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Introduction 

Prof. IF. HENNEN 
The Arthur H erbarium 

Department of Bota ny a nd P lant P a thology 
P urdue Univers ity 

West Lafayette, Indiana , U.S .A. 

A symposium entitled "Taxonomy and Phylogeny of Uredinales" was 
held at the Second International Mycological Congress in Tampa, Florida, 

U.S.A., August 31 , 1977. Seven papers were presented. The symposium was 

organized by Dr. Y. HIRATSUKA of E dmonton, Alberta, Canada. Sessions 

were chaired by Drs. l F. HENNEN and l A. PARMELEE, Ottawa, Ontario, 

Canada. Five papers that were presented at the symposium are published 
here and the two are represented in abstracts. The introductory paper given 

below is adapted and updated from introductory remarks given at the Tampa 
meeting, and a paper presented at the l C. ARTHUR Memorial Lectures held 

on June 22, 1975 at Purdue University, Indiana, U.S.A. The symposium ses

sions were well attended and provided excellent opportunities for exchange 
of ideas on the taxonomy of rusts. 

We are very glad that the papers presented at the symposium will be 
published in the Reports of the Tottori Mycological Institute, especially in 

the issue commemorating Dr. Naohide HIRATSUKA's 77th birthday. We were 

very pleased to meet him at the symposium and we admire his continued 

contribution to rust t axonomy. On behalf of the all participants of the 

symposium and many other uredinologist s across the world, we extend our 
congraturations for his 77th birthday and wish him good health for years t o 

come. 
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A brief summary of modern rust tax onomic and 
evolutionary theory* 

Joe F. H EN 'EN** and Pablo BURITIC;\ C.*** 

This paper gives a short review of some of the important ideas of modern rust taxonomy 

and evolution, thus providing a basis for more detailed discussions. PETERSEN (1974) gives 

an extensive literature review for many of the topics discussed here. 

Mycologists are continually amazed and intrigued by the enormous diversity and 

degree of host specificity of Uredinales. Frequently new taxa are still being discovered in 

many regions. Most tropical areas remain poorly collected for rusts. Recent collections 

from Brazil reveal a rate of one new t axon for each 70 specimens collected. Even in 
temperate regions most taxa still need critical study including field observations and 

experimental life cycle data. Detailed study of a large number of collections of a species 

often reveals intraspecific variations and specificities. A basic world inventory of extant 
morphological types and host and geographic ranges of rusts is far from complete. The 
lack of adequate information about extant rusts is an important obstacle to developing 

objective theories of rust classification and evolution. 

There is little direct knowledge of the evolution of rusts and few ways of testing 
evolutionary hypotheses. Few researchers have speculated critically about a general 

scheme for rust evolution. Perhaps the complex nature of rusts and the seeming im

possibility of knowing their geological past history accounts for so few evolutionary 

uredinologist s. Few scientists have the inclination for critical evolutionary speculation 
combined with the broad knowledge of the many complex aspects of evolution to attempt to 

synthesize a believable, let alone verifiable, scheme that will explain the origin, relation to 
other fungi, evolut ionary history, and reasons for the extant great diversity of rusts. 

Attempts at producing evolutionary schemes for rusts have resulted mainly in conflicting 

ideas. Most of the few taxonomic uredinologists prefer the more important practical and 

scientifically verifiable work of collecting, describing, classifying, cataloging, and learning 
the biology of rust species. They believe that critically monographing various groups of 
rusts based on det ailed comparative study of developmental and mature morphology is the 
most important kind of work for now. Only through this kind of basic taxonomic research 

can sufficiently reliable data accumulate so that eventually sound theoretical hypotheses 
of evolution and phylogeny can be produced. Perhaps because there are few rust 

- J ournal paper of the Purdue Agricultural Experiment Station. 
-- The ARTHUR Herbarium, Department of Botany and Plant Pathology, Purdue University, 

West Lafayette, Indiana, 47907, U.S.A . 
• _- Program a de Fitopatologia, Instituto Colombiano Agropecuario, Bogota, Colombia 



244 J oe F. H ENNEN and Pablo 13URI TlcA C. 

t axonomists, few large rust herbaria, and so many rust s worldwi de , we should expect 

that seri ous speculat ion about rust phylogeny should rema in a t a low intensi ty. However, 

the desire t o produce the "one true natural class ifi cati on" of rusts is strong, a nd consider

ing the great significance of rusts to plant pathology, the tremend ous intellectual challenge 

of their com plexity, the availability of modern technologies for their study, and the 

intellectually and est heti cally rewarding pursuit of ured inology, perh aps the near future 

will bring increased high quali t y theorizing about rust phy logeny . Therefore, symposia a t 

international scientifi c meetings concerning phylogeny, evolution, and t axonom y o[ rust 

fungi should be encouraged so that various v iewpoints can be elaborated , criti cally 

examined , and their weaknesses, strengths, a nd quality be det eml !ned . 

The Order Uredinales 

Rusts make up one of the largest natural orders of fungi with more t han 5,000 

species . They comprise more th an a th ird of the Basid iomycetes (AINsvVORTH 1971 ). 

Obviously, generali zations about Bas idiomycetes must include rusts or be qualified to 
exclude them. Rusts probably parasiti ze morc different vas c:ula r plants th a n any other 

order of fungi, nearly 200 families (ARTH UR Herbari um files) . They attack nearly all kinds, 

from mosse , primit ive ferns a nd gymnosperms, t o vari ous primiti ve and advanced fami li es 

of monocots and d icot s. The rusts must be a geologically ancient group wi t h a long and 

complicated evolutionary history . An important assum ption th at ured inologists make is 

that rusts have coevolved with their hosts over very long geological t ime. A corollary of 

th is assumption is tha t , generally speaking, rust that parasiti ze the most prim it ive kinds of 

extant plants are themselves the most pri mitive kinds of rusts a nd t hose th at parasiti ze 

the more ad vanced kinds of plants are th e more advanced kinds of rusts. Ru ts now occur 

on all of the continents except Antarcti ca, have in vaded all the major ecosystems, and are 

most di verse in the t ropics, wh ich is, no doubt, their ancestral home. They ha,-e a bewilder

ing array of spore forms with different functions a nd morphologies t hat they put together in 

various kinds of life-cycles, which puzzle and in trigue mycologists and pla nt pathologists. 

Uredinologist s try to make sense out of what is essenti a lly, a t least in geological time, a 

very plast ic group of organi sms_ They a re able t o change their hosts, spore forms, 

morphologies, and li fe cycles to suit the situation. Rusts a re ecologically obligate parasit es 

with seemingly stri ct host speciali zati on. Their com plete li fe cycles have never been 

grown in axenic culturc_ Because of th is com plexit y , it is no wonder th at uredinologist s 

have been unable to unravel these puzzles very well, th at th ey cannot agree on termi

nology fo r the di versity of spore forms and types of life cycles, th at they cann ot agree on 

the p roper classifi cation, and certa inly th at they cannot agree on rust phylogeny . 

The most characterist ic features of rust s a re their basidia and parasiti c nutrition with 

its speciali zed associa ted veget a ti ve morphology. The other kinds of sori and spores that 

many rust s produce are also characteri sti c so th at nearly always an ured inologist can 

determine tha t an unknown fungus is a rust by anyone of its sta tes . l~us ts produce 

phragmobasidia wh ich oft en have well d ifferenti at ed probasidia, commonly known as 
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teliospores, and metabasidia upon which the basidiospores are formed. Many rusts are 

known to have the capacity of basidiospore germination by repetition. Rusts do not 

produce basidiocarp, as usually understood, but a number of rusts produce well developed 

sterile fungus ti ssue associated with basidial sori. Many species of Prospodium, for example, 

produce suprastomatal, basket-like sori (CUMMINS 1940) while a number of species of 

Puccinia prod uce loculate sori reminiscent of certain ascocarps. Neither clamp connections 

nor dolipore septa, structures characteristic of many other basidiomycetes, are known in 

rusts. With greater use of modern t echnology, perhaps other charact ers will be found that 

will aid in defining rusts. E lectron microscopy has revealed the "pully-wheel septal pore" 

apparatus which may prove to be unique for Uredinales (LITTLEFIELD & HEATH 1979). 

DIETE L (1900) 

Crona rtia
ceae 

Table 1. R ecent chronology of famil ies proposed for Uredina les 

P . SYDOW a nd DIETEL ( 1928) G AU MANN 
H . SYDOW ARTHUR ( 1929 , (cited in (LEPPIK 1972) (SA V IL E 1976) 
( 1904~24 ) 1934) LE PP IK 1972) 

Puccini astra- - Pucciniastra- - Pucciniastra-
ceae ceae ceae 

ceae ceae 

Chryso- --- Chryso-
myxaceae myxaceae 

Cronarti a- -- cronartia~ 

Melampsora- - Mela mpsora- Melampsora-
ceae ceae ceae 

Coleospori a - - Coleosporia-

Melampsora- Melampsora-7 1V1elam psora-
ceae ceae ceae 

Coleospor ia---Coleospor ia -
ceae ceae ceae ceae 

Puccini a
ceae 

Puccini a-~ Puccini a- --- Puccinia -,\pUCCinia-~ Puccinia-
ceae :.. / ceae ceae ceae ~ ceae 

Zaghouania- Phragmiclia-
ceac ceae 

RaveneJia - -- Ravenelia-
ceae ceae 

Taxonomy of Uredinales 

The most extensive taxonomic coverage of rusts is the monumental, four volume work 

of the father- on team of Paul and Han SYDOW published between 1904",,1924. Although 

badly out of date, this work is the starting point for modern taxonomic monographic 

rust studies. Unfortunately, it may also be the best reference available for identification 
of rust specie ' in many parts of the wodel. Another important world wide coverage of 

rusts is DIETEL'S 1928 classification for families, tribes, and genera. More recent works 

that include information on only genera are those of THIRUMALACHAR and Mu TDKUR (1949, 

1950), CUMMINS (1959), and LAUNDON (1973). 

Families of Uredinales 

Developing family or other suprageneri c concepts for rusts has been only partially 

atisfactory. Table 1 shows a chronology and interrelations of the most . important 
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proposals for families of rusts (ONO 1978). So far, the morphological characteristics by 

which families and tribes have usually been defined are not always practi cal for routine 

identification. In fact, a good host-pathogen index is still the most efficient tool for identi

fy ing rusts, provided of course that it is complet e, accurate, and the host is correctly 

identified , conditions seldom attained in many parts of the world. Thus, THIR UMALACHAR 

and MUND KUR (1949, 1950), CUMMINS (1959), and LAUNDON (1973) did not include the 

family concept in their works. CUMMINS proposed that his method of dividing the genera 

of rusts into t en morphological sections based mainly on charact eristi cs of t eliospores, 

but without formal taxonomic st atus, is more practical for identification purposes. How

ever, he stated that family concepts can be developed for rusts. Likewise, LAUNDON 

attempted to provide a key to all rust genera that would have practical application. He 

states that "because of uncertainties in classifying rust s, I prefer to avoid presenting any 

particular syst em herein ." 

The Melampsoraceae and its segregates 

Table 1 shows that the number of families proposed for rusts varies from two to 

seven, with the Melampsoraceae and Pucciniaceae being the two key families. Many 

uredinologists accept the concept that the Melampsoraceae is for the most part a natural 

group of phylogenetically related genera. Also, it can be divided into a number of smaller 

natural groups which at one time or another have been classified as tribes or families, with 

the t axonomic level of these groups being perhaps arbitrary. These rusts have mostly 

expanded life cycles th at alternat e between gymnosperms, as spermogonial a nd aecial host s, 
and various ferns and angiosperms, as uredinial and t elial hosts. H owever, many species 

of M elampsora are autoecious on several families of angiosperms. These autoecious 

species are thought t o be more phylogenetically advanced. Very few Melampsoraceae are 

known to have fully reduced life cycles (i .e., only spermogonia and telia, or only t elia). The 

Melampsoraceae are mainly North Temperate or Boreal in distribution and all have 

A ecidium-like or modified Aecidium-like aecia, usually t ermed " peridermoid". Except for 

Coleosporium, their basidia are usually well differentiated into pro- and metabasidia with 

the probasidia usually forming well developed t eliospores. Their probasidia are sessile and 

either single or united into one or several layered cushions, crusts, or thread-like columns. 

The Melampsoraceae include only about 15 genera of North Temperate or Boreal rusts, 
which have been studied taxonomically relatively well by northern hemisphere 

uredinologist s (ARTHUR 1929, DIETEL 1928, HIRATSUKA 1958, K UPREVICH & TRANZSCHEL 

1957, PETERSON 1973, P . & H . SYDOW 1904,.....,24, ZILLER 1974). 

The genus Uredinopsis in the Pucciniastraceae is considered traditionally to be the 

most primitive extant rust . The assumption is that the most primitive extant rust s 

parasitize the most primitive t ypes of extant host s, in thi s case t he fern family Osmundaceae 

and the genus Abies in the Pinaceae. Correlated with this is the rela tively unspecialized 

t elial st age of Uredinopsis consisting of single simple t eliospores scattered within the fern 

host tissue. 
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Beginning with Uredinopsis as the most primitive, SAVILE (1955) constructed presum

able evolutionary lines that gave rise to some of the main genera or suprageneric groups 

of Melampsoraceae. LEPPIK (1973) reviewed the geographic distribution of conifers in 

relation to Northern and Southern H emisphere groups of genera. This distribution, for 

the most part, is accounted for by continental drift theory. LEPPIK concluded that the 

association of Melampsoraceous rusts with Jorthern Hemisphere conifers indicates that 

these rusts had their origin and coevolution in the Laurasian super-continent that later 

split into the main parts of Eurasia and North America. 
F uture research will undoubtedly strengthen the theory that the Melampsoraceae and 

its segregates are good t axonomic groups. 

The Pucciniaceae and its segregates 

The Pucciniaceae has included traditionally a large group of 75'"'-'80 or more genera 

that is much more diverse than the Melampsoraceae. The family is defined by the 
characteristics of t eliospores usually pedicellate and laterally free, or if lat erally united then 

pedicellate. Perhaps a more workable definition is that if a rust cannot be placed in the 
Melampsoraceae, then it belongs in the Pucciniaceae. 

DIETEL (1928) divided the Pucciniaceae into 14 tribes. While some of these tribes are 

composed of mostly obviously closely related genera, few detailed studies have been made 
to test the soundness of these groups. Recently two of the tribes have been considered as 
families (LEPPIK 1972, SA VILE 1976). 

Among the most thorough recent studies of the tribes of Pucciniaceae are those of the 
Puccin iosireae by BURITICA (1974), BURITICA and HENNEN (1980), and of the tribe Oliveae 

and its relatives by ONO (1978). BURITICA made a comparative developmental study of the 

telia of 19 genera within or allied to the tribe Pucciniosireae. His study places this 

tribe on a firm morphological foundation and shows convincingly that the evolution of 

Pucciniosireae has occurred polyphyleti cally by life cycle reduction through the endo

phylloid pathway from ancestors in the Pucciniaceae with Aecidium-like aecia . 
ONO'S work (1978) deals with the taxonomy of 13 genera and nearly 60 species. These 

rusts have one or usually several colorless, thin-walled, one-celled probasidia, with or 

without pedicels, produced on basidiogenous cells in basidiosori. Some of the genera 

previously have been placed in Melampsoraceae and some in Pucciniaceae. Under 

favorable conditions the probasidia form met abasidia without noticeable interruption of 
growth and development. The metabasidia are mostly simple apical extensions of the 

probasidia without the intervention of germination pores. The met abasidia may occupy 

the upper portion of either fully or partly elongated probasidia or may replace the entire 

probasidia with no or only slight morphological change. These rust s parasitize a wide 

variety of vascular plant families in mainly tropical and subtropical regions. 

