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V.UTEROMYCOTINA
13. CLINOMYCETES
1 Didiodendrales

J 2 Hysterioles
3 Phialophorales

r m . R,
' bl Lindilod
e I R - P
Trichiaceae, Arcyrincese, Eleomysoceos
Echjngateliaceas

Liceaceas, Tub
Erteridl A

RIOMYCETIDAE

5 Stemanitales
4 Diochoeoles
FHYSAROMYCETIDAE

7 Physorales

8 Croterioles

N Echi Ticssial

m L
Sehenellacece, Clostadermacene, Comotelchoceoe, Stemonifocens; 1 Trypetheliales
Enerth ., phy o e, A ! 1 2 Coronephorales
Collodermaceoe 3 Sordaricles

L b Mockridealacene, D 4 Diopertholes
Fuli P Hadh i o ous iR dl e 5 Hypocreales
Triperidiacens, Myxsrostafinskicceas, Physaracede, Trichamahora

ceoe, Crateromyceaceas, & Hypodermales

7 Hyponectrisles
B Diatrypoles

Croteriocear, Cienkowskiocene, Leocampocese
0 wae; Leojdad Did o

9 Xylariales
Eel ; <Piervibl

g E/i 4, Didymoles
(2 unspmzoicE;/

~—— 2 Ceratiamy:
3 Protosteli

3 POIKILOSPOROMYCETES

1 Asterococcales
2 Krossilnikaviales
3 Pasteuricles

4 Cavosteliales

5 Endemoscrceles
& Acytosteliales

ik (P remycoting) Rickertaioles

ILACTINOMYCOTINA
4. BACTERIOPHAGOMYCETES

Caulobacterioles

P U Coniochoetales
11 Helotiales

Cerotiomysncene.
Schizoplosmadiaceae, Protsteliacece

Tretopil W g llaceae 12 Phacidiales

Kiossilaikavidrena 13 Tympanidales

Enreurmreue. 14 Ostropales
ava stelinceae

Endema sarcocens. 15 t-nﬂu! s

Acvrosteliaceoe 16 Polystigmales

17 Gibbellinales

18 Clavicipitales

19 Reichengerielloles
20 Microtheciales

21 Evisiphales

22 Spheerothecales
PEZIZOMYCETIDAE

Gallionellocear, Caulobucteriocoge.
Bucierioghogacess

Bacteriophagales
Phytoh. h

Entymophagalen

Enrymophogocede.

(5 ACRASIOMYCETES ./

\ -

& ACTINOMYCETES

Il (EuBacteric)

M.ZOOMYCOTINA
7. PERONOSPOROMYCETES

1
2
3
4 hae
5 Micr arales Micrmmana sporaceae. kL . :
£ HLB"?:::;‘:;:IG!OS Hlynhumitmbiu:_edn i 3 scypholes
7 Sphaerophemles Sohaerophorocene. | ‘26 Tuberales
B Actinophogoles Actinophogocens. ! ASCOMYCETIDAE
9 Clastridiophagales Clostridiophogocads. 27 Lecanarales

10 Kl s gl Wit 5

e 1 Plosmedicpharales ?menduoal:nrotcen

2 5 haerafes orosphteraceds

3 ":?o?in:fra Waraninaceoe, Phogamysacese 28 ﬁmph[do_lu
4 Lahyrinthulgl L obyrinthulaceas. 29 Verrucaricles
s Saal T ¥

& Pyrehosoroles Pyrihosaraceae.

7 Acrasioles Guttulinocene, Acrosincede 30 Arthopyrenales
% Sappiniales Sappiniacean . 31 Melonogrammales
3 Dictyostelinlial g ! g 32 Plecsparales

1 Myxsbocterioles My acece, Archongi . Cytapheg ,

2 Cyclobocteriales Cyelab i L Vi ill 33 Hysterigles

1 Mycobacteriales (THE: €, My ST fi ) Nwskaeeuu_ 34 Dothiorales

4 Actinomycetales A i . Evizipele h . Actinamy 8t cone. Iis_l.llmnit.ﬂl_n
5 Streptomycetales Sreg , Phy 3 i 36 Copnodiales

& Actineplancles A f Str |

7 Amoebidioles Amaebidi P bidiaceat |

MAZAEDIOMYCETIDAE
) 37 Calicioles
1 Leptomitales Leptomitacens, Rhipidiaceas, |
2 Sopralegniales Sapralagni h Ecirogeloc: 38 Orbiculales
Logenidiales Pythiaceae, Logenidiacese, Olpidiopsiacece, 39 Cheetomidial,
4 Pyranosporales FPeronosparoceoe, Zoophogaceoe. 40 C)ﬂla'u:qlwl ile:

& CHYTRIDIOMYCETES

41 Meliololes
42 Microoscales

1 Blastseladiles 43 Chostomiales
3 Chytridiales AR

9 HYFHOCHITRIDIOMYCETES
1 Hyphochytridisles

10 MYXOCHYTRIDIOMYCETES

SYNOPSIS GENERALIS FUNGORUM

DE TAXIA FUNGORUM
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il ce. apert
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¥ ACROMYCOTINA

16. ENDOMYCETES

| ENDOMYCETIDAE

1 Spermophthorales
2 Endomycetales

3 Tophrinoles

4 Eccrinales

5 Harpellales

& Kickxolloles

7 Polavasciales
& Terlopsidales

USTILAGOMYCETIDAE
5 Ustilaginales

10 Tillatial =
T Brachybasidioles

Qidiodendracece & outres fomilles de forme,
Hysterioceoe & oufres fomilles de farmes,
Phiclophoracece & autres familles de farmes,

Famdtais 12 Exobosidiales

13 Digitatosparales

14 Sporcbolomyceteles
Trypetheliacean CACUMISPOROMYCETIDAE
Coronophorocece
Sordoriocene, Rasellinioceas, 15 Cledospariales
Vals Dioporth Hi h 16 Helminthesporiales
Losiosphoeriacene. 17 Populariales
Nectri ' FYP Ophi 18 Cocumisparioles
AXenonectriellacene. 19 Anellophorales
Hypodermaceas, Geaglossaceoe, e .
n}_-po n!:!rrﬂ:eb:. o ‘REPETOBASIDIOMYCETIDAE
Lrolnyposae Ao amaceze L il 20 Repetobasidicles
Nl g et o = . 21 Bocrymycetoles
o 5 2 Aurieariles
A fer i Hyal h remelloles
& e 24 Tulasnallales
cy : €t z : 7 fudi 5 25 Saplnbn-idinlul
Vibriszaceoe, Theleboloceoe, 26 Pucciniales
Phacidiaceas, C ¥ ., Hypod
Tympariidaceds,
Dstropocece 17 BASIDIOMYCETES
Leotiocece, Bocomycerocean, ~ BASIDIOMYCETIDAE
Polystigmacens,
Gibbellinacaae. 1 Centharellales . —
Clavicipitacene,
Reichengarielloceas,
Micrmatheciacens, Dexteriaceoe,

isiph L d e, Pamadiell 5 2 Porivles

Parodiopsid  Ph iy
Sphaerethecacean,

3 Palyporales

e 4 Doieraies

Sareascyphacece.
Hydnatryaceas, Gensocaoe, Tuberocese.

