable. 4
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H3a Ascospores 3-septate, small (18–26 µm long); ascomata with
external orange pigment, scattered laterally along pseudostromata;
neotropical. Astrothelium neogalbineum (R.C. Harris) Aptroot &
Lücking

H3b Ascospores (3–)5-septate, large (90–115 µm long); ascomata with
external purplish-red pigment, scattered laterally along pseu-
dostromata; Brazil. Astrothelium pictum Aptroot

H4c Ascospores 9–11-septate; Brazil.Astrothelium pseudodermatodes
Aptroot

H4a Ascospores 3–9-septate. 5

H5a Ascospores 5–9-septate. 6
H5b Ascospores 3-septate. 7

H6a Lichexanthone on ascomata; ascomata solitary to irregularly con-
fluent, erumpent, covered by thallus; eastern palaeotropical. Astro-
thelium cinereorosellum (Kremp.) Aptroot & Lücking

H6b Lichexanthone on pseudostromata; ascomata distinctly pseu-
dostromatic; Fiji. Astrothelium fijiense Lücking, Naksuwankul &
Lumbsch

H7a Hamathecium inspersed; ascospores small (15–30 µm long). 8
H7b Hamathecium clear; ascospores small to medium-sized (15–70 µm

long). 12

H8a Lichexanthone on ascomata only, absent from thallus; ascomata
solitary to irregularly confluent, largely immersed and covered by
thallus; Brazil. Astrothelium punctulatumMalme

H8b Lichexanthone on thallus and ascomata or on thallus only. 9

H9a Lichexanthone on thallus only, absent from ascomata; ascomata
solitary but dense; thallus gall-like; eastern palaeotropical. Astro-
thelium grossoidesAptroot & Lücking

H9b Lichexanthone on thallus and ascomata; thallus not gall-like. 10

H10a Ascomata pseudostromatic, immersed in prominent pseu-
dostromata that are often partly covered by thallus; pantropical.
Astrothelium porosum (Ach.) Aptroot & Lücking

(the recently describedAstrothelium sinense S.H. Jiang & C. Zhang
keys out here and is probaly synonymous)
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H10b Ascomata solitary, erumpent, whitish. 11

H11a Ascospores 20–25 µm long; neotropical. Astrothelium vulcanum
Aptroot

H11b Ascospores 14–17 µm long; Brazil. Astrothelium infravulcanum
Aptroot

H12a Ascospores small (15–30 µm long). 13
H12b Ascospores (small to) medium-sized (25–70 µm long). 17

H13a Lichexanthone only on ascomata or ostiole. 14
H13b Lichexanthone on thallus and ascomata. 15

H14a Lichexanthone on ascomata only, absent from thallus; ascomata
pseudostromatic, immersed in prominent pseudostromata covered
by thallus; neotropical (Brazil and Bolivia). Astrothelium stroma-
tofluorescensAptroot & M. Cáceres

H14b Lichexanthone only on ostioles; pseudostromata sessile, brow-
nish; Brazil.Astrothelium gyalostiolatum Aptroot

H15a Ascomata solitary to irregularly confluent, erumpent, covered by
thallus; pantropical. Astrothelium pulcherrimum (Fée) Aptroot &
Lücking

H15b Ascomata pseudostromatic, immersed in pseudostromata that are
often partly covered by thallus. 16

H16a Pseudostromata well-delimited, with whitish cover, prominent to
sessile; neotropical. Astrothelium leucosessile Lücking, M.P.
Nelsen & Aptroot

H16b Pseudostromata not well-delimited, covered by thallus, erumpent
to prominent; pantropical. Astrothelium phlyctaena (Fée) Aptroot
& Lücking

H17a Ascospores under 40 µm long. 18
H17b Ascospores over 45 µm long. 19

H18a Ascospores 25–40 × 8–13 µm; thallus and thalline cover of
ascomata UV+ yellow; pantropical. Astrothelium pupula (Ach.)
Aptroot & Lücking

H18b Ascospores 34–38 × 8.5–10.5 µm; only pseudocyphellae UV+
yellow; Brazil. Astrothelium xanthopseudocyphellatum Aptroot
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H19a Ascospores 60–70 × 16–18 µm; El Salvador. Astrothelium me-
gochroleucum Aptroot

H19b Ascospores 45–60 × 19.5–22.5 µm; Brazil. Astrothelium minian-
nulare Kalb & Aptroot

H20a Ascospores 3-septate. 21
H20b Ascospores 5–19-septate. 44

H21a Ascospores medium-sized (50–65 µm long); medulla (ascomata)
with internal, redpigment; ascomata solitary to irregularly conflu-
ent, erumpent, covered by thallus; neotropical. Astrothelium the-
lotremoides(Nyl.) Aptroot & Lücking

H21b Ascospores small to medium-sized (15–50 µm long); pigment
external or internal, yellow to red. 22

H22a Hamathecium inspersed. 23
H22b Hamathecium clear. 28

H23a Hamathecium with red, K+ green pigment; Sri Lanka. Astrotheli-
um isohypocrellinumAptroot & Weerakoon

H23b Hamathecium hyaline. 24

H24a Ascomata with external, yellow to orange pigment mostly deve-
loped around the ostiolar area; ascomata solitary to irregularly
confluent, erumpent, covered by thallus except for black ostiolar
area. 25

H24b Medulla (ascomata) with internal, red pigment; ascomata variab-
le. 27

H25a Ascomata with yellow pigment; ascomata diffusely pseudostrom-
atic, pseudostromata forming irregular lines; El Salvador. Astrothe-
lium neoinspersum Aptroot

H25b Thallus and/or ascomata with orange pigment; ascomata solitary
to irregularly confluent. 26

H26a Both thallus and ascomata with abundant orange pigment; pantro-
pical. Astrothelium inspersaeneum Aptroot & M. Cáceres

H26b Only ascomata with sparse orange pigment; pantropical
(Colombia and Papua New Guinea). Astrothelium aenascens Apt-
root
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H27a Ascospores 20–30 × 7–9 µm; Brazil. Astrothelium rubrocrystalli-
num Aptroot & M. Cáceres

H27b Ascospores 30–50 × 14–16 µm; neotropical. Astrothelium buckii
(R.C. Harris) Aptroot & Lücking

H28a Thallus and/or ascomata with external pigment(s). 29
H28b Medulla (ascomata) with internal pigment(s). 39

H29a Ascomata with external, red pigment(s); Mexico. Astrothelium
coccineum Córd.-Cháv., Aptroot & M. Cáceres

H29b Ascomata with external, yellow to orange pigment(s). 30

H30a Thallus grey, barely lichenized; ascomata distinctly pseudostrom-
atic, pseudostromata prominent to sessile, with orange cover
strongly contrasting with thallus; Thailand. Astrothelium aurantia-
cocinereum Lücking, Naksuwankul & Lumbsch

H30b Thallus olive-green, distinctly lichenized; ascomata solitary or
pseudostromatic, if pseudostromatic, then pseudostromata immer-
sed to erumpent and in irregular, often reticulate lines. 31

H31a Ascospores very small (16–18 µm long); ascomata pseudostrom-
atic, immersed, pseudostromata in irregular, often reticulate lines,
covered with pigment and contrasting with olive-green thallus;
Brazil. Astrothelium flavum Aptroot & M. Cáceres

H31b Ascospores small (20–35 µm long). 32

H32a Ascospores 20–25(–27) × 6–10 µm; ascomata solitary or pseu-
dostromatic. 33

H32b Ascospores 25–35 × 10–12 µm; ascomata solitary to irregularly
confluent, erumpent, covered by thallus. 37

H33a Ascomata solitary to irregularly confluent; pigment on thallus and
ascomata. 34

H33b Ascomata pseudostromatic, pseudostromata in irregular lines,
covered with pigment and contrasting with olive-green thallus. 36

H34a Thallus resembling bubbles of wax plus prothallus; Venezuela.
Astrothelium bullatothallinumAptroot & Sipman

H34b Thallus smooth. 35
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H35a Pigment orange to yellow; pantropical. Astrothelium aeneum
(Eschw.) Aptroot & Lücking

H35b Pigment ochraceous; Brazil. Astrothelium ochraceum Aptroot

H36a Thallus strongly bullate; Brazil. Astrothelium flavostromatum
Aptroot & M. Cáceres

H36b Thallus smooth to uneven; neotropical. Astrothelium kunzei (Fée)
Aptroot & Lücking

H37a Pigment orange, abundant; neotropical (Brazil & Bolivia). Astro-
thelium megaeneum Flakus & Aptroot

H37b Pigment yellow, sparse. 38

H38a Ostioles partly lateral and fused; pigment K+ purple; Bolivia.
Astrothelium pallidoflavum Flakus & Aptroot

H38b Ostioles consistently apical; pigment K+ red; neotropical. Astro-
thelium subcatervarium(Malme) Aptroot & Lücking

H39a Ascospores medium-sized (30–50 × 10–16 µm). 40
H39b Ascospores small (15–30 × 5–9 µm). 42

H40a Medullary pigment red; neotropical. Astrothelium cartilagineum
(Fée) Aptroot & Lücking

H40b Medullary pigment yellow. 41

H41a Thallus bullate; Brazil. Astrothelium endochryseum (Vain.) Apt-
root & Lücking

H41b Thallus smooth; Brazil. Astrothelium laevithallinum Lücking,
M.P. Nelsen & Marcelli

H42a Ascomata solitary to irregularly confluent, erumpent, covered by
thallus; medullary pigment orange; Brazil. Astrothelium aeneoides
Aptroot

H42b Ascomata pseudostromatic; pseudostromata blackish brown; me-
dullary pigment (pale) yellow. 43

H43a Medullary pigment K+ red; pantropical. Astrothelium degenerans
(Vain.) Aptroot & Lücking

H43b Medullary pigment K–. 16; neotropical. Astrothelium feei
(C.F.W. Meissn.) Aptroot & Lücking
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H44a Ascospores small to medium-sized (15–45 × 6–9 µm). 45
H44b Ascospores medium-sized to large (50–150 × 10–40 µm). 47

H45a Medulla (ascomata) with internal, red pigment; ascospores 9–13-
septate; ascomata pseudostromatic, exposed, forming irregular,
reticulate lines or groups; India. Astrothelium nigrorufum (Makhija
& Patw.) Aptroot & Lücking

H45b Medulla (ascomata) with internal, yellow to orange pigment;
ascospores 5–9-septate. 46

H46a Hamathecium inspersed; medullary pigment K+ red; ascomata
pseudostromatic, pseudostromata erumpent to prominent, whitish;
Papua New Guinea.Astrothelium pseudodissimulum Aptroot

H46b Hamathecium clear; medullary pigment K+ purple; ascomata
pseudostromatic, exposed, forming irregular, reticulate lines or
groups; India. Astrothelium dissimilum (Makhija & Patw.) Aptroot
& Lücking

H47a Ascospores medium-sized (50–90 µm long). 48
H44b Ascospores large (110–150 µm long). 49

H48a Ascomata with scattered, external, pink pigment, solitary to
irregularly confluent, immersed in large thallus verrucae; hamathe-
cium inspersed; ascospores 50–65 × 10–17 µm; Brazil. Astrotheli-
um decemseptatum Aptroot & M. Cáceres

H48b Medulla (ascomata) with internal, yellow pigment; ascomata
pseudostromatic, pseudostromata prominent, covered by thallus
except black ostiolar areas; hamathecium clear; ascospores 55–90
× 13–28 µm; East Asia Astrothelium luridum (Zahlbr.) Aptroot &
Lücking

H49a Ascomata with scattered, external, pink pigment, solitary, immer-
sed; ascospores 17–22 µm broad, 13–19-septate; Caribbean. Astro-
thelium calosporum (Müll. Arg.) Aptroot & Lücking

H49b Ascomata with external and internal yellow pigment; ascospores
30–37µm broad, 7–11-septate; neotropical. Astrothelium rimosum
Aptroot
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Key I. Astrothelium species with ascospores transversely septate,
ostiole apical, secondary substances absent

I1a Ascospores 3-septate. 2
I1b Ascospores (3–)5–15-septate. 26

I2a Ascospores small to medium-sized (15–45(–50) × 6–16 µm). 3
I2b Ascospores medium-sized to large ((45–)50–120 × 15–35 µm). 20

I3a Hamathecium inspersed. 4
I3b Hamathecium clear. 6

I4a Ascospores (25–)30–40 µm long; ascomata in irregular groups to
pseudostromatic, pseudostromata erumpent, white, contrasting
with olive-green thallus; pantropical. Astrothelium perspersum
Aptroot & Ertz

I4b Ascospores 15–25(–30) µm long. 5

I5a Ascomata solitary, erumpent, with white cover; neotropical. Astro-
thelium subscoriaFlakus & Aptroot

I5b Ascomata irregularly grouped to pseudostromatic, immersed to
erumpent, mostly exposed, brown-black; pantropical. Astrothelium
scoria (Fée) Aptroot & Lücking

I6a Ascospores I+ violet. 7

I7a Ascomata solitary, immersed, covered by thallus except dark ostio-
lar area; pantropical. Astrothelium infossum (Nyl.) Aptroot & Lü-
cking

I7b Ascomata distinctly pseudostromatic, pseudostromata erumpent,
brown-black, with pale ostiolar areas; neotropical. Astrothelium
infuscatulum (Müll. Arg.) Aptroot & Lücking

I8a Ascospores 15–28 × 7–10(–12) µm (Astrothelium nitidiusculum
complex). 9

I8b Ascospores 26–46 × (7–)10–16 µm. 15

I9a Ascomata pseudostromatic; pseudostromata either prominent or
contrasting with thallus in colour. 10
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I9b Ascomata solitary to irregularly confluent or grouped but not
prominent or contrasting with thallus. 13

I10a Pseudostromata prominent, partly covered by thallus and hence
not strongly contrasting with thallus in colour; pantropical. Astro-
thelium bicolor (Taylor) Aptroot & Lücking

I10b Pseudostromata immersed to erumpent and more or less leveled
with thallus, often forming irregular to reticulate lines or groups,
contrasting with thallus in colour (either dark or whitish). 11

I11a Pseudostromata with whitish cover; neotropical. Astrothelium
rufescens (Müll. Arg.) Aptroot & Lücking

I11b Pseudostromata exposed, brown-black. 12

I12a Pseudostromata forming distinct, compact groups laterally cover-
ed by thallus; neotropical. Astrothelium subendochryseum Lü-
cking, M.P. Nelsen & Marcelli

I12b Pseudostromata diffuse, exposed; neotropical. Astrothelium nigra-
tum (Müll. Arg.) Aptroot & Lücking

I13a Ascomata forming irregular groups, with rather broad, brown-
black ostiolar area; eastern palaeotropical. Astrothelium meiopho-
rum (Nyl.) Aptroot & Lücking

I13b Ostiolar areas not broadly. 14

I14a Ascomata covered by olive-green thallus; neotropical. Astrotheli-
um ceratinum (Fée) Aptroot & Lücking

I14b Ascomata with broadly white area surrounding the ostiole or
entirely white; pantropical. Astrothelium nitidiusculum (Nyl.) Apt-
root & Lücking

I15a Ascospores 36–46 × 14–16 µm; ascomata solitary, erumpent,
covered by thallus and with pale ring surrounding the dark ostiolar
spot; pantropical, extending into temperate regions. Astrothelium
floridanum Zahlbr. ex M. Choisy

I15b Ascospores 26–39 × 7–14 µm; ascomata variable. 16

I16a Ascomata pseudostromatic, pseudostromata exposed, immersed
and leveled with thallus, forming irregular to reticulate lines or
groups. 17

I16b Ascomata solitary, covered by thallus. 19
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I17a Thallus consisting of globose verrucae with a thick hyaline cortex;
Papua New Guinea. Astrothelium diaphanocorticatumAptroot &
Sipman

I17b Thallus smooth to verrucose. 18

I18a Ascospores 36–39 µm long; neotropical.Astrothelium scoriotheli-
um Aptroot & Lücking

I18b Ascospores 29–33 µm long; Brazil. Astrothelium disjunctum Apt-
root & M. Cáceres

H19a Thallus and ascomata finely verrucose; ascomata immersed to
erumpent, numerous and dense; neotropical. Astrothelium papulo-
sum (Nyl.) Aptroot & Lücking

H19b Thallus and ascomata smooth to uneven; ascomata erumpent to
prominent, scattered; neotropical. Astrothelium solitarium Aptroot
& M. Cáceres

I20a Hamathecium inspersed. 21
I20b Hamathecium clear. 23

I21a Ascospores 45–62 × 15–22 µm; thallus uneven-bullate; ascomata
solitary, erumpent, covered by thallus, with pale ring surrounding
the dark ostiolar spot; Bolivia. Astrothelium inspersotuberculosum
Flakus & Aptroot

I21b Ascospores 85–120 × 22–35 µm; thallus and ascomata variable.
22

I22a Ascospores 85–95 × 22–25 µm; thallus uneven-verrucose; asco-
mata solitary, prominent, exposed, with gently sloping sides; Viet-
nam. Astrothelium clypeatumAptroot & Gueidan

I22b Ascospores 100–120 × 30–35 µm; thallus uneven-verrucose;
ascomata confluent, erumpent to prominent, exposed, with gently
to steeply sloping sides; Guyana. Astrothelium megatropicum Apt-
root

I23a Ascomata prominent, completely exposed; Colombia. Astrotheli-
um phaeothelium (Nyl.) Aptroot & Lücking

I23b Ascomata immersed to erumpent, covered by thallus, with pale
ring surrounding the dark ostiolar spot. 24
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I24a Thallus verrucose-papillose; ascomata solitary to irregularly con-
fluent, prominent to sessile; Panama. Astrothelium pseudannulare
Aptroot & Etayo

I24b Thallus uneven to shallowly bullate. 25

I25a Ascospores 48–65 × 17–20 µm; neotropical. Astrothelium tubercu-
losum (Vain.) Aptroot & Lücking

I25b Ascospores 62–80 × 20–25 µm; neotropical. Astrothelium annu-
lare (Fée) Aptroot & Lücking

I26a Ascospores medium-sized (29–59(–80) × 8–17 µm). 27
I26b Ascospores large (85–220 × (8–)20–45 µm). 32

I27a Hamathecium inspersed. 28
I27b Hamathecium clear. 29

I28a Ascospores 50–59 µm long; thallus verrucose-bullate; Papua New
Guinea. Astrothelium galligenum (Aptroot) Aptroot & Lücking

I28b Ascospores 40–49 µm long; thallus smooth to uneven; Sri Lanka.
Astrothelium nitidulum Weerakoon & Aptroot

I29a Ascomata at least mostly solitary. 30
I29b Ascomata in irregular groups to pseudostromatic, groups or pseu-

dostromata erumpent to prominent. 31

I30a Ascomata solitary to irregularly confluent, immersed to erumpent,
with erumpent part exposed, blackish; Malaysia. Astrothelium
trypethelizans (Nyl.) Aptroot & Lücking

I30b Ascomata solitary, immersed, not exposed; Brazil. Astrothelium
quintannulare Aptroot

I31a Pseudostromata whitish; eastern palaeotropical. Astrothelium ubi-
anense (Vain.) Aptroot & Lücking

I31b Pseudostromata brownish; Brazil. Astrothelium pseudoplatysto-
mum (Makhija & Patw.) Aptroot & Lücking

I32a Hamathecium inspersed. 33
I32b Hamathecium. 38

I33a Ascospores 9–15-septate, occasionally with a longitudinal septum
in one or several cells. 34
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I33b Ascospores 5–9-septate, lacking longitudinal septa. 35

I34a Ascospores 120–195 µm long; India. Astrothelium macrosporum
(Makhija & Patw.) Aptroot & Lücking

I34b Ascospores 75–100 µm long; Malaysia. Astrothelium tanianum
Aptroot & Sipman

I35a Ascospores 180–220 × 40–45 µm, 5–9-septate; ascomata grouped
in large thallus verrucae; Angola. Astrothelium pustulatum(Vain.)
Aptroot & Lücking

I35b Ascospores 100–170 × 29–40 µm, 5-septate; ascomata variable.
36

I36a Ascospores curved; ascomata grouped; Brazil. Astrothelium cur-
visporum Aptroot & M. Cáceres

I36b Ascospores straight; ascomata solitary to irregularly confluent. 37

I37a Ascomata solitary, prominent to sessile, covered by thallus except
dark ostiolar area; neotropical (Brazil and Guyana). Astrothelium
sipmanii Aptroot

I37b Ascomata solitary to irregularly confluent, erumpent, upper part
exposed; Colombia. Astrothelium pseudomegalophthalmum Apt-
root

I38a Ascospores 140–190 µm long, 11–19-septate; ascomata solitary to
irregularly confluent. 39

I38b Ascospores 85–120 µm long, 3–17-septate; ascomata irregularly
grouped to pseudostromatic. 40

I39a Thallus verrucose-bullate; ascomata erumpent to prominent, cove-
red by thallus except broad, blackened ostiolar area; Uruguay.
Astrothelium basilicum (Kremp.) Aptroot & Lücking

I39b Thallus smooth; ascomata immersed, completely covered by thal-
lus; Argentina. Astrothelium spectabile(Aptroot & L.I. Ferraro)
Aptroot & Lücking

I40a Ascospores 20–33 µm broad, 3–7-septate. 41
I40b Ascospores 8–16 µm broad, 9–17-septate; neotropical. Astrotheli-

um olivaceofuscum(Zenker) Aptroot & Lücking
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I41a Thallus smooth to uneven; ascomata covered by thallus; Brazil.
Astrothelium trematum Kalb & Aptroot

I41b Thallus verrucose-bullate; ascomata exposed, brown-black. 42

I42a Thallus verrucose-bullate; Brazil. Astrothelium megalophthalmum
(Müll. Arg.) Aptroot & Lücking

I42b Thallus squamulose; Brazil. Astrothelium squamosumAptroot

Key J. Astrothelium species with ascospores transversely septate,
ostiole lateral, secondary substances present on thallus and/or
ascoma

J1a Lichexanthone present; thallus and/or ascomata UV+ yellow;
pigment(s) present or absent. 2

J1b Lichexanthone absent; pigment(s) always present, thallus and asco-
mata usually K+ red to purple and UV+ orange or red. 38

J2a Pigments present on/in thallus and/or ascomata; lichexanthone on
thallus only. 3

J2b Pigments absent; lichexanthone on thallus and/or ascomata. 10

J3a Ascospores 9–11-septate, 50–75 × 12–22 µm; thallus with external,
orange pigment (absent on ascomata); ascomata solitary to irregu-
larly confluent, erumpent, covered by thallus except dark ostiolar
area; Venezuela. Astrothelium dicoloratum Aptroot

J3b Ascospores 3-septate, 21–55 × 7–23 µm; ascomata with external,
yellow-orange pigment (absent on thallus). 4

J4a Hamathecium inspersed; ascospores 20–25 × 9–11 µm; groups of
fused ascomata dispersed to irregularly confluent; Singapore. As-
trothelium inspersogalbineum Aptroot & Weerakoon

J4b Hamathecium clear; ascospores variable in size. 5

J5a Ascospores 21–28 × 7–11 µm. 6
J5b Ascospores 28–55 × 10–23 µm. 7

J6a Ascomata pseudostromatic; pseudostromata prominent, containing
one or several groups of fused ascomata, covered with orange



61

pigment; pantropical. Astrothelium macrocarpum (Fée) Aptroot &
Lücking

J6b Ascomata solitary to irregularly confluent, erumpent, containing a
single group of fused ascomata; Thailand. Astrothelium flavocoro-
natum Luangsuph., Aptroot & Sangvichien

J7a Ascospores 37–55 × 15–23 µm; ascomata pseudostromatic, pseu-
dostromata erumpent, containing several groups of fused asco-
mata, covered with orange pigment; neotropical. Astrothelium
ochrothelium (Nyl.) Müll. Arg.

J7b Ascospores 28–35 × 10–15 µm. 8

J8a Thallus strongly folded-bullate, whitish; groups of fused ascomata
dispersed, immersed, with yellow-orange pigment around ostiolar
area; pantropical. Astrothelium versicolorMüll. Arg.

J8b Thallus smooth to uneven, light olive-brown to olive-green; asco-
mata pseudostromatic. 9

J9a Pseudostromata immersed to erumpent, containing several groups
of fused ascomata, forming irregular to reticulate lines covered
with yellow-orange pigment; Brazil. Astrothelium aureomacula-
tum (Vain.) Aptroot & Lücking

J9b Pseudostromata erumpent to prominent, each containing one group
of fused ascomata, covered by orange pigment; New Caledonia.
Astrothelium grossumMüll. Arg.

J10a Ascospores 3-septate, rarely 3(–5)-septate. 11
J10b Ascospores (3–)5–11-septate. 27

J11a Ascospores small to medium-sized (20–52 × 6–17 µm). 12
J11b Ascospores medium-sized to large (50–120 × 17–40 µm). 23

J12a Ascospores 30–52 × 10–17 µm. 13
J12b Ascospores 20–30 × 6–11 µm. 16

J13a Hamathecium inspersed, inspersion dirty yellow-brown; lichexan-
thone on thallus and ascomata or ascomata only; ascomata pseu-
dostromatic, pseudostromata prominent, containing one or several
groups of fused ascomata. 14

J13b Hamathecium clear; lichexanthone on thallus and ascomata; asco-
mata crowded or indistinctly pseudostromatic, pseudostromata
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immersed to erumpent, containing one or several groups of fused
ascomata. 15

J14a Lichexanthone on ascomata only; Brazil. Astrothelium sorditheci-
umLücking, M.P. Nelsen & Marcelli

J14b Lichexanthone on thallus and ascomata; Brazil. Astrothelium
xanthosorditheciumAptroot

J15a Ascomata solitary or in dispersed, diffuse pseudostromata, conical
with flattened top, whitish; neotropical. Astrothelium leucothelium
Nyl.

J15b Ascomata crowded, hemispherical to wart-shaped, covered by
thallus; Malaysia.Astrothelium chrysostomum (Kremp.) Aptroot &
Lücking

J16a Lichexanthone on ascomata or only on ostiole. 17
J16b Lichexanthone on thallus and ascomata; hamathecium inspersed

or clear; ascospores 20–26 µm long. 21

J17a  Lichexanthone only on ostiole; hamathecium inspersed; Brazil.
Astrothelium eustominspersum Aptroot & Oliveira-Junior

J17b Lichexanthone on ascomata only; hamathecium clear or insper-
sed. 18

J18a Hamathecium inspersed; Brazil.Astrothelium studerae Aptroot &
M. Cáceres

J18b Hamathecium clear. 19

J19a Hamathecium inspersed; ascomata diffusely pseudostromatic,
erumpent, with whitish cover; Thailand. Astrothelium neovariolo-
sum Luangsuph., Aptroot & Sangvichien

J19b Hamathecium clear. 20

J20a Groups of fused ascomata dispersed, immersed to erumpent;
Brazil. Astrothelium laevigatum Müll. Arg.

J20b Ascomata pseudostromatic, pseudostromata prominent, often whi-
tish, containing one or several groups of fused ascomata; pantropi-
cal. Astrothelium variolosum (Ach.) Müll. Arg.

J21a Ascomata diffusely pseudostromatic, pseudostromata erumpent,
covered by thallus, containing one or several groups of fused
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ascomata; ascospores 20–25 µm; Brazil. Astrothelium subinterjec-
tum Lücking, M.P. Nelsen & Jungbluth

J21b Ascomata distinctly pseudostromatic, pseudostromata prominent,
with white or grey cover contrasting with the olive-green thallus,
containing one or several groups of fused ascomata. 22

J22a Thallus with pseudocyphellae; pseudostromata grey; Brazil. As-
trothelium pseudocyphellatum R.C. Harris

J22b Thallus lacking pseudocyphellae; pseudostromata whitish; pantro-
pical. Astrothelium interjectum R.C. Harris

J23a Ascospores 100–130 × 35–45 µm; groups of fused ascomata
dispersed to aggregate, immersed-erumpent, covered by thallus
except for whitish ostiolar area; Venezuela. Astrothelium ultralu-
cens Aptroot

J23b Ascospores 50–75 × 14–26 µm. 24

J24a Lichexanthone on thallus (and sometimes also on ascomata). 25
J24a Lichexanthone not on thallus, only on ascomata. 26

J25a Lichexanthone on thallus, not on ascomata; neotropical (Brazil
and Venezuela). Astrothelium leucoconicum Nyl.

J25b Lichexanthone on thallus and ascomata; Bolivia. Astrothelium
nigrocacuminum Flakus, Kukwa & Aptroot

J26a Ascomata distinctly pseudostromatic, pseudostromata erumpent,
with white cover contrasting with the olive-green thallus, contai-
ning one or several groups of fused ascomata; ascospores 60–70 ×
17–20 µm; Brazil. Astrothelium sinuosum Aptroot & Gumboski

J26b Groups of fused ascomata dispersed, immersed, with broad, dark
ostiolar area; ascospores 50–60 × 14–17 µm; Brazil. Astrothelium
obtectumLücking, M.P. Nelsen & Benatti

J27a Ascospores small (20–30 × 6–11 µm), 3–5-septate. 28
J27b Ascospores medium-sized to large (30–110 × 11–25 µm), 5–11-

septate. 30

J28a Lichexanthone on ostioles only; ascomata distinctly pseudostrom-
atic, pseudostromata erumpent, with white cover contrasting with
the olive-green thallus, containing one or several groups of fused
ascomata; pantropical. Astrothelium eustomum (Mont.) Müll. Arg.
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J28b Lichexanthone on thallus and ascomata; ascomata variable. 29

J29a Ascomata distinctly pseudostromatic, pseudostromata erumpent,
with white cover contrasting with the olive-green thallus; Thailand.
Astrothelium neglectumLuangsuph., Aptroot & Sangvichien

J29b Ascomata indistinctly pseudostromatic, pseudostromata erumpent
to prominent, covered by thallus; pantropical. Astrothelium sexlo-
culatum Aptroot

J30a Ascospores 30–55 µm long; ascomata with white cover contras-
ting with the olive green thallus, erumpent. 31

J30b Ascospores 65–110 µm long; ascomata variable. 34

J31a Hamathecium inspersed; ascomata dispersed to irregularly conflu-
ent; Thailand. Astrothelium siamense Luangsuph., Aptroot &
Sangvichien

J31b Hamathecium clear; ascomata distinctly pseudostromatic, contai-
ning several groups of fused ascomata. 32

J32a Lichexanthone on thallus and ascomata; neotropical (Guyana and
Venezuela). Astrothelium septemseptatum Aptroot

J32b Lichexanthone on ascomata or ostiole only. 33

J33a Lichexanthone on ascomata; Brazil. Astrothelium octoseptatum
Aptroot & M. Cáceres

J33b Lichexanthone on ostiole only; French Guiana. Astrothelium
macroeustomum Aptroot & Sipman

J34a Hamathecium inspersed; lichexanthone on thallus and ascomata;
ascomata distinctly pseudostromatic, pseudostromata erumpent,
with white cover contrasting with the olive-green thallus, each
containing a single group of fused ascomata; Cuba. Astrothelium
diplocarpoides Müll. Arg.

J34b Hamathecium clear; lichexanthone on ascomata only; ascomata
variable. 35

J35a Ascospores 80–110 × 17–25 µm, 5–7-septate; ascomata diffusely
pseudostromatic, pseudostromata erumpent, covered by thallus,
each containing a single group of fused ascomata; Brazil. Astrothe-
lium macrostomoides Lücking, M.P. Nelsen & Benatti
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J35b Ascospores when transversely septate 65–85 × 14–18 µm, 5–11-
septate, submuriform when longer; ascomata variable. 36

J36a Ascospores 5–7-septate; ascomata diffusely pseudostromatic,
pseudostromata erumpent to prominent, covered by thallus, une-
ven-verrucose, each containing a single group of fused ascomata;
French Guiana. Astrothelium macrostomum Aptroot

J36b Ascospores 9–11-septate; ascomata distinctly pseudostromatic,
pseudostromata immersed, with white cover contrasting with the
olive-green thallus, containing one to several groups of fused
ascomata. 37

J37a Ascospores 65–70 × 15–17 µm, transversely septate only; Brazil.
Astrothelium eumultiseptatum Aptroot & M. Cáceres

J38b Ascospores 90–110 × 22–28 µm, in part with longitudinal septa
and becoming submuriform; neotropical. Astrothelium diplocar-
pum Nyl.