In another study , LEPPIK (1955) suggested that Desmella, H emileia, Cystopsora, and 

Gerwasia, some of which belong to DIETEL'S tribe H emileieae, the coffee rust tribe, could 
be united with certain theoretical ancient fern rusts into a single group, the Stomatosporeae. 
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This group shows marked similarity with primiti ve Auricula ri ales on ferns such as 

H erpobasidiu,m and Platycarpa, as well as J ola and Eoc1'Onartiu.11't on mosses. The name 

Stomatosporae is derived from the characteristi c way in which some of these fungi form their 

basidial sori from mycelium that emerges through stomates. LEPPIK did not make thi s 

as a formal taxonomic proposal nor di d he present it as a criti cal t axonomic study. H ow

ever, it is an imaginati ve hypothesis that stimulates furth er consideration . There are, for 

example, no charact eri sti cs that separate the auri culariaceous genera, J ola, Eocronartiwn, 

H erpobasidium, and Platycarpa from Uredinales. These fungi have been placed tradition

ally in Auriculariales presumably because their basidiosori are on mycelium that emerges 

onto the host surface. Certain suprastomatal rusts, however, are known to have emergent 

hyphae on which sporogneous or basidiogenous cells are formed (H ENNEN & ONO 1978, ONO 

1978). 

DONK (1972) proposed that certain genera , H erpobasidiu.m, K riegeria, and J\.weilil1gia, 

traditionally regarded as members of the Auriculari ales, are best recognized as monocycl ic 

rust s. 

These suprastomatal and auriculariaceous rusts are mostly tropical and either lack 

A ecidiwn-like aecia in their life cycles, or their life cycles arc unknown . While the life 

cycles of these rust s are still speculati ve, LEPPIK theorized that Aecidium-like aecia have 

never occurred in thi s group and they represent an evolutionary line even more primitive 

than the Melampsoraceae. Because of their tropical anecestry, host s, and adaptations, 

they never developed Aecidi~tm-like aecia nor heteroecism, which are presumed to be 

adaptive responses t o climatic regions with long droughts. This group of genera certainly 

deserves more criti cal t axonomic study, including life cycle and nuclear det erminations. 

Such studies would help solve the question of the relationships of the auriculari aceous rusts. 

SAVILE (1976), however, reject s the idea that these rust-like auriculariaceous genera 

should be considered as rust s, but no one has yet given charact eri stics of the Uredinales that 

would exclude them. Further, SAVILE believes that all extant rust genera with suprasto

matal sori have evolved by convergence from only dist antly rela ted rust a ncestors and 

cannot be placed closely t ogether t axonomically . 

Among the most important research studies that will aid in guiding the making of 

natural groups of rust genera is the comparative study of spermogoinal types by HIRATSU KA 

and CUMMINS (1963) and HIRATSUKA and HIRATS KA (1980). This work shows that the 
morphology of spermogoni a is relat ively stable within and among certain groups of 

presumably related genera . The six well defined groups for spermogonia proposed in these 

studies will prove useful in guiding the definition of suprageneri c taxa. The quality, 

naturalness, or phylogenetic significance of these groups will improve as other characters 
are found that correlat e with spermogonial type. 

While speromogonial type of rust s may prove useful in showing phylogenetic relation

ships, they are of rela ti vely little value for practical identification because of their infrequent 

or non occurrence in many rusts. If there was a group of primitive rusts that never 

evolved spermogonia, and if representatives of this group still exist, we cannot expect t o find 
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spermogonia in all lineages of rusts. 

Evolutionary pathway mechanisms in rusts 

H ow have rusts managed to attain their present diversity ? How can we reconcile 

the strict host specialization of species and physiological races on the one h and and extremely 

wide host range of the order on the other? Obviously rusts possess evolutionary mecha

nisms that permit them to become obligately adapted t o a very narrow ecological niche, as 

physiological races, yet the order as a whole is highly diversified a to climatic adaptation, 

hosts, types of life cycles, and spore morphology. Do rust s possess any unique mechanisms 

of evolution that may help explain their diversity? 

No significant fossil record is known for rusts, but because of the strict obligat e and 

host specialized parasitism, the coevolution of rust along with their host s is a primary 

consideration for rust evoluti on. Obviously , if the rust s are as geologically ancient as 

their oldest group of extant hosts, the ferns and mosses, then they have had ample time 

to accomplish the complexity they now possess. 

Modern attempts to describe and explain rust evolution have come mainly from the 

works of J ACKSON (1931 , 1944), LEPPIK (1953, 1955, 1956, 1959, 1965, 1967, 1972, 1973), and 

SAVILE (1955, 1976). 

These papers do not deal with microevolutionary mechanisms such as specific chromo

somal, genetic, physiological, or biochemical changes. These phenomena are studied 

effectively usually only by experimental methods. Only a few rusts that are important 

pathogens have been studied intensively along these lines. 

SAVILE (1955, 1976) has effectively warned of the numerous pitfalls of evolutionary 

speculation and especially the need t o attempt to recognize similar patterns of adaptive 

selection in different groups of rusts and convergent evolution. 

Only the main ideas of these papers are summarized or augmented here in a more or 

less integrated form. Four interrelated general types of evolutionary pathway mechanisms 

are proposed. They are: 1. Divergence and radiation with hosts. 2. Jumps to new 

unrelated hosts, 3. life cycle expansion, and 4. life cycle reduction. 

Divergence and radiation is a tandard descriptive mechanism of evolution that 

applies t o many organisms but the other three mu t be rela tively restrict ed to only a few 

groups of organisms. 

1. Divergence and radiation with hosts This phenomenon is the most straight forward, 

and probably accounts for most rust species. Simply stated, a hosts have evolved, 

diversified , or become extinct, their rust parasites have followed. This mechanism can 

be accounted for by the microevolutionary theory of physiological or biological race 

formation followed by various sexual isolati ng mechanisms, such as genetic, ecological, and 

geographical. The results of the process become obviously manifest to rust taxonomists at 

a higher level when they find that certain genera or fami lies of flowering plants, such as 

Compositae, support large numbers of species of P /-tccinia th at are morphologically different 

but obviously clo ely related (CUMMINS 1978). Each host genus or species may have its 
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own species of rust . If a single host specie has more than one species of a rust genus, t hese 

are often adapted t o different ecological regions of the host's geographic range. Zea 
mays for example, is host for two species of P~tccinia each of which is best adapted t o a 

different climatic zone. A genus of rust is oft en specialized on species of a single or several 

closely related host genera . The new world rust genus Cmnminsiella, fo r example, has 

eight species, each of which parasiti zes either a single species or a group of closely related 

species of the host genus Mahonia or Berberis in t he Berberidaceae (BAXTER 1957). Another 

new world rust genus, Prospodium, has nearly 30 species, most of which parasitize species 

or groups of closely relat ed species of Bignoniaceae (CUM MI NS 1940). A few occur on 

Verbenaceae. 

Certain host families may support certain groups of related rust genera. The 

Rosaceae and Leguminosae are well known in thi s regard (LEPPIK 1972, SAVILE 1976). 

2. J umps to new, unrelated hosts This mechanism is difficult to document and 

explain. How is it that an autoecious rust species that is genetically host speciali zed can 

jump to a new host in a plant family taxonomically far removed from the fi rst ? Of course, 

het eroeciou rusts have the genetic capacity for a two host speciali zation in di fferent phases 

of their life cycles. Thus, perhaps it is not so speculative t o imagine t hat given sufficient 

time and proper circumstances, an autoecious rust can produce by chance the proper 

geneti c capability t o occasionally jump to some unrelated host family . 

SAVILE (1969) discusses host jumping by autoecious rusts in some detail. As an 

example, he speculat es th at the immedi at e ancestor of Puccinia palmel'i , a rust on 

Penstemon spp. in the Scrophulariaceae, made a jump to P edicularis sp ., in a different 

subfamily of the Scrophulari aceae, subseq uently evolving into a new closely rela ted species, 

Puccinia ntfescens. 

Host jumping in het eroecious rusts has been proposed by LEPPIK (1953) to be the most 

important mechanism by which rusts have been able to invade so many different vascular 

plant families . According t o his det ailed " hologenetic ladder" hypothesis, het eroecious 

rust s have climbed or " jumped" their way through various families of vascular plants in a 

phylogenetic sequence, beginning with primitive and continuing t o the more advanced. 
His basic idea is deri ved from the observation that het eroecious rust s always have one 

st age of t heir life cycle on a parti cular host family of one phylogeneti c age and the other 

stage on a host family of a different phylogenetic age. Thus, the ferns support the uredinial 

and t elial st ages of many rust s whose spermogoni a and aecia are on the phylogenetically 

more advanced gymnosperms. Another example is the numerous species of heteroecious 

rust s whose uredinia and t elia are on the Gramineae and whose spermogonia and aecia are 

on various families of di cot s and a few monocots of presumably more advanced phylogenetic 

age than the Gramineae. His explanation for this observation is t hat het eroecious rust s 

can change hosts of only one of its st ages at a time. That is, for example, during 

evolutionary cha nge, an uredinial and teli al st age may remain const ant on a particular host 

but the spermogonia a nd aecia may become labile. They can switch to either the same 

host on which occur the uredinia and t eli a, and thus t he rust would become autoecious, or 
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they can switch to some other family phylogenetic ally younger than the uredinial and 

t elial host family, thus remaining heteroecious. 

In other ci rcumstances, the uredinial and t elial st age may become the labile pha e and 

" jump" to either the spermogoni al and aecial ho t , the population thus becoming 

autoecious, or they can switch t o some other family phylogenetically younger than the 
spermogonial and aecial host family . Thus along the way of climbing the hologenetic 

ladder some rust populations may become permanently autoecious. Other rust s continue 

to be heteroecious, although changing their hosts, while in other cases autoecious 

populations may revert to heteroecism. 

3. Life cycle expansion Most early ideas about rust evolution proposed that the most 

primitive rust s and their ancestors were pleomorphic and long cycled, such as is found 

in many extant long cycled rust s. However, both SAVILE and LEPPIK speculate that 
the phenomenon of life cycle expansion explains some of the earli est evolution in rusts. 

According to these ideas, the earliest rusts were obligately parasitic and produced only 

the basidial st age. During their early evolutionary period they expanded their life cycles 
to include spermogonia, uredinia, and aecia. The development of each of these structures 

brought adaptive advantages by which eventually the Uredinales were able to attain the 
diversity they now have. 

SAVILE (1955) suggests that an ascomycetous Taphrina-like ancestor, which parasitized 

some early fern or fern ally, gave rise to the first rusts. LEPPIK (1955) uses the older 

idea that rusts arose originally from some auriculari aceous fungus, which was parasitic 

on some primitive ferns. With slight modification, these ideas can be combined, as 

SAVILE (1976) has done, t o suggest that some plant parasitic proto-Taphrina gave rise to 

proto basidiomycetes which in turn produced Uredinales, which remained plant parasitic, 

and Auriculariales, which became saprobic. An important aspect of thi s idea is that rust s 

have been plant parasites from their beginning and the earlist rusts were parasitic on ferns 

or perhaps mosses. Also, the first rust s had simple life cycles, adapted to a warm, moist , 

tropical environment with little or no seasonal climatic fluxuations. These early rusts were 

probably heterothallic but had no specialized gametes, sexual fusions occurring by hyphal 
anastomoses. They had no special dispersal spores except for basidiospores, and no 

protective or other adaptive features for various climatic or other hazards. The most 

similar living relatives of these primitive rust s seem to be the auriculariaceous rust genera 

l ola, and Eocronaritum on mosses, and Herpobasidium and Platycarpa on ferns. These 
fungi produce only basidial stages, but no experimental work has been done t o determine 
their sexual or nuclear life cycles. As rust s continued to evolve in this early period, 
spermogonial, uredinial, and aecial stages and structures arose as adaptive responses, 

improving the efficiency of genetic exchange, clonal dispersion, and d ispersion of new 
genetic combinations, respectively . By attaining these new features, plus the inherent 

plasticity of the basidial stage, rusts now possessed the basic tools for great expansion out 

of the climatically uniform tropics and into new climatic and host ranges. 
Both SAVILE and L EPPIK see heteroecism originating as a response t o climatic shifts 
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th a t made fern hosts of primiti ve tropical rusts less suscep tible or even resist ant to infection 

by basidiospores during the time of their liberation, while at the same t ime certain conifers 

growing in close proximity produced young, . usceptible, vegetati ve growth . After a 

period of adjustment the heteroecious condition become stabi li zed . It proved to be 

important for rust s invading the great Northern Hemisphere coniferous forest ecosys tems 

a nd much later the great savannas and prairies composed of angiosperms. 

This early life cycle expansion hypothesis raises several question. Did some primi tive 

tropical rusts never or only partially expand their life cycles ? Are their descendents to be 

found as ext ant reli ct auri culariaceous or tropi cal suprastomatal rusts ? "Vas there only 

one general expansion or several ? Did they all end in heteroecism and furth er evolution 

of rusts proceed from there ? Is it po sible that more recent expansions have occurred or 

will occur from primitive tropical rusts? 

Accord ing to thi s evolutionary life cycle expansion hypothes is, it is possible t o 

cat egorize li fe cycles based upon the degree of expansion. Thus, those rusts that have 

never expanded their life cycles and have only the basidial stage are the unexpanded type. 

Those that have atta ined one or two stages in add ition to the basidial, but not th e t ot;] 1 

possible, a re the part ially expanded type, while those rusts that have the fu ll complement 

of st ages are the fully expanded type. 
As shown in the next section, similar characteri sti c of the number of stages in th e 

li fe cycle also determine the degree t o which life cycles become reduced . Therefore, the 

differentiation between expanded and reduced life cycles presents a problem. Secondary 

considerations, which are presented below, help solve thi s problem. 

4. L if e cycle reduction Life cycle reduction was reviewed and analyzed critically by 

JACKSON (1931) . His analysis is based ma inly on North American species. He designated 

two general kinds of life cycle reduct ion. The first is a change from heteroecism to 

autoecism, which reduces the number of hosts in the life cycle. Second is the loss of various 

stages from the li fe cycle. Correlated with these reductions, changes may also occur in 
the number of cells in t eliospores. The two-celled teliospores characteristi c of the genus 

P1,tccinia, for example, may become transformed into one-celled teliospores of Uromyces. 

Among the most instructi ve of JACKSON'S analyses were those of pecies with 

" unstable li fe cycles". Actually these are species that possess more than one kind of life 

cycle. Two of the vari ations he found were : 1. species with Aecidium-like aecia may 

infrequently produce Uredo-like aeci<l , an d 2. species that are full cycled may infrequently 

have reduced life cycles. J AC KSON (1931) concludes that the natural occurrence of these 

variants supports hi s hypothesis that the different kinds of stabilized, reduced life cycles 

have evolved by natural selecti on of the e variants. Several similar life cycle variants h ave 

been observed in experimental rust cultures, which further supports thi s idea (JOHNSO N & 

NEWTON 1938) . 

JACKSON concluded that most full cycled, autoecious rusts are derived from full cycled 

heteroecious rust s, which have transferred all of their st ages to the original aecial host. 

Only a few seem to have tran fen-ed all of their st ages to original t elial hosts. This 
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conclusion makes up an important part of LEPPIK'S (1953) hologeneti c ladder hypothesis 

as discussed above. 

J ACKSON (1931) concluded that rusts with life cycles in which various stages are 

missing are derived from full cycled rusts. He did not consider the idea that perhaps some 

rusts have unexpanded or only partly expanded life cycles, which could also account for 

some stages missing from the life cycles . 

One of the best known and most common t ypes of li fe cycle reduction is accounted for 

by " TRANZSCHEL'S law". This law st a tes that when heteroecious, full-cycled rusts form 

a st able, reduced life cycle vari ant , the new fo rm will occur on the original aecial ho t . The 

teliospores of the new short cycled rust usually resemble the t eliospores of the parental 

species but occasionally they may resemble the aeciospore of the parental species. The 

latter kind of rusts are t ermed endo forms and are usually placed in special convenience 

genera such as Endophyll$tm and Kunkelia. This process of life cycle reduction has been 

called the endophylloid pathway. When a group of rust species occurs, each member 

having a different life cycle, but all thought t o be related by direct derivation from a long 

cycled parental form , they are t ermed correlated species . ARTHUR (1934) made use of thi s 

concept , so that correlated species are placed t ogether in groups to better show their 

rela tionships. 