A . 'y
‘Helvellacene, Morchelloceae,

5 Gaoutierales

L sracear, A . Per " & Agaricoles

T i Vgitd Cloda

T I i 2 Buelll Cyol

Coll Ltk ., Pelii
Coloplacece, Patellorioceas,
Thelotremaceas, Grophidaceae.

v ; o p I
L2 e, Py
Striguloceae.
Arthopyrenaceae,
Melanogrommaceae,
i { 4 . W e :

R Ph k Vv

B Amanitales

¥ i ! . . 9 Russulales

10 Hymenagostrales

; i .' z cae, : 9 .—_' Perispar o 11 Meristemobasidiales
nglerulaceas, Asterinacece, LYCOPERDELLOMYCETIDAE
12 Lyceperdellales

Crabeli owrinharasee; Caller
Corynelioreae, Pratocaliciocens,
Orbiculacene, '
Cheetamidiaceae,
Cyonacepholacene.
e mcome: e 1. Y Tulsstomales

S T MEL ANOGASTROMYCETIDAE

2 Melonogastrales

- 3 Lycoperdoles

4 Colostomales
e, 19 NIDULARIOMYCETES

MERISTEMOBASIDIOMYCETIDAE

Spermophtharoceos
E . D Fob: ear,
Secchoromycetaceoe, Lipamyceraceoe, Schizzosaccharomyce
taceae, Nemotosporaceae

Protemycetaceas, Tophrinacess, Conidiascocenr,
Ecerinoceae, Coryaphonaceas, Asellornoceoe

Harpelloceae, Genistellaceas

Kickxellaceas, Dimarg Syl fcen
Palovasciocese, Porctoenclliocene.

Torulopsidoceoe

Ustitoginaceoe; Grophiolocooe.
Tilletiacene.
Brachybosidiccaan

Exobosid , Cryptobosid,
Digitatasporacene
Spombolomycetaceas

Cladosporiocese. & wutres fomilles de formes
Helminthospariocece. & outres fomilles de farmes
Popularioceae. & outres families de formes
Corumisporioceae, & outres familles de formes,
de for

Anellopharaceae & outresfomillos

Repatobosidioceae.

Bacrymycetocens,

Aurreuloriacece, Plesgenacsae
Tremellaceae, Sirobasidiocece, Hyalo
Tulesnellacece, Cerofobasidiocane.
Septabasidiacear.

Pucciniostrocece, Chrysomyraceas, Cronarf,

Coleospariaceas, Malompsoraceoe, Phrogmid:
Puceiniocuoe

Hytaceae, Cantharellaceae, Clovulinocens, Gomphatese
cl. eoe, Preruf ;54 i

Bondarzewioceon, Hybogasteracens, He riciacnoe,
Auriscolpiocege.
Bank T alwy i Seur
Meruliacece, Lachnoclodioceas, Poriocene, Coniophorocear
Stereacecs, Padbscyphaceoe, Corial aceae, Carticioceae
Cyphellacear, Fistulinocear, Schizaphylioen
Paiyparacece, Ganodemoce e, Hymenachoe! ace
Strabilomyceracean, Chamoixiocean, Aemcomoceas,
Suillacean, Boletaceas, Gymdontaceae, Gastrobalstacece,
Neapoxillaceoe, Pasillocene, Austragostracens,
Gomphldiaceas, Baunallivlacee,

Gautieroceae, Rhizopogunacens,

Hygropharaceas, Lentinellacear, Lentingcoas,
Trichalomacece, Lyophyllaceon, Marasmiellaceae
Mycenoceae, Plevrotelicceae, Panellocess, Phosomarasmia
ceze, Canseybacece, Leachnellaceas, Pleumraceoe, Inoey
baceoe, Melonophyliocade, Cystadermacese, Lepiotophyllo.
ceoe, Entoly , Laoc o, L poxilloceoe

& , Corti , Crepidotaceas, Lacri:
mariaceor, Rhadsgosterocene, Thoxtemgostaraceae,
Corrugoriaceae, Agaricacece, Secotiacede, Strophariocens,
Wereroacean, Agmcybaceas, Bolbitiacese, Setchalliogarnr
oceae, Psethyrel(acece, Panoes/inaceas, Copringcear,
Montagneocese, Podaraceds,

Amanitoceoe, Amidellcceas, Brouniellacea, Pluteacaas,
Volvarioceae,

g . Laetipariocecs

Archeryssufeceas, Russuleceas, Lactoriocese; Elgima:
myceiaceas,

Prm fogosiraceds, Hymenagas frocegn, Hydnongiocese,
Moceagnoceae,

Meristemsbasidiacean.

Lycoperdelioceae,

Tulostomaceds, Phelloriniscone.

Med,
1 T i

Mye e L re , B y Broome-

locece, Arochniocase.

Astrosacess, Colosmmeceon.

[t tonhalt Gelasalls:

grocese, Pa
Clathracece, Phallocens,
Nidulario ‘e, Sphoerabolacean,







Eichler (1883)15 | Bold (1956)E Common Name Numbers

A. Cryptogamae \ [ Schizomycote Bacteria 1450
Thedkiophy 2l Myxomycota Slime Molds 150
Phycomycota :
1 -
/ ASCOIHYCO'C& = = "@
Fungi ! =
Basidiomycota, :
 Cyanophyta Blue-green Algae 1400
Algae Rhodophyta Red Algae 2500
Chrysophyta Golden-brown Algae 6700
Bryophyta ;Pyrrhophyta Dinoflagellates
Hepaticae _ ' Phaeophytah Brown Algae 1000
e \\ Euglenophyta . Euglenoids 350
; ~ | Charophyta :
; B =St Grecn®Algae 5700
Pteridophyta

e \‘_Chlorophytg: e

LycoRodineas i Hx“\ EEBEEEEEXEgl _______ - Mosses and 2 600
Equisetineae \\\ \\‘Bryophxta : Liverworts 3

Filicinae 3 Psilophyta Psilophytes 30

' \\\\Microphyllophyta Lycopods 1200

B. Phanerogamae Arthrophyta Horsetails LO
Gymnospermae._ Pterophyta Ferns 9000

Sl [Cycadophyta —; Cycads and Ginkgo.
1 and Conifers 750

e HHMRERE‘GlnkgOPhYta AR N Brary e GYmnosszffﬂﬂ,,.—a;jij;;>
Coniferophyta !

|

= {gpetophyta | A~
\\Mx“xAnthophytg ” AZ%EEEEEEEE‘“’”’“ 285000




For Botanists, Mycologists, Lichenologists, Phytopathologists, Bacteriologists,
P Pharmacologists, Microbiologists, Biologists ...

a new descriptive GENERA of Fungi published in 1970-1971.

