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Forword

Centenary Celebration of the Mycotheque de 1'Université
Catholique de Louvain, Belgium, 1894-1994

JOHN WEBSTER

University of Exeter, United Kingdom

MUCL is a fungal culture collection founded in Louvain in 1894 by Philibert
Biourge. The centenary of the inauguration of this important collection is
celebrated at a special symposium attended by some 150 guests from many
countries at the Catholic University at Louvain-la-Neuve on Wenesday 29" June
1994. There are two sessions of presented papers, followed by a discussion, a
poster presentation and an exhibition tracing the history of the collecton.

The morning sesssion is openend by addresses of welcome from Dr H.
Naveau, Head of Applied Chemistry and Bioindustry Department of the Faculty of
Agricultural Sciences and Dr P. Rouxhet, Prorector of UCL. Dr Rouxhet explains
the philosophy behind the setting up of the University at Louvain-la-Neuve. It is
an integrated community of academic staff and their families, students, residents,
shops, private bisinesses and a science and industry park. Priority is given to
scientific research and development, advanced technology, etc., with spin-offs
likely to be benefit to the University. The Faculty of Agricultural Sciences, which
receives state support, includes graduate school forming chemists and engineers
able to apply their skills to the living world. The Prorector paid a large tribute to
the dedication and hard work of the present director of the culture collection,
Professor Grégoire Laurent Hennebert, and assured him that the collection would
continue to receive University support. Professor Hennebert then traced the history
of the culture collection over the past century since its foundation by Biourge, who
had studied with Pasteur. A large number of distinguished scientists had been on
the staff including Dierckx and Biourge who laid the foundation of the
classification of Penicillium, Vandendries who worked on sexuality of
Basidiomycetes, Wieldiers who discovered the "bios", a growth factor for yeast,
later found composed of the B vitamins, Cappuyns whose work with the strains of
Penicillium species and Aspergillus niger from the Biourge's collection established
the industrial process of citric acid p-fermentation, Simonart, former director of
the collection and present at the celebration, who worked with Raistrick of Oxford
on the chemistry of Penicillium griseofulvum and discovered the first antifungal
antibiotic the griseofulvin. The rest of the morning session is also devoted to
papers on the significance of fungus culture collections. Prof. D.L. Hawksworth
(Director of the International Mycolgical Institute, IMI) speaks about "Fungal
resource collections and biodiversity", Dr. D. van der Mei (Director of the
Centraalbureau voor Schimmelcultures, CBS) "The fungus culture collections in
Europe", and Dr J. De Brabandere (Federal Service for Scientific Affairs,
Belgium) "The Belgian Co-ordinated Collections of Microorganisms".

The afternoon session is a workshop entitled "Fungal taxonomy and tropical
mycology: Quo vadis?" After an introduction by Pr. Hennebert, Dr C.P. Kurtzman
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(NRRL, USA) and Dr. M. Blackwell (President MSA, USA) express the benefits
of phylogenetic analysis for fungal taxonomy, Dr. J. Rammeloo, (National
Botanical Garden, Belgium) and Dr. M.-F. Roquebert (National Natural History
Museum, France) show the both the historical foundation up to the development of
new means of the morphological approach in fungal taxonomy, Dr. A.J. Masuka
(Forest Research Centre, Zimbabwe), Dr. A. Peerally (University of Mauritius)
and Dr. J. Mouchaca, in name of E.J. daSilva (MIRCEN, UNESCO, France) develop
the strategies in the development of mycological research and of fungus
collections in the Tropics. In the subsequent discussion much concern is expressed
about the lack of funding for taxonomic research on fungi and in the training of
future generations of fungal taxonomists not only in developing tropical countries
but also in developed temperate areas.

The exhibition of the history of MUCL was very interesting, including the
notesbooks of Biourge, some of the original apparatus and microscopes used in his
first laboratory, portraits, photographs, manuscripts, paintings and drawings, and
publications, and a most attractive display of colourful and stricking fungal
cultures.

The celebration ended with a reception in the grounds of a ruined Cistersian
monastery, followed by a banquet in the adjacent Hotel des Ruines. The guests
were entertained during the banquet by singers and dancers who were refugees
from Rwanda. The British Mycological Society President, Professor A. Walley,
presented Professor Hennebert with a ceramic sculpture of Polyporus squamosus
on behalf of the BMS Council, thanked him for his hospitality and for organizing
such a splendid celebration and gave the MUCL good wishes and continuing
success for the next century of their activities.
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PART 1

MYCOTHEQUE DE L'UNIVERSITE CATHOLIQUE DE LOUVAIN
(MUCL):
100 YEARS OF EXISTENCE AND ACTIVITY OF THE FUNGUS CULTURE
COLLECTION

Grégoire L. HENNEBERT

Mycotheque of the Catholic University of Louvain, Place Croix du Sud, 1348 Louvain-la-Neuve, Belgium

The Mycotheque of the Catholic University of Louvain is a fungal culture
collection of filamentous fungi and yeasts.

It was started by Professor Philibert Biourge, microbiologist at the Brewery High
School of the University in 1892. From contaminated beers, malts and barleys he
purified many strains of beer yeasts and isolated wild yeasts, filamentous fungi and
bacteria that he maintained in the collection. The collection was publicly inaugurated
on July 8th, 1894.

After a well-known preliminary study of Penicillium Link by his assistant F.
Dierckx (1901), Biourge prepared a full monograph of the genus Penicillium (1920,
1923). Later Professor P. Simonart made biochemical investigations on the
Penicillium species in the collection and discovered the first antimycotic antibiotic
griseofulvin from Penicillium griseofulvum Dierckx (1937). After Biourge's death in
1942, Pr. Simonart named the collection "Mycothéque Philibert Biourge".

In 1968, Pr. Simonart brought the collection together with the fungal collection
begun in 1956 by G.L. Hennebert, and which already included 11 000 strains and
herbarium specimens. In 1968 Pr. J. Meyer's fungus culture collection of
Hyphomycetes from Central Africa, and in 1984, the collection of beer yeasts
initiated by Biourge and maintained by the UCL Laboratory of Brewery Sciences
were also incorporated.

In 1968 the Collection was officially recognized as the "Mycothéque de
I'Université Catholique de Louvain" (MUCL) by the University, in 1969 by the
International Association of Plant taxonomy (IAPT), in 1972 by the World
Federation of Culture Collections (WFCC), and registered at the World Data Center
(WDC). Since 1983, the MUCL Collection has been financially supported by the
Science Policy Office of Belgium. It is a member of the Belgian Coordinated
Collections of Microorganisms (BCCM), together with the collection of medical
fungi at the Institute of Hygiene and Epidemiology (IHEM) in Brussels, the one of
bacteria from the Laboratorium for Microbiology, University of Ghent (LMG) and
the one of plasmids at the Laboratory for Molecular Biology, University of Ghent
(LMB). From 1983 MUCL also has been a member of the European Culture
Collections' Organization (ECCO) and from 1985, a partner in the Microbial
Information Network Europe (MINE).

The MUCL culture collection
The MUCL Collection currently holds 24000 strains from all groups of

filamentous and yeast fungi, including Oomycetes, Zygomycetes, Ascomycetes,
Basidiomycetes, Blastomycetes Hyphomycetes and Coelomycetes. Most of the living
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strains originated from fungal specimens collected throughout the world and kept in
the MUCL mycological herbarium which includes 38000 specimens of which 24000
are as living strains: 22000 filamentous fungi and 2000 yeast fungi, representing
3500 species of fungi and yeasts. The second edition of the catalogue was issued in
1992 with about 8000 strains'.

The MUCL strains are maintained in at least two different ways, depending on
the taxonomic group and on their effective sporulation. All strains are maintained on
agar slants under mineral (parafin) oil. Strains producing spores in culture are
lyophilized. Delicate and important strains are also maintained frozen at -80° C.

MUCL is a research-based culture collection. Its staff is currently carrying on
research in both systematic and applied mycology.

Systematic mycology:

- Collection and isolation of fungi in unexplored sites and substrates throughout the
world, particularly in extreme environments and in Africa.

- Morphotaxonomy, chemotaxonomy and nomenclature of yeasts and filamentous
fungi, particularly Blastomycetes, Hyphomycetes and Aphyllophorales.

- Morphogenesis and morphology of sexual and asexual reproduction.

- Floristics and ecology of fungi in their natural habitats (thermal waters, burned
sites, sea sand, rocks, dung, resins, leathers, dried fish, tar, all kinds of industrial
products and residues).

- Physiological, biochemical and biomolecular characterization of fungi and yeasts
for taxonomy and biotechnology, implemented into a new expert system of
identification.

- Biochemical and biomolecular taxonomy of yeasts and filamentous fungi: protein
and enzymic profiles, coenzyme Q, RFLP, RAPD mapping, rRNA and rDNA
sequencing, phylogenetic analysis.

- Development of a fungal data base on Macintosh (software 4D) following the
MINE formats.

Applied Mycology:

- Food contamination. Post-harvest deterioration in storage of cereals and legumes.
Flour and dairy contamination. Food fermentation and starter production (cheese,
kefirs, sourdoughs, tempeh, fermented cassava, beers and wines).

- Cultivation of edible mushrooms. Production of spawn. Improvement of production
and nutritional value. Domestication of edible non-cultivated tropical species.

- Industrial, agricultural and domestic waste biodegradation, agricultural composting
and industrial recycling.

- Characterization of wood-decaying fungi. Deterioration of material by fungi
(wood, paints, plastics, textiles, etc). Fungal resistance testing of materials.
Bioassays of fungicides. Diagnoses in industries and buildings. - Association of
termites and fungi.

- Monitoring of product contamination in agricultural and industrial environments.
Improvement of production and storage conditions.

- Characterization and production of mycorrhizae for reforestation in the tropics.
Production of starters for inoculation.

- Screening of fungi in search of particular properties for biosynthesis.

' The Mycotheque preserves presently over 51.000 herbarium specimens and 35.000 living strains of
fungi
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- Improvement of preservation techniques of living strains of fungi (freeze-drying
and cryopreservation).
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MUCL 1894-1994 step by step

1891-1892 Philibert Biourge, born on April 8, 1864, is Dr in Botany UCL, and is awarded a scientifi
research stay at the Pasteur Institute in Paris, under the direction of Louis Pasteur and of Drs Roux and
Duclaux on the pure culture of microorganisms.

1892 On return from Paris Ph. Biourge is
nominated assistent of Prof. Jean-Baptiste Carnoy
, Professor of Botany and Microbiology, UCL.
(photo) . Carnoy was author of "Recherches
morphologiqueset ~ physiologiques  sur  les
champignons" (Bull. Soc. Roy. Bot. Belg.9-2:157-
311, 1870).

1892 Ph. Biourge makes a second study stay

in Denmark by E. Christian Hansen wo was

0 N applying the monospore technique of Pasteur for

{,}( '_#{ - the purification of Saccharomyces cereviviae from the wild yeasts.
£

1892-1894 Ph. Biourge initiates a Culture Collection of Microorganisms, yeasts, filamentous fungi and
bacteria from beers and cereals, at the Laboratory of Zymotechny of the Brewery High School, Catholic
University of Louvain, in Louvain.

1894 Public inauguration of the Biourge's Culture Collection with exhibition of living cultures of
yeasts, filamentous fungi and bacteria, at the Brewers Congress, Antwerp, 8 July 1894 (Journal du Petit
Brasseur, 2 (19) suppl., p.7-11, July 8, 1894, photos).
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1895 Biourge studies the microbial alterations of beers and of the products of alcoholic fermentation
at the Laboratoire de zymologie de I'Ecole Supérieure de Brasserie de I'UCL (photos) (Ph. Biourge, "Les
maladies microbiennes de la biére" Bull. Assoc. Anc. El. Ec. Sup. Brass. Univ. Louv., 1(1): 1-4.
"Recherches sur la fermentation alcoolique" La Cellule, 11: 93-109). Applying single cell culture method
from Pasteur and Hansen, Ph. Biourge is purifying the Belgian beer yeasts for breweries.

1896 Ph. Biourge is nominated Professor UCL.

1897 Ph. Biourge develops the culture collection of moulds, Penicillium and others, from malts.
Oscar Semal study fungal production of ammonium (La Cellule, 13(2): 284-312, 1897). René
Vandendries presents a PhD thesis on the "Matiéres colorantes azotées chez les
Champignons".Vandendries will be one pioneer in the sexual mechanism in the Basdiomycetes from 1923
to 1937,

1898-1901  Frangois Dierckx (1863-1937) makes a taxonomic study of
Penicillium species of the Biourge's collection.

1899 Death of Prof. Jean-Baptiste Carnoy (1836-1899).
Prof. Ph. Biourge becomes head of the Laboratory of Microbiology, Faculty
of Sciences, UCL.

1900 F. Dierckx (photo) presents a PhD thesis on 26 new species of
Penicillium with drawings and publishes "Essai de revision du genre
Penicillium Link. Note préliminaire", Anns. Soc. scient. Brux., 25(1): 83-89,
1901. He showed his type cultures to P.A. Saccardo, on his way to Indonésia.
but lost all his belongings including the cultures in that country. Only one
duplicate type culture left in Louvain, Penicillium griseo-roseum Dierckx, could be recovered by Biourge.

1901 Emest Wieldiers, Md Dr, another Biourge's collaborator, discovers the "Bios", an extract of
yeast that contains the required vitamins B, K and others for the growth of yeast. Wieldiers E. "Nouvelle
substance indispensable au développement de la levure" La Cellule, 18(2): 311-333, 1901.

1902 The "Question of Bios" is a matter of dispute among scientists. A. Amand, collaborator of
Biourge, answers the dispute (La Cellule, 20(2): 223-251, 1902).

1903-1914 Ph. Biourge develops his collection of Penicillium strains. He collected again the species
described by Dierckx on basis of Dierckx drawings left in Louvain. He also gathers other Penicillium
types from Zaleski, Whemer, Thom, Bainier and Franz Kral Collections (Kral started in 1884 a private
collection of several hundreds of bacteria, yeasts and filamentous fungi at the Institute of Hygiene of the
Faculty of Medecine at the Prague University. It was one of the earliest collection in the world. After
Kral's death in 1911, the collection went to Vienna from where Ersnst Pribam got it in 1915 and published
a first catalogue of it in1919).

1910-1914 Alphonse Cappuyns (1887-1936) starts biochemical researches on bacteria and fungi.

19



1914-1918 World war: Ph. Biourge retires in his landhome where he works on a Penicillium monograph.
A. Cappuyns retires in a studio at Bruxelles where he selects a citric acid producing Penicillium strain
from Biourge's collection.

1919 First industrial production of citric acid from a Penicillium strain by A. Cappuyns in "s.a. Les
Produits Organiques de Tirlemont", Belgium, after the failure of such a production by the Fabrique de
Produits Chilmiques de Thann et
Mulhouse, France. (Mazé P. & Perrier -
A. 1904 Anns. Inst. Pasteur, 18:553- r@’-’
575)

1920 Ph. Biourge publishes a
summary of  his  forthcoming
monograph  "Les moisissures du
groupe Penicillium  Link, étude |[|§ '3 5 !
monographique", Bull. Assoc. Anc. EI. |}/ EXPOSITION Img%%%ggggﬁgggﬂﬂ DE PASTEUR :
g e Univ. Lour., 20(3): 99 DIPLOME DE GRAND PRIX

g

1923 Ph. Biourge publishes his
Penicillium monograph with 126
species "Les moisissures du groupe ¢
Penicillium Link, étude : N mj__,.\.‘f" |
monographique", La Cellule, 33: 3- ; = r! :
331, 1923. _ _ _ s . i
Ph. Biourge receives the Grand Prix de I'Exposition International du Centenaire de Pasteur a Strasbourg
(photo)

A collaborator, Victor Estienne presents a PhD thesis on Aspergillus atro-ruber (Harzia
acremonioides).

1925 Ph. Biourge is also devoting much time to the study of the Dutch Elm disease: "La maladie des
ormes. J. Soc. cent. Agric. Belg., 73: 22-44, 1925.

1926 A. Cappuyns started a new selection of an acid-resistant citric acid
producing strain to substitute it to the too instable Penicillium strain in use:
"Sur la formation d'acide sulfurique libre dans les cultures de certains
microorganismes.", Anns. Soc. scient. Bruxelle, 45: 177-183, 1926).

1927 Biourge is working on the manuscript of a monogrraph of the
Aspergillus as "Brevis Conspectus generis Aspergillus Link" and a
preliminary paper entitled "Monographie culturale macroscopique des
Aspergillus" with 13 colour plates describing the colours of 208 strains on
two media, of which three original plates are preserved at MUCL.

1929 New and successful start of "La Citrique Belge" in Tirlemont by
A. Cappyuns (photo), from a selected strain of Aspergillus group niger from the Biourge's Collection.

Paul Simonart (1907-1998), collaborator of Biourge, starts biochemical studies of the lactic
fermentation.

1931-1934P. Simonart is awarded with Prof. H. Raistrick in London. They publish the discovery of the
gentisic acid in the biochemistry of Penicillium griseofulvum Dierckx: Raistrick H & Simonart P. Studies
in the biochemistry of microorganisms 29. 2:5-Dihydroxybenzoic acid (gentisic acid) a new product of the
metabolism of glucose by Penicillium griseofulvum Dierckx. Biochem. J. 27(3): 628-633, 1933);

1932 Raoul Mosseray makes physiological and morphological studies on the Aspergillus group niger
for PhD: "Influence du zinc sur les Aspergillus de la série niger et sur quelques autres." La Cellule 41: 11-
128

1933 Biourge provides in his paper "Sur les champignons dits moisissures. A quoi bon leur étude et

comment la faire.", Rev. Quest. scient., 52(103): 53-78, a justification of a fundamental and taxonomic
study of the fungi, in view of their large physiological and biochemical potentialities.
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1934 P. Simonart defends his PhD thesis on "The biochemistry of Penicillium griseofulvum
Dierckx" at the University of London.

From the Aspergillus strains collected by Ph. Bourge and collected by himself in Africa, Raloul
Mosseray publishes the monographic study of "Les Aspergillus de la Section Niger Thom et Churh." La
Cellule, 43: 201-286. also Ann. Soc. scient. Brux. B, 54: 72-85. He also studies the "Races naturelles et
variations de culture chez divers Aspergillus." Ann. Soc. scient. Brux. B, 54: 161-189.

René Vandendries develops his study of the sexuality in Basidiomycetes

Paul Henrard develops a PhD study on the sexuality of Aspergillus nidulans and Eurotium
species, "Polarité, hérédité et variation chez diverses souches d’Aspergillus." La Cellule, 43(3): 350-324.

1935 P. Henrard studies further the sexuality of ascomycetes in "Observation sur le comportement
de souches monascosporées de Xylaria polymorpha Pers. (Grev.)." Broteria 14(31): 79-83.

P. Simonart, in collaboration with A.E. Oxford and H. Raistrick
publishes the discovery of the "Fulvic acid, a new crystalline yellow pigment,
a metabolic product of Penicillium griseofulvum Dierckx, P. flexuosum Dale
and P. brefeldianum Dodge.and other species." Biochem. J. 29(5) 1102-1115.

1936 Ph. Biourge publishes his observations on Ophiostoma ulmi "Le
cycle du champignon de la maladie de l'orme." Ann. Soc. scient. Brux. 56:
130-193.

P. Simonart (photo) is nominated Professor UCL, and awarded
Advanced Fellow of the Belgian American Educational Foundation. With Dr.
Ch. Thom, in Washington, he is confronting the Biourge's Penicillium
Collection to that of Thom.

1938 Ph. Biourge is Emeritus Professor. Prof. P. Simonart is responsible of the Laboratory of
Microbiology and takes the Fungus Culture Collection in charge, but the Biourge's yeast collection is kept
under care at the Brewery School.

