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Ascospore discharge, germination and culture of fungal partners of tropical 
lichens, including the use of a novel culture technique

Abstract: 

samples, although having a high discharge rate, had a lower percentage germination than crustose species 

sponge proved to be the best of several physical carriers tested; this novel method has considerable potential for 

Article info:

INTRODUCTION

between one-third and one-half of the world’s lichen diversity 

experimental studies on ascospore discharge, germination, 
development of mycelia, and physiology of the fungal partners 

 

the effect of different media and additions on the growth of 

workers have concentrated on the development of methods 

et al

et al
range of fungal partners of lichens, and also lichenicolous 
fungi, on a worldwide basis, although their material was 

 
Yoshimura et al.
for isolation and cultivation of fungal and algal partners of 
lichens, emphasising studies by Japanese researchers, but 

growth of the fungal partners of tropical lichens provided the 

discharge from a wide range of tropical lichens in order to 
make a preliminary assessment of the conditions under 
which discharge occurred, and whether there could be any 

germination and subsequent development on solid, or in 
liquid, growth media are also reported, since these are 
virtually undocumented for the fungal partners of tropical 

trends and issues that merited in-depth investigations, as 
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MATERIALS AND METHODS

Taxon sampling

 
 

 

seasonal observations and experiments to explore the 
development of thalli, and also to ascertain if there were 
seasonal differences in ascospore discharge and spore 
viability

were then returned to a survey house workroom and cleaned 
 

was given a collection number, and information on the locality, 

the specimens could not be immediately transferred to the 
laboratory for pre-isolation treatment, they were either kept 

basis of their morphology, anatomy, and chemical constituents 

et al.

treatments required to provide a sound taxonomic basis 
for studies of lichen distribution, ecology, and physiology 
are still lacking for most lichen families and genera in the 

Thelotremataceae as new to science 
et al

type of lichen, together with their geographical locations, are 

Spore discharge and germination

cleaned with air from an aerosol camera blower to remove 

small portions with ascomata, and the remainder of the 

portions of lichen with ascomata, or occasionally only a single 
ascoma, were attached with a small quantity of petroleum 

was examined daily with a stereozoom binocular microscope 

Table 1

Location Code Number of samples Crustose Foliose Erect shrubby or pendent

Thailand

– –

– –

– –

– –

–

– –

– –

Cambodia –
Vietnam – –

Total

et al.
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assessed under the stereozoom microscope; observations 

If no germ tubes had been observed after six weeks, then 

ascospores were maintained at room temperature for further 
studies on growth and colony morphology, or were used as 

In order to investigate the seasonality and discharge of 
ascospores, thalli were collected each month from the same 

and their discharge patterns and rates of germination were 
determined for each monthly sample following the protocol 

different saturated solutions to maintain the relative humidity 

et al
detrimental to ascospore discharge in the tropical lichens 
tested; in consequence, untreated lichen samples were used 

Fungal culture on solid media

Fungal culture in liquid media

medium for studies of the isolated fungi in liquid culture, 
since good growth rates of several fungal partners had been 

 
Yamamoto et al
used, and following initial trials with direct inoculation of 

pieces of the fungal cultures into the liquid medium, different 
types of physical support for the fungi on the surface of the 

together with pieces of fungal colonies cut from solid media 

was supplied by an aquarium air pump and passed through 
®; 

were prepared using inocula produced in the same way as for 

Scanning electron microscopy

intact ascomata or cultures of the isolated fungal partners, 

RESULTS AND DISCUSSION

gain an impression of possible general features of ascospore 
discharge and development in tropical lichens to provide a 
basis on which to determine directions future investigations 

species, the conclusions must be viewed as preliminary 

trends emerged, although we recognize that further work may 
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Table 2.