DE TAXIA FUNGORUM
auctore : Marcel Y. LOCQUIN

Président de ['Université Agricole Européenne

Directeur du Centre Mycologique

Vol. 1 Syllabus : Fungi = MYCOTA are described in q new natural ternary system.

Subdivisio Classae Subclassae
Myxomycotina Myxogastromycetes Myxogastromycetidae, Stemonomycetidae,
Physaromycefidce.
Exosporomycetes Steliomycetidae, Ceratiomycetidae.
Poikilosporomycetes Krassilnikovimycetidae, Cavosteliomycetidae,
Prostelidomycetidae.
Actinomycotina Bacteriophagomycetes Bacteriophagomycetidae, Micromonosporo-
mycetidae, Actinophagomycetidae.
Acrasiomycetes ' Plasmodiophoromycetidae, Labyrinthulomycetidae,
Acrasiomycetidae.
Actinomycetes Mycobacteriomycetidae, Actinomycetidae
Leprariomycefidae.
Deuteromycotina Papulasporomycetes
(ad interim) Conidiasporomycetes
Meristemaconidiomycetes ;
Mycotina Phycomycetes Archimycetidae, Oomycetidae, Phycomycetidae.
Ascomycetes Discomycetidae, Loculomycetidae, Mazaedio -
mycetidae.
Basidiomycetes Heferobasidiomycetidae, Homobcsidiomyceridae,

Coenobasidiomycetidae.

The whole describes 12 classae, 105 orders, 315 famj|;es, 7560 genera of which many are new. Some previously
Phages and Bacteria are included. !

Each genus is briefly described with mention of the type species, the basinyms, the list of the species with
the authors. Observations are made upon the taxonomic positions that are accepted. References to the main
general books are given. Latin diagnoses of new taxq e published-

The first volume begins with a general chapter : Phy|qgeny Descriptive technique, Observations. It ends with
tables and index of 26.000 names of genera yet PUblishi-d. '

The book is written in three langages mixed together ; | atin, English and French.

Vol. 2 Icones : Dark and white illustrations of macro qnd microcharacters of the type or central species of
genera described in Vol. 1.

Dictionnary of mycological descriptors in Latin, Eng|ish, French, German, Russian, Tchecoslovaquiq
Spanish, Portuguese, Japanese languages. f n,

Vol. 3. Synonymia : List of taxa with synonyms and references.
General equivalence between color codes used in mycology-

Yol. 4. Tabul i : i Do :
1gx o :rl“ l.;::_ht.:muiyhcue : summarized taxinomic survey, in350 tables.

l——A
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For : mycologists, zoologists, microbiologists :

- =
New : To be published in 1971
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Comatricha, Stemonitopsis, Collaria, Paradiachaeopsis, Lu’xuric Sinuaria, Hagelsteinia, Stemonitis, Symphytocarpus &
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Diachaeopsis, Diachaea, Myxopouchetia, Pycnochaete, Fulli‘;;e”a P acbridecl|a,
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’

Myxojahnia, Cleretiella, Lepidoderma, Wilczekia, Leptodermg. Simpliderma, Chondrioderma, Diderma, Schizoplasmodiopsis

Echinosteliopsis, Ceratiomyxa, Schizoplasmodium,

rosteliym, Asterococcus, Grahamella, Hemobartonella, Bﬂrtonellu,

Krassilnikovia, Pasteuria, Blastocaulis, Cavostelium, Proste|iopsis, Acytostelium.
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A PHYLOGENY OF THE BASIDIOMYCETES!

By D. B. O. SAVILE?

Abstract g

Thirteen phylogenetic principles of general or mycological application are |
presented. Adherence to these principles makes it difficult to accept any G

starting point for thctl:t Basidiomycetes other than a_primiti mycete v |
close tg_J and parasitic nei S. rom the ancestral basidio-

cete one line led to

{

z {
to t ] ycetidae and the Homobasidiamycetidae. In Ry

this second line the tren as been toward increasing saprophytic ability, y
h !

1

increasing frequency of clamp connections, and increasing complexity of fruit
body. The evolution of the rusts is traced from the taphrina-like ancestor to
|_ the higher Melampsoraceae. A generalized phylogeny of the Phycomycetes and
Ascomycetes and a chronology of the strictly parasitic groups of fungi are given.
It is clear that parasitism, far from being recent and derived from saprophytism,
is generally ancient in the fungi; that the Ascomycetes arose from parasitic,
aquatic Phycomycetes; and that saprophytism has in general been derived |
from parasitism. ~A

Introduction |

Almost every mycologist must have been intrigued by the riddle of the \f
origin and evolution of the Basidiomycetes and the nature of their relationship
to the Ascomycetes. A number have ventured to express their views in print;

¢l but the diversity of these views has been as striking as the failure of any of -
them to gain wide acceptance. The support provided for most of these
schemes has ranged from the specious to the fantastic, forcing the cautious
appraiser of them to say with D’Arcy Thompson (58), after Bacon, that “the
arguments commonly used in such cases may be said to allure, rather than to
extort assent'’.
| It is the fashion among some biologists to ridicule all phylogenetic studies
: as wasted time and mere idle speculation. But phylogeny is the ultimate #
basis of all natural classifications; and, as such, commands our attention both :
for its theoretical importance and for its practical value. This statement is
. fully as true for mycology as for other branches of biology, as is indicated by
1 the dependence of progress in the various fields of applied mycology upon
Il sound taxonomy. '
It will be more constructive to try to remedy the defects of phylogeny than L
merely to condemn it on the performance of some of its less successful
adherents. Before proceeding to my own views on the origin of the Basidio-
mycetes I shall therefore present, in the next section, the most complete list
that I have been able to draw up of the principles that must guide the student
of evolution in the fungi.
Although the scheme here proposed had its inception many years ago in
connection with the origin of the rusts, it was necessary to develop and test }
several of. the guiding principles listed below, before it could be presented in f

1 Manuscript recewed August 11, 1954.
Contribution No. 1409 from the Botany and ¢ Pathology Division, Science Service !
Canada_Deparime /i !
entor Mycologist.
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ULTRASL
By CHARLES E. BRACKER

