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31.1 Abstract 

Understanding migration is important for the adequate use of biological resources. 
A new level of understanding is demonstrated with cereal pathogens recognized to 
be obligate nomads of the atmosphere. From basic reasoning, a hypothesis is put 
forward: virulence complexity, i.e. the number of virulences per pathogen geno
type, is expected to increase in the direction of predominant winds. The hypothesis 
was confirmed by all of a variety of data from own investigations and from the lit
erature and by modelling. For instance, virulence complexity of cereal mildews 
and rusts increased from western to eastern Europe and as far as Siberia by ap
proximately one to two virulences per 1,000 km. The impact of our findings for 
general population genetics and gene flow across Europe and Asia and for further 
geographical areas is supposed to be considerable and worth elucidating further. 
Obligate nomad is a novel term that appears to be advantageous in several re
spects of population biology and life. Therefore, the consideration of obligate no
madism is extended to a spectrum of cases including plants, fungi and animals, as 
well as to neonomads and invasive plant species as a consequence of our present 
traffic and civilization. Most often obligate nomads are forced to migrate as sub
strates are ephemeral and ecological niches exist for a short period of time only. 
Chances and risks for health and the use of biological resources are discussed. 

31.2 Migration and Obligate Nomads 

Migration and biological resources have always been of major importance for hu
man society. Repeatedly, migrating pests and pathogens on plants gave rise to 
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heavy losses and even catastrophes such as the great famine caused by potato 
blight and its fungus Phytophthora infestans (Day 1977; Dixon 1998). Migrating 
insects can either cause damage by themselves or serve as vectors of other organ
isms. Examples include Phylloxera caused by the aphid Viteus vitifolii attacking 
vineyards, and the potato beetle Leptinotarsa decemlineata, both reaching Europe 
from North America in the 19th century. More recently, Dutch elm disease caused 
by a fungus-beetle association has led to devastating elm decline in many Euro
pean countries, and the pinewood nematode, again associated with a beetle, was 
disastrous in Japan. A well-known disease of wild and domestic rabbits caused by 
a virus is myxomatose, whereby, after introduction of a killer strain to Europe, 
mutants that were less severe pointed out to be of selective advantage and spread. 
Moreover, a number of invasive plant species as well as fungi have conquered 
many regions and even whole continents as neophytes since the Middle Ages, and 
many of the species pose threats to native flora and fauna. Their migration is well 
documented. For instance, spores of the fungus Anthurus milllerianus were intro
duced with military blankets from Australia during World War I; starting from the 
Netherlands this fungus spread throughout western Europe as far as Russia. 

Quite a number of species are even forced to migrate and change their habitat 
in order to survive. Their reasons for moving are well known and quite different. 
Seasonal climate is one of them, often leading to the temporary loss of living 
conditions. Moreover, a number of heterotrophic organisms are adapted to unique 
and exceptional substrates exclusively used by them. Often, the substrates are 
ephemeral and only available for a short period of time. Therefore, these organ
isms have transitory habitats only and need to fmd new substrates frequently. In a 
recent study of plant pathogens, those species that need migration to survive were 
called obligate nomads (Limpert et al. 1999). 

A closer look at these pathogens and their cereal hosts appears to be adequate, 
as well as an analysis of the forces of, e.g. dispersal and virulence which are im
portant for host-pathogen systems, because such systems may provide a model for 
so many systems of interacting organisms in general. Finally, we will widen the 
scope towards a general look at obligate nomads, including neonomads. 

Cereals including their wild relatives are major biological resources around the 
world. The rusts and mildews living on them are important wind-dispersed patho
gens (Oerke et al. 1994; Limpert and Bartos 1997; Hau and de Vallavieille-Pope 
1998). The barley mildew pathogen caused by Blumeria (Erysiphe) graminis f.sp. 
hordei~ as well as the leaf rust pathogen on wheat, Puccinia triticina, have been 
extensively studied (Bartos et al. 1996; Park and Felsenstein 1998; Limpert et al. 
1999; Mesterhazy et al. 2000). In the present context it is worth stressing that they 
are obligate parasites which need living hosts to survive. 

