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Preliminary checklist of the poroid 

mushrooms (‘Boletes’, Boletales) recorded 

from South Africa   

By JC Coetzee 

�
Hear the word ‘bolete’ and it conjures up images of 
fleshy, stipitate, often plump mycorrhizal 
mushrooms with tubular/poroid, rather than 
lamellate, hymenophores. Based on molecular 
systematic studies, however, modern concepts of 
the monophyletic order Boletales suggest a very 
diverse assemblage of mushroom-forming fungi.  
These include not only poroid mushrooms, but also 
various gasteromycetes, resupinate forms with 
smooth, meruloid or hydnoid hymenophores and 
even a polypore-like species, with no one obvious 
morphological character uniting the group as a 
whole (Binder & Hibbett 2006). 

Gone are the good old days (e.g. Doidge 1950; 
Pearson 1950; Stephens & Kidd 1953) when a 
poroid mushroom simply was a Boletus and that 
was it! Modern classification schemes do not even 
unite the poroid mushrooms into one family  
 

 
 
Fig. 1. Unidentified bolete on soil in lawn under Jakkalsbessie 
(Diospyros mespiliformis) in Kruger National Park, South 
Africa, 28 December 2009. 
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anymore as, for instance, Smith & Thiers (1971) 
who still recognised 11 genera in the single family 
Boletaceae. In the latest edition of the Dictionary of 
the Fungi (Kirk et al. 2008) the plethora of genera 
now recognised are scattered between a number of 
families including the Boletaceae, Boletinellaceae, 
Suillaceae, Gyroporaceae and even the Paxillaceae.  

During December 2009 the author came across a 
striking bolete in the Kruger National Park (Figure 
1) and in trying to name it came to the realization 
that, despite the existence of useful field guides to 
the mushrooms of South Africa (e.g. Levin et al. 
1987; Van der Westhuizen & Eicker 1988; 

Gryzenhout 2010), the literature on the southern 
African boletes was still very fragmented, and that 
the information required for identification was 
scattered in various publications, with no one 
providing the full picture. As a first step towards 
filling that gap the checklist in Table 1 has now 
been compiled. Compared to Australia, where close 
to 150 species have been recorded (May et al. 
2006), the poroid mushrooms seem to be poorly 
represented in our otherwise floristically rich part of 
the world. Comments on, and possible additions to, 
the list are invited. 
 

 
Table 1. Checklist of poroid Boletales recorded from South Africa. 

Current name according to Index Fungorum Selected references pertaining to occurrence in 
South Africa 

� Afroboletus luteolus (Heinem.) Pegler & 
T.W.K.Young 

Anonymous (1988) 

Aureoboletus gentilis (Quél.) Pouzar Pearson (1950, as Boletus cramesinus) 
Boletus badius (Fr.) Fr. Pearson (1950) 

Levin et al. (1987, as Xerocomus badius) 
Gryzenhout (2010, as X. badius)* 

Boletus chrysenteron Bull. Pearson (1950); Stephens & Kidd (1953) 
Levin et al. (1987, as Xerocomus chrys.) 

#Boletus curtipes Massee Doidge (1950) 
Pearson (1950, ‘probably Boletus edulis’) 
Reid (1975, as Boletus Fr. sensu stricto) 

Boletus edulis Bull. Doidge (1950); Pearson (1950)  
Stephens & Kidd (1953) 
Van der Westhuizen (1983)* 
Levin et al. (1987) 
Van der Westhuizen & Eicker (1988) 
Van der Westhuizen & Eicker (1994)* 
Gryzenhout (2010)* 

Boletus pinophilus Pilát & Dermek Pearson (1950, as Boletus pinicola) 
Stephens & Kidd (1953, as B. pinicola) 

Boletus reticulatus Schaeff. Van der Westhuizen & Eicker (1994, as Boletus 
aestivalis)* 

#Boletus stellenbossiensis Van der Byl Van der Bijl (1925); Doidge (1950) 
Pearson (1950, ‘probably Boletus edulis’) 
Reid (1973, ‘unlikely to be B. edulis’) 

Buchwaldoboletus sphaerocephalus (Barla) Watling & 
T.H.Li 

Pearson (1950, as Boletus sulphureus Fr.) 
Levin et al. (1987, as Pulveroboletus hemichrysus) 

Chalciporus piperatus (Bull.) Bataille Pearson (1950, as Boletus piperatus) 
Van der Westhuizen & Eicker (1994)* 

Chalciporus subflammeus (Berk.) Klofac & Krisai Berkeley (1876, as Boletus subflammeus) 
Doidge (1950, as Boletus subflammeus) 
Pearson (1950, as Boletus piperatus) 
Reid (1975, as Suillus subflammeus)  

Gyrodon africanus (Cooke & Massee) Singer Cooke (1890, as Campbellia africana) 
Doidge (1950, as Campbellia africana) 
Heim (1966, as Gilbertina africana)  
Reid (1975) 
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Gyroporus castaneus (Bull.) Quél. Van der Westhuizen & Eicker (1994)* 
Leccinum duriusculum (Schulzer ex Kalcbr.) Singer 
 

Pearson (1950, as Boletus duriusculus) 
Stephens & Kidd (1953, as Boletus duriusculus);  
Levin et al. (1987) 
Van der Westhuizen & Eicker (1988) 
Van der Westhuizen & Eicker (1994)* 
Gryzenhout (2010)* 

§Leccinum eximium (Pers.) Singer Doidge (1950, as Boletus eximius) 
Phaeogyroporus sudanicus (Har. & Pat.) Singer Van der Westhuizen & Eicker (1988, as Phlebopus 

sudanicus) 
Baxter (1990, as Phlebopus sudanicus)* 
Van der Westhuizen & Eicker (1994, as Phlebopus 
sudanicus)* 
Gryzenhout (2010)* 

Phlebopus capensis (Sacc.) Singer Doidge (1950, as Gyrodon  capensis) 
Phlebopus colossus (R.Heim) Singer Gryzenhout (2010)* 
Suillus bellinii (Inzenga) Watling Pearson (1950, as Boletus bellinii) 

Stephens & Kidd (1953, as Boletus bellinii) 
Van der Westhuizen (1983)* 
Levin et al. (1987) 
Van der Westhuizen & Eicker (1994)* 

Suillus bovinus (Pers.) Roussel Doidge (1950, as Boletus bovinus) 
Stephens & Kidd (1953, as Boletus bovinus) 
Van der Westhuizen (1983)* 
Levin et al. (1987) 
Van der Westhuizen & Eicker (1994)* 

Suillus bovinus var. viridocaerulescens (A.Pearson) 
Singer 

Pearson (1950, as Boletus bovinus var. virido-
caerulescens) 

Suillus collinitus (Fr.) Kuntze Doidge (1950, as Boletus collinitus) 
Suillus flavidus (Fr.) J.Presl Doidge (1950, as Boletus flavidus) 
Suillus granulatus (L.) Roussel Doidge (1950, as Boletus granulatus) 

Levin et al. (1987) 
Van der Westhuizen & Eicker (1988)  
Van der Westhuizen & Eicker (1994)* 

Suillus grevillei (Klotzsch) Singer Doidge (1950, as Boletus grevillei) 
Van der Westhuizen & Eicker (1988) 
Gryzenhout (2010)* 

Suillus luteus (L.) Roussel Doidge (1950, as Boletus luteus) 
Van der Westhuizen & Eicker (1994)* 

Suillus variegatus (Sw.) Kuntze Van der Westhuizen & Eicker (1988) 
UNCERTAIN RECORD 

Boletus sp. on soil, Natal Doidge (1950) 
EXCLUDED SPECIES 

Boletus sanguineus L. Thunberg (1800: 182; 1823: 755) 
This is Pycnoporus sanguineus (L.) Murrill 

Boletus versicolor L. Thunberg (1800: 182; 1823: 755) 
This is Trametes versicolor (L.) Lloyd 

 
�  = suspect record (from Lesotho only) 
* = colour photograph 
# = uncertain species 
§ = only reported from Harare, Zimbabwe 
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Nigerian mushrooms through the eye of a camera lens 

By O.O. Osemwegie and J.A. Okhuoya 

 
Understanding native biological diversity 

according to Caillon and Degeorges (2007), affirms 
the unity of life in all manifestations or levels of 
organization. It may be the key to many nations’ 
strategic drives towards conservation, combating 
climate change, and industrial, domestic, 
agricultural and medicinal sustainability. The 
knowledge of native biodiversity is currently in 
chaos especially in many developing countries of 
the world despite the declaration of the Convention 

on Biological Diversity (CBD), increasing 
initiatives at documenting global biota, growing 
political consciousness and deployment of both 
financial and human resources to nature 
conservation and ecosystems restoration 
programmes. The continuous existence of biota and 
ecosystem balance are slowly threatened by a 
number of factors, some of which include the 
population explosion, urbanization, 
industrialization, pollution, anthropogenic activities 
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such as deforestation, fragmentation, fire-wood 
collection, agricultural practice (bush burning, 
shifting cultivation, agroforestry etc.) and gap 
creations. These variables, according to Hahs et al. 
(2009) alter local micro-climate and edge effects, 
cause ecosystem disturbances, and change nutrient 
cycling and species population dynamics. Lack of 
adequate data on previous Nigerian biotas and loss 
of biological diversity have blurred the line between 
foreign (immigrant) and indigenous species, caused 
extinction of experience or dearth of knowledge of 
native biota (Samways, 2007, Osemwegie and 
Okhuoya, 2011). 