J38a Ascospores 5–9-septate. 39
J38b Ascospores 3-septate. 41

J39a Ascospores 5-septate; ascomata diffusely pseudostromatic, pseu-
dostromata with external pink pigment; Brazil. Astrothelium bive-
lum Aptroot & M. Cáceres

J39b Ascospores 5–9-septate. 40

J40a Ascospores 7–9-septate; only ostiole yellow pruinose; Brazil.
Astrothelium septoconicumAptroot

J40b Ascospores 6–7-septate; pseudostromata with internal yellow
pigment; Brazil. Astrothelium introflavidum Aptroot & M. Cáceres

J41a Ascospores small (20–30 × 6–12 µm). 42
J41b Ascospores small to medium-sized (30–65 × 10–25 µm). 47

J42a Thallus and ascomata with orange pigment. 43
J42b Pigment on ascomata only, yellow to orange. 44

J43a Pseudostromata immersed to erumpent, whitish; Indonesia. Astro-
thelium pseudoferrugineum Aptroot

J43b Pseudostromata erumpent to prominent, covered by thallus; Cuba.
Astrothelium ferrugineum (Müll. Arg.) Aptroot & Lücking
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J44a Hamathecium inspersed; Sri Lanka. Astrothelium inspersoconi-
cum Aptroot & Weerakoon

J44b Hamathecium clear. 45

J45a Pigment yellow, sparse; ostioles partly apical; ascomata solitary to
irregularly confluent and fused, erumpent, covered by thallus;
Bolivia. Astrothelium pallidoflavum Flakus & Aptroot

J45b Pigment orange, distinct; ostioles consistently lateral and fused;
ascomata pseudostromatic, erumpent to prominent, with orange
cover, containing one to many of fused ascomata. 46

J46a Ascomata with one or few fused ascomata; pantropical. Astrothe-
lium cinnamomeum (Eschw.) Müll. Arg.

J46b Ascomata pseudostromatic, with many groups of fused ascomata;
Brazil. Astrothelium stromatocinnamomeum Aptroot

J47a Thallus yellow; ascospores 30–35 × 10–12 µm; Brazil. Astrotheli-
um croceum Malme

J47b Thallus not cracked; ascospores (30–)35–65 × (10–)12–25 µm. 48

J48a Ascospores 55–65 × 15–25 µm; pantropical. Astrothelium ocella-
tum Malme

J48b Ascospores 30–45 × 10–17 µm; pantropical. Astrothelium scorio-
ides Nyl.

Key K. Astrothelium species with ascospores transversely septate,
ostiole lateral, secondary substances absent

K1a Ascospores 3-septate. 2
K1b Ascospores (3–)5–23-septate. 21

K2a Ascospores medium-sized (55–80 × 15–25 µm); thallus distinctly
verrucose papillose. 3

K2b Ascospores small to medium-sized ((12–)20–45 × (4–)7–15 µm);
thallus variable. 4

K3a Ascospores medium-sized (55–65 × 15–19 µm); thallus distinctly
verrucose-papillose; ascomata immersed; Brazil. Astrothelium sim-
plex Aptroot & S.M.A. Martins
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K3b Ascospores 80–88 × 32–36 µm; ascomata prominent to sessile;
Panama.Astrothelium pseudannulareAptroot & Etayo

K4a Hamathecium inspersed. 5
K4b Hamathecium clear. 7

K5a Thallus covering the pseudostromata; Sri Lanka. Astrothelium
conjugatumWeerakoon & Aptroot

K5b Thallus not covering the pseudostromata. 6

K6a Ascospores 20–25 µm long; ascomata diffusely pseudostromatic,
pseudostromata prominent, laterally covered by thallus, with one
to several groups of fused ascomata forming broad, flat, dark
ostiolar areas often fused in lobate pattern; eastern palaeotropical.
Astrothelium straminicolor(Nyl.) Aptroot & Lücking

K6b Ascospores 25–30 µm long; ascomata diffusely pseudostromatic,
pseudostromata prominent, covered by thallus, with one to several
groups of fused ascomata with dark, papilliform, always separate
ostiolar areas; pantropical. Astrothelium pyrenastrosulphureum
Aptroot & Lücking

K7aAscospores (12–)20–27 × (4–)7–10 µm. 8
K7b Ascospores 28–45 × 10–15 µm. 17

K8a Ascospores 12–15 × 4–5 µm; ascomata diffusely pseudostromatic,
pseudostromata prominent, laterally covered by thallus, with one
to several groups of fused ascomata forming broad, flat, dark
ostiolar areas often fused in lobate pattern; Cuba. Astrothelium
acrophaeum Müll. Arg.

K8b Ascospores 19–27 × 7–10 µm; thallus and ascomata variable
(Astrothelium crassum complex). 9

K9a Ostioles separate; ascomata aggregate in irregular groups or lines,
immersed; neotropical. Astrothelium scorizum (Müll. Arg.) Aptroot
& Lücking

K9b Ostioles fused; fused ascomata dispersed to aggregate. 10

K10a Thallus mottled olive-whitish, with irregular whitish areas or
lines; ascomata usually developed on the whitish areas (but not
covered by them). 11
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K10b Thallus uniformly olive-brown to olive-green, without whitish
areas except when covering the ascomata. 13

K11a Ascomata dispersed, conical, partially or fully covered by thallus;
Malaysia. Astrothelium peranceps (Kremp.) Aptroot & Lücking

K11b Ascomata dispersed to irregularly confluent, completely exposed.
12

K12a Ascomata black, developed on distinct, white, irregular to reticu-
late lines; Brazil. Astrothelium nigricansMalme

K12b Ascomata dark brown, emerging from thallus; neotropical. Astro-
thelium nigrumAptroot & M. Cáceres

K13a Ascomata aggregate in irregular groups bordered by a thin whi-
tish line; thallus rather thick, uneven to irregularly folded; eastern
palaeotropical. Astrothelium subfuscum Kremp.

K13b Ascomata dispersed to irregularly confluent, exposed and brown
or with whitish or (partial) thallus cover; thallus thin to thick but
not folded. 14

K14a Ascomata exposed and brown-black, conical; Brazil. Astrotheli-
um obscurum Müll. Arg.

K14b Ascomata at least with lateral thallus cover or with whitish rim or
cover, lens-shaped to hemispherical. 15

K15a Ascomata prominent, with basal thallus cover and upper part
exposed; individual ascomata clearly discernible; Australia. Astro-
thelium oligocarpum(Müll. Arg.) Aptroot & Lücking

K15b Ascomata erumpent to prominent, whitish or whitish rim; indivi-
dual ascomata only visible as immersed chambers. 16

K16a Ascomata with complete whitish cover including ostiolar area;
thallus thin; Thailand. Astrothelium subdissocians (Nyl. ex Vain.)
Aptroot & Lücking

K16b Ascomata with whitish rim bordering a wide, dark ostiolar area;
thallus thickened; pantropical. Astrothelium crassum (Fée) Aptroot

K17a Thallus strongly verrucose-bullate; groups of fused ascomata
dispersed, immersed, visible only by their dark, narrow ostiolar
area; Brazil. Astrothelium globosum Aptroot & M. Cáceres
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K17b Thallus smooth to uneven; ascomata distinct, diffusely to dis-
tinctly pseudostromatic, pseudostromata covered with thallus. 18

K18a Ascomata distinctly pseudostromatic, pseudostromata strongly
prominent to sessile, uneven-verrucose, covered with thallus, with
whitish ring around dark ostiolar zone, containing one or several
groups of fused ascomata; pantropical.Astrothelium fallax Müll.
Arg.

K18b Ascomata diffusely pseudostromatic, pseudostromata erumpent
to prominent, smooth to uneven, covered with thallus, containing
several to many groups of fused ascomata. 19

K19a Ascospores 35–45 × 14–16 µm; Brazil. Astrothelium marcidum
(Fée) Aptroot & Lücking

K19b Ascospores 28–33 × 8–15 µm. 20

K20a Pseudostromata with distinctly separate, whitish ostiolar areas;
ascospores 12–15 µm broad; Costa Rica. Astrothelium intermedi-
um Aptroot & Lücking

K20b Pseudostromata with upper part entirely whitish; ascospores
8–10 µm broad; Brazil. Astrothelium pleiostomumRedinger

K21a Ascospores small and slender, 6–9-septate, 35–54 × 7–10 µm,
curved; India.Astrothelium himalayense (Upreti &Aptroot) Apt-
root & Schumm

K21b Ascospores medium-sized (45–80 × 12–28 µm). 22
K21c Ascospores large (80–130 × 17–30 µm). 29

K22a Hamathecium inspersed. 23
K22b Hamathecium clear. 24

K23a Ascospores 45–55 × 13–16 µm, 7–9-septate; ascomata indistinct-
ly pseudostromatic, pseudostromata erumpent to prominent, brow-
nish; Venezuela. Astrothelium trypethelioidesAptroot

K23b Ascospores 50–75 × 14–22 µm, 5-septate; ascomata diffusely
pseudostromatic, pseudostromata erumpent, covered by thallus,
containing one to several groups of fused ascomata; pantropical.
Astrothelium subclandestinum Leight.

K23c Ascomata in distinct, white pseudostromata; Vietnam.Astrotheli-
um decemloculare Aptroot, Weerakoon & G. Vo
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K24a Ascospores 4–5-septate; groups of fused ascomata dispersed,
erumpent, with whitish ring around dark ostiolar zone. 25

K24b Ascospores 7–19-septate; ascomata variable. 26

K25a Ascospores predominantly 4-septate, 45–55 × 15–18 µm; Brazil.
Astrothelium quatuorseptatum Aptroot & M. Cáceres

K25b Ascospores 5-septate, 50–75 × 14–22 µm; Brazil. Astrothelium
supraclandestinum Aptroot & M. Cáceres

K26a Ascospores 7-septate, 14–28 µm broad; ascomata pseudostroma-
tic, pseudostromata immersed-erumpent, with whitish cover; neo-
tropical  (Brazil and Guyana). Astrothelium zebrinum Aptroot

K26b Ascospores 9–19-septate, 12–17 µm broad. 27

K27a Ascospores 45–55 µm long, consistently 9-septate; ascomata
pseudostromatic, pseudostromata erumpent, with white cover con-
trasting with olive-green thallus, with several to many groups of
fused ascomata; Brazil. Astrothelium novemseptatumAptroot &
M. Cáceres

K27b Ascospores 60–80 µm long, 9–19-septate. 28

K28a Ascospores 69–80 µm long, 11–15-septate; ascomata deeply
immersed in groups; Brazil. Astrothelium valsoidesAptroot & M.
Cáceres

K28b Ascospores 60–80 µm long, 9–19-septate; groups of fused asco-
mata dispersed, erumpent, brown-black with whitish ring around
base; eastern palaeotropical. Astrothelium heterophorum Nyl.

K29a Ascospores I+ violet, occasionally with a longitudinal septum in
one or several cells; thallus bullate-folded; groups of ascomata
dispersed to irregularly confluent, immersed to erumpent, exposed
and brown-black; Bolivia. Astrothelium neodiplocarpum Flakus,
Kukwa & Aptroot

mata dispersed (or ostioles separate), mostly covered by thallus. 30

K30a Hamathecium inspersed; groups of fused ascomata prominent,
with broad white ostiolar area; ascospores 9–11-septate, 80–100
µm long; Thailand. Astrothelium macrostiolatum Luangsuph., Ap-
troot & Sangvichien
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K30b Hamathecium clear; ascomata variable; ascospore septa variable,
ascospores (90–)100–130 µm long. 31

K31a Ascospores 5–7(–9)-septate. 32
K31b Ascospores 9–23-septate. 33

K32a Ascospore median septum not thickened; neotropical. Astrotheli-
um robustum Müll. Arg.

K32b Ascospore median septum thickened; Brazil. Astrothelium fern-
andaeAptroot

K33b Ascospores 9–11-septate, median septum thickened; ostioles
fused; Brazil.Astrothelium medioincrassatum Aptroot & M. Cáce-
res

K33c Ascospores 11–23-septate. 34

K34a Ascospores 11–15-septate; groups of fused ascomata erumpent;
Brazil. Astrothelium robustosporum Aptroot & M. Cáceres

K34b Ascospores 19–23-septate; groups of fused ascomata strongly
prominent to sessile, with protruding, irregular ostioles; neotropi-
cal. Astrothelium gigasporum R.C. Harris

Key L. Astrothelium species with ascospores muriform, ostiole api-
cal, secondary substances present on thallus and/or ascoma

L1a Lichexanthone present; thallus and/or ascomata UV+ yellow;
pigment(s) present or absent. 2

L1b Lichexanthone absent; pigment(s) always present, thallus and
ascomata usually K+ red to purple and UV+ orange or red. 14

L2a Pigments present on/in thallus and/or ascomata; ascospores large,
70–160 × 15–32 µm. 3

L2b Pigments absent; ascospores medium-sized to large, 40–160 ×
15–40 µm. 6

L3c Hamathecium inspersed; ascomata mostly solitary; lichexanthone
only on thallus. Vietnam.Astrothelium curcumarum Aptroot,
Weerakoon & G. Vo

L3b Hamathecium clear. 4
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L4a Thallus and ascomata with external, yellow-orange, K+ purple
pigment(s); lichexanthone on thallus only; ascomata distinctly
pseudostromatic, pseudostromata erumpent to prominent, covered
with orange pigment, sharply delimited and contrasting with thal-
lus; Brazil. Astrothelium flavoduplex Aptroot & M. Cáceres

L4b Ascomata or medulla with internal, red, K+ yellow-green
pigment(s); lichexanthone on thallus and ascomata. 5

L5a Ascospores I+ violet; ascomata solitary to irregularly confluent,
erumpent to prominent, whitish around ostiole(s); Brazil. Astrothe-
lium sanguineoxanthum Aptroot

ata erumpent to prominent, whitish, sharply delimited and contras-
ting with thallus; Bolivia. Astrothelium elixii Flakus & Aptroot

L6a Hamathecium inspersed. 7
L6b Hamathecium clear. 10

L7a Ascospores (2–)4(–6) per ascus, 40–80 µm long; on rock; Brazil.
Astrothelium stramineum (Malme) Aptroot & Lücking

L7b Ascospores 8 per ascus. 8

L8a Ascospores 65–71 µm long; Brazil. Astrothelium rhinothallinum
Kalb & Aptroot

L8b Ascospores 70–220 µm long. 9

L9a Ascospores 70–120 × 18–24 µm; eastern palaeotropical. Astrothe-
lium meristosporoides (P.M. McCarthy & Vongshew.) Aptroot &
Lücking

L9b Ascospores 120–220 × 25–40 µm; eastern palaeotropical. Astro-
thelium meristosporum(Mont. & Bosch) Aptroot & Lücking

L10a Ascospores 70–115 × 15–24 µm. 11
L10b Ascospores 110–170 × 20–35 µm. 13

L11a Lichexanthone on pseudostromata only; ascomata covered by
thallus except for dark ostiolar area; neotropical (Brazil and Guya-
na). Astrothelium corallinum Aptroot

L11b lichexanthone on thallus, sometimes also on ascomata. 12
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L12a Ascospores 70–90 × 18–20 µm, 8 per ascus; lichexanthone on
thallus only; ascomata indistinctly pseudostromatic, pseudostrom-
ata erumpent, whitish, not sharply delimited; Guyana. Astrothelium
lucidothallinumAptroot

L12b Ascospores 80–115 × 15–24 µm, 4 per ascus; lichexanthone on
thallus and ascomata; ascomata distinctly pseudostromatic, pseu-
dostromata erumpent to prominent, brown-black, sharply delimi-
ted; Brazil. Astrothelium ochroleucoidesAptroot & M. Cáceres

L13a Ascomata pseudostromatic; pseudostromata erumpent, whitish;
Bolivia. Astrothelium variabileFlakus & Aptroot

L13b Ascomata pseudostromatic; pseudostromata erumpent, brown-
black; Brazil. Astrothelium xanthosuperbum Aptroot & M. Cáceres

L14a Ascospores medium-sized, 45–80 µm long. 15
L14b Ascospores large over 80 µm long. 21

L15a Ascospores 40–55 µm long. 16
L15b Ascospores 60–80 µm long. 18

L16a Ascomata with internal, yellow pigment; ascospores about 3–6
times as long as broad. 17

L16b Thallus and ascomata with external, orange pigment and medulla
(ascomata) additionally with internal, purple pigment; ascospores
about twice as long as broad; Ecuador. Astrothelium condoricum
Aptroot

L17a Acospores about 4–6 times as long as broad; Brazil. Astrothelium
lineatum Aptroot & M. Cáceres

L17b Ascospores about 3–4 times as long as broad; Brazil. Astrothelium
duplicatum Aptroot & M. Cáceres

L18a Ascomata with internal red pigment crystals; ostiolar area very
broad and flat, black; Sierra Leone. Astrothelium sierraleonense
(C.W. Dodge) Aptroot & Lücking

L18b Pigment external; ostiolar area narrow, whitish. 19

L19a Hamathecium inspersed; pigment on ascomata only; ascospores
20–30 µm broad; ascomata pseudostromatic, pseudostromata pro-
minent, covered with orange pigment, sharply delimited from
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thallus; neotropical. Astrothelium auratum (R.C. Harris) Aptroot &
Lücking

L19b Hamathecium clear; pigment on thallus and ascomata; ascospores
12–25 µm broad; ascomata variable. 20

L20a Ascomata pseudostromatic; pseudostromata erumpent, covered
with orange pigment, sharply delimited; Brazil. Astrothelium gra-
phicumAptroot & S.M.A. Martins

L20b Ascomata pseudostromatic; pseudostromata immersed, whitish,
not sharply delimited; neotropical. Astrothelium flavomaculatum
Aptroot

L21a Ascomata with internal, red, K+ yellow-green pigment; ascospo-
res I + violet; ascomata pseudostromatic, pseudostromata erumpent
to prominent, brown-black, sharply delimited; Brazil. Astrothelium
sanguinarium(Malme) Aptroot & Lücking

L21b Thallus and/or ascomata with external or internal, yellow to

L22a Pigment in medulla of pseudostromata only. 23
L22b Pigment external on thallus and/or ascomata. 25

L23a. Ascospores 8 per ascus, 90–105 × 26–36 µm; Malaysia. Astrothe-
lium deforme (Fée) Aptroot & Lücking

L23b Ascospores 2 or 4 per ascus. 24

L24a Ascospores 2 per ascus, 110–130 × 30–35 µm; Guyana. Astrothe-
lium laurerosphaerioidesAptroot

L24a Ascospores 4 per ascus, up to 330 × 40 µm; French Guiana.
Astrothelium cayennenseAptroot & Sipman

L25a Ascospores 8 per ascus, 20–25 µm broad; ascomata pseudostrom-
atic, immersed to erumpent, covered with orange pigment, sharply
delimited; Brazil. Astrothelium mesoduplexAptroot & M. Cáceres

L25b Ascospores 2–4 per ascus, 25–50 µm broad; ascomata variable.
26

L26a Pigment on ascomata only, absent from thallus; ostiole in part
lateral; Caribbean. Astrothelium chrysoglyphum(Vain.) Aptroot &
Lücking
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Ll26b Pigment on thallus only, absent from ascomata; ostiole consis-
tently apical; pantropical. Astrothelium vezdae (Makhija & Patw.)
Aptroot & Lücking

Key M. Astrothelium species with ascospores muriform, ostiole
apical, secondary substances absent

M1a Hamathecium inspersed. 2
M1b Hamathecium clear. 20

M2a Ascospores small to medium-sized (30–60 × 11–20 µm). 3
M2b Ascospores large (80–300 × 20–75 µm). 6

M3a Ascomata aggregate into irregular groups or lines, immersed to
erumpent, exposed, blackish; ascospores 35–50 × 12–18 µm; pan-
tropical. Astrothelium subdiscretum (Nyl.) Aptroot & Lücking

M3b Ascomata solitary or few aggregate, at least partly covered by
thallus; ascospores variable. 4

M4a Ascospores 32–45 × 11–13 µm; ascomata aggregate to pseu-
dostromatic, pseudostromata prominent to sessile, covered by thal-
lus; India. Astrothelium pseudovariatum (Upreti & Ajay Singh)
Aptroot & Lücking

M4b Ascospores 45–70 × 13–20 µm; ascomata solitary to aggregate, if
aggregate then whitish. 5

M5a Ascomata solitary, prominent, mostly exposed and brown-black;
Brazil. Astrothelium ambiguum (Malme) Aptroot & Lücking

M5b Ascomata solitary, erumpent, mostly covered by thallus except for
dark ostiolar area; eastern palaeotropical. Astrothelium indicum
(Upreti & Ajay Singh) Aptroot & Lücking

M6a Ascospores 1–2 per ascus, 210–300 µm long. 7
M6b Ascospores 4–8 per ascus, 80–200(–230) µm long. 8
M6c Ascospores 4 per ascus, 240–260 µm long; Brazil.Astrothelium

flavogigasporum Aptroot

M7a Ascospores 1 per ascus, 240–300 × 45–50 µm, with thickened
median septum; ascomata confluent to irregularly pseudostromatic,
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immersed-erumpent, with whitish cover around the blackish ostio-
le; Colombia. Astrothelium colombiense Aptroot

M7b Ascospores 2 per ascus, 210–225 × 30–35 µm, without thickened
median septum; ascomata solitary, prominent, mostly exposed and
brown-black; eastern palaeotropical. Astrothelium megaleium
(Kremp.) Aptroot & Lücking

M8a Ascospores submuriform, with few longitudinal septa, 17–22 µm
broad; ascomata solitary to irregularly confluent, immersed to
erumpent, covered by thallus with broad whitish area around the
dark ostiolar spot; India. Astrothelium macrosporum (Makhija &
Patw.) Aptroot & Lücking

M8b Ascospores distinctly muriform, 20–75 µm broad; ascomata vari-
able. 9

M9a Ascospores 80–140 µm long. 10
M9b Ascospores (125–)140–230 µm long, most ascospores distinctly

exceeding 140 µm. 12

M10a Ascospores 2–3 times as long as broad (80–100(–125) × 28–48
µm), without thickened median septum; ascomata solitary, erum-
pent, laterally covered by thallus with ostiolar area exposed, black;
neotropical. Astrothelium effusum (Aptroot & Sipman) Aptroot &
Lücking

M10b Ascospores 4–5 times as long as broad (115–140 × 25–33 µm),
with thickened median septum; ascomata variable. 11

M11a Ascomata solitary, strongly prominent, completely covered by
thallus; eastern palaeotropical. Astrothelium aurantiacum (Makhija
& Patw.) Aptroot & Lücking

M11b Ascomata solitary to irregularly confluent, immersed to erum-
pent, covered by thallus but with exposed, dark ostiolar area bor-
dered by whitish rim; eastern palaeotropical. Astrothelium
sikkimense (Makhija & Patw.) Aptroot & Lücking

M12a Ascospores with thickened median septum. 13
M12b Ascospores without thickened median septum. 17

M13a Ascomata distinctly pseudostromatic, pseudostromata prominent
to sessile, with whitish cover; thallus smooth to uneven; Indonesia.
Astrothelium alboverrucoidesAptroot
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M13b Ascomata solitary; thallus variable. 14

M14a Thallus smooth to uneven; ascomata prominent, exposed and
blackish; pantropical. Astrothelium flavomeristosporumAptroot

M14b Thallus verrucose-papillose or bullate; ascomata immersed, co-
vered by thallus. 15

M15a Thallus coarsely bullate, gall-like; ascomata immersed in large
thallus verrucae, completely covered by thallus; Philippines. Astro-
thelium philippinense Aptroot & Schumm

M15b Thallus verrucose-papillose; ascomata variable but ostioles part-
ly lateral. 16

M16a Hamathecium orange; ascospores 26–34 µm broad; Papua New
Guinea. Astrothelium papillosum (P.M. McCarthy) Aptroot & Lü-
cking

M16b Hamathecium uncoloured; ascospores 35–45 µm broad; Vene-
zuela. Astrothelium komposchiiAptroot

M17a Ascospores 135–165 µm long; thallus uneven-verrucose; asco-
mata solitary to irregularly confluent, erumpent, covered by thal-
lus, uneven-verrucose; Brazil. Astrothelium irregulare (Müll. Arg.)
Aptroot & Lücking

M17b Ascospores (140–)165–230 µm long; thallus and ascomata vari-
able. 18

M18a Hamathecium yellow; thallus bullate; ascomata solitary, promi-
nent, beaked; neotropical. Astrothelium flavomegaspermumApt-
root & Etayo

M18b Hamathecium hyaline. 19

M19a Thallus bullate; ascomata solitary to confluent, immersed in
coarse thallus verrucae, covered by thallus, with yellowish ostiolar
rim; Ecuador. Astrothelium flavostiolatum Aptroot

M19b Thallus smooth to uneven; ascomata solitary, prominent, covered
by thallus except for dark ostiolar area usually bordered by a
whitish rim; pantropical. Astrothelium megaspermum (Mont.) Apt-
root & Lücking

M20a Ascospores small (30–60 × 11–20 µm). 21
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M20b Ascospores medium-sized to large (60–280 × (15–)20–65 µm).
22

M21a Ascospores 30–45 × 11–13 µm; ascomata pseudostromatic,
pseudostromata (strongly) prominent, covered by thallus except for
ostioles; neotropical. Astrothelium variatum (Nyl.) Aptroot & Lü-
cking

M21b Ascospores 50–60 × 15–20 µm; ascomata solitary, prominent,
covered by thallus; eastern palaeotropical. Astrothelium keralense
(Upreti & Ajay Singh) Aptroot & Lücking

M22a Ascospores 200–280 × 50–65 µm, 2 per ascus; ascomata irregu-
larly grouped to diffusely pseudostromatic, pseudostromata erum-
pent, completely covered by thallus; neotropical. Astrothelium
gigantosporum (Müll. Arg.) Aptroot & Lücking

M22b Ascospores 70–195 × 14–45 µm, (2–)4–8 per ascus; ascomata
variable. 23

M23a Ascospores I+ blue. 24
M23b Ascospores I-negative. 25

M24a Ascospores I+ violet-blue, 125–170 × 27–40 µm; Bolivia. Astro-
thelium amylosporum Flakus & Aptroot

M24b Ascospores I+ pale blue, 85–100 × 20–24 µm; Thailand. Astro-
thelium palaeoexostemmatis Sipman & Aptroot

M25a Ascospores with thickened median septum. 26
M25b Ascospores without thickened median septum. 27

M26a Ascospores 4 per ascus, 145–175 × 30–35 µm; thallus strongly
bullate; ascomata solitary to irregularly confluent, immersed in
bullate thallus warts and completely covered by thallus except for
protruding ostiole; Brazil. Astrothelium tetrasporumAptroot & M.
Cáceres

M26b Ascospores (6–)8 per ascus, (85–)100–170 × 23–33 µm; thallus
smooth to uneven; ascomata solitary to diffusely pseudostromatic,
prominent, whitish surrounding the black ostiolar area; India. As-
trothelium alboverrucum(Makhija & Patw.) Aptroot & Lücking

M27a Ascospores 1–4 per ascus. 28
M27b Ascospores 8 per ascus. 31
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M28a Ascospores 1 per ascus, 125–148 µm long; Brazil. Astrothelium
unisporum Aptroot & M. Cáceres

M28b Ascospores 1–4 per ascus. 29

M29a Ascomata distinctly pseudostromatic, pseudostromata erumpent
to prominent, with white cover, sharply delimited from thallus;
ascospores 80–140 × 25–35 µm; pantropical. Astrothelium sphae-
rioides (Müll. Arg.) Aptroot & Lücking

M29b Ascomata irregularly confluent to diffusely pseudostromatic,
erumpent to prominent, either fully exposed and brown-black or
covered by olive-green thallus; ascospores 120–180(–200) × 30–
50(–60) µm. 30

M30a Ascomata erumpent, fully exposed and brown-black; ascospores
120–175 × 30–45 µm; neotropical. Astrothelium subdisjunctum
(Mont.) Aptroot & Lücking

M30b Ascomata prominent, covered by thallus except dark ostiole
bordered by a white rim, with one to several ascomata per thallus
wart and ostioles often pointing in different directions; ascospores
160–180(–200) × 40–50(–60) µm; Central America. Astrothelium
nicaraguense Lücking, M.P. Nelsen & T. Orozco

M31a Ascospores 150–190 × 40–45 µm; ascomata solitary or few
grouped, covered by thallus; neotropical (Brazil and Bolivia).
Astrothelium octosporoides Aptroot & Lücking

M31b Ascospores 60–150 × 15–30 µm; ascomata variable. 32

M32a Ascomata solitary, immersed to erumpent, covered by thallus
except for dark ostiolar area surrounded by irregular whitish rim;
ascospores not exceeding 80 µm in length; neotropical. Astrotheli-
um exostemmatis(Müll. Arg.) Aptroot & Lücking

M32b Ascomata irregularly confluent to pseudostromatic, erumpent to
prominent, fully exposed; ascospores usually exceeding 80 µm in
length; Brazil. Astrothelium chapadense(Malme) Aptroot & Lü-
cking

Key N. Astrothelium species with ascospores muriform, ostiole
lateral, secondary substances present on thallus and/or ascoma
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N1a Lichexanthone present; thallus and/or ascomata UV+ yellow;
pigment(s) present or absent. 2

N1b Lichexanthone absent; pigment(s) always present, thallus and
ascomata usually K+ red to purple and UV+ orange or red. 17

N2a Hamathecium inspersed; ascomata with separate or fused ostioles.
3

N2b Hamathecium clear; ascomata with fused ostioles. 6

N3a Ascospores 80–115 × 25–35 µm, 4 per ascus; lichexanthone in
medulla; ascomata with separate ostioles, immersed, covered by
thallus; Ecuador. Astrothelium lucidomedullatum Aptroot

N3b Ascospores 150–220 × 40–65 µm, 2 or 8 per ascus; lichexanthone
external on thallus and/or ascomata. 4

N4a Ascospores 8 per ascus, 40–50 µm broad; ascomata with separate
ostioles,; lichexanthone on thallus and ascomata. 5

N4b Ascospores 2 per ascus, 50–65 µm broad; ascomata with fused
ostioles, groups of fused ascomata dispersed, covered by thallus
except ostioles; lichexanthone on ascomata only; Brazil. Astrothe-
lium megalostomum (Vain.) Aptroot & Lücking

N5a Ascomata covered by thallus except for broad black ostiolar area;
Bolivia. Astrothelium carrascoense Flakus, Kukwa & Aptroot

N5b Ascomata with separate ostioles, covered by thallus, without black
ostiolar area; Brazil.Astrothelium aureoirregulare Aptroot &
Gumboski

N6a Ascospores small (35–45 × 15–19 µm). 7
N6b Ascospores large (85–250 × 19–65 µm). 8

N7a Only ostiole UV+ yellow; fused ascomata pseudostromatic, pseu-
dostromata erumpent, with white cover contrasting with olive-
green thallus; Brazil. Astrothelium eustomurale Aptroot & M.
Cáceres

N7b Entire pseudostroma UV+ yellow; fused ascomata pseudostroma-
tic, pseudostroma immersed, with white cover contrasting with
olive-brown thallus; Guyana. Astrothelium lucidostromumAptroot

N8a Ascospores 150–250 × 30–65 µm, (1–)2 per ascus; ascomata with
fused ostioles. 9



81

N8b Ascospores 85–150 × 19–45 µm, 2 or 8 per ascus; ascomata
variable. 12

N9a Fused ascomata solitary, immersed and covered by thallus; liche-
xanthone on thallus and ascomata; neotropical. Astrothelium sepul-
tum (Mont.) Aptroot & Lücking

N9b Fused ascomata pseudostromatic, pseudostromata immersed, whi-
tish and contrasting with olive-green thallus; thallus bullate-bum-
py; lichexanthone on pseudostromata only. 10

N10a Lichexanthone only on the thallus; pseudostroma with orange
pigment; Brazil. Astrothelium astrolucidum Aptroot & M. Cáceres

N10b Lichexanthone only on pseudostromata; pseudostromata without
pigment. 11

N11a Thallus dominated by finely and densely cracked pseudostrom-
ata, with thallus bumps dispersed; ascomata completely immersed
in pseudostromata, hardly visible; Panama. Astrothelium cryptolu-
cens

Lücking, M.P. Nelsen & N. Salazar
N11b Thallus dominated by vegetative part forming large bumps sepa-

rating the smooth pseudostromata; ascomata immersed to erum-
pent with the ostiolar area broadly exposed and black; neotropical.
Astrothelium norisianum Lücking, M.P. Nelsen & Aptroot

N12a Ascospores 85–130 µm long, 2 per ascus; lichexanthone internal
in medulla; fused ascomata solitary to irregularly confluent, im-
mersed to erumpent, covered by thallus except dark ostiolar area
surrounded by irregular whitish rim; neotropical. Astrothelium
consimile (Müll. Arg.) Aptroot & Lücking

N12b Ascospores 100–150 µm long, 8 per ascus; lichexanthone exter-
nal on ascomata; ascomata variable. 13

N13a Ascospores 30–45 µm broad. 14
N13b Ascospores 17–23 µm broad; ascomata variable. 15

N14a Ascomata solitary; lichexanthone on pseudostromata; neotropi-
cal. Astrothelium defossum(Müll. Arg.) Aptroot & Lücking

N14b Ascomata fused; lichexanthone only on ostiole; Brazil. Astrothe-
lium megeustomuraleM. Cáceres & Aptroot
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N15a Ascomata solitary, immersed to erumpent, covered by thallus
except dark ostiolar area; thallus shallowly folded; Brazil. Astro-
thelium octosporum(Vain.) Aptroot & Lücking

N15b Ascomata irregularly confluent to grouped, erumpent to promi-
nent, completely covered by thallus; thallus smooth to uneven. 16

N16a Ostioles visible as sessile, broadly white papillae; Brazil. Astro-
thelium megeustomum Aptroot & Fraga Jr.