Living on ephemeral tissue only, these cereal pathogens frequently change their 
habitat. Starting from a number of points of interest concerning dispersal (An
drivon and Limpert 1992; Hau and de Vallavieille-Pope 1998; Aylor and Irvin 
1999; Brown and Hovtn0ller 2002), it is our aim here to focus further on the un
derstanding of population biology and wind dispersal in particular, and its possible 
relevance for strategies to use the cereal hosts in time and space (Limpert et al. 
1999, 2000; Limpert, unpubl. data). 
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So far, the term wind dispersal is generally used without further specification. 
However, wind dispersal is worth differentiating as it can affect populations of or
ganisms quite differently. A key to the understanding is, as briefly mentioned 
above, the longevity of the organisms, depending on their conditions of life. De
spite wind dispersal of spores, life of e.g. the basidiomycete Armillaria can remain 
quite sedentary due to perennial mycelium in soil and decaying wood. Ergot on 
rye, in contrast, is an obligate nomad once a year, when spores have to reach the 
seed vessel of a rye ear. Wheat leaf rust and barley mildew in northwestern 
Europe are obligate nomads as well and, moreover, highly mobile as they change 
their place of living almost 10 and even more than 20 times per year, respectively, 
(Limpert and Bartos 1997). 

Changing the place of living also means pathogen attack which often creates 
considerable losses in crop quality and quantity. Losses can be avoided through 
the use of chemicals or, ecologically safer, through the use of genes conferring re
sistance in the host. As a genetic consequence, there will be selection of chemical 
resistance or pathogen virulence that re-allows the pathogen to grow. Thus, as a 
general consequence, dispersal means selection (Flor 1946; De Wit 1992; Limpert 
et al. 1996, 1999, 2002). As another established consequence, virulence complex
ity (as well as fungicide resistance complexity), i.e. the number of virulences per 
pathogen genotype, increases with time (Munk et al. 1991). Therefore, virulence 
complexity is worth considering in strategies to improve the use of host resistance 
and to reduce the selection of super-races able to attack most or all cultivars. 
Much less established are the consequences for the evolution of virulence com
plexity in space, with migration favored in one direction. 

Cereal pathogens are well suited for a corresponding investigation. Evidently, 
for migrating humans, language knowledge can be beneficial and of selective ad
vantage. Similarly, from knowledge of meteorology, aerobiology and population 
genetics, the hypothesis was derived that virulence of nomadic pathogens in
creases with predominant winds (Limpert et al. 2002). In corresponding studies, 
virulence complexity was analysed for different pathogens using established pro
cedures of pathotype (or race) analysis. Spores of the barley mildew pathogen 
were sampled and analysed according to Limpert et al. (1984, 1990), MUller 
(1993) and Muller et al. (1996). Representative samples were obtained on the mo
torway by driving across regions of interest for cereal production in Europe, with a 
jet spore sampler mounted on the car roof. Petri dishes with fresh leaf segments 
were exchanged after approximately 1 00 km, taking into account the use of barley 
varieties and regional agroecological conditions. The sample size was close to 
2000 isolates per year in regions north of Geneva. The virulence spectrum of indi
vidual genotypes that developed after incubation was analysed on leaf segments 
on agar under controlled conditions on differential sets consisting of near-isogenic 
lines (NILs) (Kolster et al. 1986). For leaf rust, data from the literature were re
evaluated. Methods were based on either those for barley mildew, with 20 NILs 
plus 5 differential cultivars (Park and Felsenstein 1998), or field sampling and 15 
NILs (Mesterhazy et al. (2000). 

Host-pathogen systems on cereals are unique: nowhere else appears to be more 
biomass produced that is genetically more uniform. Thus, the reverse of the well-
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known problems of genetic uniformity and vulnerability of the crop is that the cor
responding systems can be excellent models to analyse population patterns and 
gene flow and their effects on biological resources, in order to develop adequate 
strategies to solve the problems. 

Thus, in addition to (1) specifYing the effects of wind dispersal, we (2) mod
elled the dispersal effects on the evolution of virulence complexity in space, (3) 
analysed comprehensive pathogen samples in time and space throughout Europe, 
and (4) re-evaluated data from the literature; moreover, we (5) extended the scope 
to further obligate nomads with reference to fungi, lichens, mosses and plants, and 
discuss our findings concerning chances and risks for plant, animal and human 
health and for the use of biological resources. 