Summary of evolutionary pathways of rust life cycles 

Although J ACKSON'S ideas about the derivation of various k inds of reduced life cycles 

from full-cycled, het eroecious rusts must be true for m any rusts, we must also consider 

the p ropositions by SAVILE and LEPFIK that the earli est rust s possessed only the basidi al 

stage and underwent life cycle expansion. Perh aps some of the primitive tyr;es of life 

cycles have persisted in reli ct t ropical rusts in which the life cycles are unexpanded or only 

partially expanded . In connection with this, LEPPIK (1955) further proposed th at in 

addition t o the line of evolution in which Aecidium-li ke aecia occur and in which het eroecism 

developed, there very likely exist another ruts evolutionary line in which Aecidium-like aecia 

and heteroecism never developed. 

F igure 1 summari zes diagrammatically some poss ible interconnections between 

evolutionary pathways of rust life cycles . The Roman numerals 0 , I , II , III represent 

spermogonial, aecial, uredinial, and basidial st ages, respectively, as defined by HIRATSU KA 

(1973). The lower left III rep resents the most primit ive unexpanded life cycle. The 

arrow leading up to the III in the middle left of the figure indicates that the unexpanded 

life cycle may st ill exist in morphologically unspecialized, mostly tropical, relict 

auriculariaceous species on mo ses, ferns and some angiosperms (Eocronartium, l ola, 

Platycarpa, H erpobasidium, and perhaps some species of Goplana). Life cycles became 

partly expanded by the evolutionary development of either spermogonia, uredinia , or aecia. 

The earli est expansion of ru t life cycles that SAVILE (1955, 1976) and LEPFIK (1955) 

proposed are represented in the left central part of the diagram by arrows leading from the 

un expanded III to the II III , 0 III , and 0 I III. We suggest that some of these life 
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cycles may be represented in extant tropical rust genera with suprastomatal sori such as 

Desmella on ferns, Edythea on Berberidaceae, certain Goplana species, Cerradoa on Palmae, 

and Hemileia species. LEPPIK (1955) suggested that no Aecidimn-like aecia, characterized 

by drought resist ant sori , developed in this line of evolution because of their tropical habitats. 

If these kinds of partly expanded or fully expanded life cycles, in which no Aecidimn-like 
aecia have occurred, have persisted , then conceivably some of them have also become 

reduced . Thi s is indi cat ed in t he upper central part of the diagram by the perpendicular 
arrow leading t o the reduced type of life cycle at the top of the diagram. The (0) in the 

reduced type of life cycle indicates that spermogonia may be present or absent in these 

short cycled rusts. 

rn nrn 0I1II 

1 

(CHIT REDUCED 

1~ 
OlITm OIll1II.:OI~nm 

VOl ID) (01-= m) 
"HOLOGENETIC" 

LADDER 
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AECI DIOID 
AECIA 
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F ig. 1. Evolutiouary pathways of rust li fe cycles. 

SAVILE (1976) believes that none of 

these primitive types of unexpanded, 

partly expanded, or fully expanded life 

cycles in which non Aecidium-like aecia 

occurred have persisted. His hypothesis 
suggest s that all extant rust s have 

lineages that have passed by way of the 
A ecidium-like aecial route. This route 
is shown on the r ight and upper part of 

the diagram . It seems highly probable 

that the great majority of extant rust s 
belong in thi group which now have, or 
their ancestor have had, Aecidium-like 

aeCla. This concept of Aecidi~tm-like 

aecia also includes various morphological 

modifications such as Peridermium-like, 
Roestelia-like, a nd Caeoma-like. The 
diagram shows the interchanges of fully 

expanded rust life cycles from autoecism 

(0 I II III) t o heteroecism (0 I ~ II 
III ), to reduced life cycles, with or without spermogonia ((0) III). It is thi s ability for 

complex changes of life cycles that J ACKSON (1931 ), SAVILE (1955, 1976), and LEPPIK (1955) 

postulate to be responsible for much of the ext ant great diversity in host range and types of 

life cycles. During changes from autoecism to heteroecism phylogenetically younger host 

groups may be gained . As heteroecious rusts change hosts for only part of their life cycles 

they gain phylogeneti cally younger host s. Life cycle reducti on may occur from either 

autoecious or heteroecious rusts. Life cycle reduction may follow several pathways. One 

kind may be called the telioid pathway because t he derived species with a reduced life cycle 

possesses a basidial stage th at res em bles the basidial stage (teli a) of the parental species. 

Anoth er kind may be t ermed the endophylloid pathway because the derived species with a 

reduced life cycle posseses a basidial stage that resembles the Aecidi~tm-like aecial st age 

of the parental species. The term endophylloid is used because Endophy llum is a 
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convenience genus used for these kinds of rusts. 

The characteristics of rust li fe cycles based upon evolutionary expansion or reduction 

can be summarized as follows. 

1. UNEXPANDED-primitive tropical relicts without morphological specializations, with 

auriculariaceous, suprastomatal, or otherwise unspeciali zed basid iosori (lola, Eocronarti14,m, 

Herpobasidi~tm, etc). 

2. PARTLY EXPANDED-somewhat less primitive than the unexpanded type with some 

morphological specializations, especially clonal dissemination (urediniospores), mostly 

tropical or subtropical with probably mostly suprastomatal sori (Desmella, Hemileia, 

Goplana, etc.). 

3. FULLY EXPANDED-more advanced with numerous morphological and host specializa

tions, worldwide (Cronartium ribicola, Melampsora lini, Puccinia coronata, Cumminsiella 

mirabilissima, etc .) . 

4. PARTLY REDUCED-advanced, similar t o fully expanded but not as numerous and 

lacking one or two st ages, u ually uredinia (Gymnosporangium clavipes, etc. ). 

5. RED UCED-highly advanced, with highly specific m orphological and host speciali za
tions, worldwide (P~tccinia malvacearU1n, Endophyllum sempervivi, Chardoniella gynoxidis, 

etc.). 
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Morphology of spermogonia and taxonomy of rust fungi 

Yasuyuki HIRATSUKA* and aohide HIRATSUKA** 

Abstract 

Based on the examination of 224 species in 73 genera, the morphology of spermogonia 
is discussed in relation to taxonomy and phylogeny of rust fun gi. The 11 morphological 
types of spermogonia proposed by HIRATSUKA and CUMMINS (1963) a re redefined, and a new 
t yp e, wh ich is ch aracterized by a well-developed beak and a large indeterminat e deep 
seated cavity, is described. The new t ype (Type 12) is found in Mikronegeria alba, M . fagi, 
Caeoma deformans, and C. peltatum. Six well-defined subdivisions a re r ecognized among 
rust fungi based on the morphological types of spermogonia. Spermogonial morphology is a 
dependable ch aracteristic for taxonomy and phylogeny of rust , especially at generic and 
supergeneric levels. 

Introduction 

In this presentation we would like t o review the morphological t ypes of the spermogonia 

of rust fungi and their relationship to taxonomy and phylogeny. This presentation is 
based on the examination of 224 species in 73 genera, which include 136 species described in 

HIRATSUKA & CUMMINS (1963). 
One of the unique features of the rust fungi is that they have up t o six functionally and 

morphologically different spore states in their life cycles. The situation is further complicated 
because they not only have many different spore states but gametophytic st ates and 

sporophytic states often grow on two unrelated groups of host plants. Spermogonia are 
structures produced on gametophytic haploid mycelium and are responsible for dikaryotiza

tion. 
Taxonomy, especially supergeneric classification, has been heavily dependent on the 

morphology of teliospores, probably because telial state is considered as the perfect st ate of 
Uredinales according t o the International Code of Botanical Nomenclature (1972), and its 

description is necessary for proper nomenclature of a species. However, to arrive at the 

more natural classification of rust fungi, examinations and comparisons of other spore 
states, including spermogonia, are desirable and necessary. This paper is an attempt t o 

draw attention to th value of spermogonial morphology to the t axonomy of rust fungi . 

Terminology 

Before going into the discussion of morphology of spermogonia and their relationship 

to t axonomy, we would like to discuss the t erminology of these structures. They have 

* orthern Forest Research Centre, Canadian Forestry Service, Edmonton, Alber ta, Canada. 
** Tottori Mycological Institute, Tottori, J apan. 
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been variously called "spermogoni a" (T ULASNE 1851 ; ARTH UR 1904 ; CUMMINS 1959 ; 

HIRATSUKA & CUMMINS 1963), " pycnia" (ARTH UR 1905 ; L AUNDON 1974 ; SAVILE 1976), 

"pycniosori" (CUNNING HAM 1931 ), and " pycnidi a" (B ULLER 1950). Among th ese terms, 

pycniosori is merely a vari ation of pycnia and has never been used extensively. The 

term pycnidia was used by BULLER (1950) and some others, but very few use this term now 

because of the confusion it could create with pycnidia of the imperfect st ate of Ascomycetes . 

The t erm pycnia was created by ARTH UR (1905) to designate pycnidi a-like organ o f rust 

fungi and is derived from the same Greek word ' 7TV KVOC;' (= dense or compact ). Until 

then, ARTH UR had used the term spermogonia, which was first used by T ULASNE in 1851 

(ARTH UR 1904). ARTH UR (1905) a t the time argued that thi s organ is very inefficient one 

and does not have an infectious or sexual function ; therefore, he decided not t o u e the 

term permogonia, which suggests sexual function. After the discovery of the sexual fun c

tion of the organ (CRAIGIE 1927), ARTH UR himself, wh o had created the t erm pycnia, used 
the t erm spermogonia again (ARTH UR 1934). Many contemporary mycologists prefer the 

t erm pycnia t o spermogonia (LAUN DON 1974; SAVILE 197 1 & 1976), because they do not 

recognize this organ as only a male gamete producing structure. Shortly aft er CRAIGIE 

discovered the function of the organ, he reported and emph asized the presence and possible 

function of so-called " flexuous hyphae" as receptive structure. F lexuous hyphae a re fragile 

hyphae p rotruding from the spermogonia and can be observed commonly. Mycologists 

who insist on using the t erm pycnia believe that the organ is not only the structure to 

produce sperm cells (spermatia), but also contains receptive female parts (flexuous hyphae) 

together in the same organ ; therefore, the structure is hermaphroditic. SAVILE (1976) 

considered the organ analogous t o a n entomophilous perfect flower of higher p lants be

cause it also produces nect ar. We agree with CUM MI NS (1959) a nd CAIN (1972) that aecial 

primordia, not fl exuous hyphae, should be considered the female recepti ve organs of rust 

fungi. 

Presence and possible function of " flexuous hyphae" are discussed a t length in B ULLER'S 

most in teresting work, " R esearches of fungi", Volume VII (1950), but as he admitted , there 

is no proof or evidence of nuclear migrat ion from flexuous hyphae t o the base of aecial 

primordia . On the other ha nd , ALLEN (1934) and ANDR US (1931 & 1933) pointed out that 

many fragile hyphal tips have been observed to protrude th rough stomata or between cells 

close t o the aecial primord ia . SAVILE (1939) recognized that these hyphae were especially 

common in moist cham ber, but concluded that they could seldom functi on in nature 

because they were pinched off by closing of the stoma. B ULLER (1950), who strongly 

disputed the idea of a po sible recepti ve mechani sm in such hyphae, recognized their 

presence and illustra ted them in his book (p . 130, Fig. 40). F rom our own observations, 

spermogoni a and aecial primordi a are not always positioned closely t ogether. We observed 

many such hyph ae; therefore, we do not believe th at dikaryoti zation through flexuous 

hyph ae is a main occurrence in rust fungi. Furthermore, a ll spermatia observed so far are 

phyalospores (MIMS et al. 1976), and homology of thi s organ to the spermogonia of 

Ascomycetes is obvious (CAIN 1972). 



Morphology of spennogonia a n d taxon om y of rust fungi 259 

From the above considerations, we believe that the term spermogonia IS preferable 

to pycni a. 

Morphological types of s permogonia 

Because of the inconspicuous nature of the spermogonia and minuteness of spermatia, 

the morphology of spermogonia as a useful character has received little attention from rust 

taxonomist s, but the conservative nature of the morphology has been noted by several 

mycologist s (H UNTE R 1936 ; K AMEl (940). HIRATSU KA & CUMMI NS (1963) showed that 

morphology of spermogonia is useful and important t o the t axonomy and phylogeny of 

the rust fungi. They distinguished 11 morphological types based on the presence or 

absence of a bounding structure, shape of the hymenium, position in the host tissue, and 

t ype of growth . Much additional information has been accumulated, and several modifica

tions have become necessary to their system. We think, however, the criteria used in their 

work are basically sound, and we would like to discuss morphological t ypes of spermogonia 

without changing numbers used by HIRATSU KA & CUMMINS (1963). We also would like 

to add a new t ype as Type 12. 
Simple definitions of the 11 t ypes mentioned in HIRATSUKA & C UMMI NS (1963) are as 

follows: 

Type 1 The spermogonia are subepidermal in posi tion and have strongly concave 
hymenia. They are immersed in the mesophyll and generally are globoid or depressed 

globoid. The absence of a bounding structure distinguishes thi s t ype from Type 4. 
Type 2 The spermogonia are subepidermal, determinate, and have flat hymenia. 

There is no bounding structure. The spermogonia of some species are produced in 
substomatal cavities, and the stomates serve as ostioles. In such species the spermogonia 

sometimes appear superficial and may be erroneously interpreted as subcuticular. 

Type 3 The spermogonia are subcuticular, determinate, and have flat hymenia. They 
have no bounding structure. 

Type 4 The spermogonia are subepidermal, determinate, and have strongly concave 

hymenia. Well-developed periphyses comprise the bounding structures. 

Type 5 The spermogonia are subepidermal, determinat e, and have flat hymenia. 

Bounding structures , either periphyses or peridia, are present . This type differs from 

Types 6 and 7 in position in the host. 
Type 6 The spermogonia arc intraepidermal, determinate, and have flat hymenia. 

Bounding structures are present . 
Type 7 The spermogonia are subcuticular, determinate, and have flat hymenia. 

There are two kinds of bounding structures, periphyses or peridia. 

Type 8 The spermogoni a are subepidermal, indeterminate, and have fl at hymenia. 

They develop between the epidermis and the mesophyll and split the tissues apart. 
Type 9 The spermogonia are intracortical, indeterminate, and have fl at hymenia. The 

position i designated as intracortical but actually is between the periderm and the cortex 
of t he stem. Intracortical spermogonia are known to occur in Cronartium only. 
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Tabl e 1. Rust species examine d a nd type of spermogonia 

Achrotelium lucumae CUMM. 7 
A rtltt/ria catenulata J ACKS. & HOLW. 7 
Baeodromus eupatorii (ARTH.) ARTH. 4 
Baeodromus holwayi ARTH . 4* 
Baeodromus senecionis SYD . 4* 
Caeoma deformans (BERK. & BR.) TUB. 12* 
Caeoma peltatum C.G. SHAW III & 

C.G. SHAW 12* 
Caeoma torreyae BONAR 4* 
Cerotelium dicentrae MAINS & 

H.W'. ANDERSON 7 
Chaconia ingae (SYD.) CUMM. 7 
Chardoniella andina (LAGERH .) BURIT. & 

HENN. 4* 
Chardoniella gynoxidis KERN 4 
Clwysocelis lupini LAGH. & DIET. 4 
Chrysocyclus cestri (DIET. & P. HEN N.) 