Botany and Plant Pathology, Purdde Universily
Lafayette, Indiang

Department

Ultrastructure research is adding a new dimension to mycology and plant
pathology. For example, we can now think of morphogenesis not only in
rerms of the shape, size, and arrangement of cells but also as a multitude of
minute but significant integrated changes of subcellular components. Inter-
acting hosts and pathogens are subject to similar scrutiny. In plant pathol-
ogy, as in other disciplines, the electron microscope and other tools of ultra-
sthrvucturc research are helping to explain structural bases for functional pro-
cesses at a level that fills much of the gap between anatomy and molecular
biology. This review is not a comprehensive summary of fungus ultrastruc-
ture, but concentrates on topics that have not been reviewed previously (1,
71, 112) and on those that have generated some degree of controversy or
uncertainty. : 4

What constitutes a fungal cell? There is no rigid concept. All fungi are
cukaryotic, with the nuclear material being surrounded by a membranous
nuctear_envelope, and with protoplasts that are more organized and com-
partmentalized than those of the prokaryotic bacteria, Actinomycetes, and
1w (121, 154). Among tieeukaryotes, 10\\'0‘\'_c‘1","ﬁﬁ'1§57 cells are

relatively siniple. Some have cell walls; some do not. Some are motile; some

are not. Mitochondria are ubiquitous; plastids z ent. Vacuoles, endo-
- o - . Sliie e
plasmic reticu (ER), and ribosomes are widespread. In addition, a variety

o[ tubules. vesicles, crystals, and other jnclusimls occur in specific cells.
Raper & Esser (129) summarized the cytology of fungi by concluding that
“the fungal cell differs from most other cells in one important respect: it is
smaller.” 3 i

rotoplasmic membranes are emphasized in this discussion. As major
structural and functional components of cells, membranes are involved in
compartmentalization, transport, synthesis, enzyme localization, energy
transduction, control of selective permeability, and cytokinesis. Biological
membranes are lipoprotein sheets (usually 50 to 100 A thick) that are dy-
namic and polymorphic, with the capacity for manifold transformations. At
high magnification, various fungal membranes exhibit dissimilar substruc-

1 The survey of literature pertaining to this review was concluded in February
1967.

2 The following abbreviations are used: EM (electron microscope), ER (endo-
plasmic reticulum).

3 Purdue University AES Journal Paper No. 3041, Certain of the unpublished
-tudies reported were supported by National Science Foundation Grant No. NSF GB-
03044. T gratefully acknowledge the assistance of Constance Williams, Anna-Maria
Bracker, D. James Morré, and workers who were kind enough to provide information
that was unpublished or in press.
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ULTRASTRUCTURE OF SEPTA IN HYPHAE AND
BASIDIA OF TULASNELLA

SAEED R. Kman anp P. FL B. TALBOT

Waite Agricullural Rescarch Institute, Uniwersity of Adelaide,

Glew Osmond, South Australic 5064

SUMMARY
In Tilasnella sp. there is a primary septum at the hase of the basidium,
and an adventitious septum, which differs in ultrastructure and th_'\'t'!_rj]z-
ment, at the base of the protosterigma.  The adventitions septa arc similar
to those formed in somatic hyphae when a cell accwmnulates protoplasm
from an adjoining cell in the process of beecoming empty. The Tulasnella
basidium is regarded as a holobasidium.,
Tulasnella hasidia have figured prominently in discussions of basidio-
mycete classification and basidial terminology (see Talbot, 1973), largely
hecause septa at the bases of the |

wwotosterigmata are an almost constant
feature in this genus.

Most authors consider that this type of basidium
is a phragmobasidium. a basicdium divided by septa. That the basidia
in Tulasnella are holohasidiate, with adventitious septa formed at the
bases of ‘the protosterigmata, has heen postulated (Donk, 1964 ; Talhot,
1968, 1970, 1973). The association of these septa with progressive
cytoplasmic flow from the metabasid
subsequently into the spores
light microscopy.

ium to the protosterigmata and
is very obvious using ordinary stains and
With congo red stain it is often possible to see a
dolipore septum at the base of the Twlasnella metabasidium but not in a
septum that cuts off a protosterigma (Talbot, 1970) : this may indicate
that the former is @ primary and the latter an adventitious septum.,

This electron microscopic study was undertaken in order to deter-
mine if there are developmental and structural differences hetween the
subbasidial septa and those at the bases of the protosterigmata in a
species of Tulasnella.

MATERIALS AND METHODS

The isolate (No. 0727) of Tulasnella sp. used in this study was
obtained from mycorrhiza of the terrestrial orchid, Acianthus caudatus
R. Br.. and was induced to sporulate in culture by Dr. J. H. W
using the soil-on-agar method of Stretton, Me Kenzie,

(1964).

arcup
3aker and Flentje

1027




59, 1967

6 Myeorocra. Vor.

Soon this cell hegins to hump up further near its center as most of the
protoplasm moves into this region. while the outer periphery hecomes
thinner : this phase is called the “hat-shaped stage™ (13). By this time
a membranous layer. the sheath, has developed over the entire upper
surface of the cell. [t is a stretchable, pliable, and highly impermeable
layer that obviously protects the protoplast from  desiccation during
sporogenesis.  [Eventually, the protoplast withdraws completely from
the peripheral “brim,” allowing the sheath fo collapse onto the surface
of the substrate, thus giving support to the hase of the stalk that is
about to develop (C). At this time, a finely granular basal core hecomes
apparent within the protoplast: hecause of its function in stalk forma-
tion, it has heen named the steliogen (C-I2).
to mold a hollow tube into which it extends a narrow portion of itself
(D, E). Concurrently. the sheath apparently continues to he produced
by the protoplast, and as the protoplast migrates upward on the devel-
oping inner stalk tube the sheath hecomes applied to the latter to form
a second layer of the stalk (I£). Finally, as stalk elongation ceases the
steliogen is left at the tip of the stalk, while the protoplast withdraws
from around it, secretes a surrounding cell wall and becomes the spore
(7). The subtending remnant of the steliogen, now devoid of cytoplasm,
is referred to as the apophysis. The entire sporulation process may he
completed in little more than an hour in and in less than
half an hour in Protosteliunm mycophaga.

The steliogen now hegins

S, ovatumn,

In species such as S. ozatum, the apophysis is a very distinctive part
of the sporocarp (F16. 4h), but in other apophysate species it is less so.
With the exception of Cazostelium, the spores of apophysate species
tend to be deciduous. Those of Schizoplasmodiunt cavostelioides are
forcibly discharged. In S. ozatim and S. gracile. the spore appears to
In Pro-

tostelium mycophaga, the apophysis articulates with the stalk and falls

articulate with the apophysis, from which it hecomes detached.
off with the spore. Still other modifications of this structure probably
exist but have not yet been studied in detail.
lacks the apophysis and the spores are nomn- -deciduous.

The stalks as well as the walls of spores and cysts—unless they are

One group of protostelids

quite thin—give a faintly to distinctly positive test for cellulose in

chloriodide of zinc.