1939 Ph. Biourge, G. Van Cutsem & E. Bredo put forwards Ophistoma ulmi as the cause of a
humain infection, "Une mycose nouvelle: la graphiomycose." Rev. Belg. Scienc. Médic., 11(5): 217-236.

P. Simonart, in collaboration with A.E. Oxford and H. Raistrick publishes the discovery of the
"Griseofulvin, Ci7H;704Cl, a metabolic product of Penicillium griseofulvum Dieckx." Biochem. J. 33(2):
240-248, the first antimycotic antibiotic.

The Fungus Culture Collection moves, together with the Laboratory of Microbiology, from
Carnoy Institute of Botany, Faculty of Sciences, to the new Institute of Agronomy. Prof. Simonart
denominates the Collection "Mycothéque Philibert Biourge".

1940-1944  Second world war.

1942 Prof. Ph. Biourge passed away on April 19, 1942.

1945 The Mycothéque Ph. Biourge within the Laboratory of
Microbiology, moves from the old Institute in Louvain city to the new
Institut Agronomique in the Parc van Arenberg in Heverlee near Louvain.
1949 Raymond Lambert (1923-1992), UCL assistant, then workleader

in Prof. Simonart's Microbiology laboratory, takes care of the Mycothéque
Philibert Biourge up to 1960.

1950-1960 Joseph Meyer (1924-), Dr in Botany, studies soil microfungi, Hyphomycetes and others, of
Central Congo, in Yangambi, Congo, establishing a herbarium and a culture collection. (photo)

1956 Grégoire L. Hennebert (1929-), FNRS research fellow at UCL, initiates a personal Fungus
Culture Collection in the Plant Pathology Laboratory, UCL Faculty of Agronomy, and starts a research on
Botrytis and the Sclerotiniaceae with Prof. V. Estienne as promotor.

1960 Joseph Meyer, collaborator in Prof. Simonart's Laboratory, takes care of the Mycothéque
Philibert Biourge, until 1969, as well as of his collection of African Hyphomycetes.

G.L. Hennebert presents the thesis "Recherches morphologiques sur le genre Botrytis Persoon",
for obtention of the PhD graduation at UCL.
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1960-1962 G.L. Hennebert is awarded by the Canadian National Research
Council a two-year postdoctoral fellowship at the Mycology Unit of the Plant
Research Institute, Ottawa, with Dr Stanley J. Hughes (photo).

1962 G.L. Hennebert Visiting Research Mycologist, Plant Pathology &
Mycology Dept., Cornel Univerity, Ithaca, NY.

1962-1965 G.L. Hennebert is awarded FNRS qualified researcher and
appointed UCL teaching assistant in Plant pathology, developing the Fungus
Culture Collection, at the Faculty of Agriculture, Heverlee-Leuven. (photo)

1963-1975 MUCL develops a close collaboration with the Central Bureau
voor Schimmelcultures CBS in Baarn.

1964 Visite of Dr.C.J. Alexopoulos from to the Collection
(24.08.1964).

1965 Visit of Pr. Dr. C.V. Subramanian from Madras to the
Collection (23.06.1965).

G.L. Hennebert and J. Meyer are nominated UCL
Professors.

1966 Visit of Pr. DR. R.P. Korf from Cornell University,
Ithaca, NY. to the Collection (13.06.1966)

1967 G.L. Hennebert, visiting lecturer, University Lovanium, Kinshasa, Congo.

| | | I'BF 1968  The GLH. Collection is composed of 12,000 herbarium
specimens and 7,000 living strains (Anonymous 1968. Centre d'Etudes: le
Laboratoire de Mycologie Systématique et Appliquée. Nouvelles Bréves,
REUL, Rel. ext. Univ. Louvain, 18 Juin: 3-4)

Prof. Simonart transfers the Mycothéque Philibert Biourge to the
G.L. Hennebert Fungus culture Collection. The Mycoth.éque Biourbe consists
of 683 Penicillium strains and 122 Aspergillus strains, a number of them
having been returned to Pr. Simonart by Thom (USA) as earlier received from
Biourge.

The UCL authorities agrees upon the new denomination of the
integrated Collection of Fungi as the "Mycothéque de I'Université Catholique
de Louvain (MUCL)", which becomes internationally recognized by the
International Association for Plant Taxonomy (IAPT Regnum vegetabile

1969).

1969 Pr. J. Meyer contributed his Collection of African soil fungi to the Mycotheque.
Visit of DR. J.A. von Arx, CBS, Baarn, The Netherlands (19.04.1969)

1969-1986  G.L. Hennebert is effective member of the Special Committee for the Nomenclature of
Fungi and Lichens of the IAPT-N.

1970 G.L. Hennebert is visiting Professor, Laval Univerity, Québec, and invited Professor
Tchechoslovakian Academy of Sciences, Praha.

1970-1994 MUCL is member of the International Biodeterioration Research Group (IBRG) and of the
Internationa Association for Wood Preservation (IRGWP)

1971 G.L. Hennebert is nominated UCL Professor.
Second Visit of Pr. Dr. C.V. Subramanian, India (28.09.1971).

1972 MUCL becomes affiliate of the World Federation of Culture Collections (WFCC Directory ed.
1972). A first catalogue of the included species represented by living strains is then provided.
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1972-1973 Prof. Richard P. Korf is awarded Fulbright-Hays
Senior Research Scholar and stay six months at MUCL and the UCL
Faculty of Agriculture (photo). He delivered a special conference on "A
new classification of the Operculate Discomycetes"

1973 Visit of Dr. Stanley J.
Hughes at MUCL (photo) for
discussion on the classification of
Fungi Imperfecti and collaborative
work on Sporoschismopsis (3-
17.05.1973).

1974 Creation and first issues
of MYCOTAXON, an international
journal for the taxonomy of fungi and lichens, by Dr R.P. Korf and
G.L. Hennebert.

1975 Move of the MUCL Fungus Culture Collection to new laboratories of the Faculty of
Agricultural Sciences on the new UCL campus in Louvain-la-Neuve, 30km south-east of Brussels.

1977 Publication of "Anamorph, teleomorph and holomorph, terms for forms of fungi, their names
and types", defined by Hennebert and Weresub, Mycotaxon 6: 207-211.

1981-1990 Creation of the Laboratory of Microbiology at the
University of Burundi, Faculty of Agronomical Sciences,
Bujumbura, Burundi and establishment of the LMUB Culture
Collection.

1981 G.L. Hennebert, Invited Professor at the
Potchefstroom Univerity, South Africa

1982-1990 G.L. Hennebet, Visiting Professor in
Microbiology, University of Burundi, Bujumbura.

1983 MUCL becomes a member of the European Culture Collection
Organization (ECCO) and take part to the second annual ECCO meeting in
Paris.

MUCL is a contractual partner, together with LMG and IHEM, of
the Belgian Coordinated Collections of Microorganisms (BCCM) newly
created by the Belgian Science Policy Office (SPPS) and supported by the
Belgian State.

MUCL within BCCM, IMI and CBS with support of the SPPS, at
Bangkok, are deciding the initiation of the project of the Microbial
Information Network Europe (MINE) aiming the harmonization and
computerization on line of the strain data available in European collections.

1985 The project MINE is approuved by the CEC with MUCL, LMG and ICP in BCCM, CBS,
CMI, DSM, IP, LCP as first partners. Among them MUCL, LMG and CBS
elaborate the standard format for the database and published catalogue (photo)
of the fungi and bacteria.

1986 G.L. Hennebert, Visiting Professor, Institut Agronomique et
Vétérinaire d'Agadir, Maroc.

1987  Visit of Dr. M. van Uden (IGC, Portugal), Dr. S. Udagawa (NHL, 7&“;%’
La
%:L:

Japan), DR. R.P. Korf (CUP, USA), Dr. L. Blaine (ATCC, USA); Dr. R.
Haruenkit (TISTR, Thailand) to MUCL in Louvain-la-Neuve.

LIST OF CULTURES 1989
1989 First edition of the "MUCL List of Cultures Fungi-Yeasts 1989" of .-
almost 5000 strains (photo).
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1990 MUCL is elected responsible of the MINE Committee for the harmonization of the
computerized strain data on Fungi and Yeasts, under the BRIDGE EEC Programme.

Publication of "La Mérule, Science Technique et Droit" par G.L.
Hennebert, Ph. Boulenger et Fr. Balon, Ed. Ciaco, 198 p. over the dry rot fungus
problem. | L J

1992 Second edition of the "MUCL Catalogue Fungi-Yeasts 1992" D e
containing almost 8000 strains.(photo)

MUCL, and the other BCCM Collections, are elected as International
Depository Authority (IDA) for the deposit of fungus and yeast strains for patent
purposes under the Budapest Treaty by Belgian state decision..

1994 July 8. The Mycothéque de l'Université Catholique de Louvain is

since 100 Years a public collection. sl
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FUNGAL GENETIC RESOURCE COLLECTIONS AND BIODIVERSITY

David L. HAWKSWORTH
International Mycological Institute, Bakeham Lane, Egham, Surrey TW20 9TY, UK

Abstract: Institutions or activities must reconsider and reinterpret their objectives in the language of the
day; failure may endanger their survival. The single act of relabelling "Culture Culture Collections" as
"Microbial Genetic Resource Collections" immediately makes a link with agendas of the 156 government
signatories to the Convention on Biological Diversity. In addition, collections must be poised to answer
fundamental questions: Who needs the collections and why? How effective is the present system? How
many strains of a species are needed ? In what ways should collections collaborate to maximize
effectiveness? And how can national and regional collections contribute to the sustainable use of the
Earth's resources? In order to realize the potential of the collections, a fuller integration in which national,
regional, and international facilities have complementary roles must be sought.

Introduction

In order to prosper, an institution or activity must repeatedly reconsider and
reinterpret its objectives in the language of the day. And also in accordance with the
agendas of its users and funding sources. However much a service is seen as
invaluable and essential to those intimately involved in it, failure to be seen to relate
to topical issues risks increasing marginalization, and a falling away of the very
constituency essential to its survival. Microbial collections have no special
exemption, and heed should be taken of the experience of some of our major
museums and botanical herbaria.

Founded in 1894, the Mycothéque de 1'Université Catholique de Louvain, whose
centenary we are celebrating, is the oldest collection of fungal cultures still
operating. If the Mycothéque had not been able to adapt to changing policy
requirements, we would not be here today.

In the mid-1990s, demands for justification and accountability have become
universal. In this climate, it is imperative that those involved in culture collection
development and management are poised to present their case in a manner which is
in harmony with the issues of today. Here, I pose questions that need to be addressed
at levels from the individual collection to the national, regional, and international.

What should culture collections be called?

The label "culture collection" is a barrier to communication. It has hindered the
forging of links with the rise of interest and funding devoted to the ex-situ
conservation of plants and animals during the last two decades. Interdisciplinary
meetings and reports on "genetic resources" have only exceptionally considered
microorganisms, and it is proving a slow process to change the perception that fungi
and microorganisms are something apart from "genetic resources".

Article 2 of the Convention on Biological Diversity defines genetic resources as
"genetic material of actual or potential value"; "genetic material” being "any
material of plant, animal and microbial or other origin containing functional units of
heredity" (UNEP 1992). Article 9 (b) directs the contracting parties to the
Convention to "Establish and maintain facilities for ex-situ conservation of and
research on plants, animals and micro-organisms, preferably in the country of origin
of genetic resources". A dictionary definition of a resource is "a source or possibility
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of help"; that immediately conveys a positive message in contrast to "culture" which
makes no value statement.

The phrase "culture collection" does not appear in the Convention. The single act
of relabelling "culture collections" as "microbial genetic resource collections" makes
an instant link with the agendas of the 156 governments that are signatories to the
Convention; and also to other programmes starting to be developed as the ripples
from Rio extend ever wider (e.g. Kapoor-Vijay 1992).

Who needs the collections and why?

Fungal genetic resource collections have a diverse customer base. However,
while they are crucial at different points in time in many areas, a single customer
will often use their services only rarely. The key needs are:

- to provide named material for industry and both pure and applied research in a
timely and cost effective manner.

- to safeguard genetic resources as an insurance policy through holding stocks in
long-term storage for future needs.

- for comparative purposes to make identifications and maintain type cultures”
that fix the application of names.

- to maintain patent and industrial strains of microorganisms.

- to use in education and training.

Common myths must also be dispelled. There is a frequent misconception that
fungi and other microorganisms are everywhere and just wait to be isolated. Were
that true, desired fungi could be isolated from nature on demand. While that thesis
may hold for opportunistic moulds associated with humans and their products, and
perhaps some elements of the soil mycobiota (Gams 1992), such statements have to
be kept in perspective. Quotations such as "everything is everywhere and the
environment selects" (Baas-Becking 1934) can be profoundly damaging if not placed
in context. In reality, around 70 % of the fungi are obligately associated with
particular host plants or animals (including insects) as pathogens, commensals,
mutualists, or specialized saprobes. Their distributions will thus tend to be closely
correlated with those of their hosts.

In the case of fungi which are not visible to the unaided eye or with a hand lens,
and which are isolated from nature by dilution-plate or similar methods (Gams
1992), the probability of refinding a species the spores of which occur at low
frequencies is so remote as to be impractical.

Further, many fungi which can be seen by eye, forming macroscopic fruit-bodies
or otherwise visible colonies, have only once or exceptionally been successfully
brought into culture. In some cases this may not be technically difficult provided that
isolations are conducted while the material is in a fresh condition - for example,
isolated close to the point of collection before the specimen dries out. An example of
what can be achieved by developing particular isolation strategies is a recent project
involving lichen-forming fungi. Although around one fifth of all fungi have this
biology, lichen-forming fungi are scarcely present in microbial collections. Yet 427

** Although living cultures of fungi are not acceptable as nomenclatural types under the International
Code of Botanical Nomenclature (ICBN), the latest edition of the Code (Greuter et al. 1994) makes clear
by an example that cultures "permanently preserved in a metabolically inactive state", such as by
lyophilization or storage in liquid nitrogen are acceptable; the Code recommends that cultures resurrected
from such permanently preserved cultures are referred to as ex-holotype, ex-isotype, etc.
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(42 %) of 1021 lichen-forming and lichen-inhabiting species attempted were
successfully isolated, including representatives of many genera, families, and even
orders never previously obtained in culture (Crittenden et al. in prep.).

Fungal genetic resource collections can maintain such rarely or not otherwise
cultured strains so that they are available for both research and evaluation for
potential applications. Pragmatically, the collections are the only source of pure
living isolates of many fungi.

How effective is the present system?

One measure of the effectiveness of the present system is the number of species
of fungi available in the world's service collections. In 1990 the collective holdings
were estimated at 11 500 fungi, about 17 % of the 69 000 then described
(Hawksworth 1991)™ If the conservative working estimate of 1.5 million fungi on
Earth is accepted, something for which there is growing evidence (Hawksworth
1993), that means only about 0.8 % of those actually existing are currently in a
service collection.

Fungi, as catalogued in the Index of Fungi, are currently described at the rate of
about 1 700 species per year. Precise data are not available, but only about 30 % of
these are known in culture. As the number of known species increases, on current
trends the proportion represented in the service collections can be forecast to
decrease rather than to increase. This situation could be at least partly rectified by
mycologists endeavouring to prepare cultures immediately after collection, as
strongly advocated by Huhtinen (1994), although major targeted isolation
programmes (See above) may be necessary to make a significant impact on the
current situation.

How many strains of a species are needed?

At 351 263, the number of individual strains of fungi available in the world's
service collections at first seems impressive; on average that is 17 strains under each
name indexed (Sugawara et al. 1993). However, this statistic does not automatically
imply an enormous duplication in the genetic resource held. The seed banks of major
cereals count their accessions in 100 000s, for example, with 333 413 accessions for
Oryza sativa in 1991 (Groombridge 1992) in order to preserve the range of the
genetic resources within a single species. Fungi also exhibit substantial variation
within a species. The extent of infraspecific variation in a particular fungus is often
unclear, due to the lack of investigation, but well-studied examples show that this
can be expected to be considerable.

The mycelia from morphologically defined species are often unable to fuse
together, forming "vegetative incompatability groups" in both sexually and asexually
reproducing species (Brasier 1987). For example, Ploetz (1990) found 11
incompatability groups in 96 strains of Fusarium oxysporum sp. f. cubense. Stable
aneuploids and polyploids may be a key factor in some cases, but chromosomes

“** The most recent edition of the World Directory of Collections of Cultures of Microorganisms
(Sugawara et al. 1994) lists 19 392 names of fungi implying that a much higher proportion of species is
held. Further, of the names of fungi listed, 9 539 are indicated as held in only one. However, these figures
are inflated as they do not allow for synonyms, separately named anamorphs, alternative taxonomies, nor
different spelling variants used in the collections submitting data.
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receive scant attention from mycologists; indeed, aneuploidy was recognized in
Penicillium only recently (Bridge et al. 1986).

The extent of variation at the molecular level can also be exemplified by F.
oxysporum, where seven mtDNA RFLP patterns may occur within a single special
form (Jacobsen & Gordon 1991). In the particularly well-studied Neurospora crassa,
genetic stock collections maintain some 3000 different genetic variants of this single
species (Fungal Genetics Stock Center 1988).

Against the background of this genetic variation, it is sobering to note that a
study of the holdings of the various living fungal collections demonstrates that a
considerable number of fungi are represented only by single isolates. An indication
of this is provided by data compiled in the World Directory of Collections of
Microorganisms (Sugawara et al. 1993) where 49% of the taxa are listed as
represented in only a single collection. In the case of the International Mycological
Institute (IMI) collection, 2541 (56%) of the 4541 species maintained are
represented by only one isolate.

There is at present no general answer to the question "How many strains of a
species are needed?" in fungi, but we can be confident that the figure is considerable.
Were a modest 10 strains to be maintained for all 72 000 known fungi, that 720 000
would require a doubling of the collective holdings of all the world's service
collections.

In what ways should collections collaborate to maximize effectiveness?

The World Directory of Collections of Cultures of Microorganisms lists 246
collections of fungi (including yeasts) world-wide (Sugawara et al. 1993). While this
work does not include industrial and other research collections, this number
approximates to those actively involved in the preservation and supply of fungus
cultures today. These collections vary enormously in size, from a few hundred to
more than 45 000 strains. Some are general in scope, but many specialize in fungi
relevant to particular applied areas, for example plant pathology, medical mycology,
genetic stocks, edible fungi, or brewing.

The collections are not evenly distributed geographically. Only 39 of the 142
countries wholly or partly located in the tropics have collections registered with the
World Directory; while 107 collections are involved, 52 (49 %) are in one of two
countries, Australia and India (Hawksworth & Ritchie 1993).

It has to be accepted that: (a) no single collection is ever likely to achieve the
level of funding necessary to serve as a genetic resource collection for all groups of
fungi; and (b) many countries are likely to remain without national collections for
the foreseeable future unless appropriate funds can be released. If an adequate
service to the world is to be provided, one which is able to fulfil all the criteria
identified above, and further satisfy national needs, collaborative mechanisms must
be sought.

The need for collaboration was foreseen in the Convention, the signatory
governments agreeing under Article 9 (e), to "Cooperate in providing financial and
other support for ex-situ conservation”. This call was not a new one; the UN
Conference on the Human Environment, meeting in Stockholm in 1972, had already
recommended action "in respect of micro-organism germ plasms, [to] co-operatively
establish and properly fund a few large regional collections" (United Nations 1972).
Co-operative action on the level required has not taken place, and nor will it now
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unless the collections themselves develop a workable strategy in discussion with the
donor community and national governments.