N16b Ostioles visible as minute, immersed dark pores; neotropical.
Astrothelium confluens (Müll. Arg.) Aptroot & Lücking

N17a Ascospores (small to) medium-sized (35–80 × 12–25 µm). 18
N17b Ascospores large (75–200 × 22–50 µm). 20

N18a pigment external on ascomata only, orange. 19
N18b Ascomata pseudostromatic, pseudostromata immersed, whitish,

forming irregular to reticulate lines, well delimited from thallus;
pigment external on thallus only, orange; French Guiana. Astrothe-
lium praetervisum (Müll. Arg.) Aptroot & Lücking

N19a Ascomata pseudostromatic, with fused ostioles; Brazil. Astrothe-
lium muriconicumAptroot

N19b Ascomata solitary, immersed to erumpent, covered by thallus
except dark ostiolar area surrounded by whitish rim; neotropical.
Astrothelium subaequans Müll. Arg.

N20a Pigment orange, external on ascomata or internal in medulla. 21
N20b Pigment red, external on ascomata. 23

N21a Pigment internal in medulla of ascomata; neotropical. Astrotheli-
um amazonum (R.C. Harris) Aptroot & Lücking

N21b Pigment external on ascomata. 22

N22a Ascospores 100–170 × 30–40 µm, regularly muriform; ascomata
pseudostromatic, pseudostromata erumpent, with orange cover;
Brazil. Astrothelium carassenseLücking, M.P. Nelsen & Marcelli

N22b Ascospores 90–110 × 22–28 µm, with few longitudinal septa,
submuriform; ascomata solitary to irregularly grouped, covered by
thallus except ostiole; neotropical. Astrothelium diplocarpum Nyl.
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N23a Ascospores 100–130 × 25–30 µm, 8 per ascus; ascomata solitary,
immersed to erumpent, irregularly bumpy with central red ostiole;
neotropical. Astrothelium purpurascens (Müll. Arg.) Aptroot &
Lücking

N23b Ascospores 150–200 × 40–50 µm, 2 per ascus; Brazil. Astrotheli-
um isabellinum Eschw.

Key O. Astrothelium species with ascospores muriform, ostiole
lateral, secondary substances absent

O1a Ascomata solitary, with separate ostioles. 2
O1b Ascomata fused, with joint ostioles. 18

O2a Hamathecium inspersed. 3
O2b Hamathecium clear. 11

O3a Ascospores 30–33 × 9.5–10.5 µm; Brazil. Astrothelium quasima-
millanumAptroot & C.O. Mendonça

O3b Ascospores 70–230 × 20–55 µm. 4

O4a Ascospores 70–100 × 20–35 µm; thallus lacking pseudocyphellae.
5

O4b Ascospores (85–)100–230 × 25–55 µm, if less than 100 µm then
thallus with pseudocyphellae. 7

O5a Ascospores curved, 74–90 × 25–34 µm; ascomata dispersed,
immersed to erumpent and covered by thallus except ostioles;
Brazil. Astrothelium curvatumAptroot & M. Cáceres

O5b Ascospores straight. 6

O6a Ascospores 8 per ascus; thallus smooth to uneven; ascomata
dispersed to irregularly confluent, immersed to erumpent, laterally
covered by thallus but otherwise exposed and black, surrounded by
irregular whitish rim; pantropical. Astrothelium santessonii(Letr.-
Gal.) Aptroot & Lücking

O6b Ascospores 2 per ascus; thallus verrucose-papillose; ascomata
dispersed to irregularly confluent, sessile, covered by thallus ex-
cept the strongly protruding ostiole; Costa Rica. Astrothelium
minicecidiogenumAptroot & Sipman
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O7a Ascospores 250–350 × 40–60 µm, 1 per ascus; thallus irregularly
bullate-bumpy; ascomata solitary, immersed, hardly visible; Pana-
ma. Astrothelium megacrypticum Lücking, M.P. Nelsen & N. Sala-
zar

O7b Ascospores 85–230 × 25–60 µm, (1–)2–8 per ascus; ascomata
variable. 8

O8a Ascospores 8 per ascus, 200–230 × 30–40 µm, about 6–7 times as
long as broad; Brazil. Astrothelium longisporumAptroot, J.R. Silva
& M. Cáceres

O8b Ascospores 1–2 per ascus. 9

O9a Ascospores 170–340 × 30–60 µm, about 5–6 times as long as
broad, 2 per ascus; neotropical. Astrothelium puiggarii(Müll. Arg.)
Aptroot & Lücking

O9b Ascospores 85–175 × 25–55 µm, about 2.5–4 times as long as
broad. 10

O10a Thallus with pseudocyphellae; ascomata laterally covered by
thallus, with black ostiolar area surrounded by black rim; Bolivia.
Astrothelium pyrenuliformeFlakus & Aptroot

O10b Thallus lacking pseudocyphellae; ascomata solitary, exposed and
pure black; Ecuador. Astrothelium ecuadoriense Aptroot

O11a Ascospores 210–230 µm long, 1 per ascus; thallus irregularly
verrucose; ascomata dispersed, immersed, hardly visible; São To-
mé. Astrothelium lugescens (Nyl.) Aptroot & Lücking

O11b Ascospores 70–200 µm long, (1–)2–8 per ascus; ascomata vari-
able. 12

O12a Ascospores 70–130 × 20–36 µm. 13
O12b Ascospores 120–200 × 30–50(–60) µm. 15

O13a Ascospores 2 per ascus; ascomata irregularly confluent to pseu-
dostromatic, immersed to erumpent, covered by thallus except
black ostiolar area surrounded by irregular whitish rim; India.
Astrothelium andamanicum (Makhija & Patw.) Aptroot & Lücking

O13b Ascospores 4–8 per ascus; ascomata dispersed. 14
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O14a Ascospores with distinctly thickened median septum, 4–8 per
ascus; thallus smooth to uneven; ascomata erumpent; pantropical.
Astrothelium tenue(Aptroot) Aptroot & Lücking

O14b Ascospores lacking thickened median septum, 4 per ascus; thal-
lus gall-like, coarsely bullate to folded; ascomata solitary, immer-
sed, visible only by the dark ostiolar area; Guyana. Astrothelium
guianenseAptroot

O15a Ascospores I+ violet; thallus strongly bullate; ascomata immer-
sed in thallus warts, completely covered by thallus; Bolivia. Astro-
thelium bullatum Flakus & Aptroot

O16a Ascospores 8 per ascus; eastern palaeotropical. Astrothelium
superbum(Fr.) Aptroot & Lücking

O16b Ascospores 2–4 per ascus. 17

O17a Ascomata usually single in thalline warts, warts up to 1 mm
diam., with broad, diffusely grey-black ostiolar area; ostioles al-
ways eccentric; neotropical. Astrothelium campylocartilagineum
Aptroot & Lücking

O17b Ascomata 1–5 in thalline warts, warts up to 2 mm diam., with
narrow, brown-black ostiolar area surrounded by a whitish rim;
ostioles pointing in various directions including apical ones; Nica-
ragua. Astrothelium nicaraguense Lücking, M.P. Nelsen & T.
Orozco

O18a Ascospores small to medium-sized (30–80 × 16–26 µm). 19
O18b Ascospores large (125–230 × 28–80 µm). 23

O19a Hamathecium inspersed; ascospores 50–65 µm long; groups of
fused ascomata irregularly confluent to pseudostromatic, immersed
to erumpent, covered by thallus except black ostiolar area surroun-
ded by irregular whitish rim; Brazil. Astrothelium testudineum
Aptroot & M. Cáceres

O19b Hamathecium clear; ascospores 30–52 or 70–80 µm long. 20

O20a Ascospores medium-sized (70–80 × 20–25 µm); thallus uneven-
verrucose; groups of fused ascomata pseudostromatic, pseu-
dostromata prominent, covered by thallus except for dark, papilli-
form ostiole; Brazil. Astrothelium mediocrassum Aptroot
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O20b Ascospores small (30–52 × 16–22 µm); thallus and ascomata
variable. 21

O21a Groups of fused ascomata hemispherical; Brazil. Astrothelium
citrisporum Aptroot, Oliveira-Junior & M. Cáceres

O21b Groups of fused ascomata immersed to erumpent. 22

O22a Groups of fused ascomata pseudostromatic, pseudostromata im-
mersed, with white cover, forming irregular to reticulate lines,
contrasting with thallus; neotropical. Astrothelium cinereum (Müll.
Arg.) Aptroot & Lücking

O22b Groups of fused ascomata dispersed, immersed-erumpent, hardly
visible; neotropical. Astrothelium leioplacum (Müll. Arg.) Aptroot
& Lücking

O23a Ascospores 215–230 µm long, 1 per ascus; groups of fused
ascomata dispersed, erumpent, completely covered by thallus; on
rock; Brazil. Astrothelium saxicola (Malme) Aptroot & Lücking

O23b Ascospores 125–200 µm long, 8 per ascus. 24

O24a Ascospores 2/ascus, with median thickening; hamathecium only
inspersed above; Brazil. Astrothelium dimidioinspersum Aptroot &
M. Cáceres

O24b Ascospores 8/ascus, with or without median thickening. 25

O25a Ascospores with median thickening; groups of fused ascomata
dispersed, immersed, hardly visible; Brazil. Astrothelium flavomu-
risporum Aptroot & M. Cáceres

O25b Ascospores lacking thickening; groups of fused ascomata disper-
sed to irregularly confluent, covered by thallus except whitish
ostiolar area; neotropical. Astrothelium cecidiogenum(Aptroot &
Lücking) Aptroot & Lücking

Key P.Bathelium species

P1a Ascospores transversely septate. 2
P1b Ascospores muriform. 7
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P2a Ascospores 13–17-septate, 65–105 µm long; ostiolar area UV+
yellow, with lichexanthone; Bolivia.Bathelium flavostiolatum Fla-
kus & Aptroot

P2b . 3

P3a Ascospores 3(–5)-septate, 18–25(–30) µm long. 4
P3b Ascospores 5–9-septate, 25–40 µm long. 6

P4a Internal pseudostroma pigment yellow, K+ persistently yellow;
ascomata distinctly pseudostromatic; USA.Bathelium carolinia-
num (Tuck.) R.C. Harris

P4b Internal pseudostroma pigment yellow-orange to reddish brown,
K+ orange-red or purple-violet; ascomata variable. 5

P5a Internal pseudostroma pigment yellow-orange, K+ purple-violet;
ascospores 18–21 ×6–7 µm long; ascomata pseudostromatic;
South Africa.Bathelium austroafricanum (Zahlbr.) Aptroot & Lü-
cking

P5b Internal pseudostroma pigment reddish brown, K+ orange-red;
ascospores 20–30 × 6–7 µm long; ascomata solitary to irregularly
confluent; eastern palaeotropical.Bathelium porinosporum Lü-
cking, M.P. Nelsen & Gueidan

P6a Ostioles usually white-pruinose; ascospores 5–7-septate, 25–32
µm long; eastern palaeotropical.Bathelium albidoporum (Makhija
& Patw.) R.C. Harris

P6b Ostioles non-pruinose, black; ascospores 5–9-septate, 30–40 µm
long; palaeotropical. Bathelium nigroporum (Makhija & Patw.)
Aptroot & Lücking

P7a Thallus and pseudostromata UV+ yellow, with lichexanthone. 8

present, lichexanthone absent. 9

P8a Hamathecium inspersed; Brazil. Bathelium pruinolucens Aptroot
& Lücking

P8b Hamathecium not inspersed; Bolivia and Brazil. Bathelium pruino-
sum Flakus, Kukwa & Aptroot

P9a Internal pigment of pseudostromata dark red, K+ green. 10
P9b Internal pigment of pseudostromata yellow-orange, K+ purple. 11
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P10a Pseudostromata erumpent, covered with orange pigment and with
dark ostioles surrounded by paler rim; Bolivia and Brazil. Batheli-
um mirabile Flakus, Kukwa & Aptroot

P10b Pseudostromata prominent to sessile, dark brown and with
strongly contrasting, whitish ostiolar area; Bolivia.Bathelium boli-
viense Flakus & Aptroot

P11a Ascospores 40–80 µm long.12
P11b Ascospores 100–200 µm long. 15

P12a Hamathecium fully inspersed; Bolivia.Bathelium inspersomasto-
ideum Flakus & Aptroot

P12b Hamathecium clear except for ostiolar area. 13

P13a Ascospores (50–)60–80 µm long.Bathelium mastoideum Afzel.
ex Ach.

P13b Ascospores 40–55 µm long. 14

P14a Thallus smooth to uneven; pantropical.Bathelium madrepori-
forme (Eschw.) Trevis.

P14b Thallus verrucose-bullate; pantropical.Bathelium tuberculosum
(Makhija & Patw.) R.C. Harris

P15a Ascospores 100–120 µm long; pantropical.Bathelium lineare
(C.W. Dodge) R.C. Harris

P15b Ascospores 130–200 µm long; Sierra Leone.Bathelium sphaeri-
cum (C.W. Dodge) R.C. Harris

Key Q; pantropical. Bogoriella species

Q1a Ascospores becoming distinctly muriform, with thin eusepta and
rectangular lumina. 2

Q1b Ascospores 1-septate to rarely 3-septate or submuriform, with thin
eusepta or with irregularly thickened endospore and distosepta. 4

Q2a Ascospores becoming thick-walled and with thickened
median septum, 28–45 µm long; Bolivia.Bogoriella chiquitana

(Flakus, Kukwa & Aptroot) Aptroot & Lücking
Q2b Ascospores remaining thin-walled, 20–35 µm long. 3
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Q3a Ascospores 20–30 × 12–16 µm, about 1.5–2 times as long as
broad; pantropical.Bogoriella decipiens (Müll. Arg.) Aptroot &
Lücking

Q3b Ascospores 20–35 × 7–10 µm, about 3–3.5 times as long as broad;
China.Bogoriella pandanicola (S.N. Zhang & K.D. Hyde) S.N.
Zhang, Aptroot & Lücking

Q4a Ascospores with irregularly thickened endospore and distosepta,
1-septate or rarely 3-septate to submuriform; lumina irregular to
halter-shaped. 5

Q4b Ascospores with thin eusepta, 1-septate or rarely 3-septate; lumina
rectangular. 8

Q5a Ascospores (1–)3-septate to appearing submuriform, 27–45 ×
10–17 µm. 6

Q5b Ascospores 1-septate but cells with irregular endospore invagina-
tions, 15–29 × 6–14 µm. 7

Q6a Ascospores mostly distinctly 3-septate, occasionally 1-septate or
with additional longitudinal septa; pantropical.Bogoriella queens-
landica (Müll. Arg.) Aptroot & Lücking

Q6b Ascospores with one distinct, rather dark central septum and the
two cells with irregular endospore invaginations giving them the
appearance of a (sub-)muriform division; Brazil.Bogoriella com-
plexoluminata Aptroot & Lücking

Q7a Ostiole with red pigment; ascospores 23–29 × 10–14 µm, se-
condary endospore invaginations developing late; Hong Kong.
Bogoriella isthmospora (Aptroot) Lücking, R. Miranda & Aptroot

Q7b Ostiole lacking pigment; ascospores 15–18 × 6–8 µm, secondary
endospore invaginations developing soon; Caribbean.Bogoriella
rubrostoma (Aptroot) Aptroot & Lücking

Q8a Ostiole apical. 9
Q8b Ostiole lateral. 18

Q9a Hamathecium inspersed. 10
Q9b Hamathecium clear. 12



90

Q10a Ascospores 24–27 × 8–11 µm; neotropical.Bogoriella oleosa
(Aptroot) Aptroot & Schumm

Q10b Ascospores 30–45 × 10–15 µm. 11

Q11a Ascomata 0.5–0.7 mm diam; Venezuela.Bogoriella xanthonica
(Komposch, Aptroot & Hafellner) Aptroot & Lücking

Q11b Ascomata 0.7–1.1 mm diam; Venezuela.Bogoriella macrocarpa
(Komposch, Aptroot & Hafellner) Aptroot & Lücking

Q12a Ascospores becoming 3-septate; pantropical.Bogoriella obovata
(Stirt.) Aptroot & Lücking

Q12b Ascospores remaining 1-septate. 13

Q13a Ascospores 28–40 µm long; Brazil.Bogoriella megaspora
(Aptroot & M. Cáceres) Aptroot & Lücking

Q13b Ascospores 17–27 µm long. 14

Q14a Black prothallus line present. 15
Q14b Black prothallus line absent. 16

Q15a Asci 10–20 µm broad; eastern palaeotropical.Bogoriella cono-
thelena (Nyl.) Aptroot & Lücking

Q15b Asci 20–30 µm broad; pantropical.Bogoriella thelena (Ach.)
Aptroot & Lücking

Q16a Ascomata 0.8–1 mm diam., basally broadly expanded; pantropi-
cal.Bogoriella confuens (Müll. Arg.) Aptroot & Lücking

Q16b Ascomata 0.2–0.4 mm diam., basally barely or not expanded. 17

Q17a Ascomata conical; Brazl.Bogoriella pachytheca (Sacc. & P.
Syd.) Aptroot & Lücking

Q17b Ascomata fattened; pantropical.Bogoriella modesta (Müll. Arg.)
Aptroot & Lücking

Q18a Thallus UV-negative; Puerto Rico.Bogoriella triangularis
(Aptroot) Aptroot & Lücking

Q18b Thallus UV+ yellow; Brazl.Bogoriella xantholateralis Aptroot

Key R. Constrictolumina species
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R1a Ascospores 17–23 × 5–8 µm, 1–3-septate. 2
R1b Ascospores (20–)22–46 × 7–24 µm, 1-septate. 3

R2a Ascomata aggregate; neotropical.Constrictolumina esenbeckiana
(Fée) Lücking, M.P. Nelsen & Aptroot

R2b Ascomata solitary; pa; Dominica; neotropical ntropical.Constric-
tolumina cinchonae (Ach.) Lücking, M.P. Nelsen & Aptroot

R3a Ascospores 40–46 × 16–24 µm.Constrictolumina porospora
(Vain.) Lücking, M.P. Nelsen & Aptroot

R3b Ascospores 20–30 × 7–16 µm. 4

R4a Ascomata aggregate; ascospores 3-septate; neotropical.Constric-
tolumina leucostoma (Müll. Arg.) Lücking, M.P. Nelsen & Aptroot

R4b Ascomata solitary; ascospores 1(–3)-septate; pantropical. Cons-
trictolumina planorbis (Ach.) Lücking, M.P. Nelsen & Aptroot

Key S.Dictyomeridium species

S1a Thallus UV+ yellow. 2
5

S2a Ascomata deeply immersed in the bark, ascospores 2 per ascus,
45–70 × 17–25 µm; Brazil. Dictyomeridium immersum (Aptroot,
A.A. Menezes & M. Cáceres) Aptroot, M.P. Nelsen & Lücking

S2b Ascomata erumpent, ascospores 8 per ascus. 3

S3a Ascospores 25–35 × 12–17 µm; Bolivia.Dictyomeridium lueckin-
gii Flakus & Aptroot

S3b Ascospores over 35 µm long. 4

S4a Ascospores 35–54 × 12–19 µm; pantropical. Dictyomeridium pro-
ponens (Nyl.) Aptroot, M.P. Nelsen & Lücking

S4b Ascospores 55–75 × 19–21 µm; Brazil. Dictyomeridium parapro-
ponens (Aptroot, M. Cáceres & E.L. Lima) Aptroot, M.P. Nelsen
& Lücking

S5a Ascospores 55–80 × 17–25 µm; eastern palaeotropical. Dictyome-
ridium campylothelioides (Aptroot & Sipman) Aptroot, M.P.
Nelsen & Lücking
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S5b Ascospores under 55 µm long. 6

S6a Ostiole with red, KOH+ green pigment inside, ascospores 33–55 ×
11–15 µm; Brazil. Dictyomeridium isohypocrellinum (Xavier-Lei-
te, M. Cáceres & Aptroot) Aptroot, M.P. Nelsen & Lücking

S6b Ostiole without red pigment, ascospores 33–55 × 12–21 µm;
pantropical. Dictyomeridium amylosporum (Vain.) Aptroot, M.P.
Nelsen & Lücking

Key T. Macroconstrictolumina species

T1a Ascospores 18–30 × 7–10(–12) µm; pantropical.Macroconstricto-
lumina lyrata (R.C. Harris) Lücking, R. Miranda & Aptroot

T1b Ascospores 30–48 × 10–16(–24) µm. 2

T2a Ostiole lateral; ascospores 1-septate; Brazil.Macroconstrictolumi-
na megalateralis Aptroot

T2b Ostiole apical; ascospores 1(–3)-septate. 3

T3a Ascospores 27–37 × 10–12 µm, often 3-septate; pantropical.
Macroconstrictolumina majuscula (Nyl.) Lücking, R. Miranda &
Aptroot

T3b Ascospores 40–50 × 15–20 µm, mostly 1-septate; pantropical.
Macroconstrictolumina malaccitula (Nyl.) Lücking, R. Miranda &
Aptroot

Key U. Marcelaria species

ascospores 110–170 µm long, amyloid; Neotropics and African
Palaeotropics.Marcelaria purpurina (Nyl.) Aptroot, Nelsen &
Parnmen

U1b Ascomata (and often thallus) (orange-)yellow, UV+ yellow; hama-
thecium densely inspersed; ascospores 50–80 µm long, non-amy-
loid (rarely dextrinoid); eastern Palaeotropics. 2
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U2a Thallus yellow-pruinose; ascospores 8 per ascus; ostiolar region
narrow.Marcelaria benguelensis (Müll. Arg.) Aptroot, Nelsen &
Parnmen

U2b Thallus non-pruinose; ascospores 2 per ascus; ostiolar region
broad, flat.Marcelaria cumingii (Mont.) Aptroot, Nelsen & Parn-
men

Key V. Nigrovothelium species

V1a Hamathecium inspersed; pantropical.Nigrovothelium inspersotro-
picum Aptroot & Diederich

V1b Hamathecium clear. 2

V2a Thallus smooth to uneven; pantropical.Nigrovothelium tropicum
(Ach.) Lücking, M.P. Nelsen & Aptroot

V2b Thallus verrucose-bullate; India.Nigrovothelium bullatum Lü-
cking, Upreti & Lumbsch

Key W. Polymeridium species

W1a Ascospores transversely septate. 2
W1b Ascospores submuriform to muriform. 49

W2a Ascospores regularly 3-septate. 3
W2b Ascospores irregularly (3–)4–17-septate. 28

W3a Thallus UV+ yellow, with lichexanthone. 4

ments or pruina on ascomata. 14

W4a Hamathecium inspersed. 5
W4b Hamathecium clear. 7

W5a Ascospores 24–33 × 6–10 µm; pantropical. Polymeridium subvi-
rescens (Nyl.) R.C. Harris

W5b Ascospores 17–23 × 5–8 µm. 6
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W6a Ascospores 17–20 × 5–7 µm; pantropical. Polymeridium pyrenu-
loides (Müll. Arg.) Aptroot

W6b Ascospores 20–23 × 6–8 µm; pantropical. Polymeridium albido-
varians Aptroot

W7a Ostioles eccentric, separate or fused; ascospores 24–33 µm long.
8

W7b Ostioles apical; ascospores variable. 9

W8a Ostioles fused; Venezuela.Polymeridium pyrenastroides R.C.
Harris ex Aptroot

W8b Ostioles separate; neotropical.Polymeridium stramineoatrum
(Vain.) Aptroot

W9a Ascospores IKI+ violet, 16–23 × 5–7 µm; Brazil. Polymeridium
amyloideumR.C. Harris

10

W10a Ascospores 13–20 × 4–6 µm. 11
W10b Ascospores 19–33 × 6–11 µm. 12

W11a Ascospores 13–17 µm long; pantropical. Polymeridium albopru-
inosum (Makhija & Patw.) Aptroot

W11b Ascospores 16–20 µm long; pantropical. Polymeridium bengoa-
num (Vain.) Aptroot

W12a Ascomata mostly covered by thallus, with black ostioles bor-
dered by white ring; ascospores relatively broad, 17–25 × 7–11 µm,
c. 2.5 times as long as broad; Australia. Polymeridium xanthorea-
gens Aptroot

W12b Ascomata pure black; ascospores narrower, 20–33 × 6–10 µm,
about 3 times as long. 13

W13a Ascospores 20–23 × 6–8 µm; Brazil. Polymeridium albidorea-
gens Aptroot, A.A. Menezes & M. Cáceres

W13b Ascospores 25–33 × 7–10 µm; pantropical. Polymeridium cata-
pastum (Nyl.) R.C. Harris

W14a Hamathecium inspersed; ostioles apical. 15
W14b Hamathecium clear; ostioles variable. 20
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W15a Ascospores 24–34 µm long; ascomata laterally covered by thal-
lus. 16

W15b Ascospores 12–24 µm long; ascomata variable. 17

W16a Ascospores with rough wall, 26–34 µm long; blackish ostiolar
area broad; eastern palaeotropical.Polymeridium glaucoatrum
(Vain.) R.C. Harris

W16b Ascospores smooth, 24–30 µm long; blackish ostiolar area nar-
row; eastern palaeotropical.Polymeridium suffusum (Knight) Apt-
root

W17a Ascospores 12–20 × 3–6 µm. 18
W17b Ascospores 20–24 × 5–10 µm. 19

W18a Ascospores 12–16 µm long; neotropical. Polymeridium conten-
dens (Nyl.) R.C. Harris

W18b Ascospores 16–20 µm long; pantropical. Polymeridium insper-
sum Aptroot

W19a Ascomata with ostioles bordered by white ring; ascospores
relatively broad, 20–24 × 7–10 µm, c. 2.5–3 times as long as broad;
pantropical. Polymeridium tribulationis Aptroot

W19b Ascomata pure black; ascospores narrower, 20–23 ×5–7 µm, c.
3–4 times as long as broad; pantropical.Polymeridium siamense
(Vain.) Aptroot

W20a Ascomata with internal or external, yellow-orange or red pig-
ment. 21

W20b Ascomata without pigments. 22

W21a Ascomata with internal, yellow-orange, K+ purple pigment;
ascospores 30–34 × 9–10 µm; Brazil.Polymeridium endocrocinum
R.C. Harris

W21b Ascomata with external, red, K+ red pruina; ascospores 17–19 ×
4–5 µm; Puerto Rico.Polymeridium rhodopruinosum Aptroot &
Mercado Diaz

W22a Ostioles lateral. 23
W22b Ostioles apical. 24
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W23a Ascomata grouped with fused ostioles; ascospores 26–30 ×8–10
µm; Brazil. Polymeridium biloculare R.C. Harris

W23b Ascomata solitary with separate ostioles; ascospores 30–35
×12–13 µm; neotropical. Polymeridium simulans R.C. Harris

W24a Ascospores 24–33 µm long; eastern palaeotropical. Polymeridi-
um catapastoides Aptroot

W24b Ascospores 11–27 µm long. 25

W25a Ascospores 11–16 × 3–6 µm; pantropical. Polymeridium micro-
sporum(Makhija & Patw.) Aptroot

W25b Ascospores longer. 26

W26a Ascospores (15–)16–20 × 5.0–7.5 µm; pantropical. Polymeridi-
um subcinereum (Nyl.) R.C. Harris

W26b Ascospores 19–27 × 6–11 µm. 27

W27a Ostiole flat and with white ring; ascospores 19–27 × 6.5–11.0
µm; eastern palaeotropical.