[KEy 70 THE FAMILIES AND GENERA OF I TSTELIDA

|. Flagellate cells PEOCUCCH RN SRR it ily Cavostelida
- Single Genus: Cazostelivm

: '--ﬁ'vmum-wh-v

T PROTOSTELIDA Dlive & Stoianovitch. |,

OLIVE: THE PROTOSTELIDA 7

iaucilate cells absent., . Family Protostelida
rluum sub-spore apophysis present.

i Reticulate pld»mmha prc»eut uninucleate amoebac absent

Spores 1\1m.1|1\ e
................................................... Sehizoplasmodium
2 Reticulate plasmodia absent, uninucleate amoebae common. . Protostelium

B. ‘ﬂp\llt"-. non-deciduous, apophysis lacking.

1 Reticulate |)Immmlm TPl by Tefed b C TR U e 37, U4 et e IT Schizoplasmodiopsis
2 Reticulate plasmodia absent, uninucleate amoebae common (also
multinucleate protoplasts in SOMeE SPECies) .. oveeenninn. .. Praotosteliopsis

Protozoology 13: 171.

le and probably primitive group of holozoic Mycetozoa with

oehoid aninucleate to multinucleate pr omph»ta the latter in the
“m of reticulate plasmodia in two genera; cells with 1_or 2 anterior
aella pseudopodia tvpically filose: contractile
Tacuoles present ; nucleus with single prominent central nucleolus, divid-

yresent in one genus ;

ing mitotically ; sporocarp consisting of a non-cellular, short to slender
sl bearing 1, or sometimes 2, spores apically ;
unknown.

sexual reproduction

CavostELIDAE L. Olive (Syn.:
833, 1964.)

Cavosteliaceae L. Olive, Mycologia 56:

This is a group of amoebo-flagellates, the shift between amoeboid a and
fl: l"‘(‘”dl(‘ stages occurring very TCd(lll\ There are typically (S or 2
anterior whiplash ﬂag_n]la The cells are mostly uninucleate, though

-'::;".v;:te protoplasts (but not reticulate plasmodia) are sometimes

preseit. Pseudopodia are commonly filose.  The sporocarps are small
¥ all,

relatively short-stalked and 1-2-spored; the spores are uninucleate and
apophysate hut non-deciduous. A single genus has been described

Cazostelim 1. Olive, Mycologia 56: 885. 1964,

The family characteristics e : -
Wk ) Lh«.!.l'rlttf‘ll:-nlli.‘b appl_\. equally to the genus. Two species
are known, of which the type species is C. apophysatim

KEY TO THE SPECIES OF CA\'(]S'['EI.'[LL\T.
“iln|r|(||,'|;- j A > pop
. 3 [)UIU' ......................... C
................ - Apo ,l' \J
Suirocar Ps (1![[5||\1(|]11) _SIJUI'C‘.l ..................... b{“;ﬂh”]l
A g ol 8 S SR s s C. bisporum
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THE CASE FOR A RED ALGAL ANCESTRY

Vincent Demoulin®

Department of Botany, University of Liege
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S T Ay T e e e T KT G| S WNPRIRS PP TF S LA W S 315
Introduetion R e L e L o e e 316
Similarities among Higher Fungi and Red Algae ...............ccoovvivviviinenenrieiennn.. 317
The Objections against the Red Algal ANcestry ........cocooeeevevieeeeeiureieeeeierenneenes 320
Why Not the Phycomycetes?i s . 323
Biochemicalt Adap tatiom a3 2
A Scheme for Fungal Evolution from the Red Algae ..................ceeeivneiinnnnnn... 329
CONCIUSIONS, oo it i i ive e van s et e b e oo s e ae ey et s e e A O s 334
Ackn oWl edgrriens, L a1 SICUNg Dy WL/ SRS | = Ty T 5 23
Literature ) Crled e e e e S D
SUMMARY

An updated argumentation is presented in favour of the red algal
ancestry of the Ascomycetes and Basidiomycetes. The features they
present in common with red algae, especially in life cycle and
ultrastructure, are considered as less easily explained by convergent
evolution than biochemical similarities between those fungi and
Chytridiomycetes. The origin of higher fungi is supposed to be
through parasitic red algae giving rise to parasitic fungi, the border-
line of red algae and higher fungi being considered a delay in

caryogamy which has some morphological consequence on the cysts
where this event finally occurs.

RESUME !

Une argumentation mise a jour est présentée en faveur de I’origine
rhodophycéenne des Ascomycetes et des Basidiomycetes. Les
caracteres qu’ils présentent en commun avec les algues rouges,
spécialement du point de vue des cyc:'les reproductifs et de
I'ultrastructure sont de I’avis de I’auteur moins aisément expliqué par
une évolution convergente que les similitudes biochimiques entre ces
champignons et les Chytridiomycetes. L’origine des champignons

! Chargé de Recherches du Fonds National Belge de la Recherche Scientif-
ique.
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ship to fungl, the specialisation in research and teaching that has
occurred since then has made it acw that a few mycologists

like Ja n or C ud came_into_contact with red algae, It is
notewc‘% that :ﬁmﬂﬂ who also have some interest in
algae, have become partisans of the red algal ancestiy.0lLishe! i

1. SIMILARITIES AMONG HIGHER FUNGI AND RED ALGAE

Authors previously cited have emphasized as similarities among
higher fungi and red algae:

1. Lack of flagellated cells and presence of a trichogyne.

2. Septa with pores. ‘ .
&l Arﬂtstomosgs among adjacent filaments sometimes formed in red

algae by a mechanism close to clamp connection formation.

4. Development of cysts producing filaments from the fertilised
fornale cell and parallelism in complex alternance of genera-
tions. This aspect is especially well set forth by Jackson
(1944) and Chadefaud (1944, 1953b, 1957, 1960, 1972).

5. Morphologically similar structures (conceptacles, perithecia, aecia
... ) protecting reproducj;ive organs. WA

6. The cladomian (bushy habit with lateral branches of limited
growth) morphology of the Ascomycetes of the order

niales.

7. Simgzgi;lt?:tween floridean starch and glycogen, and the storage

of trehalose.