An indication of what could be achieved is provided by the International Plant
Genetic Resources Institute (IPGRI; formerly the International Board for Plant
Genetic Resources, IBPGR). IPGRI, founded in 1974, established a network of
centres specializing in storing the seeds of particular crops in order to further the
collection, documentation and use of germplasm for crop species (Williams 1988).

In the case of microbial collections, organizations and networks exist which can
be used to ascertain what strains are held, including the European Culture Collection
Organization (ECCO), the World Federation for Culture Collections (WFCC),
Microbial Strain Data Network (MSDN), Microbial Information Network Europe
(MINE), and various national organizations. The Biodiversity Information Network
21 (BIN 21; Canhos et al. 1992) also promises to ease the exchange of data on
holdings. However, these bodies do not have the resources or mandate to control or
coordinate  their ~member collections. ~The UNESCO/UNEP-sponsored
Microbiological Resource Centres (MiRCENs) scheme, establishing centres,
especially in less developed countries (Da Silva 1991), is very much on the lines
required but has been undersourced and will need to adapt to the changed situation
with regard to property rights.

How can national and regional collections contribute to the sustainable use of
the earth’s resources?

Article 10 of the Convention on Biological Diversity places emphasis on "the
sustainable use of components of biological diversity" and not only on its
conservation. In addition to the general roles of genetic resource collections of fungi,
they can contribute to sustainability at the national and regional level by:

- safeguarding the resource, especially from disappearing habitats.

- making the resource available for screening and use on the terms of the country
of origin.

- utilizing the resource for biocontrol, waste degradation, and food production.

- maintaining mycorrhizal mutualists important for forest re-establishment.

- providing a source of reference strains to speed the diagnosis of plant
pathogens.

Making the fungal resource available in a controlled way for screening purposes
which will bring maximum income into a country is of especial significance. The
issues are complex (Reid et al. 1993), and national legislations have yet to evolve.
However, payments on a per strain basis linked to royalty agreements are possible.
When the question of how to use a particular hitherto uncut forest in a sustainable
way for the benefit of the local population is posed, isolating and selling on fungi is
an option not to be discounted. In cases where an individual country cannot provide
a national facility, agreements on a regional basis should be sought.

Conclusion
Microbial resource collections are the way of making fungal biodiversity

available for exploitation in support of sustainable development. They are the
catalyst required to turn potential into reality.
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However, fulfilment of that goal will require both collaboration and the
development of mechanisms to enhance the complementarity between collections.
Collaborative networks at a variety of levels are emerging as the logical approach to
the provision of biosystematic services in speciose groups (Janzen 1993, Jones
1994). Genetic resource collections have demonstrated, through MINE and other
initiatives, that they can successfully combine and exchange data. We should not be
complacent, and recognize the need to move to a second level of co-operation
beyond that of networking data; to a fuller integration in which national, regional,
and international facilities have complementary roles. As such a proposal would be
in accord with current concerns as to the conservation and sustainable use of
biodiversity, we should not be afraid of making major funding proposals. "Big
science" funds with no immediate benefits to humankind are secured because of a
unanimous clamour from the enthusiastic scientists involved; we need to follow suit
and convey our vision of the potential to the donor community.
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THE FUNGAL CULTURE COLLECTIONS IN EUROPE:
CHANCES, CHANGES AND CHALLENGES

D. VAN DER MEI

Centraalbureau voor Schimmelcultures, Baarn, the Netherlands

The celebration of the centennial of the "Mycothéque" of the Catholic University
of Louvain-la-Neuve is in itself reason enough to congratulate the University and the
"Mycothécaire", Gregoire Hennebert. I could leave it at this.

This centennial jubilee, however, concerns an Institution within a University, and
a collection of fungi. And these two aspects ask for a somewhat deeper reflection.

To-day's universities are characterized by rapid changes, triggered by financial
problems and short-term policies more often than by long-term considerations in
which sciences should be embedded. This holds for most disciplines, but particularly
so for systematic biology with as its main component taxonomy and as its major
instrument the collections. Most universities, as a consequence, have in the recent
history been not very accommodating media for these two.

In the last two decades the number of taxonomic staff in universities all over
Europe and world-wide has dwindled, collections in particular being considered as
questionable assets.

One of the reasons is that collections are rather expensive to keep, while the
revenues, mostly measured as numbers of publications in highly esteemed
international journals, are only to be seen in the long term and are seldom directly
retraceable to the collection and the university that pays for it.

More important is that the scientific scene for many years has been dominated in
biology by the so-called "reductionistic approaches", with as main components
molecular and cell-biology. The great break-through, originating from these
disciplines, has grasped the imagination of the public domain, masterminding the
direction of research in virtually all biological subjects. The holistic approach, in
which the organisms themselves in relation to their surrounding environment, living
and dead, are the issue, has lagged behind.

The fact is that these two mainstreams, reductionism and holism, are still not
well-balanced, making biology a divided house. This is in contrast to physics and
chemistry. The holistic approach, of which collections - whether they contain living
or dead material - are to be seen as a major component, has to gain a lot of lost
ground in order to compete successfully for national and international shares of the
budget.

Well over 100 years ago the Swiss author Rudolph Topfer created his
"Monsieur Cryptogame", internationalized as "Herrn Steckelbein" in Germany and
as "Mijnheer Prikkebeen" in the Netherlands. He personified the "Collectioner” as a
man deeply satisfied by the pleasure of sampling in Nature, and deeply unhappy with
womanhood, expressed by his pathological fear for his sister Ursula. A caricature he
was.

But when discussing collections and taxonomy with those who decide upon my
budget for next year, I still encounter the deep-felt suspicion that the only reason for
our existence is in playing Monsieur Cryptogame, the fear for sister Ursula maybe
replaced by the fear for bureaucrats, still mainly motivated by gathering as many
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organisms as possible for the pleasure we get from them and not bothering about the

sense of it all.

The taxonomist, at the time of birth of Monsieur Cryptogame, stood at the cradle
of the unifying concept in biology, the theory of evolution. And he still stands in the
centre of evolutionary biology, looking for the roots and the history of biodiversity
as it presents itself to-day. And he has grasped the opportunities that are offered by
new techniques, especially in molecular biology, to tackle the problems more
adequately. In taxonomy, and directly in relation to it, in collections, a major effort is
undertaken to bridge the gap between reductionism and holism, for the benefit of
biology as a whole.

I hope that in the near future the taxonomy, within the context of systematic and
evolutionary biology, of life on the planet earth will reach on the scale of issues
worthwhile investigating the same level as the taxonomy of our stellar system, for
which billions of dollars are attributed easily in the construction and salvation of
Hubble-telescopes and the like.

The fact that Biodiversity has appeared on the agenda of the United Nations is a
milestone, as is the fact that taxonomy nowadays is firmly linked to the mainstream
in biology.

Let's not be over-optimistic and self-confident. There are some major hurdles
ahead, to mention a few:

1. Taxonomy and collections lack a strong organizational structure, that can act as a
sparring partner speaking with a voice that is clearly heard.

In the Netherlands, within the framework of the graduate school of biodiversity,

botanists and zoologists are always to be reminded that there are also

microorganisms and collections, besides botanical gardens and zoos, where
living organisms are kept in perfect shape. There seem to be three taxonomies,
that of animals, that of plants and that of microorganisms.

2. The expectations of those who put biodiversity on the political agenda may differ
greatly from insights, expectations, possibilities and capacities of taxonomists
and collections.

3. Biodiversity has the danger of becoming a fashion. Fashions in science may lead
to a proliferation of activities, based upon status and "getting a slice of the pie",
rather than upon sound scientific strategies and ideas. The fact that taxonomy is
at the basis of this fashionable term is often overlooked.

Nevertheless, there is a revival of taxonomy, and together with that, a keen
interest in what collections are and what they can do. It is up to us to show that we
are up to the challenges, national, European and world-wide.

A recent report of the Royal Netherlands Academy of Arts and Sciences, in
which its scientific priorities are reconsidered, still does not mention taxonomy as
one of the main issues.

For survival of the bacterial collections in the Netherlands money has to be found
exclusively on the free market and in contract-research.

These are also facts. Structural support has to come from reshuffling of budgets
invested in medicine, chemistry and physics, disciplines which have well-structured
organizations and lobbies. Without a fight we will not succeed.

My first words in this part of my lecture were to praise the Universities of
Leuven and Louvain-la-Neuve for fostering the "Mycothéque" through the first 100
years. They have shown wisdom in doing so, and it is my sincere wish that they
continue to support the Mycothéque for the next 100 years, as the only
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"mycothéque" among many just plain European fungal "collections". And we even
do not ask them to ensure that the "mycothécaire" should be allowed to go on till he
can celebrate his centennial. We know him well enough that - apart from any official
position - he will continue as the taxonomist in heart and soul that he has always
been.

The main theme given to me to talk about is.

Fungal collections in Europe.

My expertise on this subject should not be exaggerated. On first sight it seems to
be quite appropriate for someone who has been the coordinator of the Microbial
Information Network Europe (MINE) project, aiming at bringing together some
40 collections in 12 European countries in the endeavour to set up a common format
for the data on bacteria and fungi and to bring these data together at a Central Data
Node. I have to admit that my view on this matter is still a bit blurred, MINE not
always being illuminating in this respect. Notwithstanding the rather limited
financial support from EC, and an underestimation of the complexity of the project,
it is clear that:

1. There is great willingness to cooperate between collections.
2. The framework for optimal cooperation still has to be established.

In order to improve on this second factor, the good framework for cooperation, a
number of facts and conditions should be kept in mind.

1. Collection policy is mainly determined at the national level, not in Brussels. Any
cooperative approach should be based on a "Europe of Nations" not on a "Federal
Europe". In retrospect, without having participated during the whole preparatory
phase of MINE, I am convinced that this aspect has been neglected in the onset
of the MINE project. After all, we must realize that, however important Brussels
has become on the playground of subsidizing institutions in Europe, a role

recently illustrated by the acceptance of the 4th Framework in which some 12.3
billion ECU's are to be spent on research for the next four years, it still does not
cover more than 5% of the total input from public means in the countries of the
European Union. The major impact of Europe is in cooperation and in
stimulation, the necessary infrastructure still being a matter of the national
governments.

2. Without cooperation and presentation of initiatives that are considered worthwhile
and challenging in the pursuit of biotechnology, a sustainable use of natural
resources, and in the competition with Asian and American counterparts, major
inputs from the European Union in taxonomy and collections are, at least,
questionable. This support is needed to cope with expected technical and
methodological changes in collections.

3. Without cooperation and coordination, the diversity in European collections,
which can be considered a great asset, both in the variety of organisms kept and
in the expertise they represent, will become a hampering factor, not to be used to
the maximum in the world's biodiversity programs.

4. Any future cooperation must include Eastern Europe. The borders of the European
Union are not to be considered limitative.

5. Collections are fiercely competing organizations, not only in assets and their
scientific value, but also - and increasingly so - on the free market.
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This summary of statements proves that any framework for cooperation should
accommodate the deeply felt necessity for working together bearing in mind that
there are a number of hampering factors in this respect. There is a certain reluctance
to be encountered when discussing input from taxonomy and collections in
biodiversity research with EU officials. This was the case with MINE, and it can be
clearly seen in the cautious approach in the concerted action for microbial
biodiversity. And the underlying factor is mistrust in the potential for collections and
taxonomists to come forth with coherent and well-defined proposals. Maybe not
rightfully so, but the fact has to be acknowledged.

An overview of the major actors, professional groups as well as organizations, in
the fields of taxonomy, collections and biodiversity research is represented here in
the form of a human figure, the caption 'Quo Vadis?' indicating that the direction it
will take is not certain yet.

The trunk consists of the scientific community and it financing bodies. The arms
represent the major international organizations, the United Nations and the Unions of
the International Council of Scientific Unions.

The head, becoming rather large, represents the politicians, civil servants,
managers and lawyers.

The legs, symbolizing the European Culture Collections Organization (ECCO)
and MINE are in contrast rather thin.

The driving factors are, of course, to be found at the heart: the taxonomist and the
curator. They are supplied, symbolized by blood vessels and lungs, by enthralling
ideas from many other scientific disciplines such as molecular biology and
biotechnology, which in turn acknowledge the mighty impulses they get from the
heart, recently revived by the bypasses biodiversity and evolutionary biology.

The discussions between these groups are not always easy, as illustrated by some
imaginary conversations on biodiversity.

The molecular biologist has just received a DNA sample for identification from a
zoo in some faraway country. He compares it with some DNA obtained from his
colleague, the taxonomist. After one day he exclaims that in the country concerned
they have the atrocity to keep human beings in zoos, as the DNA sample matches
rather perfectly the DNA from the taxonomist. The taxonomist, who by nature is a
curious man, travels to the zoo, and returns quite disappointed: the sample was that
of a chimpanzee. Every one of us in this case is an expert: quite clearly the
chimpanzee and the human being are different species, one bothering about his
origins, the other, as far as we know, not.

However, when we are talking about microorganisms, the claim of the molecular
biologist that he is the one who can unequivocally discriminate between species by
applying his DNA trick is often acknowledged without dispute.

The biotechnologist and the taxonomist discuss biodiversity in a quantitative
way, the taxonomist stating that there are over six million species on earth. The
biotechnologist is hardly impressed. His biodiversity concept is governed by the
enzymes and he knows that in evolution, through all kingdoms, from archaebacteria
to the animals, has resulted in about 5000 different enzymes, subdivided in 60
groups and 6 classes. His biodiversity concept is much simpler, interested as he is in
regulatory systems that lead to the production of enzymes in higher quantities and
that do the tricks he wants them to perform, better. And then again he is primarily
interested in strains, not in species. The direct surrounding of the taxonomist thus is
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one in which different paradigms are amalgamated in an enriching way. The least
that should come of it is a reconsideration of species concepts.

The discussions with the organizations constituting the rest of the body are quite
different, but not less important in character.

They have to do with selling ideas in such a way that the product, of which we
only are at the onset aware of its value, becomes attractive to those who should pay
for it.

This process takes place at an increasing number of levels and is to a certain
degree masterminded by politicians, managers and lawyers. It starts at the level of
universities and research councils and ends at conferences in Mexico and Nairobi. It
is sometimes tempting to look at these levels with some disdain, but fact is that all of
us are devoting more and more time to travel around the world and participate in the
circuit of buying and selling science. Without clear research-strategies the danger
that the outcome is mainly determined by the buyer, is evident. When looking at
biodiversity, the four main topics are: the scale, where? what? and how?

The scale

It is the world, but also the own back garden.

The most far-fetched proposal, the All Taxon Biodiversity Investigation may
raise severe doubts about feasibility and scientific value; it has the scale that can
grasp the mind of policy-makers, which surely can boost the impact of taxonomy,
together with collections as the main actors in the biodiversity field, a role that
seemingly cannot be attained by smaller projects.

Where?

The focus on the tropics is evident. There are, however, many other habitats that
are of great interest and about which much is still unknown.

They should not be overgrown by over-emphasizing, strongly supported by
public concern about its destination, the Rain Forest. The soil, the tundra, the sea are
habitats in the temperate zones that ask for special attention of taxonomists and of
collections in Europe too.

What?

Besides taxonomic issues about inventory, isolation and identification, evaluation
of species concepts, and nomenclature, the collections in particular are confronted
with questions on how to preserve, in situ and ex situ, what to preserve, and where.

This is accompanied by international questions about ownership of
microorganisms, resulting form the Biodiversity Convention.

How?

There is a limited number of taxonomists, and a rather large number of
collections, different in character and quality. Without good cooperation between
collections, resulting in well-defined forms of quality control and division of labour
and fields of activity, I am afraid that collections will find it even more difficult to
present themselves in the field of biodiversity research than the taxonomists in
general.

It is important to indicate strong - and consequently also weak - points in the
European collections, and this should be done by collections themselves.
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I have already stated that the legs are in bad shape: we have to worry about their
capacity to carry the whole body steadily. The message is clear: the legs have to be
strengthened.

Rather then finding new formulas, I am of the opinion that in principle the
existing organizational structures, ECCO for more conceptual thinking, MINE for
more technical matters should be adequate, on condition that they are well-equipped
for their supporting roles. And this asks for a rather fundamental discussion and
reshaping of both organizations.

ECCO should evolve from a yearly meeting of curators into an organization that
can speak up for collections and is not afraid to raise issues that may be of some
concern to the collections themselves.

MINE should be transferred into a consortium.

Most important is to find, for both organizations, a constitution that is recognized
by all collections as fair, with boards that are equipped with a clear mandate to work
with.

There is nothing new, only the form has changed and things are now more
complicated. CBS originated in 1903 as a result from a concerted action by the
international community of scientists to start something that is to the benefit of that
community.

I am sure that we also will celebrate our centennial as proof that international
cooperation pays off in the long run.

And if things become boring or too complicated we have always our inspiration
from the organism that governs our daily lives, the Fungus. In itself it is beautiful
and far more complicated than the structures I have been talking of.
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THE BELGIAN COORDINATED COLLECTIONS OF MICROORGANISMS
BCCM

J. DE BRABANDERE

SSTC, Rue de la Science 8, 1040 Bruxelles

The 'Belgian coordinated Collections of Microorganisms, BCCM' form a
consortium of four complementary research-based culture collections at the service
of the international scientific and industrial community.

The Belgian Science Policy Office launched the BCCM-action in 1983 with the
following mission.

1. The characterization, inventory and preservation of the pool of available isolates,
reference strains and plasmids (over 41.000 items), to be expanded along the
lines of the specializations of each collection:

- the LMG bacteria-collection (Director: Prof. Dr. K. Kersters, Curator: Dr. D.
Janssens) holding over 13000 strains;

- the MUCL collection for fungi/yeasts of biodiversity and (agro)industrial interest
(Director/Curator: Prof. Dr. Ir. G.L. Hennebert) holding over 22000 strains;

- the IHEM collection for fungi/yeasts of biomedical interest (Director/Curator: Dr.
N. Nolard) holding over 5000 strains;

- the LMBP plasmid-collection (Director: Prof. Dr. Ir. W. Fiers, Curarator: Prof. Dr.
E, Remaut) holding over 1000 plasmids for use in bacteria, filamentous fungi,
yeasts and animal cells.

2 The distribution of the authenticated biological material and the corresponding
information to interested scientific and industrial circles.

3 The acceptance of patent deposits valid within the framework of the international
Budapest Treaty (N.B. The BCCM received in 1992 - and this as a consortium -
status of International Depositary Authority, IDA);

4 The valorization of the available skills in the field of both fundamental and applied
(micro)biology by providing professional and confidential ad hoc services and
contract-research to third parties (e.g. molecular characterization and typing of
industrial and medical strains, safe deposits of propriety strains, training,
screening for primary and secondary metabolites etc.).

All BCCM collections are active members of the “World Federation for Culture
Collections, WFCC™" and the “European Culture Collections Organization, ECCO™".
Moreover, the BCCM are founding-members of the “Microbial Information Network
Europe, MINE™'. As such, they host the “Data Integrating Node” for bacteria at
Ghent and chair the “Responsible Committees” for bacteria and fungi/yeasts

The organization of the BCCM-consortium constitutes a rather unique model that
distinguishes itself from foreign examples by the stable funding from one common
financier that is also in charge of the central coordination and support of the main
policy issues (client approach, informatics, quality management etc.).
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PART 2

FUNGAL TAXONOMY AND TROPICAL MYCOLOGY: QUO VADIS ?
An Introduction

Grégoire L. HENNEBERT

Mycotheca of the Catholic University of Louvain, 2 Place Croix du Sud, 1348 Louvain-la-Neuve,
Belgium

Modern taxonomy, including mycotaxonomy, relies in an increasing degree on
new molecular approaches.

As such, one can observe that the traditional morphotaxonomic approach is more
and more complemented - or sometimes even substituted - by chemotaxonomic
methods or genome-based analyses. Questioning the value and mutual
complementarities of all available tools - both classical and modern - is essential to
be able to handle the systematic classification problem in an integrated and effective
way.