Polymeridium sulphurescens (Müll. Arg.) R.C. Harris
W27b Ostiole not flat, black; ascospores (18–)20–23 × 6–8(–9) µm;

pantropical. Polymeridium albidum (Müll. Arg.) R.C. Harris

W28a Thallus UV+ yellow, with lichexanthone. 29

W29a Hamathecium inspersed. 30
W29b Hamathecium clear. 33

W30a Hamathecium yellow. 31
W30b Hamathecium hyaline. 32

W31a Ascospores 5–7-septate, 32–37 × 10–13 µm; Brazil. Polymeridi-
um endoflavens Aptroot, D.S. Andrade & M. Cáceres

W31b Ascospores 8–12-septate, 56–70 × 12–14 µm; Brazil. Polymeri-
dium longiflavens Aptroot, Mendonça & M. Cáceres

W32a Ascospores 4–7-septate, 18–28 × 5–7 µm; pantropical. Polyme-
ridium multiseptatum Aptroot, A.A. Menezes & M. Cáceres

W32b Ascospores 8–12-septate, 40–50 × 9–11 µm; neotropical. Poly-
meridium chioneum (Mont.) R.C.Harris
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W33a Ascomata with lateral ostioles. 34
W33b Ascomata with apical ostioles. 36

W34a Ascomata solitary, ascospores 11–13-septate, 52–88 × 16–19
µm; Panama.Polymeridium xanthopleurothecium Aptroot & Etayo

W34b Ascomata grouped with lateral, fused ostioles. 35

W35a Ascospores 28–35 µm long; neotropical.Polymeridium ditheci-
um R.C. Harris

W35b Ascospores 30–50 µm long; Bolivia.Polymeridium xanthoex-
centricum Flakus & Aptroot

W36a Ascospores (4–)5(–7)-septate, 19–26 µm long; neotropical. Po-
lymeridium multiforme Aptroot

W36b Ascospores 7–13-septate, 28–39 µm long. 37

W37a Thallus corticate; Brazil. Polymeridium corticatum A.A. Mene-
zes, M. Cáceres & Aptroot

W37b Thallus ecorticate; neotropical. Polymeridium alboflavescens
Aptroot

W38a Hamathecium inspersed. 39
W38b Hamathecium clear. 45

W39a Hamathecium yellow. 40
W39b Hamathecium hyaline. 41

W40a Ascospores 8–12-septate, 40–55 × 9–11 µm; ostioles lateral; ;
neotropical.Polymeridium flavothecium R.C. Harris

W40b Ascospores 6–8-septate, 35–37 × 7.5–8 µm; ostioles apical; Sri
Lanka.Polymeridium fernandoi Aptroot & Weerakoon

W41a Ostioles lateral; ascospores 3–6-septate, 22–26 × 7–9 µm; India.
Polymeridium refertum (Stirt.) Aptroot

W41b Ostioles apical; ascospores variable. 42

W42a Ascospores 4–7-septate. 43
W42b Ascospores 7–12-septate. 44
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W43a Ascospores with rough wall, 7-septate, 30–33 × 9–10 µm; Vene-
zuela.Polymeridium neuwirthii Aptroot

W43b Ascospores smooth, (4–)5(–7)-septate, 18–28 × 4–7 µm; pantro-
pical.Polymeridium quinqueseptatum (Nyl.) R.C. Harris

W44a Ascospores 7–11-septate, 25–36 × 5–9 µm; pantropical. Polyme-
ridium pleiomerellum (Müll. Arg.) R.C. Harris

W44b Ascospores 8–12-septate, 40–50 × 9–11 µm; neotropical. Poly-
meridium costaricense Aptroot

W45a Ostioles lateral. 46
W45b Ostioles apical. 47

W46a Ascospores 7–9-septate, 40–50 × 8–9 µm; neotropical. Polyme-
ridium neblinae R.C. Harris

W46b Ascospores 9–13-septate, (35–)50–75 × 12–16 µm; pantropical.
Polymeridium pleurothecium R.C. Harris

W47a Ascospores 13–17-septate, 85–150 × 20–30 µm; Argentina.
Polymeridium bambusicola Aptroot & L.I. Ferraro

W47b Ascospores 4–11-septate, 21–39 × 5–9 µm. 48

W48a Ascospores (4–)5(–7)-septate, 21–30 × 5–9 µm; pantropical.
Polymeridium jordanii(C.W. Dodge) Aptroot

W48b Ascospores 7–11-septate, (24–)28–39 × 6–9 µm; pantropical.
Polymeridium albocinereum (Kremp.) R.C. Harris

W49a Hamathecium inspersed, ascospores 18–20 × 6.0–7.5 µm; Phil-
ippines.Polymeridium submuriforme Aptroot

W49b Hamathecium clear, ascospores 25–45 × 9–13 µm. 50

W50a Ascospores 30–45 × 9–11 µm, submuriform, 3–4 times as long
as broad; neotropical. Polymeridium cinereonigricans (Vain.) R.C.
Harris

W50b Ascospores 25–29 × 11–13 µm, muriform, 2.0–2.5 times as long
as broad; Brazil. Polymeridium julelloides E.L. Lima, M. Cáceres
& Aptroot
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Key X. Pseudobogoriellaspecies

X1a Ostiole lateral; Australia.Pseudobogoriella lateralis (Sipman)
Lücking, R. Miranda & Aptroot

X1b Ostiole apical 2

X2a Ascospores 24–28 µm long; pantropical.Pseudobogoriella hemis-
phaerica (Müll. Arg.) Lücking, R. Miranda & Aptroot

X2b Ascospores 12–22 µm long. 3

X3a Thallus foliicolous, subcuticular, distinctly lobed; New Zealand.
Pseudobogoriella striguloides (Sérus. & Aptroot) Lücking, R.
Miranda & Aptroot

X3b Thallus corticolous, not lobed. 4

X4a Excipulum with K+ red, dissolving pigment; pantropical.Pseudo-
bogoriella leuckertii (D. Hawksw. & J.C. David) Lücking, R.
Miranda & Aptroot

X4b Excipulum lacking pigment. 5

X5a Black prothallus line with numerous pycnidia present; pantropical.
Pseudobogoriella punctata (Aptroot) Lücking, R. Miranda & Apt-
root

X5b Black prothallus line lacking pycnidia or absent. 6

X6a Thallus besides ascomata with numerous black dots representing
pycnidia. 7

X6b Thallus lacking pycnidia. 8

X7a Ascomata aggregate; ascospores 15–20 × 6–9 µm; neotropical.
Pseudobogoriella socialis (Zahlbr.) Lücking, R. Miranda & Aptroot

X7b Ascomata solitary; ascospores 11–17 × 5–7 µm; pantropical.
Pseudobogoriella fumosula (Zahlbr.) Lücking, R. Miranda & Apt-
root

X8a Involucrellum broadly expanding basally to over 0.5 mm diam;
pantropical.Pseudobogoriella alata (Groenh. ex Aptroot) Lü-
cking, R. Miranda & Aptroot

X8b Ascomata including basally slightly expanding involucrellum
0.2–0.5 mm diam. 9
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X9a Ascospores 12–16 µm long. 10
X9b Ascospores 16–22 µm long. 12

X10a Ascomata 03–05 mm diam; pantropical.Pseudobogoriella sub-
fallens (Müll. Arg.) Lücking, R. Miranda & Aptroot

X10b Ascomata 02–03 mm diam. 11

X11a Ascospores 4–55 µm broad, 25–3 times as long as broad; involuc-
rellum basally not expanding; pantropical.Pseudobogoriella exi-
gua (Müll. Arg.) Lücking, R. Miranda & Aptroot

X11b Ascospores 55–7 µm broad, 2–25 times as long as broad; involuc-
rellum basally expanding; China.Pseudobogoriella minutula
(Zahlbr.) Lücking, R. Miranda & Aptroot

X12a Black prothallus line present. 13
X12b Black prothallus line absent. 14

X13a Ascomata conical, basally not expanded; neotropical.Pseudobo-
goriella captiosa (Müll. Arg.) Lücking, R. Miranda & Aptroot

X13b Ascomata fattened, basally expanded; pantropical. Pseudobogo-
riella miculiformis (Müll. Arg.) Lücking, R. Miranda & Aptroot

X14a Ascomata basally broadly expanded, fringe 50–100 µm
Broad; pantropical.Pseudobogoriella annonacea (Müll. Arg.) Lücking,

R. Miranda & Aptroot
X14b Ascomata basally narrowly expanded, fringe 20–50 µm
Broad; pantropical.Pseudobogoriella nonensis (Stirt.) Lücking, R.

Miranda & Aptroot

Key Y. Pseudopyrenula species

Y1a Thallus UV+ yellow, with lichexanthone. 2

Y2a Hamathecium clear; ascospores 30–45 × 8–11 µm; Venezuela.
Pseudopyrenula cryptotheca Komposch, Aptroot & Hafellner

Y2b Hamathecium inspersed with hyaline or yellow oil droplets; asco-
spores under 37 µm long. 3

Y3a Hamathecium inspersed with yellow oil droplets. 4
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Y3b Hamathecium inspersed with hyaline oil droplets. 5

Y4a Ascospores 21–28 × 6–9 µm; neotropical.Pseudopyrenula flavor-
eagensAptroot & M. Cáceres

Y4b Ascospores 26–36 × 7–10 µm; Bolivia.Pseudopyrenula flavosu-
peransFlakus & Aptroot

Y5a Ascospores 21–25 × 6–9 µm; neotropical.Pseudopyrenula guia-
nensis Aptroot

Y5b Ascospores 30–35 × 9–11 µm; neotropical.Pseudopyrenula su-
perans Müll. Arg.

Y6a Ascospores 5-septate, 16–21 × 6–7 µm; Venezuela.Pseudopyrenu-
la hexamera Aptroot

Y6b Ascospores 3-septate. 7

Y7a Thallus corticate; ascospores 21–25 × 6–9 µm; Costa Rica.Pseu-
dopyrenula thallinaLücking & Aptroot

Y7b Thallus not corticate. 8

Y8a Hamathecium inspersed with hyaline or yellow oil droplets. 9
Y8b Hamathecium clear (but ascospores may contain yellow oil). 19

Y9a Hamathecium inspersed with yellow oil droplets. 10
Y9b Hamathecium inspersed with hyaline oil droplets (but ascospores

may contain yellow oil). 14

Y10a Ascospores 37–44 × 10–12 µm; neotropical.Pseudopyrenula
endoxantha (Vain.) Zahlbr.

Y10b Ascospores under 35 × 10 µm. 11

Y11a Ascospores 25–30 × 7.5–8.5 µm; pantropical.Pseudopyrenula
media Aptroot & Diederich

Y11b Ascospores 13–25 × 5.5–9 µm. 12

Y12a Ascospores 13–17 × 5.5–6.5 µm; Brazil.Pseudopyrenula minif-
lavida Aptroot & A.D. Nunes

Y12b Ascospores 18–25 × 6–9 µm. 13

Y13a Ascospores 21–25 × 6–9 µm; hamathecium K+ deep yellow to
reddish; pantropical.Pseudopyrenula subgregaria Müll. Arg.



102

Y13b Ascospores 18–22 × 6–8 µm; hamathecium K+ weakly purplish;
Thailand.Pseudopyrenula endoxanthoides Vain.

Y14a Ascoma wall with yellow, K+ red pigment; ascospores 21–32 ×
7–10 µm; Brazil.Pseudopyrenula cerei Vain.

Y14b Ascoma wall without yellow pigment. 15

Y15a Thallus saxicolous; ascospores 35–45 × 11–13 µm; Brazil.Pseu-
dopyrenula saxicola Malme

Y15b Thallus corticolous; ascospores under 38 µm long. 16

Y16a Ascospores 33–37 × 10–12 µm; neotropical.Pseudopyrenula
dubia Vain.

Y16b Ascospores under 33 µm long. 17

Y17a Ascospores (24–)26–32 × 7–10 µm; pantropical.Pseudopyrenula
diluta (Fée) Müll. Arg.

Y17b Ascospores 21–25 × 6–9 µm. 18

Y18a Ostioles eccentric; Cuba.Pseudopyrenula cubana (Müll. Arg.)
Aptroot & Lücking

Y18b Ostioles apical; pantropical.Pseudopyrenula subnudata Müll.
Arg.

Y19a Thallus without algae, brownish, of bark colour. 20
Y19b Thallus with algae, whitish. 22

Y20a Ascospores 45–55 × 12–15 µm; USA (Florida).Pseudopyrenula
staphyleae (Petr.) Aptroot

Y20b Ascospores under 40 µm long. 21

Y21a Ascospores 25–29 × 7–9 µm; Papua New Guinea.Pseudopyrenu-
la papuana Aptroot

Y21b Ascospores 30–39 × 6–8 µm; Papua New Guinea.Pseudopyrenu-
la serusiauxii Aptroot

Y22a Ascospores 12–18 × 4–6 µm; Tasmania.Pseudopyrenula kantvi-
lasii (P.M. McCarthy) Aptroot, comb. nov. Mycobank no 841169;
basionym:Lithothelium kantvilasiiP.M. McCarthy, Telopea 18:
168, 2015. The description and illustration show several characters
that are characteristic of the genusPseudopyrenula, especially the
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presence of yellow oil in the ascospores, which is unknown from
any other genus, but also the diamond-shaped lumina and the
branched hamathecium filaments.

Y22b Ascospores 26–35 × 7–11 µm. 23

Y23a Ascospores 26–32 × 7–10 µm; neotropical.Pseudopyrenula
americanaAptroot

Y23b Ascospores 30–35 × 9–11 µm; Brazil.Pseudopyrenula gelatino-
sa Aptroot

Key Z. Trypethelium species

Z1a Thallus, pseudostroma and/or ostioles UV+ yellow, with lichexan-
thone 2

9

3
Z2b Thallus and sometimes also pseudostroma UV+ yellow 4

Z3a Pseudostroma UV+ yellow outside, with yellow pigment inside.
Trypethelium aureornatum Aptroot

Z3b Only ostioles UV+ yellow; Brazil. Trypethelium xanthostiolorna-
tumAptroot

Z4a Hamathecium not inspersed. 5
Z4b Hamathecium inspersed. 8

Z5a Pseudostromata externally with orange pigment; Bolivia. Trypethe-
lium xanthoplatystomum Flakus & Aptroot

Z5b Pseudostromata internally with yellow pigment. 6

Z6a Thallus and pseudostroma UV+ yellow; neotropical. Trypethelium
tolimense Lücking, Moncada & M. Gut.

7

Z7a Ascospores muriform; Brazil. Trypethelium muriforme Aptroot &
M.F. Souza

Z7b Ascospores only transversely septate; Brazil. Trypethelium endo-
flavum Aptroot
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Z8a Pseudostromata lacking pigment, prominent; ascospores (65–)83–
97 × 11–15 µm,13–19-septate; Brazil. Trypethelium regnellii Mal-
me

Z8b Pseudostromata internally with yellow pigment; neotropical.Try-
pethelium tolimense Lücking, B. Mocada & M.C. Gut.

Z9a Pseudostromata inside and/or outside with yellow or orange pig-
ments (sometimes thin and not readily visible). 10

Z9b Pseudostromata lacking pigments. 15

Z10a Ostiolar areas very broad, disc-shaped or fused in lobate fashion;
pigments usually sparse. 11

Z10b Ostiolar areas narrow, visible as small dots; pigments conspicuo-
us 13

Z11a Ostiolar areas disc-shaped, uniformly brown-black, marginally
with small, black papillae arranged in circular fashion. Trypetheli-
um krempelhuberi Makhija & Patw.

Z11b Ostiolar areas fused in lobate fashion, contrasting with a borde-
ring whitish rim, without marginal papillae. 12

Z12a Ostiolar area centrally with dark red pigment in addition to orange
pigment bordering the ostiolar lobes; ostioles sometimes eccentric
and fused; ascospores 65–100 µm long; neotropical. Trypethelium
astroideum Flakus & Aptroot

Z12b Ostiolar area only with bordering orange pigment; ostioles always
apical; ascospores 55–75 µm long; pantropical. Trypethelium pla-
tystomum Mont.

Z13a Pseudostromata immersed to erumpent; ascospores 37–42 µm
long, 7–9-septate; Vietnam.Trypethelium infraeluteriae Aptroot &
Gueidan

Z13b Pseudostromata prominent to sessile; ascospores (37–)42–85 µm
long, 9–17-septate. 14

Z14a Pseudostromata inside and/or outside with yellow pigment; asco-
spores 37–52 × 8–11 µm, 9–13-septate; pantropical. Trypethelium
eluteriae Spreng.

Z14b Pseudostromata inside and/or outside with orange-yellow pig-
ment; ascospores 60–85 × 11–12 µm, 13–16-septate; pantropical.
Trypethelium subeluteriae Makhija & Patw.
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Z15a Pseudostromata immersed-erumpent, with ascomata clearly dis-
tinguished and individually protruding, brown-black. 16

Z15b Pseudostromata erumpent to prominent, with ascomata complete-
ly immersed in the pseudostromata and not individually protru-
ding, with whitish ostiolar spot or ostiolar area surrounded by
irregular whitish to cream-coloured rim or pseudostromata entirely
whitish. 17

Z16a Thallus verrucose-rugose; individual ascomata with flattened top;
ascospores 45–55 × 6–8 µm, 12–17-septate; palaeotropical. Try-
pethelium plicatorimosum Makhija & Patw.

Z16b Thallus smooth to uneven; individual ascomata with convex top;
ascospores 21–40 × 9–15 µm, 5–11-septate; pantropical. Trypethe-
lium inaequale Fée

Z17a Pseudostromata erumpent to prominent, entirely white or cream-
coloured; hamathecium clear. 18

Z17b Pseudostromata prominent to sessile, grey to black with contras-
ting, white ostiolar spots; hamathecium inspersed. 19

Z18a Pseudostromata entirely white, with small, dark ostiolar spots;
ascospores 30–60 µm long, 5–9(–13)-septate; palaeotropical. Try-
pethelium epileucodes Nyl.

Z18b Pseudostromata cream-coloured, with larger, often angular-lobate
ostiolar spots; ascospores 58–78 µm long, 9–15-septate; Brazil.
Trypethelium foveolatum Müll. Arg.

Z19a Pseudostromata sessile with constricted base, upper part black,
sharply contrasting with white ostiolar spots; ascospores 80–110 ×
14–18 µm, 13–19-septate; Africa.Trypethelium sphaerocephalum
(Vain.) Zahlbr.

Z19b Pseudostromata prominent to sessile, grey to black with contras-
ting, white ostiolar spots; hamathecium inspersed; neotropical.
Trypethelium ornatum Müll. Arg.

Viridothelium species

colour, with thallus brownish and ascomata white with black ostio-
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lar areas; neotropical.Viridothelium tricolor Lücking, M.P. Nelsen
& N. Salazar

contrasting in colour, more or less olive-green to yellowish brown
with ascomata sometimes blackish. 2

µm, 15–19-septate; Solomon Islands.
Viridothelium solomonense Aptroot

µm. 5

µm, (9–)15–17-septate; India.Virido-
thelium megaspermum (Makhija & Patw.) Aptroot & Lücking

µm, 15–21-septate; Fiji.Viridotheli-
um vonkonratiiLücking, Naksuwankul & Lumbsch

µm, 12–14-
septate; Papua New Guinea.Viridothelium inspersum Aptroot

µm long. 8
Ascospores 38–80 µm long. 9

µm, (9–)13–17-septate; eastern pala-
eotropical.Viridothelium indutum (Stirt.) Aptroot & Lücking

µm, 17–25-septate; Malaysia.Viri-
dothelium kinabaluense Aptroot

0 µm; temperate America and Asia.Viri-
dothelium virens (Tuck. ex Michener) Lücking, M.P. Nelsen &
Aptroot

µm; temperate Asia.Viridothelium
cinereoglaucescens (Vain.) Lücking, M.P. Nelsen & Aptroot

Brazil. Viridothelium leptoseptatum Aptroot & M. Cáceres
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Virido-
thelium sinuosogelatinosum Aptroot & M. Cáceres

Viridothelium ustula-
tum M. Cáceres & Aptroot
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Acrocordia conoidea (Fr.) Körb.,Syst. lich. germ. (Breslau): 358 (1855)
= Acrocordia conoideaf. carnea Arnold, Denkschr. Kgl. Bayer. Bot. Ges.

6(no. 2): 43 (1890)
= Acrocordia epipolaea (A. Massal.) A.L. Sm., Monogr. Brit. Lich. 2: 314

(1911)
= Arthopyrenia conoidea (Fr.) Zahlbr.,in Engler & Prantl, Nat. Pflanzen-

fam., Teil. I (Leipzig) 1(1*): 65 (1903)
= Arthopyrenia conoideaf. carnea(Arnold) Zahlbr., Cat. Lich. Univers.

1: 322 (1922)
= Arthopyrenia epipolaeaf. carnea (Arnold) Mig., Flora von Deutschl.,

Abt. II 12/2: 521 (1930)
= Leiophloea conoidea (Fr.) Trevis., Conspect. Verruc.: 10 (1860)
= Sagedia conoidea (Fr.) Hepp,Flecht. Europ.: no. 697 (1860)
= Thelidium conoideum (Fr.) Kremp.,Denkschr. Kgl. Bayer. Bot. Ges., Abt.

2 4: 246 (1861)
= Verrucaria conoidea Fr.,Lich. eur. reform. (Lund): 432 (1831)
= Verrucaria epipolaea Borrer, in Hooker & Sowerby, Suppl. Engl. Bot. 1:

tab. 2647, fig. 3 (1831)
= Verrucaria gemmata * conoidea (Fr.) Nyl.,Act. Soc. linn. Bordeaux 21:

425 (1857)
= Verrucaria gemmataf. epipolaea (A. Massal.) Nyl., Bot. Notiser: 154

(1853)
= Verrucaria gemmatasubsp. conoidea (Fr.) Nyl., Flora, Regensburg

56(13): 204 (1873)
= Verrucaria gemmatavar. epipolaea (A. Massal.) Nyl., Mém. Soc. Imp.

Sci. Nat. Cherbourg 3: 193 (1855)

Thallus mainly immersed, occasionally superficial and cracked, smooth
or finely granular, effuse, pale grey to brownish grey, often with pinkish
tinge when fresh. Perithecia 0.5–1 mm diam., one quarter to half
immersed, conical-hemispherical, apices often flattened and with the
ostiole projecting as a small papilla; involucrellum spreading outwards
away from the exciple. Paraphyses branched. Ascospores 12–19 × 6–9
µm, the ends mostly rounded but sometimes pointed, occasionally with
thin secondary septum dividing each cell. Pycnidia 0.14–0.2 mm diam.,
frequent, often numerous. Conidia ellipsoid, c. 3.3 × 1.5 µm. Che-
mistry: K-, C-, P-.

[70], Germany, Baden-Württemberg, Kreis Göppingen. Degenfeld,
Kalkblöcke am Gipfel des Galgenberges. Leg. et det. Schumm
26.01.1969, vid. O. Klement.
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Acrocordia conoidea(Fr.) Körb., Syst. lich. germ. (Breslau): 358 (1855)
= Acrocordia epipolaea(A. Massal.) A.L. Sm.,Monogr. Brit. Lich. 2: 314

(1911)
= Arthopyrenia conoidea (Fr.) Zahlbr., in Engler & Prantl, Nat. Pflanzen-

fam., Teil. I (Leipzig) 1(1*): 65 (1903)
= Arthopyrenia epipolaea (Ach.) A. Massal.,Ric. auton. lich. crost.

(Verona): 166 (1852)
= Leiophloea conoidea (Fr.) Trevis., Conspect. Verruc.: 10 (1860) var.

conoidea
= Sagedia conoidea(Fr.) Hepp,Flecht. Europ.: no. 697 (1860)
= Thelidium conoideum (Fr.) Kremp.,Denkschr. Kgl. Bayer. Bot. Ges., Abt.

2 4: 246 (1861)
= Verrucaria conoidea Fr.,Lich. eur. reform. (Lund): 432 (1831)

Thallus mainly immersed, occasionally superficial and cracked, smooth
or finely granular, effuse, pale grey to brownish grey, often with pinkish
tinge when fresh. Perithecia 0.5–1 mm diam., one quarter to half
immersed, conical-hemispherical, apices often flattened and with the
ostiole projecting as a small papilla; involucrellum spreading outwards
away from the exciple. Paraphyses branched. Ascospores 1-septate,
hyalin, warty, 12–19 × 6–9 µm, the ends mostly rounded but sometimes
pointed, occasionally with thin secondary septum dividing each cell.
Pycnidia 0.14–0.2 mm diam., frequent, often numerous. Conidia ellip-
soid, c. 3.3 × 1.5 µm. Chemistry: K-, C-, P-.

[12542], GERMANY: Baden-Württemberg, Kreis Göppingen, Al-
brand, Bad Überkingen, auf dem Pfad zum Kahlenstein, 48°35.892' N,
9°48.493' E, 670 m, auf Kalkblock im Wald kurz vor dem Kahlenstein.
Leg. F. Schumm 02.07.2006, det. F. Schumm 02.07.2006.
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Acrocordia conoidea(Fr.) Körb., Syst. lich. germ. (Breslau): 358 (1855)
= Acrocordia epipolaea(A. Massal.) A.L. Sm.,Monogr. Brit. Lich. 2: 314

(1911)
= Arthopyrenia conoidea (Fr.) Zahlbr., in Engler & Prantl, Nat. Pflanzen-

fam., Teil. I (Leipzig) 1(1*): 65 (1903)
= Arthopyrenia epipolaea (Ach.) A. Massal.,Ric. auton. lich. crost.

(Verona): 166 (1852)
= Leiophloea conoidea (Fr.) Trevis., Conspect. Verruc.: 10 (1860) var.

conoidea
= Sagedia conoidea(Fr.) Hepp,Flecht. Europ.: no. 697 (1860)
= Thelidium conoideum (Fr.) Kremp.,Denkschr. Kgl. Bayer. Bot. Ges., Abt.

2 4: 246 (1861)
= Verrucaria conoidea Fr.,Lich. eur. reform. (Lund): 432 (1831)

Thallus mainly immersed, occasionally superficial and cracked, smooth
or finely granular, effuse, pale grey to brownish grey, often with pinkish
tinge when fresh. Perithecia 0.5–1 mm diam., one quarter to half
immersed, conical-hemispherical, apices often flattened and with the
ostiole projecting as a small papilla; involucrellum spreading outwards
away from the exciple. Paraphyses branched. Ascospores 1-septate,
hyalin, warty, 12–19 × 6–9 µm, the ends mostly rounded but sometimes
pointed, occasionally with thin secondary septum dividing each cell.
Pycnidia 0.14–0.2 mm diam., frequent, often numerous. Conidia ellip-
soid, c. 3.3 × 1.5 µm. Chemistry: K-, C-, P-.

[12762], GERMANY: Baden-Württemberg, Kreis Göppingen, östlich
von Bad Ditzenbach beim Oberbergfelsen, ca. 740 m, schattiger Kalk-
felsen im Wald, ca. 740 m, MtB 7424/1. leg. et det. F. Schumm,
16.11.2006.
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Acrocordia conoideaf. carnea Arnold, Denkschr. Kgl. Bayer. Bot. Ges.
6(no. 2): 43 (1890)

Ascomata not carbonized. Ascospores hyaline, 1-septate, warty, 13–15
× 7–7.5 µm, 4/ascus. Note: the rare occurence of non-carbonized
specimens in groups with usually carbonized perithecia allws for the
observation of the internal structure of the ascomata.

[TSB-16652], Italy, Friuli Venezia Giulia, Prov. Trieste, loc. Gropada,
road to Basovizza, c. 380 m, on vertical limestone rocks in a doline.
Leg. M. Tretiach, 15.01.1993.
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Acrocordia gemmata (Ach.) A. Massal., Geneac. lich. (Verona): 17 (1854)
= Acrocordia alba (Schrad.) B. de Lesd.,Bull. Soc. bot. Fr. 70: 848 (1923)
= Arthopyrenia alba (Schrad.) Zahlbr.,Cat. Lich. Univers. 1: 315 (1921)

[1922]
= Arthopyrenia gemmata (Ach.) A. Massal., Ric. auton. lich. crost.

(Verona): 166 (1852)
= Leiophloea alba (Schrad.) Riedl,Sydowia 15(1-6): 265 (1962)
=Leiophloea gemmata (Ach.) Gray,Nat. Arr. Brit. Pl. (London) 1: 496 (1821)
= Lichen gemmatus Ach., Lich. suec. prodr. (Linköping): 17 (1799)
= Lichen melaleucusAch., Lich. suec. prodr. (Linköping): 15 (1799)
= Pyrenula gemmata (Ach.) Nägeli, in Hepp, Flecht. Europ.: no. 105 (1853)
= Sagedia gemmata (Ach.) Stizenb.,Ber. Tät. St Gall. naturw. Ges.: 148

(1862)
= Segestrella gemmata (Ach.) Branth & Rostr., Bot. Tidsskr. 3: 256 (1869)
= Thelidium gemmatum(Ach.) Kremp.,Denkschr. Kgl. Bayer. Bot. Ges.,

Abt. 2 4: 247 (1861)
= Verrucaria alba Schrad.,Spicil. fl. germ. 1: 109 (1794)
= Verrucaria gemmata (Ach.) Ach., Methodus, Sectio prior (Stockholmiæ):

120 (1803)
= Verrucaria melaleuca (Ach.) Ach., Methodus, Sectio prior (Stockholmiæ):

117 (1803)

Thallus immersed, white or pale grey. Perithecia 0.5–1 mm diam., black
(rarely pink), one quarter to entirely immersed; ostiole often eccentric
and sometimes papilla-like. Paraphyses branched, 1.1 µm wide. Hama-
thecium IKI-. Ascospores 1-septate, hyalin, 15–27(–30) × 8–12 µm.
Pycnidia 0.1–0.25 mm diam., frequent but rarely numerous. Conidia
3–5 × 0.8–1 µm

[11491], Portugal, Madeira, südlich von Porto da Cruz bei Portela, im
Lorbeerwald am Anfang der Levada zwischen Portela und Laceimeiros;
32°45' N, 16°50' W, 630 m. Leg. F. Schumm 28.12.2003, det. H.
Sipman 01.2004.
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Acrocordia gemmata (Ach.) A. Massal., Geneac. lich. (Verona): 17 (1854)
= Acrocordia alba (Schrad.) B. de Lesd.,Bull. Soc. bot. Fr. 70: 848 (1923)
= Arthopyrenia alba (Schrad.) Zahlbr.,Cat. Lich. Univers. 1: 315 (1921)

[1922]
= Arthopyrenia gemmata (Ach.) A. Massal., Ric. auton. lich. crost.

(Verona): 166 (1852)
= Leiophloea alba (Schrad.) Riedl,Sydowia 15(1-6): 265 (1962)
=Leiophloea gemmata (Ach.) Gray,Nat. Arr. Brit. Pl. (London) 1: 496 (1821)
= Lichen gemmatus Ach., Lich. suec. prodr. (Linköping): 17 (1799)
= Lichen melaleucusAch., Lich. suec. prodr. (Linköping): 15 (1799)
= Pyrenula gemmata (Ach.) Nägeli, in Hepp, Flecht. Europ.: no. 105 (1853)
= Sagedia gemmata (Ach.) Stizenb.,Ber. Tät. St Gall. naturw. Ges.: 148

(1862)
= Segestrella gemmata (Ach.) Branth & Rostr., Bot. Tidsskr. 3: 256 (1869)
= Thelidium gemmatum(Ach.) Kremp.,Denkschr. Kgl. Bayer. Bot. Ges.,

Abt. 2 4: 247 (1861)
= Verrucaria alba Schrad.,Spicil. fl. germ. 1: 109 (1794)
= Verrucaria gemmata (Ach.) Ach., Methodus, Sectio prior (Stockholmiæ):

120 (1803)
= Verrucaria melaleuca (Ach.) Ach., Methodus, Sectio prior (Stockholmiæ):

117 (1803)

Thallus immersed, white or pale grey. Perithecia 0.5–1 mm diam, black
(rarely pink), one quarter to entirely immersed; ostiole often eccentric
and sometimes papilla-like. Paraphyses branched, 1.1 µm wide. Hama-
thecium IKI-. Ascospores 1-septate, hyalin, 15–27(–30) × 8–12 µm.
Pycnidia 0.1–0.25 mm diam., frequent but rarely numerous. Conidia
3–5 × 0.8–1 µm.Note: unnamed non-carbonized morphotype; the
rare occurrence of non-carbonized specimens in groups with usu-
ally carbonized perithecia allows for the observation of the internal
structure of the ascomata.

[11547], Portugal, Madeira, südlich von Porto da Cruz bei Portela, im
Lorbeerwald am Anfang der Levada zwischen Portela und Laceimeiros;
32°45' N, 16°50' W, 630 m. Leg. F. Schumm, 28.12.2003 , det. F.
Schumm 03.2004.
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Acrocordia gemmata (Ach.) A. Massal., Geneac. lich. (Verona): 17 (1854)
= Acrocordia alba (Schrad.) B. de Lesd.,Bull. Soc. bot. Fr. 70: 848 (1923)
= Arthopyrenia alba (Schrad.) Zahlbr.,Cat. Lich. Univers. 1: 315 (1921)

[1922]
= Arthopyrenia gemmata (Ach.) A. Massal., Ric. auton. lich. crost.

(Verona): 166 (1852)
= Leiophloea alba (Schrad.) Riedl,Sydowia 15(1-6): 265 (1962)

Thallus immersed, white or pale grey. Perithecia 0.5–1 mm diam., black
(rarely pink), one quarter to entirely immersed; ostiole often eccentric
and sometimes papilla-like. Paraphyses branched, 1.1 µm wide. Hama-
thecium IKI-. Ascospores 1-septate, hyalin, 15–27(–30) × 8–12 µm.
Pycnidia 0.1–0.25 mm diam., frequent but rarely numerous. Conidia
3–5 × 0.8–1 µm

[11586], Germany, Baden-Württemberg, Kreis Göppingen, 1 km nörd-
lich Wißgolding, S-Rand des Stuifens am Urenweg, 48°44.468' N,
9°49.702'W, 615 m, Waldrand, lichtoffen, Laubbaum. Leg. F. Schumm,
20.03.2004, det. F. Schumm 20.03.2004.
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Acrocordia gemmata (Ach.) A. Massal., Geneac. lich. (Verona): 17 (1854)

Thallus immersed, white or pale grey. Perithecia 0.5–1 mm diam., black
(rarely pink), one quarter to entirely immersed; ostiole often eccentric
and sometimes papilla-like. Paraphyses branched, 1.1 µm wide. Hama-
thecium IKI-. Ascospores 1-septate, hyalin, 15–27(–30) × 8–12 µm.
Pycnidia 0.1–0.25 mm diam., frequent but rarely numerous. Conidia
3–5 × 0.8–1 µm

[16468], Germany, Baden-Württemberg, Kreis Göppingen, Ruine Hel-
fenstein oberhalb Geislingen, Laubbaum im zusammen mit Bacidia
rubella im Wald. 48.61613° N, 9.85064° E, 644 m. Leg et det. F.
Schumm, 15.04.2010.
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Acrocordia salweyi (Leight. ex Nyl.) A.L. Sm.,Monogr. Brit. Lich. 2: 315
(1911)

= Acrocordia conoidea var. salweyi(Leight. ex Nyl.) H. Olivier,Flora
Lich. Orne 2: 204 (1884)

= Arthopyrenia salweyi (Leight. ex Nyl.) Zahlbr.,Cat. Lich. Univers. 1:
325 (1922)

=Leiophloea salweyi (Leight. ex Nyl.) Trevis.,Conspect. Verruc.: 10 (1860)
= Thelidium salweyi (Leight. ex Nyl.) Mudd, Man. Brit. Lich.: 296 (1861)
= Verrucaria salweyi Leight. ex Nyl.,Act. Soc. linn. Bordeaux 21(4): 435

(1857)

Thallus ± immersed, whitish to pale brownish grey, thin, granular or
smooth to rimose. Perithecia 0.7–1.5 mm diam., one quarter to half
immersed; involucrellum usually tightly incurved around the exciple
and often continuous below, appearing black -globose. Ascospores
8/ascus, hyalin, 1-septate, 20–35(–40) × 10–15 µm, warty. On calcare-
ous rocks and old mortar.