Mushrooms (lichenized and non-lichenized) and 
non-mushroom forming fungi are grossly 
understudied despite their fundamental role in 
nutrient recycling, forest productivity and 
maintenance of eco-balance in nature. This and the 
need for proper documentation and monitoring of 
mushroom diversity were emphasized at the 2009 
Ghana Conference on Edible and Medicinal 
Mushrooms organised by the African Society for 
Edible and Medicinal Mushrooms (ASEMM). 
Mushroom-forming fungi were estimated by 
Mueller and Schmit (2007) to compose of a 
minimum of 712,200 extant species. This is 
however without inclusion of species native to 
many yet unexplored tropical countries and/or 
vegetations, and non-wood inhabiting mushroom-
fungi (endophytes, hypogeous, lichenized, soil-
inhabiting, crust, glacial, aquatic etc.), especially in 
Nigeria. The use of forest trees as surrogate for the 
prediction and estimation of fungi (mushroom and 
non-mushroom forming) remains controversial 
(Pirozynski, 1972; Hawksworth, 1991).  

Mycodiversity including species composition and 
richness is structured by the complex interaction of 
climate, anthropogenic and adaptation dynamics. 
Improving identification, nomenclatural and 
documentation data of Nigerian macrofungi have 
been our goal. We believe that this will facilitate 
implementable conservation and preservation 
policies, effective forecasting and monitoring of 
extant and extinct biotas, and proper assessment of 
the rate loss of wild mushroom resources.  

Huge local efforts have been made by the 
Mushroom Biology Unit of the Department of Plant 
Biology and Biotechnology, University of Benin, at 
identifying and naming some mushroom-forming 
fungi that abound in forests and agroforests in 
southern Nigeria. This work was boosted by the 
participation of a member of the team in a Darwin 
Initiative sponsored workshop on the identification 
of ascomycetes and their anomorphs in South 

Africa, September, 26th – 29th , 2010 (see report 
below). It is also aimed at illuminating some of our 
passion for the totality of mushroom science.  

The following categorization of mushrooms into 
morphological groups is neither exhaustive nor 
absolute due to structural overlaps, amorphous 
shapes and their cryptic nature. Mushrooms that 
have been encountered within this region, most of 
which are epigeous, total more than one hundred of 
which some were morphologically identified and 
grouped into the following categories for easy 
presentation: (i) Umbrella shape, (ii) Bracket shape, 
(iii) Tuber/Bulb shape, (iv) Cup and Club shape, (v) 
Funnel/Fan shape, and (vi) Star shape/Brush-like.  
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Identification of Ascomycetes and their anamorphs 
Forestry & Agricultural Biotechnology Institute (FABI), University of Pretoria, South Africa, 26–29 

April 2010 

A course for countries of southern Africa, led by Dr. David Minter, CABI, UK 
By Cathy Sharp 

 
The course attracted a group of mycologists from 
within South Africa and from across borders 
(Lesotho, Nigeria, Zimbabwe) and was well received 
by all participants. Not only was the mycological 
aspect enjoyed but also the accommodation, the meals 
and the networking and camaraderie that followed the 
serious sessions. The Workshop was organized by the 
African Workgroup for Fungal Conservation, African 
Mycological Association (AMA) 
www.africanmycology.org and sponsored by the 
Darwin Initiative http://www.cybertruffle.org.uk who 
generously assisted with travel grants for those 
outside South Africa. 

The staff of FABI, and particularly Dr Marieka 
Gryzenhout, went out of their way to ensure that 
everything ran smoothly during the course. Dr Riana 
Jacobs-Venter of the Agricultural Research Council 
(ARC), Biosystematics Division, assisted with the 
arrangement of a visit to the newly-located National 
Mycological Herbarium out at Roodeplaat. On behalf 
of all the delegates, we thank all the teams involved 
and particularly Dr David Minter for his calm and 
steadfast manner as he led us through the intricate and 
fascinating world of ‘Ascos’. 

The course provided an introduction to identification 
of ascomycetes and their anamorphs using traditional 
morphological criteria. There were facilities available 
for microscope work in the laboratory and access to 
literature with which many of us were unfamiliar. 
There was also an opportunity to become familiar 
with DNA techniques but sadly, for some of us the 
subject still remains as unfathomable as Greek, even 
though it was fascinating to watch how it was all 
done. There were sessions devoted to conservation of 

fungi and to familiarization with websites e.g. Index 
Fungorum; 5th Kingdom and Bibliography of 
Systematic Mycology. For many African countries 
internet access is often unavailable or limited and 
therefore exposure to current research and literature is 
restricted. This has a detrimental effect on the morale 
of research workers, often reducing the potential for 
valuable data coming out of Africa. 

The Workshop began with an introduction to the 
ascomycetes and then focused on particular groups 
over the next few days. Some groups that were 
studied included the "Apothecial fungi" (Helotiales, 
Ostropales, Pezizales, Rhytismatales); the 
"Pseudothecial fungi" (Dothideales, Meliolales, 
Microthyriales, Pleosporales) and the "Perithecial 
fungi" (Coronophorales, Diaporthales, Hypocreales, 
Melanosporales, Sordariales, Xylariales). To show 
how conidial development can be used as a tool for 
identification, some time was spent on the 
anamorphic fungi. The lichen-forming ascomycetes 
(Lecanorales, Peltigerales, Pertusariales) were also 
very interesting and through all these examples 
participants gained an overall familiarity with features 
seen through the microscope.  

To round off the Workshop, there was an 
opportunity to examine material collected in the 
grounds at Roodeplaat where we could draw upon our 
new-found knowledge and attempt to determine the 
group or even genus, within the Ascomycetes. 

Thank you David. The scales have been removed 
from our eyes and we all now have a better 
appreciation of ‘your Ascos’. 

Cathy Sharp (Zimbabwe) 
mycofreedom@gmail.com  
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Important decisions of the nomenclature section of the XVIII International Botanical Congress, 

Melbourne, 18–22 July 2011 
 

By John McNeill, Rapporteur-général, Nomenclature Section, XVIII IBC, 
Melbourne 24–29 July 2011 

 
Editor’s note: The Nomenclature Section of 
the 18th International Botanical Congress was a 
watershed event at which a number of 
important decisions were taken that will 
dramatically change the rules of botanical 
nomenclature that we are used to. It is 
imperative that all practicing mycologists take 
note of these new developments. The following 
summary of the decisions taken in Melbourne 
was first published in issue 441 of ‘Botanical 
Electronic News’ and we are grateful to the 
editor and publisher of that newsletter, Dr. 
Adolf Ceska, as well as the author, Prof. John 
McNeill, for their kind permission to use it 
here. 
 
1) ELECTRONIC PUBLICATION 
The Nomenclature Section accepted a proposal 
to add the words in bold to Art. 29.1 and also 
accepted a number of corollary proposals, the 
effect of the more important of which is 
described below: 
 
“29.1. Publication is effected, under this 
‘Code’, by distribution of printed matter 
(through sale, exchange or gift) to the general 
public or at least to botanical institutions with 
libraries accessible to botanists generally. 
Publication is also effected by electronic 
distribution of material in Portable 
Document Format (PDF; see also Rec. 
29A.0) in an online serial publication with an 
International Standard Serial Number 
(ISSN) or an International Standard Book 
Number (ISBN). Publication is not effected by 
communication of new names at a public 
meeting, by the placing of names in collections 
or gardens open to the public, by the issue of 
microfilm made from manuscripts, typescripts 
or other unpublished material, or by 
distribution electronically other than as 
described above.” 
 

“29.2. For the purpose of this Article, 'online' is 
defined as accessible electronically via the 
World Wide Web.” 

In order for any nomenclatural action, e.g. 
the description of a new species, the transfer of 
a species to a different genus, or actions 
(typifications) to fix the application of a name, 
to be effective, it must be “effectively 
published” Article 29 specifies what this 
means.  Hitherto the distribution of printed 
matter has been necessary—now this may also 
be distribution of electronic material in pdf. 

The effective date of the new provisions is 1 
January 2012, a year earlier than would be 
normal for implementation of a decision to 
change the ‘Code’s requirements. 

There are also provisions establishing that the 
content of a particular electronic publication 
must not be altered after it is first issued and 
that a version indicated as preliminary is not 
effectively published. 
 
For published comment see: 
http://www.nature.com/news/2011/110720/full/
news.2011.428.html      
 
2) MODIFICATION OF THE LATIN 
REQUIREMENT 
Currently, in order to publish the name of a 
new taxon, e.g. a species, of non-fossil plants, a 
description and/or a diagnosis in Latin must be 
provided. The Nomenclature Section modified 
this so that effective from 1 January 2012, the 
description and/or diagnosis may be in either 
English or Latin for valid publication of the 
name of all new taxa. [This is the current 
requirement for names of plant fossils, 
published on of after 1 January 1996—
previously for fossil plants it was any 
language.] 

Since 1935 a Latin description or diagnosis 
has been required for new taxa of all non-fossil 
plants, except algae, for which the requirement 
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has existed since 1958. 
 
3) “ONE FUNGUS – ONE NAME” AND 
“ONE FOSSIL – ONE NAME” 
For over 30 years, the ‘International Code of 
Botanical Nomenclature’ has had provision for 
separate names for asexual and sexual morphs 
of those fungi whose life history involves such 
very different morphological expressions that, 
until recently, were commonly impossible to 
link one to the other. Molecular studies have 
changed this situation very substantially, and 
more and more connections are being made, so 
that the asexual phase (the anamorph) and the 
sexual phase (the teleomorph) of the one fungal 
species are increasingly being identified. 