Molecular Classical

Taxonomy Taxonomy
\ Fungal /

Biodiversity
&

Collections

|

Taxonomy in the Tropics

On the other hand, the greater part of the fungal biodiversity has still to be
discovered and described especially in the tropical regions. As these are mainly
situated in developing countries, one has to discuss - in the spirit of the Rio de
Janeiro earth summit - key topics such as training, technology transfer and the set-up
of local ‘ex situ’ collections.

During such an exercise, special attention has to be given to taxonomic and
preservation methods that are not only effective but also widely applicable, user-
friendly and robust.
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MOLECULAR TAXONOMY OF THE YEASTS: PRESENT AND FUTURE
CLETUS P. KURTZMAN

Microbial Properties Research, National Center for Agricultural Utilization Research, Agricultural
Research Service, U. S. Department of Agriculture, Peoria, Illinois 61604 U.S.A.

Key words. -- Yeast systematics, ribosomal RNA/DNA, molecular evolution, phylogeny
Introduction

The systematics of yeasts, as with other groups of fungi, is predominantly based
on a hierarchy constructed from morphological differences among the taxa. The
present system of classification relies heavily on types of budding or the occurrence
of fission, presence or absence of hyphae, morphology of ascospores, and
morphology of basidia and the manner in which basidiospores are produced. As a
consequence, these characters often define orders, families, genera, and even species.
Whether the characters reflect the evolutionary history of the yeasts is unknown, but
if systematics is to be based on phylogeny, i.e., a natural classification, the genetic
basis of currently used characters must be understood.

Application of molecular comparisons to questions in yeast classification offers
an unprecedented opportunity to reevaluate current taxonomic schemes from the
perspective of quantitative genetic differences. This review examines the impact of
molecular comparisons, notably ribosomal RNA/ribosomal DNA (rRNA/rDNA)
sequence divergence, on the current phenotypically defined classification of the
yeasts.

Placement of yeasts among the fungi

The yeasts represent a unique group of fungi characterized by vegetative growth
that is predominantly unicellular, and by the formation of sexual states which are not
enclosed in fruiting bodies. Saccharomyces cerevisiae has been recognized as an
ascomycete for well over a century, but it was not until much later that some yeasts
were thought to be basidiomycetes (Kluyver and van Niel 1927). This supposition
was confirmed by Banno (1967) with the description of the heterobasidiomycetous
species Rhodosporidium toruloides. With this finding came the realization that the
yeasts are phylogenetically quite divergent. In the following discussion,
relationships among ascomycetous and basidiomycetous taxa are examined from the
perspective of phylogeny determined from small and large (18S, 26S) subunit
rRNA/rDNA sequence divergence. Methodologies have been discussed by Bruns et
al. (1991), Kaltenboeck et al. (1992), Kurtzman (1992), O'Donnell (1992), and
White et al. (1990).

Ascomycetous yeasts

The phylogeny of the ascosporogenous yeasts has been vigorously debated since
the time of Guilliermond (1912) and before. Some have viewed the yeasts as
primitive fungi while others perceived them to be reduced forms of more evolved
taxa. Cain (1972) has been a proponent of this latter idea, arguing that hat (galeate)-
spored genera such as Pichia and Cephaloascus are likely to be reduced forms of the

40



perithecial euascomycete genus Ceratocystis. Redhead and Malloch (1977) and von
Arx and van der Walt (1987) accepted this argument and commingled yeasts and
myecelial taxa in their treatments of the Endomycetales and Ophiostomatales.

Examination of rRNA/rDNA sequence divergence from a limited number of taxa
indicated the ascosporogenous yeasts, with the exception of Schizosaccharomyces, to
form a monophyletic group (clade) distinct from the filamentous species (Barns et al.
1991, Bruns et al. 1991, Hausner et al. 1992, Hendriks et al. 1992, Kurtzman 1993a,
Nishida and Sugiyama 1993, Walker 1985, Wilmotte et al. 1993). Kurtzman and
Robnett (1994a) analyzed rRNA sequence divergence from type species of all
cultivatable ascomycetous yeasts and yeastlike taxa. This work demonstrated the
yeasts, as well as yeastlike genera such as Ascoidea and Cephaloascus, to comprise a
clade sister to the "filamentous" ascomycetes (euascomycetes). Eremascus, which
forms asci unenclosed in a fruiting body, aligned with the euascomycete clade and
may represent a genus close to the phylogenetic demarcation of the
hemiascomycetes (excluding Schizosaccharomyces) and the euascomycetes. These
results substantiate the long-held observation that yeasts cannot be defined solely on
the basis of presence or absence of budding. Such members of the yeast clade as
Ascoidea, Ashbya and Eremothecium show no typical budding, whereas
Aureobasidium, Phialophora and certain other genera of euascomycetes are usually
dimorphic. Budding is also a common mode of vegetative reproduction among many
basidiomycetous genera. Similarly, vegetative reproduction by fission is shared by
Dipodascus and Galactomyces, members of the yeast clade, as well as by the
distantly related genus Schizosaccharomyces. Sexual states of all members of the
yeast clade are characterized by asci unenclosed in a fruiting body. This feature is
shared by only a few taxa outside the yeast clade such as Eremascus and
Schizosaccharomyces. Myrioconium and Trichomonascus form unenclosed asci but
may be euascomycetes as well.

Phylogenetic relationships among the ascomycetous yeasts, calculated from
partial sequences of small and large subunit rRNAs, are depicted in Fig. 1. Although
there are insufficient phylogenetically informative sites to resolve many of the
genera, the comparison gives an overview of relationships. Tree topology is similar
to that presented by Wilmotte et al. (1993), who examined fewer species, but used
nearly complete 18S sequences. In the comparison of partial sequences, most taxa
having coenzyme Q with the same number of isoprene units tend to group, but this is
not true of the closely related genera Ashbya, Eremothecium, Holleya and
Nematospora which show a variation in coenzyme Q ranging from 5-9 isoprene
units. Some congruence is found between location of taxa on the rRNA gene tree and
the type of hyphal septal pore produced. The two known genera (Ambrosiozyma,
Hormoascus) that form dolipore-like septa are closely associated. However,
Arthroascus produces septa with a simple central pore whereas Guilliermondella has
multiperforate septa, yet the two genera closely cluster. These incongruities may be
resolved by sequencing the complete 18S molecule and by including all known
species for each of the genera under study.

rRNA/rDNA sequence comparisons have been quite helpful for understanding
species relationships within genera. For example, Schwanniomyces occidentalis
(Kurtzman and Robnett 1991), Wingea robertsii (Kurtzman and Robnett 1994b), and
the Pichia species, P. carsonii and P. etchellsii (Yamada et al. 1992), were found to
be members of the genus Debaryomyces on the basis of rRNA relatedness. The
initial assignment of these species to other genera resulted from misinterpretation of

41



the phylogenetic significance of ascospore morphology. Species originally placed in
Debaryomyces are characterized by spheroidal ascospores that are roughened by
wartlike or ridgelike outgrowths of wall material. An exception is D. marama which
has ellipsoidal ascospores with wartlike outgrowths and spiral ridges. In contrast,
Schwanniomyces forms spheroidal ascospores with surface projections and a
prominent equatorial ring, Wingea has smooth, lenticular ascospores, and the two
former Pichia species produce smooth, spheroidal ascospores. Furthermore,
Saturnospora and Williopsis both form saturnoid ascospores, yet the two genera are
only distantly related (Liu and Kurtzman 1991).

The impact of rRNA/fDNA comparisons on the taxonomy of ascomycetous
yeasts is just being felt and will require additional work to fully realize its potential.
Major findings to date include: 1) yeasts and yeastlike species are phylogenetically
separate from the euascomycetes, 2) the fission yeast genus Schizosaccharomyces is
phylogenetically distant from the "budding" yeast clade and from the euascomycetes,
resulting in the reassignment of the fission yeasts to a separate order, the
Schizosaccharomycetales (Eriksson et al. 1993, Kurtzman 1993a) and, 3) the
demonstration that many phenotypic characters such as ascospore morphology are
poor indicators of phylogeny.

Basidiomycetous yeasts

Anamorphic (asexual) basidiomycetous yeasts may be morphologically
indistinguishable from anamorphic ascomycetous yeasts. The discovery that the
inner cell walls of basidiomycetous yeasts are lamellar when viewed in thin section
under the transmission electron microscope, in contrast to the uniform inner layer of
ascomycetes, has provided a reliable means for separation of the two taxonomic
classes when sexual states are not found (Kreger-van Rij and Veenhuis 1971). A
second method of separation, more easily applied, is the Diazonium Blue B (DBB)
staining technique (van der Walt and Hopsu-Havu 1976). Colonies of
basidiomycetes stain a magenta color in the presence of DBB whereas colonies of
ascomycetes remain unstained. From these findings, it has become apparent that
basidiomycetes make up a large part of the yeast domain.

Basidiomycetous yeasts (Fell and Kreger-van Rij 1984, Boekhout et al. 1993). In
the first, teliospores are formed and germinate to produce a basidium that bears
basidiospores. This type of sexual cycle shows considerable similarity to the rust and
smut fungi. The second type of sexual state lacks teliospores. Basidia develop on
hyphae or yeast cells and give rise to basidiospores in a manner similar to the
Tremellales (jelly fungi).

Several other characteristics are added to the dichotomy of sexual states. Some
taxa produce carotenoids, and the presence of these pigments has been used as a
criterion for genus assignment. Ballistoconidia, forcibly ejected vegetative cells, are
common to some taxa and their presence is a defining character of genera.
Additionally, the hyphal septal pore of basidiomycetous yeasts may be either simple
or the ultrastructurally more complex dolipore. Finally, some taxa exhibit the
presence of cellular xylose, evidently arising from extracellular polysaccharides
(Golubev 1991), whereas other species do not.

Guého et al. (1989) presented an overview of the phylogeny of basidiomycetous
yeasts from measurements of divergence among partial sequences of large and small
subunit rRNAs. Three major groups were resolved; 1) teliospore formers with
hyphae having simple septal pores, 2) teliospore formers with hyphae having
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dolipore septa and, 3) non-teliospore formers with hyphae having dolipore septa. On
the basis of 18S sequence comparisons, Suh and Sugiyama (1993) placed the smut
fungus Ustilago maydis, a teliospore former, near the clade comprising
representative genera of all basidiomycetous yeasts. In turn, the basidiomycetous
yeasts appear to be a sister group to the Agaricales (Berbee and Taylor 1993).

At present, the most extensive phylogenetic comparison of basidiomycetous
yeasts is that of Fell et al. (1992) who examined 117 species assigned to 23 genera.
A 247-nucleotide segment in the D2 region was sequenced; this region resolves
closely related species, but may have too few phylogenetically informative sites to
accurately assess more distant relationships. The phylogram from that work (Fig. 2)
shows the species to be divided between two major clades. The analysis generally
supports the concept that taxa assigned to the Tremellales are characterized by
dolipore septa and cellular xylose, whereas taxa placed in the Ustilaginales form
teliospores, have simple septal pores, and lack cellular xylose. Some exceptions are
apparent. The teleomorphic genus Erythrobasidium does not form teliospores as do
other members of the clade. Cystofilobasidium and Mrakia, both members of the
Tremellales, form teliospores. Another inconsistency concerns the genera located in
the lower portion of the Tremellales clade (Fig. 2, B). From what is known of their
septal pore structure and lack of cellular xylose, the genera would be expected to
group with the Ustilaginales. If their placement is correct, this would suggest that
the Tremellales arose from within an already highly diversified group that now
represents the Ustilaginales.

Ballistoconidia and carotenoids are found among many genera of the
basidiomycetous yeasts suggesting these traits to be ancestral, but not always
expressed, thus rendering them of little value for defining taxa. These conclusions
were also drawn by Nakase et al. (1993). Heterogeneity of coenzyme Q composition
occurs in many currently defined genera and will require additional study before its
taxonomic significance is fully understood. rRNA sequence analysis demonstrates
Rhodotorula, Sporobolomyces, Cryptococcus, and Bensingtonia to be polyphyletic,
further confirming that commonly used phenotypic characters are insufficient for
defining anamorphic genera.

A strong start has been made to understand the phylogeny of basidiomycetous
yeasts from rRNA/rDNA sequence comparisons, but additional sequencing must be
done to better resolve taxa. This will include sequences of greater length as well as
inclusion of all known species of a group. For example, the anamorphic genera
Tseuchiyaea and Ballistosporomyces, which were recently defined from differences
in partial sequences, may overlap with some earlier described genera (Fig. 2).

Reliability of rRNA/rDNA gene trees to infer phylogeny

With such great emphasis being placed on rRNA/DNA gene trees to reconstruct
phylogenies, it must be asked if there is other evidence to corroborate the
conclusions drawn. There are presently only a few comparisons of other molecular
sequences that allow this question to be addressed. Sequence analysis of orotidine 5'-
monophosphate decarboxylase by Radford (1993) demonstrated the budding yeasts
and the euascomycetes to be sister groups as shown from rRNA/rTDNA sequences.
One unusual aspect of this work was placement of the Mucorales as a sister group to
the basidiomycetes. Tsai et al. (1994) showed phylogenetic relationships among
species of Epichloé (Clavicipitaceae) were the same when analyzed from either
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rDNA sequences or those from the B-tubulin gene. Relationships among species of
Dekkera and its anamorph Brettanomyces were essentially identical when analyzed
from either nuclear rDNA sequences or from sequences of the mitochondrially
encoded cytochrome oxidase subunit IT gene (Boekhout et al. 1994).

Another aspect of gene tree reliability is the method used for its construction.
Most investigators now analyze data using phylogeny inference programs based on
cladistic principles. These programs often include a statistics package to test the
robustness of competing phylogenetic trees. Several recent reviews address these
important issues (Avise 1989, Felsenstein 1988, Hillis et al. 1994, Saitou and
Imanishi 1989).

Rapid molecular methods for yeast

The specificity of nucleic acid sequences has prompted development of several
methods for rapid species identification that are directly applicable to the strains
maintained by culture collections. Because these techniques can detect single
nucleotide changes, they should first be tested on a large variety of genetically
defined strains to understand species variation because aberrant strains may
represent different species.

Restriction fragment length polymorphisms of rDNA

rDNAs occur in multiple copies and lend themselves to analysis based on
restriction fragment length polymorphisms (RFLP). Magee et al. (1987) treated
rDNAs from several medically important Candida species with a variety of
restriction endonucleases and concluded that Candida guilliermondii, C. tropicalis,
and C. albicans produced sufficiently different digestion patterns to allow
recognition of each species. Similar results were obtained by Vilgalys and Hester
(1990) for several species of the genus Cryptococcus. Lachance (1990) used RFLP
patterns to map the genetic profiles of 125 isolates of the cactus yeast Clavispora
opuntiae that had been collected worldwide. Nearly all of the restriction sites that
allowed discrimination of individual strains were located in the hypervariable
intergenic spacer region.

Data from the preceding studies show that RFLP patterns allow recognition of
individual species, as well as individual strains of a species. Consequently, the
method has considerable diagnostic value. Estimates of evolutionary relationships
from RFLP patterns have been reported for species assigned to Candida (Magee et
al. 1987) and Cryptococcus (Vilgalys and Hester 1990). Such estimates would be
expected to be less accurate than estimates derived from sequence comparisons
because as evolutionary distances increase, the extent of pattern similarities becomes
less certain. Bruns et al. (1991) listed some of the factors that require attention when
using RFLPs.

Random amplified polymorphic DNA (RAPD)

RAPDs represent another methodology that promises widespread application.
The technique is based on amplification of genomic DNA in the presence of one or
more short (ca. 10-15-mers) oligonucleotide primers of random sequence.
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Septal

Taxa Coenzyme Q  Pore
Saccharomyces cerevisiae [
Torulaspora delbrueckii 8
Zygosaccharomyces rouxii 3
Kluyveromyces wickerhamii ]
Pachytichospora transvaaiensis ?
Ardiozyma telluris &
100 Issatchenkia crientalis 7
1o¢ Pichia membranastaciens— 7
-5 Saturnospora dispora 7
f————————— Dekkera bruxellensis 9 R
L Cyniclomyces guttulatus—— 7 ?
Pachysolen tannophilus 8 -
Citeromyces matritensis 8 -
Saccharomycodes ludwigii 6 .
Hanseniaspora valbyensis 6 -
Nadsonia fulvescens 6 -
frer—————— Wickerhamia fluorescens 9 -
Ashbya gossypi 6 2
100 Eremothecium ashbyi 8(7) ?
Holleya sinecauda 9(8) 7
£3 Nematospora coryli 56 ?
Williopsis saturnus 7
__L: Metschnikowia bicuspidata —— g
Clavispora lusitaniag ——— 8 ——— g
100 Debaryomyces hansenii 9
Wingea robertsit 9 .
Cephaloascus fragrans 9 Cent
Ascoidea africana ? ?
15 Saccharomycopsis fibuligera ———— g8 Multi
1oo i Arthroascus javanensis—— 8§ Cent
Guilliermondella selencspora ——— 8 Multi
100 Botryoascus synnaedendrug —————— 8 Multi
100 Hormoascus platypodis 7 Doli
r—— Ambrosiozyma monoespara 7 Doli
Lodderomyces elongisporus a9 .
100 — Dipodascus albidus——— g ?
0w Galactomyces geotrichum — 2 ?
Sporopachydermia lactativora —M88 7 -
75 —— Stephanoascus ciferrii g Multi ?
b—— Zygoascus hellenicus g Cent
63 —Yarrowia lipolytica g Cent
t———— Wickerhamiella domercqgiae — ? -
100 — Dipodascopsis uninucleata ? Cent,
_&Iiupomyces starkeyi e .
Zygozyma oliphaga 8 -
56 Eremascus fertilis ? Cent
199 Emericella nidulans ? Cent
61 Ceratocystis fimbriata ? Cent
{oe Protomyces inundatus ? ?
Taphrina deformans 10 »
Schizosaccharomyces pombe 10 _
Filobasidiella neoformans 10 Doli

Fig. 1. A phylogenetic tree derived from maximum parsimony analysis depicting the ascomycetous yeasts,
yeastlike fungi, and various reference species. The phylogram was calculated from combined small and
large subunit rRNA partial sequences as described by Kurtzman and Robnett (1994a). Branch lengths are
proportional to nucleotide differences, and the numbers given on branches are the percentage of
frequencies with which a given branch appeared in 100 bootstrap replications. Branches without numbers
had frequencies of less than 50%. Coenzyme Q data are from the compilation of Barnett et al. (1990) and
refer to the number of isoprene units in the sidechain on the parent molecule. Information on septal pores
is from Kreger-van Rij and Kurtzman (1984) and Barnett et al. (1990).

Cent = central pore, Multi = multiperforate septum, Doli = dolipore-like.
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Key morphological and biochemical characters of the genera

Phylogenic relationships among the species and genera

AT

Fig. 2. A phylogenetic tree derived from maximum parsimony analysis depicting the basidiomycetous
yeasts.The phylogram, which represents the most parsimonious tree, was calculated from rRNA sequences
of the D2 region of the large subunit as described by Fell et al. (1992). Branch lengths are proportional to
the number of nucleotide differences. Bootstrap values were not determined. Clade A is comprised of taxa
placed in the Ustilaginales. Taxa in Clade B are predominantly assigned to the Tremellales, but see text
for discussion. The strain of the outlying species Rhodotorula buffonii that was examined was shown to be
a misidentified ascomycete. Genera preceded by a broken line were not in the original analysis and have
been placed in the present phylogram on the basis of other studies (Guého et al. 1989, Nakase et al. 1993,
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Sugiyama and Suh 1993). Teleomorphic genus names are followed by the letter T and anamorphic genera
are designated with the letter A. Morphological and biochemical characters are from Barnett et al. (1990),
Boekhout et al. (1993) and Fell and Kreger-van Rij (1984). Simple = simple septal pore, Doli = dolipore
septum.