31.3 Eurasian and Further Paths of Population Genetics 

What are the consequences of obligate nomadism in corresponding models and 
reality? The air over Europe up to 600 m above ground moves on average some 
10 km/h eastward, a movement that is thought to continue throughout Asia 
(Limpert et al. 2000; Graber and Limpert, unpubl.). Therefore, we modelled the 
effects of predominant winds and obligate nomadism for a selected trait over three 
successive regions. With one selection cycle of the pathogen per region, virulence 
complexity increased consistently and considerably by 0.25 virulences per step 
and selection cycle, from 1.5 virulences originally to 2.25 in the end (Fig. 1 ). 

There are a number of data sets consistently demonstrating the increase of viru
lence complexity in the direction of major dispersal. Early observations ofthe bar
ley mildew pathogen across Europe go back to the beginning of the 1980s 
(Limpert et al. 1999; Limpert, unpubl.). During an initial phase, western and cen
tral Europe were thought to be one unit of population genetics in this respect 
(Limpert et al. 1996). However, we soon learned that it is worth separating Great 
Britain from continental Europe. Both areas independently exhibit the phenome
non described. 

Much to our surprise, the phenomenon was even better expressed both in de
gree and consistency (R2) on the island of Great Britain, which can be due to the 
canalizing effect of the island shape, with predominant dispersal from Scotland to 
England. This demonstrates the presence of a Scottish-English path of population 
genetics. In comparison, the path considered on the continent is much wider, with 
conditions for host and pathogen being more diverse (Limpert et al. 2000, and un
publ.). A far-reaching question and hypothesis was put forward for continental 
Europe and Asia recently: "Does virulence accumulate along the way from Paris 
to Beijing?" (Limpert et al. 2000, 2002). Impressive data sets for leaf rust are 
available for this area in the literature (Chester 1946; Park and Felsenstein 1998; 
Mesterhazy et al. 2000). 

Historical data (Chester 1946) are, after re-evaluation (Limpert et al. 2000, 
2002), in agreement with the hypothesis of a Eurasian path of population genetics 
that is supported by recent data. Virulence complexity of rust isolates in Europe 
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was studied in 1998 with data from five countries (Mesterhazy et al. 2000). Based 
on predominant pathotypes, virulence complexity again increased from France 
(close to 2) to Poland (approximately 7; Limpert et al. 2002). In addition to the 
west-east gradient, a north-south gradient of increasing virulence complexity be
comes obvious here. This can be due to climatic conditions favoring epidemics 
and, as a consequence, an increased number of host resistance genes used in the 
south. Similar and other effects cannot be excluded in the west-east direction ei
ther, in some contrast to conditions for mildew attack that are best in the maritime 
climate of the northwest. Further results from Europe of interest for the concept 
come from crown rust of oats caused by Puccinia coronata and are currently be
ing re-evaluated (Sebesta et al. 1999; Sebesta, unpubl.). 

Initial composi
tion of the pathogen 

population 

Changes after selection in 
region I region 2 region 3 

on R-1 (50%) on R-2 (50%) on R-3 (50%) 

Fig. 1. Effects of wind dispersal and selection on virulence complexity, vc, of a nomadic 
pathogen: a model. Indicated is, from left to right, the initial composition of the pathogen 
population consisting of eight pathotypes with a frequency of 12.5% each, and changes af
ter selection in three successive regions; 50% of the host is sensitive, the remainder resis
tant, with R-gene 1, 2, and 3 (R-1, R-2, R-3) present in regions 1, 2, and 3, respectively 

Most impressive are comprehensive data on leaf rust of wheat from the area 
north of Geneva, where virulence complexity increases quite steadily from less 
than 4 in western France to approximately 7 in Poland, and more than 14 in Sibe
ria close to Omsk (Park and Felsenstein 1998, re-evaluated by Limpert et al. 
2002). Although most data are from the beginning of the Eurasian wind path, the 
effects on population genetics and gene flow for the entire area appear evident. Of 
course, there is a considerable way left from Omsk to Beijing. However, due to 
major conditions remaining the same, i.e. predominating winds from the west and 
presence of the host, the conclusion of virulence complexity increasing along the 
way from Paris to Beijing appears to be justified and important enough to merit 
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further consideration. The Scottish-English path of gene flow and population pre
sumably appears to be but one additional case worth knowing and considering. 