As a result it has become increasingly 
anomalous to have separate names for the 
anamorph and the teleomorph phases of the one 
fungal species, and the concept of one name for 
one fungus has become increasingly supported 
by mycologists, even with a ‘One Fungus – 
One Name’ symposium held earlier this year in 
Amsterdam, leading to an ‘Amsterdam 
Declaration’ seeking this change in the ‘Code’. 

The Nomenclature Section agreed to delete 
the Article (Art. 59) with the detailed 
provisions for anamorph and teleomorph names 
that included a restriction that the name applied 
to the whole fungus (the holomorph) had to be 
one that was based on a teleomorphic element. 
In the place of the current Art. 59, provisions to 
minimise nomenclatural change as a result of 
adopting the one fungus, one name principle. 
This change will take effect from 1 January 
2013. 

The nomenclature of fossils falling under the 
‘Code’ has had similar but even more extensive 
provisions for separate names for fossils that 
might prove to belong to the same species. In 
the current ‘Code’, a name based on a fossil 
applied only to the part of the organism, the 
life-history stage, or the preservational state 
represented by the fossil upon which the name 
was based. Named fossil taxa were therefore 
different from those of non-fossil organisms 
and were termed “morphotaxa”. 

This meant that even if organic connections 
could be made between different fossils, there 
was no clear provision for naming the more 

complete organism. 
The Nomenclature Section decided to 

abandon the whole concept of morphotaxa, and 
as a result names of fossils will be exactly like 
other names, and if organic connections are 
made the earliest name applicable to the 
integrated fossil taxon will be the name to use, 
so as with fungi, the principle of “one fossil, 
one name” has been adopted. 
 
4) “REGISTRATION” OF NAMES OF 
FUNGI 
Most of the major journals publishing 
mycological papers currently require, as a 
condition of acceptance of the paper, that any 
new name being published includes a 
‘MycoBank’ identifier. The Nomenclature 
Section agreed to go a step further and require 
this for valid publication of any new fungal 
name.  

The main components of the new Article are: 
“For organisms treated as fungi under this 
‘Code’ (Pre.7), from 1 January 2013 the 
citation of an identifier issued by a recognized 
repository ... in the protologue is an additional 
requirement for valid publication." 

Further clauses explain that the minimum 
elements of information being registered must 
be those required for valid publication under 
the existing provisions of the ‘Code’ [Art. 32.1 
(b–e)] and establish that the Nomenclature 
Committee for Fungi has the power to appoint 
“one or more localized or decentralized open 
and accessible electronic repositories to 
perform this function” to remove such 
repositories at its discretion; and even to set 
aside the requirement should the repository 
mechanism cease to function. 

The currently appointed repository is 
‘MycoBank’ (http://www.mycobank.org). 
 
5) TITLE OF THE ‘CODE’ 
In order to make clearer that the ‘Code’ covers 
fungi as well as green plants the Section agreed 
that the title should be: ‘International Code of 
Nomenclature for algae, fungi, and plants’, 
instead of the existing ‘International Code of 
Botanical Nomenclature’. 
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Some thoughts about naming anamorphs and teleomorphs 

By Gary Samuels 
 
Editor’s note: See the published Amsterdam 
declaration at the following link: 
http://www.ingentaconnect.com/content/ima/imafun
g/2011/00000002/00000001/art00024.  Please note 
that this represents one of the views expressed after 
publication of the Declaration. 
 
Current in the Mycosphere there are at least two 
documents circulating that express strong opinions 
about the prospect of adopting a single name for a 
pleomorphic fungus. One clearly in favor and the 
other strongly opposed. I can’t sign either. One, The 
Amsterdam Declaration, goes beyond the issue by 
introducing peripheral – but important – issues, and 
goes too far too fast. The Anti-Amsterdam 
Declaration strikes me as taking a too conservative 
view of the Code, not allowing it to grow and adapt. 
This issue of naming is not easy; this much is 
obvious from the failure of the Special Committee 
to come up with a plan. That failure of well-
intentioned, experienced mycologists to come up 
with a plan should possibly be a message about the 
whole idea. Following are my personal thoughts 
about naming pleomorphic fungi. I offer this highly 
informal and personal screed in the hope that others 
will agree with me that there is opportunity for 
change in the Code, but that our first consideration 
must be to avoid instability in names. 

Since the early 1970’s I may have connected more 
teleomorphs and anamorphs than anybody. How to 
name the respective morphs has been on my mind 
for forty-years. I have always described anamorphs 
but I have not always named them. I started my 
career by referring only to the generic name of the 
anamorph (e.g. the Acremonium anamorph of 
Nectriopsis violacea). When I worked with people 
who put greater emphasis on the anamorph than on 
the teleomorph, they always wanted to describe and 
name the anamorph, so we did: Nectria 
setofusariae/ Fusarium setofusariae. In the last 
seventeen years I’ve emphasized Trichoderma and 
Hypocrea in the context of biological control of 
plant diseases and less from the context of floristic 
monographs. From this perspective I have come to 
the conclusion that Trichoderma is far more 
important (i.e. dominant in the literature) than 
Hypocrea, and most recently I have adopted the 
practice of naming only the Trichoderma anamorph 
but not its Hypocrea teleomorph. 

Clearly I have not been consistent; how to account 
nomenclaturally for the various morphs of 
pleomorphic ascomycetes has never been as 
obvious to me as it seems now to be to others.  
However, my personal trend has been toward a 
single name for a species and I have written, in 
collaboration with my friend and colleague, Amy 
Rossman, in favor of adopting a single name; this 
publication is often cited in support of the single 
name movement. 

I was invited to speak at this now-famous 
Amsterdam 1f=1n conference but was not able to 
attend. My not attending was probably a good thing, 
at least for me, because I did not know what the last 
slide would say: pro or con?  Thinking about the 
presentation and conversing with my friend and 
colleague Drew Minnis I came to understand one 
very important point: the worst thing we can do is 
change names of fungi without having a really 
strong reason for doing so. My clients, mainly plant 
pathologists, have accepted changes that I made to 
important fungi (think Trichoderma virens, 
formerly Gliocladium, or Microdochium nivale, 
formerly Fusarium) when the need for those 
changes was unavoidable and well articulated. I 
have not yet seen a strong or UNAVOIDABLE 
reason for abandoning the principle of dual 
nomenclature. 

Following are some observations that individuals 
might consider as they decide whether to support 
the movement to remove Article 59. 
1. Ecologists don’t care about names. Whether 
a species has one or a dozen names is not relevant 
to the people one would think would be our most 
ardent clients. They are responsible for most of the 
unidentified sequences in GenBank. They rely on 
the ITS for identification despite great evidence that 
ITS is not useful for identifying pleomorphic 
ascomycetes. They don’t go to any effort to identify 
species beyond gathering ITS data. There is a 
movement now to modify the Code to permit 
naming those fungi represented by sequences only. 
This is dubious for two reasons. First, because we 
know the ITS cannot distinguish closely related 
species (despite a strong thrust to adopt the ITS as a 
‘barcode’).  Second, this movement assumes that 
these fungi cannot be recovered from nature or that 
they do not already have a name. At the very least if 
somebody wants to name one of those 
fungus/sequences, they should be required to look 
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for it. I have actually had a sporulating culture of an 
endophyte that was identified as ‘unidentified 
sequence’ or ‘environmental sample’ in GenBank. 
Many or at least some of these fungi can be 
recovered from nature; it is lazy to assume that they 
cannot and perhaps irresponsible not to look for 
them if the objective is to name them. 

 
2. Pathologists, who do care about names, tend 
to care about their own research subjects and not 
THE SYSTEM. If somebody works with Beauveria 
bassiana, they are not going to adopt a name in 
Cordyceps for it, for example, and somebody 
working with Trichoderma harzianum in biological 
control does not necessarily know that there may or 
may not be a teleomorph for that species. A long 
time ago I showed that Gliocladium roseum is not a 
Gliocladium; it is Clonostachys. Still Gliocladium 
roseum is quite common in the literature. It is 
exceptionally important that any changes to the 
system be accepted by our ‘clients.’  
 
3. There really is no confusion over dual names 
for pleomorphic fungi: ecologists don’t care and 
pathologists’ interests are narrowly defined. 
However, context is important. When we do a 
survey of soil Trichoderma from a region and we 
find Trichoderma viride, we do not report it as 
Hypocrea rufa. Similarly, when we monograph 
Hypocrea for a region and we include Hypocrea 
rufa, we do not report it as T. viride (although in 
this case we usually list the anamorph name).  
Names carry a lot of emotional baggage. I have 
experienced this in the debate between Hypocrea 
and Trichoderma.  In my heart I think Walter 
Jaklitsch was correct in monographing ‘Hypocrea’ 
for Europe and for describing the Trichoderma 
anamorphs, but I am also generally conservative. I 
am confident that a future generation can learn to 
equate Hypocrea and Trichoderma and lose 
attachment to one name or the other.  But it is too 
soon, inappropriate, to force this issue today. 
 
4. The reality is that most identification is done 
by BLAST of GenBank. When we identify using 
BLAST there is a potential for confusion when the 
series of ‘hits’ includes names in Trichoderma and 
Hypocrea (e.g. Hypocrea lixii/Trichoderma 
harzianum – an incorrect connection) or 
Trichoderma reesei/Hypocrea jecorina (a correct 
connection). At least in the Hypocreales I am 
responsible for most of this kind of ’BLAST 
confusion’ because I, or my students and 
colleagues, introduced teleomorph names. That was 

a mistake. Today I submit ‘Trichoderma’ sequences 
only (see point 5). 
 