The amplified products are visualized on an agarose gel and strains identified from
matching band patterns. Hadrys et al. (1992) discussed details of this procedure and
also noted points of technical difficulty.

Species-specific PCR reactions

Peterson and Kurtzman (1991) and Kurtzman (1993b) have shown that the 5' end
of the large subunit rRNA/rDNA is sufficiently variable to detect even closely
related yeast species. Fell (1993) used this region to identify individual yeast species
by applying a three-primer, PCR-based technique. In this method, the reaction mix
includes genomic DNA, two external primers for the D1/D2 region of large subunit
rDNA, and a species-specific internal primer. The external primers allow
amplification of the ca. 600-nucleotide D1/D2 region, but in the presence of a
species-specific primer (third primer) the amplification product is shorter and easily
detected on an agarose gel. There is currently considerable activity in the field of
molecular probe development and rapid methods appear nearly ready for widespread
use.

Future prospects

rRNA/rDNA sequence comparisons have provided us with a genetic perspective
to the relationships among yeasts and other fungi. On the basis of limited
comparisons, rRNA/rDNA gene trees are generally congruent with phylogenies from
other molecular sequences, but additional studies should be done to verify this
preliminary assessment. In many cases, molecular comparisons are supportive of
relationships among the fungi determined from traditional morphological studies. In
other cases, the molecules have led us to new perspectives. One of the greatest
challenges facing the field of mycology is to use molecular data to develop a
phylogenetic system of classification.

The unique nature of molecular sequences promises to allow development of
species-specific molecular probes for rapid strain identification. Once this
technology becomes widespread, a realistic assessment of the earth's biodiversity
may finally be possible.
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PHYLOGENY OF FILAMENTOUS ASCOMYCETES DEDUCED FROM
ANALYSIS OF MOLECULAR CHARACTERS: PRESENT AND FUTURE

MEREDITH BLACKWELL
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Abstract. Phylogenetic studies of ascomycetes dispersed by arthropods have benefited from the use of
rDNA sequence analysis. At higher taxonomic levels it has been necessary to compare a variety of taxa
that either lack corresponding morphological characters (Raffaelea, Ambrosiella, Laboulbeniales, yeasts)
or have characters that may be the result of convergent evolution (Ceratocystis, Ophiostoma,
Pyxidiophora). For example Ambrosiella has been found to be polyphyletic with one group of species
related to Ceratocystis and the other group allied with Ophiostoma. Species of Ambrosiella are asexual
and could not have been compared to sexual forms soley on the basis of morphology. Several genera with
evanescent asci and arthropod associations previously have been placed in Ophiostomatales. We now
know that Ophiostoma, Ceratocystis, and Pyxidiophora are not closely related, and, in fact, at least six
lineages of such fungi have been identified. One other taxonomically problematical group,
Laboulbeniales, lacks a number of morphological characters that can be compared with filamentous forms
(including even the hyphal filaments!). The hypothesis of a relationship with Pyxidiophora based on few
morphological characters now has support from rDNA sequence analysis. It is important to note that our
results could not have been obtained so easily were it not for the previous studies of the morphology, life
histories, and associations of the fungi. For the future it will be important for mycologists in distant
localities using different techniques to cooperate in discovering and classifing the Earth's fungal diversity.
In addition to the continuing development of phylogenetic techniques, another inovation is important.
Worldwide collaboration already is enhanced at the close of the twentieth century by our ability to
communicate rapidly and at will using computerized communication networks, and this technology must
be available to all mycologists throughout the world.

Previous attempts at phylogenetic classification of ascomycetes have been
confounded by the presence of convergent morphological features, the absence of
characters that extend across all taxa, and an inability to determine character
polarity. However, a non-morphological approach, specifically ribosomal DNA
(rDNA) sequence analysis has provided new characters that circumvent the problems
assciated with the use of morphological characters.

In our work with arthropod-associated fungi we have been particularly interested
in the ascomycetes with long necked perithecia and evanescent asci and the
possibility that these characters are the result of convergent evolution to facilitate
ascopore dispersal by arthropods. Some of this work has been published and will be
reviewed only briefly to provide an example of the usefulness of the technique. In
this case nuclear-encoded rDNA sequence was applied to the study of ascomycetes
previously placed in Ophiostomatales, or in some cases, never placed in an ordinal
level taxon. The taxa are all characterized by evanescent asci and, in most cases, are
arthropod dispersed.

The relationships hypothesized on the basis of rDNA analysis indicate that a
divergence of the fungal lineage gave rise to the basidiomycetes and ascomycetes.
Both groups presumably arose from a filamentous ancestor. An early ascomycete
divergence, or perhaps several, produced such forms as Taphrina,
Schizosaccharomyces, Protomyces, and Pneumocystis (Sugiyama and Nishida 1993,
Nishida and Sugiyama 1994, Kurtzman 1993). These fungi are marked by yeast-like
stages as well as mycelial growth. It is interesting that they often have been at the
center of taxonomic controversy and all have been considered basidiomycetes at
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some time in their history.

The next major divergence of ascomycetes gave rise to two lineages, the yeasts
of Saccharomycetales and the filamentous ascomycetes. It is these two groups that
have numerous arthropod associations. In addition some of the species in both
groups have morphological and biochemical characters in common. For example the
galeate or hat-shaped ascopore morphology, yeast thallus, and various conidial
stages found among species of Ophiostoma and Ceratocystis as well as some yeasts
led to the appealing hypothesis that these forms might constitute a monophyletic
group (Redhead and Malloch 1977, von Arx and van der Walt 1987). With most of
the major groups of yeasts examined, it does not seem likely that any of them are
derived from the filamentous ascomycetes, and the characters typical of arthropod-
associated ascomycetes are convergent features.

One major accomplishment involving the filamentous ascomycetes has been the
resolution of the relationship of Ceratocystis and Ophiostoma. At times species of
both genera have been considered congeneric. We now have evidence that not only
are the two genera distinct, but also they occur within different subclades of
perithecial ascomycetes (Spatafora and Blackwell 1993). Other filamentous forms
with evanescent asci including Pyxidiophora, Kathistes, and Subbaromyces lie
outside of the perithecial ascomycetes, and each may be part of an independent
lineage. The yeast-like Symbiotaphrina kochii also is in this part of the tree.

Several years ago Dr. David Malloch and I (Blackwell and Malloch 1989) used
morphology and life cycle studies to propose a relationship between Pyxidiophora
and Laboulbeniales. This hypothesis was tested using rDNA analysis and the
evidence supports the previous conclusion of their close relationship (Blackwell
1994). However, the nearest relatives of the Pyxidiophora-Laboulbeniales,
Kathistes, Subbaromyces, and Symbiotaphrina lineages have not been identified
because this part of the tree is unstable. Clarification awaits addition of more taxa
from the discomycetes and loculoascomycetes, and, perhaps sequencing of other
DNA regions.

Our more recent work on arthropod-associated ascomycetes involves the analysis
of more rapidly evolving gene regions to develop species concepts for Pyxidiophora
and the asexual taxa associated with Ceratocystis and Ophiostoma. Of particular
interest is the finding that Ambrosiella is not a monophyletic group, but consists of
two groups of species, one related to Ceratocystis and the other allied with
Ophiostoma, both in association with scolytid beetles. Convergence of conidial
forms has followed the pattern of convergence in their sexual relatives (Cassar
1993). Another asexual lineage does appear to be monophyletic. Species of
Raffaelea, however, have diverged from an ophiostomatalean lineage as associates
of platypodid beetles.

I have discussed examples of the impact of recent technological advances in
helping to define monophyletic groups and clarify the phylogenetic relationships of
the ascomycetes. But there are other reasons why mycologists study fungi, and the
same methods are useful in these cases as well. Molecular technology has become
important to us in identifying particular fungi at a variety of taxonomic levels. From
the practical point of view, a knowledge of species that attack plants and animals is
necessary. Not only is an identification of species necessary, but it also has become
important to identify populations among species of some fungi.
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Fig. 1. Phylogenetic hypothesis of the relationships of certain arthropod-associated ascomycetes based on
analysis of small subunit rDNA partial sequences using parsimony criteria. See Spatafora and Blackwell
(1993) and Blackwell (1994) for details.
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The identification of ectomycorrhizal fungi usually has depended on collection of
basidiocarps during seasonal fruiting periods to answer questions about the presence
and prevelance of individual mycorrhizal species. However, it now is possible to use
molecular methods to identify the fungi to family and, sometimes to species, from
samples of field collected roots at any time of the year (Bruns and Gardes 1993). The
technique already has shown that the most important mycorrhizal species in terms of
frequency are not those that are discovered to be common on the basis of fruiting.
The tools that are being developed soon will allow mycologists to determine the
precise ecological relationships of the symbioses.

Molecular techniques applied to population studies of Phyphthophtora infestans
(Drenth et al. 1993, Therrien et al. 1993), Ophiostoma ulmi (Brasier 1994), and
Cryphonectria parasitica (Anagnostakis 1993) are helping to determine the origin
and monitor the epidemiology of introduced pathogens, to determine the importance
of different modes of reproduction in the development of aggressive populations
and, perhaps, to discover the basis of speciation. All of this information depends
upon the use of molecular techniques to provide more characters than mycologists
have ever had available to them. However, in addition the characters are available at
all taxonomic levels, extend across all taxa, and can be polarized.

The polymerase chain reaction (PCR) has lead to rapid progress in molecular
methods. As the technology is simplified through continued improvements in
automated DNA sequencers and more biologists can use the techniques, the
associated costs will come down. In fact there are now rumors of automated
sequences that will become available within a few years that will cost no more than a
sophisticated light microscope.

It is important to recognize that our new-found ability as mycologists to address
problems that previously eluded us, should be viewed as contributing to a worldwide
revitalization of fungal studies that is even greater than the electron microscopy
revolution of the 1960's and 1970's. It also is possible to use morphological
characters with new confidence because their polarity and convergent nature can be
inferred with the help of molecular characters. If one looks at previous phylogenetic
hypothesis the inability to determine polarity and recognize the possibility of
convergence has most often caused mistaken interpretations.

It is obvious to me that mycology is poised to make progress in all areas.
Previous morphological studies have contributed to the basic body of knowledge that
provides the context for molecular applications, and they will continue to be
important in the discovery of the great fungal diversity (Hawksworth 1991). The
importance of isolation and culture is increased by the knowledge of the genetic
potential of diversity. In these endeavors all mycologists do not have to use all
techniques. Some may not have the inclination or the technology to apply molecular
methods. Those versed in molecular techniques may not have the means of acquiring
the training in morphology that may require years of concentrated study. However,
teams of mycologists with different backgrounds must cooperate, perhaps in
formally organized groups in distant geographical regions. These collaborations
already are practical because of another technological advance, the rapid
communication available through computer communications networks. It is
imperative that the mycologists of the world be united by "e-mail" before the end of
the twentieth century so that all may participate fully in the task at hand.
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IMPORTANCE OF MORPHOLOGICAL AND ANATOMICAL
CHARACTERS IN FUNGAL TAXONOMY

J. RAMMELOO

National Botanical Garden, Belgium
Introduction

Morphological and anatomical characters and their importance to the taxonomy
of fungi must be seen in a historical context. The reason is obvious: when taxonomic
classification started only macroscopical characters were taken into account (as it
was the case for the study of other organisms). Later anatomical and microscopical
characters were added as the science continued to develop. Today, physiology,
molecular biology, genetics, enzymology, and ecology all contribute to an
understanding of living organisms and their classification.

With this background in mind, I will discuss the following questions:

1. How has our knowledge at the most "basic level" of "species", the level used
in taxonomy, evolved; and how important are morphology and anatomy in this
conception?

2. How has "taxonomy" been interpreted over time?

3. What is the currrent situation, with an emphasis on morphology and anatomy?

4. Is the importance of morphology and anatomy similar for all groups of fungi?

5. With respect to this symposium's emphasis on tropical mycology: is the
situation in the tropics different from the one in temperate regions?

How has our knowledge at the most "basic level" of "species", the level used in
taxonomy, evolved; and how important are morphology and anatomy in this
conception?

The often very sudden appearance on fruit-trees of larger fungi as well as the
immediate impact of moulds on the everyday lives of human beings prompted the
initial study of fungi. To commence such a study, however, it was necessary to begin
the process of classifications.

In the case of fungi, the first observations were visual. This is apparent given that
the eating of macrofungi was important. As such, the first classifications were very
pragmatic. Classifying was done on the basis of edibility and morphology in the very
broad sense of the word.

It is to be expected then that the oldest classification, Clusius (1601), which made
the distinction between Fungi esculenti and Fungi noxii et perniciosi would be
adopted by Bauhin (1623) and Van Sterbeeck (1675) who also made use of these
criteria. Ray (1686-1704) added the morphological criterion of whether or not the
fungal fruitbodies were lamellate, as well as other ecological criteria. Magnol (1689)
continued in this line, though Dillenius (1718) added a phenological criterion, which
was subsequently refined by Micheli (1729).

Linaeus developed his system of classification on the grounds that (Micheli's)
system was not satisfactory. Gleditsch (1753) introduced, in turn, more
morphological characters, while Person (1794 and following) made a classification
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system based on gross morphology that included very accurate descriptions of
serveral common microfungi. The most important contribution was made by Fries
who described 1860 species of agarics in twenty genera, using mainly
macroscopical characters.

I could go on, but that is not the aim. The important thing to remember is that
descriptions and classification schemes started as very empirical. From this simple
beginning, gross morphology was introduced and shortly thereafter microscopy was
added. In the beginning, microscopy was very basic, but it progessed to finer
microscopy. Later, developmental characters were introduced. Later still, the results
from experimental biology, ecology, physiology, and biochemistry were included as
characters for classifying fungi.

Let us look at the actual situation. I have selected a few characters from recent
publications, selecting them from different systematic groups. As a general
conclusion, it must be said that it was rather difficult to find descriptions of new
species which used characters other than morphology and anatomy. This situation is
easy to observe through a short analysis of vols. 46, 47, and 48 of Mycotaxon. Only
systematic treatments have been taken into account, and lichens were not included.

Volume 46 47 48
Basidiomycetes
morphology, anatomy, ecology: 8 10 1

morphology, anatomy, culture: - -
morphology, anantomy, experimental: - -
numeric: - -

—_—— =

Ascomycetes and deuteromycetes

morphology, anatomy, culture, genetics: -
morphology, anatomy, culture, computer: -

morphology, anatomy: 13 12 2
morphology, anatomy, culture: 14 5 12
morphology, anatomy, culture, developmental: 3 4 3
morphology, anatomy, culture, physiology: - - 1
1 1
2 -

It is obvious that even in today's practices morpholgy and anatomy remain the
basic characters in systematic research and taxonomy.

I did the same for Mycological Research, but as the bulk of the work is
experimental and not taxonomic, this exercise was not very valuable. Nevertheless, it
is clear that while Mycological Research explores many new fields, its studies do not
influence basic taxonomic research to a great extent. These fields of study are
excellent, however, as they force taxonimists to think about biological phenomenon
which they will have to account for eventually.

Descriptions and the delimitation of taxa remain very traditional and are based
primarily on morphology and anatomy. Description, however, demonstrate an
increasing degree of precision. The increased precision in describing morphological
and anatomical characters can be assessed easily by examining the introduction of
Singer's Agaricales in modern taxonomy (1975) or Kuhner's Les Hymenomycetes
agaricoides (1980), for example.
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Within this context it should be stressed that often small differences in
morphological or anatomical characters can be extrememly important for
understanding the biology of a given species. Good examples can be found in
experimental phytopathological work where it has been demonstrated that spore
form and spore dimension play a major role in the place where a spore will land on a
phanerogam in order to infect its host.

Still, morphology and anatomy will continue to play a major role in systematics
because our knowledge, gathered from previous generations, has created a
framework into which more recent observations are to be fitted. Such a framework
put together by so-called modern techniques is lacking for a large number of species.
Given the enormous investment in human and other resources needed to produce this
framework, it cannot be expected that this situatiuon will change very fast. Still, the
results from new techniques are very welcome. Quite often these recent inquiries
derive from studies of species or species groups that are easy to cultivate or to
collect, or from studies of fungi of high economic value.

How has "taxonomy" been interpreted over time?

Classification and taxonomy aim to order certain kinds of information about
living organisms. Whereas, on the whole, species and infraspecific categories can be
defined by the existence of the interbreeding groups of individuals, this is no longer
the case for the supraspecific categories used in taxonomy.

Genera and more universally supraspecific categories can be approached in
different ways:

- genera (and higher taxa) can be recognized in virtue of being objectively
recognisable in nature from patterns of morphological similarity (Kornet, 1994: 5);

- genera exist in virtue of there being a historical entity, possessing cohesion over
time as assured by relationships among its members (Kornet, 1994: 5).

In early classification systems, morphological and anatomical characters were
absolutely predominant in ordering information about living organisms: phenetic
similarity was the basis of these classification schemes. At that time, however, it was
often impossible to eliminate all background considerations in the classification
which were due to convergent or parallel evolution.

With the introduction of cladistic methods, this situation changed to a certain
extent. However, one of the major obstacles in using cladistic methods is the lack of
knowledge of most of the characters of organisms. In most instances the characters
described in the past were those which were considered as taxonomically important,
and it is these characters which have noted by ("phenetic") taxonomists.

What is the currrent situation,
with an emphasis on morphology and anatomy?

From a theroretical point of view, a phylogenetic methodology can give far
superior classifications than the phenetic approach. On the other hand, when looking
at the results of cladistic analyses in mycology, it is obvious that the interpretations
of the cladograms have been leading to interpretations which are cleary ambiguous.
This lack of clarity is partly due to the characters which were readily employed in
the studies.
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In order to address this ambiguity, then, if the group of species for which the
analysis will be made has not been treated monographically, data should be included
from a number of sources: different periods, different authors and different
taxonomic traditions. And yet, as can be seen in even recent monographs, it can be
difficult or even impossible to construct a solid data matrix as, for instance, phenetic
taxonomists have preselected certain characters in their descriptions on the basis of
their experience with the group. What this practical consideration highlights is that
taxonomists can easily prejudice their analyses, if they do not assess their taxonomic
characters adequately enough.

Taxonomist must use good descriptive terminology consistently, describing
character states very precisely. Given the examples I have seen, I must stress that the
collecting of basic data needs to be done more rigourously.

Going through the recent cladistic mycological literature, I have noticed that too
often character sets have been accummulated from the literature without any real
expertise in the group, which has led to the misinterpretation of characters and their
significance. Unfortunately, the results from such analyses cannot be expected to
improve our knowledge of systematics.

To avoid these sorts of problems from a practical point of view means that
ecologists, phytopathologists, medical mycologists as well as amateur mycologists
must have a common understanding of characters at the species level. Thus far,
experience shows that easily observable morphological and anatomical characters
have so far been the most readily available.

Is the importance of morphology and anatomy similar
in all groups of fungi?

Considering fungi as a whole, it is obvious that classification and systematics
have employed different starting philosophies. As a result, it can be expected that
systematics developed along different lines in the case of yeasts and yeast-like fungi
as compared to other groups of fungi.

The origin of systematics of yeasts and yeast-like fungi was in the first place an
applied study, having its roots in the fermenation industry. From its practical point of
view, selection of physiological properties was the most important character. As
systematics progressed along these lines, a new study developed which we now
know as bacteriology. In this new field, the use of morphological characters was
hardly possible because of the lack of a well-differentiated thallus that would have
been useful for distinguishing between groups of bacteria.