How do spores migrate? As spores start from plants, concentrations of viable 
units are highest close to ground level. Many short distances covered per life cycle 
of these polycyclic diseases are thought to sum up to long-distance migration in 
the end (Limpert et al. 1999). Presumably the conditions are similar to those of 
gene flow via pollen concluded from population genetic studies of Pinaceae 
(Ziegenhagen et al., this Vol.). Single-step, long-distance transport of viable 
spores may occur occasionally in or below clouds protecting against UV radiation, 
as is the case with dust clouds and interhemispheric transport of viable microor
ganisms (Prospero, this Vol.). 

31.4 Obligate Nomads: Extending the Scope 

The phylogenetic old kingdoms of organisms, fungi and mosses were very early 
land-inhabiting organisms living as obligate nomads. The reasons for moving are 
quite different for today's vegetation. One is that the substrates of the heterotro
phic organisms are rare and used up so quickly that new ones have to be found 
frequently. Plants and fungi have to reach new places with spores or seed. In areas 
with seasonal climate, the growing conditions can restrict the organisms to a short 
life cycle only. However, also in tropical rain forests with continuous climate, 
host-depending organisms have great difficulty in fmding the next host. This is 
due to the high degree of diversity causing large spaces between individuals of the 
same species and substrates in these habitats (Kost 2004). 

Some of these very ephemeral substrates are only available for a short period. 
As with the cereal rusts and mildews, epiphytes and even more so epiphylls lose 
their habitat if the life cycle of the plant or the leaf is terminated. More than half 
the tropical plants depend on such habitats. Liverworts, lichens, fungi and algae 
living as epiphylls are adapted to this nomadic way of life in tropical rain forests. 

Dung of various chemistry and ecology spread by animals is another prominent 
example of ephemeral substrate. Dung is very interesting for a number of so
called coprophilous organisms due to its high content of nutrients and especially 
nitrogen (Ellis and Ellis 1988). Dung beetles and many other species from differ
ent kingdoms are well known. The main problem of important fungi and mosses, 
however, is how to reach the new substrates. This is achieved through an intricate 
dispersal biology in harmony with the erratic substrate occurrence (Yu and Wilson 
2001). One trick to cope with the problem is to enter the digestion system of the 
dung producer. To this end, the spores of the dung fungus have to get from the 
place of production to the area of browsing or grass consumption by the animal. 
This can be done by active discharge and wind-dispersed spores of the fruiting 
bodies of these asco- and basidiomycetes. Indeed, the ejection of the spore balls of 
Pilobolus is so effective that even some nematodes use it as a means to reach the 
new host (Eysker 1991). 
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A more efficient method of transport from one "oasis" to the next is to use 
"camels", like human nomads do. In the case of fungi and mosses, the transfer will 
be made by insects attracted by conspicuous fruiting bodies. Gluing spores adhere 
to the chitin surface or water droplets filled with spores are sucked in by flies. 
Dung mosses like genera of the Splachnaceae have spore capsules with enlarged 
apophysis which can be remarkably colored. This attraction can serve as a landing 
place for insects. Thus, interestingly enough many of the coprophilous mosses are 
entomophilous, enhancing the probability of spore dispersal. in appropriate dung 
habitats by coprophilous insects (Marino 1991). 

Cystofilobasidium capitatum is an extremely specialized eeprephilees fungus 
(Oberwinkler et al. 1983). This very rare mycoparasite only lives inside apothecia 
of dung-inhabiting Ascomycota. Thus, the nomadic way of life of this species is 
threatened also, as it combines the low availability of the coprobic substrate with 
the short life span of an ascoma of a dung fungus. 