~D . 4 
Chrysomyxa al'ctostaphyli DIET. 2 
Chrysomyxa cassandl'ae TRANZ. 2 

Chrysomyxa empetri (PERS .) SCHROET. 2 
ChrysomY,1:a ledi (ALB. & SCHW.) DBy. 2 
Chrysomyxa ledicola (PK.) LAGH. 2 

Chrysomyxa piperiana SACCo & TROTT. 

ex CUMM . 2* 
Chrysomyxa woroninii TRANZ. 2* 
Chrysopsora gynoxidis LAGH. 4 
Cionothrix jacksoniae (P. H ENN.) SYD . 4 
Cionothrix praelonga (WINT.) ARTH . 4 
Coleospol'ium asterum (D IET .) SYD. 2** 
Coleosp01'ium jonesii (PK .) ARTH . 2** 
Coleosporimn paraphysatum DIET. 2* 
Coleopsol'ium phellodendri DIET. 2* 
Coleosporium vernoniae BERK. & CURT. 2** 
Coleosporium xanthoxyli DIET. & 

P . SYDOW 2* 
Cl'onal'tium coleosporioides ARTH. 9* 
Cronartium comandrae PK. 9* 
Cronartium comptoniae ARnl. 9~ 

Cronartium fusiforme HEDGC. & H UNT 

e x CUMM . 9* 
Cronarti~lm occidentale H EDG C. et al . 9 
Cronartium quercuum MIYABE e x S HIRAI 9* 
Cronartium ribicola J .C. FISCH. 9 
Crossopsora sawadae (SYD.) ARTH. & 

CUMM . 7 
Cumminsiella mirabilissima (PK .) NANNF. 4 

Cumminsiella standleyana CUMM. 4* 
Cumminsiella stolpiana (DIET. & NEG .) 

BAXTER 4* 
Cumminsiella texana (H OLW. & LONG) 

ARTH. 4* 

Cystomyces costaricensis SYD. 5 
Dasturella divina (SYD .) MUND . & 

KHESWALLA 7 
DasyspOJ'a gl'egaria (K UNZE) P. H EN N. 5 
Diabole cubensis (ARTH.) ARTH . 7 
Dicheirinia superba J ACKS. & H OLW, 7 
Didymopsora afl'icana CUMM. -l 
Didymopsora solani -al'gentii (P . H ENN .) 

DIET. -I 

Didymopsorella lemanensis (DOIDGE) 

HIRAT. f. 5 
Diorchidium piptadeniae D IET. 7 
Endophyllum sempervivi (ALB. & SCHW .) 

DBy. 4 
Frommea obtusa (STRAUSS) AHTH . 10 
Gerwasia rubi R Ac. 6 
Gymnoconia peckiana (HOWE) TROTT . 6** 
Gymnosporangi1tm andinum 4* 
Gymnosporangium bethelii K EHN 4* 
GJ1mnosporangium claval'iifOJ'me (PERS .) 

D C. 4* 
Gymnosporangium clavipes C KE. & PIC 4 
Gymnosporangium connel'sii PARMELEE 4* 
Gymnosporangi~lm cOl'nutum ARTH. ex 

KEHN 4* 
Gymnosporangium fuscum HED W. i . 4* 
Gymnospo1'angium globosum FARL. 4 
Gymnosporangium haraeanum SYD. 4* 
Gymnosporangium juniperi-virginianae 

SCHW . -1* 
Gy mnospOJ'angium nelsonii ARTH . 4* 
Gymnosporangium nidus-avis TH AXT. 4* 
Gymnosporangium tremelloides HARTIG -1 * 
Hamaspora longiss·ima (TH UEM. ) KOERN . 8 
Hapaloplwagmium de1'1'idis P . H ENN. 7 
Hapaloplwagmium millelliae SYD. 5 
HapalopMagmium mysol'ense THIR UM. 7 
Hapaloplwagmium or1~atum CUM11. 7 
Hapaloplwagmium ponderosum SYD. & 

B UTL. 5 
Hap aloplwagmium setulosum (P AT .) SYD . 7 
Hyalopsora aspidiotus (MAGN .) lAGN. 2 

{(uehneola tl1'edinis (Lv..) ARTH . 11 
T(unkelia nitens (SCHW.) AHTH . 6** 
Lipocyst'is caesalpiniae (ARTH. ) CUM M. 7 

Maravalia ascotela (SYD .) MAI NS .j 

Maravalia elata (SYD .) M AI NS 

Masseeelia cappa1'idis (H OBSO N) DIET. 

1'\1{ asseeelia narisimhanii THIH U11. 

Melampsora abieti -cap1'aearum T UB. 

M elampsora albertensis AHTH . 

M elampsOl'a arctica ROSTR . 

4 

7* 
7 
2 
3 
2 
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Table 1. Continued 

M elampsora euphorbiae-dulcis OTTH. 2 
M elampsora lini (PERS.) LEV. 2 
]vlelampsO?'a medusae THuEM. 2* 
Melampsora occidentalis J ACKS. 3 
Melampsora paradoxa DIET. & HOLW. 3* 
M elampsO?'a pinitorqua (DBv.) ROSTR. 3 
111 elamps01'elia cal'yophyllacearum 

SCHROET. 3 
Nlelampsoridium betulae (SCHUM.) ARTH. 3 
]lilillronegel'ia alba OEHRENS & PETERSON 12* 
Millronegeria fagi DIET. et NEG. 12* 
]lililesina fructuosa (FAU LL) HIRAT. f. 1 

Milesina laeviuscula (DIET .) HIRAT. f. 

M ilesina polypodophila (BELL) FAULL 

Milesina vogesiaca (FAULL) HIRAT. f. 1* 
Miyagia anaphalidis MIVAB E 4 
Ocll1'opsora al'iae (F CKL.) SVD. 7 
Ochropsol'a kraunhiae (DIET. ) DIET. 7* 
Olivea tectonae THIRUM. 7 
Otivea capitutiformis ARTH. 7 

P eridermium ephedrae CKE. 3* 
PhakopsO?'a ampetopsidis DIET. & SVD. 7* 
Phallopsora crotonis (CKE.) ARTH. 7 
Phragmidiella africana CUMM. 7 
Phragmidium americanum (PK .) DIET. 11 
Phragmidium barnardi PLOWR. & W INT . 10 
Plwagmidium hO?'lIeliae GARRETT 10 
Plwagmidium ivesiae SVD. 11 * 
Phragmidium sanguisorbae (DC.) 

SCHROET. 10 
Phragmopyxis accuminata (LONG) SVD . 7 
Phragmopyxis deglubens (BERK. & CURT.) 

DIET. 7* 
Phragmopyxis noelii J .''\T. BAXTER 7* 
Physopella hansfordii (CUMM.) CUM~!. & 

RAMACHAR 7 
Pileolaria brevipes BERK. & l'Uv. 7 
Pileolaria effusa PK . 7 
Pileolaria inscrustans (ARTH. & CUMM.) 

THIRuM . & KERN 7 
Polioma unilateralis (ARTH.) J.W. 

BAXTER & CUMM. 4 
P olioma nivea (HOLW.) ARTH. 4 

Puccini a balsamorrhizae PK. 4* 
Puccinia batesiana ARTH. 4* 
Puccinia caborcensis PARMELEE 4* 
P uccini a caricina D C. 4* 
Puccinia caulicola TRACV & GALL 4* 
Puccini a codyi SA VILE 4* 
Puccinia corol~ata CDA. 4 
Puccini a diutina MAINS & HOLW. 4* 
Puccinia eatoniae ARTH. 4 

Puccini a enixa CUMM. 4* 
Puccini a farinacea LONG 4* 
Puccinia globosipes PK. 4 

Puccini a gramiliis PERS. 4 
Puccini a grata ARTH. & CUMM. 4* 
Puccini a helianthi SCHW. 4 

Puccini a hysterium (STR.) R6HL. 4* 
Puccini a impedita MAINS 4* 
Puccinia inaudita J ACKS. & HOLW. 4* 
Puccini a inchtsa SVD. 4* 
Puccini a intermixta PK. 4* 
Puccini a jonesii PK. 4* 
Puccinia laschii LAGERH. 4* 
Puccinia leptochloae ARTH. & FROMME 4 

Puccinia longicornis PAT. & HARIOT 4* 
Puccini a massalis ARTH. 4* 
Puccini a menthae PERS. 4* 
Puccini a mitrata SVD. 4* 
Puccini a nigrescens PECK 4* 
Puccini a otopappicola J~RST. 4* 
Puccini a ostryoderridis J ~RST. 7 
Puccini a proba J ACKS . & HOLW. 4* 
Puccini a phragmitis (SCHUM.) KOERN . 4 
Puccini a recondita ROB. ex DESM. 4 
Puccini a salviae-runcinatae DOIDGE 4* 
Puccini a salviicola DIET. & HOLW. 4* 
Puccini a smilacis SCHW. 4 
Puccinia sonorae PARMELEE 4* 
Puccini a spal'ganii CLINT. & PK . 4* 
Puccini a spol'oboli ARTH. 4 
Puccinia vertisepta TRACV & GALL. 4* 
Puccinia vertiseptoides CUMM. 4* 
Pucciniastrum americanum (FARL.) ARTH. 3* 
Pucciniastrum arcticum TRAN Z. 3* 
Pucciniastrum epilobii OTTH 3* 
Pucciniastrum goeppertianum (KUEHN) 

KLEB . 3* 
Pucciniastrum hydrangeae (BERK. & CURT.) 

ARTH. 3 
Pucciniosira anthocleistae P . H ENN . 4 
Pucciniosira brickelliae DIET. & HOLW. 4 
Pucciniostele clarkiana (BARCL.) DIET. 7 
Pucciniostele mandshurica DIET. 7* 

Pucciniostele philippinensis CUMM. 7* 
Ravenelia arizonica ELL. & TRACY. 7 
Ravenelia brevispora HIRAT. f. & HASH. 7 
Ravenelia brongniartiae DIET. & HOLW. 7 
Ravenelia epiphylla (SVD.) DIET. 5 
Ravenelia fragrans LONG 7 
Ravenelia hieronymi SPEG. 7 
Ravenelia lonchocarpi LAGR. & DIET. 7 
Ravenelia mera CUMM. 7 
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Table 1. Continued 

Ravenelia roemerianae LONG 

Ravmelia similis (LONG) ARTH. 

R avenelia talpa (LONG) ARTH. 

Ravenelia thornberiana LO NG 

R avenelia versatitis (PK.) DIET. 

Seopella eehinulata (NIESSL) MAINS 

Skierka eristata (SPEG.) MAINS 

Skierka holwayi ARTH. 

Sorataea amieiae SYD. 

Sorataea baphiae (VIEN .-BOURG.) SAVILE 

Spumula heteromorpha ].W. BAXTER 

T egillum fimbriatum MAINS 

T eloeonia kamtsehatkae (ANDERS.) 

7 
7 
5 
7 
7 
7 
5 
5 
7 
7*** 
7* 
7 

HIRAT. f. 11 ** 
Tranzsehelia pruni-spinosae (PERS.) DIET. 7 
Triplll'agmium ulmal'iae (HED W . f. ) LK . 11 
Uraeeium holwayi (A RTH. ) ARTH . 3* 
U redinopsis hashiokai HIRAT. f. 1 * 
Uredinopsis longimueronata FAULL 3* 
Uredinopsis phegopteridis ARTH . 3* 
Uredinopsis osmundae MAGN . 2 
Uredinopsis p teridis DIET. & HOLW. 3 
Uredinopsis struthiopteridis STOERM. ex 

DIET. 3* 

* Not lis t ed in HIRATSUKA & CUMMINS (1963). 
** C h a n ged from HIRATSUKA & CUMM INS (1963). 

Uromyees doliehosporus DIET. & HOLW . 4 
Uromyces euphorbiae C KE. & PI{. 4 

Ul'omyees fabae (GREV.) DBy. ex CKE. 4 

Uromyees hedysari-obseuri DC. 4* 

Uromyees holwayi L AGE RH . 4* 
Uromyees iresines LAGERH. 4 
Uromyees lapponieus L AGERH. 4* 
U,'omyees phaseoli (PERS.) VVI NT . 4* 
Uromyees striatus SCHROET. 4* 
Uromycladium fusisporu m (CKE. & MASS. ) 

SA': ILE 5*** 
Uromycladium simplex McALP. 5 
Uropyxis amorphae (CURT.) SHRO ET. 7 
T..hopyxis daleae (DIET . & H OLW.) MAGN. 

var. eysenhardtiae 7* 
Uropyxis disphysae (ART H. ) CUMM . 7* 
Ul'opyxis far lowii (ARTH .) ] .W. BAXTER 7* 
Uropyxis nissoliae (D IET. & HOLW.) 

MAGN. 7* 
Uropyxis petalostemonis (FARL .) DET . 7* 
Uropyxis roseana A RTH . 7* 
Xenodochus earbonarius SCHROET. 10 
Zaghouania philly, eae PAT. 4 

*** G e n e ric transfe r s ince HIRATS UKA & CUMMINS (1963) . 

Type 10 The spermogonia are intraepidermal, indeterminate, and have fi a t hymenia. 

They originate within the epidermal cells and est ablish the hymenium within the 

epidermal cells. Sometimes it is difficult t o decide whether spermogoni a belong to this type 

or to Type 11 . 
Type 11 The spermogonia are subcuticular, indeterminate, and have fl at hymeni a . 

They usually originate subepidermally, but the mycelium grows outward between the 

epidermal cells and est ablishes the hymenium under the cuticle. Often, hyphae split the 

epidermal cells apart, and the cells appear as isolated circles in the sections. 

Type 12 A new type, which is designated "Type 12", has been recognized . It is 

charact eri zed by deep-seat ed hymenia with indefinite growth and well-developed beaks. 

Detailed features of the type and examples of species having this t ype of spermogonia will 
be discussed later. 

According t o the definiti ons ment ioned above, the t ypes of spermogonia of 224 species 

belonging t o 73 genera have been examined and list ed in Table 1. T he list includes 136 

species described in HIRATSUKA & CUMMI NS (1963), with few changes in assignment of types. 

Among the morphological characteristics of spermogonia that are used t o designate t ypes, 

the position of the organ in the host tissue is least significant in indicating the relationship 

among rust fungi. On the other hand, such charact eristics as presence or absence of 
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bounding structures or pattern of growth (definite or indefinit e) seem to be important . 

Considering the above, we recognize six distinct groupings of types that seem to suggest 

natural subdivisions of the rust fungi (Fig. 1). 

The six groups are as follows: 

Group I: Types 1, 2, and 3 

Group II : Type 9 
Group III: Type 12 

GROUP I 

Type 1 

~ 
T~'''' 

GROUP iii 

Group IV : Types 6, 8, 10, and 11 

Group V : Type 4 
Group VI: Types 5 and 7 

GROUP V 

Type 1 2 

F ig. I. Six groups of morphological types of spermogonia 

Type 4 
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GrMtp I : This group represents the simplest types of spermogonia without bounding 

structures such as perid ia or periphyses . Type 1 is found only in the genus Milesina. 

Type 2 spermogonia are known in Hyalopsora, Chrysomyxa , M elampsora (p.p.) , Uredinopsis 

(p.p.) , and Coleosporimn. Spermogoni a of Coleosporium were considered t o have indefinite 

growth and were assigned to Type 8 (HIRATSUKA & CUMMINS 1963), but we now consider 

them to have Type 2 spermogonia with defin it e growth. Type 3 spermogonia occur in 

M elampsora (p.p. ), M elampsoridi,ltm, Pltcciniastnt1n, and Uredinopsis (p.p. ). Rust s belonging 

to this group are predominantly het eroecious, and gametophytic states occur on coniferous 

host s, except parts of Nlelampsol'a . All genera have peridermioid aecia except M elampsora, 

which has caeomoid aecia. It is interesting, however, that most of the j'1/[elampsora species 

examined on coniferous ho t s had poorly developed but definite pseudoperidial cells. 

Grou.p II: Type 9 is represented by the spermogonia of Cronartium, which are 

intercortical and indeterminate in growth. Except for their intercortical position and 

indeterminat e growth, this type of spermogonia is considered t o be closely related to th ose 

of Group I (Types 1, 2, and 3). 