[14215], Portugal, Azores, Terceira, Angra Do Heroismo, Fortaleza de
Dao Joao Baptista, 38°39,171' N, 27°13,457' W, ca. 44 m. Leg. A.
Aptroot & F. Schumm, 17.07.2008.
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Agonimia tenuiloba Aptroot & M. Cáceres,Lichenologist 45(6): 764 (2013)

Thallus consisting of green, minute flabellate generally dissected c. 0.1
mm wide lobes with hyaline papillae, developing globose goniocysts
25–35 µm diam. Ascomata perithecioid, simple, dispersed, ellipsoidal,
superficial, grey due to a thin thalline cover, smooth, 0,3–0.4 mm wide.
Wall carbonized above, thickest at the sides, up to c. 100 µm thick.
Ostioles whitish, apical. Hamathecium hyaline, not inspersed. Ascus
pyriform, wall much thickened towards the tip. Ascospores 2–4/ascus,
hyaline, pale brown when old, ellipsoidal, densely muriform, 30–50(–
76) × 20–35 µm. Chemistry: K-, UV-. TLC: No secondary substances
detected.

[ABL15685], Brazil, Rondônia, Estação Ecológica de Cuniã, km 760
on road BR 319 N of Porto Velho. On tree bark in primary rain forest.
8°02’44’’ S, 63°29’11’’ W, 100 m. Leg. M. Cáceres & A. Aptroot (no
15685), 20.11.2012. ISOTYPE.



158

Agonimia tenuiloba



159

Agonimia tenuiloba



160

Agonimia tenuiloba



161

Anisomeridium albisedum (Nyl.) R.C. Harris,in Egan, Bryologist 90(2):
163 (1987) and in R.C. Harris: A taxonomic revision of the genus
Arthopyrenia,1975: 102.

= Verrucaria viridisedaf. albiseda Nyl. 1890.

Thallus whitish, endophloeodal. Ascocarps hemispherical to subglobo-
se, small, 0.2–0.3 mm diam. Ascospores narrowly ovate, 9–13 × 4–5
µm, 1(–3) septate. Microconidia narrowly elliptical to rectangular,
3.5–4.5 × 1.2–2 µm.

[ABL15366], Brazil, Rondônia, Sitio Ecológico Buriti on Lago Cu-
jubim E of Porto Velho. On tree bark in disturbed rain forest. 8°35’17’’
S, 63°40’40’’ W, 100 m. Leg. M. Cáceres & A. Aptroot (no 15366),
18.11.2012.



162

Anisomeridium albisedum



163

Anisomeridium albisedum



164

Anisomeridium albisedum



165

Anisomeridium americanum (A. Massal.) R.C. Harris,More Florida
Lichens, Incl. 10 Cent Tour Pyrenol. (New York): 144 (1995)

= Arthopyrenia americana A. Massal., Ric. auton. lich. crost. (Verona): 170,
fig. 341 (1852)

= Arthopyrenia limitans Müll. Arg., Flora, Regensburg 66(19): 306 (1883)
= Ditremis americana (A. Massal.) R.C. Harris,Some Florida Lichens

(New York): 31 (1990)
= Ditremis pyrenuloides (Müll. Arg.) Makhija & Patw.,Biovigyanam

16(1): 22 (1990)
= Leiophloea americana (A. Massal.) Trevis.,Conspect. Verruc.: 9 (1860)
= Pleurotrema pyrenuloides Müll. Arg., Rep. Meetings Australs. Assoc.

Advancem. Sci.: 462 (1895)
= Pyrenula americana (A. Massal.) Trevis.,Spighe Paglie: 18 (1853)

Thallus endophloeodal, not corticate, whitish to greyish, UV-. Ostiolum
eccentric. Ascospores 8/ascus, hyaline, fusiform, fine granular orna-
mented, 1-septate, with septum ± submedian, 26–35(–42) × 7.5–10(–
12) µm

[ABL18829], Brazil, Sergipe, Santa Luzia do Itanhy, Mata do Crasto,
11°22’ S, 37°25’ W, 10 m. On tree bark in Atlantic rainforest. Leg. A.
Aptroot & M. Cáceres (no 18829), 16.03.2014, det. A. Aptroot, 2014.
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Anisomeridium anisolobum (Müll. Arg.) Aptroot, in Aptroot, Diederich,
Sérusiaux & Sipman, Biblthca Lichenol. 57: 21 (1995)

= Arthopyrenia anisoloba Müll. Arg., Flora, Regensburg 66(19): 305 (1883)
= Ditremis anisoloba (Müll. Arg.) R.C. Harris,Some Florida Lichens (New

York): 31 (1990)

Thallus whitish to grey, UV-, smooth; ascomata perithecia, black,
simple, 0.4–0.7 mm diam., with an apical ostiole; asci clavate, c. 90 ×
30 µm, with a rather thick wall. Ascospores 8/ascus, hyaline, biseriate,
smooth, straight, 1-septate with the lower cell smaller and the upper one
larger, with rather rounded ends, 18–22 × 10–13 µm.

[ISE27985], Brazil, Santa Catarina, São Francisco do Sul, Parque
Estadual do Acaraí. In restinga vegetation on tree. 26°20’44’’ S,
48°44’47’’ W, 10 m. Leg. M. Cáceres & A. Aptroot (no ISE 27985),
10.10.2015, det. A. Aptroot, 2015.
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Anisomeridium excellens (Nyl. ex Müll. Arg.) R.C. Harris, More Florida
Lichens, Incl. 10 Cent Tour Pyrenol. (New York): 146 (1995)

= Arthopyrenia excellens Nyl. ex Müll. Arg., Bot. Jb. 6: 405 (1885)
= Verrucaria excellens Nyl., in Hue, Nouv. Arch. Mus. Hist. Nat., Paris, 3 sér.

4: 124 (1892)
= Verrucaria excellensNyl., Flora, Regensburg 59: 364 (1876)

Thallus endophloeodal, not corticate, whitish to greyish, UV-. Ascospo-
res (2–)–4/ascus, 1-septate, hyaline, fusiform, ornamented, 55–85 ×
20–28 µm

[ABL18970], Brazil, Sergipe, Capela, Refúgio de vida silverstre Mata
do Junco. On tree bark in Atlantic rainforest. 10°32’ S, 37°03’ W, 150
m. Leg. M. Cáceres & A. Aptroot (no 18970), 24.03.2014, det. A.
Aptroot 2014.
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Anisomeridium globosum Aptroot, D.S. Andrade & M. Cáceres,in
Aptroot, Andrade, Mendonça, Lima & Cáceres, Phytotaxa 197(3): 198 (2014)

Thallus thin, corticate, greyish green, shiny, surrounded by an irregu-
lar, c. 1 mm wide white prothallus zone. Ascomata almost globose,
superficial in the bark but completely covered by a thin layer of thal-
lus, 0.3–0.45 mm diam., single. Wall carbonized all around. Ostiole
apical, black, protruding through the thallus. Hamathecium not insper-
sed with oil droplets, filaments anastomosing above the asci. Asci cy-
lindrical, 80–95 ×
8/ascus, hyaline, uniseriate, 1-septate, 8–10.5 ×
pointed, upper end rounded, septum distinctly submedian so that the
lumen of the lower cell is only about a quarter of the size from the up-
per cell. Pycnidia not observed. Chemistry: Thallus UV–; no
substances detected with TLC.

[Andrade], Brazil. Sergipe, Capela, Refúgio de Vida Silvestre Mata do
Junco. 10°32’ S, 37°03’ W, 150 m. on bark of tree, leg. D.S. Andrade
(noT2A20), 11.02.2014, det. A. Aptroot, 2014. ISOTYPE.
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Anisomeridium lateriticum Aptroot & M. Cáceres,Lichenologist 45(6):
765 (2013)

Thallus inconspicuous, brownish grey, very thin, glossy, algae trentep-
ohlioid. Ascomata not observed. Pycnidia sessile, pyriform, black, c.
0.1 mm wide and c. 0.2 mm high. Ostiole with partly brown, partly
hyline septate setae of 20-100 x 4-6 µm. Conidia hyaline, bacillary,
simple to 1 septate, 8-11 x 2.0-2.5 µm, often with additional pseudosep-
ta.

[ABL11801], Brazil, Amazonia, Fazenda Sao Francisco off BR319 , 30
km N of Porto Velho. On lateritic rock in primary rain forest. 8°24’33’’
S, 63°58’56’’ W, 100 m. Leg. M. Cáceres & A. Aptroot (no 11801),
15.3.2012, det. A. Aptroot, 2012. ISOTYPE.
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Anisomeridium leptospermum (Zahlbr.) R.C. Harris,More Florida Li-
chens, Incl. 10 Cent Tour Pyrenol. (New York): 147 (1995)

= Arthopyrenia adnexavar. leptospermaZahlbr., in Skottsberg 1924

Thallus endophloeodal, not corticate, whitish or greyish, UV-. Ostiole
apical. Ascospores 8/ascus, smooth, ovoid to broadly ovoid, with sep-
tum strongly submedian, hyaline, 18–23(–28) × 9–14 µm, microconidia
globose, c. 2 µm diam.

[ISE28423], Brazil, Amazonas, Manaus, Reserva Florestal Ducke,
along trails in vicinity of field station. In primary rain forest on bark of
tree. 59°57’ W, 2°56’ S. Leg. M.E.S. Cáceres & A. Aptroot (no
ISE28423), 3-8.06.2016, det. A. Aptroot 2016.
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Anisomeridium polycarpum (Müll. Arg.) R.C. Harris,More Florida
Lichens, Incl. 10 Cent Tour Pyrenol. (New York): 149 (1995)

= Pleurotrema polycarpum Müll. Arg. 1893

Thallus endophloeodal, not corticate, whitish to greyish, UV-. Ostiole
eccentric. Ascospores 8/ascus, fusiform, 1-septate, smooth, hyaline,
septum ± median, 23–29 × 7.5–8 µm. Microconidia ellipsoid, c. 2.5 x
1.5 µm.

[ABL21921], Brazil, Pernambuco, Caruaru, Brejo dos Calvalos, on tree
bark in mountain forest, 8°20’ S, 35°58’ W, 800 m. Leg. M. Cáceres &
A. Aptroot (no 21921), 16.09.2014, det. A. Aptroot 2014.
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Anisomeridium polypori (Ellis & Everh.) M.E. Barr,in Barr, Huhndorf
& Rogerson, Mem. N. Y. bot. Gdn 79: 76 (1996)

= Anisomeridium juistense (Erichsen) R.C. Harris,in Hawksworth, James
& Coppins, Lichenologist 12(1): 106 (1980)

= Anisomeridium nyssigenum (Ellis & Everh.) R.C. Harris [as
'nyssaegenum'], Evansia 2(3): 44 (1985)

= Anisomeridium willeyanum (R.C. Harris) R.C. Harris [as 'willeyana'],
in Brodo, Syllogeus 29: 34 (1981)

= Apiospora polypori Ellis & Everh.,N. Amer. Pyren. (Newfield): 311 (1892)
= Apiosporella polypori (Ellis & Everh.) Höhn.,Sber. Akad. Wiss. Wien,

Math.-naturw. Kl., Abt. 1 118: 1215 (1909)
= Arthopyrenia willeyana R.C. Harris,Michigan Bot. 12(1): 16 (1973)
= Ditremis nyssigena (Ellis & Everh.) R.C. Harris[as 'nyssaegena'], Some

Florida Lichens (New York): 33 (1990)
= Paraphysothele juistensis (Erichsen) Servít,

= Sarcinulella banksiae B. Sutton & Alcorn,Mycotaxon 16(2): 558 (1983)
= Thelidium juistense Erichsen,Mitt. Inst. Allg. Bot. Hamburg 10: 403 (1939)
= Zignoella nyssigena Ellis & Everh.[as 'nyssaegena'], Proc. Acad. nat. Sci.

Philad. 45: 137 (1893)

Thallus very thin and inconspicuous, scarcely distinguishable from the
bark. Ascomata up to 0.25 mm diam., frequently absent when the
species may be recognized by the usually abundant small (0.1–0.2 mm)
pycnidia which are conical and with nibble- or peg-like tips and conglu-
tinated conidia. Ascospores hyaline, 8/ascus, 1(–3)-septate, 15–20 ×
4–5 µm.

[ABL13689], Brazil, Sao Paulo, Botucatu, Botanical garden on cam-
pus, on bark in park, 22°53’09’’ S, 48°29’56’’ W, 850 m. Leg. M.
Cáceres & A. Aptroot (no 13689), 13.9.2012, det. A. Aptroot 2012.
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Anisomeridium stromaticum R.C. Harris,More Florida Lichens, Incl. 10
Cent Tour Pyrenol. (New York): 149 (1995)

under a single clypeus, c. 0.3 mm diam., occasionally solitary, then
larger, c. 0.7 mm diam.; ostiole apical; wall not melanized; clypei often
fusing in more extensive, black, irregular pseudostromata, 3 × 1–2 mm.
Asci cylindrical, c. 85 ×
fusiform, slightly constricted at ± submedian septum, smooth, 15–23
×
clypeus; microconidia elliptical, 3 ×
5–6 ×

[Ferraro10888], Argentina, Prov. Chaco, 15 km W of Presidencia Roca,
on tree bark in semi-deciduous subtropical forest. 26°06’28’’ S,
59°47’20’’ W, 100 m. Leg. L.I. Ferraro (no 10888), A. Aptroot & M.
Cáceres, 27.02.2013, det. A. Aptroot, 2013.
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Anisomeridium subnectendum (Nyl.) R.C. Harris,More Florida Lichens,
Incl. 10 Cent Tour Pyrenol. (New York): 150 (1995)

= Arthopyrenia exstans Müll. Arg., Rep. Meetings Australs. Assoc. Advan-
cem. Sci.: 451 (1895)

= Arthopyrenia subnectenda (Nyl.) Zahlbr., Cat. Lich. Univers. 1: 327
(1922)

= Verrucaria subnectenda Nyl., in Nylander & Crombie, J. Linn. Soc., Bot.
20: 61 (1883)

Thallus endophloeodal, not corticate, greyish, UV-. Ostiole apical.
Ascospores 8/ascus, 1-septate, hyaline, smooth, 23–32 × 12–18 µm,
ovoid to broadly ovoid, with strongly submedian septum

[ABL22187], Brazil, Rio Grande do Sul, Viamão, near Parque Itapua,
on tree bark. 30°05’ S, 51°00’ W, 100 m. Leg. M- Cáceres & A. Aptroot
(no 22187], 16.09.2014, det. A. Aptroot, 2014.
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Anisomeridium subprostans (Nyl.) R.C. Harris, in Tucker & Harris,
Bryologist 83(1): 4 (1980)

= Arthopyrenia subprostans (Nyl.) Müll. Arg., Flora, Regensburg 66: 317
(1883)

= Ditremis subprostans(Nyl.) R.C. Harris, Some Florida Lichens (New
York): 34 (1990)

= Leiophloea subprostans (Nyl.) Trevis., Conspect. Verruc.: 10 (1860)
= Pyrenula subprostans (Nyl.) Tuck.,Gen. lich. (Amherst): 273 (1872)
= Verrucaria subprostans Nyl., Expos. Synopt. Pyrenocarp.: 56 (1858)

Thallus grey, UV-, Ostiole apical, Asci slender, cylindrical. Ascospores
8/ascus, 12–18(–21) × 4.5–6.5 µm, hyaline, 1-septate. Microconidia
elliptical.

[ABL13439], Brazil, São Paulo, Botucatu, Bioscience building on
campus. On Pandanus bark in park. 22°53’35’’ S, 48°29’40’’ W, 850 m.
Leg. M. Cáceres & A. Aptroot (no 13439), 13.09.2012, det. A. Aptroot
2012.
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Anisomeridium terminatum (Nyl.) R.C. Harris [as 'terminata'], More
Florida Lichens, Incl. 10 Cent Tour Pyrenol. (New York): 130 (1995)

= Arthopyrenia terminata (Nyl.) Müll. Arg., Flora, Regensburg 73: 345
(1890)

= Ditremis terminata (Nyl.) R.C. Harris, in Egan, Bryologist 90(2): 163
(1987)

= Tomasellia queenslandica Müll. Arg., Rep. Meetings Australs. Assoc.
Advancem. Sci.: 460 (1895)

= Verrucaria terminata Nyl., Bull. Soc. linn. Normandie, sér. 2 7: 180 (1873)

Thallus UV-. Ostiole lateral. Ascospores 8/ascus, hyaline, 1-septate,
18–27 × 5.5–7.5 µm

[ISE40357], Brazil, Pará, Fazenda Pantera, 85 km N of Dom Eliseu, in
primary tropical lowland rain forest on bark of tree, 3°49’54’’ S,
48°03’37’’ W, 120 m. Leg. M. Cáceres & A. Aptroot (no 40357),
29.10.2016, det. A. Aptroot, 3016.
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Anisomeridium triseptatum Aptroot & M. Cáceres,Lichenologist 45(6):
765 (2013)

Thallus not corticate, smooth, continuous, thin, whitish grey, surroun-
ded by a black prothallus line; algae trentepohloid. Ascomata perithe-
cioid, simple, dispersed, ampulliform to triangular, emergent, 0.2–0.3
mm wide, 0.3–0.4 mm long, black. Ostioles black, lateral. Hamatheci-
um hyaline, densely anastomosing above the asci, not inspersed. Asci
cylindrico-clavate, IKI-. Ascospores 8/ascus, hyaline, (1–)3-septate,
often constricted at the middle septum, 25–30 × 7.5–10.0 µm. Pycnidia
not observed. Chemistry: Thallus K-, UV-. TLC: No secondary
substances detected.

[ABL15723], Brazil, Rodonia, Estação Ecológica de Cuniã, km 760 on
road BR 319, N of Porto Velho. On tree bark in primary rain forest, on
twig. 8°02’44’’ S, 63°29’11’’ W, 100 m. Leg. M. Cáceres & A. Aptroot
(no 15723), 20.11.2012, det. A. Aptroot, 2012. ISOTYPE.
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Anisomeridium truncatum (Müll. Arg.) R.C. Harris,More Florida Liche-
ns, Incl. 10 Cent Tour Pyrenol. (New York): 151 (1995)
= Arthopyrenia truncata Müll. Arg. Flora 66, 389 (1883)

Thallus epiphloeodal, corticate, greenish tan, UV-. Ostiole apical. Asco-
mata solitary, emergent, flat-topped. Pyrenula like. Ascospores narrow-
ly ovoid, 1-septate, 25–30 × 7.5–10.0 µm, septum submedian, granular
ornamented

[ABL18421], Brazil, Sergipe, Povoado Pedrinhas, Mata da Fazenda
Cafuz, in Atlantic forest remnant, on tree bark, 10°48’22’’ S, 37°16’46’’
W, 75 m. Leg. M. Cáceres & A. Aptroot (no 18421), 20.09.2013, det. A.
Aptroot, 2013.
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Anthracothecium australiense (Müll. Arg.) Aptroot, in Aptroot, Diede-
rich, Sérusiaux & Sipman, Biblthca Lichenol. 64: 17 (1997)

= Pleurotheliopsis australiensis (Müll. Arg.) Zahlbr.,Cat. Lich. Univers.
1: 513 (1922)

= Pleurothelium australiense Müll. Arg., Nuovo G. bot. ital. 23(3): 401
(1891)

Thallus brownish to dark green, often with pseudocyphellae. Ascomata
solitary, flask-shaped, immersed or erumpent from the substratum,
laterally covered by the thallus, 1.0–1.5 mm long, 0.5–0.9 mm tall.
Ascomal wall lacking a distinct clypeus, to 200 µm thick; ostiole
lateral. Ascospores 1–2 per ascus, elongate-fusiform, with rounded
ends, (130–)160–175 × 35–40 µm.

[ABL19146], Papua New Guinea, Central prov., Varirata National Park,
20 km E of Port Moresby. 147°22’ E, 9°27’ S, 800 m. On tree in
secondary tropical forest. Leg. A. Aptroot (no 19145), 03.1987, det. A.
Aptroot, 1987.
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Anthracothecium australiense (Müll. Arg.) Aptroot, in Aptroot,
Diederich, Sérusiaux & Sipman, Biblthca Lichenol. 64: 17 (1997)

= Pleurotheliopsis australiensis (Müll. Arg.) Zahlbr.,Cat. Lich. Univers.
1: 513 (1922)

= Pleurothelium australienseMüll. Arg., Nuovo G. bot. ital. 23(3): 401
(1891)

Thallus brownish to dark green, often with pseudocyphellae.Asco-
mata solitary, flask-shaped, immersed or erumpent from the substra-
tum, laterally covered by the thallus, 1.0–1.5 mm long, 0.5–0.9 mm tall.
Ascomal wall lacking a distinct clypeus, to 200 µm thick; ostiole
lateral. Ascospores 1–2 per ascus, elongate-fusiform, with rounded
ends, (130–)160–175 × 35–40 µm.

[Harris2444], USA, Florida, Marion County, Ocala National Forest,
Hopkins Prairie, oak scrub at edge of wet prairie. Leg. R. C. Harris (no
2444), 1.5.1967, det. A. Aptroot.
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Anthracothecium australiense (Müll. Arg.) Aptroot, in Aptroot, Diede-
rich, Sérusiaux & Sipman, Biblthca Lichenol. 64: 17 (1997)

= Pleurotheliopsis australiensis (Müll. Arg.) Zahlbr.,Cat. Lich. Univers.
1: 513 (1922)

= Pleurothelium australiense Müll. Arg., Nuovo G. bot. ital. 23(3): 401
(1891)

Thallus brownish to dark green, often with pseudocyphellaed. Asco-
mata solityry, flask-shaped, immersed or erumpent from the substra-
tum, laterally coveredby the thallus, 1.0–1.5 mm long, 0.5–0.9 mm tall.
Ascomal wall lacking a distinct clypeus, to 200 µm thick; ostiole
lateral. Ascospores 1–2 per ascus, elongate-fusiform, with rounded
ends, (130–)160–175 × 35–40 µm

[ABL19146], Papua New Guinea, Central prov., Varirata National Park,
20 km E of Port Moresby. 147°22’ E, 9°27’ S, 800 m. On tree in
secondary tropical forest. Leg. A. Aptroot (no 19145), 03.1987, det. A.
Aptroot, 1987.
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Anthracothecium australiense (Müll. Arg.) Aptroot, in Aptroot, Diede-
rich, Sérusiaux & Sipman, Biblthca Lichenol. 64: 17 (1997)

= Pleurotheliopsis australiensis (Müll. Arg.) Zahlbr.,Cat. Lich. Univers.
1: 513 (1922)

= Pleurothelium australiense Müll. Arg., Nuovo G. bot. ital. 23(3): 401
(1891)

Thallus brownish to dark green, often with pseudocyphellaed. Asco-
mata solityry, flask-shaped, immersed or erumpent from the substra-
tum, laterally coveredby the thallus, 1.0–1.5 mm long, 0.5–0.9 mm tall.
Ascomal wall lacking a distinct clypeus, to 200 µm thick; ostiole
lateral. Ascospores 1–2 per ascus, elongate-fusiform, with rounded
ends, (130–)160–175 × 35–40 µm

[Harris2444], USA, Florida, Marion County, Ocala National Forest,
Hopkins Prairie, oak scrub at edge of wet prairie. Leg. R. C. Harris (no
2444), 1.5.1967, det. A. Aptroot,
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Anthracothecium gregale (C. Knight) Aptroot,Australas. Lichenol. 60: 35
(2007).

= Trypethelium gregale C. Knight, in Bailey, Syn Queenslan Fl., Suppl.1, 77
(1886).

= Parmentaria gregalis (C. Knight) Müll. Arg.,Flora 70, 426 (1887).
= Parmentaria subplana (C. Knight) Müll. Arg.,Flora 70, 426 (1887).

Thallus pale green to olive-green, without pseudocyphellae. Ascomata
in groups of 2–6, with fused ostioles, immersed to erumpent from the
substratum, largely covered by the thallus, 0.7–1.2 mm long, 0.5–0.8
mm high. Ascomatal wall without a distinct clypeus, to 200 µm thick;
ostiole whitish, lateral. Ascospores 8 per ascus, often distichous,
fusiform, with rounded ends, 75–120 × 25–48 µm.

[Hill11953], New Caledonia, Sarramea, col d´Amieu, forestry station,
500 m, on plantedAraucaria cookii. Leg. D. J. Hill (no 11953),
16.03.1966, det. A. Aptroot, 2013.
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Anthracothecium interlatens (Nyl.) Aptroot, Lichenologist 44(1): 35
(2011) [2012]

= Astrothelium interlatens Nyl., Bull. Soc. linn. Normandie, sér. 2 2: 134
(1868)

= Heufleridium interlatens (Nyl.) Müll. Arg., Flora, Regensburg 66: 244
(1883)

= Parmentaria interlatens (Nyl.) Müll. Arg., Flora, Regensburg 68(12):
250 (1885)

Ascomata mostly aggregated with a shared ostiole. Hamathecium fila-
ments mostly unbranched. Ascospores muriform, dark brown, 1–2 per
ascus, young ascospores with eusepta only; mature ascospores still
mainly euseptate.

[Kashiwadani52505], Japan, Honshu, Prov. Ohmi (Pref. Shiga), Hiyo-
shi shrine, Katsuno, Takashima city, bark ofCamellia japonica, 120 m.
Leg. H. Kashiwadani (no 52505), 17.11.2018, det. A. Aptroot.
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Anthracothecium macrosporum(Hepp.) Müll. Arg., Linnaea 63: 44
(1880)

= Anthracothecium japonicum Kashiw. & Kurok., J. Jap. Bot. 56(10): 308
(1981)

= Pyrenula neojaponica H. Harada,in Harada, Okamoto & Yoshimura,
Lichenology 2(2): 131 (2004)

= Verrucaria macrosporaHepp
= Anthracothecium doleschalliiA. Massal.
= Verrucaria andamanicaNyl.
= Anthracothecium andamanicum(Nyl.) Müll. Arg.
= Bottaria columellataVain.
= Anthracothecium columellatum(Vain.) Zahlbr.
= Anthracothecium manipurenseMüll. Arg.
= Verrucaria luteonitensNyl.
= Anthracothecium luteonitens(Nyl.) Zahlbr.
= Julella dactylosporaRehm
= Anthracothecium megaspermumPatw. & Makhija
= Anthracothecium indicumAjay Singh

Thallus brownish to dark green, without pseudocyphellae. Ascomata
solitary, conical, not distinctly flattened, erumpent from the substratum,
laterally covered by the thallus, 1.0–2.5 mm diam., to 2mm tall. Asco-
matal wall with a distinct clypeus, to 500 µm thick; ostiole whitish,
obconical, apical. Ascospores muriform, dark brown, 2–4 per ascus,
elongate-fusiform, with rounded ends, 120–160 × 30–45 µm.

[Shibuich6067], Japan, Hokkaido, Prov. Ishikari, Noborikawa, Yubari-
city. On bark of Acer sp., 350 m. Leg. H. Shibuichi (no 6067) & K.
Yoshida, det. H. Kashiwadani as Anthracothecium
japonicum.ISOTYPE. DISTRIBUTED IN LICHENES RARIORES ET CRITI-
CI NO. 502
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Anthracothecium prasinum (Eschw.) R.C. Harris,in Egan, Bryologist
90(2): 163 (1987)

= Acrorixis prasina (Eschw.) Trevis.,Conspect. Verruc.: 15 (1860)
= Verrucaria prasina Eschw.,in Martius, Fl. bras. enum. pl. 1(1): 124 (1833)
= Anthracothecium eschweileriMüll. Arg.
= Verrucaria praelustrisKrempelh.
= Anthracothecium praelustre(Krempelh.) Müll. Arg.
= Trypethelium pallidumC. Knight
= Parmentaria pallida(C. Knight) Shirley
= Verrucaria thwaitesiiLeight.
= Verrucaria borbonicaNyl.
= Sporodictyon borbonicum(Nyl.) Trevis.
= Anthracothecium borbonicum(Nyl.) Müll. Arg.
= Anthracothecium angulatumZahlbr.
= Anthracothecium angulatumvar.majusZahlbr.
= Anthracothecium majus(Zahlbr.) Kashiw. & Kurok.
= Julella luzonensisP. Henn.
= Titanella luzonensis(P. Henn.) Syd. & P. Syd.
= Pleamphisphaera luzonensis(P. Henn.) Höhnel
= Anthracothecium pseudoborbonicumUpreti & Ajay Singh

Thallus brownish to dark green, without pseudocyphellae. Perithecia
solitary, conical, not distinctly flattened, erumpent from the substratum,
exposed, 1–2 mm diam., 0.5–1.1 mm high. Perithecial wall with dis-

Hamathecium filaments unbranched. Ascospores 8/ascus, often disti-
chous, brown, muriform, euseptate, fusiform with rounded ends, 60–
100 ×

[ABL13390], Madagascar, prov. Tamatave, primary tropical mountain
forest, 48°16’ E, 18°56’ S, 950 m. Leg. A. Aptroot (no 13390) & R.
Hensen, 10.05.1984, det. A. Aptroot.
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Anthracothecium prasinum (Eschw.) R.C. Harris,in Egan, Bryologist
90(2): 163 (1987)

= Acrorixis prasina (Eschw.) Trevis.,Conspect. Verruc.: 15 (1860)
= Verrucaria prasina Eschw.,in Martius, Fl. bras. enum. pl. 1(1): 124 (1833)
= Anthracothecium eschweileriMüll. Arg.
= Verrucaria praelustrisKrempelh.
= Anthracothecium praelustre(Krempelh.) Müll. Arg.
= Trypethelium pallidumC. Knight
= Parmentaria pallida(C. Knight) Shirley
= Verrucaria thwaitesiiLeight.
= Verrucaria borbonicaNyl.
= Sporodictyon borbonicum(Nyl.) Trevis.
= Anthracothecium borbonicum(Nyl.) Müll. Arg.
= Anthracothecium angulatumZahlbr.
= Anthracothecium angulatumvar.majusZahlbr.
= Anthracothecium majus(Zahlbr.) Kashiw. & Kurok.
= Julella luzonensisP. Henn.
= Titanella luzonensis(P. Henn.) Syd. & P. Syd.
= Pleamphisphaera luzonensis(P. Henn.) Höhnel
= Anthracothecium pseudoborbonicumUpreti & Ajay Singh

Thallus brownish to dark green, without pseudocyphellae. Perithecia
solitary, conical, not distinctly flattened, erumpent from the substratum,
exposed, 1–2 mm diam., 0.5–1.1 mm high. Perithecial wall with dis-

Hamathecium filaments unbranched. Ascospores 8/ascus, often disti-
chous, brown, muriform, euseptate, fusiform with rounded ends, 60–
100 ×

[ABL38818], Papua New Guinea,Madang Province, Ramu valley, 10
km W of Ramu Sugar factory, near conglomerate boulders in grasland,
on Acacia. 6° S, 146° E, 100 m. Leg. A. Aptroot (no 38818),
30.10.1995, det. A. Aptroot, 1996.
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Aptrootia elatior (Stirt.) Aptroot,in Mangold, Elix & Lumbsch, in McCarthy
(Ed.), Flora of Australia, Vol. 57. Lichens 5 (Melbourne): 660 (2009)

= Anthracothecium monosporum Müll. Arg., Bull. Herb. Boissier 3: 327
(1895)

= Ascidium elatiusStirt., J. Linn. Soc., Bot. 14: 466 (1875)
= Julella monospora(Müll. Arg.) D.D. Awasthi[as 'monosperma'], Liche-

nology in Indian Subcontinent, A Supplement to A Hand Book of Lichens
(Dehra Dun): 15 (2000)

= Laurera elatior (Stirt.) D.J. Galloway,N.Z. Jl Bot. 21(2): 193 (1983)
= Leptotrema elatius (Stirt.) Müll. Arg., Bull. Herb. Boissier 2(app. 1): 75

(1894)
= Polyblastiopsis monospora (Müll. Arg.) Upreti & Ajay Singh [as

'monosporum'], Brunonia 10(2): 226 (1987)
= Thelotrema elatius (Stirt.) Hellb.,Bih. K. svenska VetenskAkad. Handl.,

Afd. 3 21(no. 13): 79 (1896)

Thallus corticate, pale yellow-brown to green, bullate or verrucose.
Ascomata ampulliform, oval or subglobose (in section), 0.7–1.7 mm
diam., immersed in thalline warts, with copious hyaline crystals, but a
conspicuous black ring around the ostiole free of crystals. Ascomatal
wall to 150 µm thick. Hamathecium not inspersed with oil droplets, or
with large irregular oil droplets near the ostiole. Ascospores 1 (or 2) per
ascus, 200–330 × 60–90 µm, becoming brown; ascospore wall distinct-
ly bi-layered, the outer layer dark brown, the inner hyaline; surface
verruculose.