Fruiting bodies of fungi are, again, isolated substrates for many organisms. In
sects, imagines or larvae of flies and beetles develop inside them. Specialized my
coparasites use the carpophores as nutrient sources (Helfer 1991) and a high diver
sity of species is closely adapted to such systems. Mycoparasitism of the 
ephemeral fruiting bodies is described from many asco- and basidiomycetes. 
Spinel/us fosiger (zygomycetes) produces sporangiophores on the surface of the 
tiny cap of Mycena sp. Tremella species select as species-specific substrate li
chens, ascomycetes, dacrymycetales, Stereum species or other wood-inhabiting 
aphyllophorales. 

The fungal fruiting bodies can be infected by nomadic species of all classes of 
fungi such as: 

Basidiomycota (Asterophora, Atractiella, Chritiansenia, Collybia p. pte., Cryp
tomycocolax, Cystofilobasidium, Nyctalis, Platygloea, Tremella, Volvariella 
p.pte.) 
Ascomycota (Hypocreales, Cordyceps p.pt., Orbiliaceae p. pt., Mycogone ro
sea) 
Zygomycota (Spinel/us, Syzygites) 
Deuteromycota (many species). 
Myxomycota (Bahamia spp.) 

Fungal parasites of insects survive similarly. After digestion of the larvae or 
imago the substrates are depleted. In most cases, the fungal life turns into a spore 
production phase with an additional spore discharge. This behaviour is widespread 
and most organisms act in this way, if the substrate is used. Only through no
madism can a new basis of nutrition be found. It is very obvious that the sexual 
stage is produced exactly at that phase of life, before the beginning of the nomadic 
phase, thus creating additional diversity of advantage for survival in an unknown 
future. 

Many fungal species depend on specific and rare substrates to be digested by 
them (Alexopoulos et al. 1996, Kirk et al. 2001). So they are forced to find new 
bases for surviving. This can be observed many times, for example in the wood 
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decomposer which only inhabits selected parts of specific tree species, which have 
a definite age and which grow under definite climatic conditions. 

An unusual growing place of mosses and fungi is charcoal and old fireplaces 
(Ellis and Ellis 1988). In natural habitats these carbonicolous organisms regularly 
appear after forest fires. As one of the first plants, Funaria hydrometrica regularly 
covers this heat-sterilized and dead habitat with small gametophytes. At the same 
time some carbonicolous fungi (Anthracobia spp., Geopyxis carbonaria, Rhizina 
undulata, Plicaria spp., Myxomphalina maura) appear in these places. To spread 
they utilize the sterile areas with reduced competition from other organisms. These 
species are able to live there, however, only during the short initial phase of these 
disturbed areas. As soon as other plants and organisms start recolonizing these 
places the carbonicolous mosses and fungi disappear. 

Of course, deserts are extreme habitats and life needs to be highly adapted. 
During the dry periods fungi and mosses usually cannot grow. One survival strat
egy of mosses is to dry up and stop life activities until enough humidity refreshes 
them. Another strategy of mosses and fungi is to complete the life cycle during the 
few weeks that the desert is wet enough (During 1979). Conversely, both groups 
of organisms produce drought-resistant spores with thick walls. They will be dis
persed by sandstorms over hundreds of kilometers and germinate as soon as condi
tions for life are better again. Desert Basidiomycota with ephemeral fruiting bod
ies are members of the genera Agaricus, Agrocybe, Coprinus, Psathyrella, 
Psilocybe and Stropharia (Kost, unpubl. data). 

A well-known group of nomadic plants in steppe vegetation is adapted for dis
tribution as whole plants by wind (Eryngium, Falcaria vulgaris, Seseli div. spec., 
Phlomis pungens, Centaurea dijfusa, Salsola kali, Gypsophila paniculata; Walter 
and Breckle 2002). Due to their distribution dynamics some of these plants also 
form well-defined geoelements (Turano-Saharian elements). Striking cases of no
madic plants are also adapted to unusual ecological events like fire, land slides, 
etc. The case of Funaria hygrometrica is well known: the basis for the nomadic 
occurrence is fire, also on rather small spots caused by human activity. Further 
members of this well-defined community, all based on high demand for nitrogen, 
are Ceratodon purpureus, Marchantia polymorpha and Lunularia cruciata. 