Group III : This group is represented by a new type, " Type 12". Two species of 

Mikronegeria (M. fagi and M . alba) from Chile (BUTIN 1969; OEHRE NS & GONzALEZ 1977 ; 

PETERSON 1974 ; PETERSON and OEHRENS 1978), t ogether with Caeoma peltat~t1n from New 

Zealand (SHAW 1976) and Caeoma deformans from J apan, h ave similar spermogonia (F igs. 

2 & 3). They are charact eri zed by deep-seat ed hymeni a that are indefinite in growth and by 

well-developed beaks that may serve as common exit canals for several cavities . Also, 

Type 12 spermogonia are much larger than those of other types such as 4, 5, and 7 (Figs . 1,....." 

5). The four species have much in common (Table 3). They are all on coniferous host s and 

have caeomoid aecia. Chrysopsora gynoxidis can also be included in this t ype but is some

what between Types 12 and 4. Close re-examination of spermogonia now classified as Type 

4, especially of some small tropical genera, may show that they also possess Type 12 

spermog011la. 

Growp I V: This group consists of rusts having spermogoni a of Types 6, 8, 10, and 11. 

Gerwasia and Gymnoconia have Type 6 spermogonia. Spermogonia of Gymnoconia 

pee kiana (HIRATSUKA & CUMMINS 1961) have been classified as Type 5 in HIRATSU KA & 

CUMMINS (1963). Hamaspora h as Type 8 spermogonia. Frommea, Phragmidimn (p .p.) , 

and X enodochus have Type 10 spermogonia. Type 11 spermogonia are represented in 

Kuehneola, Phragmidium (p.p .), and Triphragmium. Four genera [Gerwasia, Frommea, 

Phragmidium (p.p.), and K uehneola] have uredinoid aecia, three [Gy mnoconia, Phragmidium 

(p.p .), and Xenodoch~ts] have caeomoid aecia, and no peridermioid or aecidioid aecia are 

found in the group. Sometimes it is difficult t o make a clear decision about the position of 

spermogonia in this group because of their ontogeneti c progression ; therefore, distinctions 

between Types 8, 10, and 11 are not clear. All genera of the group are parasitic on plants 

of family Rosaceae, except fewspecies of K uehneola, a nd have autoecious life cycles . 

Group V: Type 4 spermogonia are charact eri zed by strong concave hym eni a with well

developed periphyses at the mouth of the organ. At least 20 genera have Type 4 
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Figs. 2-5. Spermgonia of rust fun gi all X 340 
Fig. 2. Type 12 spermogoni a of Caeoma peltatum C.G. SHAW III & C.G. SHAW on Phyllocladus 

trichomanoides D . DON. 
F ig. 3. Type 12 spermogonia of Caeoma deformans (BERK. & BR.) TUB. on Thujopsis dolabrata 

SIEB. & Zucco 
Fig. 4. Type 7 spermogonia of Phakopsora ampelopsidis DIET. & SVD. on Meliosma myriantha 

SIEB. & Zucco 
Fig. 5 . Type 4 spermogonia of Puccinia recondita ROB. ex DESM . on Thalict1'um sp. 

spermogonia. Examples are Puccinia, Uromyces, Gymnosporangium, Miyagia, Cum~min

siella, Baeodromus, Cionothrix, Chrysocelis, Chardoniella, Maravalia, Didymopsora, Polioma, 
ZaghMtania, Gambleola, P1,tcciniosira, and Endophy llum. Most of the genera have aecidioid 
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Grou I Types of 1 
P spermogonia 

I I 

I 1, 2, 3 

II 9 

III 12 

IV 6,8, 10, 11 

V 4 

-I 

Yasuyuki HIHATSUKA a nd ~aohide HIRATS UKA 

Ta ble 2 . ummary of six groups of spermogonia types 

Representative genera 

Jl!Iilesina, Uredinopsis, Hy alop
sora, ChrysomY_'l'a, M elampsora, 
ColeospOl'ium, M elampsoridium, 
P ucciniastrum, M elampsorella 

Mikronegeria, Caeoma (p.p. ) 

Ge1'wasia, Gy mnoconia, H ama
spora, Frormnea, Phragmidium, 
X enodochus, ](uehneola , Triph
l'agmium, ](unkelia, T eloconia 

Puccini a, Uromyces, Gy mnospo
mngium, M iyagia, Cummin
siella, Baeod,'omus, Cionothrix, 
Chrllsop sora, Chrysocelis, Chardo
niella , M aravali a, Didy mopsora, 
P olioma, Zaghouania , Gambleola, 
Puccini os ira, Endophy llum 

Type of 
aecia 

I peridermioid 
(caeomoid) * 

Life cycle 

het eroecious 
(autoecious) 

peridermioid heteroecious 

caeomoid h et eroecious 

urecl in oicl 
caeomoicl 

aecidioid 
(urecl inoid) 

autoecious 

het eroecious 
a utoecious 

R emarks 

*Melampsora 
only 
0, I o n con i
fers except 
M elampsora 
(p.p.) 

0, Ion Pinus 

0, I on coni
fers 

All on R osa
ceae except 
few species of 
Kuehneola 

VI 5, 7 

I A clwotelium, A l,thul'ia, Cerotelium, 
Chaconia, Crossopsora, Dastur
ella , Dia.bole, Dicheirinia, Dior
chidium, Hapalophragmium, 
Lipocystis, M asseeella., Ochrop
sora, Olivea, Phakopsol'a, Phrag
midiella, Phragmopyxis, Physo
pella, P ileolal'ia., Pucciniostele, 
Ravenelia , Scopella , SOI'ataea, 
Spumula, T egillum, Tranzschelia, 
Uropyxis, Cystomyces, Dasyspora, 
Didy m osporella , P oliotelium, 
Skierka, Uromj1cladium 

ureclinoicl 
(caeomoicl) 
(aeciclioicl ) 

autoecious I 
(het eroecious)* 

*Some species 
of Cerotelium, 
OchropsOl'a 
a nd Tranz
schelia a re 
he t eroecious 

-------------------------------------------~----------------------~------------

T a ble 3 . Species having Type 12 spermogonia 

Rust species I 0, I hosts II , III h osts Locati 
-------------:--------'-----

Jl!Iikronegeria f agi DIET. 
& NEG. 

M ikronegeria alba 
OEHRENS & PETERSO N 

Caeoma deformans (BERK. 
& BR.) TUB . 

Caeoma pellatum C.G. 
SHAW III & e.G. SHAW 

A raucaria araucana (MOL.) 
K . KOCH (Araucariaceae) 

Austrocedrus chilensis (D . 
DON) FLORIN & BOUTELGE 
(Cupressaceae) 

Thujopsis dolabrata SIEB. & 
Zu cco (Cupressaceae) 

Phyllocladus trichomanoides 
D . D ON. (Podocarpaceae) 

Nothofagus spp. 
(F agaceae) 

Nothofagus spp. 
(Fagaceae) 

Not known 

Not known 

Chile 

Chile 

J apan 

New Zeala nd 
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aecia, and very few have uredinoid aecia . It is also noteworthy that many microcyclic 

genera such as Gambleola, Pucciniosira, Baeodromus, and Endophyllum that have catenulate 

teli a, which are considered t o be derived from cat enulate aecia, also have Type 4 spermogonia . 

Only two genera, Polioma and Chrysocelis, have caeomoid aecia in t his group. 

Group V I: Types 5 and 7 spermogonia are considered to be closely related, and the 

only difference is the position in the host tissue. 

genera [Cystomyces, Dasyspora, Didymosporella, 

Ravenelia (p .p. ), Shierha, and UromycladiumJ. 

Type 5 spermogonia are found in eight 

Hapalophragmium (p .p. ), Polioteli~tm , 

Twenty-five genera are known to have 

Type 7 spermogonia. They are Achrotelium, Arthuria, Cerotelium, Chaconia, Crossopsora, 

Diabole, Dicheirinia, Diorchidium, H apalophragmi~tm, Lipocystis, M asseeella, Ochropsora, 

Olivea, Phahopsora, Phragmidiella, Phragmopyxis , Physopella, Pileolaria, P~tcciniostele, 

Ravenelia (p.p.), Sorataea, Sp~tmula, Tegill~tm, Tranzschelia, and Uropyxis. In both Types 

5 and 7, 20 genera have uredinoid aecia, 6 genera have caeomoid aecia, and only 5 

genera have aecidioid aecia. Most of the species in this group are autoecious, but a few 

species belonging to Ceroteliu,m , Ochropsora, and Tranzschelia are heteroecious. 

Discussion and conclusions 

Six well-defined groups are recognized within Uredinales based on the morphological 

t ypes of spermogonia (Table 2). These groupings are closely parallel t o several recent 

proposals for a supergeneri c classification of rust fungi made by LEPPIK (1972), SAVILE (1976), 

and AZBUKINA (1974). No attempt is made to discuss and propose subdivisions of rust 

fungi in this presentation, but the authors would like to emphasize the importance of 

morphological types of spermogonia as dependable criteria for the taxonomy of this group of 

fungi. 
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Rust ecology and phytocenology as 
aids in rust taxonomy 

Zdenek URBAN* 

Ecology is usually understood to be the interrelationship between organisms and both 

abiotic and biotic life conditions. The ecology of rust fungi should thus be studied from 

this point of v iew. I mentioned some aspects of rust ecology in earli er papers (URBAN 

1952, 1958, 1965). Recently, MAKINEN (1966) di scussed some definitions in ecology of 

parasitic fungi (rust fungi included) . He defined microecology as the rela tionship of 

parasite to host when the latter represents the immediate environment for the parasite. 

The environment thu infl uences the parasite through the host only. The macroecology, 

on the other hand , is the study of the direct influence of the environment on the pathogen 

(rust fungus), without the interaction of the host . The m ain macroecological factor, 

according t o M AKINEN, is the climate; he only incidentally gives attenti on to the possibility 

of interaction with more external factors. 

In my experi ence, ecology of many parasitic fungi (and rust fungi especially) includes 

the interrela tion between the parasite and the vegetation type, which is always a natural 

or artifi cial plant community (phytocenosis). In nature van ous phytocenoses 

exist either side by side or they penetrat e each other. The parasite (rust fungus) always 

exists in a definite phytocenosis. The parasite can occasionally be introduced into 

another plant community; there it finds either restricted possibilities for existence or, on the 

contrary, very good ones. In this last case the parasite seems to be indigenous (autoch

thonous) . On the other hand, the natural veget ation spreads (and sometimes very 

recently) as definite phytocenoses. Similarly some artificial phytocenoses (agrophy tocenoses) 

spread in the past as communities of definite plant species . Some parasites migrated 

t ogether with plant communities; that is why the histori c point of view, historic areography, 

and knowledge of evolution of phytocenoses should be introduced into the ecology of 

parasites (and also into the study of their taxonomic units) . 

Rust fungi, being obligately and specifically parasitic, are very closely connected with 

vascular plant ecology a nd history of their communities . The exist ence, history, and 

geographic distri bution of plant communities sometimes limit the distribution of rusts. 

H owever, sometimes these restrictions are overcome by interacti on of man (agroph yto

cenoses). Thus adaptation t o new nvironmental conditions is required and this leads t o 

the origin of new species or intraspecific units. 

The species concept in rust fungi and the problem of specific diversity based on 

ecological characteristics, besides other criteri a, wa exemplified previously by Puccini a 

* Depar tmen t of Cryptogamic Botany, Charles University, Benatska 2, 128 01, Pra ha-2, Czechoslovakia 
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gra'miwis. In my conclusions, I have considered result in stem rust race hybridization and 

compatibility from bot h Canada and t he United States, from many records of F rench authors, 

from personal experiments carri ed out with Czech and Slovakia n stem rust populations. 

Also ideas on stem rust genealogy presented by LEPPIK (1961 ) were taken into account . 

P u.ccillia g1'aminis s. 1. in E urasia origin ally spread from central Asia (together with 

plant communiti es contai ning B erbe'yis and convenient grasses) to the East a nd West . The 

Near E ast a nd the Med it erranean are secondary evolutionary centers of Berbel'is (B. cretica, 

B. hispallica, etc .). The montane plains of central Asia are, however, also the primary 

evolutionary cente r of cereals (wheat, barley). In my opinion, the ancestral form of P . 

gl'aminis parasiti zed various grass genera, Trit'icum included. Thus it also parasitized 

ancestors of our recent wheat s: T. boeoticum (2n = 14), T. dicoccoides , and T . t'imopheevi (2n 

= 28). About 8000,....,,9000 years ago Man took the genus Triticum into cultivation. Succes

sively he developed t he fi rst cultivated wheats : T. monococcmn (21'1 = 14), T. dicocc$tm (2n = 

28), and T. spelta (2n = 42 ). The a ncestral form of the st em rust also parasiti zed these wheat s 

and advanced t ogether with them to the Near East and t o the Mediterranean, i. e. to the 

secondary evolutionary centers of both Berberis and wheats. Gradually soft wheats were 

created. Simulta neously, the acreage of wheat monoculture became great er and greater. 

In thi s way, a suitable precondition was fo rmed for long-distance spread of P. graminis on 

culti vated wheats by means of urediospores. Owing to thi s ecological change, the 

importance of Be1'beris as an altern ate host diminished in many countries. Under the 

inHuence of Man, plant breeder, the secondary physiologic form of the stem rust evolved 

from the ancestral one. As it evolved furth er, it was inHuenced by microecological 

(culti vated wheat) and macroecologica l (loss of obligate heteroecism, current long-d ist ance 

spread by ured iospores) conditions in to a new, morphologically distinct cerealicolous 

subspecies gl'aminis . The wild central Asiati c Tr itic$tm species together with some 

cultivated a ncestral wheats are immune or highly resistant t o the new subspecies. 

On the contrary, in the Mediterranean (t he secondary evolutionary center of B erberis 

and wheats) we find physiological races parasitizing both culti vated wheats and some 

wild grasses growing in plan t commun iti es with Berberis : A egilops , Bromus, Haynaldia, 

H ordeum, Agropyrum. Similarly, in t he high mountains about Bakur ' jansk of the Georgian 

SSI~ , TritiC1fm timopheevi bears heavy infection of the stem rust . 

More or less natura l stands of Berberis v'ulgaris in Czechoslovakia (central and 
southern Bohemi a, western Slovaki a) house the graminicolous Puccinia gramin'is subsp . 

graminicola URBAN, which does not a ttack cereals. It persists in the locality owing t o its 

obligat e heteroecism and because it parasitizes grasses of the same phytocenosis: 

Dactylis , P oa, Agrostis, Fest$tca , Calamagrostis , Arrhenathen tm, etc. 

According to AZBU KI NA (1974), P$tcciwia graminis in the Soviet Far East is a 

complex of cereali colous subsp. gram'inis and gramini colous subsp. graminicola . 

The use of ecological criteri a in taxonomy has practical consequences: (1) it gives new 
points of view on eradication measures of Bel'beris in natural plant communiti es removed 

from cultures of cereals; (2) it recommends, .in the search for stem rust resistance genes, the 
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use of urediospore inoculm originating from primary or secondary evolutionary center . 

Another example is the t axonomy of brown rusts of grasses, including leaf rust of 

wheat. In E urope this complex embraces obligately heteroecious rusts (in Ranunculaceae, 

Boraginaceae) together with other t axonomic units li ving without host alternation. It 

seems that in thi s complex there are both brachysporous (ratio of t eliospore length to 

lower cell width= 2 :3) and dolicbosporous forms (ratio 3:4 and more) . It is probable that 

both characteristi cs mentioned are genetically fixed. This suggestion seems t o be 

supported by the following fact . Just recently we bave found in western and southern 

France, Spain, North Africa, and in other parts of Europe, bracbysporous and dolichosporous 

rust fungi having both stages on the same host genera or species. I suppose that here we 

are meeting rusts in which brachyspory or dolicbospory are not in strong correlation with 

specific or generic st atus of the monocaryophyte a nd d icaryophy t e host. This may be 

exemplified on obligately het eroecious rust s on M ilium eff2tSum . Puccinia milii-effusi D UPIAS 

from southwestern Pyrenees (I sopyrum thalictroides- Miliu,m eff2tSum) was described as 

conspicuously dolichosporous. The characteristic mentioned distinguishes it from another, 

but brachysporous, rust fungus di scovered recently in eastern Slovakia (MARKovA 1976) 

whicb parasiti zes the same host species a nd probably belongs to the complex of auto

chthonous brachysporous rusts on Agropyrum can'imtm and Hordelymus e'uropae2tS (0 + 1 
on Actaea, Thalictrum, Cimicifuga). 