- = - f
I would like to comment on t}us last point that the occurrence o
Bl cogen’in fungi is frequently, given asaproof of their interm iate
Jot: m’é%l animals and plants. Since the storage pro uct of

d algae i d floridean staren, it is usually forgotten that itisa
;ljﬁ; nl (Fleming et al., lﬁgg). Until now red algae
are the only eukaryotic algae known to possess branching enzymes
able to branch amylopectin as fungal branching enzymes do red-
rick, 1968, 1970), and those fungal enzymes are unable to 1ntr0(_iuce
additional branching on either floridean starch or glycogen (Gunja et
al., 1960). :

The ule of the electron microscope has recently disclosed that
they also show similarities in mitosis. The pltrastructurp of mitosis
and its phylogenetic implications are reviewed by Plckept-Hea}ps
(1969, 1972). There are already a number of works dealing with
Ascomycetes (Robinow & Marak, 1966; Schrantz, 1970a; Zickler,-
1970; Beckett & Crawford, 1971; Peterson et al., 1972; McKeen,
1972) and Basidiomycetes (Motta, 1969; Girbardt, 1971; McCully &
Robinow, 1972a & b), but the study of red algae is very recent
(Peyriére, 1971; McDonald, 1972). As in the Ascomycetes, the red
algae studied preserve their nuclear envelope during mitosis and show
a polar body which is not a centriole, being devoid of microtubular
ultrastructure.




moidées, appartenant aux g. Sisiotremastrum J. Eriksson, 1958, el
Paullicorticium J. Erikss., 1958 ; — 3. les g. Hyphoderma Wallr.,
1933, Cristella Donk, 1956, Galzinia Bourd. et Botryobasidinm Donk,
1931 ; — 4. en outre, des Champignons que I'auteur range parmi les
Xénasmatacées (g. Acanthobasidium Oberw., 1965) ; les Corticiacées
s. s. (g. Radulomyces Christiansen, 1960, et Tubulicium Oberw.,
1965) et les Corticiacées - Athélioidées (g. Athelidium Oberw., 1965),
parce que d’auires caractéres que la forme en nrne des basides les
séparent des Corticiacées - Sistotrémoidées. ;

Le type urniforme, ainsi réparti chez les Basidiomycétes ¢ primi-
tifs >, pourrait aussi étre rapproché de celni des Brachybasidium
(fig. 4 et des Vuilleminia. D’autre part, il nous parail intéressant
parce gue, en nous placant du point de vue que nous avons récem-
ment adopté (CHADEFAUD, 1975) concernant la valeur morphologique
des basides, nous pensons qu’il éclaire certaines voies de I'évolulion
de celles-ci, d’une part celle qui a conduit a Phomobaside, et d’anlre
part, peut-éire celle qui a pu aboutir 4 Pasque.

(Cest ce que nous allons exposer, en prenant comme point de
départ I'hétérobaside des Trémelles.

1. On sait que Phétérobaside des Trémelles (g. Tremella et alliés)
se compose d’un corps basidial, dans lequel des’cloisons longitudi-
nales séparent quatre segments fertiles, au-desus d’un article sierile
sans noyau, et de quaire rameaux épibasidiaux. qui, nés chacun d’un
des segments fertiles, portent a leur sommel une basidiospore, au
bout d’un stérigmate.

Selon mos conceptions actuelles (1975), le corps basidial est un
ascoide primaire (al) (1), qui a la valeur d’un tétrasporocyste. Ances-
tralement, il devait produire, avec méiose, quatre tefraspores haploi-
des, logées dans un épiplasme. Une fois émises, ces tétraspores pou-
~vaient engendrer chacune un mycélium gamétophytique (2).

___Ag premier stade de évolution (hypothétique), nous avons admis
St partir de cet ascoide primaire (a) s’est organisée ce que nous
“a erors ici une éo-baside. Pour cela (fig. 1) : 1. Apres la méiose,
Ia spor@tﬁon a éte remplagée par des cloisonnements, qui ont isolé
quatre Segments (ss) haploides, au-dessus d’un article stérile conte-
nant un epiplasme sans noyau. Nous avons comparé ce cloisonne-

(1) Comme des asques, les ascoides doivent contenir, a2 maturité, des spores et
un épiplasme. D’autre part, comme celui des asques, leur sommet doit pouyoir
atre garni d’u_n_a;_;parexf’ap:,m.'_.

(2) En réalité, il devait s'agir d'un pro-gamétophyfe, porteur d’ascoides secon-
daires (a2). (Voir notre Note de 1975).

f Fic. 1 & 4. — Hétérobasides et basides urniformes.

1. Eo-baside (hypothétique) ; 2. Hétérobaside des Trémelles (schéma) ; 3.
Hétérobaside des Tulasnelles (schéma ; en partie d’aprés CHRISTIANSEN, 1959 :
T. inclusa) ; 4. Basides urniformes et analogues (@ : schéma : B : Sistotrema ;

. Botryobasidium ; b : Aeanthobasidium : ¢ : Brachybasidium ; B, y et &
(ORERWINKLER, 1965).

d’apres

al : ascoide p'rimmre {\= tétrasporocyste — masse basidiale) ; ss 3 segments
ségrégatifs (:_th:tra:s_pqrcs) ; Te : rameaux épibasidiaux (= pro-gamétophytes) ;
me — masse ¢pibasidiale (= rameaux épibasidiaux fusionnéds) ; a2 : ascoides

secondaires (= deutérosporocystes, producteurs de deutérospores) 5 b : basidio-
spores (= ascoides secondaires transformés en spores). En raison du caractére
tgécrique de cet article, toutes les figures ont été schématisées.

B




138 M. CHADEFAUD.

ment a celui qui, dans Ie thalle de certaines Chlorophycées - Sipho-
nées (g. Valonia et Siphonocladus), isole des segments ségrégatifs ;
2. Ces segments, qui primitivement devaient émellre chacun une
spore, demeurent dans Pascoide (al), et sur place chacun d’eux en-
gendre un rameau épibasidial (re), qui est le siége de mitoses haploi-
des post-méiotiques, puis se cloisonne et se garnit d’'ascoides secon-
daires haploides, ou deutérospores. Celles-ci, une fois libérées, engen-
drent chacune un mycélinm gamétophytique (3).

A partir de I’éo-baside, qui est hypothétique, e passage a Uhétéro-
baside des Trémelles (fig. 2) aurait comporté : 1. une réduction des
rameaux épibasidiaux (re), dans lesquels il n’y a plus de mitoses
post-méiotiques ni de cloisonnement, et sur lesquels ne se forme plus
qu’un ascoide secondaire, en position terminale ; — 2. la transfor-
mation de cet ascoide (a2) en une basidiospore (b).

On remarquera que Pévolution ainsi présentée aurait comporté
deux phénoméenes de demi-apnsporie : d’'une parl celle qui a rem-
placé les tétraspores par les segments ségrégatifs (ss), el d’auire par(
celle qui a converti les ascoides secondaires en basidiospores (b) (4).