The systematics of the majority of fungi developed along the line of practice of
systematics for higher plants. They began as primarily morphological and progressed
to include anatomical characters. For a long time, systematic of both "types" of fungi
developed on these lines, and it was thought that yeasts were a heterogeneous groups
of organisms. But with the introduction of new techniques, links were made between
both groups when it became obvious that yeasts are unicellular, ontogenetic stages of
ascomycetes and basidiomycetes.

From this perspective, it is obvious that for the classification of yeasts and yeast-
like fungi an important contribution will be made by mycologists who are acquainted
with systematics of ascomycetes, basidiomycetes, endomycetes and ustomycetes.
One result may be that the virtual non-exception to the general rule that classification
is primarily based on morphology and anatomy will disappear. However, from a
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practical point of view, the artificial classification of yeasts and yeast-like fungi will
continue to be valuable as an approach for specific purposes, though not as a general
approach for basic systematics.

With respect to this symposium's emphasis on tropical mycology:
is the situation in the tropics different from the one in temperate regions?

Basic knowledge of fungi from the tropics is extremely poor given the large
number of species which require describing. On the other hand, this situation can be
advantageous as mycologists can, by adapting their experience from temperate
regions, collect and describe fungi from the tropics according to the specific
requirements of new techniques, such as cladistics. Furthermore, since tropical
mycology is not as encumbered by nomenclatorial problems as mycology conducted
in temperate regions, this circumstance can be considered as an advantage.
Systematic mycologists can profit from this situation, though they need to be as
careful and consistent as possible when collecting and describing specimens. The
need for care is certainly the case where, because new techniques are more limited in
the tropics, systematics will continue to rely on morphology and anatomy.

Conclusion

Morphology and anatomy have been the primary characters used in the
systematics of fungi. Other types of characters which have been considered
outmoded have not always been adapted by taxonomists. At present, taxonomists
have high performance computers at their disposal, which have greatly enhanced the
possibility for networking and the exchange of data and results between scientists.
Even though taxonomy has evolved considerably from its early beginnings, it is still
very important that it continues to develop, to adapt new techniques and technologies
as they arise. The critical issue is that taxonomy remains a central discipline in the
study of fungi. This possibility is especially significant in view of the fact that
systematists work to synthesize everything that is known about organisms. For it is
through these syntheses that more complete schemes of relationships can be
developed. Though there is a distinct possibility that the importance of morphology
and anatomy will diminish with the development of these syntheses, from a practical
point of view, and this is especially true for tropical mycology, they will remain the
most important characters for separating adjacent taxa.
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POSSIBLE PROGRESS OF MORPHOLOGICAL ANALYSIS IN FULGAL
TAXONOMY

M.F. ROQUEBERT

Laboratoire de Cryptogamie, MNHN, 12 rue Buffon 7500,Paris
Introduction

From its beginning, fungal taxonomy was based on morphology, first by means
of direct examination of the fungus and later by microscopical observations. Since
the launching of the new techniques by the pioneer microscopists of the 17th
Century such as Hook and Leeuwenhoek, optical microscopy progressed
considerably to the end of the 19th Century, when the cultural study of fungi was
introduced. This new perspective opened the possibility of a complementary
developmental approach to fungi.

Much later, around 1950, the use of the Transmission Electron Microscopy
enabled researchers to make comprehensive progress in the study of fungal structure
and ontogeny, while the use of Scanning Electron Microscoopy permitted more
detailed surface and three-dimensional observation of fungal specimens. Generally
speaking, data obtained by electron mircoscopy (Pegler and Young 1971, Cole and
Samson 1979) did not impair those obtained by good optical observations and
descriptions, rather it improved them. Accordingly, both macroscopical and
microscopical approaches have become increasingly useful and complementary.

Still later in the 1980's, the advent of molecular techniques was applied to the
taxonomy of fungi. This development gave raise to the belief that the descriptive
phase of taxonomy was drawing to a close (Hillis 1987). Nevertheless, it is
becoming more evident that these new techniques do not modify substantially the
results of traditional morphological taxonomy. Rather these techniques help to
clarify questions suggested by the limited resolution of morphological studies, such
as for example, the exact delimitation of taxa or the definition of holomorphic
relationships (Kohn 1992). In point, it is important to stress that these various
approaches should be considered as complementary and not exclusive of one
another. As such, microscopists should be encouraged to assist molecular biologists
in their efforts to order any new data in the context of taxonomy, and vice-versa
(Reynolds and Taylor 1993).

In this respect, while morphological analysis may be understood to lie at one
"end"of a phyllum, it remains still in a process of evolution. Given that such
techniques will continue to evolve, two axes need to be considered:

1. the improvement and simplification of observational techniques
2. the interpretation of multiple data sets

The improvement and simplification of observational techniques

At present, morphological studies are generally performed simultaneously
through direct observation in situ through optical and electron microscopical
examination. Of course, each technique has its limits, its advantages and
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disadvantages. The performance and efficiency of optical microscopy does not need
to be demonstrated. Still, it is a stumbling block for fungal identification. Although it
is relatively inexpensive and thus readily available in all countries as well as easy to
use, magnification (x 2000) and resolution (0.2 pm) can be limiting factors despite
the efficiency of this device.

Electron microscopy, on the other hand, permits high magnification (x 100000)
and resolution (3-10 Am), but both transmission and scanning electron microscopes
necessitate observation under vacuum conditions which requires special preparation
of specimens (fixation, dehydration, sectioning, and staining). Recently,
considerable progress has been made in these areas particularly with the
development of low temperature fixations (Hock 1986). A low temperature scanning
microscope (LTSEM) is now widely available and allows for morphological
observation in hydrated states (Jeffree and Read, 1991).

Even if these various forms of electron microscopy are really useful for fungal
taxonomists, however, these techniques require heavy and expensive equipment
which is not always available to everyone in all parts of the world. An ideal situation
for the future would be the development of less expensive equipment that allows an
easy observation of the specimen at high magnification and resolution but does not
require that the specimen undergo preparation, like the use of vacuum.

New techniques are progressing in this direction. The most promising for
morphological analysis in fungal taxonomy is Confocal Microscopy. It bridges the
gap betweeen conventional optical and electron microscopes. (Laurent et al. 1992,
Shotton 1989). In this case, the image is produced by scanning a diffraction limited
laser over the specimen, exposing an extremely small volume of it to the incident
light, and thereby restricting sources of reflected light. The most novel imaging
mode accounts for vertical sectioning. Instead of scanning the specimen along the x-
y planes, this mode generates images by scanning optical sections that are parallel to
the axis of the microscope. This approach has the advantage of limiting out of focus
information from the observed image.

Confocal microscopy does not need any preparation of the specimen except for
fluorescent staining. With resolution down to 0.25 pm, the technique is used
frequently in cytology, cytometry, and molecular biology (Shotton 1989).
Preliminary results of morphological observation obtained with Penicilium
chryogenum (Fig. 1) shows clearly the absence of out of focus blur in the confocal
images. These results also show the fine resolution in successive vertical planes
which allows for the exploration of thick structures (70-80 Am).

Cell surfaces can also be investigated by other new kinds of microscopes: the
Scanning Probe and Scanning Tunnelling Microscopes (STM) as well as the Atomic
Force Microscope (AFM) (Guckenberger and Baumeister 1992). Research with
STM is still focused on exploring type of experiments that might be more feasible in
the future. At present, it is being tested principally on non-biological materials. In
contrast, AFM has already been used quite successfully for obtaining images of
biological specimens in aqueous solutions (Butt et al. 1990, Kasas 1992). The
principle technique applied in AFM involves scanning the surface of the specimen
with the tip of a very thin probe (diamond or silicium). The three dimensional
scanned displacements are recorded and analysed by a computer. AFM combines a
high resolution (80 Am on blood cells) without the need for sample preparation as it
works in aqueous environments.
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Figure 1. Penicillium chrysogenum Thom, Coloration: Fluorescein-dextran (negative coloration).
Confocal Microscope Biorad MRC 1000. A-B: Optical sections at different focal planes separated by 1
Am. A: Non-confocal, B: Confocal optics. C-D: Detail of penicillus. C: Non-confocal, D: Confocal
optics.
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It is currently used for studying molecules (proteins, phospholipids, and DNA)
constituting organic matter. The advantage of the technique is that it permits
observations in environmental conditions with good magnification and resolution.
The lightness of this equipment also constitutes an advantage.

Even if these new microscopy tehniques are still in the research phase, we can
safely assume that these techniques, in particular confocal and atomic force
microscopy, will be used in the near future for fungal morphological observation and
taxonomy.

The interpretation of multiple data sets

To be effective in taxonomy, observations must be intrepreted and represented as
objectively as possible. Until now, line drawings and photographs have been very
effective for providing clear visual representations of macro- and microscopical
observations, but because they are man-made and interpretative, they are often very
expressive and artistic, and thus quite subjective.

On the other hand, quantitative morphological analysis provides a means to
translate visually apparent structures into numerical data that can be subjected to the
powerful methodologies of mathematical analysis. (Wagener 1990, Steer 1991).
Because of its capacity for decomposing and anaylsing a great number of images,
image analysis may be a very effective tool for limiting subjective interpretations.
The important point is to obtain the maximum information from visual images so
that the data can be interpreted with the greatest possible confidence. This possibility
may also be very helpful for taking into account the variability of specimens. One of
the advantages of the technique is that image analysers can be integrated directly into
the apparatus of microscope as they are already in confocal and scanning probe
microscopes.

In addition to image analysis, another way to exploit a large number of
morphological observations may be the use of morphometrics. The field of
morphometrics is traditionally concerned with methods for the description and
statistical analysis of shape variation within and among samples of organisms
adjusted to a common size, measuring certain landmarks of an organism (length,
width, etc.). An example of the impact that morphometric analysis can have on
fungal taxonomy is evident in the recent publication by Vanev (1993) on the conidia
of 14 type specimens of Discosia section Strobilina. Analyses of the shape as well as
the length and width measurements of the conidia enabled the author to reach
decisions about the taxonomic status of the specimens, that is, to gather data useful
for separating and grouping taxa.

Many methods agree on the nature of the differences among a set of shapes, but
fewer agree on the relative significance of the differences between these shapes. A
new trend in morphometrics is to incorporate data on the geometry of the structure
so as to distinguish changes due to mere differences of size from those which
describe purely homogeneous features (Zelditch et al. 1992). The ideal aim would be
to eliminate from the analysis, dimensional features that are due to the natural
variability of biological material, so that phenetic or cladistic relationships can be
estimated more accurately.
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Conclusion

Interesting progress is being made in the morphological observation and analysis
of biological material. The methods and equipments used in these techniques are
being simplified considerably without loss of performance. Even though the analysis
and the objective interpretation of data remain at the research phase, in part because
of the variety of biological material, great possibilities exist for these techniques as
they are effectively adapted to fungal taxonomy. These technical and analytic
approaches seem promising for the progress of fungal taxonomy, as they also are an
interesting subject for research in themselves.

References

Butt H.J., Wolff E.K., Gould S.A.C., Dixon-Northern B., Peterson C.M. and Hansma P.K. 1990. Imaging
cells with the atomic field miscroscope. Journal of Structural Biology 105: 54-61.

Cole G.T. and Samson R.A. 1979. Patterns of Development in Conidial Fungi. Pitman., London.

Guckenberger, R., Hartma n T., Wiegrabe W.and Baumeister. W. 1992. The Scanning tunnelling
microscope in Biology. In: Scanning Tunnellling Microscopy Il . Wisendanger R. and Guntherodt
H.J. eds., Springer Series in Surface Science, 8: 51-98.

Hillis D.M. 1987. Molecular versus morpholical approaches to systemeatics. Ann. Review of Ecology and
Systematics 18: 23-42.

Hoch H.C. 1986. Freeze substitution of fungi. In: Ultrgstructures techniques for microorganisms. Aldrich
H.C. and Todd W.].J. eds., Plenum. N.Y.

Jeffree, C.E. and Read N.D.. 1991. Ambient- and low-temperature scanning electron microscopy. In:
Electron microscopy of plant cells. Hall J.L. and Hawes C. eds. Academic Press, London, pp. 313-
413..

Kasas S. 1992. La microscopie O force atomique dans les recherches en biologie. Médecine/Science 8:
140-148.

Kohn, L.M. 1992. Developing new characters for fungal systematics: an experimental approach for
determining the rank of resolution. Mycologica 84: 139-153.

Laurent M., Johanin G., Le Guyader H. and Fleury A. 1992. Confocal scanning optical microscopy and
three dimensional imaging. Biol. Cell 76: 113-124.

Pegler D.N. and Young T.W.K.. 1971. Basidiospore morphology in the Agaricales. Beih. Nova Hedwigia
3s.

Reynolds, D.R. and Taylor J.W. 1993. The fungal holomorph: mitotic, meiotic and pleomorphic speciation
in fungal systematics. Wallingsford, CAB International, 375 pp.

Shotton D.M. 1989. Confocal scanning optical microscopy and its application for biological specimens. J.
Cell Science 94: 175-206.

Steer M.W. 1991. Quantitative morphological analysis. In: Electron microscopy of plant cells. Hall
J.L.and Hawes C. eds., Academic Press, London, pp. 85-104..

Vanev S.G. 1993. Morphological variability of the conidia of the fungi from the genus Discosia section
Strobilina. Mycotaxon, 49: 199-207.

Wagener, M. 1990. Digitization in scanning electron microscopy. In: Electron microscopy of plant cells.
Hall J.L.. and Hawes C. eds., Academic Press, London., pp. 297-305.

Zelditch M.L. F.L. Bokkstein and Lundrigan B.L.. 1992. Ontogeny of integrated skull growth in the cotton
rat Sigmodon fulviventer. Evolution 46: 1164-1180.

65



MYCOFLORISTIC STUDIES IN SOUTH CENTRAL AFRICA: STATUS,
CONSTRAINTS, OPPORTUNITIES AND STATEGIES

A.J. MASUKA

Forest Research Centre, P.O. Box HG 595,
Highlands, Harare, Zimbabwe

Abstract. Mycofloristic studies of the South Central African region, comprising Malawi, Zambia and
Zimbabwe, have largely focussed on the identification of macrofungi, apart from fungi of agricultural
importance. The only relatively well studied group is the Aphyllophorales, with over 200 known species.
In addition to their studies on the Aphyllophorales, visiting scientists have contributed immensely to our
present knowledge of the Agaricales, Boletales, Cantharellales, Russullales and other non-basidiomycete
fungi. Termitomyces, Cantharellus species, edible boletes and species of Russula and Lactarius have a
unique contribution to the diets of many people during the rainy season. This has prompted publication of
country and regional guides to mushroom identification and mushroom poisoning. Most studies of the
larger fungi have been of a taxonomic nature, though mushroom productivity studies have just begun. The
major taxonomic approach has stressed morphological and anatomical characters; supplemented by
chemical, ecological, cultural and other characteristics. We find the approach to be pragmatic under our
circumstances, and applicable to a large range of fungi, though its shortcomings have been realised in
recent collaborative studies on African Armillaria. The genetic basis of species differentiation has largely
been of an academic interest. Unfortunately, taxonomic studies are still regarded as being peripheral to
agricultural and forest pathology/mycology and most identifications of fungi are conducted by institutions
outside Africa. There is a lack of qualified scientists, as well as adequate and continuous funding at some
established research institutions. There is need to undertake more fungal inventories and ecological
studies because of their importance to aspects of the conservation of fungal and ecosystem biodiversity.
Furthermore, with an estimated annual deforestation rate of over 250 000 hectares in the region, some
species will eventually be lost before they are known. Assistance in training local scientists must be
sought, and there should be a provision for suitable equipment and literature. Local, regional and
international support for such activities should be mobilised. The importance of herbaria for educational,
reference, conservation and other purposes should be publicised. These are our present challenges and
obligations.

Introduction

The South Central African Region
The South Central African region comprises Malawi, Zambia and Zimbabwe.

The region is bound by the latitudes 8° 25" and 22° 30’ South and longitudes 23° and

36° East. The region is wholly land-locked, the nearest points to the oceans being
over 100 km to the Mozambique Channel and 900 km to the Atlantic Ocean. The
total land area is about 1.25 million km?2. Climate is broadly divided into two distinct
seasons - a summer rainfall season starting November and ending in April, and a
prolonged dry winter season. This has a marked influence on the fruiting times of
fungi and the timing of collection forays - which in our region are best productive in
February and March. The mean annual rainfall is 635-1500 mm per annum. Mean

temperatures are 18°-21° C in areas of a latitude range of 900 to 1200 m.a.s.1. (about
70% of the land area). Wild and Barbosa's (1967) Vegetation Map of the Flora
Zambesiaca Area presents a floristic and physiognomic classification of the region,
in addition to Mozambique and Botswana, the area draining the Zambezi River.

The characteristic vegetation type is that of the Leguminoseae genera
Brachystegia, Julbernardia and Isoberlina. Such dry deciduous forests are termed
miombo - they are widespread and predominant, covering up to half of the area of
the region, at medium to high altitude and rainfall areas, on soils derived from
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granite, schist, quartzite, gabbro or shale. The miombo ecozone - or miombo region -
also extends into southern Zaire, northern Mozambique and parts of Tanzania and
Kenya. Other forest types found in the region are the Zambezi Teak Forests, in
which Baikiaea plurijuga is the dominant species (on the Kalahari Sands in western
Zimbabwe and south-western Zambia, where rainfall is generally low). These forests
also occur in parts of Angola and Botswana. There are small relic swamp and
evergreen forests in high rainfall areas, containing the only coniferous species of the
region (Juniperus, Podocarpus and Widdringtonia). Typical savanna woodlands are
associated with some impediment in drainage and species of Acacia, Combretum and
Terminalia predominate, though there are several secondary associates. In the lower
elevation areas Colophospermum mopane predominates, especially on calcareous
soils. Forested areas are interspersed with shallow depressions or drainage canals
that are seasonally waterlogged (dambo or vlei), forming grasslands. Considerable
development of plantations with exotic species (mainly Acacia, Cupressus,
Eucalyptus and Pinus) currently totalling 2 500 km? has taken place within the last
4-5 decades

The assemblage of fungi in South Central Africa is large and heterogenous. It is
impractical and probably unadvisable, considering the variety of species and the
constellations of characters they posses, for one to sufficiently and efficiently
address aspects of their taxonomy, ecology, distribution etc. - floristics - in this
presentation. I will therefore, focus on the macrofungi, a group I have also studied
for some years now.

Importance of fungi

The importance of and uses of fungi are diverse, some being detrimental to
mankind, crops and animals. The presence and importance of fungi in agricultural
and forestry systems as pathogens, saprotrophs and symbionts is well recognised.
Their use in wine-making and beer-brewing industries, as food, medicines and
mycopesticides, and in other novel biotechnological applications have been tapped to
a variable extent in the region (Subramanian, 1992, Hawksworth, 1993, for the
general importance of mycology to development). The applied mycology aspects
attract the bulk of funding from public and private institutions. Generally, studies on
fungal taxonomy and ecology, are regarded as being of fundamental importance
only, and have received limited attention.

STATUS OF MYCOLOGY RESEARCH AND TAXONOMIC STUDIES

Meaningful mycology research is conducted by Universities, Departments of
Agriculture and Forestry, some parastatals and a few private organisations.

Parasites

Comprehensive lists of fungi of pathological importance in agriculture (Rothwell
1982, Angus 1962-66, Doidge 1950) and forestry (Masuka and Ryvarden 1992a)
have been compiled. Macrofungi on living forest trees (Table 1) have only been
collected for serious study recently. The fungi play an important role in tree
succession and hence stand and ecosystem dynamics. Fomitopsis widdringtoniae
Masuka & Ryv. is commonly found on Widdringtonia nodiflora in Malawi (Masuka
and Ryvarden, 1993a), and is associated with the widespread decline of the host
species. Armillaria, Amauroderma and Ganoderma species are the most common
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fungal causes of mortality in indigenous tree species. Heart-rot in indigenous
merchantable timber species (e.g. B. plurijuga and P. angolensis) may reach an
incidence of up to 19% in logs (Masuka and Ryvarden 1993b). This has prompted
some recent studies (including those on the taxonomy and ecology of causal fungi)
on the subject in Zimbabwe.