Taxon Collection number Ascospores discharged Germination (%) Colony development
ARTHONIALES
Arthoniaceae
Arthothelium 

LECANORALES
Cladoniaceae
Cladonia submultiformis

Haematommataceae
Haematomma puniceum

Haematomma

Lecanoraceae
Lecanora cenisia

Lecanora intumescens

Lecanora leprosa

Lecanora polytropa

Pyrrhospora 

Parmeliaceae
Parmelina

Relicinopsis 

Relicinopsis

Usnea  complanata

Pilocarpaceae
Sporopodium argillaceum

Ramalinaceae

Bacidia subannexa

Bacidia 

OSTROPALES
Graphidaceae
Cyclographina

Glyphis cicatricosa

Glyphis cicatricose

Graphina cleistoblephara

Graphina hiascens

Graphina 

Graphina 

Graphina sp. 

Graphina 

Graphina 

Graphina 

Graphis afzelii

Graphis albocolpata

Graphis analoga

Graphis apertella

Graphis apertella

Graphis elegans

Graphis kakaduensis

Graphis librata
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Table 2.     

Taxon Collection number Ascospores discharged Germination (%) Colony development

Graphis rigidula

Graphis rimulosa

Graphis xanthospora

Graphis  

Graphis

Graphis rimulosa

Graphis rimulosa

Graphis

Gyrostromum 

Ocellularia

Phaeographina caesioradians

Phaeographina quassiaecola

Phaeographina 

Phaeographina

Pheopgraphis melanostalazans

Phaeographis melanostalazans 

Phaeographis pyrhochora

Phaeographis 

Sarcographa actinobola

Sarcographa labyrinthica

Thelotrema

Thelotrema

Thelotrema 

Thelotrema 

PELTIGERALES
Nephromataceae
Nephroma

PERTUSARIALES
Pertusariaceae
Pertusaria 

PYRENULALES
Pyrenulaceae
Pyrenula 

Pyrenula 

Pyrenula 

Pyrenula 

TELOSCHISTALES
Physciaceae
Rinodina 

Teloschistaceae
Caloplaca

TRYPETHELIALES
Trypetheliaceae
Campylothelium 
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lichens were preferentially selected for experimentation 
as preliminary studies suggested that their ascospores 

samples liberated ascospores in the laboratory, and in several 
instances successive samples of the same lichen exhibited 

lichens exhibited the highest rate of spore discharge, and also 

 Heterodermia diademata  exhibited a high discharge 

 In 
Trypethelium eluteriae Graphis elegans
G. rigidula
each month, and spores from each monthly sample also 

 However, in contrast, Cladonia submultiformis 
 end of the 

 

some common crustose lichen species, the fungal partners 
grew well and produced small colonies within a few months 

Trypethelium and Laurera developed 
colonies readily, while in Haematomma wattii and Lecanora 
intumescens the spores germinated but growth was either 

media, liquid culture under static growth conditions was 

Table 2.     

Taxon Collection number Ascospores discharged Germination (%) Colony development

Laurera benguelensis

Laurera madreporiformis

Laurera megasperma

Laurera meristospora

Laurera subdiscreta

Pseudopyrenula diluta

Trypetheliaceae

Trypetheliaceae

Trypethelium eluteriae

Trypethelium ochroleucum

INCERTAE SEDIS
Unidentified

Unidentified

 

Fig. 1. A. Glyphis 
cicatricosa B. Phaeographina montagnei C–D. 
Pyrenula E–F. Trypethelium eluteria
G-H. Trypethelium tropicum
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the membranes often sank following inoculation, or tended to 

on the surface of these, but it was only possible to assess 
this visually as it proved impossible to physically separate 

sponge pieces tested as alternative carriers facilitated growth 
after incubation in the fungal partners tested; in most cases, 
sponge proved to be superior to the other carriers tried  

discharge were encountered; the distinctive ascospores 
from the lichens were deposited, either as small packets of 
spores or as single spores, and could easily be recognized 

correlated with the freshness of the samples and season of 

Trypethelium eluteriae, Laurea bengualensis, and most 
Graphidaceae studied, exhibited relatively high rates of 

discharge between the species tested, and, also between 
Laurera 

bengualensis and L. madreporiformis, spores were readily 
discharged in all of the collections examined, but in L. 
meristospora, although discharge occurred, it was at a much 