[Elmer15729], Philippines, Luzon island, prov. Sorsogon, Irosin. On
bast of Bischofia javanica Blume. Leg. A.D.E. Elmer (no 15729),
04.1916, det. A. Aptroot, 1988.
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Aptrootia elatior (Stirt.) Aptroot, in Mangold, Elix & Lumbsch, in McCarthy
(Ed.), Flora of Australia, Vol. 57. Lichens 5 (Melbourne): 660 (2009)

= Anthracothecium monosporum Müll. Arg., Bull. Herb. Boissier 3: 327
(1895)

= Ascidium elatius Stirt.,J. Linn. Soc., Bot. 14: 466 (1875)
= Julella monospora (Müll. Arg.) D.D. Awasthi[as 'monosperma'], Liche-

nology in Indian Subcontinent, A Supplement to A Hand Book of Lichens
(Dehra Dun): 15 (2000)

= Laurera elatior (Stirt.) D.J. Galloway,N.Z. Jl Bot. 21(2): 193 (1983)
= Leptotrema elatius (Stirt.) Müll. Arg., Bull. Herb. Boissier 2(app. 1): 75

(1894)
= Polyblastiopsis monospora (Müll. Arg.) Upreti & Ajay Singh [as

'monosporum'], Brunonia 10(2): 226 (1987)
= Thelotrema elatius (Stirt.) Hellb., Bih. K. svenska VetenskAkad. Handl.,

Afd. 3 21(no. 13): 79 (1896)

Thallus corticolous, corticate, pale yellow-brown to green, verrucose-
bullate. Ascomata trypethelioid, with apical ostioles, ampulliform, oval
or subglobose, 0.7–1.7 mm diam., erumpent, covered by thallus except
the rather broad, black ostiolar area, with copious hyaline crystals and
conspicuous black ring around the ostiole free of crystals. Wall to 150
µm thick. Hamathecium clear except for large irregular oil droplets near
the ostiole. Ascospores 1(–2)/ascus, 200–330 × 60–90 µm, oblong-
ellipsoid, richly muriform, becoming dark brown and ornamented
(verruculose). Chemistry: Thallus and ascomata UV-, K-. TLC: No
substances detected.

[Mayrhofer5778], New Zealand, Coromandel, Coromandel Peninsula,
Mt. Maumaupaki (Camels Bag) east of Tapu, 450-750 m, 36°58’40’’ S,
175°35’ E. Leg. H. Mayrhofer (no 5778), H. Hertel, P. Buchmann &
G.J. Samuels, 10.01.1985, det. A. Aptroot.



242

Aptrootia elatior



243

Aptrootia elatior



244

Aptrootia elatior



245

Aptrootia elatior



246

Aptrootia terricola (Aptroot) Lücking,L. Umaña & Chaves, in Lücking,
Sipman, Umaña, Chaves & Lumbsch, Lichenologist 39(2): 188 (2007)

= Thelenella terricola Aptroot,Fungal Diversity 2: 45 (1999)

Thallus cartilagineous, ecorticate, grey. Ascomata 0.9–1.5 mm diam.,
single, black, without pseudostromatic tissues, globose, immersed in
the substratum, mostly covered by the thallus. Wall up to 120 µm wide.
Ostioles apical. Hamathecium hyaline, not inspersed, filaments profu-
sely anastomosing.Asciwhen young with broad ocular chamber. Asco-
spores 1/ascus, IKI+ violet, 170–230 × 40–70 µm, with barely rounded
lumina, initially hyaline but eventually becoming dark brown, fusiform
with subacute ends, densely irregularly muriform, not constricted at the
septa, surrounded by a gelatinous sheath. Chemistry: No substances
detected.

[ABL37658], Papua New Guinea, Northern Province, Owen Stanley
Range, Myola, c. 3 km NE of guesthouse, 9°08’ S, 147°47’ E, 2700 m,
in treefern grassland in deep valley (frost hollow). Leg. A. Aptroot,
16.10.1995, det. A. Aptroot 1996.
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Aptrootia terricola (Aptroot) Lücking,L. Umaña & Chaves, in Lücking,
Sipman, Umaña, Chaves & Lumbsch, Lichenologist 39(2): 188 (2007)

= Thelenella terricola Aptroot,Fungal Diversity 2: 45 (1999)

Thallus cartilagineous, ecorticate, grey. Ascomata 0.9–1.5 mm diam.,
single, black, without pseudostromatic tissues, globose, immersed in
the substratum, mostly covered by the thallus. Wall up to 120 µm wide.
Ostioles apical. Hamathecium hyaline, not inspersed, filaments profu-
sely anastomosing.Asciwhen young with broad ocular chamber. Asco-
spores 1/ascus, IKI+ violet, 170–230 × 40–70 µm, with barely rounded
lumina, initially hyaline but eventually becoming dark brown, fusiform
with subacute ends, densely irregularly muriform, not constricted at the
septa, surrounded by a gelatinous sheath. Chemistry: No substances
detected.

[ABL32649], Papua New Guinea, Simbu Prov., Mount Wilhelm,
Pindaunde valley near lake Piunde, subalpine forest. on mossy soil.
3600 m, 145°03’ E, 5°47’ S. Leg. A.Aptroot, 5.-8. 08.1992, det. A.
Aptroot 1993. HOLOTYPE.
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Architrypethelium hyalinumAptroot, in Aptroot, Lücking, Sipman, Umaña
& Chaves, Biblthca Lichenol. 97: 37 (2008)

Thallus corticate, olive-green, smooth to uneven, gall-like. Ascomata
with apical ostioles, solitary, 0.7–1.5 mm diam., prominent, irregularly
covered by thallus except for the black ostioles which are sometimes
surrounded an ochraceous zone. Hamathecium clear. Ascospores 4-
8/ascus, 100–150 × 30–50 µm, often curved, 3–7-septate, outer lumina
much smaller than inner lumina, lumina rounded in the corners, often
with needle like crystals, wall 3-5 µm thick, hyline, IKI-. Chemistry:
thallus and ascomata UV+ yellow, K-. TLC: lichexanthone.

[ABL41147], Brazil, Minas Gerais, Catas Altas, Serra do Caraça, Par-
que Natural do Caraça, near Banho do Belchior, 1250 m, 20°06’ S,
43°29’ W, on tree. Leg. A. Aptroot (no 41147), 17.9.1997, det. A.
Aptroot 1998.
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Architrypethelium lauropaluanum Lücking, M.P. Nelsen & Marcelli,
in Lücking, Nelsen, Aptroot, Benatti, Binh, Gueidan, Gutiérrez, Jungbluth,
Lumbsch, Marcelli, Moncada, Naksuwankul, Orozco, Salazar-Allen &
Upreti, Lichenologist 48(6): 641 (2016)

with bumps 1–3 mm diam. (gall-forming), olive-yellow; in section with
thin cortex and with irregular photobiont layer and thick medulla
immersed in the modified periderm; photobiont layer and medulla
encrusted with numerous, small crystals. Perithecia solitary, deeply
immersed between the thallus galls, with apical to more or less eccen-
tric ostioles; ostioles papilliform, 0.1–0.2 mm diam., brownish; perithe-
cia subglobose to pyriform, with ostiolar channels oriented irregularly,

thick, carbonized, covered with amorphous, orange-brown tissue. Ha-

channel clear. Ascospores 8 per ascus, fusiform, 3–7-septate (the last
septa often indistinct or not well developed), with distosepta and angu-
lar lumina but not distinctly diamond-shaped, 100–120 × 25–30 µm,
hyaline, IKI-. Chemistry: Thallus (not perithecia) with lichexanthone,
UV+ yellow.
Notes. This species is placed in the genus Architrypethelium because of
the very large ascospores that are principally 3-septate, with a septal
structure of the Architrypethelium type. However, the ascospores deve-
lop 2–4 additional septa that are less distinct than the three primary
septa.

[ABL78470], Brazil, Santa Catarina, Joinville, Recanto das Nascentes
Divinas. In Atlantic rain forest on tree bark. 26°12’43’’ S, 49°00’11’’ W,
225 m. Leg. A. Aptroot (no78470), 29.03.2019, det. A. Aptroot, 2019.
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Architrypethelium nitens (Fée) Aptroot,in Aptroot, Lücking, Sipman,
Umaña & Chaves, Biblthca Lichenol. 97: 38 (2008)

= Pyrenula nitens(Fée) Fée,Essai Crypt. Exot., Suppl. Révis. (Paris): 80, tab.
XLI, Fig. 17 (1837)

= Verrucaria nitens Fée,Essai Crypt. Exot. (Paris): 88 (1825) [1824]

Thallus corticate, olive-green, smooth to uneven. Ascomata solitary,
with eccentric ostioles or few chambers joined with eccentric, fused
ostioles, 1–1.5 mm diam., erumpent to prominent, covered by thallus,
except for the blackish ostiolar area. Hamathecium clear. Ascospores
8/ascus, 90–150 × 25–50 µm, oblong-ellipsoid, 3-septate, outer lumina
much smaller than inner lumina, lumina rounded in the corners, often
with needle-like crystals, joung hyaline, old becoming dark brown,
IKI-. Chemistry: Thallus and ascomata UV-, K-. TLV: No substances
detected.

[ABL24930], U.S.A., Puerto Rico, Distr. Mayaguez, Reserva forestal
Maricao, N of Sabana Grande, along road 120, km 16-17, low mountain
forest on dry serpentine, on tree. 18°09’ N, 66°59’ W, 800 m. Leg. A. &
M. Aptroot (no 24930), 21-31.05.1989. det. A. Aptroot, 1989.
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Architrypethelium nitens (Fée) Aptroot,in Aptroot, Lücking, Sipman,
Umaña & Chaves, Biblthca Lichenol. 97: 38 (2008)

= Pyrenula nitens(Fée) Fée,Essai Crypt. Exot., Suppl. Révis. (Paris): 80, tab.
XLI, Fig. 17 (1837)

= Verrucaria nitens Fée,Essai Crypt. Exot. (Paris): 88 (1825) [1824]

Thallus corticate, olive-green, smooth to uneven. Ascomata solitary,
with eccentric ostioles or few chambers joined with eccentric, fused
ostioles, 1–1.5 mm diam., erumpent to prominent, covered by thallus,
except for the blackish ostiolar area. Hamathecium clear. Ascospores
8/ascus, 90–150 × 25–50 µm, oblong-ellipsoid, 3-septate, outer lumina
much smaller than inner lumina, lumina rounded in the corners, often
with needle-like crystals, joung hyaline, old becoming dark brown,
IKI-. Chemistry: Thallus and ascomata UV-, K-. TLC: No substances
detected.

[ABL25040], Puerto Rico, Distr. Mayagüez, Reserva Forestal Maricao,
N of Sabana Grande, along road 120, km 16-17, on tree in low
mountain forest on dry serpentine, 18°09‘ N, 66°59‘ W, 800 m. Leg.  A.
& M. Aptroot, 21-31.5.1989, det. A. Aptroot 1989.
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Architrypethelium uberinum (Fée) Aptroot,Biblthca Lichenol. 44: 122
(1991)

= Pertusaria uberina (Fée) A. Massal.,Ric. auton. lich. crost. (Verona): 190
(1852)

= Porina uberina Fée,Essai Crypt. Exot. (Paris): 83 (1825) [1824]
= Porophora uberina (Fée) Spreng.,Syst. veg., Edn 16 4(1): 242 (1827)
= Pyrenula uberina (Fée) Fée,Essai Crypt. Exot., Suppl. Révis. (Paris): 84

(1837)
= Stromatothelium uberinum (Fée) Trevis.,Flora, Regensburg 44: 20 (1861)
= Verrucaria uberina (Fée) Trevis.,Conspect. Verruc.: 8 (1860)

Thallus corticate, olive-green, smooth to unevem.Ascomata with apical
ostioles,1.0–1.7 mm diam., erumpent to prominent, covered by thallus
except for the blackish ostiolar area surrounded by a whitish rim.
Hamathecium clear. Ascospores 2-4/ascus, 120–155 × 35–50 µm, 3-
septate, outer lumina much smaller than inner lumina, wall 3–5 µm
thick, surrounded by a gelatinous sheath, hyaline becoming brown,
IKI-. Chemistry: thallus and ascomata UV-, K-. TLC: no substances
detected.

[ABL41277], Brazil, Minas Gerais, Catas Altas, Serra do Caraça, Par-
que Natural do Caraça near Funil, 1 km NW of monastery Santário do
Caraça , 1350 m, 20°06’ S, 43°29’ W. In rock fieldon Vellozia.Leg. A.
Aptroot (no 41277), 18. 09.1997, det. A. Aptroot, 1998.
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Aspidothelium cinerascens Vain.,Acta Soc. Fauna Flora fenn. 7(no. 2): 189
(1890)

= Thelenella cinerascens (Vain.) R.C. Harris,More Florida Lichens, Incl. 10
Cent Tour Pyrenol. (New York): 165 (1995)

Thallus pale mineral grey to immersed, without hypothallus. Perithecia
sessile, hemispherical, with horizontal plate-like expansion, 0.2–0.4
mm diam, pale cream to grey, glossy, towards the top with browenish
grey areas and with a depressed black ostiole, which is visible in cross
section as a black cap somewhat below the top of the perithecia.
Hamathecium not inspersed, filaments partly branched. Ascospores
mostly 4/ascus, hyaline, densely muriform, 11–13 × 1–3-septate with
partly oblique septa, 50–65 × 15–18 µm.

[ISE27660], Brazil, Santa Catarina, São Francisco do Sul, Univille
Campus, on tree on campus. 26°13’ S, 48°34’ W, 10 m. Leg. M. Cáceres
& A. Aptroot (no 27660), 5.10.2015, det. A. Aptroot, 2015.
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Aspidothelium glabrum Lücking, Aptroot & Sipman,in Aptroot, Lü-
cking, Sipman, Umaña & Chaves, Biblthca Lichenol. 97: 42 (2008)

Thallus pale mineral grey to immersed, surrounded by an up to 0.2 mm
wide black line of hypothallus. Ascomata sessile, hemispherical to
barrel-shaped, smooth, 0.2–0.4 mm diam, pale cream to grey, glossy,
towards the top with brownish grey areas and with a depressed ostiole,
which is visible in cross sections as a black cup somewhat below the top
of the perithecia. Hamathecium not inspersed, filaments partly bran-
ched. Ascospore 4/ascus, fusiform, hyaline, densely muriform, 7–9 ×
1–3 septate, with partly oblique septa, 40–50 × 12–15 µm.

[ABL11932], Brazil, Amazonia, Fazenda São Francisco off BR319, 30
km N of Porto Velho. On tree bark in primary rain forest. 8°24’33’’ S,
63°58’56’’ W, 100 m. Leg. M. Cáceres & A. Aptroot (no
11932),15.03.2012, det A. Aptroot, 2012.
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Aspidothelium ornatumLücking, Willdenowia 29(1/2): 301 (1999)

Thallus epiphyllous, crustose, continuous but with gaps and marginally
dispersed, algiferous patches connected by a thin, translucent prothal-
lus, smooth, greyish green, up to 20 mm diam.; phycobiont a species of
Chlorococcaceae. Perithecia sessile, subglobose and basally cons-
tricted, their whole surface except for a small portion around the ostiole
covered by a spongiose layer formed by outgrowths of the perithecial
wall, which are indistinctly arranged in 7–10 longitudinal rows, 0.5–0.8
mm diam., whitish except for the ostiole indicated by a narrow, brow-
nish grey spot. Outer perithecial wall paraplectenchymatous, laterally

formed by agglutinate hyphae, which give the perithecial surface a
spongiose appearance; inner wall prosoplectenchymatous; paraphyses,
periphyses and asci as inAspidothelium fugiens; asci 180–215 × 40–50

septate with c. 20–35 septa, hyaline, 110–140 ×

[ISE27980], Brazil, Santa Catarina, Sao Francisco do Sul, Parque
Estadual do Acaraí, in restinga vegetation on tree. 26°20’44’’ S,
48°33’47’’ W, 10 m. Leg. M. Cáceres & A. Aptroot (no 27980),
10.10.2015, det. A. Aptroot, 2015.
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Aspidothelium submuriforme Aptroot, L.I. Ferraro & M. Cáceres,
Lichenologist 46(1): 95 (2014)

Thallus corticate, covering areas of up to 3 cm diam., smooth, continuo-
us but consisting of isolated rounded patches towards the margin, thin,
greyish, without prothallus. Algae chlorococcoid. Ascomata perithecio-
id, sessile on the thallus, nearly globose, 0.3–0.4 mm diam. and height,
sides greyish brown, top dark grey, without ornamentation. Wall carbo-
nized only near the ostiole. Ostioles apical, dark grey. Hamathecium
hyaline, not inspersed. Asci cylindrico-clavate, with 8 ascospores. As-
cospores hyaline, submuriform, mostly 7-septate, rarely up to 11-sep-
tate, with 0–2 oblique longitudinal septa, asymmetrically
clavate-fusiform, without constrictions, 25–28 × 8–10 µm, ends obtuse.
Pycnidia not observed. Chemistry: Thallus UV-, C-, K-, KC-, P-. TLC:
No substances detected.

[ABL18815], Brazil, Sergipe, Santa Luzia do Itanhy, Mata do Castro,
on tree in Atlantic rainforest. 11°22’ S, 37°25’ W, 10 m. Leg. M.
Caceres & A. Aptroot (no 18815), 26.03.2014, det. A. Aptroot, 2014.
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Astrothelium aenascensAptroot, in Aptroot, Ertz, Etayo Salazar, Gueidan,
Mercado Diaz, Schumm & Weerakoon, Lichenologist 48(6): 611 (2016)

Thallus corticate, smooth, somewhat shiny, olive-green to olive-grey,
not surrounded by a prothallus. Ascomata globose, 0.8–1.2 mm diam.,
immersed in groups of 2–5 in pseudostromata with a surface different
from the thallus. Ostioles apical, not fused, flat to concave, brown.
Hamathecium inspersed with oil globules. Ascospores 8/ascus, 20–25
× 6–9 µm, 3 septate, hyaline, fusiform, lumina diamond-shaped. Che-
mistry: thallus surface UV-, thallus and medulla K-, pseudostroma
surface UV+pink to orange, medulla of pseudostromata K+ blood red.
TLC: one anthraquinone

[Streimann15083], Papua New Guinea, Central Province,Narirogi
Creek, on Varirata National Park Road, 27 km ENE of Port Morseby.
9°25’ S, 147°24’ E, 440 m. Remnant lowland forest on sides of stream,
on Casuarina papuana trunk. Leg. H. Streimann & E.K. Naoni,
1.02.1981, det. A. Aptroot. ISOTYPE.
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Astrothelium aeneoides Aptroot, in Aptroot, Mendonça, Andrade, Silva,
Martins, Gumboski, Fraga Junior & Cáceres, Lichenologist 48(6): 714 (2016)

Thallus corticate, smooth, somewhat shiny, continuous, covering areas

by a prothallus, not inducing gall formation of the host bark. Ascomata
globose, 0.7–1.0mm diam., immersed in groups of 2–5 in pseudostrom-
ata with surfaces different from that of the thallus and which are
distinctly raised above the thallus, irregular to often linear in outline,
sides sloping, whitish mottled with orange inside with a cream layer

Ostioles apical, not fused, flat to concave, brown. Hamathecium not
inspersed with oil globules. Asci with 8 ascospores. Ascospores hyali-

mond-shaped, not surrounded by a gelatinous layer. Pycnidia not

dostroma surface UV+ pink to orange, medulla of pseudostroma K+
blood red. TLC: an anthraquinone, probably parietin.

[ABL40921], Brazil, Minas Gerais, Catas Altas, Serra do Caraça, Par-
que Natural do Caraça, near football field near monastery Santuário do
Caraça, on tree, 1250 m, 20°06’ S, 43°29’ W. Leg. A. Aptroot (no
40921), 16.09.1997, det. A. Aptroot, 1998. ISOTYPE
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Astrothelium alboverrucoides Aptroot, in Aptroot, Ertz, Etayo Salazar,
Gueidan, Mercado Diaz, Schumm & Weerakoon, Lichenologist 48(6): 611
(2016)

Thallus corticate, smooth, somewhat shiny, greyish green, surrounded
by a black prothallus line, c. 0.4 mm wide. Ascomata globose, 0.8–1.4
mm diam, mostly single, with often constricted base. Ostioles apical,
not fused ochraceous to brown. Hamathecium inspersed with oil glo-
bules. Ascospores 4/ascus, hyaline, muriform, 140–190 × 20–30 µm
with a distinctly thickened median septum. Chemistry: thallus and
pseudostromata K-, UV-. TLC: no secondary substances detected.

[ABL 23673], Indonesia, Sumatra, Aceh, 35 km NNW of Kutacane,
tropical rainforest, on tree, 800 m, 3°40’ N, 97°35’ E. leg. R.V. Hensen,
05.1988, det. A. Aptroot, 1988. HOLOTYPE.
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Astrothelium alboverrucum (Makhija & Patw.) Aptroot & Lücking,
Lichenologist 48(6): 823 (2016)

= Laurera alboverrucaMakhija & Patw.,Mycotaxon 31(2): 571 (1988)

Thallus corticate, olive-green, smooth to uneven. Ascomata with apical
ostioles, solitary prominent, hemispherial, basally to laterally covered
by thallus but upper part whitish. Hamathecium clear, yellow, IKI-.
Ascospores 6–8/ascus, densely muriform, (85–)100–170 × 23–33 µm,
with distinctly thickened median septum, IKI-. Chemistry: thallus and
ascomata UV-, K-. TLC: no substances detected.

[AMH8536], India, Anda,an Islands, South Andaman, Port Mout. Leg.
Patwardham & Nagargar & Sethy (no AMH 85.36), 14.02.1985. ISO-
TYPE ofLaurera alboverruca
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Astrothelium amazonum (R.C. Harris) Aptroot & Lücking, Lichenolo-
gist 48(6): 825 (2016)

= Cryptothelium amazonumR.C. Harris,Acta Amazon., Supl. 14(1-2): 65
(1986) [1984]

Thallus corticate, pale olive-green to yellowish, uneven to somewhat
bullate. Ascomata several chambers joined with eccentric, fused ostio-
les; joined ascomata dispersed, not pseudostromatic, 0.8-1.2 mm diam.,
erumpent to prominent, wart-shaped to conical, covered by thallus
except for papilliform reddish to brown-black ostiole, internally with
yellow orange, K+ purple, UV+ red pigment. Hamathecium clear.
Ascospore 8/ascus, muriform, hyaline, 75–95 × 23–28 µm, median
septum thickened, IKI-. Chemistry: thallus UV-, K-, ascomata intrnally
with yellow-orange, K+ purple, UV+ red anthraquinone.

[Dumont107], Brazil, Amazonas, Reserva Biologica de Campina, Inpa-
Suframa, on the Manaus-Caracarai Rd at point 45 km from the intersec-
tion of th Manaus-Itacoatiara Rd, on living log. Leg. K.P. Dumont (no
197), E.M.M. Freire, D.R.Hosford, G.J. Samuels, W.C. Steward &
W.R. Buck, 6.11.1977. ISOTYPE.
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Astrothelium andamanicum (Makhija & Patw.) Aptroot & Lücking,
Lichenologist 48(6): 830 (2016)

= Cryptothelium andamanicum Makhija & Patw.,J. Econ. Taxon. Bot.
10(2): 498 (1988) [1987]

= Laurera bispora D.D. Awasthi,Lichenology in Indian Subcontinent, A
Supplement to A Hand Book of Lichens (Dehra Dun): 15 (2000)

Thallus corticate, olive-green, smooth to uneven. Ascomata with eccen-
tric separate ostioles, solitary, 0.6–1.0 mm diam. erumpent to promi-
nent. Hamathecium clear. Ascospores 2/ascus, densely muriform,
hyaline, 80–130 × 23–36 µm, IKI-, without distinctly thickened median
septum. Chemistry: thallus and ascomata UV-, K-. TLC: nosubstances
detected.

[AMH852323], India, Andaman Islands, Tugapur Range, Pathat Tikri.
Leg. Nagarkar & Sethy (no AMH 852323),19.12.1985. ISOTYPE of
Cryptothelium andamanicum.
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Astrothelium annulare (Fée) Aptroot & Lücking,Lichenologist 48(6):
833 (2016)

= Pseudopyrenula annularis (Fée) Müll. Arg.,Flora, Regensburg 68: 331
(1885)

= Pyrenula annularis Fée,Essai Crypt. Exot. (Paris): 73 (1825) [1824]
= Trypethelium annulare (Fée) Mont., Annls Sci. Nat., Bot., sér. 2 19: 71

(1843)
= Verrucaria annularis (Fée) Spreng.,Syst. veg., Edn 16 4(1): 245 (1827)

Thallus corticate, olive-green to brownish, smooth to uneven. Asco-
mata trypethelioid,with apical ostioles, solitary to confluent, not pseu-
dostromatic, 0.6-0.8 mm diam., immersed-erumpent, covered by
thallus except for the dark ostiole surrounded by a narrow, whitish rim.
Hamathecium clear. Ascospores 8/ascus, 3-septate, fusiform, 62-80 x
20-25 µm, hyaline, IKI-. Chemistry: Thallus and ascomata UV-, K-.
TLC: no substances detected.

[Etayo20154], Ecuador, Sierra sur, Loja, Cajanuma, Parque Nac. Podo-
carpus, bosque nublado y Páramo, montañas „nudo de Sabamilla“,
2750-3000 m. Leg. J. Etayo (no 20154) & Z. Palice, 04.08.1999, det. A.
Aptroot. ISOTYPE.
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Astrothelium astrolucidum Aptroot & M. Cáceres,in Cáceres & Aptroot,
Bryologist 120(2): 167 (2017)

Thallus dull, ochraceous, not surrounded by a prothallus. Ascomata
globose to pyriform, 0.4–0.6 mm diam., immersed in and below pseu-
dostromata, in groups of 3–15. Pseudostroma ellipsoid to elongated or
branched, occasionally forming a reticulum, orange pigmented on the
surface, internally not pigmented. Ostioles lateral, fused, black. Hama-
thecium not inspersed. Ascospores 2/ascus, hyaline, regularly muri-
form, 150–190 × 40–50 µm, long-ellipsoid, more or less distinctly
constricted but not thickened at the median septum, not surrounded by
a gelatinous sheath. Pycnidia not observed. Chemistry. Thallus UV+
yellow, C–, P–, K–; pseudostroma UV+ orange, C–, P–, K+ blood red.
TLC: Lichexanthone and an anthraquinone, probably parietin.

[ISE28790], Brazil, Tocantins, near Itaguatins, 150 m, 5°44’58’’ S,
47°32’24’’ W, in cerrado on tree bark. Leg. M. Cáceres & A. Aptroot
(ISE 28790), 22.10.2016, det. A. Aptroot, 2016. ISOTYPE.
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Astrothelium aurantiacum (Makhija & Patw.) Aptroot & Lücking,
Lichenologist 48(6): 836 (2016)

= Laurera aurantiaca Makhija & Patw.,Mycotaxon 31(2): 572 (1988)

Thallus corticate, olive-green to brownish, smooth to uneven. Asco-
mata with apical ostioles, solitary, 0.8–1.3 mm diam., strongly promi-
nent to sessile, hemispherical to barrel-shaped with flattened top,
covered by thallus but ostiolar area greyish. Hamathecium inspersed.
Ascospores 8/ascus, densely muriform, hyaline, with distictly thi-
ckened median septum, IKI-, 115–135 × 26–33 µm. Chemistry: thallus
and ascomata UV-, K-. TLC: no substances dedected except for red
anthraquinone (only in fresh lichens?) in hamathecium.

[ABL18148], Papua New Guinea, Morobe prv., NE of Lae, 3 km NW
of Musom in Busom valley, tropical lowland rainforest, on tree,
145°58’ E, 6°34’ S, 600 m. Leg. A. Aptroot (no 18148), 03.1987, det.
A. Aptroot, 1987.
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Astrothelium bicolor (Taylor) Aptroot & Lücking,Lichenologist 48(6):
847 (2016)
= Bathelium bicolor (Taylor) C.W. Dodge, Beih. Nova Hedwigia 12: 20
(1964)
= Trypethelium bicolor Taylor,London J. Bot. 6: 157 (1847)

Thallus green to yellowish or brown, smooth to somewhat bullate. As-
comata largely immersed in the pseudostroma. Pseudostroma not or
little raised, whitish to dark brown. Ostioles apical. Hamathecium not
inspersed, filaments profusely anastomosing. Ascospores hyaline, 3-
septate, 15–27 × 7–10 µm, IKI–, lumina diamond-shaped. Chemistry.
Thallus and pseudostroma UV–, K–. TLC: No substances detected.

[Hill10703], Solomon Islands, New Georgia group, Kolombangara,
700 m, on tree near stream. Leg. D.J. Hill, 7.9.1965, det. A. Aptroot
2013. Duplicate ex BM in ABL s. n.
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Astrothelium bivelum Aptroot & M. Cáceres,Lichenologist 48(6): 695
(2016)

Thallus corticate, smooth, somewhat shiny, continuous, covering areas

irregular and rough c. 0.4 mm wide black prothallus that seems to
contain pycnidia, not inducing gall formation of the host bark. Asco-
mata pyriform, 0.5–0.7 mm diam., mostly 2–6 aggregated, immersed in
pseudostromata with a surface only slightly different from the thallus,
but not corticate, and which are distinctly raised above the thallus,

black rim. Hamathecium not inspersed with oil globules. Asci with 8
ascospores. Ascospores hyaline, 5-septate, fusiform, 55–65 × 18–21

besides an unidentified pigment, no secondary substances detected.

[ABL15608], Brazil, Rondônia, Porto Velho, Parque Natural Munici-
pal, on tree bark in primary rain forest. 100 m, 8°41’10’’ S, 63°52’05’’
W. Leg. M. Cáceres & A. Aptroot (no 15608), 19.11.2012, det.A.
Aptroot, 2012. ISOTYPE.
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Astrothelium bullatothallinum Aptroot & Sipman,in Aptroot, Sipman,
Barreto, Nunes & Cáceres, Lichenologist 51(1): 28 (2019)

Thallus corticate, smooth, bullate, somewhat shiny, c. 0.2 mm thick,
yellowish orange, intermixed with patches of a grey prothallus. Asco-
mata globose, 0.3–0.5 mm diam., in groups of 2–15 in lines or in
irreglar groups, witha brown surface with orange pruina, different from
the thallus, distincly raised above the thallus. Ostioles apical, not fused,
flat to concave. Hamathecium not inspersed. Ascospores 8/ascus, hyali-
ne, 3-septate, 20–25 × 6–9 µm, lumina partly diamond-shaped, IKI-.
Chemistry: thallus UV-, ascomata UV+ red, yellow pigment on asco-
mata K+ blood red. TLC: an anthraquinone, probably parietin.

[Sipman26957], Venezuela, Estado Bolvar, Cerro Guaiquinima, in
central part of upper plateau, along Rio Carapo (near camp 3-nuevo).
Rocky slope with low forest in deep clefts and along the river. 5°49’ N,
63°32’ W, 800 m. Leg. H. Sipman (no 26967), 11.02.1990. HOLOTYPE.
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Astrothelium carrascoense Flakus, Kukwa & Aptroot,Lichenologist
48(6): 666 (2016)

Differs fromAstrothelium meristosporum in having broader ascospores
without distinctly thickened median septa, an unidentified xanthone as
major substance (thallus and pseudostromata UV+ yellow in part), and
mostly eccentric ostioles. Hamathecium inspersed. Ascospores 8/ascus,
hyaline, densely muriform, slightly curved, 150–200× 40–50 µm.

[Flakus10684], Bolivia, Cochabamba, Carrasco, Parque National Car-
rasco, near Sehuencas village by Rio Lopez Mendoza, Yungas cloud
forest, 17°30’26’’ S, 65°16’55’’ W, 2226 m. Leg. A. Flakus (no 10684),
M. Kukwa & P. Rodriguez, 22.07.2008, det. A. Aptroot. PARATYPE.
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Astrothelium cartilagineum (Fée) Aptroot & Lücking,Lichenologist
48(6): 851 (2016)

= Pyrenula cartilaginea Fée,Essai Crypt. Exot. (Paris): 77 (1825) [1824]
= Segestria porinoidesvar. cartilaginea (Fée) Trevis.,Conspect. Verruc.:

6 (1860)
= Trypethelium cartilagineum (Fée) Aptroot, in Aptroot, Lücking, Sipman,

Umaña & Chaves, Biblthca Lichenol. 97: 134 (2008)
= Verrucaria cartilaginea (Fée) Spreng.,Syst. veg., Edn 16 4(1): 245 (1827)

Thallus corticate, brownish, smooth to uneven. Ascomata with apical
ostioles, solitary to irregularly confluent, 0.4–0.5 mm diam., immersed
to erumpent, covered by thallus except for dark ostiole surrounded by
pale rim, internally with hyaline or red, K+ red crystals. Hamathecium
clear. Ascospores 8/ascus, 3-septate, hyaline, 32–47 × 14–16 µm, IKI-.
Chemistry: thallus and ascomata UV-, K-; ascomata internally K+ red,
with anthraquinone.