5. It is important to separate taxonomy and 
usage from nomenclature. Once the differences are 
understood there should be no confusion. There is 
no problem reporting Trichoderma koningii from 
soil and Hypocrea koningii in a floristic monograph 
of Hypocrea. The Code says that the teleomorph 
name is the correct name for the holomorph and 
that the anamorph may be described (this is the 
essence of Art 59). That is nomenclature.  However 
the Code does NOT stipulate which of those names 
you MUST use. For completeness one SHOULD 
report all named morphs when reporting a species, 
but we know that’s not going to happen and, really 
it does not matter. More recently I have not 
described the Hypocrea morphs but only the 
Trichoderma morphs, which has angered some 
people.  I only deposit sequences in GenBank as 
Trichoderma species, not as Hypocrea species. At 
least I am no longer adding to confusion in the 
BLAST list and in the context in which I am 
working Trichoderma is better understood, ‘more 
important,’ than is Hypocrea. 

 
6. Adopting a single name can have unintended 
consequences. Following are some examples.  
a. Trichoderma is older than Hypocrea but some 
Hypocrea names are older than some Trichoderma 
names (Hypocrea jecorina is older than T. reesei 
but T. reesei is an incredibly important and 
commonly cited name in the literature).  If priority 
is adopted as the determining principle, that 
principle must be applied at all levels. 
b. Higher level taxa are based on the 
teleomorph name (Hypocreomycetoideae right 
down to Hypocreaceae). What happens if 
Trichoderma replaces Hypocrea? 
c. Some monophyletic teleomorph genera have 
multiple anamorph genera (e.g. Cordyceps with 
Beauveria and 4 other genera, Ophiocordyceps with 
4 genera; Hypomyces with 4 anamorph genera). 
Adopting a single name would obscure information 
brought by the anamorph. Cordyceps is not likely to 
be adopted by those who use Beauveria in 
biological control just because Cordyceps is the 
older name. 
d. In order to identify a fungus by, for example 
a diagnostician, the literature is based on dual 
nomenclature. This will not change with any change 
in the Code except that it could become more 
confusing if the name of one morph is officially 
lost. The knowledge of the past 150 to 175 years is 
part of how we do business. One can argue that we 
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can learn a new system of single names. We learned 
early on that Fries’ Sphaeria was too broad, and we 
can learn that Hypocrea is Trichoderma etc, but we 
cannot ever lose the knowledge required to use the 
existing literature (not just identification but THE 
LITERATURE). Any ‘new’ way of doing things 
cannot ever be fully embraced because the past can 
never be fully forgotten. 
Where do I stand on this issue?  
 
My guiding principle is that WE HAVE A 
RESPONSIBILITY TO MAINTAIN A STABLE 
NOMENCLATURE. I am completely against doing 
anything that contravenes the Code. 

The safest way to proceed is to maintain the 
existing system that has worked well for nearly 200 
years. There is no confusion resulting from dual 
nomenclature. Those who ‘care’ about ‘the whole 
fungus already know anamorph/teleomorph pairs 
and can mentally equate the names. Adopting a 
retroactive single name system will introduce 
unnecessary instability.  It has been argued that 
under the Code, conservation can resolve conflict. 
Yes, but the timeline can be very long. I have 
served on the nomenclature committee and know 
that there are well meaning voices for and against 
most changes and the more ‘visible’ the change, the 
more the voices for and against change become 
partisan. Resolving conflict within genera that are 
economically important such as Colletotrichum, 
Fusarium, Trichoderma, and Mycosphaerella will 
not be swift or pretty. Moreover, I wonder how 
many of those most actively advocating for change 
will be willing, or sufficiently knowledgeable of the 
Code to serve on the Nomenclature Committee 
where these and other often much more arcane 
nomenclatural issues are decided. 

I am not against changing the Code to allow for 
‘unit’ nomenclature. Teleotypification is one way. 
There are other situations where it would not be 
difficult, preferable even, to proceed with a single 
name. I offer the example of the Fusarium Solani 
Species Complex (FSSC).  All indications are that 
Fusarium is paraphyletic and Fusarium solani is 
not properly placed in the genus. The teleomorph 
linked to the FSSC, which includes more than 30 
phylogenetic species, is Neocosmospora (= 
Haematonectria). Is this a case where we could 
adopt a single name in Neocosmospora (or an older 
name for the Fusarium if one is found) instead of 
proposing a new name for the “Anamorph-
Formerly-Known-As –Fusarium-Solani?”  No 
matter what we do, ‘Fusarium’ solani will not last 
in the genus in which it is most familiar: replacing 
Fusarum solani with any new name is going to be 

resisted and will require an extremely strong 
argument but a well-argued change will be accepted 
by thoughtful clients. Could we look at this 
situation where a single name could be codified?  
 
Two points about the Amsterdam Declaration 
 
The Amsterdam conference was called to discuss 
the proposition of giving a single name to one 
species of pleomorphic fungi. Not to discuss 
alternate codes governing nomenclature of fungi 
and not to discuss naming fungi known only from 
sequences. These are important points for 
consideration but not in the context of the 
Amsterdam conference and unit versus dual 
nomenclature of fungi.  Does ‘signing’ the 
Amsterdam Declaration also signify support for 
adopting a new code or for some proposal to name 
these fungi? 

The second point I wanted to make about the 
Amsterdam Conference, brought home to me by 
Drew Minnis, is that the declaration provides few 
details. For example, a proposal is made to follow 
the first person who proposes a name to adopt. 
Thousands of generic names will not be touched if 
they wait for an individual to make a decision.  A 
proposal is made that user groups should prepare 
lists of names to be preferentially used. I have 
advocated this for Trichoderma and Hypocrea but I 
also know that there is absolutely no unity in our 
community as to which name should be selected 
and, again, while there are user groups for the most 
‘important’ ascomycetes, there is no constituency 
for groups of lesser importance – and that 
comprises most fungi.  This does not even consider 
the biological and nomenclatural complexity of 
rusts and smuts. I recall a time when a project 
called ‘Names in current use’ was proposed and 
some extremely talented mycologists were detailed 
to making lists that would constitute the accepted 
names. The initiative failed but the unintended 
result was that those individual list makers were 
‘lost’ (for varying amounts of time) to the job of 
accounting for the vast fungal biota. We cannot 
afford to lose fungal systematists, which could be a 
result of the current proposal. Those who sign the 
Amsterdam Declaration should ask themselves 
whether they are willing or able to give up their 
time to making lists of names.  I am not saying this 
in an effort to stop the process but rather to urge 
extreme caution in the necessity of dealing with 
details and to ask individuals to consider how much 
of their own time they are willing to devote to the 
effort.  
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Emory Simmons made the point that pleomorphic 
ascomycetes are unique in that the asexual and 
sexual phases are usually, or at least often, not 
transitional. The anamorph can exist in nature 
without undergoing sexual reproduction; the 
anamorph can and often does occur in a wider range 
of substrata, and sexually compatible strains can be 
separated by oceans and years.  Perhaps the 

ascomycetes deserve the unique nomenclatural 
system that we have inherited. 
 
Dr Gary Samuels 
Systematic Mycology & Microbiology Laboratory, 
USDA-ARS; Gary.Samuels@ars.usda.gov 
 

 

Research Flash 
 

Zygomycetes isolated from crude oil samples obtained from Nigeria 
 

By Francisca Okungbowa 
 

 
Crude Oil contains a small soluble fraction called 
the Water Soluble Fraction (WSF). The effects of 
WSF on the growth and development of different 
organisms have previously been studied.  
Organisms exposed to WSF take up the dissolved 
hydrocarbons and react to their effects. The severity 
of the effects depends on the exposed organisms, 
the concentration of the compounds and the mode 
of exposure. There is increasing interest in the use 
of living organisms in cleaning up oil polluted areas 
(known as bioremediation) as opposed to the 
harmful effects and high costs of chemicals.  

We carried out a study to investigate the fungi 
present in the WSF of crude oil samples from 
Ughelli East Flow Station, Delta State, Nigeria.  
This was a preliminary study to determine what 
fungi can survive in crude-oil polluted water and 
the eventual possible use of these fungi in 
bioremediation. Crude-oil exposed to onion (Allium 
cepa) primordial cells at different concentrations 
was cultured on Potato Dextrose Agar. The crude 
oil was also exposed to onion cells to mimic the 
natural environment in which plants are exposed to 
crude oil effects, because onion root cells show 
physiological changes that occur in plants exposed 
to crude oil. 

Cultures yielded growth of two Zygomycetes 
(Thamnidium sp. and Zygorhynchus sp.), among 
other fungi. This is the first documented report of 
Zygomycetes isolated from crude oil.  
Zygorhynchus species are soil-inhabiting 
Zygomycetes (Mucoraceae) that can tolerate 
conditions with high salinity and a low degree of 

pollution. They are reported to have high resistance 
to lysis by other microorganisms due to the 
presence of uronic acid, fucose and phosphate 
polymers in their cell walls that confer resistance. 
The ability of this particular species to thrive in 
WSF of crude oil might have been a result of this 
attribute.  Thamnidium is a Zygomycete genus 
commonly isolated from desert and cultivated soils.  

Although this is a preliminary report, the results 
indicate that these fungi can survive in crude oil and 
there exists potential that these fungi can be used 
for bioremediation of petroleum-polluted water. 
There is presently much research into the diversity 
of Zygomycetes, especially with respect to human 
and animal health, but not much is known about the 
role they can play in the environment such as being 
possibly used as bioremediating agents. Further 
investigation aimed at isolating more zygomycetes 
and studying their mechanisms of survival in 
polluted environments will be a follow-up to this 
report.  This will pave the way for possible field 
applications of these fungi for bioremediation. 
 