9. L’hétérobaside des Tulasnelles (g. Tulasnella ; fig. 3) que les
mycologues ont interprétée de diverses facons (cf. HEIM, 1957), nous
parait pouvoir éire assez facilement comparée a celle des Trémelles,
mais toutefois sans que cela implique une proche parenté avec celles-
ci. On constate ainsi qu’elle différe de la baside des Trémelles par
Ies caractéres suivants : .

a) Dans Pascoide primaire (af), non seulement il n’est pas produit
de iétraspores, mais en ouire il ne se délimite pas non plus des seg-
ments ségrégatifs (ss). Cela peut tenir & ce qu’il s’en forme un seul

i paroi trés mince, contenant ensemble les quatre noyaux issus de la

méiose ? Ce segment unique est représenté en pointillé sur la fig. 3 ;
il serait comparable 4 celui que nous avons observé dans 'asque de
Ia- Truffe Tuber rufum (fig. 13) ;

b) Sur cet ascoide, les rameaux épibasidiaux (re) sont fortement
renflés, avec un sommet effilé, en principe bifide et porteur de deux

(3+ D’aprés les conceptions que nous avons formulées, en 1944 ct 1960, sur le
cycle des Hyméno- et Gastromycétes, ce mycélium, et au stade de I’hétérobaside
celui qu’engendrent les basidiospores, serait en réalité un basidio-sporophyte
primaire haploide. A partir de celui-ci, aprés des périttogamies se développerait
un basidio-sporophyte secondaire dicaryotique, générateur des carpophores.

(1) D’aprés notre Note de 1975, les rameaux (r) sont homologues & des pra-
gamétophytes. Dés lors, outre les demi-apospories, 1’évolution aurait comporté
leur condensation avec les ascoides (al).

Fie. 5 a4 11. — Hétérobasides, basides urniformes, origine des homobasides,

5. Hétérobasides d'un Daerymyces (Calacéracée) ; 6. Hétérobaside des S::bm:ina
(schéma ; d’aprés OBERWINKLER, 1965 : 8. vermifera) ; 1. Homobaside de I’Hygre-
pharus niveus, a ’état jeune (d’aprés CHADEFAUD, 1944 et 1960) ; 8. Basides urnj.
formes a4 demi ou complétement transformées en homobasides, soit par disparj-
tion de la masse épibasidiale (Paullicorticium cremeum a — > Paullicorticium
penrsnﬂii B), soit par élongation. (Paullicorticium eremeum g ——> Sislolremqg.
frum v et Hygrophorus §) ; 9 a 11. de Ia baside urniforme (39) a l’Igopwbgs_ide,
par élongation (10 = stichobaside) ou par disparition de la masse épibasidiaje
(11 = chiastobaside ; schémas). (8 a, B et y d’aprés OBERWINKLER, 1964).

Mémes lettres que sur les fig. 1 a 4, avec en plus : ma2 masse formée par lgg
ascoides a2 fusionnés ; sp, sporoplasme ; ssp, sac sporal (= sac sporogéne). =

ELUTION DES BASIDES. 139

basidiospores (b) (CHRISTIANSEN : T. inclusa). La présence de celles-
ci indique qu’il y a dans chacun de ces rameaux au moins une mni-
tose post-méiotique, mitose qui n’existe plus chez les Trémelles. Tou-
tefois, il est fréquent que le sommet effilé des rameaux épihasi.diaux
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3 HETEROBASIDES, |
BASIDES URNIFORMES ET HOMOBASIDES ;
ARCHEOBASIDES ET ASQUES,

par Marius CHADEFAUD.

R Ty

L4 L4 Y
R Resme. .

Partant d’un type ancestral (hypothétique) dans lequel des tétrasporo-
cystes ascoides produisaient des tétraspores haploides, génératrices de
pro-gamétophytes haploides, sur lesquels des ascoides secondaires émet-
taient des deutérospores, I’évolution, principalement par le jeu d’apospo-
ries plus ou moins compiétes, aurait donné ’éobaside (hypothétique), a
tétraspores remplacées par des segments ségrégatifs, et pro-gamétophytes

ar des rameaux épibasidiaux portant les ascoides secondaires. De éo-

aside seraient ensuite dérivés, séparément, par des évolutions diver-
entes ¢ 1. archéobaside (des Urédinales et Auriculariales), 4 rameau
§pibasidial unique, dans lequel a migré la méiose ; — 2. les hétérobasides,
uis les homobasides, caractérisées par la régression des rameaux épi-
Easidiaux, préalablement réunis en une masse « ¢pibasidiale » dans les
basides urniformes ; — 3. les asques dans lesquels il y aurait eu conden-
sation totale et fusion de l'ascoide primaire, de la masse ¢ épibasidiale » et
des ascoides secondaires. Chez les Basidiomycétes, les ascoides secon-
Aaires sont devenus les basidiospores.

*
- L]

;

Dans son remar([uable article sur les « Basidiomyecétes pri:_m_itifs 1o
OBERWINKLER (1965) attire l'attention, a propos des Corticiacées-
Sistotrémoidées, sur les basides ‘d'un type particulier observables
dans ce groupe, les Urnenbasidien ou « basides urniformes », dont le
corps se compose de deux masses superposées, séparées par un
étranglement sans cloison : 1. une masse inférieure ou masse hypo-
basidiale, qui est en'reahté, comme on’ le verra pl‘us loin, la masse
basidiale S. S. et qui est assez sop\-cnt ourvue d’une gibbosité du
coté ventral ; 9 une masse supérieure épibasidiale, dont le son}met

‘une couronne de 4 A 8 stérigmates (nombre variable

est entouré d 1 4D !
selon les espéces), portant chacun une basidiospore morphologique-

ent typique. ]
m(}c Lgﬁe de baside est figuré i 1, d’abord chez des Sistotrema Fr.,
représentants d’un genre qui avait été rangé parmi les Hydnacées
(QECCARDO . CLEMENTS et SHEAR ; ete...), ou les Polyporacées (F. Mo-

REAU), ou les Tulasnellacées (voN ARX) ; — 2. les autres Sistotré-
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Fig. 1-6. 1. (GR-6) with prominent polar spore granules (PG). s 1200,
2. Spores from a S . Nole the absence of the PG character. X 1200. 3. Electron micro-
graph of PG structure. Electron transparent vesicles purtly or fully embedded in an electron dense matrix; strain V§-
3, osmium tetroxide-glutaraldehyde fixation, poststained with lead citrate and uranyl acetate. X 42,000.—Fig. 4_¢,
Bonner’s cellophane square test. 4. Edge of a cellophane square with young aggregates. (‘ongrcgaill\'e. radial out-
ward streaming of myxamoebae of a PG-negative strain on agar containing 107 M cAMP: strain GR-11, x 38,
5. Control experiment: No outward moving of myxamoehae (in the absence of eAMP. X 38. 6. A PG positive
otrain in the Bonner test: No emigration of myxamoebue from the cellophane square at the aggregation stage de-
spite the presence of 107° M cAMP in the underlying agar: §train GR-6. ¢ 38.