[ABLISE48616], Brazil, Bahia, Itamarajú, Monte Pascual, on tree bark
in cerrado forest, 16°51’55’’ S, 39°24’54’’ W, 130m. Leg M. Cáceres &
A. Aptroot (no ISE 48616), 18.02.2019, det. A. Aptroot, 2019.



323

Astrothelium cartilagineum



324

Astrothelium cartilagineum (Fée) Aptroot & Lücking,The Lichenologist
48 (6): 851 (2016).

= Pyrenula cartilaginea Fée,Essai sur les cryptogames des écorces exotiques
officinales: 77 (1825).

= Verrucaria cartilaginea (Fée) Spreng.,Caroli Linnaei systema vegetabili-
um 4 (1): 245 (1827).

= Trypethelium cartilagineum (Fée) Aptroot,Bibliotheca Lichenologica
97: 134 (2008).

= Segestria porinoidesvar. cartilaginea (Fée) Trevis., Conspectus Verru-
carinarum. Prospetto dei Generi e delle Specie de Licheni Verrucarini: 6
(1860).

Thallus corticate, brownish, smooth to uneven. Ascomata trypethelioid,
with apical ostioles, solitary to irregularly confluent, 0.4–0.5 mm diam.,
immersed to erumpent, covered by thallus except for dark ostiole
surrounded by pale rim, internally with hyaline or red, K+ red crystals.
Hamathecium clear. Ascospores 8 per ascus, 3-septate, fusiform, (32–

[ISE48585], Brazil, Bahia, Itamarajú, Monte Pascual, on tree bark in
cerrado forest, 130 m, 16°51’55’’ S, 39°24’54’’ W. Leg. M. Cáceres &
A. Aptroot (no ISE48585), 18.02.2019, det. A. Aptroot, 2019.
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Astrothelium cinereorosellum (Kremp.) Aptroot & Lücking,Lichenolo-
gist 48(6): 853 (2016)

= Trypethelium cinereorosellum Kremp. [as 'cinereo-rosellum'], Nuovo G.
bot. ital. 7(1): 56 (1875)

= Trypethelium flavocinereum Makhija & Patw.,J. Hattori Bot. Lab.
73:198 (1993)

= Trypethelium microstomum Makhija & Patw.,J. Hattori Bot. Lab. 73:
201 (1993)

Thallus corticate, pale greenish grey to yellowish or whitish, smooth to
uneven.Ascomata with apical ostioles, solitary or forming irregular
groups or lines but not distinctly pseudostromatic, 0.3–0.5 mm diam.,
erumpent to prominent, covered by thallus except dark ostiole. Hama-
thecium inspersed. Ascospores 8/ascus, 5–9 septate, hyaline, fusiform,
(33–)40–50(–73) × 8–14 µm, IKI-. Chemistry; thallus UV+ yellow, K-,
with lichexanthone.

[ABL19148], Papua New Guinea, Central prov., Varirata National Park,
20 km E of Port Moreby. On tree in secondary tropical forest. 147°22’
E, 9°27’ S, 800 m. Leg. A. Aptroot (no 19148), 03.1987, det. A. Aptroot
1987.
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Astrothelium cinereorosellum (Kremp.) Aptroot & Lücking,Lichenolo-
gist 48(6): 853 (2016)

= Trypethelium cinereorosellum Kremp. [as 'cinereo-rosellum'], Nuovo G.
bot. ital. 7(1): 56 (1875)

= Trypethelium flavocinereum Makhija & Patw.,J. Hattori Bot. Lab.
73:198 (1993)

Thallus corticate, pale greenish grey to yellowish or whitish, smoth to
uneven.Ascomata with apical ostioles, solitary or forming irregula
groeups or lines but not distictly pseudostromatic, 0.3-0.5 mm diam.,
erumpent to prominent, covered by thallus except dark ostiole. Asco-
spores 8/ascus, 5-9 septate, hyaline, fusiform, (33-)40-50(-73) x 8-14
µm, IKI-. Chemistry; thallus UV+ yellow, K-, with lichexanthone.

[AMH76672], India, Kerala, Cardamom Hills, Munnar-Devicolam
road. Leg. Patwardhan & Prabhu (no AMH 76672), 25.01.1976. ISO-
TYPE ofTrypethelium flavocinereum.
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Astrothelium cinereorosellum (Kremp.) Aptroot & Lücking,Lichenolo-
gist 48(6): 853 (2016)

= Trypethelium cinereorosellum Kremp. [as 'cinereo-rosellum'], Nuovo G.
bot. ital. 7(1): 56 (1875)

= Trypethelium flavocinereum Makhija & Patw.,J. Hattori Bot. Lab.
73:198 (1993)

= Trypethelium microstomum Makhija & Patw.,J. Hattori Bot. Lab. 73:
201 (1993)

Thallus corticate, pale greenish grey to yellowish or whitish, smoth to
uneven.Ascomata with apical ostioles, solitary or forming irregula
groeups or lines but not distictly pseudostromatic, 0.3–0.5 mm diam.,
erumpent to prominent, covered by thallus except dark ostiole. Asco-
spores 8/ascus, 5–9 septate, hyaline, fusiform, (33–)40–50(–73) × 8–14
µm, IKI-. Chemistry; thallus UV+ yellow, K-, with lichexanthone.

[AMH85663], India, Andaman Islands, South Andaman, Baratang,
Bishmu Nala. Leg. Patwardhan & Nagarkar (no AMH85663). Part of
HOLOTYPE ofTrypethelium microstomum .
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Astrothelium cinnamomeum (Eschw.) Müll. Arg.,Flora, Regensburg
67(35): 670 (1884)

Thallus corticate, pale olive-green to yellowish, smooth to uneven.
Ascomata several chambers joined with eccentric, fused ostioles; joi-
ned ascomata pseudostromatic, erumpent to prominent, conical with
flattened top, covered by thallus and upper portion with yellow-orange,
K+ purple, UV+ red pigment. Hamathecium clear. Ascospores 8/ascus,
3 septate, fusiform, 23–30 × 6–10 µm, hyaline, IKI-. Chemistry: thallus
UV-, K-; pseudostromata with yellow to orange, K+ purple, UV+ red
anthrachinone.

[ABL41501], Brazil, Minas Gerais, Catas Altas, Serra do Caraça, Par-
que Natural do Caraça near Tanque Grande. In rain forest remnant on
tree. 20°06’ S, 43°29’ W, 1270 m. Leg. A. Aptroot (no 41501), 19.-
20.09.1997, det. A. Aptroot, 1998.
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Astrothelium clypeatum Aptroot & Gueidan,in Aptroot, Ertz, Etayo
Salazar, Gueidan, Mercado Diaz, Schumm & Weerakoon, Lichenologist
48(6): 613 (2016)

Thallus olive-green, somewhat minutely rimose-bullate and intersper-
sed with lines of black prothallus. Ascomata conical in section, black,
single, fully immersed in pseudostromata. Pseudostromata 0.8–1.3 mm
diam., superficial, carbonized, with flattemed top, without pigment.
Ostioles apical, rusty brown. Hamathecium inspersed with hyaline oil
droplets. Ascospores 8/ascus, 3-septate, hyaline, 85–95 × 22–25 µm,
lumina diamond-shaped or not. Chemistry: thallus and pseudostromata
UV-, K-. TLC: no secondary substances detected.

[CG3005], SE-Asia, Vietnam, Dong Nai province, Cát Tiên National
Park, in the forest, along the small going to the North of the accomoda-
tion area, just before the concrete bridge, on small trees and creepers.
Leg. C. Gueidan (no CG3005), 12.02.2012, det. A. Aptroot. ISOTYPE.
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Astrothelium coccineum Córd.-Cháv., Aptroot & M. Cáceres,in Córdo-
va-Çhávez, Aptroot, Castillo-Campos, Cáceres & Pérez-Pérez, Cryptog.
Mycol. 35(2): 159 (2014)

Thallus corticate, olive-brown, verrucose-bullate. Ascomata with apical
ostioles, distinctly pseudostromatic; pseudostromata 0.7–1.5 mm di-
am., erumpent to prominent, rounded to irregilar, covered by dark red
pigment except for the blackish ostioles, internally with yellow pig-
ment. Hamathecium clear. Ascospores 8/ascus, 3-septate, hyaline, 25–
30 × 10–13 µm, IKI-. Chemistry: thallus UV-, K-; pseudostromata UV-,
outside K+ purple, inside K+ crimson red. TLC: a red (Rf 7) and a
yellow (Rf 2) anthraquinone.

[Cordova476], Mexico, Veracruz, La Cortadure, Coatepec, on tree bark.
Leg. O. Cordova-Chávez (no 476), 2013, det. A. Aptroot, 2013. PARA-
TYPE.
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Astrothelium condoricum Aptroot, in Aptroot, Ertz, Etayo Salazar, Gu-
eidan, Mercado Diaz, Schumm & Weerakoon, Lichenologist 48(6): 614
(2016)

Thallus dull, completely covered by bright orange pigment, not sur-
rounded by a prothallus. Ascomata globose, immersed in low pseu-
dostroma warts, in groups of 3–11. Pseudostromata orange pigmented
on the surface, internally with a thick layer of bright scarlet pigment.
Ostioles apical, mostly orange. Hamathecium not inspersed, IKI-. As-
cospores 8/ascus, muriform, 38–42 × 18–21 µm, ellipsoid, without
distinctly thickened median septum. Chemistry: Orange pigment K+
purple, UV+ red; bright scarlet internal pigment K+ purple (almost
black). TLC: two anthraquinones.

[ABL10452], Ecuador, Morona-Santiago Prov., Los Encuentros, 12 km
E of Cordillera del Condor, prim. tropical rainforest, 1200 m. Leg. A.
Aptroot (no 10452), 27.07.1982, det. A. Aptroot. HOLOTYPE.
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Astrothelium confluens (Müll. Arg.) Aptroot & Lücking,Lichenologist
48(6): 855 (2016)

= Cryptothelium confluens (Müll. Arg.) Zahlbr.,Cat. Lich. Univers. 1: 521
(1922)

= Heufleria confluens Müll. Arg., Flora, Regensburg 66(16): 243 (1883)

Thallus corticate, greyish green to pale yellowish, uneven to bullate.
Ascomata astrothelioid, several chambers joined with eccentric, fused
ostioles, rarely pleurotremoid with separate ostioles; joined ascomata
1–3 mm diam., prominent, completely covered by thallus. Hamatheci-
um clear. Ascospores 8 per ascus, densely muriform, fusiform, c. 130 ×

thone on the ascomata.

[ABL78823], Brazil, Santa Catarina, São Bento do Sul, APA Rio Ver-
melho, on tree in temperate rain forest, 900 m, 26°15’10’’ S, 49°17’19’’
W. Leg. A. Aptroot (no 78823), 1.04.2019, det. A. Aptroot, 2019.
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Astrothelium conjugatum Weerakoon & Aptroot, Phytotaxa 280(2): 153
(2016)

Thallus corticate, pale yellowish brown, rather smooth, covering an
area of up to 7 cm diam., without prothallus..Ascomata c. 0.5–0.7 mm
diam., pyriform, astrothelioid, 2–8 chambers joined with eccentric,
fused ostioles; 3–10 fused ascomata grouped within one pseudostroma;
pseudostromatac. 1–5 mm diam., erumpent to prominent, with irregu-
larly lobate to linear outline, completely covered by a thallus layer that
is thick and opaque at the sides, and can be similar on top or thinner and
translucent, in which case the black ascoma wall is visible through it;
with tiny brown ostioles.Hamatheciumclear but sparsely inspersed
with hyaline oil droplets.Ascospores8/ascus, hyaline, 3-septate, fusi-

shaped when mature.Pycnidia not observed.Chemistry.Thallus and
pseudostroma UV–, K–. TLC: No substances detected. ISOTYPE.

[WeerakoonRi01F], Sri Lanka, Rilhena, on tree. on bark of tree. Leg.
G.Weerakoon & P.Wolseley(no Ri01F), 9 February 2015, det. A. Apt-
root, 2016.
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Astrothelium consimile (Müll. Arg.) Aptroot & Lücking, Lichenologist
48(6): 855 (2016)

= Cryptothelium consimile (Müll. Arg.) Zahlbr.,Cat. Lich. Univers. 1: 521
(1922)

= Heufleria consimilis Müll. Arg., Bot. Jb. 6: 385 (1885)

Thallus green, smooth. Ascomata pyriform, immersed in the bark,
single or mostly 2–4 fused with joint ostioles, becoming exposed.
Ostioles eccentric. Hamathecium not inspersed, filaments profusely
anastomosing. Ascospores 2/ascus, hyaline, densely muriform, 85–130
× 23–36 µm, fusiform, without distinctly thickened median septum.
Chemistry: No reactions or substances reported.

[ABL15568], Brazil, Rondônia, Porto Velho, Parque Natural Munici-
pal, 8°41’10’’ S, 63°52’05’’ W, 100 m, on twig in primary rain forest.
Leg. M. Cáceres & A. Aptroot (no15568), 19.11. 2012, det. A. Aptroot
2012.
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Astrothelium consimile

HPTLC after the methods described in F. SCHUMM & J.A. ELIX
(2015): Atlas of Images of Thin Layer Chromatograms of Lichen
Substances
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Astrothelium crassum (Fée) Aptroot, in Aptroot, Lücking, Sipman, Umaña
& Chaves, Biblthca Lichenol. 97: 45 (2008)

= Pyrenodium crassum (Fée) Fée,Essai Crypt. Exot., Suppl. Révis. (Paris):
69 (1837)

= Trypethelium crassum Fée,Essai Crypt. Exot. (Paris): 66 (1825) [1824]

Thallus corticate, olive-green to yellowish brown, rather thick, uneven
to bullate. Ascomata several chambers joined with excentric fused,
ostioles; joined ascomata dispersed to confluent, 0.3-0.4 mm diam.
erumpent, covered by thallus but upper portion whitish and ostiolar area
blackish. Hamathecium clear. Ascospores 8/ascus, 3-septate, hyaline,
21–27 × 8–10 µm, IKI-. Chemistry: thallus and pseudostromata UV-,
K-. TLC: no substances detected.

[Sipman18741], Guyana, upper Mazaruni district, N-slope of mount
Roraima. Ca. 25m tall, virgin, mossy forest; 8 m high on 10 cm diam.
treetrunk, 5°17’ N, 60°46’ W, 700 m. Leg. H. Sipman (no 18741) & A.
Aptroot, 12.-19.02.1985, det. A. Aptroot 1990.
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Astrothelium curvatum Aptroot & M. Cáceres,in Aptroot, Mendonça,
Andrade, Silva, Martins, Gumboski, Fraga Junior & Cáceres, Lichenologist
48(6): 715 (2016)

Thallus corticate, smooth, somewhat shiny, continuous, covering areas

black prothallus, not inducing gall formation of the host bark. Ascomata
pyriform, 0.4–0.7 × 0.3–0.5 mm, single, immersed in the thallus and

thick. Ostioles lateral, not fused, flat or depressed, brown. Hamatheci-
um inspersed with hyaline oil globules. Asci with 4–8 ascospores.
Ascospores hyaline, muriform, ellipsoid, 74–90 ×
bent, ends rounded, without a distinctly thickened median septum, not
surrounded by a gelatinous layer. Pycnidia not observed. Chemistry:

substances detected.

[ABL21781], Brazil, Sergipe, Parque National Serra de Itabaiana, S
slope, on tree bark in Atlantic rainforest. 400 m, 10°44’35’’ S,
37°20’25’’ W. Leg. M. Cáceres & A. Aptroot (no 21781), 10.05.2014,
det. A. Aptroot, 2014. ISOTYPE.
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Astrothelium curvisporum Aptroot & M. Cáceres,Lichenologist 48(6):
696 (2016)

Thallus corticate, smooth, somewhat shiny, continuous, covering areas

whitish, not surrounded by a prothallus, not inducing gall formation of
the host bark. Ascomata globose, 0.8–1.2 mm diam., immersed in
groups of 3–15 in pseudostromata with a surface different from the
thallus, and distinctly raised above the thallus, irregular in outline, sides

thick. Ostioles apical, not fused, flat, black, often surrounded by a
round, flat black disc of c. 0.2 mm diam. Hamathecium heavily insper-
sed with hyaline oil globules. Asci with 8 ascospores. Ascospores

ends rounded, lumina diamond shaped, surrounded by a gelatinous

secondary substances detected.

[ABL15556], Brazil, Rondônia, Porto Velho, Parque Natural Munici-
pal, on twig in primary rain forest. 100 m, 8°41’10’’ S, 63°52’05’’ W.
Leg. M. Cáceres & A. Aptroot (no 15556), 19.11.2012, det. A. Aptroot.
2012. ISOTYPE.
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Astrothelium decemseptatum Aptroot & M. Cáceres,Lichenologist
48(6): 696 (2016)

Thallus corticate, smooth, somewhat shiny, continuous, covering areas

by a prothallus, not inducing gall formation of the host bark. Ascomata
pyriform, c. 0.6–1.2 mm diam., mostly 2–5 aggregated, mostly immer-
sed in the bark tissue, surfacing in a blackish, partly orange pruinose
pseudostroma that seems to break through the corticated bark. Wall

dots surrounded by a whitish zone c. 0.1 mm wide. Hamathecium
inspersed with hyaline oil globules. Asci with 8 ascospores. Ascospores

layer. Pycnidia not observed. Chemistry. Thallus surface partly UV+

surface UV+ red, pigmented parts of pseudostroma K+ red. TLC:
anthraquinones.

[ABL15484], Brazil, Rondônia, Sítio Ecólogico, Buriti on Lago Cu-
jubim E of Porto Velho. On tree bark in disturbed rain forest. 100 m,
8°35’17’’ S, 63°40’40’’ W. Leg. M. Cáceres & A. Aptroot (no 15484),
18.11.2012, det. A. Aptroot, 2012. ISOTYPE.
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Astrothelium degenerans (Vain.) Aptroot & Lücking, Lichenologist
48(6): 857 (2016)

= Bathelium degenerans (Vain.) R.C. Harris,More Florida Lichens, Incl.
10 Cent Tour Pyrenol. (New York): 117 (1995)

= Pseudopyrenula degenerans Vain.,J. Bot., Lond. 34: 292 (1896)
= Trypethelium degenerans (Vain.) Zahlbr., Cat. Lich. Univers. 1: 490 (1922)

Thallus corticate, olive-green to yellowish or brown, smooth to uneven.
Ascomata with apical ostioles, distinctly pseudostromatic; pseu-
dostromata 1-2 mm diam., erumpent, forming irregilar groups inclu-
ding numerous ascomata, dark brown, internally with yellow-orange,
dusty granular pigment. Hamathecium clear. Ascospores 8/ascus, 3-
septate, hyaline, 15-25 x 6-9 µm, IKI-. Chemistry:thallus UV-, K-;
pseudostromata UV-, externally K-, internally K+ red, with anthraqui-
none.

[ABL25734], USA., Puerto Rico, Distr. Aquadilla, Bosque estadal de
Guajacata on road 446, light forest on tree. 18°25’ N, 66°57 W, 200 m.
Leg. A. & M. Aptroot (no 25734), 21.-31.03.1989, det. A. Aptroot 1989.
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Astrothelium diaphanocorticatumAptroot & Sipman, in Aptroot, Sip-
man, Barreto, Nunes & Cáceres, Lichenologist 51(1): 30 (2019)

Thallus olive green to yellowish green, bullate, with thick hyaline
cortex. Ascospores 3-septate, 25–28 × 10–12 µm, IKI-; Hamathecium
not inspersed. Chemistry: UV-, K-, TLC-.

[Sipman35615], Papua New Guinea, Simbu Province. Mount Wilhelm,
in mossy mountain forest along track from Keglsugl to Pindaunde
valley, 2900 m, 145°05’ E, 5°48’ S. Leg. et det. H. Sipman (no 35615),
5 August 1992. ISOTYPE.



381
Astrothelium diaphanocorticatum



382

Astrothelium diaphanocorticatum



383

Astrothelium diaphanocorticatum



384

Astrothelium dimidioinspersum M. Cáceres & Aptroot, Bryologist
120(2): 170 (2017)

Thallus dull, pale greenish, not surrounded by a prothallus. Ascomata
globose to pyriform, 0.4–0.6 mm diam., immersed in and below the
thallus, in groups of 3–8. Pseudostroma inconspicuous, flush with the
thallus, roundish, c. 1–3 mm diam., dirty greyish to creamish on the
surface, internally not pigmented. Ostioles eccentric, fused, black.
Hamathecium finely inspersed in the upper half. Ascospores (1–
)2/ascus, hyaline, regularly muriform, 155–170 × 30–40 µm, long-
ellipsoid, distinctly thickened at the median septum, not surrounded by
a gelatinous sheath. Mature pycnidia not observed; the numerous tiny
black dots on the pseudostromata could be immature pycnidia. Che-
mistry. Thallus and pseudostroma UV–, C–, K–, KC–, P–. No lichen
substances detected with TLC.

[ISE28410], Brazil, Amazonas, Manaus. Reserva Florestal Adolpho
Ducke, along trails in vicinity of field station, 80 m, 59°57’ W, 2°56’ S,
on tree bark in primary rain forest. Leg. M. Cáceres & A. Aptroot (no
ISE284107), 3–8.06.2016, det. A. Aptroot, 2016. ISOTYPE.
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Astrothelium disjunctum Aptroot & M. Cáceres,Lichenologist 48(6): 697
(2016)

Thallus corticate, smooth, somewhat shiny, continuous, covering areas

black prothallus line c. 0.3 mm wide, not inducing gall formation of the
host bark. Ascomata globose, 0.4–0.6 mm diam., immersed in groups
of 5–25 in pseudostromata (resembling true stromata) with a black
surface different from the thallus, and which are distinctly raised above
the thallus and mostly linear in outline and often forming a network.

fused, flat, tiny black dots surrounded by a whitish zone c. 0.1 mm
wide. Hamathecium not inspersed with oil globules. Asci with 8 asco-
spores. Ascospores hyaline, 3-septate, fusiform, (27–)29–33 × (8–)12–

gelatinous layer. Pycnidia not observed. Chemistry. Thallus surface

substances detected.

[ABL15161], Brazil, Rondônia, Porto Velho, Parque Natural Munici-
pal. On tree bark in park near rain forest. 100 m, 8°41’10’’ S, 63°52’05’’
W. Leg. M. Cáceres & A. Aptroot (no 15161), 16.11.2012, det. A.
Aptroot, 2012. ISOTYPE.
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Astrothelium dissimilum (Makhija & Patw.) Aptroot & Lücking, Liche-
nologist 48(6): 858 (2016)
= Trypethelium dissimilum Makhija & Patw.,J. Hattori bot. Lab. 73: 195

(1993)

Thallus corticate, olive-green, uneven.verrucose. Ascomata with apical
ostioles, confluent to pseudostromatic; pseudostromata 0.8-2 mm di-
am., prominent, dark brown, imternally with yellow, K+ purple crys-
tals. Hamathecium clear. Ascospore 8/ascus, (3-)5(-9)-septate,
fusiform, hyaline, 25-40 x 6-9 µm, IKI-. Chemistry: thallus and pseu-
dostromata UV-, externally K-; pseudostromata internally K+ red, with
anthraquinone.

[AMH771169], India, Meghalaya,Mawsyhram, leg. Patwardhan &
Nagarkar (no AMH771169), 30.10.1997. Part of the HOLOTYPE.
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Astrothelium duplicatum Aptroot & M. Cáceres,Lichenologist 48(6): 697
(2016)

Thallus corticate, smooth, somewhat shiny, continuous, covering areas

prothallus line c. 0.3 mm wide, not inducing gall formation of the host
bark. Ascomata globose, 0.4–0.6 mm diam., immersed in groups of c.
5–50 in pseudostromata. Pseudostromata with a surface different from
the thallus, c. 0.5–1.0 mm raised above the thallus, irregular to linear or

flat to convex, brown. Hamathecium not inspersed with oil globules.
Asci with 8 ascospores. Ascospores hyaline, muriform, fusiform, 45–55

not surrounded by a gelatinous layer. Pycnidia not observed. Chemistry.

red, medulla K+ blood red. TLC: an anthraquinone, probably parietin.

[ABL15165], Brazil, Rondônia, Porto Velhom Parque Natural Munici-
pal, on tree bark in park near rain forest. 100 m, 8°41’10’’ S, 63°52’05’’
W. Leg. M. Cáceres & A. Aptroot (no 15165), 16.11.2012, det. A.
Aptroot, 2012
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Astrothelium effusum(Aptroot & Sipman) Aptroot & Lücking,Liche-
nologist 48(6): 858 (2016)

= Laurera effusaAptroot & Sipman, in Aptroot, Lücking, Sipman, Umaña
& Chaves, Biblthca Lichenol. 97: 61 (2008)

Thallus corticate, olive-green, smooth to uneven. Ascomata with apical
ostioles, solitary, 0.6-1 mm diam., immersed-erumpent, covered by
thallus except around ostiole, which is surrounded by a pale ring.
Hamathecium inspersed. Ascospore 8/ascus, muriform, ellipsoid, hyali-
ne, 80-100(-125) x 28-48 µm, IKI-. Chemistry: thallus UV-, K-. TLC:
no substances detected.

[Flakus13145], Bolivia, Santa Cruz, Guarayos, RN de Vida Silvestre
Rios Blanco y Negro, Virgen de Pilar near Chonta village, lowland
Amazon forest,15°38’54’’ S, 62°57’37’’ W,229 m. Leg. A. Flakus & P.
Rodriguez (no 13145),22.07.2009, det. A. Aptroot, 2014.
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Astrothelium endochryseum (Vain.) Aptroot & Lücking,Lichenologist
48(6): 858 (2016)

= Bathelium endochryseum (Vain.) R.C. Harris,More Florida Lichens,
Incl. 10 Cent Tour Pyrenol. (New York): 117 (1995)

= Pseudopyrenula endochrysea Vain.,Acta Soc. Fauna Flora fenn. 7(no. 2):
206 (1890)

= Trypethelium endochryseum (Vain.) Zahlbr.,in Engler & Prantl, Nat.
Pflanzenfam., Teil. I (Leipzig) 1(1*): 70 (1903)

Thallus ecorticate, green to yellowish or brown, verrucose. Ascomata
trypethelioid, with apical ostioles, pseudostromatic; pseudostromata
1–2 mm diam., erumpent to prominent, dark brown, internally with
yellow to orange, dusty granular pigment. Hamathecium clear. Asco-
spores 8/ascus, 3-septate, fusiform-ellipsoid, 35–50 × 12–15 µm, hyali-
ne, IKI-. Chemistry: Thallus UV-, K-; pseudostromata UV-, externally
K-, internally K+ red, anthraquinone.

[ABL78669], Brazil, Rio Negrinho, Rio Preto, Fazenda Velha, on tree
in temperate rain forest, 26°17’57’’ S, 49°37’24’’ W, 800 m. Leg. A.
Aptroot (no 78669), 31.03.2019, det. A. Aptroot, 2019.
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Astrothelium erubescens(Kunze) Aptroot & Lücking.
= Trypethelium erubescensKunze,Annls Sci. Nat., sér. 1 23: 441 (1831)
= Trypethelium ochroleucum var.erubescens (Kunze) Müll. Arg.,Flora

68: 254 (1885)
= Trypethelium stramineum Krempelh.,Nuov. Giorn. Bot. Ital. 7: 56

(1875)

Thallus grey to greyish green, smooth. Ascomata largely immersed in
the pseudostromata. Pseudostroma not or a little raised, cream
coloured, often completely covered by the thallus. Ostiole apical.
Hamathecium inspersed. Ascospores 3-septate, 15–27 × 7–10 µm.
Chemistry. Thallus and pseudostroma UV+ yellow, K–, with lichexan-
thone (or 1,8-dihydroxy-3,6-dimethoxyxanthone).

[ABL11195], Brazil, Rondônia, Porto Velho, Parque Natural Munici-
pal, 8°41’10’’ S, 63°52’05’ W, 100 m, on Mangifera indica in garden.
Leg. M. Cáceres & A. Aptroot (no 11195), 9-12.3.2012, det.  A. Apt-
root 2012.
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Astrothelium erubescens(Kunze) Aptroot & Lücking.
= Trypethelium erubescens Kunze in Fée, Ann. Sci. Nat., Bot., sér. 1, 23:

441 (1831).
= Trypethelium ochroleucum var.erubescens (Kunze), Müll. Arg.,Flo-

ra 68: 254 (1885); type: Surinam, Weigelt.
= Trypethelium stramineum Krempelh.,Nuov. Giorn. Bot. Ital. 7: 56,

(1875); type: Sarawak, Beccari 212 (M—lectotype, Makhija & Patwardhan,
Int. J. Mycol. Lichenol. 5: 246, 1992).

Thallus grey to greyish green, smooth. Ascomata largely immersed in
the pseudostromata. Pseudostroma not or a little raised, cream coloured,
often completely covered by the thallus. Ostiole apical. Hamathecium

and pseudostroma UV+ yellow, K–, with lichexanthone (or 1,8-dihy-
droxy-3,6-dimethoxyxanthone).
Until recently not distinguished fromAstrothelium phlyctaenum, and
therefore distribution not well known. Both species together have been
calledTrypethelium ochroleucum. Due to the fact that inspersed speci-
mens were not distinguished as a separate species.

[Flakus 15610], Bolivia, Santa Cruz, José Miguel de Velasco, PN Noel
Kempff Mercado, Savana de los Fierros near Florida village, 14°36’11’’
S, 61°52’24’’ W, 205 m, savanna. Leg. A. Flakus (no 15610) & P.
Rodriguez, 15.12.2009, det. A. Aptroot.
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Astrothelium eumultiseptatum Aptroot & M. Cáceres,Lichenologist
48(6): 698 (2016)

Thallus corticate, smooth, somewhat shiny, continuous, covering areas

a black prothallus line c. 0.3 mm wide, not inducing gall formation of
the host bark. Ascomata pyriform, c. 0.6–1.2 mm diam., mostly 2–5
aggregated, mostly immersed in the bark tissue below pseudostromata
with a whitish surface different from the thallus, and which are distinct-
ly raised above the thallus and mostly linear in outline and often

tric, fused, flat, pale brown, white pruinose, surrounded by a whitish
zone. Hamathecium not inspersed with oil globules. Asci with 8 asco-
spores. Ascospores hyaline, 9–11-septate to muriform, fusiform, 65–70

a gelatinous layer. Pycnidia abundant, black, only on the pseudostrom-

region UV+ yellow. TLC: lichexanthone.

[ABL11828], Brazil, Rondônia, Fazenda São Francisco off BR319, 30
km N of Porto Velho, on tree bark in primary rain forest. 100 m,
8°24’33’’ S, 63°58’56’’ W. Leg. M. Cáceres & A. Aptroot (no 11828),
15.03.2012, det. A. Aptroot, 2012. ISOTYPE.
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Astrothelium eustomum(Mont.) Müll. Arg., Flora, Regensburg 68(12):
247 (1885)

= Pyrenastrum eustomum Mont. 1843
= Astrothelium acroleucum Malme, Ark. Bot. 19(1): 15 (1924)

Thallus corticate, olive-green to greyish green, smooth to uneven.
Ascomata several chambers joined with eccentric, fused ostioles; joi-
ned ascomata dispersed to pseudostromatic, 0.4–0.8 mm diam., erum-
pent with flattened tops, with whitish to pale yellowish cover
contrasting with the thallus. Hamathecium clear. Ascospores 8/ascus,
3–5 septate, fusiform, hyaline, 22–30 × 6–8 µm, IKI-. Chemistry:
thallus UV-, K-; pseudostromata UV+ yellow, K-, with lichexanthone.