 
Okungbowa Francisca Iziegbe PhD 
Mycologist/Senior Lecturer 
Department of Plant Biology and Biotechnology, 
University of Benin,  
PMB 1154, Benin City, NIGERIA. 
Phone: 234-8055376204. 
fiokun2002@yahoo.com 
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Opinion 

“Enhancing mycological capacities in West Africa”: A DAAD Funded Measure for 

the transfer of mycological knowledge to West Africa 
By Nourou S. Yorou, Reinhard Agerer, Atsu Guelly, Marie-Laure Guissou &  

Brice Sinsin 
 
In a previous MycoAfrica issue (vol. 3, nr. 2), 
Tonjock Rosemary Kinge (from Cameroon) 
depicted major problems that African mycology is 
currently facing. There is no doubt that African 
mycology is experiencing many difficulties, but 
directed actions can help to overcome major 
mycological problems. African mycology can grow 
up very quickly if we can identify in the conceptual 
phase of mycological projects, what is really needed 
to promote local mycology and then define strategic 
activities to ensure long term local impact. Some 
projects have been implemented here and there in 
Africa, but academic outputs, training patterns, 
lobbying (how to inform and convince academics 
and biodiversity decision makers: how to attract and 
motivate students, etc.) and infrastructure have been 
mostly disregarded or insufficiently addressed in 
individual projects. Most mycological projects have 
been research-oriented only, aiming just at 
publishing as many papers as possible, with very 
little focus on the transfer of mycological know-
how. On the other hand, it is common that 
mycological projects have been conceived and 
drafted without including local scientists as 
effective co-workers: they were commonly 
involved then merely as field guides or 
administrative facilitators. One consequence of such 
a situation is that the institutional collaboration is 
reduced to the collection time in Africa, with 
nothing after that.  

To really boost African mycology, we strongly 
suggest a re-thinking of the collaboration patterns to 
ensure a long lasting impact (in terms of human 
capacities, documentation, infrastructures) on local 
mycology. African partners and scientists should be 
involved in the project from its conceptual phase 
and greater attention should be given to academic 
and training outputs. To overcoming such 
situations, a multi-activity three-year project 
entitled “Enhancing mycological capacities in West 
Africa” has been approved by the Germany 
Academic Exchange Services (DAAD). In this 
communication, we are pleased to introduce this on-
going cooperative project. We consider this project 

as a model on how cooperation can boost African 
mycology more effectively by focusing on the 
academic, training and research components. 
 
On the partner institutions of the project and 
their responsibilities 
During the conceptual phase of the project, partner 
institutions and local scientists were identified. 
After that, the “mycological needs” of each 
institution were determined. Those needs were 
integrated into the project and the responsibilities of 
each cooperating party were clearly defined. The 
University of Munich is the leading institution and 
the main provided of the North-South mycological 
expertise exchange. Three West African institutions 
have been selected as partners in this project, 
namely the University of Abomey-Calavi (Benin), 
the University of Lomé (Togo) and the University 
of Ouagadougou (Burkina Faso). The role of the 
University of Munich is to serve as scientific 
mentor; to provide assistance with the co-
supervision of theses and to facilitate a North-South 
transfer of mycological know-how through teaching 
missions and laboratory visits to the University of 
Munich. The African partner institutions will serve 
as local facilitators for inland administrative tasks, 
the organisation of workshops and meetings and the 
co-supervision of motivated students to be trained 
in mycology. The overall goal is to identify and 
educate local students in mycology. 
 
Key actions planned in the scope of the 
project 
Key action 1: Teaching missions in the three 
above-mentioned universities 
Three to four teaching missions are planned each 
year at the target local universities. The courses are 
presented by expert mycologists from the 
University of Munich. Various aspects of mycology 
(diversity, anatomy, ecology, phylogeny and 
evolution of fungi, mycorrhizal symbiosis/fungal 
interactions, etc.) are to be taught. The courses are 
intended for students at the Departments of 
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Biology/Botany, Pharmacology and Agronomic 
Sciences at the selected partner universities as well 
as for teachers at secondary schools. The main goal 
of the teaching missions is to improve the quality of 
higher education through a smooth introduction of 
mycology in the curricula of biological sciences at 
West African universities.  

Mycology is currently the orphan of biological 
sciences at most West African universities. Only a 
limited time is devoted to mycological teaching and 
research at universities and research centres. One 
consequence is that students in life science are 
trained with insufficient biological skills. Specific 
objectives of this key action are to help students to 
discover the diversity of fungal resources and to 
better appreciate the ecological, economical and 
nutritional roles of fungi. It is only after perceiving 
the diversity and paramount role of fungi that we 
can expect motivated students to decide to pursue a 
carrier in mycology. Three teaching missions have 
been undertaken in 2010 at all three above 
mentioned West African universities (Figs 1-4). 
Two teaching missions have been planned for 2011. 
 
Key action 2: North-South scientific visits 
Through this action, the University of Munich 
offers African students and scientists one to five 
month scientific visits to the Laboratory of 
Systematic Mycology (Prof. Dr. Agerer, Munich, 
Germany). Building mycological capacities is 
closely linked with learning laboratory techniques 
and methods and closer contact with new scientists 
and specialised literature. The aim of the scientific 
stays at the University of Munich is therefore to 
familiarise African students/scientists with 
laboratory techniques and methods whilst they can 
undertake detailed microscopic and molecular 
investigations of their own fungal material. At the 
same time, it is a good opportunity for them to 
interact directly with expert mycologists from 
Germany and to explore possibilities for future 
projects.  

The North-South exchange visits are not only 
reserved for West African students coming to 
Germany. MSc and/or PhD students from Germany 
also have the opportunity to visit partner 
institutions/scientists in West Africa so as to learn 
about local facilities, techniques/methods and 
challenges that local mycology is facing (Fig. 5). 
For German students, this is a great opportunity to 
explore ways for future collaboration with their 
peers. Last year, the Laboratory of Systematic 
Mycology hosted two West African mycologists, 
namely one PhD student from the University of 
Abobo-Adjamé in Ivory Coast, and one senior 

lecturer from the University of Ouagadougou (Fig. 
6). Two scientific stays of West African students 
are planned in 2011 (2 months each) whilst a short 
visit of one PhD student from Munich to West 
Africa is foreseen. 
 
Key action 3: South-South institutional visits 
The transfer of mycological know-how should not 
be only oriented North to South (from Germany to 
West Africa). Though Mycology is still in an infant 
phase in West Africa, there are a few institutions or 
countries (i.e. Benin, Togo) where mycological 
investigations have been quite active recently. Such 
countries are playing a key role for local mycology. 
Through this initiative, local students and scientists 
also have the opportunity to visit local laboratories 
and herbaria in other West African countries. It is a 
way for them to discuss and learn how limiting 
factors can be locally resolved, to undertake 
laboratory work on available material, and to share 
local know-how whilst they have the possibility to 
interact with national students in Mycology. One 
aim is to create and to strengthen local mycological 
networks and by doing so, to maintain local 
mycology activities. In 2010 the mycological 
herbarium of the University of Lomé (Togo) would 
host two local MSc students (from Benin and 
Burkina Faso) for one month each.  
 
Key actions 4: Annual meetings and workshops 
To promote local mycology in an effective way, 
local mycologists also need to meet regularly in 
order to discuss common challenges and issues. It is 
the right way to unequivocally define strategies to 
overcome current problems and to address new 
challenges. Annual meetings and workshops have 
been planned for discussion on how to boost local 
mycology in a sustainable way. Such meetings are 
designated to allow all local mycologists to 
highlight key academic and institutional research 
actions and strategies, aiming at a smooth 
introduction of mycology at universities and 
research centres. A first regional workshop was 
held in November 2010 in Ouagadougou, and a 
second in June 2011, Togo (see minutes in this 
MycoAfrica issue).  
 
Key action 5: Training course, capacity building 
and training in mycology 
To secure long term mycological outputs, it is more 
than essential to train local mycologists who will 
perpetuate mycological teaching and research 
locally. Target groups are mostly students in 
biological, pharmaceutical and/or agronomic 
sciences but also teachers at secondary schools. 
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Trough continued training, we expect some local 
students to become motivated and interested in 
doing their MSc and/or PhD studies in Mycology. 
In the first phase of the project, we plan to train (co-
supervise) one MSc student (leading to a PhD in the 
second phase of the project) from each partner 
institution in taxonomy and molecular phylogeny of 
selected fungal group/-s of their choice. One student 
from Togo has already been selected to the project 
and will work on Lactarius from Togo. This year, 
two students from Benin and from Burkina Faso 
will be involved. Through this key action, we 
expect to contribute to mycological capacity 
building and that all three students will eventually 
be recruited to their respective universities after 
completion of their PhD studies. International 
experts can also be invited to help building 
mycological capacities in West Africa, and in this 
regard a 10-day visit by a mycologist from Estonia 
took place last year (Figs 7-8). 

To disseminate mycological know-how rapidly, 
teaching missions to the universities and individual 
capacity building are not enough. This should be 
supplemented by intensive training courses which 
bring theory and practice together, reaching larger 
audiences at a time. In addition, training courses in 
mycology will allow students to supplement the 
information received during their university 
training. The target group is again composed of 
students in the fields of Biology/Botany, 
Pharmacology and/or Agricultural Sciences. The 
goal of these training courses is to teach local 
students about accurate field mycology (how to 
collect fungi in the field, drying techniques, 
recording and computing field data, the 
management of a fungal herbarium, etc.) and the 
laboratory skills w.r.t to fungal taxonomy in order 
to enable them to undertake mycological research. 
The initial training course will be coached by 3 
expert mycologists and we expect to train a total of 
10 local students. 
 