The semi-saprophyte Buxbaumia aphylla occurs nomadically and extremely 
sporadically in disturbed forest habitats, usually caused by big fires (Jones 1970; 
Wiklund 2002, 2003). Geranium bohemicum is an extremely rare nomadic species 
in forests, occurring only after big fires (Granstrom 1993). One explanation for its 
surprising presence is its extraordinary capability to produce seeds that can sur
vive in soils for more than 100 years (Milberg 1994). 

A number of neonomads can be regarded as obligate nomads of today' s traffic 
and civilization. Such invasive plant species have conquered many regions and in
deed whole continents, and many of the species pose threats to native flora and 
fauna. Agronomists and ecologists use the terms weed and weediness in different 
ways, and this is often a source of misunderstanding, especially in discussions 
concerning the release of transgenic plants. For agronomists, the problem of 
weediness is solved if the aggressive weed can be removed from the agrosystem 
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by means of adapted measures. They are not interested in its behavior outside of 
agrosystems, i.e. in (semi-)natural habitats. 

From the ecologist's perspective, invasions of weeds into (semi-)natural plant 
communities are potentially risky. Highly competitive invaders are able to disturb 
the pattern of species. As a result, rare indigenous species of tropical islands, of 
regions and even continents with an old flora, only weakly influenced by migra
tions of the last few millennia, are often weak competitors, and can be eliminated 
or markedly reduced in coverage. In worst case scenarios, the invader succeeds in 
occupying the entire surface of certain areas as a near monoculture, this at least for 
several years or decades until new and 'natural' enemies fight back. Maybe seem
ingly less dramatic, but for the eyes of trained field ecologists still worrying, are 
dynamic situations where ecological niches are invaded, precisely wiping out rare 
indigenous species. This can happen (and unfortunately has happened in the past) 
with ecological dynamics which is triggered off by agriculture and horticulture 
(Ammann 1997, 2000). A typical example of an agricultural weed is the globally 
distributed Galeopsis tetrahit, an allotetraploid, derived from two rather tame spe
cies, G. pubescens and G. speciosa (Mtintzing 1930). 

A balanced discussion on the fate of exotic (and thus potentially invasive) spe
cies in agricultural habitats is given by Meiners et al. (2002). Agricultural prac
tices may also influence the future impacts of exotics. Frequent plowing associ
ated with row-crop agriculture prevents the accumulation of exotic perennial 
cover. When these sites are abandoned, both natives and exotics start invading at 
the same time, resulting in a plant community that does not show significant ef
fects of exotic species. In contrast, agricultural practices with repeated biomass 
removals such as hay fields, meadows and grazing result in perennial exotic com
munities that resist invasion by other species (Mack and D'Antonio 1998). These 
effects may persist for 15 years or more. One-time plowing was not sufficient to 
reduce the impacts of these species on community development at these sites. It is 
important to note that it is not the invasion of an exotic plant, per se, that reduces 
species richness but the dominance of a patch by exotic species which may result 
in reduced species richness. Species richness of natives and exotics is positively 
associated, showing no effects of exotic invasion on native species richness. How
ever, when exotic plants make up a large proportion of the total cover of a plot, we 
observed reductions in community richness (Meiners et al. 2001). Therefore, man
agers should focus control efforts on species that have the potential to dominate 
local plant communities. 

Some lichen species as well as many moss species are extreme niche specialists 
and can be regarded as nomadic in their dispersal and reproduction biology. Li
chens, for instance, can reproduce very effectively by soredia units. Soredia are 
vegetative reproductive structures that contain hyphae and algal cells. They break 
off the parent thallus, are dispersed by various agents, and produce new lichens in 
a new specific niche location. They are tiny structures that form in the medulla 
and break through the upper cortex to erupt on its surface, which can be easily 
blown by wind or washed off by water. Another lichen, Lecanora esculenta, 
known in the Bible as Manna, is basically a crustose and saxicolous species, 
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which can break off in dry conditions and eventually assemble in desert depres
sions as edible Manna used to feed animals (Donkin 1981 ). 