[ABLISE48626], Brazil, Bahia, Itamarajú, Monte Pascual, on tree bark
in cerrado forest. Leg. M Cáceres & A. Aptroot (no ISE 48626),
18.02.2019, det. A. Aptroot, 2019.
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Astrothelium eustomurale Aptroot & M. Cáceres,Lichenologist 48(6):
698 (2016)

Thallus corticate, smooth, somewhat shiny, continuous, covering areas

by prothallus, not inducing gall formation of the host bark. Ascomata
pyriform, c. 0.6–1.2 mm diam., mostly 2–5 aggregated, mostly immer-
sed in the bark tissue below pseudostromata with a whitish surface
different from the thallus, and which are distinctly raised above the
thallus and mostly irregular in outline, not forming a network. Wall

brownish, white pruinose, surrounded by a whitish zone. Hamathecium
not inspersed with oil globules. Asci with 8 ascospores. Ascospores

yellow. TLC: lichexanthone.

[ABL11547], Brazil, Rondônia, Porto Velho, Parque Natural Municipal
de Porto Velho, 8°41'10'' S, 63°52'05'' W, c. 100 m, on tree bark in
primary rainforest. Leg. M. Cáceres & A. Aptroot (no 11547), 9–
12.03.2012, det. A. Aptroot, 2012. ISOTYPE.
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Astrothelium exostemmatis (Müll. Arg.) Aptroot & Lücking,
Lichenologist 48(6): 859 (2016)

= Bathelium exostemmatis Müll. Arg., Mém. Soc. Phys. Hist. nat. Genève
30(no. 3): 17 (1888)

= Laurera exostemmatis (Müll. Arg.) Zahlbr., in Engler & Prantl, Nat.
Pflanzenfam., Teil. I (Leipzig) 1(1*): 71 (1903)

Thallus pale brownish, smooth. Ascomata globose, immersed in groups
in flat whitish, elongated to punctiform pseudostromata which are not
raised above the thallus. Ostioles apical, black. Hamathecium not
inspersed, IKI–, filaments profusely anastomosing. Ascospores 8/ascus,
hyaline, IKI–, muriform, 70–80 × 20–25 µm, conspicuously curved,
ellipsoid, without distinctly thickened median septum. Chemistry. Thal-
lus and pseudostroma UV–, K–. TLC: No substances.

[ABL10406], Ecuador, pr. Pastaza, Puyo, 18 km north, primary tropical
rainforest, 1100 m, leg. A. Aptroot (no10406) & R. Hensen, 14.8.1982.
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Astrothelium feei(C.F.W. Meissn.) Aptroot & Lücking,Lichenologist
48(6): 860 (2016)

= Bathelium feei(C.F.W. Meissn.) Aptroot, in Aptroot, Lücking, Sipman,
Umaña & Chaves, Biblthca Lichenol. 97: 51 (2008)

= Trypethelium feeiC.F.W. Meissn.,Annls Sci. Nat., sér. 1 23: 442 (1831)

Hamathecium clear. Ascospores 8/ascus, 3-septate, fusiform-ellipsoid,
18–25 × 5–9 µm, hyaline, IKI-. Chemistry:Thallus UV-, K-; pseu-
dostromata UV-, externally K-, internally K+ yellow, with anthraquino-
ne.

[ABL60328], Costa Rica, Prov. Limón, Playa Manzanillo, 65 km SE of
Limón.82°53’ W, 9°38’ N, 1 m, on Terminalia tree along the beach, leg.
A. Aptroot (no 60328), 11.03.2004, det. A. Aptroot 2004.
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Astrothelium feei (C.F.W. Meissn.) Aptroot & Lücking,Lichenologist
48(6): 860 (2016)
= Bathelium feei(C.F.W. Meissn.) Aptroot, in Aptroot, Lücking, Sipman,
Umaña & Chaves, Biblthca Lichenol. 97: 51 (2008)
= Trypethelium feei C.F.W. Meissn., Annls Sci. Nat., sér. 1 23: 442 (1831)
= Trypethelium scoriavar. feei (C.F.W. Meissn.) Trevis. [as 'féei'], Flora,
Regensburg 44: 10 (1861)
= Trypethelium mastoideum var.macerum Müll. Arg., Bot. Jahrb. Syst.6:
390 (1885)
= Trypethelium carolinianum Tuck., Amer. J. Sci. Arts,ser. 2, 25: 429 (1858).
= Bathelium carolinianum (Tuck.) R.C. Harris,More Florida Lichens: 116
(1995)

Thallus green to yellowish or brown, smooth. Ascomata largely immer-
sed in the pseudostroma. Pseudostroma raised or not, brown, inside
with yellow to orange, dusty granular pigment. Ostiole apical. Hama-
thecium not inspersed, filaments profusely anastomosing. Ascospores
3-septate, 18–25 × 5–9 µm. Chemistry. Thallus UV–, K–, pseudostro-
ma UV–, K+ yellow, with anthraquinone.

[ABL Stoffers 251e], Guyana, Marudi Mts., c. 1 km along trail from
Norman Mines camp to Aishalton, 02°15‘ N, 59°10‘ W, 300-400 m, in
disturbed vegetation on bark of Jacaranda copaia (Aubl.) D. Don. Leg.
A.L. Stoffers, A.R.A. Gorts-van Rijn, B.J.H. ter Welle & K.J. Bonsen,
det. A. Aptroot.
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Astrothelium flavoduplex Aptroot & M. Cáceres,Lichenologist 48(6):
699 (2016)

Thallus corticate, smooth, somewhat shiny, continuous, covering areas

prothallus line c. 0.3mm wide, not inducing gall formation of the host
bark. Ascomata globose, 0.4–0.6 mm diam., immersed in groups of c.
7–50 in pseudostromata. Pseudostromata with a surface different from
the thallus, c. 1 mm raised above the thallus, oval to irregular or

apical, not fused, flat to convex, brown. Hamathecium not inspersed
with oil globules. Asci with 4–8 ascospores. Ascospores hyaline, muri-
form with c. 22–30 transverse septa, fusiform to clavate, 110–350 ×

only a few transverse, mostly oblique septa, median septum much
thickened at the sides, not surrounded by a gelatinous layer. Pycnidia
not observed. Chemistry. Thallus surface UV+ yellow, thallus medulla

an anthraquinone, probably parietin.

[ABL15553], Brazil, Rondônia, Porto Velho, Parque Natural Municipal
de Porto Velho, 8°41'10'' S, 63°52'05'' W, 100 m, on twig in primary
rainforest. Leg. M. Cáceres & A. Aptroot (no 15553), det. A. Aptroot.
2012. ISOTYPE.
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Astrothelium flavomaculatumAptroot, in Aptroot, Ertz, Etayo Salazar,
Gueidan, Mercado Diaz, Schumm & Weerakoon, Lichenologist 48(6): 615
(2016)

Astrothelium similar toA. graphicum Aptroot & S.M.A. Martins,
which has generally smaller ascospores, reaching 66 µm. Hamatheci-
um not inspersed. Ascospores hyaline, 8/ascus, 1–2 septate, later multi-
septate, in the end muriform, 50–75 × 12–27 µm. Chemistry: thallus
and pseudostroma UV-, orange pigment K+ purple, UV+ red, TLC: an
anthraquinone.

[ABL10441], Ecuador, pr. Mor-S.; Los Encuentros, km 12 East Cordil-
lera del Condor prim. trop. rainforest. 1200 m. Leg. A. Aptroot (no
10441), 26. July 1982. HOLOTYPE.
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Astrothelium flavomegaspermumAptroot & Etayo,in Etayo & Aptroot,
Bryologist 120(4): 503 (2017)

Thallus irregularly bullate. Ascomata simple, free or irregularly cover-
ed by thallus; ostiole central; hamathecium with citrine yellow insper-
sion. Ascospores muriform, 4/ascus, 150–190 × 40–50 µm. Chemistry:
thallus UV-; yellow inspersion KOH+ yellow to orange exudate.

[Etayo30253], Panamá, Veraguas, Bahia Honda, Playa del Edén, (los
Biólogos), manglar, 0 m. On tree bark in mangrove. Leg. J. Etayo (no
30253), 27.07.2001, det. A. Aptroot. ISOTYPE.
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Astrothelium flavomeristosporum Aptroot, in Aptroot, Ertz, Etayo
Salazar, Gueidan, Mercado Diaz, Schumm & Weerakoon, Lichenologist
48(6): 617 (2016)

Thallus corticate, smooth, somewhat shiny, continuous, greyish green,
covering areas up to 9 cm diam., c. 0.2 mm thick, surrounded by a c. 0.1
mm wide black prothallus line, not inducing gall formation of the host
bark. Ascomata globose, 0.8–1.2 mm diam., mostly single, occasionally
2 aggregated, in hemispherical brown pseudostromata without thallus
cover. Wall carbonized, up to c. 120 µm thick. Ostioles apical, concave,
ochraceous to brown. Hamathecium yellow to orange (at least partly),
inspersed with oil globules. Asci with 4–8 ascospores. Ascospores
hyaline, muriform, ellipsoid, 140–200 × 25–30 µm, with distinctly
thickened median septum, ends rounded, not surrounded by a gelati-
nous layer. Chemistry: Thallus and pseudostroma K–, UV–. TLC: No
substances detected.

[ABL15125], French Guyana, Montsinery, c. 20 km W of Cayenne,
along forest track called „Risque tout“, 52°35’ W, 4°55’ N, 50 m,
epiphytic in crown. Leg. A. Aptroot (no 151245), 03.1985, det. A.
Aptroot.
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Astrothelium flavomurisporum Aptroot & M. Cáceres,Lichenologist
48(6): 701 (2016)

Thallus corticate, minutely bullate, somewhat shiny, continuous, cove-

a prothallus, not inducing gall formation of the host bark. Ascomata
pyriform, 0.5–0.7 mm diam., 2–5 aggregated, deeply immersed in the
bark, visible only from above by the ostioles, without pseudostroma.

concave. Hamathecium not inspersed. Ascospores 8 per ascus, hyaline,

gelatinous layer, lumina with yellow oil, central septum much thi-

[ABL15697], Brazil, Rondônia, Estação Ecológica de Cuniã, km 760
on road BR 319 NNE of Porto Velho, 8°02'44'' S, 63°29'11'' W, c. 100
m, on tree bark in primary rainforest. Leg. M. Cáceres & A.Aptroot (no
15697), 20.11.2012, det. A. Aptroot, 2012. ISOTYPE.
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Astrothelium flavostromatum Aptroot & M. Cáceres, Lichenologist
48(6): 701 (2016)

Thallus corticate, bullate, somewhat shiny, continuous, covering areas

by a prothallus, inducing gall formation of the host bark. Ascomata
globose, 0.6–1.0 mm diam., immersed in groups of 5–25 in pseu-
dostromata with a surface different from the thallus, which are not
distinctly raised above the thallus and often even lower, linear to
irregular in outline and often forming a network, cream with yellow

fused, mostly concave, brown, often with a thin blackish rim. Hamathe-
cium not inspersed with oil globules. Asci with 8 ascospores. Ascospo-

pseudostroma K+ blood red. TLC: an anthraquinone, probably parietin.

[ABL15104], Brazil, Rondônia, Porto Velho, Parque Natural Municipal
de Porto Velho, 8°41'10'' S, 63°52'05'' W, 100 m, on tree bark in park
near rainforest. Leg. M. Cáceres & A. Aptroot (no 15104), 16.11.2012,
det. A. Aptroot, 2012. ISOTYPE.
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Astrothelium flavum Aptroot & M. Cáceres,Lichenologist 48(6): 701
(2016)

Thallus corticate, smooth, somewhat shiny, continuous, covering areas

by a violet-brown prothallus line c. 0.3 mm wide, not inducing gall
formation of the host bark. Ascomata globose, 0.4–0.7 mm diam.,
immersed in groups of 5–25 in pseudostromata with a surface different
from the thallus, and which are slightly raised above the thallus, irregu-

Ostioles apical, not fused, flat to concave, black. Hamathecium not
inspersed with oil globules. Asci with 8 ascospores. Ascospores hyali-
ne, 3-septate, fusiform, 16–18 ×
mondshaped, not surrounded by a gelatinous layer. Pycnidia not

dostroma surface UV+ red, K+ blood red. TLC: an anthraquinone,
probably parietin.

[ABL11410], Brazil, Rondônia, Porto Velho, Parque Natural Municipal
de Porto Velho, 8°41'10'' S, 63°52'05'' W, c. 100 m, on tree bark in
primary rainforest Leg. M. Cáceres & A. Aptroot (no 11410), 9–
12.03.2012, det. A. Aptroot, 2012. ISOTYPE.
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Astrothelium galligenum(Aptroot) Aptroot & Lücking,Lichenologist
48(6): 861 (2016)

= Trypethelium galligenumAptroot,Trop. Bryol. 14: 29 (1998)

Thallus pale greenish, uneven to bullate. Ascomata with apical blackish
ostioles surrounded by a brown rim. Hamathecium inspersed eith
yellow, K+ purple oil. Ascospores 8/ascus, 7 septate, 50–60 µm, central
septum euseptate and wider, hyline IKI-. Chemistry: thallus UV-, K-;
hamathecium with anthraquinone.

[ABL 39461], Papua New Guinea, Central Province, Owen Stanley
Range, Kagi village, along Kokoda Trail towards Gap. 9°08’ S, 147°40’
E, 1700 m. Lithocarpus forest on mountain ridge. Leg. A. Aptroot (no
39451), 20.-21.10.1995, det. A. Aptroot 1996. HOLOTYPE.
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Astrothelium gigantosporum (Müll. Arg.) Aptroot & Lücking, Licheno-
logist 48(6): 861 (2016)

= Bathelium gigantosporumMüll. Arg., Bot. Jb. 6: 394 (1885)
= Laurera gigantospora (Müll. Arg.) Zahlbr., in Engler & Prantl, Nat.

Pflanzenfam., Teil. I (Leipzig) 1(1*): 71 (1903)

Thallus corticate, olive-green, smooth to uneven. Ascomata with apical
ostioles, erumpent to prominent, covered by thallus except for dark
ostioles surrounded by whitish rim. Hamathecium clear. Ascospores
2/ascus, densely muriform, 200–250 × 50–65 µm, first hyaline, then
dark brown. IKI-. Chemistry: UV-, K-, TLC: no lichen substances
detected.

[ABL60587], Costa Rica,Prov. Guanacaste, Proyecto Eólico Novasa
near Tierras Morenas, 15 km NNW of Tilarán, 85°01’ W, 10°35’ N, 750
m. On exposed trees along road. Leg. A. Aptroot (no
60587),17.03.2004, det. A. Aptroot 2004.
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Astrothelium gigasporumR.C. Harris,Acta Amazon., Supl. 14(1-2): 61
(1986)

Ascomata several chambers joined with eccentric fused ostioles, promi-
nent to sessile. Hamathecium clear. Ascospores 8/ascus, 19–22 septate,
105–115 × 18–20 µm, hyaline, IKI-.

[Buck2532], Brazil, along the shores of the Rio Curicuriari and Igarapé
Branco (Rio Cariua) from the Rio Curicuriari to Cachoeira de Bôto
(Cachoeira Piraiauara). 00°20’ S, 66°55’ W. Leg. W.R. Buck (no 2532),
14.07.1979, det. R.C. Harris. ISOTYPE.
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Astrothelium globosum Aptroot & M. Cáceres,in Aptroot, Mendonça,
Andrade, Silva, Martins, Gumboski, Fraga Junior & Cáceres, Lichenologist
48(6): 716 (2016)

Thallus corticate, consisting of closely appressed, nearly globose warts

prothallus, not inducing gall formation of the host bark. Ascomata
pyriform, 0.2–0.4 mm diam., 2–5 aggregated, immersed in the bark,
only visible from above by black ostioles between the thallus warts.

cium not inspersed. Ascospores 8 per ascus, hyaline, 3-septate, long

wide at the tips of the ascospores. Pycnidia not observed. Chemistry.

substances detected.

[ABL12980], Brazil, Sergipe, Santa Luzia do Itanhy, Mata do Crasto,
on bark of tree. Leg. M. Cáceres & A. Aptroot (no 12980), 10.03.2012,
det. A. Aptroot, 2013. ISOTYPE.
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Astrothelium graphicum Aptroot & S.M. Martins,in Aptroot, Mendonça,
Andrade, Silva, Martins, Gumboski, Fraga Junior & Cáceres, Lichenologist
48(6): 716 (2016)

Thallus corticate, smooth to somewhat bullate, somewhat shiny, conti-

orange pruina, not surrounded by prothallus, not inducing gall formati-
on of the host bark. Ascomata globose, 0.3–0.4 mm diam., mostly
aggregated 10–40, immersed in or even below pseudostromata with a
surface different from the thallus; pseudostromata not distinctly lower
than the thallus, irregular in outline, anastomosing to meandering in a

of the whole thallus), ochraceous with thin orange pruina, inside ochra-
ceous, not containing bark tissue, but ascomata often immersed in the

ochraceous to brown, surrounded by a whitish to ochraceous, often
clearly exserted ring of c. 0.1 mm. Hamathecium not inspersed with oil
globules. Asci with 8 ascospores. Ascospores hyaline, muriform, ellip-

ends rounded, surrounded or not by a gelatinous layer. Pycnidia not

pseudostroma surface UV+ pink, pigmented parts of pseudostroma K+
purple. TLC: an anthraquinone, probably parietin.

[Miranda s.n.], Brazil, Pará, Santarem, on tree bark. Leg. A.L. Burligo
Miranda (s.n.), 09.2013, det. A. Aptroot, 2013. ISOTYPE.



470

Astrothelium graphicum



471

Astrothelium graphicum



472

Astrothelium grossoides Aptroot & Lücking, Lichenologist 48(6): 862
(2016)

= Trypethelium grossum Müll. Arg., Bot. Jb. 5: 139 (1884)

Thallus corticate, olive-green to brownish, uneven bullate, pseudogall-
inducing. Ascomata with apical ostioles, dense to diffusely pseu-
dostromatic, 0.4–0.5 mm diam., immersed, covered by thallus. Hama-
thecium inspersed. Ascospores 8/ascus, 3-septate, hyaline, 15–32 ×
9–12 µm, IKI-. Chemistry: thallus and ascomata UV+ yellow, K-. TLC:
lichexanthone.

[ABL18361], Papua New Guinea, Chimbu prov., Mount Wilhelm area,
near lake Piunde (= Pindaunde), on tree in forest remnants, 145°03’ E,
5°47’ S, 3500 m. Leg. A. Aptroot (no 18361), 03.1987, det. A. Aptroot,
1987.
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Astrothelium guianenseAptroot, in Aptroot, Ertz, Etayo Salazar, Gueidan,
Mercado Diaz, Schumm & Weerakoon, Lichenologist 48(6): 618 (2016)

Thallus corticate, irregular, ascocarps with eccentric fused ostioles,
hamathecium not inspersed. Ascospores 4/ascus, hyaline, muriform,
70–80 × 20–25 µm, without gelatinous sheath. Chemistry: UV-, K-.
TLC: no substances detected.

[ABL18261], Guyana, upper Mazaruni district. Pakaraima mountains,
ca. 2 km NW of Kamarang. On thin stemlet in ca. 10 m tall, well-lit
savannah-forest on ridge. 5°53’ N, 60°38’ W, 500 m. Leg. H. Sipman &
A. Aptroot (no 18251), 4.2.1985, det A. Aptroot 1990. ISOTYPE.
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Astrothelium heterophorum Nyl., Bull. Soc. linn. Normandie, sér. 2 2: 133
(1868)

= Trypethelium elmeri (Vain.) R.C. Harris, Lichenogr. Thomsoniana
143 (1998)

Thallus corticate, olive-green to yellowish, smooth to uneven. Asco-
mata with separate ostioles or several chambers joined with eccentric,
fused ostioles, immersed-erumpent, covered by thallus except for bla-
ckish ostiolar area.Hamathecium clear. Spores 8/ascus, 9–19 septate,
fusiform, 60–80 × 12–17 µm, hyaline, IKI-. Chemistry: thallus and
ascomata UV-, K-. TLC: no substances detected.

[Elmer14655], Philippines, Luzon, Irosin (Mt.Sulusan), Prov. of Sorso-
gon, Leg. Elmer (no 14655). HOLOTYPE ofTrypethelium elmeri.
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(Upreti & Aptroot) Aptroot & Schumm
comb. nov., Mycobank no 841168; basionym:

= Lithothelium himalayense Upreti & Aptroot, Lichenologist 28(1): 89
(1996)

Thallus crustose, corticolous, yellow or yellowish-brown, smooth,
epiphloeodal, without hypothallus. Pseudostroma 2–8-carpous, 0.8–2.0
mm in diam., immersed or emergent and upper part covered with a
thallus layer or exposed and black, convex. Photobiont globose, pro-
bably belonging to Trentepohlia. Ascocarps radially arranged, with
fused ostioles, 0.5–0.7 mm in diam., 0.3–0.45 mm high, completely
carbonized, without distinct clypeus, walls up to 100 µm thick. Ostioles
whitish all around and brown in the centre, conical, lateral, 50–120 µm
in diam. Centrum colourless, without oil globules, IKI+ vinose red.
Paraphyses branched at the tips, 1–2 µm thick. Periphyses absent. Asci
8-spored, 100–165 × 15–25 µm, lumina diamond-shaped, with a roun-
ded ocular chamber. Ascospores irregularly arranged in the ascus,
colourless (old becoming brown), fusiform with pointed ends, curved
or straight, 6–9-distoseptate, 35–54 × 7–10 µm. Perispore smooth,
without granules, up to 2 µm thick.
Note: The re-examination of this isotype shows that this belongs to the
genus Astrothelium, as it has partly diamond-shaped lumina and
branched paraphyses.

[Upreti212958], India, Uttar Pradesh, Pithoragarh District., Munsiyari,
forest above PWD guest house, c. 2300 m, onQuercus bark. Leg. D. K.
Utpreti (no 212958), 30.06.1003. ISOTYPE.
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Astrothelium infuscatulum (Müll. Arg.) Aptroot & Lücking, Lichenolo-
gist 48(6): 863 (2016)

= Pseudopyrenula infuscatula (Müll. Arg.) Vain., Ann. Acad. Sci. fenn.,
Ser. A 6(no. 7): 197 (1915)

= Trypethelium infuscatulum Müll. Arg., Bot. Jb. 6: 389 (1885)

Thallus corticate, olive-green to yellowish brown, smooth to uneven.
Ascomata with apical ostioles, distinctly pseudostromatic; pseu-
dostromata 1–2 mm diam., erumpent, irregular to linear, with flattened
surface, blackish brown except for a pale brown rim around the ostioles.
Hamathecium clear. Ascospores 8/ascus, 3-septate, fusiform-ellipsoid,
hyaline, 25–30 × 7–10 µm, IKI+ violet. Chemistry: thallus and pseu-
dostromata UV-, K-. TLC: no substances detected.

[ABL14865], Suriname, Brokopondo district, Brownsberg, on Spondi-
as, village Brownsweg, 55°10’ W, 5°00’ N, 200 m. Leg. A. Aptroot (no
14865), 25-29.01.1985, det. A. Aptroot.
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Astrothelium inspersaeneum E.L. Lima, Aptroot & M. Cáceres,in
Leandro de Lima, Costa Maia, Aptroot & Eugenia da Silva Cáceres, Bryolo-
gist 116(4): 327 (2013)

Thallus crustose, corticate, dull, orange, surrounded by a black prothal-
lus line. Algae trentepohlioid. Ascomata pyriform, immersed in undif-
ferentiated pseudostromata, 0.2–0.4 mm diam, only visible from above
by a black ostiole, arranged in broad lines or branched groups. Hama-
thecium inspersed with hyaline oil droplets. Ascospores 8/ascus, hyali-
ne, 3-septate, long ellipsoid, 20–25 × 8–10 µm, lumina diamond-
shaped. Pycnidia not observed. Chemistry. Thallus and pseudostromata
UV–, C–, P–, K+ purple. TLC: anthraquinone.

[Lima], Brazil, Pernambuco, Vale do Catimbao, on bark of tree, c. 900
m. Leg. E.L. Lima (no 395), 3.02.2012, det. A. Aptroot, 2013.
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Astrothelium inspersogalbineumAptroot & Weerakoon, in Aptroot,
Ertz, Etayo Salazar, Gueidan, Mercado Diaz, Schumm & Weerakoon, Licheno-
logist 48(6): 618 (2016)

Thallus corticate, smooth, somewhat shiny, pale greenish-grey Asco-
mata 0.4–0.7 mm diam, mostly aggregated 4–10, mostly immersed in
the bark tissue below pseudostromata with orange surface different
from the thallus; wall carbonized. Hamathecium inspersed with oil
globules. Ascospores 8/ascus, 3 septate,22–25 × 9–11 µm, lumina
mostly diamond-shaped. Chemistry: thallus UV+ yellow, K-; pseu-
dostromata K+ purple, UV+ red. TLC: a yellow to orange anthrquinone.

[Weerakoon118], Singapore, leg. G. Weerakoon (no 118), 20.04.2012,
det. A. Aptroot 2016. HOLOTYPE.
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Astrothelium interjectum R.C. Harris,Acta Amazon., Supl. 14(1-2): 61
(1986) [1984]

Thallus green to grey, smooth. Ascomata pyriform, usually 2–5 fused.
Pseudostroma regularly raised with flattened tops, whitish, without
pigment. Ostioles eccentric, fused. Hamathecium not inspersed, fila-
ments profusely anastomosing. Ascospores 3-septate, 25–30 × 6–11
µm. Chemistry. Thallus UV–, K–, pseudostroma UV+ yellow, K–, with
lichexanthone

[ABL11658], Brazil, Rondônia, Estação Ecológica de Cuniã, 760 km
on road BR 319 N of Porto Velho, 8°02’44’’ S, 63°29’11’’ W, 100 m, on
treebark in primary rain forest. Leg. M. Cáceres & A. Aptroot (no
11658), 13.03.2012, det. A. Aptroot 2012
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Astrothelium interjectumR.C. Harris,Acta Amazon., Supl. 14(1-2): 61
(1986) [1984]. Illustration: R.C. Harris, Acta Amazon. (Suppl.) 14: 78, fig.
4 (‘1984’) [1986].

Thallus green to grey, smooth. Ascomata astrothelioid, several cham-
bers joined with eccentric, fused ostioles; joined ascomata pseu-
dostromatic; pseudostromata 1–3 mm diam., erumpent to prominent,
whitish and darker ostiolar areas. Hamathecium clear. Ascospores
8/ascus, 3-septate, fusiform-ellipsoid, 25–30 × 6–11 µm, hyline IKI-.
Chemistry: Thallus UV-, K-; pseudostromata UV+ yellow, K-, with
lichexanthone.

[ABL78774], Brazil, Rio Negrinho, Rio Petro, Fazenda Velha, on tree
in temperate rain forest, 26°17’57’’ S, 49°37’24’’ W, 800 m. Leg. A.
Aptroot (no 78774), 31.03.2019, det. A. Aptroot, 2019.
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Astrothelium introflavidum Aptroot & M. Cáceres,in Cáceres & Aptroot,
Bryologist 120(2): 172 (2017)

Thallus dull, up to 0.2 mm thick, olivaceous green, not surrounded by
a prothallus. Ascomata globose to pyriform, 0.2–0.4 mm diam., deeply
immersed in and below pseudostromata, in groups of 6–25. Pseudostro-
ma not much differentiated from the thallus, c. 1–3 mm diam., ellipsoid
to elongated or branched, internally pigmented with bright yellow
crystals. Ostioles eccentric, fused, black, surrounded by a c. 0.1 mm
wide ochraceous ring. Hamathecium not inspersed, IKI–. Ascospores
8/ascus, hyaline, 6–7-septate, 32–35 × 7–8 µm, longellipsoid, without
distinctly thickened septa, not surrounded by a gelatinous sheath. Pyc-
nidia not observed. Chemistry: Thallus UV–, C–, K–, KC–, P–; pseu-
dostroma inside with yellow crystals, UV–, C–, P–, K+ blood red. TLC:
An anthraquinone, probably parietin.

[ISE40245], Brazil, Pará, Vila Nazaré, 80 km N of Dom Eliseu, 120 m,
3°53’56’’ S, 48°05’44’’ W, on tree bark in primary tropical lowland rain
forest. Leg. M. Cáceres & A.Aptroot (no 40245), 29.10.2016, det. A.
Aptroot, 2016. ISOTYPE.
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Astrothelium irregulare (Müll. Arg.) Aptroot & Lücking, Lichenologist
48(6): 865 (2016)

= Bathelium irregulare Müll. Arg., Hedwigia 30(4): 234 (1891)
= Laurera irregularis (Müll. Arg.) Zahlbr.,Cat. Lich. Univers. 1: 504 (1922)

Thallus corticate, olive-green to brownish, uneven-verrucose. Asco-
mata trypethelioid, with apical ostioles, solitary or rarely irregularly
confluent, 0.6–1.0 mm diam., erumpent to prominent, covered by
thallus. Hamathecium inspersed. Ascospores 8 per ascus, densely muri-

[ABL78454], Brazil, Santa Catarina, Joinville, Recanto das Nascentes
Divinas, in Atlantic rain forest on tree bark. 225 m, 26°12’43’’ S,
49°00’11’’ W. Leg. A. Aptroot (no 78454), 29.03.2019, det. A. Aptroot,
2019.
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Astrothelium isohypocrellinum Aptroot & Weerakoon,Cryptog. Mycol.
39(3): 374 (2018)

Thallus corticate, smooth, somewhat shiny, continuous, covering areas
up to 5 cm diam., c. 0.2 mm thick, olivaceous brown, with a c. 1 mm
wide black prothallus line, not inducing galls of the host bark. Asco-
mata almost globose, c. 0.4–0.7 mm diam., single, immersed in hemis-
pherical black pseudostromata which are single or occasionally two
fused sideways, covered by translucent thallus cortex when young and
exposed when older, distinctly raised above the thallus and c. 1 mm

flat, black, usually surrounded by a whitish zone. Hamathecium insper-
sed with red oil globules, which are not washing out in water, but react
strongly KOH+ grass green (isohypocrellin); in addition, a yellowish
pigment is present in the hamathecium which is washing out in water.
Asci with 8 ascospores. Ascospores hyaline, 3-septate, 24–26 × 6–7

a gelatinous layer. Secondary chemistry. Thallus UV–, K–; hamatheci-
um K+ grass green. TLC: isohypocrellin.

[ABL s.nr.], Sri Lanka, Kitulgala rain forest. 6°58’ N, 80°24’ E, 189 m.
Leg. G. Weerakoon, 11. May 2017 det. A. Aptroot. ISOTYPE.
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Astrothelium laevithallinum Lücking, M.P. Nelsen & Marcelli,in
Lücking, Nelsen, Aptroot, Benatti, Binh, Gueidan, Gutiérrez, Jungbluth,
Lumbsch, Marcelli, Moncada, Naksuwankul, Orozco, Salazar-Allen &
Upreti, Lichenologist 48(6): 646 (2016)

uneven, green; in section with thick, cartilaginous cortex and distinct,
epiperidermal photobiont layer, and thick medulla immersed in the
periderm. Perithecia 3–7 aggregated in irregular pseudostromata, with

1 mm high, covered by a greybrown thallus layer; internally between
the perithecia filled with yellow, K+ red pigment granules, in section
bleeding deep yellow then deep orange to cinnabar red, covered by a
carbonized layer with a thin cortex above; ostioles visible as black dots,
0.05–0.10 mm diam.; individual perithecia subglobose, 0.8–1.0 mm

carbonized, laterally covered by dense pigment granules. Hamathecium

Ascospores 8 per ascus, fusiform, 3-septate with distosepta and dia-

chemistry. Pseudostromata with yellow pigment that in K bleeds first
deep yellow, then deep orange to cinnabar red. Thallus and pseu-
dostromata UV–, C–. TLC: Am anthraquinone, probably parietin.

[Gumboski5135], Brazil, Santa Catarina, São Francisco do Sul, Parque
Estadula Acaraí, on tree in restinga. Leg. E. Gumboski (no 5135),
6.8.2015, det A. Aptroot, 2019.
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This book focuses on two families of lichenized ascomycetes: Pyrenu-
laceae and Trypetheliaceae. It illustrated the majority of the accepted
species in these families, which are most diverse on bark in tropical
regions, most especially the Amazon. Fully updated dichotomous
identification keys are given to all species in these families and to
some similar groups and species, especially those in the same habitat,
several of which are also illustrated in full. The illustrations are made
from relatively recent material which still shows all characters, includ-
ing gelatinous ascopore sheaths. For relatively recently described spe-
cies, often type material is illustrated.