Trypethelium eluteriae, spore discharge occurred 

throughout the year, but in Cladonia submultiformis, although 
ascospores were also readily discharged, only those from the 

that in some lichen-fungi, seasonality is important even in the 

et 
al

tested, those of Graphina  

Rhizocarpon umbilicatum 

was given as to the distance attained by the majority of spores, 
which is perhaps the most pertinent parameter in relation to 

many cases, and we speculate that this could be an adaptation 
to increase the probability of contact with a suitable new 

occurring only in Arthopyrenia Laurera 
subdiscreta 

 
appears to be important, with three of the four species 

Fig. 2. A. Cladonia submultiformis B. Graphis 
elegans . C. G. rigidula D. Trypethelium eluteriae 
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Fig. 3. A. Cyclographina platyleuca . B.
germinating ascospore of Phaeographina chapadana . C. Thelotrema . D.
development of Sarcographa labyrinthica . E. Trypethelium eluteriae

F–H. T eluteriae
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Laurera subdiscreta 
L. benguelensis Pyrenula Graphis 

 

ascospore discharge in tropical lichens to different degrees, 
something that would be a major factor in their performance 

Trypetheium eluteriae and Laurera bengualensis, together 
with most Graphidaceae tested, exhibited relatively high rates 

generally germinated readily, whilst those from shrubby and 

germination tubes developing from different regions of the 
Pyrenula and Arthopyrenia species, Graphis 

cicatricosa, Laurera benguelensis, Graphina irabensis

Trypethelium tropicum
multiple germination tubes developing all over the spore from 

Thelotremataceae, 
Cyclographina platyleuca 

most crustose species tested grew well on solid media, with 
Trypethelium 

and Laurera species generally grew well, but Haematomma 
wattii and Lecanora intumescens developed very slowly 
and growth often ceased – even though the ascospores 

very slow, and static culture was found to be superior to 

liquid culture was much enhanced by the use of a physical 

paper proved to be successful carriers, sponge pieces were 

that sponge pieces used as a carrier have a wide potential 
for studies on the physiology and development of lichen 
fungi as the colonies can be transferred without disruption 

Table 3.

Species Collection 
number

Number of ascopores 
discharged

Distance ascospores projected Minimum – (average 
range of 75 % spores) – Maximum (mm)

Graphina

Thelotrema 

Graphina sp. 

Graphina hiascens

Graphina 

Sarcographa actinobola

Graphis elegans

Glyphis cicatricosa

Pyrenula sp.

Pheographis

Graphina

Trypethelium ochrolecum

Sarcographa labyrinthica

Graphis albocolpata

Buellia

Table 4. 

Species Collection 
number

15 °C 20 °C 25 °C 30 °C 35 °C 45 °C

Arthopyrenia –

Graphina – – –

Graphis albocolpata – – –

Haematomma puniceum – – –

Laurera subdiscreta – –

Pertusaria sp. – – –

Phaeographina pyrrhochroa – – –

Phaeographina – – –

Pyrrhospora – –

Trypethelium eluteriae – – –
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effect of different nutrients in the medium on the production 

Cladonia grayi, previously 
concluded that the production of compounds concentrated 
in the naturally occurring lichen was linked to the aerial 

following the transfer of lightly fragmented mycelia from liquid 
to solid media, there was a subsequent proliferation of aerial 

investigation of the chemical products of the isolated fungal 
partners of the tropical lichens was undertaken in our study, 
comparison of extrolites from the whole lichen thallus with 
those produced by the fungal partner alone indicated that in 
some cases more compounds were produced by the whole 

et al.
However, in Graphidaceae little difference between the two 

compounds produced by the fungus cultured under static 

cases, however, some additional compounds were detected 

et al
particular, demonstrate that, contrary to a general belief 

to obtain many lichen-forming fungi in isolated culture – 

our results on ascospore discharge show that the seasonal 
behaviour and discharge distances of the ascospores of 

also suspect that the short distances over which ascospores 
are discharged, especially where these are multicelled and 
large, contributes to the inability of many to spread into 
secondary environments from old-growth native forests and 
so facilitates their utility as bioindicators of ecological stability 

et al.

experimental work on the factors affecting the reproductive 
biology of tropical lichens, which are crucial to an 
understanding of their ecology and distribution – especially 
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