31.5 Conclusions and Outlook 

A number of species belong to the group of obligate nomads. For the host
pathogen systems focused on in this chapter, a hypothesis was put forward accord
ing to which virulence, the character under selection, and virulence complexity in 
the pathogen population should increase in the direction of predominant dispersal 
(Limpert et al. 2002). A prerequisite is diversity for the trait considered in both the 
host (where single genes are sufficient) and the pathogen (which needs complex 
genes). Being endemic over vast geographic areas covering several continents 
contributes to the diversity present even at the local scale. The hypothesis based 
on fundamental logic is well supported by modelling and comprehensive results 
both from our own investigations and from the literature after re-evaluation. 

Dispersal is selection. As a consequence of predominant dispersal in one direc
tion there appears to be a Eurasian path of population genetics and gene flow 
along which genes and genotypes move, as well as, presumably amongst others, a 
Scottish-English path. Along these paths, pathogen composition and evolution 
should be predictable to a certain degree. There are important conclusions for dis
ease resistance: where to fmd the most valuable resistance sources (downwind) 
and how to make the best use of host resistance (shifting the culture of hosts with 
a certain resistance gene upwind). Moreover, the hypothesis throws new light on 
the question of costs of unnecessary virulence. These and further conclusions have 
been described elsewhere in more detail (Limpert and Bartos 2002). 

Obviously, in addition to wind, further factors such as virulence combinations, 
climate and temperature or alternate hosts can affect virulence complexity in vari
ous ways and would thus benefit from further analyses. Warmer climate, for in
stance, is more favorable for wheat leaf rust in eastern Europe, whereas the oppo
site is true for cereal mildews. Moreover, the co-evolutionary processes with 
epidemic dynamics in natural populations would also be worth studying for the ef
fect on virulence complexity, both from the regional to the pandemic scale. 

One very general fmding appears worth stressing: presumably, there is no other 
biomass produced around the globe as big and genetically uniform as that of cere
als. As a consequence, this should be true also for the biomass of their pathogens. 
Host pathogen systems involving cereals are thus supposed to have a pilot func
tion for the recognition of interacting systems in general. 

Evidently, dispersal affects populations of species in different ways, depending 
on the degree of nomadism. What about the other obligate nomads, neonomads, 
invasive plant species and interacting systems mentioned, such as, e.g., the highly 
complex coprophilous systems of mosses, fungi and insects? Do they have genes 
of selective advantage for migration too, and genes affecting gene flow? Can the 
same or similar rules of interaction be recognized? Presumably, for most of the 
questions we merely do not yet know the answer. 
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What are typical traits of the extremes, highly mobile obligate nomads on the 
one hand, and highly sedentary counterparts on the other? What are typical traits 
of successful neonomads, and what would be the consequences of knowing them, 
amongst others, for the use of biological resources, and for measures of quarantine 
and practice? 

Of course, the hypothesis should be of importance not only for plant health, but 
also for human and animal health, and for further populations affected by wind 
such as species of insects, amongst others those causing malaria (Limpert and Bar
tos 2002). Also spiders are known to travel by wind, and even some crustaceae 
living in temporary waters like certain Ostracodae: their eggs appear to be as eas
ily wind-dispersed as are mildew spores (Vieberg pers. com.). 

Fascinating challenges are ahead of us, leading to novel insight into geo
biology and geo-medicine. Evidently, there is the need to quantifY nomadism. 
Perhaps the most striking questions of today, however, relate to viruses (Shor
tridge and Stuart-Harris 1982; Drosten et al. 2003, Guan et al. 2003; WHO 2004; 
Becker, this Vol.). Does the Eurasian path of population genetics and gene flow 
exist for them too? 

Foot and mouth disease is known to spread through the air (Donaldsen et al. 
2001). How is the viability of coronavirus spreading SARS by air and of the 
causal agent of human and avian influenza, with a number of further hosts? Even 
if outdoor conditions were unfavorable in general, it might have been sufficient 
for the evolution of influenza over the last thousands of years if conditions were 
favorable for aerial spread once per month, or per year, or even per 5 or 10 years. 

China and East Asia are thought to be the origin of influenza pandemics around 
the world (Shortridge and Stuart-Harris 1982), and they were the origin of both 
SARS (Drosten et al. 2003, Guan et al. 2003) and the present avian influenza 
A(H5Nl) (WHO 2004). This is in line with our concept predicting that the most 
dangerous pathogens gather and evolve at the end of this Eurasian path of popula
tion genetics. 
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