5

contained polar refractile granules in their spores.
The same granules were also observed in all strains
of the genus Polvsphondylitun tested. Each of
these polar spore g 5 (PG, already noticed

small vesicles. The inclusions are located in g pye-
dominantly polar, sometimes subpolar o
central position of the spores (Fig. 1), cach Spore
normally possessing two of these structuyey, T

more

by carlier anvestigators (g.g., Raper and Ecnnell,
1067). Is farmed=by W troup oF tidhtly fdgarepated

steains lacking the PG character the sm

: _ _ all vesicles
AreSUIFPpFESE bUY Séttdield throughou i

tthe Spore
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METADIPLODIA 357

~ amphispore (obsol.); (3) the middle layer of a three-layered spore
wall.
meta~ (prefix), changed in form or position; between; with; after;
~basidium, see basidium; =biosis, the association of two organ-
isms acting or living one after the other; cf. synergism; -cellu-
lose, cellulose of lichens and fungi; ~chronie, see colour; -physis
(Petrak) = paraphysis.
. Metabasidiomyce , Sbclass of Basidiomycetes proposed by Lowy
‘_(ngy_l%%eses} for taxa considered intermediate between
hetero- and homobasidiomycetes.

Metabolie products. Fungal metabolites are many and diverse. In
addition to those associated with protein synthesis and respiration
many special products have been isolated and, frequently, chemiec-
ally defined. Some of these are waste products while others such
as pigments, toxins, and antibiotics clearly have biological fune-
tions. Because of their synthetic abilities fungi are used in indus-
try for the production of alcohol, citric acid and other organic
acids, various enzymes, riboflavin, ete, (see Industrial mycology).

Many fungal products, even when chemically defined, have been
given trivial names derived from the scientific names of the fungi
involved, e.g., ‘griseofulvin’ from the epithet of the binomial
Penicillium griseofulvum, and more than 400 such names have been
compiled in this Dictionary.

When no reference is given under a name further details can
usually be obtained from Miller (1961) or Shibata et al. (1964);
references to the Phil. Trans. R. Soe. or Biochem. J. without
authors are to Raistrick et al. (1931-64) which has been fairly fully
indexed.

Lit.: Raistrick et al. (1931-64). Studies in the biochemistry of
micro-organisms. [This important series, almost exclusively de-
voted to fungi, ran to 116 parts in Phil. Trans. R. Soc., B220:
1-367, 1931 and Biochem. J., 25 (1931)-93 (1964)]; M. W. Miller,
The Pfizer handbook of microbial metabolites, 1961 ; Shibata, Natori,
& Udagawa, List of Jungal products, 1964 (Univ., Tokyo Press);
Birkinshaw in Ainsworth & Sussman, 1, chap. 9 (review).

See also antibiotie, antigen, ergot, Hallucinogenic fungi, Indus-
trial mycology, Lichen products, Mycotoxicoses, Pigments, Poison-
ous fungi, Toxins.

Metabotryon Syd. (1926) = Pycnodothis (Sphaeropsid.), fide Clem. &
Shear.

Metabourdotia L. S. Olive ( 1957), Tulasnellales (Ceratobasidiaceae).
1, Tahiti,

Metacapnodium Speg. = Phragmocapnias (Capnod.), fide Clem. &
Shear.

Metachora Syd. & Butler = Phyllachora (Sphaer.), fide Clem, &
Shear.

Metacoleroa Petrak (1927), Pleosporales (1.B2). 1, N. Temp.

Metadiplodia Syd., Sphaeropsidales. 38 (fide Zambett.), cosmop.

Digitized by the Hunt Institute for Botanical Documentation
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During recent years there has been increasing.support for the

view that two Kingdoms of living things are insufficient and that
fungi and oTRSE FAETOTTODNC Tro 0N are nellfier plants
nor gnimals, Haeckel, a century ago, devised a _d-kingdom
system and representative modern examples of similar systems
are provided by H. F. Copeland, Classification of lower organisms,

1956, and F. A. Barkley, Ouiline classification of organisms, ed. 3,
1970, while the 5-kingdom arrangement by R. H. Whittaker
(Scicnce, 163: 160, 1969) is summarized by the diagram reproduced
opposite. ; :

These developments have emphasized the uncertainties which
still underlie the status, circumscription, and taxonomy of fungi.
Here, following Whittaker, the fungi are treated as a Kingdom
but this should cause little inconvenience to traditionalists, (For ,
further details on the status of fungi see the reviews by G. W. L Shi o L
Martin: Mycol., 47; 779, 1955 (‘Are fungi plants?’) and in Ains- 3 >
worth & Sussman, 3 (1968), chapt=—25]: FTr

As regards circumscription, bacteria (including actinomycetes) g
are excluded, but myxomycetes and cellular slime moulds (Acrasio- - "*r&’
mycetes) are included as are certain other plasmodial forms _ . 3 et S °’°&+
(Hydromyxomycetes, Plasmodiophoromycetes). Among non- z o

Lo,
sy o

i uoydioiay

Animalia

Sal-;lu[u.;]-atpiv .
> Joyiunujaykiold

Protista

a i a e )
plasmodial groups the Oomycetes, which are considered to be oiorAmopReg n . ;
algae by Kreisler (1969) and others are retained, and Sparrow is A v 1 0;\%.\'\
s S Lot . : —_— cme===TD rophyla
fﬁl{ii“ae;ga:l classifying Hyphochytridiomycetes as. fungi rather ; ¢ nm:&uo:sv,f ’”~ okee0 22 ?1f\:ﬁo" :
The taxonomic framework, which remained virtually unchanged
in the previous five editions of the Dictionary, has been updated.
The chief modifications are that Phycomycetes is no longer
recognized, Loculoascomycetes is uSed Jor the bitunicate asco-
[ nd Th6 rusts and smuts are grouped together as the
Tﬁ@ The—main difference between the classification
atopted in this Dictionary and those commonly employed is that
the three main Classes of fungi—Ascomycetes, Basidiomycetes,
and Deuteromycetes (Fungi Imperfecti)—are here given Sub-
divisional status (see the Table, pp. 216-217). This freatment is
largely a matter of convenience for it allows a numper of familiar
a T : umes, such as Pyrenomycetes, Discomycetes,
Hymenomycetes, Gasteromycetes, Hyphomycetes, and Coelo-
mycetes, to be used correctly as Class names as required by the
intgmm ional Code of Botanical Nomenclature (see Nomenclature).
t does, however, not im?lg that the Classes recognized are of\

Fungi

o

Plan_tae

necessity fiatural unitsy Several of the Clisses are clearly hetero. “:_
géneous but most mytologists will probably find them currently
acceptable categories for the primary sorting of the many generic
names which have been proposed.

Lichenized fungj are ngt here integrated with non-lj
but the genera of lichens a¥fe e and groupec
of which the starting point is LICHENES.

pized fungi Diagrammatic representation of the 5.Kingdom System of Whittaker
e Bl (From Whittaker, 1969)
— e
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