The study of Czechoslovak populations of brown rust is not yet fini shed . Neverthe

less, it seems that there are at least tlVO taxonomic uni ts: t he brachysporous Puccinia 

persistens PLOW. subsp. persistens and the dolichosporous subsp . agropyrina (ERIKS.) URBAN 

et MARKOVA. Both subspecies probably embrace additional lower taxonomic units, both 

het eroecious and autoecious. P2tccinia persistens var. persistens on Agropyrum repens 

in Czechoslovakia lives without host alternation. On t he contrary, P. persistens subsp. 

agropyrina on A. intermedium is obligately het eroecious (aecia on Thalictrum and Litho

spermu,m). Some rye cultivars and some other grass genera are resi t ant to moderat ely 
susceptible to urediospores of both rust s. Cultivars of wheat species (T. aestivum, T. 
dicoccum, T. dUY'Um) are, on the contrary, immune t o highly resistant. 

I suppose that brown rust s came into central E urope as members of plant communities 

containing the optimal bost combination of their monocaryophy te and dicaryophyte. 

According to FRENZEL (1964), in the last glacial epoch (\iViirm) there was a p revalence of 

herbaceous vegetation, which was tundra-like only a t the beginning. From the east and 

southeast there was a migration of plant communities and plant species which gave ri se to 

"a prairie covered with gras es" (H 01'deum, Bromus, Ag1'opYr2tm, Secale, Triticum monococcum); 

the occurrence of tundra plants wa rather exceptional. Accord ing to FRE NZEL, gras es 

were abundant in central E urope because they had already been very common in 
preceding glacial periods. Thus it is very probable t hat as members of their plant 

communities came into central Europe, some heteroecious rust s accompanied them and still 

persist. It seems that in the last glacial epoch there were in central Europe more frequent 

and widespread pecies of A gropyrum (A. rep ens included), ecale, and Trihc2t1n. Accord-
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lI1g to TA NFILJEV (1925), CAJANDER (1906), DOCHMAN (1954), STEPAN OVA (1962), and 

MORAVEC (1965) A. repens seems to be very vari able ecologically and probably splits into 

more infraspecific units. Especially in eastern E urope and the Soviet part of Asia, 

Agropyntm repens represents an important member of various plant communities that may 

be spread over hundreds of kilometers. It may be that the phytoceno is Agropyntm
Alopecuretwn pratensis, which MORAVEC described from Bohemia, is related to early 

Quaternary veget ati on with Agropyntm repens, which is supposed to have been present 

(at th at t ime) in central E urope. I suppose that i why rusts on Agropyrum rep ens and A . 
intermed-ium developed independently, isolated from the evolution of the wheat leaf rust 

(having aecia also on Thalictntm). This suggestion is supported also by physiologic affinity 

of Agropyntm rusts for rye and not for cultivated wheat . 

The ancestral form of the wheat leaf rust (P~tccinia persist ens var. tr-iticina) originated 

in evolutionary centers of hexaploid wheat (subregion Near East and the Mediterranean; 

see SINSKAJA 1966, Z UKOVSKIJ 1969). In these subregions the ancestral form parasitized 

specie of the genus Thalictntm and wild Triticum and probably also Secale, Aegilops, and 

Agropyrum. This idea is supported by the fact that in Portugal (Mediterranean subregion) 

Thalictrum speciosissim~tm is commonly infected in winter, and aeciospores infect wheat. 

On the contrary, wheat leaf rust from Czecho lovakia does not infect Th. speciosissim~tm 

in experiments (personal communication of P . BARTOS). F urther evolution of the wheat 

leaf rust reflects the same features as described previously in stem rust genealogy. 
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Ecology, convergent evolution, and classification 
in U redinales 

D.B.O. SAVILE* 

Abstract 

If an important ecological p roblem has few possible methods of solution, very similar 
adaptive structures may evolve repeat edly. We must recognize the problems and 
understand the means by which they are solved in order to distinguish convergence from 
homology. In the rust fungi critical problems in nutrition, dispersal, and protection from 
desiccation and from mycophagous animals have induced abundant convergence. Deciduous 
teliospore pedicels, devices to protect the sori from insects, spores resistant to desiccation, 
internal basidia, short-cycling, instantly germinating teliospores, and external sori have 
all arisen repeatedly under appropriate conditions. Some of these topics a re a mplified. 
Based partly upon pycnium type, the rusts a re disposed in five redefined families: 
Pucciniastraceae, Melampsoraceae, Phragmidiaceae, Raveneliaceae, and Pucciniaceae. 

Introduction 

The paper that I gave in the symposium, Taxonomy and Phylogeny of Uredinales at 

IMC-2 was written without thought of publication. It largely duplicated another sympo
sium paper already in press (SAVILE 1978). I have accordingly changed my text consider
ably. Its theme is the same but the emphasis is different. 

Homolo~y or conver~ent similarity? 

In morphologically simple organisms there can be only limited differences between 
two structures that evolve to perform similar functions . A classical example is the 
supposed homology of the ascus hook and the clamp connection. It is now clear not only 
that the two structures arose independently, as nuclear bypasses at conjugate division, but 
that the clamp connection has come and gone repeatedly. If we in mycology are to put our 
evolutionary schemes on as firm a footing as those who work with higher plants or verteb
rates, we must make up for the limited number of morphological characters with the fullest 
possible understanding of the functions of these characters and their causative environ
mental stimuli. With macroscopic organisms the functions of conspicuous characters 

are often obvious. With microscopic organisms functions are harder to detect. We must 
form the habit of thinking in terms of the micro ecology of the organisms, doing as much as 
possible of our own field work, and taking notes on the total ecology of each specimen. 
With the rusts, hosts and host associations are part of that ecology. The total ecology is 

• Biosystematics Research Intitute, Agriculture Canada, Central Experimental Farm, Ottawa, 
Canada KIA OC6. 
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part of the description of each specimen ; and th at of all the pecimen is part of the 

description of the species . 

Some of these simila r structures began to disturb me about 40 year ago; but their 

significance largely escaped me until after 1949, when I st arted on an extensive program 

of bot anical field work that eventually involved all major climatic regimes of Canada . As I 

acquired clearer pictures of the ecological limits of many rust s, the functions of their 

morphological changes also became clearer. Repeatedly I had to qualify the taxonomic 

value of favored characters. 

Examples of convergence in Uredinales 

I have recently documented (SAVILE 1976) numerous exmaples of convergent evolution 

in the following: deciduous t eliospore pedicels, devices to protect the sori from mycophagous 

animals, resistance t o spore desiccation, internal basidia, short-cycling, inst antly germinat

ing t eliospores, and superstomatal sori . Such devices evolve repeatedly in appropria te 

conditions. We shall examine a few examples in greater det ail. 

1. Decid~tMtS teliospore pedicels The introduction of an additional di aspore into the 

life cycle of any non-motile organism must be strongly adaptive under almost all 

circumstances. In the three advanced rust families, with pedicellat e teliospores, 

Phragmidiaceae, Pucciniaceae s. str., and Raveneli aceae, reliable pedicel breakage has been 

achieved at least 49 times in 15 genera by nine distin t methods. One method has evolved 

in all three families and four other methods in two families. These methods and their 

occurrence are illustrated and discussed in det ail in SAVILE (1976, 1978). In ummary, 

we find the following : forcible di scharge by breakage at the middle lamella between pore 

and pedicel, through elongation of the thin apex of a septate pedicel (T1'achyspora); 

breakage near the top of a very thin pedicel through upthrust by younger spores (in at 

least 20 Puccinia - Uromyces lineages, and in R avenelia, Prospodium, Triphragm1:um, 

Sphaerophragmium, Xenodoch$ts, Cleptomyces) , which occurs frequently because any 

abrupt angle or change in thickness of a structure is a point of weakness where cracks 

easily st art ; breakage as in the last , but powered by swelling of gelatinous cells (R avenelia, 

Uromycladiu,m); separati on at base of simple pedicel (three lineages of P~tccinia, and in 

Prospodiu,m, Uropyxis, Phragmopyxis, Dipyxis, C~tmmins'iella, Ravenelia); separation by 

localized pedicel gelatinizati on (few P1,tccinia, Uropyxis, P hragmopyxis); separation at lysis

pitted fracture zone in pedicel (Uropyxis, R avenelia, Phragmidi'um); jet propulsion by 

rupture at base of swollen pedicel (P'uccinia); break at pedicel base th rough swelling of 

pedicel, causing lifting (Puccinia, Phragmidium) . Finally, passive release through separa

tion at the middle lamella in the spore hilum, the method universal in urediniospores, has 

been recorded , imperfectly developed, only in Uromyces intricatus var. intricat~ts and the 

related U. bisbyi, both on El'iogomtm (SAVILE 1966). The meager development of thi s 

last method of teliospore release emphasizes the fact that the elaboration of pedicellate 

t eliospores came very much later in the hi story of the rust s than did the evolution of 

urediniosp ores, 
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2. Correlated changes in diasporic teliospores Teliospores that genninate in the sorus 
generally have the wall thin at the sides but markedly thickened above, for maximum 

protection from desiccation and from mycophagous animals. The genn pore is typically 

apical, or near the septum in lower cells, providing the shortest route through the envelop

ing water film at germination (Fig. 1, left ). The spore wall is smooth. 

Once the t eliospore is freely released it is subj ected to new adaptive pressures. It 

now germinates lying free at an air-water interface (Fig. 1, right) . With relaxation of 

ancestral selection pressures, wall thickening tends to become uniform, and the germ pores 

tend to drift from apcial and septal positions. The spore wall often becomes verrucose or 

otherwise sculptured, which allows a thick boundary layer of air to be maintained, increas
ing the effective size of the spore and decreasing its rate of fall. There is also a common 

tendency for the spores to become wider than in the ancestral species, in which close packing 
of spores in the sorus encouraged both genetic and phenotypic narrowing. These changes 

are especially clear in various lineages of Puccinia and Uromyces, but the same trend is 

occasionally seen in Phragmidiaceae and R aveneliaceae. 

Fig. 1. Teliospore evolution in Puccinia. L eft, teliospores of primitive species germinating in sorus. 
R ight, spore of advanced species, germinating detached; correla ted change in wall thickness, wall 
surface, and pore positions follow initiation of function as diaspore. 

These correlated changes all result from the initiation of dispersal, before which all 

would have been inadaptive. Thus correlation does not indicate phylogenetic relationship 
in this instance, but merely the direction and extent of evolutionary advance. The 

action of ARTHUR (1934) in recognizing two subgenera of Puccinia based on these characters 

was completely unrealistic, for it often separated closely related species on, for example, 

Alliaceae, Polygonaceae, Saxifragaceae, Fabaceae, Onagraceae, and Heliantheae. Species 
with intermediate morphology were forced arbitrarily into either subgenus. Some species 

were completely misplaced ; for example, Uromyces hedysari-paniculati, with fully diasporic 

verrucose teliop ores, was placed in Eupuccinia because the pedicels break at the base and 
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remain on the spore. Such "long" pedicels were a character of Eupuccinia, whereas those 

in Bullv!,{,v were "short and fragile" (i.e. they break near the spore) ; but actually they are 

on average longer than those of the more primitive species, being often 60 to 110 /.lm long. 

Arthur's subdivisions are merely evolutionary grades, not phylogenetic clades. 

3. A daptations against water loss 'Water loss from exposure to dry air limits the scope 

of all t errestrial fungi. The mycelium of most rusts is protected by the host tissues, but 

the spores are seriously exposed to desciccation in dry weather. Rust spores undergo a 

series of correlated changes in Mediterranean and other seasonally arid climates. The 

most conspicuous changes are increased wall thickness, increased wall pigmentation, and 

increased spore size (SAVILE 1970a) . It is often stated that wall pigment protects from 

ultraviolet radiation, and so it may; but its intensity correlates with aridity rather than 

radiation. In almost all t emperate Puccinia, Uromyces, and Phragmidium species pigment 

is much more intense in over-wintering t eliospores than in urediniospores, which are exposed 
to substantial ultraviolet radiation. About the darkest urediniospores known t o me (as 

black as any teliospores) are those of Fuccinia poae-nemoralis ssp. hyparctica (SAVILE & 

P ARMELEE 1964), which occurs at 81°50'N, where ultraviolet intensity is negligible, but 
the spores must survive nearly a year in Hazen Valley with ca. 30 mm annual precipitation. 

Increased spore size reduces water loss by reducing the surface-to-volume ratio. 
Puccinia t eliospores t end to react to severe aridity by decreasing the length-to-width ratio; 

they thus approach a sphere, the form with minimal surface-to-volume ratio. 

Several Puccinia species attacking Cardueae in Mediterranean climates have modifica

t ions to delay the release of the; r spores during the long rainless summer, when shed 

spores have negligible chances of causing infection. The teliospores have slightly firmer 
pedicels than those of the same or related species in mesic climates, which causes them to be 

released from the sorus less readily (SAVILE 1970a) . In aestivating urediniospores the 
same problem is solved by t he echinulations becoming small and very closely spaced, often 

approaching those typical of Puccini a aeciospores. These close echinulations must provide, 
as with aeciospores, enough fri ction between spores for them generally to be held indefinitely 

in the sorus (SAVILE 1970b). As the leaves of the hosts usually die completely during the 

summer, the mechanism for the ultimate release is not clear. Perhaps release by wind 
agitation is so gradual that many are not shed until after the renewal of growth in 

autumn. 

Teliospores of aridity-adapted rusts often look extremely similar, although stable 

characters such as urediniospore germ pore patterns may show them to belong t o quite 
distinct lineages. 

4. Adaptations to tropical rain forest Comparative morphology of the rust s, streng

thened by a growing understanding of patterns in flowering plant evolution (STEBBINS 

1974), makes it clear that many rusts are secondarily adapted to tropical rain forest . In this 
regime the air is essentially saturated even in rainless weather, and teliospores can 

germinate throughout the year. Germination inhibitors, thick spore walls, and wall 

pigment all become superfluous and tend t o be eliminated. Regardless of the appearance 
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of the ancestral teliospores, their rainforest descendants all t end to have pale, thin walls 
and to germinate instantly. Unless we have pycnia, distinctive paraphyses, or unusual 
urediniospores to guide us, we run a serious risk of putting t oegether rusts that are quite 

unrelated. 
Another reaction to the tropical rain forest is discussed in the next section. 
5. Superstomatal sori It has occasionally been suggested that rusts with superstomatal 

sori are a natural group, and even that they are close to being " living ancestors" of the 
rusts. One or more spore states of the following genera are superstomatal, i .e. the spores 
and their supporting structures form outside the leaf on hyphae that emerge through nearly 
unaltered stomata : Olivea, H emileia, Gerwasia, Blastospora, Stomatisora, Cystopsora, 

Desmella, Edy thea, Prospodium, and Dasy spora. 

Pycnia are known in five of these genera, and are of types 4, 5, 6, and 7 in the system 
of HIRATSUKA & CUMMI NS (1963). Types 5 and 7 are closely related, but 4 and 6 are very 
different from them and from each other. The pycnium is a very stable organ, protected 
from the external environment by the host tissues and its nectar drop, and diverse types do 
not occur in closely related genera. The superstomatal genera are clearly polyphyletic, 
which is further emphasized by correlations between superstomatal and subepidermal 
genera in morphology and often in hosts. 

Olive a (type 7) is plainly related to the erumpent Sorataea (7). 