Key action 6: Joint collecting trip and 
enrichment/supporting local herbaria 
Collecting trips represent probably one of the most 
costly tasks in mycological research, even for local 
mycologists. Joint collecting trips allow local 
students to collect voucher material for their MSc 
studies and during such field trips, local students 
benefit from specialized experts on taxonomic and 
ecological aspects of target fungal groups (Fig. 9). 
Simultaneously, collecting trips are meant to enrich 

the fungal collections at local herbaria, since 
duplicates of the collections made by local and 
foreign mycologists are kept locally (Fig. 10). 
Fungal collections are the starting point of 
mycological research and collaboration. In this 
context, a rich mycological herbarium represents an 
attraction for foreign mycologists and opens 
international collaboration.  
 
Concluding remarks 
The project presented here is an example on how 
cooperation can contribute to the capacity building 
in Africa. It is currently difficult to find the required 
funds to facilitate so many actions simultaneously, 
and from this example, we would like to advise that 
seriuous dedication to capacity building at local 
African partner institutions will substantially 
increase the chance of a project to be financed. 
There is no doubt that international cooperation 
creates huge opportunities boost local mycology, 
but to be efficient, cooperative projects should aim 
to secure a long lasting impact on local mycology 
with as much earnest as it is aimed at producing 
publications and additional scientific outputs. We 
recommend that enough time is taken to accurately 
design the project following the “Access and 
Benefits Sharing” system of the Convention on 
Biological Diversity (CBD) so as to involve 
partners institutions/scientists in the conceptual, 
drafting and implementation phases, as well as 
defining strategies for an equal access to the 
benefits resulting from the project. It is essential 
that the needs of each partner institution in term of 
capacity building and infrastructure are discussed 
and considered in the conceptual and financial 
planning stages of the project.  
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First West African Workshop in Mycology 
“Promoting Mycology in West Africa: Facilities, challenges and partnership” 

RAN Hotel, Ouagadougou (Burkina Faso) November 12th to 13th 2010 
 

By Nourou S. Yorou and A. De Kesel 
 
Context and objectives of the Workshop 
Thanks to the German Academic Exchange Service 
(DAAD), the German Research Foundation (DFG,) 
and the Ludwig-Maximilians-Universität München 
(Germany), a two-day mycological workshop was 
held in Ouagadougou (Burkina Faso) from 12th to 
13th of November 2010. The idea for a regional 
workshop in mycology emerged in 2009 and it was 
materialized within the scope of an on-going DFG-
supported project: Biogeography and Evolution of 
tropical African Thelephorales.  During a joint 
collecting trip in several West-African countries, 
the local mycologists highlighted the urgent need 
for a meeting. Not just to analyze the possibility to 
secure a fair and equitable sharing of benefits 
resulting from the project, but also to discuss 
challenging issues w.r.t. mycology in West Africa. 
Initially, the workshop was oriented towards partner 
institutions and scientists involved in the above-
mentioned DFG-supported project. To overcome 
one of the challenges in African mycology, i.e. the 
lack of students, we expanded the target group by 
including non-partner institutions/scientists and 
students preparing an MSc or PhD in mycology.  

Specific objectives of the workshop were to (1) 
initiate/establish a local network of West-African 
mycologists; (2) discuss collaboration strategies, 
equitable benefit sharing and how to secure a long 
lasting local mycological impact; (3) discuss ways 
to ensure a better south-south sharing and transfer 
of mycological know-how, including methods of 
mycological research, management of fungal 
collection/ data, and better access to literature and 
databases; (4) to learn about standardized methods 
for field- and laboratory techniques, aiming to 
improve the quality of photographing and 
describing specimens in the field, as well as drying 
and data collecting and (5) detect limiting factors, 
obstacles within the local mycological herbaria and 
finding simple and affordable solutions to resolve 
them.  
 
About the participants and their origin 
A total of 16 participants from Benin, Belgium, 
Burkina Faso, Germany, Ghana, Niger, Mali, Ivory 
Coast and Togo attended this meeting. Participants 

included 10 senior scientists and 6 PhD students 
(Fig. 1), including two staff members from the 
University of Ouagadougou. 
 
Scientific programmes and discussion topics 
The first day of the meeting (November, 12th) 
consisted of a series of oral presentations. A total of 
13 talks were presented and discussed. After an 
introductive presentation, covering the objectives of 
the meeting (Dr. Yorou), an overview of the 
mycological research done in West Africa (state of 
the art, constraints, local and foreign expertise, 
outputs and perspectives in terms of collaboration) 
was presented by our host Dr. M.-L. Guissou. After 
presenting an overview on the diversity of fungal 
resources in West Africa, Dr. Guissou discussed the 
lack of documentation available about West African 
fungi. She correctly pointed out that there is a lack 
of local expertise and good infrastructure, as well as 
a deficit in the amount of hours granted to 
mycology at West African universities.  

Collaboration requirements in research on 
mycological biodiversity was then presented by Dr. 
Yorou with great emphasis on the “Access and 
Benefit Sharing” System of the Convention on 
Biological Diversity (CBD). In order to secure a 
long lasting impact on local mycology, 
collaboration should be designed to involve and 
include local partners/scientists as effective co-
workers. Long term involvement/impact needs 
close collaboration in the conceptual phase, but also 
in the drafting, financial planning and 
implementation of the projects. Dr. Yorou indicated 
the strong need for a clear definition of the 
responsibilities of each partner institution, the 
equitable sharing of resulting benefits and the free 
access to literature, fungal materials and databases. 
Academic issues such as lectures at the universities, 
training local students on aspects of mycology and 
enhancing local herbaria are key parameters that 
should be included in any kind of mycological 
project. 

Dr. De Kesel’s presentation pointed out that a well 
documented herbarium represents one of the most 
important tools for the mycologist. Despite the fact 
that Africa is so rich in interesting and new species 
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of fungi, this extremely high potential is seldom 
reflected in local herbaria. Local mycologists 
correctly state that this is due to the lack of funding 
for (often expensive) field collecting trips and the 
lack of infrastructure to dry and store the herbarium 
material. For foreign mycologists, on the other 
hand, it is often difficult to find local herbaria with 
well documented material. Dr. De Kesel focused on 
the field collecting procedures by developing a 
scenario from the collecting and handling of 
specimens in the field, to the long term storage in 
the herbarium. It was clearly stressed that 
incomplete data collecting in the field, often results 
in herbarium material of a lesser value. Aspects 
related to macroscopic descriptions, habitat 
description, photographing, labelling, drying 
techniques, molecular sampling, data computing 
and basic herbarium management were presented. 
A handout, consisting of an illustrated glossary and 
a field description form (including the most 
common states of each character) was presented (all 
participants received files and one hardcopy per 
institute). The general idea is that mycologists, 
using good standard field and herbarium 
techniques, can build up a well documented 
herbarium and become important 
partners/colleagues in the community of 
mycologists worldwide. Such herbaria are tools for 
research and a key-factor in facilitating 
collaboration with specialists worldwide. The 
speaker illustrated his talks with some examples 
based on his work with colleagues from various 
African countries. 

Subsequent talks presented state of the art of 
mycological research, teaching and cooperation in 
different countries.  These included Ghana (Dr. 
Obodai), Niger (Dr. Ibrahim), Ivory Coast (Dr. 
Ngolo), Mali (Dr. Sacko) and Togo (Dr. Guelly). 
Progress in the monograph of Lactarius in Togo 
was presented by Maba Dao (PhD student) and 
research activities on Lentinus tuber-regium was 
presented by Matilda Dogmezu (PhD student from 
Ghana). Dr. Yorou gave the last talk presenting 
funding possibilities in mycological research 
(where to apply and his experience from past and 
on-going mycological projects).  

The second day consisted of  a series of plenary 
discussions on three main topics. During the first 
discussion entitled “Introducing Mycology at the 
Universities”, participants discussed how and where 
to start, teaching possibilities, training and 
supervision of students, visits to local herbaria, joint 
collecting trips and exchanges, challenges and 
existing facilities. The second topic dealt with 
collaboration patterns. We discussed possibilities of 

identifying and drafting joint projects and donors, 
responsibilities of contracting parties, and drafting 
and submission of projects. In the third plenary 
discussion, we explored the possibility to initiate a 
local network, a common database in order to 
ensure the better dissemination/access of literature 
and fungal materials.  
 
Outputs, impact of the Workshop and 
perspectives 
With regard to the three above-mentioned 
discussion topics, numerous commitments were 
made by the participants. To enhance mycology 
teaching at the universities, the academics and 
senior lectures present committed themselves to 
devote more time to mycology at their respective 
universities. Teaching missions and training courses 
undertaken in Benin, Togo and Burkina Faso during 
recent years (by Dr. Yorou and Dr. De Kesel) 
should be perpetuated and expanded to other West 
African countries. South-south laboratory and 
herbaria visits as well as joint collecting trips 
should be initiated. Regarding joint cooperative 
projects, participants suggested two small projects 
to start with. One project will focus on 
ethnomycology in each country and another on the 
taxonomy of the genus Termitomyces which should 
include 3 participants interested in or already 
working on this fungal group. Participants 
highlighted the need to establish an active network 
of local mycologists that should be supported by a 
website. New documentation/publications, 
glossaries, pictures and courses can be posted on 
the website, freely accessible to all local 
mycologists. To make the network active, annual 
meetings, either as regional training courses, 
workshop or forays should be continued. 