Table 1. Macrofungi associated with living trees in South Central Africa.

Species Host Parasitised part2 (rot)
Abortiporus biennis (Bull.: Fr.)Sing Bu, root, butt
Amauroderma argenteofulvum (Van der Byl)Doidge Bs, Jg root

A. fuscoporia Wakef. Bs, Jg root

A. preusii (Henn.) Steyaert Bs,Jg root
Armillaria (Fr.) Kummer spp. Bs, Jg, Pc root
Aurificaria indica (Mass.) Reid Csp heart
Fomitopsis widdringtoniae Masuka & Ryv. w butt
Ganoderma australe (Fr.) Pat. Kn, Bg heart, butt

G. colossum (Fr.) Baker Cm root, butt

G. eminii (Henn.) Ryv. Bs,Jg root, butt

G. lucidum (Fr.) Karst. Bs, Jg, Pc, F root, butt

G. sculptrutum Lloyd Bs, Jg (Eg)* root, butt
Inonotus afromontanus Ryv. and Gilbn. Psp butt
Perenniporia martius (Berk.) Ryv. Kn heart
Laetiporus baudonii (Pat.) Ryv. Bs, Jg root
L. percisinus (Berk. & Curt.) Gilbn. Bu heart
Phellinus allardii (Bres.) Ryv. Bsp, Cm heart

P. fastuosus (Lev.) Ryv. Cm heart

P. lamaensis (Murr.) Ryv. Bu, Kn heart

P. merillii (Murr.) Ryv. Kn heart

P. rimosus (Berk.) Pil. Psp, Pa, Ba, Bp, Bs heart

P. robustus (Karst.) Bourd. & Galz. Bu, Bs, Cp heart

P. senex (Nees. & Mont.) Imaz. Bs,Jg heart

P. wahlbergii (Fr.) Reid Bu, Bs heart

1 Bp, Baikiaea plurijuga; Bg, Brachystegia glauscesens; Bs, Brachystegia spiciformis; Ba, Burkea
africana; Cm, Colophospermum mopane; Csp, Combretum sp.; F, Ficus spp.; Jg, Julbernardia globiflora;
Kn, Khaya nyasica; Pa, Pterocarpus angolensis; Pc, Parinari curatelifolia; Psp, Phillipia sp., W,
Widdringtonia nodiflora

2 But-rot defined as up to 1 m above ground; higher than that the term heart-rot applies.

* The fungus has recently adapted onto Eucalyptus grandis in Zimbabwe and causes up 4% annual
mortality in high risk areas whose previous indigenous vegetation is B. spiciformis or J. globiflora
(Masuka and Nyoka, 1994).

Mushrooms and mushroom poisoning

Mushrooms are highly rated on the local gastronomic scale, have a unique
contribution to the diets of many people, and are extensively collected during the
rainy season (December-March). Country and regional guides to mushroom
identification and mushroom poisoning have been produced. Morris's (1987)
Mushrooms of Malawi and Storrs and Piearce's (1982) Do Not Eat These, Piearce
(1981a) and more recently Ryvarden, Piearce, Masuka's (1994) An introduction to
the Larger Fungi of South Central Africa are useful starting points for anyone
studying mushrooms in this part of the world. Throughout the region fungi are
normally equated with mushrooms (Khonga 1994, Masuka 1992a, Morris 1984,

68



1987) and traditional classification systems - passed orally from one generation to
the next - have existed to this day, though with urbanisation local, elderly people
remain the only repository of such knowledge. The classification system is based
principally on colour (there are 4-5 in the region), aroma, texture and taste. In
Nigeria the shape, texture, taste and maturation period are the major taxonomic
criteria employed by local people (Alabi 1994). A start has been made in Zimbabwe
to prepare a checklist of vernacular names of fungi (in different languages and
dialects) and to provide their English equivalents (where applicable) and scientific
names. There is substantial folklore associated with edible and poisonous
mushrooms though there are a few records of the use of macrofungi in traditional
medicine, or for ritual purposes, and fungi are rarely used in artwork (Masuka 1992a,
Piearce 1981a, Morris 1984, 1987). Perenniporia mundula (Wakef.) Ryv. is the only
medicinal fungus used throughout the region, for treatment of pleurisy and
impotence.

Termitomyces, Cantharellus, some species in the Russulales and Boletales are
regarded as delicacies. A representative number of these, and other macrofungi, have
been included in the book by Ryvarden et al (1994). Amanita zambiana Pegler &
Piearce, confined to South Central Africa and southern Zaire, is abundant and widely
collected for consumption. The hard-textured species such as Lentinus cladopus Lev.
and Polyporus tenuiculus (Beauv.) Fr. are edible but seldom collected; for
consumption during the off-season.

There are about seven common Termitomyces species among which four are
highly regarded. They have been studied in greater detail in Zambia (Piearce 1987).
There are approximately 1 800 termite species in Africa and South East Asia among
which some 100 species in six genera grow, among them, about 20 species of
Termitomyces (Bels and Pataragetvit 1982). The associated mounds can be invisible
to about 10 m high. The relationship between Termitomyces and termites is an
example of obligate symbiosis. The only other similar association of insects and
fungi is that of the Attini, confined to Central and South America, which have been
reported to grow a Leucocoprinus sp. (Holldobler and Wilson 1990). There is no
evidence that the complementary habits of Termitomyces and Leucocoprinus sp. are
mutually preemptive involving competitive exclusion, or accidental, reflecting the
rarity of evolution along that path.

Amanita, Cantharellus, Lactarius and Russula, and also Termitomyces species
cannot, as yet, be cultured. Their continued presence will depend on the protection of
their natural environments. Mushroom collecting is regarded as a women's task.
Mushroom productivity studies (counts by species and basidiocarps, basidiocarp
diameters, determination of fresh and dry weights and nutritive values) in miombo
forests in Zimbabwe have only been recently initiated. Aspects of mushroom
collection, processing and consumption (and utilisation) patterns; importance in rural
economy; and valuation, marketing and trade will also be considered. Such studies
should result in a further understanding of their taxonomy and ecology.

Several cases of mushroom poisoning are reported each year, and children are
most vulnerable. Most cases of poisoning reported generally fall within the class of
gastrointestinal irritants (Ryvarden et al. 1994). Species (authentically) associated
with poisoning are Chlorophyllum molybdites (Meyer: Fr.) Masse, and some
Amanita species which are commonly mistaken for Macrolepiota and Agaricus
species. Mushroom poisoning has attracted considerable attention from the print and
electronic media in the region. Publications on the subject are by Flegg (1981),
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Gelfand and Harris, (1982), Robertson (1983) and Sharp (1983) for Zimbabwe;
Storrs and Piearce (1982) for Zambia, Morris (1987) for Malawi, and (Ryvarden et.
al. 1994) for the region.

Following introduction of exotic plantation species (Pinus spp.) poisonous
species of Amanita [A. muscaria (L.:Fr.) Hooker], but also edible species such as
Boletus edulis Bull.:Fr. and Suillus granulatus (L.:Fr.) O. Kuntze have become
naturalised in those plantations. Most locals regard macrofungi under exotic
plantations with very deep suspicion.

Fungi on timber in service

Recent studies in South Central Africa have also focussed on the identification of
decay fungi on timber in service, ascertaining their temperature and moisture
characteristics in culture, determining frequency of occurrence and extent of damage
they cause, and on aspects of their control (Masuka and Ryvarden 1992). There is
even greater scope for such studies as the construction of timber houses is now
permitted in Zimbabwe (Standards Association of Zimbabwe, 1990). Furthermore,
fungi responsible for deterioration of paints and other products may also be studied.
Some survey work on the fungi causing decay of mine timber has also been
conducted. The studies have revealed the presence of Gyrodontium boveanum
(Montagne) Maas G. as an important rotter of mine timber, Coniophora puteana
(Fr.) Karst., Antrodia vaillantii (Fr.) Ryv. and Gloeophyllum trabeum (Fr.) Murr. in
pine timber, and Coriolopsis polyzona (Pers.) Ryv. and Trametes vesrsicolor (Fr.)
Pil. in hardwood timber (Masuka 1992a).

Saprotrophic and mycorrhizal macrofungi

Most fungi in the region are saprotrophs on dead wood and on leaf litter, being
inconspicuous to the unaided eye to large and sometimes brightly coloured species.
The only well studied group is the Aphyllophorales (Masuka 1992b, Masuka and
Ryvarden 1992b, 1993c, Mswaka 1992). This is so because the fungi are easy to
collect and store. Collections in the region have yielded much information, and
currently the region is better explored mycologically than most parts of Africa.
Studies on the agarics and boletes have recently been resuscitated following
collaborative collection trips with institutions and individuals in the United States of
America.

The taxonomy of tropical fungi is in a continuing state of flux including that of
relatively well studied groups such as the polypores (Ryvarden, 1994). New species
continue to be discovered following thorough collecting (Masuka and Ryvarden
1993a) and many more polypores will be described soon from our region (Mswaka,
Masuka and Ryvarden, unpublished). Such new discoveries have added to the
instability of generic and species delimitations, whose descriptions are often based,
for historical reasons, on temperate species. Current work on novel Dichomitus
species from the region have repercussions on the generic delimitations of
Grammothele, Grammothelopsis and Megasporoporia.

Collections of Aphyllophorales have yielded very valuable information (Table 2)
and recent comparisons indicate that there are only 2-5% brown-rot fungi in the
Polyporaceae in the tropics compared to 28-30% in temperate countries (Ryvarden,
1994).
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Table 2. Ecological roles of Aphyllophorales in Zimbabwe.

Family Number of Species
Mycorrhizal Parasitic Saprotrophic

Corticiaceae 0 0 7
Hymenochaetaceae 0 11 28
Lachnocladiaceae 0 0 6
Coniophoraceae 0 0 8
Ganodermataceae 0 8 11
Hericiaceae 0 0 11
Polyporaceae 1 11 106
Punctulariaceae 0 0 1
Schizophylaceae 0 0 2
Steccherinaceae 0 0 2
Stereaceae 0 2 4
Thelepohoraceae 1 0 0

source: Masuka and Ryvarden (1993c¢)

The majority of the recorded species found in a study by Masuka and Ryvarden
(1993c) had di- or tri-mitic systems of hyphae (Table 3), and there were significantly
(x2 =23.24, P < 0.01) more monomitic species in higher rainfall areas (Afromontane
and moist ever-green forests) than in the drier areas (Baikiaea and Mopane forests).

Within the various forest types the species occurring there tend to be predictable.
Thus while Phellinus rimosus is a common species in mopane woodlands
Amauroderma and Ganoderma species do not occur there but predominate in
miombo woodlands.

Table 3. Hyphal system and vegetation type.

Forest Type Number of Species
Monomitic Di-/Tri-mitic

Afromontane 3 (38) 5
Baikiaea 3 9) 29
Deciduous tree savanna 3 (10) 28
Eucalypts 7 (22) 25
Miombo 12 (15) 67
Moist evergreen 24 (26) 72
Mopane 3 (10) 26
Pine 22 41 32

The figures in parenthesis indicate the percentage of species with a monomitic
hyphal system.

An analysis of the species of the Coniophoraceae (Table 4) shows that only a few
have been found in Africa. The data was compiled from various sources including
Ginns (1976, 1978, 1982), Gilbertson and Ryvarden (1987) and Masuka and
Ryvarden (1991). These observations are based on the morphological species
concept. It is not known whether some of the species found in temperate
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environments are present in the tropics in a vegetative state but fail to produce
basidiocarps because of adverse climatic and other conditions. One inherent flaw in
such comparative mycogeographical studies is the dilemma of distinguishing
between non collection and non occurrence of a species in an area.

Table 4. Representation of genera of the Coniophoraceae in Africa.

Genus Number of species in
Genus Africa

Coniophora 15 8
Corneromyces 1 1
Gyrodontium 3 2
Jaapia 2 0
Leucogyrophana 9 1
Meruliporia 1 0
Pseudomerulius 1 0
Serpula 3 1

The Myxomycetes are extremely common but have not been collected for serious
study in the region. Species of Lycogala are quite common in sheltered moist places.
Among the common Ascomycetes known here are Cookeinia (Sarcosomataceae)
though the whole group has been poorly studied. Daldinia, Hypoxylon and Xylaria
species (Xylariaceae) are also quite common but the species have not been identified
with certainty. Among the Heterobasidiomyectes only the common species of the
Auriculariales, in Auricularia, and the Dacrymycetales, such as the conspicuous
Dacryopinax, are known and often collected. The other order, the Tremellales, has
not been studied in this part of the world.

Studies on the Agaricales of the region have been conducted by Pegler (1982),
Pegler and Piearce (1980), Piearce (1981a, 1987), Morris (1987) and Ryvarden et al
(1994). Pegler's (1977, 1986), A Preliminary Agaric Flora of East Africa and Agaric
Flora of Sri Lanka have many applicable keys to agarics of South Central Africa and
have formed a basis on which to build local knowledge. Studies on agarics have been
most intensive in Zambia. However, a thorough and systematic inventory of the
whole group has not been undertaken. Among the notable species are the poisonous
Chlorophyllum molybdites, which can be mistaken for some Agaricus or
Macrolepiota species. Collybia aurea (Beeli) Pegler (Tricholonmataceae) is a
tropical African species whose dense and clustered habit makes it easily
recognisable. The Russullales have also not been studied in any great detail. A few
notable species in the genera Lactarius and Russula are however, confined to this
region. Lactarius kabansus Pegler & Piearce is only known as yet from Zimbabwe
and Zambia, in miombo woodlands. Perhaps the least studied group of macrofungi is
the boletes which occur scattered throughout miombo woodlands. Among the poorly
studied Aphyllophorales are resupinate species - the 'corticiums' including species in
Hymenochaete (Hymenochaetaceae). The gasteromycetes too have been poorly
documented, though some preliminary work was conducted in Zambia (Piearce
1981b). A notable species in the Lycoperdales (Broomeiaceae) is Broomeia
congregata Berk. only known in Africa south of the Sahara, often close to Acacia
tree species. Another distinctive fungus is Podaxis pistillaris (Linn.:Pers.) Fr.
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(Podaxales) a tropical and sub-tropical species, in Southern Africa found mostly on
termite mounds.

Taxonomic approach

The biological species concept is the basis of taxonomy in fungi, though there
has been much debate on this subject (Clemencon 1977, Parmasto 1985, Boidin
1986, Hallenberg 1988). Morphological and anatomical characters of the
basidiocarp, type of rot, reaction with selected chemicals, host range and
specialisation and distribution (mycogeography) are routinely used in taxonomy.
The approach is simple, inexpensive and pragmatic under our conditions were a
greater number of species are unknown. As the taxonomic species concept
emphasises the importance of developmental criteria, this has necessitated the
analysis of the basic characteristics of the individual. Cultural, biochemical,
incompatibility and genomic studies, and phenetic and cladistic analyses have not
been used for fungi of the region to any great extent. Such studies could solve some
delimitation problems, and are especially useful in economically important species
and genera (e.g. Armillaria). A broader consideration of taxonomic characters is
often done in mycologically better known regions, where molecular studies have
gained prominence; and phenetic and cladistic analyses yield most valuable
information there. However, there is hardly need for competing taxonomic
approaches - the classical and culture-based methods - rather they should be
regarded as being complementary. Indeed, in several cases the modern methods have
corroborated delimitations arrived at using the classical or "conventional" taxonomic
methods.

Morphological characters are polymorphic and it is impossible to reveal
convergence phenomena or parallel evolution from their analysis. Funalia leonina
Kl. is primarily separated from Trametes by the presence of a thick mat of hairs on
the upper surface of the basidiocarp. The presence of this feature in the species might
just be an adaptation to predation by insects. Similarly, Coriolopsis species are
separated from Trametes species by the coloured vegetative hyphae, and Pycnoporus
is recognised as a distinct genus because of the presence of cinnabarin. Flavodon
flavus (Kl.) Ryv. is separated from Irpex by its yellow colour, but is
micromorphologically similar - also having simple-septate hyphae and encrusted
cystidia. An in depth analysis of the species' cultural and biochemical characters
might reveal their true affinities. Furthermore, the yellow colour often fades with
age.

Only a few species are known in culture (11 500 strains out of an estimated 254
000 strains in herbaria around the world or 17% of known - and only 0.8% of
estimated number of - species present in the world, see Hawksworth 1994a,b). The
rapid disappearance of species due to deforestation and other causes has given
priority to less tedious, but workable approaches to taxonomy, and to collection for
ex-situ conservation purposes in general.

In recent collaborative studies on the genus Armillaria the limitations of the
morphological species approach have been poignantly manifold. Various features
(and methods) are now being used to differentiate the Armillaria species in culture,
to complement classical methods (Table 5).
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Table 5. Methods used to group Armillaria species from tropical Africa.

1.Fruiting in culture

2.0bservation of morphology of basidiocarps, conditions conducive to fruiting, frequency of fruiting,
morphology of single-spore isolates

3. Pairing tests

4. Comparison of growth in culture at different temperatures

5. Comparison of subterranean rhizomorphs obtained in a mist case

6. Biochemical and molecular analysis of proteins: esterase, whole cell DNA by hybridisation of
restriction digests with mtDNA and random amplified polymorphic DNA analysis

Source: Mohammed and Guillaumin (1994).

Basidiocarps of the fungus are rarely produced under our conditions (Masuka,
1994). Studies by the "Zimbabwe Armillaria Group", under the EEC Project on
African

Armillaria coordinated by the Oxford Forestry Institute, focussed on growth
features and biochemical characteristics of the fungus in culture (Mwenje and Ride
1994) and on species screening for resistance and nursery pathogenicity experiments.

CONSTRAINTS

Priorities and funding

There is a lack of adequate, assured and continuous funding, as taxonomic
studies have been relegated from the priority list; and applied pathology/mycology,
including biotechnology, have gained prominence. It is however, important to note
that knowledge of biodiversity, the .raw material for biotechnologies for agricultural
development' (Boussingeut 1991), (which is heavily dependent on taxonomic
studies) is (still) poor and fragmentary. Among the reasons for the lack of taxonomic
studies is perhaps the opinion that taxonomic studies have no commercial value or a
place in applied research. The importance of these studies has been underplayed
leading to a marginalisation of the subject, hence taxonomy has become peripheral to
the fields of agricultural or forest pathology. There is competition with other fields
for funding, in addition to status and credibility. Only three out of 18 papers
presented at the First African Regional Mycology Conference in Mauritius in 1990
dealt with fungal taxonomy (Hennebert 1994).

Countries in the region are pursuing structural adjustment programmes. These
have generally, led to a reduction in public expenditure. In any budget cuts research
operations, by their nature, usually suffer first and most. The salaries budget for
some research institutions already account for 70% of the operational budget, further
reducing financial resources allocated to research work.

Personnel

There is a lack of qualified staff. Those that have training in taxonomy often
conduct taxonomic studies on a part-time basis, as there is no full-time taxonomist in
the region. There is also a lack of status, recognition and generally, inadequate career
paths for researchers in developing countries, and taxonomists are no exception. At
this symposium whose theme is "Tropical Mycology: quo vadis?" only two out of
the seven speakers are from the tropics. The respective number of permanent
scientists listed in the directory of African mycologists for Malawi, Zambia and
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Zimbabwe are only 1, 3 and 7 (Buyck and Hennebert 1994). Only Zimbabwe has the
personnel capable of conducting systematic inventories of macrofungi.
Literature

There are no monographs for the region. One has to depend on literature from
elsewhere. The shortage of relevant information on tropical species has made any
pioneering study a frustrating experience. With regards to the polypores Ryvarden
and Johannson's (1980) Preliminary Polypore Flora of East Africa provides a
valuable starting point, so do Pegler's (1978, 1986) monographs of agarics.