Cystopsora (4) is the superstomatal equivalent of Z aghouania and both are on 
Oleaceae. 

Desmella , on ferns, evidently arose from the mainly temperate fern rust Hyalop sora, 
and an intermediate species is known. 

Edy thea, on B erberis, seems t o derive from Diorchidium (7), with a species on B erberis, 

or from its immediate ancestor. 
In Prospodium (7) the uredinia are, in different species, subepidermal or superstomat al. 
Gerwasia (6) on R osa and R ubus, has t elia subepidermal, intraepidermal, or 

su perstoma tal . 

Hemileia, with pycnia and aecia apparently lacking, has peculiar " hedgehog" 
urediniospores, reniform and half smooth as the name implies, which strongly resemble those 
of Dipyxis (7) ; but the teliospores, greatly modified for instant germination, are inevitably 
unlike those of Dipyxis . 

No affinities are known for Dasy spora (5) or Blastospora and Stomatisora (pycnia 
unknown). However, pycnia or correlations with orthodox rusts show the superstomatal 
rusts to have sprung from Pucciniastraceae, Phragmidiaceae, Pucciniaceae, and 
especially Raveneliaceae, which is strongly represented in tropical rain forest. All except 

Desmella are on moderately advanced flowering plants, which further disqualified them as 
ancestral rusts. 

E xcept for Cystop sora, which is manifestly a refugee from tropical rain forest and 
secondarily adapted to a monsoon climate by such drastic means as thick-walled basidia 
and basidiospores (SAVILE 1976, pp. 178, 183), the superstomatal rusts are essentially 



280 D.B.O. SAVILE 

confined to tropical rain forest. The anomalous occurrence of H emileia vastatrix on 
Coffea arabica is discussed in SAVILE (1978). In the rain forest the ambient air is always 
about as moist as the air within the leaf, and this is the one regime in which the exposure 

of so much fungal tissue to the air is readily tolerated . In fact , with perpetual high humidity 

the superstomatal habit, which damages less host tissue than orthodox erumpent sori , is 

probably adaptive, for the rust s can use only healthy cells for their nutrition. 

The tropical rain forest is also the one climate in which heteroecism can never 
be significantly adaptive. If fresh foliage of the telial host is always available, host alterna

tion, with its serious population drop (SAVlLE 1976, p . 155), must be inadaptive. If a 

t elial host, entering the rain forest with its rust , loses association with the aecial host , 

autoecism or indefinite survival in the uredinial state are the only alternatives to extinc
tion, and mutations favoring self-fertility and reinfection of the telial host by basidiospores 

will be selective. (Recombination can still occur by the exchange of nuclei between geneti
cally dissimilar mycelia.) Desmella clearly arose by this means when Hy alopsora penetrated 

South America, where Abies, its aecial host, does not occur. Probably Hemileia originated 

similarly. 

Evolution of Ravenelia 

I have presented (SAVILE 1976, sect. 15) a preliminary explanation of the evolution of 

the complex teliospores of Ravenelia by mimicry of the increasingly compound pollen grains 

of Acacia and some other Mimosoideae. The developing picture of the co-evolution of the 

rusts, their hosts, and bees that both pollinate the host s and effect long-range 
dispersal of the t eliospores is one more example of the need to underst and the tot al 

natural history of the host plants of our parasites. The inter-relationship is still poorly 
understood, but a few facts are emerging. First , at least two species of Trigona, the most 

widespread genus of the stingless bees (meliponine), are markedly modified for raking up 

shed pollen; but they have not yet been seen collecting mimosoid pollen. Second, I find 
that in arid savanna the deep-rooted acacias flower in the rainless season, when they 

have no competition for pollinators ; and I suspect that Ravenelia teliospores (before flower

ing) and shed pollen (after flowering) may be important dry-season protein sources for 

what ever bees are concerned. 

Conclusion 

Disregarding the numerous convergent resemblances presented here and in SAVILE 

(1976) , and relying considerably on pycnium t ype, I assign Uredinales to five famili es, 

circumscribed in SAVILE (1976, pp. 188",,192) : Pucciniastraceae, with pycnium types 1, 2, 

and 3 ; Melamosporaceae, with pycnium types 2, 3,4, 5, 7,8, 9, and the newly established 12 

(HlRATSUKA & HIRATSUKA 1977); Pucciniaceae, with pycnium type 4 ; Phragmidiaceae, 

with pycnium t ypes 6, 8, and especially 10 and 11 ; Raveneliaceae, with pycnium types 5 

and 7. 
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Phylogeny of Uredinales on Pinaceae 

Guy D URRIEU· 

Ab stract 

Comparison of host range of rust s on Pinaceae with the phylogeny of this tree family 
indicates possible relationships between the different rust genera . A phyletic system is 
proposed , based a lso on morphologic criteria . M elampsora, common to nearly all 
members of Pinaceae, is probably closely relat ed to t he ancestor of a rust group that 
includes Pucciniastyum, Melampsorella, Hyalopsora, Uredinopsis, a nd Milesina . Coleospo
riurn, Cronartium , and Chrysomyxa seem to be separate from the former group. 

L a repartition sur les Pinacees des RouilJes qui les parasitent examinee en comparaison 
avec la phylogenie de ces arbres donne des indications sur les rela tions possibles entre les 
divers genres d'Uredinales. Un t ableau phyletique est propose, qui tient compte aussi de 
caracteres morphologiques. M elampsora, qui se trouve sur presque toutes les Pinacees, 
est certainement tres voisin de J' ancetre commun au groupe constitute des genres suivants : 
Pucciniastrum, Melampsorella, Hyalopsora, Uredinopsis et Milesina. Coleosporittm, Cronar
tium et Chrysomyxa semblent se situer a part du groupe precedent. 

Introduction 

One of the basic phylogenetic studies of rusts is to look at the species parasitizing the 

most ancient of living plants i .e. ferns and gymnospenns. Several rust genera are hosted 

by Pinaceae (=Abietaceae), some of them using ferns as secondary hosts. Their study 

should provide valuable infonnation about what could have been primitive Uredinales, 

since they probably are the most ancient living types. 
For many authors the genera Hy alopsora, Milesina, and Uredinopsis are the most 

primitive of living Uredinales because they attack Abies (aecia) and ferns (uredia and telia). 

Some authors (KUPREVICH & TRANZSCHEL 1957, LEPPIK 1967) also consider the lack of 

pigment in Milesina and Uredinopsis as an additional primitive character, but there are 

objections: FAULL (1938) and SAVlLE (1976) pointed out that discoloration has happened 

several times during evolution of the rusts. Nevertheless, according to SAVILE (1976), 

Uredinopsis should be the most primitive of present genera. He describes a phylogeny in 

which the starting point is individual t eliospores buried in the leaf tissues. LEPPIK (1973) 

tried to draw a parallel between the phylogeny of conifers and that of their rust parasites. 

But it seems that he misinterpreted the data of botanist s, who generally consider that 

Pinus is the most primitive of living Pinaceae; LEPPIK puts it as the most advanced. 

Hence, it appeared to me that it was necessary to study again the question. However, I 

would like first to make some preliminary remarks. 

• Laboratoire de Bot anique, Universite Paul Sabatier , 31077 Toulouse, France. 
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Phylogenetic studies of other plant groups have shown that the different organs do 

not always evolve a t the same rate: why may we not think that the same has also 

happened for rusts ? Then th e evolut ionary rank of a fungus cannot be settled at the 

sight of only one of its spore fo rms; it i not impossible to find, on the same species, primitive 

spermogonia and advanced telia . 

'vVe must also consider the phylogenic conclusions drawn from the presence of the 

same parasite on different hosts. If several plant species A, B , C . . support the same 

parasite p (or closely related forms p, p' , p" .... ) it is highly probable that the parasitic 

combination Ap, Bp, Cp . ... (or Ap, Bp' , Cp" .... ) happened with a common host 

ancestor, and p is at least as old as this ancestor. But if among several related plants A, B , 

C .. .. , only one is attacked by the parasite p, it can mean that p appeared only after the 

splitting of the different host species from a common ancestor. 

These remarks should not be considered as absolute rules but only as indicative. 
Other phenomena such as migrations, loss of alternating host , or gene selection for resistance 
could also be involved. 

Phylogeny of Pinaceae 

What is known about phylogeny of Pinaceae? Figure 1 shows, as established by 

GAUSSEN (1970), relationships among differen t genera, based on morphology, anatomy, 

ontogeny, and palynology. Piwus is indubitably the oldest. Several genera probably 

derived from a ncestors of living pines: Cedr"Us and Abies, Larix and Pseudots"Uga, Pityites 

KETELEERIA PSEUDOTSUGA ABIES PICEA TSUGA 

LARIX CEDRUS 

PSEUDOLARIX CATHAYA 

PINUS 

Fig. 1. Phylogeny of Pinaceae (aft er GAUSSEN 1970). 
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(only fossil) and Picea, P seudolarix and K eteleeria, Cathaya and Tsuga. The splitting of 
these genera is probably anterior to Cretaceous. It is noteworthy that in a recent paper 

PRAGER et al. (1976) have, in a serological study, fo und very similar results ; the difference 

is that Tsuga derived early from the genera Cedrus-Abies. 

On the other hand, from paleontological data, Pimts known since late Jurassic (and 

perhaps since Lias) is unquestionably the oldest. For most of the other genera, oldest fossils 

are either Eocene (Abies, Tsuga) or Miocene (Larix, Pseudotsuga), with some late Cretaceous 

fossils doubtfully identified as Picea and Cedrus. 

Range and origin of conifer rusts 

From the range of Uredinales on Pinaceae (Fig. 2), it is obvious that each genus hosts 

a characteristic flora of parasites. I have withdrawn from this sketch Cathay a, 

Pseudolarix, and K eteleeria, which do not have known parasites . However, as these 
trees live in countries where mycological flora has not yet been studied in detail, it is 

possible that further discoveries may allow us to complete the diagram. 

r-----------------------------------. 
: PSEUDOTSUGA r--A-SIES-------l r- 'piCEA'i TSUGA : 

, ,I I -
I : Uredinopsis : i I I 
I LARI X CEDRUS : Milesino : iChrysomyxo J' I 

PINUS : H Iopsoro : .... - .. - . -
I ; ~omp50rello; I 
I Coleosporium •• ------ -- ---- .. .. -- I 

Melompsoridium Cronortium 
I I 
I I 
I Pucciniostrum I 
I I 

I : 
L~~~~~ _______________________________ ~ 

Fig. 2. Host range of rust genera on Pinaceae. 

Every genus bears one or several species of Melampsora. Then it appears highly 
probable that this genus is the oldest which attacked the fami ly . Its origin should be 

older than the differentiation of the different genera of Pinaceae. This assumption 

requires that the first M elampsora had alternating host plants that are today extinct (fern 

or prephanerogami c groups of gymnosperms); indeed Pinaceae are only aceial hosts (but 

for a microcyclic species on Pimts excelsa , see BAGCHEE 1950). With the rise of angio

sperms, the dicaryotic mycelium passed to Salicaceae, which in turn became aecial hosts 

and were u ed as source for infection of more advanced families: Liliaceae, Saxifragaceae 

etc. (LEPPIK 1953, 1967) It is interesting to note that botanist s do not usually consider 

Salicaceae as one of the most primitive families. I evertheless, there are known fossils for 

the e trees dating from middle Cretaceous, when they probably were already abundant. 



286 Guy DURRIEU 

It can be supposed th at Melampsora did not pass to the most primitive species of angiosperms, 

which perhaps have never formed crowded populations, but rather when some groups, 

expanding widely, gathered in large communities superseding the gymnosperms. So these 

populations offered to rust spores an adequate t arget to allow development of new strains. 

But it must be added that origin of the Pucciniaceae, the most widespread rust s on 

angiosperms, is not to be searched in this way. 

The other rust genera have a more restricted range: Pucciniastrum (including 

T hekopsora and Calyptospora) lives on Abies, Tsuga, and Picea. This must be an ancient 

association, since, according t o GAUSSEN, these trees are distributed among different genera 

that branched off before the Cret aceous. If t oday these fungi are widespread on several 

angiosperm families in their d icaryotic st age, it must be the result of their ability t o persist 

without host alternation. 

Each of the other genera are restricted t o one host only : M elampsoridium on Larix; 
Chrysomyxa on Picea ; Cronartium and Coleosporium on Pinus; M ilesina, Uredinopsis, 
Hyalopsora, and Melampsorella on Abies. 

It can be thought that most of these fungi appeared rather recently or, at least, 

that they have parasitized conifers only after the differentiation of actual genera . The 

second of t hese conceptions ought t o be considered particularly for Milesina, Uredinopsis, 

and Hyalopsora, which alternate on ferns; this is the reason that many uredinologists take 

them to be the most p rimitive rusts. As already seen, the parasiti sm of the aecial stage 

on Abies is not of very ancient origin , or it would be necessary t o suppose that the life cycle 

was at first performed on ferns and on a host other than A bies that is now extinct . This is 

not impossible. But it is interesting to point out that , except for one species living on 

Osmunda in North America, all the others parasitize only Polypodiaceae, ferns nearly 

contemporaneous with Pinaceae, while older ferns like Marattiaceae, Schizeaceae, and 

Gleicheniaceae do not host rusts. Moreover, fir - fern communities, which offer the most 

convenient habita t for these fungi, grow under mild t o cold t emperate climates and are 

certainly biocenoses of relati vely modern origin. 

One could expect to fi nd some rela ted fungi on Cedrus . We must consider that new dis

coveries are still possible, but , on the other hand, that the different species of Cedrus live 

under dry climates which are not very favourable t o rusts, especially if alternating hosts 

should be ferns or E ricaceae. In the same m anner, it may not be impossible that 

Melampsoridi~tm, or something related , should be found on Pseudotsuga, but the Asiatic 

area of these t rees is yet poorly known from a mycological point of view. 

Pines bear two other genera in addition t o Melampsora : Coleosporium and Cronartium. 

Their relationships to the other conifer rusts are not obvious, except perhaps with 

Chrysomyxa on Picea. This may be the mark of an early disjunction between Pinus (or 

Protopinus) and the genera leading t o the other Pinaceae. Or, when this disjunction t ook 

place, the parasitic fl ora did not spread as a whole over the new taxa . 

I 
I 
I 
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Phylogeny of rust spore forms 

Now it seems necessary t o see whether we can correlate these ideas with the lesson we 

can learn from rust morphology. I have tried to build up a phylogenic sketch (Fig. 3) start

ing from the remark that the most frequent sporulating method is obviously a catenulate 
feature. Then it is possible to suppose that most primitive Uredinales produced chains of 

spores (probably without intercalary cell), these spores being able to operate as vegetative 
conidia or as probasidia. Or perhaps these fungi produced basidia in chains, and a later 
transformation gave, on one hand, probasidia by an event similar t o that in Auriculariales 

and, on the other hand, " conidia" by delay of nuclear fusion and increased duration of the 
vegetative state. An example which recalls this ancestral state is the case of Caeoma 

espinosae, which parasitizes a South American Cupressaceae: it is a form with catenulate 

spores devoid of intercalary cell and peridium (PETERSON 1974). 
Differentiation of the intercalary cell between two spores in the chain gives us the 

t ypical structure of aecial spore columns. It can be thought that at the beginning the 

peridium was lacking (as it is in the " uredia" of Coleosp orium). The peridium appears in 
M elampsora (Caeoma forms), where it remains rudimentary , while it reaches its full 

development in other genera (Peridermium and A ecidium forms). It is also necessary to 

point out the presence of peculiar protective tissues made of several layers of cells in two 
conifer rusts of the Southern Hemisphere: Micronegeria fagi on Araucaria (Peterson 1968) 

and Caeoma peltatum on Agathis (SHAW 1976). 