This workshop was the first to bring together 
West African mycologists and botanists and 
contributed mainly to the following:   
(1) the use of a standard field collecting technique, 
by means of a standard description form and an 
illustrated glossarium (macroscopy and 
microscopy), 
(2) the understanding that improved quality in 
fieldwork and basic herbarium management 
techniques at the home institution often results in 
funding and collaboration with other mycologists 
worldwide, 
(3) raising awareness among participants on how to 
be involved in mycological projects in order to 
secure a local impact, 
(4) identifying research priorities and thematic 
projects, 
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(5) convincing participants about the availability of 
research funds, 
(6) establishment of a local network of mycologists, 
(7) identifying strategies to ensure sustainable 
impact on local mycology, 
(8) recognizing places and people with whom 
problems related to taxonomy, systematics, 
ecology, techniques, literature, etc., can be resolved. 

All participants were fully satisfied since they 
came to know each other (who’s working on what 
and where) and a network of local mycologists was 
established. All participants were strongly 
motivated to continue working in mycology and 
expressed the wish to continue with these 
mycological meetings in the future. In this context 
the planned intensive training course in tropical 
mycology (to be organised in Togo, 2011) was 
welcomed by all participants.  Detailed minutes of 
the workshop can be requested from the author. 
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First West African training course in tropical Mycology 
Togo, 15th to 24th June 2011 

 
By Nourou S. Yourou, Atsu K. Guelly & Reinhard Agerer 

 
Background and justification  
West Africa is actually indexed as a mycological 
desert because of the scarcity of local mycologists. 
The lack of native mycologists coupled with 
insufficient infrastructures resulted in a poor and 
scant documentation of West African fungi and 
subsequent collection centres. On the other hand, 
the limited time devoted to mycological teaching 
(which is sometimes totally untaught in some West 
African universities) and research yielded 
incomplete life science curricula in the universities 
and insufficient biological skills of local students. 
There is an obvious need to rethink academic 
curricula so as to devote more time to mycology at 
West African universities and schools, whilst 
actions to secure local collection centres and 
subsequent infrastructures should be undertaken by 
academics. During the last decade however, great 
effort has been invested to build mycological 
capacities in West Africa. Thanks to fruitful 
collaborations with the National Botanic Garden of 
Belgium, the University of Munich (Germany, 
through financial support from the German 
Academic Exchange Service-DAAD and the 
German Research Foundation-DFG) and the 
University of Aarhus (Denmark), few local 
mycologists have been trained in Benin (i.e. Dr. Ir. 

Yorou), Togo (Maba Dao, currently a PhD student) 
and Burkina Faso (i.e. Dr. Guissou). These 
pioneering local mycologists are currently acting to 
perpetuate/boost local mycology. At the same time, 
some MSc and PhD students in Mycology from 
other West African countries (Niger, Ghana, Mali, 
Guinea, and Ivory Coast) are experiencing 
tremendous coaching problems related to 
taxonomy, ecology of larger fungi, specialized 
literature and access to required infrastructures.  

To fill the gaps, key actions are currently 
undertaken for the reinforcement of mycological 
capacities in West Africa (see the DAAD project 
“Enhancing mycological capacities in West Africa” 
in this issue). A regional workshop aiming at 
exploring local facilities, challenges and to identify 
affordable actions to boost local Mycology was 
held in November 2010 (report of the workshop is 
given in this issue). This first Workshop resulted in 
the elaboration of key mycological actions. 
Intensive training courses in tropical mycology 
have been unanimously pointed out by the 
participants as one major action for a rapid 
promotion of mycology in West Africa. In a West 
African context, we expect to address the 
biodiversity, taxonomy, ecological role of fungi. It 
is after such training courses that we can expect 
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some students/scientists to meet the decision to 
pursue a career in mycology, with the hope to 
improve uses and conservation of fungal resources 
in near future. 
 
Objectives of the training course 
The overall goal of this training course is to 
contribute to the building of mycological capacities 
in West Africa. Educating local experts will 
undoubtedly result in a better documentation and 
utilization of local fungal resources. Specific 
objectives are (1) teach local students on patterns of 
field mycology: how to collect, describe, dry and 
make scientifically good fungarium specimens, (2) 
help local students to be familiar with, and/or to 
improve their mycological laboratory skills, (3)  
improve participant skills in term of discriminating 
major fungal taxa, (4) stimulate and/or encourage 
participants to continue working/undertaking BSc, 
MSc and/or PhD studies in fungal taxonomy, 
ecology and valorisation, (5) explore the various 
applications/exploitations of Wild Useful Fungi.  
 
Target groups and teaching staff 
A total of 15 students in the field of Biology/Botany 
and/or Agronomic sciences have been selected from 
various countries (Benin, Burkina Faso, Ghana, 
Guinea, Ivory Coast, Mali, Niger, Senegal and 
Togo, Fig. 1). The training course was coached by 
three mycologists (Dr. Ir. Nourou Yorou, 
University of Munich, Germany; Dr. André De 
Kesel, National Botanic Garden Belgium, Prof. Dr. 
Annemieke Verbeken, University of Gent, 
Belgium). All three mycologists have been very 
active in field mycology, collecting, studying and 
publishing on tropical African fungi during the last 
decade. 
 
Venue and running of the training course 
The course was organised in two phases: The first 
phase (from 15th to 20th of June) was a field 
seminar consisting in material collection in the 
Fazao-Malfakassa National Park (FMNP, Fig. 1) 
plus a series of talks by the trainers. The FMNP is 
located in the central western part of Togo, along 
the boarder with Ghana at about 350 km from 
Lomé. It is one of the remaining natural forests of 
Togo which still hosts undisturbed ecosystems with 
remarkable plant and animal species. The park is 
composed of various ecosystems with numerous 
ectomycorrhizal tree species making it one of the 
mycologically most important forests. The park is 
equipped with an old 3-star, actually unoccupied 
hotel which was used to host all participants.  The 
second phase of the training course (from 21st to 

24th of June) was held at the Department of Botany 
and Ecology of the University of Lomé. A 
laboratory equipped with 20 microscopes has been 
booked for microscopic investigations. 

Major activities undertaken during the training are 
summarized as follows: 
·  Opening ceremony or lobbying session: held at 

the University of Lomé (Togo), important guests 
included the national authorities in charge of 
scientific research and nature protection, academic 
authorities (deans of faculty, heads of 
Departments, President of the university). During 
a talk entitles “Enhancing mycological capacities 
in West Africa: Achievement and challenges” Dr. 
Ir. Nourou YOROU  highlighted the contrasting 
situation between fungal diversity in West Africa 
and the lack of national mycological capacities. 
The lecturer stressed on the ecological, 
economical and nutritional importance of fungi 
and pleaded on the urgent need to include fungi in 
national research policies and capacity building. 
Major achievements already accomplished have 
been addressed by the lecturer. This talk was 
followed by a 30 min interview of the lecturer by 
national televisions to justify why such a training 
course in Togo was held. Both the oral 
presentation and the interview were transmitted in 
national televisions and local press (Figs 2-3). 

·  Field works and material collections: The field 
works consisted of forest visits (Fig. 4) and 
specimen collections during morning sessions 
followed by material dispatching/discrimination 
and recording important morphological features of 
major taxa during afternoon sessions. Forest visits 
were combined with numerous oral presentations, 
either before or after the forest visits whenever 
suitable. Short demonstrations regarding the 
ecology/habitat, morphology, collecting 
techniques of major genera were made in forests 
(Figs 5-7). A total of 6 key talks were given by the 
trainers during field works. The first talk entitled 
“Collecting fungi in the field” was given by Dr. 
De Kesel, who provided numerous pieces of 
advice regarding required field equipment, 
collecting methods and techniques to preserve 
important fresh morphological features, and 
elaboration of reference material. The second talk 
entitled “Higher level organisation of fungi” was 
given by Dr. Yorou. He addressed the diversity 
and morphological variability of fungal organisms 
and their relationship, and focused on important 
fungal groups and common genera in West Africa 
with regards to their morphological features and 
distributions/habitat.  
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After both important talks, the collected 
materials of each day were sorted into major 
taxa/genera by the participants. Important 
identification features of collected genera have 
been explored during interactive teaching sessions 
(Fig. 8). Most important taxa, namely the 
Boletales, the Russulales and the resupinate 
Thelephorales have been explored in detail after 
an introducing/exploration talk. Agaricales other 
than Russulales have also been explored. 
Representative specimens of each group were 
dried for further microscopic investigations. The 
field work were enriched with additional 
demonstrations on techniques of field 
photography.  

·  Laboratory works and microscopy at the 
University of Lomé: During this 4-day phase, 
the participants had the opportunity to learn and 
make microscopic preparations and observations 
on dried materials (Fig. 9). Microscopic 
investigations were also combined with oral 
presentations by the trainers in order to highlight 
important anatomical features of major taxa, 
regarding mostly shape, size and ornamentation 
of the spores, of cystidia, basidia, trama, 
pileipellis structures and anatomy of 
rhizomorphs, when present. After each talk, the 
participants were able to make their own 
preparation and observed different elements that 
were addressed during the talks, under a close 
supervision of the trainers. Numerous specimens 
representative of Boletes, Agaricales, 
Thelephorales and Laboulbeniales were 
microscopically examined by the participants. 
Interactive discussions between students allowed 
ensuring exchange of laboratory skills. A 
synthesis of important anatomo-morphological 
features of major taxa was then elaborated by 
both the trainer and the participants as course 
support.  