Facilities

The facilities available do not allow for advanced methods to be employed, so
studies employing molecular approaches to taxonomy (enzyme, DNA analysis) can
only be conducted at Universities (there is a shortage of equipment there as well),
and will probably remain being of an academic interest only for the foreseeable
future.

In all three countries the macrofungi herbaria fall under different institutions: the
Zambian collection is at the Forestry Research Headquarters (ca. 2000 specimens),
in Malawi the collections (ca. 500 specimens) are at the National Herbarium and
Botanic Garden, while those in Zimbabwe are at the University of Zimbabwe (on
temporary transfer to the Forestry Commission, Forest Research Centre since 1989,
ca. 3000 specimens).

Methodology

Our priority in the region is to collect and document species before they
disappear. This calls for the morphological and anatomical species approach to
taxonomy. In well studied regions, studies have now concentrated on elucidating
relationships between taxa and solving delimitation problems. Sometimes our
approach (morphological) to species delimitation appears parallel to the biological
species concept, and problems have been encountered in conclusively identifying
species described on the basis of the latter concept. The shortage of equipment to
conduct the required further analyses compounds the problem.

Communication and networking

Because of the constraints imposed by a shortage of funding scientists in the
region do not travel often enough to meet and share ideas with peers. This has often
led to unnecessary duplication, thus retarding the pace of progress in some studies.
Joint project proposals are rarely made with institutions in the region. Opportunities
for networking have often come from exogenous factors, being spear-headed from
institutions outside the region.

WINDOWS OF OPPORTUNITY

The rate of deforestation on a global scale is estimated at 15 million hectares a
year (UNEP, 1987) with greater losses taking place in developing countries and at
present rates of deforestation about 40% of remaining forest cover might be lost by
the year 2000 (Organisation for Economic Cooperation and Development, 1985).
The estimated rate of deforestation is over 250 000 hectares annually in the region
(Table 6). The causes are shifting cultivation, expansion of agriculture, cattle
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ranching, the growth of industrial mining, and timber and wood exploitation and
rapid urbanisation. These are exacerbated by high population growth rates of up to
3% per annum.

During the past ten years the need to preserve (plant) diversity has been
popularised culminating in the conniving of the Earth Summit (and Agenda 21) in
Brazil in 1992. Funding for conservation efforts has been mobilised and much of this
has targeted developing countries. However, the need for a holistic ecosystem
management approach has also illuminated the need to incorporate other
components.

Table 6. Deforestation rates in the region.

Country Total Area Rate of Deforestation
(x1000 km2) (% per annum)

Malawi 9408 0.93

Zambia 74072 0.53

Zimbabwe 38667 0.45

Source: Singh (1991)

Fungi are important components of forest ecosystems, recycling immobilised
nutrients and, through symbiotic associations, directly contributing to the well-being
of forests. However, at present rates of deforestation some species might even be lost
before they are known. A window of opportunity has been opened for conserving
and inventorying fungi, and to further study their ecology and biology. Indeed, more
than ever before, there is now scope for assessing absolute, generic, ecological and
mycogeographical diversity of fungi.

There is still a receptive audience (in both public and private institutions) willing
to cooperate, collaborate and fund joint studies, and to assist in training developing-
country scientists. The opportunity must not be missed.

There are vast opportunities for studying the mycorrhizal species in miombo
woodlands, for their contribution to plant growth, and for opportunities to create
manufacturing and processing industries to satisfy local and international demand for
mushrooms and mushroom products. These studies will gain prominence due to the
current wave of interest in non-timber forest products arising from a new realisation
that woodland management is an integral component of social forestry programmes
in the region.

A variety of national and regional literature has been published on mushroom
poisoning because the only sure way to know whether a mushroom is safe to eat is to
be able to identify it in advance accurately and with certainty (from own and others
experience and books). Mushroom poisoning will continue to be an important public
health concern. This should result in more taxonomic and ecological studies on
mushrooms and related fungi in the region.

The biotechnological applications of fungi will soon feature prominently in the
region, in concert with developments in other parts of the world. There is a search
for emtomopathogenic fungi for use against scale insects (Aspidoproctus sp.) which
have decimated extensive areas of Brachystegia-dominated forests in Zimbabwe.
Such studies will, undoubtedly, have taxonomic and ecological aspects - which
should contribute to a better inventory of microfungi of the region. Some work might
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focus on elucidating the biochemistry of the curative properties of fungi such as
Perenniporia mundula, for the academic and practical challenges it presents. The
increasing use of genetically uniform crops and trees in monocultures could give rise
to more disease problems. That should keep mycofloristic studies of this important
group of fungi alive. In addition, biological control options in agriculture and
forestry will gain prominence in line with the need to employ environmentally
benign methods of pests and disease control. Finally, the search for secondary
metabolites for use in pharmaceutical and other industries should spur mycofloristic
studies in the region, as hitherto unknown or little explored habitats are thoroughly
inventoried. Indeed, the diversity of tropical fungi has been recognised together with
their potential use in biotechnology (Subramanian 1992), so an increase in their
inventorying and methodic study is envisaged.

Herbaria must be regarded as assets, and studies in these could provide a basis
for checklists, and indicate priority areas for further field collecting and
documentation studies.

STRATEGIES

Training

There is need to build capacity for fungal inventorying, taxonomic and other
studies. This can be accomplished by organising fungal identification training
courses. The International Mycological Association (IMA), International
Mycological Institute (IMI) and the Committee for the Development of Mycology in
Africa (CODMA) are planning to organise a Regional Fungal Identification Training
Course for Africans actively engaged in research in the fields of pathology and
mycology during the early part of 1995. Short courses and exchange visits foster the
sharing of information sharing, so should be encouraged.

Fungal inventorying

Intensified collection and documentation studies should be accorded the highest
priority, otherwise many species will disappear before they are collected. Little
explored habitats must also be inventoried. A series of ecological studies are either
in progress or shall be initiated soon.

Literature

Access to literature should be improved through increased subscription to
journals. Severe foreign exchange problems and the high subscription rates militates
against these efforts -ultimately only a handful of journals might be subscribed to
and, even fewer may be regularly available. Electronic literature databases such as
CD-ROM, Internet etc. should be provided to allow for rapid and accurate literature
searches. However, to enable this funding will need to be sought.

Mobilise, organise and educate

There is need to sensitise and organise schools into amateur clubs; organise
poster competitions in schools; create awareness and fungal conservation societies;
involve the media (regarding mushrooms); and publicise fungi through stamp and
other anniversary commemorations. The importance of fungi in the maintenance of
ecosystem diversity through symbiosis and saprotrophic activities, in biotechnology,
as food and medicines; and for aesthetic purposes, should be continually highlighted.
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Environmental impact assessment studies should have a fungal component.
Mycologists should mobilise and organise themselves and others to lobby
governments, public and private organisations for this component to be included
wherever such studies are being conducted. The importance of fungi as
bio-indicators of change (habitat disturbance, pollution etc.), if clearly articulated,
should result in an increase in fungus-related environmental studies.

Herbaria

Herbaria should be publicised for their scientific, educational, conservation and
other purposes. This might lead to more collections being undertaken by individuals
and local societies. Presently herbaria are grossly underutilised. Herbaria are a
repository of myco-diversity - analogous to seed centres and gene banks - and must
be regarded and treated as assets.

Documentation

Mycologists in the region will need to devote a considerable proportion of their
time to documentation studies. A checklist of macrofungi recorded in Zimbabwe is
now being prepared. There are no pathology or mycology newsletters, nor journals
in the region. The launching of the African Mycology and Biotechnology Journal in
Cairo, Egypt, in 1992 should provide an outlet for relevant publications (and African
perspectives). Exploratory work on starting a regional newsletter has just
commenced.

Cooperation, collaboration and networkin

Cooperation, collaboration and networking (with individuals and institutions
within and outside the region) are prerequisites for any meaningful progress to be
achieved on mycofloristic studies of the region. Attendance at conferences,
symposia, workshops and seminars should further provide important fora for the
exchange of ideas and information. Meagre financial, human and physical resources
can then be appropriately deployed resulting in a sharpening of research focus and
rapid progress. Faster methods of communication are needed. International
collaborative/cooperative fungal inventorying efforts should be initiated, but need to
be clearly defined and well planned (in the wake of property rights) and, of
necessity, should encompass and build up and equip national centres in the
respective countries.

CONCLUSION

The success of strategies outlined above depends on the availability of funds;
local, regional and international support; and perhaps most importantly, the whims
and aspirations of scientists in the region. We must initiate intensive studies soon,
and even if we do not achieve our goals, in the words of Robert Louis Stevenson,
'...to travel hopefully is a better thing than to arrive, and the true success is to labour.'
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STRATEGIES FOR THE DEVELOPMENT OF TROPICAL MYCOLOGY

A PEERALLY

Faculty of Science, University of Mauritius, Reduit, Mauritius
Introduction

The need to develop biosystematics generally and mycology specifically has
been the subject of some pertinent interventions during the last five to six years
(Hawksworth and Bisby 1988, Hawksworth 1991, Hawksworth 1993, Peerally 1994,
Haskell 1994, Rossman 1994, Zedan 1994, Bennett 1994, Jones 1994). Earlier
Subramanian (1982, 1985) had highlighted various manners by which mycology
could promote development in the tropics. Subramanian (1986) observed that there
was no organisation in South or South-East Asia which could help anyone in the
identification of fungi important in agriculture, forestry, medicine, public health and
industry. We could very much make a similar observation today as we approach
2000A.D. It must be said that the development of mycology is of relevance not only
to the tropical countries but to all industrialized countries as well. Any strategies for
mycological development inescapably have to take into account the synergistic
interaction between developing and developed countries.

This paper will attempt to review briefly the relevance of mycology to
development, the various efforts in the tropics and in the North aimed at promoting
biosystematics and/or mycology. These interventions and efforts already incorporate
recommendations for the development of mycology world-wide and what is now
needed really is to seek funds to support mycology in a more integrated and
organised manner.

Relevance of Mycology to Development

Hawksworth (1993) detailed out, prioritized and categorized the relevance of
mycology to economic development with particular reference to the tropics and a
summary of his ideas is as follows:

(a) Food Security
Diseases in the fields
Post-harvest losses
Disease diagnosis
Biocontrol
Quarantine
Chemical control
Plant breeding for disease resistance
Mycorrhizas
Edible fungi
Mycoprotein
Mycotoxicology
Fermented foods and beverages
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(b) Waste Utilization
Upgrading of wastes into animal feeds
Composting
Biodegradation for paper making
Recycling of organic wastes
Bioremediation
Limitation of organic pollutants

(c) Public Health
Food safety
Mycotoxins
Mycoses
Fungi in AIDS
Fungi in allergy

(d) Biotechnology
Fungi as an unevaluated resource
Pharmaceuticals
Industrial enzymes
Pesticidal properties
Fermentation technologies
Flavours, fragrances
Delignification

(e) Maintenance of Biodiversity

Fungi play an important role in the maintenance of biodiversity through the
maintenance of ecosystem function. Thus fungi are useful to higher plants in
mycorrhizas, fungi and fungal enzymes play a key role in the digestive tracts of
many feeding insects and even in the stomach of ruminant mammals. Fungi are
important in nutrient cycling and natural biodegradation. Other fungi and various
lichens have roles as bioindicators of ecological continuity.

Status of Mycology in Tropical Countries

While a few tropical countries like Australia and South-Africa have attained at
least the critical mass in terms of applying mycology to development, most other
tropical countries significantly lag behind. Hawksworth in his keynote address at the
Second African Regional Mycology Conference (Hawksworth 1993) said:
"Mycology has an immense amount to contribute to key aspects of development, but
the subject is rarely accorded the attention it merits in national programmes aimed at
increased sustainability. In the Tropics, and less developed regions generally, this is
particularly true. Yet it is in those very areas that mycologists are generally few in
number, and have scant resources?"

All aspects of mycology need strengthening in tropical countries, especially in
view of the various continua such as mycology-biotechnology, mycology-
agriculture, mycology-human health, mycology-industry. Areas which need urgent
attention are crop diseases, post-harvest losses, new biological control possibilities,
mycorrhizas, food storage and mycotoxins, edible fungi, the microbiology of
fermented foods and beverages, waste utilization, environmental bioremediation,
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fungi causing human diseases and the isolation of novel and desired strains.
(Hawkswort 1993).

In terms of constraints the major problems are the scant human resources,
information and reference collection resources and funding for research, training and
development work in mycology, as well as the inadequacy of appropriate career
structures in Universities and research institutions, government bodies and in the
private sector.

The International Mycological Directory (Hall and Hawksworth, 1990) lists 96
mycological organisations and institutions in the North, compared to 23 in the South
of which 11 are in Australia alone. Only Argentina, Australia, India, Mexico, and the
Republic of China have mycological societies. No African country has its own
mycological society. Most lack even basic check lists, only nine of 53 African
countries have any mycological collections included in the latest edition of Index
Herbariorum (Holmgren et al. 1990). Only five African countries have culture
collections listed in the current World Directory of Culture Collections (Takishima et
al. 1989). Checklists are virtually non-existent.

Hawksworth (1993) went on to say that mycologists in Africa are isolated, and
spatially remote from other mycologists, the major work in African mycology
continues to be authored by Europeans.

Although a few mycologists in Asia, Latin America and Africa have lived up to
international standards in their contribution, the magnitude of mycological problems
in the tropics remains totally out of proportion with the available resources. The
most poorly equipped are Africa, Central America and the Caribbean.

The IMA Regional Committees for Africa, Asia and Latin America are
attempting to popularize mycology in their respective regions, but the meagre
financial resources at their disposal barely allow meaningful activities to be
organised, except for the occasional regional conferences. Plans of action which
have been worked out as part of the deliberations of regional meetings have not
taken off in most cases due to problems of networking resulting from financial
constraints.

International and National Organisations/Institutions Promoting Mycology

Associations and Societies

In spite of the strong linkage in the continuum mycology-biotechnology,
mycology is a discipline which cannot muster the media coverage not the public or
private funding as biotechnology. There are good signs however that mycology,
which has a brighter future now than was felt say a decade ago, is becoming more
organised and coordinated. The International Mycological Association and D. L.
Hawksworth have contributed significantly to the popularisation of mycology. The
International Mycological Congress, formerly held every 6 years or so, is now
organised every four years. IMA Regional Committees in Europe, Asia, Latin
America and Africa are actively having their own regional conferences and some
other activities. Other subcommittees of the IMA have contributed significantly in
rationalizing nomenclatural problems.

The International Society for Human and Animal Mycology (ISHAM) formed in
1954 encourages the practice and study of all aspects of medical and veterinary
mycology, and had 842 members from 68 countries in 1990. It publishes the Journal
of Medical and Veterinary Mycology. It holds regular international meetings and
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occasionally ad hoc meetings and workshops.

The International Society of Mushroom Science (ISMS) focuses on fungal
biotechnology, edible fungi, macromycetes and holds regular international
congresses, and symposia on specific topics.

Other international mycology organisations are the Mycology Division,
International Union of Microbiological Societies with interests in biotechnology,
medical and veterinary fungi, micromycetes, mycotoxins and yeasts; the
International Association of Lichenology and the International Pythium Group. The
recently established World Society of Mushroom Biology and Mushroom Products
(WSMBMP) is interested in all aspects of edible and non-edible, poisonous
macrocycetes including those having medicinal attributes.

Institutes

International Mycological Institute (IMI)

A major world centre of excellence for the systematics of filamentous fungi, it
provides specialist support and associated services in all aspects of applied
mycology, including information and training.

Centraalbureau voor Schimmelcultures (CBS)

An institute of the Netherlands Academy of Sciences, it deals with all aspects of
mycology, provides information and identification services and organises training
courses regularly.

Mycotheque Université Catholique de Louvain (MUCL)

MUCL is part of the Belgian Coordinated Collection of Microorganisms
(BCCM) financed and coordinated by the Science Policy Office of Belgium. Besides
being a reputable fungal reference centre, MUCL encompasses systematic and
applied mycology. It also offers mycological services and customized training
facilities.

American Type Culture Collection (ATCC)

Its primary aim is to acquire ex-type cultures of all named taxa and strains of
scientific and commercial interests. It provides information and identification
services. It organises training courses and workshops regularly.

US National Fungus Collection (USDA)

It is dedicated to the systematic study of plant pathogenic fungi, those useful in
biological control and of plant quarantine significance. It has developed an important
computerized information system for the identification of pathogenic fungi.

Microbiological Resources Centres (MIRCEN)

The Microbiological Resources Centres consist of a network of centres of
excellence in both tropical and developed countries dedicated to the application of
microbiology to development, and emphasize bacteria as well as fungi. It is one of
the organisations dealing with mycology that are mainly funded through the UN
system. MIRCEN has also contributed significantly to training of personnel in
applied microbiology.
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The Biodiversity Debate

The realization that biological sciences, molecular biology and biotechnology in
particular, might hold the key to economic explosion and sustainable development in
the decades to come is, as we know, significantly behind the global debate about
biodiversity. The risk of environmental degradation with consequential loss of this
biodiversity has also been an important element.

According to Hawksworth (1993) as little as 5% of the world's fungi have yet
been described out of a mycobiota of some 1.5 million, of which the major part is
found in the tropics. This mycobiota is a largely untapped resource in terms of
biotechnology. Their exploitation for commercial applications has naturally raised
the important question of intellectual property and patent rights. The 1992
Biodiversity Convention of Rio, signed by 153 countries, clearly establishes:

(a) the sovereignty of Governments over their biodiversity,

(b)  the principle of poor countries having a claim on the international community
to help meet some of the costs of conserving biodiversity for global benefit through
such mechanism as the Global Environment Facility (GEF), and

(©) the need for mutually sharing the benefits accruing from intellectual property
and genetic resources.

Hawksworth (1993) pointed out that the benefits from fungi and other biotic
materials exploited in the Northern Hemisphere largely accrue to the companies
found in the North. There is therefore a need for most tropical countries to
themselves become involved in the isolation of novel and desired strains, and to
regulate their supply to overseas companies under mutually agreed terms of payment
and royalty (Hawksworth 1993)

Some Recent Initiatives for the Promotion of Systematics and/or
Mycology

(1) The setting up of Regional Committees for the Development of Mycology by the
International Mycological Association provides new opportunities to create greater
awareness at the level of policy makers, industrialists, the scientific community and
even in the public at large.

(2) The meeting organized in 1987 at the Royal Society by the Systematics
Association on the occasion of its Golden Jubilee spearheaded a new vision about
systematics. The opening paper (Hawksworth and Bisby 1988) entitled "Systematics:
The Keystone of Biology" provided substantial proof of the indispensability of
systematics to biology.

(3) The Convention of Biological Diversity and the emergence of the concept of
sustainable development have had an important impact through the creation of a
world realization on the need to study and conserve biodiversity.

(4) A study conducted by CABI at the request of ODA on the priorities of
Biosystematics Research in Support of Biodiversity in Developing Countries with
particular emphasis on microorganisms and invertebrates was completed in 1993
(Hawksworth and Ritchie 1993). The report made some very useful
recommendations for the development of tropical systematics.

(5) The WEFSA (Workshop on the Ecological Foundation of Sustainable
Agriculture) has been another critical thrust. WEFSA 1 (Hawksworth 1991) drew
attention to the inadequate current capabilities in matters of systematics of
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