Uredia seem to be the result of heteroecism, and it can be thought that no morphological 
differences marked immediately the differences in function of aecia and uredia. Catenulate 

uredia of Coleopsorium and Chrysomyxa seem to be relicts of this stage. 
It is also possible to consider typical uredia, with pedicellate spores, as derived from 

ancestral forms with catenulate spores like in Chry somyxa or Coleosporium (F ig. 4) . In 
fact, spore production processes are not basically different : pedicel or interacalary cell 
formation follows exactly the same way (Moss 1926, 1929) and in the case of Cronartium 

the intercalary cell elongates as a pedicel. To proceed from one to the other, the 

sporogenous cell has only to change its acrogenous and monopodial growth , giving "catenu

late meristem arthrospores" (H UGHES 1970), into a pleurogenous sympodial growth, leading 

to "sympodioconidia" (HUGHES) or "spores fasiculees" (KUH HOLTZ-LoRDAT 1943). A 
peridium somewhat different from the aecial peridium has also developed . 

As for sessile teliospores of Melampsora or Melampsoridium, it is possible to consider a 

lineage starting with teliopsores in chains like those still existing in Chry somyxa or 

Cronartium (catenulate basidia of Coleosporium may be a relict of an ancient type, men

tioned earlier). These chains are able to shorten to only one spore: Coleosporium shows 

all st ages between the many-layered and one-layered sorus (DuRRIE U 1977). For 

SAVILE (1976) the scattered teliospores with unpigmented walls of Uredinopsis, M ilesina, 

and Hyalopsora are the most primitive form, from which a first advance gives the pigment

ed-wall spores grouped in a tight palisade, as in Melampsora or Melampsoridium. We can 
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Fig. 4. Sporulation in rusts : above, cat enulate sporulation; below, sympodial sporulation . The 
similarity between intercala ry cell and pedicel is obvious. 

also propose the reverse direction: the loss of wall pigment and the intracellular position 

could be considered as signs of a very close adaptation to parasitism and spore protection by 

host tissues. Then we should have the highly advanced forms which have gone into an 
evolutionary dead end. Pucciniastrum occupies an intermediate position in this way . 

If the direction of evolution I propose is right, Endocronartium (Peridermium with spores 

looking exactly as aeciospores but giving basidia) is a striking example of what has been 

called "surevolution" or "pseudo-cyclic evolution" (GAUSSEN 1952). There is an appear
ance of a return towards an ancestral form with catenulate probasidia but with advanced 
aecia. 

Pycnium structures have not been included in this sketch , but according to the study 

published by HIRATSUKA & CUMMI NS (1963), their phylogenetic sequence is not incompatible 
with what I propose. I could just suggest, with SAVILE (1976), that type 1 (Milesina) is 
derived from type 2 (Melampsora, Uredinopsis etc.) by a sinking of hymenium in the host 

tissues. 

A general look at the whole sketch shows that, as already pointed out, the different 

spore forms of the fungus may have reached different levels of evolution. For example, in 

M elampsora, uredia are more advanced than aecia, while in Cronarti~tm, aecia are more 

advanced than telia. 

Conclusion 

In conclusion, it seems possible to propose a phylogenie system in which M elampsora 

F i.1l .3. Possible lines of evolution of spore forms in rusts of Pinaceae (p. 288) . 



290 Guy DURRIEU 

is accepted as rather primitive. It was from a closely related form that was derived an 

important generic complex involving Pucciniastrum, Melampsorella, Hyalopsora, Milesina, 
and Uredinopsis living on the most advanced Pinaceae. Melampsoridium, which looks some

what intermediat e, lives on Larix, an intermediat e between Pinus and the most evolved 

conifers. Chrysomyxa can only be included with doubt in this lineage because of its 

primitive features of catenulate urediopsores and t eliospores. Coleosporium and Cronartium 
are obviously apart . 

These conceptions represent only a tentative theory. I have tried t o locat e the 

phylogeny of parasites in parallel with host phylogeny, an idea that may be different from 

those generally argued, but not in disagreement with possible lines of evolution. 
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The rusts on Rosaceae and their affinities 

Lennart HOLM* 

The direct impetus for this communication was Dr. SAVILE'S recent (1976) admirable 

article on the evolution of the rust fungi , which stimulates much thought and some 

contradiction. Among other things I was surprised by his taxonomic treatment of some 

genera inhabiting the Rosaceae. Table 1 gives a survey of the rosaceous rust s as classified 

by SAVILE. He recognizes five fami lies, all of which have some members on Rosaceae. 

In the Pucciniastraceae there are only a few species of Pucciniastrum which infect 
rosaceous plants, like P. padi on Prunus, and P . arcticum on Rubus. Quite obviously they 

have nothing to do with the other rosaceous rusts and they do not concern us here. 
In the Pucciniaceae I will emphasize that the enormous genus Puccini a has remarkably 

few (if any?) representatives on Rosaceae. I do not know those species, for example, 
Puccinia waldsteiniae, that are reported t o occur on members of Rosaceae but with 

regard to them I will, mutatis mutandis, quote a statement by SAVILE, referring to the 

rusts on Leguminosae: "Any rusts on Fabaceae assigned to Puccinia demand scrutiny, 
for the fami ly takes many species of several genera but few if any true Puccinia" (SAVILE 

1971 , p. 1090). The same holds true for the rusts on Rosaceae, and not only as relates to 
Puccinia, but to Uromyces as well. 

I question SAVILE'S assignment of Ochropsora to Melampsoraceae, and of Tranzschelia 

and Gymnoconia to Raveneliaceae. Speaking of Ochropsora, I confine myself to O. 
ariae; there are two further eastern asiatic species currently referred to Ochropsora, but they 

are incompletely known and of doubtful affinity . Placing Ochropsora in the Melampsoraceae 
is in agreement with an old tradition: the genus has been thought related to Coleosporium 

because of the internal basidia. However, DIETEL (1922, pp. 30,....,32) has already questioned 

this taxonomy; he pointed out the striking resemblances between Ochropsora and 

Tranzschelia in biology and to some degree also in morphology, and concluded that the two 
genera are indeed related. I think that the evidence is quite convincing. First, there is 
great agreement in host spectra (Table 2) , which certainly is indicative of relationship; in 

addition there are morphological similarities. The monocaryotic mycelium is systemic in 

all three genera. The pycnia are of the same type in Ochropsora and Tranzschelia; their 
complete likeness was emphasized by LINDFORS (1924), who investigated their ontogeny 

and cytology. Tranzschelia also has periphysate pycnia, a detail omitted in the survey by 

Y. HIRATSUKA & CUMMI S (1963) . It seems impossible to deny a close affinity between 

Ochropsora and Tranzschelia, and apparently L eucotelium is related, too. I have not 
studied the latter genus, but according to TRANZSCHEL (1935, p. 182) the pycnia and aecia 

* Institute of Systematic Botany, University of Uppsala, P.O. Box 541 , 751 21 Uppsala, Sweden. 
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closely match those of Trazschelia. I think that these three genera can appropri a tely be 

grouped together in a tribe Tranzschelieae. 

The above conclusion has an interesting corollary. The telia are dissimilar ; among 

other differences the teliospores are sessile in Ochropsora, but pedicella te in Tranzschelia. 

Apparently th is difference, which has been given much weight in rust t axonomy, is of little 

importance, at least sometimes. 

An interesting problem is that of direction of this t elial evolution. In my view, the 

pedicellate type is the primitive one in this case, because the Ochropsora t elia are in some 

other respects quite obviously strongly advanced; for example, the teliospores germinate 

immediately, with internal basidia. Moreover, Tranzschelia also seems to be the less 

advanced genus with regard t o the aecia : th e aeciospores have a somewhat coloured, 

comparatively thick wall with distinct germ pores, whereas Ochropsora has quite hyaline, 

very thin-walled aeciospores with hardly discernible pores. In my opinion the latter t ype 

of aeciospores represent an advanced st age (d. HOLM 1967). 

Can anything be said about the origin of the Tranzschelieae ? It is my firm belief 

that we should always consider the host plants. The host combination Ranunculaceae 

Rosaceae is peculiar: it must have arisen by a jump of some ancestral rust with one or both 

generations on either Ranunculaceae or Rosaceae. No rust s are known to occur on 

Ranunculaceae, which ought t o be considered . On the other hand , on Rosaceae we have the 
vast group of Phragmidieae, all autoecious. As SA VILE (1976) has emphasized, the 

present Phragmidieae are on the whole an advanced group ; for example, the aecia are 

caeomoid or even replaced by primary uredo. 

Pucciniastraceae 
Mela rn psoraceae 
Pucciniaceae 
Phragrnidiaceae 
Ra veneliaceae 

Table 1. Rusts on R osaceae (according to SAVILE 1976) 

Pucciniastrum spp. II + III 
Ochropsora ariae II + III 
Gymnosporangium 0+ 1, Coleopuccinia , ? P uccinia, ? Ul'omyces 
Phragmidium and allied gen era (all a utoecious) 
Tranzschelia II + III, Gymnoconia (au toecious) 

We can reasonably assume, I think, that the recent Phragmidieae are the descendants 

of a proto-Phragmidium with peridiate aecia. The direct morphological evidence for 

kinship between Tranzschelieae and proto-Phragmidium is not particularly convincing; on 

the other hand, I can see nothing which makes such an assumption improbable. There are 

also similarities. The pycnia are subcuticular in the Tranzschelieae, as in most Phragmidieae ; 

they are periphysate not only in the former but also in Gymnoconia, and a homologous 

counterpart may be the pycnial peridium of Phragmidi~tm. The uredial paraphyses, which 

are so prominent in the Phragmidieae, also have a counterpart in Tranzschelia. Certainly 

phylogenetic speculations are particularly risky when relating to the rusts, because of 

they very widespread parallel evolution within this group ; nevertheless, I think that the 

Tranzschelieae cannot be assigned a better place than in the vicinity of the Phragmidieae. 

Accepting or not the hypotheses tha t the Tranzschelieae are the descendants of some 
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Table 2. H ost spectra of the Tranzschelieae 

Ochropsora al'iae 
Tranzschelia 
Leucolelium 

0+1 

Anemone 
Anemone 
A quilegia 
Eranlhis 

II+ III 

Sorbus 
Prunus 
Pru1lus 
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proto-Phragmidium, can we say something about the origin of the Phragmidieae? I think 

so, and it seems to me that Gymnosporangium is a very good candidate for discussion. 

Gymnosporangium is indeed a remarkable genus. Though a comparatively small 

genus, it presents an unparalleled variation in aec ial and t elial charact ers. As Dr. CUMMI NS 

(1959, p. 82) has stated, " the species possess such variable morphology as t o m ake a 
generic definition almost impossible". As I have tri ed t o demonstrate in my studi es of the 

genus, several apparently primitive traits have survived in Gymnosporangium (HOLM 1971). 

F rom an evolutionary point of view this plastic group certainly merits attention. Generally 

admitted are the connections with Puccini a, and I will suggest an affinity also with the 

Phragmidieae, as was done already by DIE TEL (1928, p. 73). Is there any positive evidence 

for such an assumption? Surely there is. First of all, of course, is the biological evidence, 

i.e. the predilection for the Rosaceae. In the Phragmidieae, the dicaryoti c phase also has 

shifted over t o the rosaceous host . 

There are morphological similarities, t oo. The aeciospores of Gymnosporangium 

normally have a thick, dark yellow-brown wall, pierced by serveral conspicuous pores. 

Resemblances can be found in some species of Phragmidium, e.g. P . violaceum, which has 

aeicospores with a thick , yellowish-brown wall with conspicuous pores. 

A charact eristic trait of Gymnosporangium is the gelatinous teliospore pedicels. I find 

it significant that the capacity for gelatinization is widespread in the Phragmidieae. This 

was recognized by Cu NI NGH AM (1931 , p . 121), who particularly emphasized the resemblance 

in the t elia of Gymnosporangium and H amaspora. 

The most significant differences between Gymnosporangi~tm and the Phragmidieae can 

perhaps be found in the pycnia. They are flask-shaped and subepidermal in Gymno
sporang1:um, but more or less fl a t and mostly subcuticular in the Phragmidieae. 

Subepidermal pycnia, however, characterize the genus Hamaspora. Moreover, the 

importance of the pycnial type should not be over-emphasized. I will recall the two, inter 

se closely allied genera M ilesia and Uredinopsis, the former with globose, often subepidermal 

pycnia, the latter with flat , subcuticular ones. 

These considerations are summarized in the following evolutionary scheme. 
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Tranzschelieae Phragmidieae U ropyxideae + Ra venelieae 

Puccinia Proto-Phragmidieae 

Gymnosporangium 
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Taxonomic significance of teliospore germination 
types in rust fungi 

M.]. THIRUMALACHAR* 

A b stract 

Teliospores germinate with or without a period of rest depending upon the species but 

in s~me genera they germinate intrasorum at maturity as a rule. The promycelium may 
emerge out through a germ pore or the spore apex may elongate and form the basidium. 
This has generic signfiicance and genera such as, M aravalia , Chaconia, Chrysocelis and others 

are recognized by this character. The boundaries between the t eliospore and the 
promycelium are distinct. 

In two genera, Blastospora and Acervulopsora, the teliospores germinate by the 

prolongation of the spore apex, but the first wall cutting off the basidium from the 

t eliospore is laid to include portion of the teliospore. Thus the basidium is semi-internal. 

This character is more pronounced in the genus Zaghouania, where the first wall is laid 

almost in the middle of the t eliospore. This semi-internal basidium is of generic significance. 

In contrast t o the external basidium usually met with , several genera have internal 

basidium. The teliospores are usually thin walled and at maturity the fusion nucleus 

undergoes two successive divisions followed by septa formation and a four celled basidium is 

formed. From each cell of the basidium a sterigma is developed bearing a basidiospore. 

Numerous genera such as Coleosporium, Goplana, Chrysospora, Ochropsora and others have 

this character. Where the sorus is not erumpent, the sterigmata from the basidial cells 

penetrate through the host matrix developing the basidiospores above the host surface. 
The lowermost cell of the basidium has the longest st erigma. In Acervulopsora the cells 
of the septate basidium round off and form basidiospores themselves. In Zaghouania there 

are no sterigmata and the basidiospores are sessile. 

Abnormal germination types which are characteristic of the species only are found in 
the t elioid aeciospores of Endophyllum, M onosporidium and few other rust species. In 

Scopella echinulata one of the divisions in the basidium is vertical and the basidiospores are 

arranged as in a t etrahedron. In Uromyces aloes there are no basidiospores formed, and from 

each cell of the two celled basidium, an infection hypha is formed directly. In Uromyces 

setariae-italicae, the t eliospore splits open at the apex from which a large vesicle protrudes 

out. The promycelium is formed as a branch of this vesicle on the side. 

* Department of Pediatrics, University of Minnesota, Minneapolis, Minnesot a, U.S.A. 
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Teliospore ontogeny as a criteria for rust phylogeny 

P. B URITICA * 

Abstract 

Principles of rust fungi have been developed through some studies with temperat e 

specimens. Tropical materials have been poorly collect ed and studied, and none of the 

theories developed provided a satisfactory explanation of the phenomena which involve 

tropical individuals. Patterns of life cycles, genera affinity and phylogeny are some of the 

points where tropical rust do not fit in the general scheme. 

Through the studies with t eliospore ontogeny it has been possible t o determine that 

the process of basidium production is continuous in all genera and is only delayed by the 

cell wall desposition , which can be evident in the probasidium or in the metabasidium. 

Specialization of the cells which are a t the tip of the hypha has given origin t o the 

different forms that are kno"m today . Speciali zation has been in three ways: met abasidium, 

pedicel or cyst production . 

In the merist ematic zone (sporogenous basal cell) are evident all the phenomena involv

ing metabasidium production and differentiation , but no definitive timing is present , 

because the metabasidium production is continuous. 

When the meristematic zone has appeared, a pedicel may be produced rising this 

meristematic zone, and thus fixing the metabasidium number. All of these phenomena fit 

in a chain which is continuous, lending t o a better underst anding in genera rela tionship . 

-- - - - -------
* P lant pathology Departmen t, Instituto Colombinao Agropecuario, Bogot a, Colombia . 
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