 
Output/impact of the training course and 
perspectives 
According to the final evaluation and feedback we 
received from the participants, we can conclude that 
all participants were fully satisfied regarding all 
aspects of the training course: Accommodation, 
combination of field and laboratory work, scientific 
content of the course, teaching quality and 
efficiency of the trainers, relevance of oral 
presentations, and the diversity and availability of 
fungal material. Still some students would prefer 
that not only the duration of the course to be longer 
but that such training courses be repeated each year.  

From our perspective as trainers, we can ascertain 
that the objectives are fully achieved. Not only 
would attract attention of national decision makers 
and academic authorities about the importance of 
mycology, but we were able to motivate many 
students, as can be attested by numerous 
participants who committed themselves to 
undertake their MSc and/or PhD studies in tropical 
mycology. To start with their MSc and/or PhD 
studies, many participants expressed their wishes to 
be enrolled in the collecting trips we organise in 
neighbouring countries (Burkina Faso, Mali and 
Guinea). We were able to select four highly 
motivated students who accompanied us during the 
collecting trips. Actually, there is no doubt that each 
participant is actually fully skilled to undertake 
mycological research at his home institution 
independently.  

Not only was the course of high quality 
scientifically (thanks to the field and laboratory 
experience of the trainers), but it dealt with a topic 
that has been neglected for a long time in the 
curricula of biological sciences in West Africa. This 
course allowed training local mycologists. Such 
participants will undoubtedly act as pioneers in 
their home country and will perpetuate mycological 
research locally.  As far as we know such elaborate 
regional training course has never been organised in 
West Africa.  

To ensure a long lasting mycological impact in 
West Africa, it is essential that such training 
courses be perpetuated each year. During this 
course, numerous taxa other than Russulales, 
Boletes and resupinate Thelephorales have been 
scantily addressed. Furthermore, the course focused 
mostly on taxonomy and systematics of major 
fungal groups, with very little information yet on 
the ecology and potential application of the species. 
Two regional training courses are planned in the 
following years to cover aspects that have not been 
explored during this course: 
·  A first regional course on the ecology, functional 

anatomy and characterization of tropical 
ectomycorrhizae, to be held in Benin, August 
2012; 

·  Second regional course on tropical Mycology, to 
be held in the Ivory Coast, probably in 2013, 
focusing mostly on Ascomycota and other 
Basidiomycota that were not addressed during the 
previous course.  

 
The complete list of the participants and their 
affiliation, detailed scientific programmes, 
additional photos can be requested from Dr. 
Nourou S. YOROU. 
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African Library 
Rusts from Africa III 

 
Most of the literature available on rust fungi 
indigenous to Africa is taxonomical in nature 
(MycoAfrica 3(2): 13�15, MycoAfrica 4(1): 
15�18) and, except for the economically 
important coffee rust (Hemileia vastatrix), 
sorghum rust (Puccinia purpurea) and 
geranium rust (Puccinia pelargonii-zonalis), 
little has been published on the ecology, 
epidemiology or biology of the African rusts. 
Below are listed publications of research 
carried out in South Africa on various subjects 
other than the taxonomy of African rust fungi.  
 
Adendorff R, Rijkenberg FHJ (2000) Scanning 

electron microscopy of direct host leaf 
penetration by urediospore-derived infection 
structures of Phakopsora apoda. Mycological 
Research 104: 317-324. 

Coutinho TA, Rijkenberg FHJ, van Asch MAJ 
(1992) The pre-invasion behaviour of 
Hemileia vastatrix on host and non-host leaf 
surfaces. Journal of Phytopathology 135: 274-
280. 

Coutinho TA, Rijkenberg FHJ, van Asch MAJ 
(1993) Appressorium formation by Hemileia 
vastatrix. Mycological Research 97: 951-956. 

Coutinho TA, Rijkenberg FHJ, van Asch MAJ 
(1993) Development of infection structures by 
Hemileia vastatrix in resistant and susceptible 
selections of Coffea and in Phaseolus 
vulgaris. Canadian Journal of Botany 71: 
1001-1008. 

Coutinho TA, Rijkenberg FHJ, van Asch MAJ 
(1994) The effect of leaf age on infection of 
Coffea genotypes by Hemileia vastatrix. Plant 
Pathology 43: 97-103. 

Ferreira JF, Rijkenberg FHJ (1989) 
Development of infection structures of 
Uromyces transversalis in leaves of the host 
and a non-host. Canadian Journal of Botany 
67: 429-433. 

Ferreira JF, Rijkenberg FHJ (1990) 
Ultrastructural morphology of the uredinium 
and collar formation during 
urediosporogenesis of Uromyces transversalis 

on Gladiolus. Canadian Journal of Botany 68: 
605-6012. 

Ferreira JF, Rijkenberg FHJ (1991) 
Ultrastructural morphology of Uromyces 
transversalis infection of resistant and 
susceptible Gladiolus hosts and a non-host, 
Zea mays. Phytopathology 81: 596-602. 

Kleinjan CA, Morin L, Edwards PB & Wood 
AR (2004) Distribution, host range and 
phenology of the rust fungus Puccinia 
myrsiphylli in South Africa. Australasian 
Plant Pathology 33: 263-271. 

Krüger M (1998) Identification of the adults of 
Lepidoptera inhabiting Ravenelia 
macowaniana Pazschke (Uredinales) galls on 
Acacia karroo Hayne (Fabaceae) in Southern 
Africa. African Entomology 6: 55-74. 

McGeogh MA (1993) The Microlepidoptera 
associated with a fungus gall on Acacia 
karroo Hayne in South Africa. African 
Entomology 1: 49-56. 

McGeogh MA, Chown SL (1997) Evidence of 
competition in a herbivorous, gall-inhabiting 
moth (Lepidoptera) community. Oikos 78: 
107-115. 

McGeogh MA, Chown SL (1997) Impact of 
urbanization on a gall-inhabiting Lepidoptera 
assemblage: the importance of reserves in 
urban areas. Biodiversity and Conservation 6: 
979-993. 

McGeogh MA, Krüger M (1994) Identification 
and diagnosis of Lepidoptera larvae 
inhabiting galls induced by Ravenelia 
macowaniana Pazschke on Acacia karroo 
Hayne in South Africa. African Entomology 
2: 37-43. 

Maier W, Wingfield BD, Mennicken M, 
Wingfield MJ (2007) Polyphyly and two 
emerging lineages in the rust genera Puccinia 
and Uromyces. Mycological Research 111: 
176-185. 

Morin L, van der Merwe M, Hartley D, Müller 
P (2009) Putative natural hybrid between 
Puccinia lagenophorae and an unknown rust 
fungus on Senecio madagascariensis in 



MycoAfrica 4(2). African Mycological Association 2007Ó 26

KwaZulu-Natal, South Africa. Mycological 
Research 113: 725-736 

Putterill VA (1918) Notes on the morphology 
and life history of Uromyces aloes Cooke. 
South African journal of Science 15: 656-662. 

Rey MEC, Garnett HM (1983) Sporogenesis in 
the uredinial stage of Puccinia digitariae. 
Transactions of the British Mycological 
Society 80: 521-526. 

Rey MEC, Garnett HM (1985) Transfer of 
label from 3H-Glucose in Digitaria eriantha 
leaves to the rust fungus Puccinia digitariae 
Pole Evans. The Journal of Histochemistry 
and Cytochemistry 33: 809-812. 

Rey MEC, Garnett HM (1988) Epidemiological 
studies of Puccinia digitariae and 
Phyllachora paspalicola on grasses at 
Nylsvley Nature Reserve. South African 
Journal of Botany 54: 551-557. 

Rösch M, Chown SL, McGeogh MA (2001) 
Testing a bioindicator assemblage: gall-
inhabiting moths and urbanization. African 
Entomology 9: 85-94. 

Wood AR (2002) Infection of 
Chrysanthemoides monilifera ssp. monilifera 
by the rust fungus Endophyllum osteospermi 
is associated with a reduction in vegetative 

growth and reproduction. Australasian Plant 
Pathology 31: 409-415. 

Wood AR, Crous PW & Lennox CL (2004) 
Predicting the distribution of Endophyllum 
osteospermi (Uredinales, Pucciniaceae) in 
Australia based on its climatic requirements 
and distribution in South Africa. Australasian 
Plant Pathology 33: 549-558.  

Wood AR & Crous PW (2005) Epidemic 
increase of Endophyllum osteospermi 
(Uredinales, Pucciniaceae) on 
Chrysanthemoides monilifera. Biocontrol 
Science and Technology 15: 117-125 

Wood AR & Crous PW (2006) Preliminary 
host specificity testing of Endophyllum 
osteospermi (Uredinales, Pucciniaceae), a 
biological control agent against 
Chrysanthemoides monilifera ssp. monilifera. 
Biocontrol Science and Technology 16: 495-
507 

 
Compiled by Alan Wood, Ph.D. 
ARC-Plant Protection Research Institute, 
Stellenbosch, South Africa 
wooda@arc.agric.za 
 
 
 

 
The latest issue of Mycologia Balcanica 
features a checklist of the smut fungi in 
Africa.  The issue can be found at the link 
below: 
 
http://www.mycobalcan.com/contents8-1-
11.php 
 
Vánky, K., Vánky, C. & Denchev, C.M.  2011. 

Smut fungi in Africa – a checklist.  Mycologia 

Balcanica 8(1):  1-77. 
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