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The new encounter concept: centres of 
origin, host specificity and plant pathogens

Harry C. Evans and Carol A. Ellison1

Summary

The new encounter concept is analysed, initially drawing on plant pathology examples from agricul-
ture. The two selected neotropical tree crops, rubber and cocoa, appear to show evidence for and against
the hypothesis. There are no unique or new encounter diseases in the palaeotropical exotic range of
rubber, whilst new major diseases, as well as pests, have moved rapidly from indigenous forest hosts
and adapted to cocoa wherever it has been grown in the Old World tropics. On closer examination,
however, it is concluded that the best (most damaging and host specific) hypothetical classical biocon-
trol agents, for both cocoa and rubber, are still the coevolved pathogens from their Amazonian centres
of origin. A similar analysis of the fungal pathogens associated with three important invasive alien
weeds of neotropical origin— Chromolaena odorata, Lantana camara and Mikania micrantha—in
both their native and exotic ranges, shows that, in general, more fungi have been recorded from the
Palaeotropics. Nevertheless, these comprise heterogeneous assemblages of opportunistic pathogens
with wide host ranges, which have had no long-term or constraining impact on the invasive weed popu-
lations. In contrast, however, all these plant species are generally non-weedy in the Neotropics and
coevolved pathogens, typically obligate or biotrophic fungi, are considered to be major natural control
factors and which, consequently, have potential as classical biocontrol agents. Both these sets of exam-
ples provide evidence for classical biological control, or the enemy release theory, and against the new
encounter hypothesis. However, some perplexing cases of new encounters, involving host range exten-
sions of rust fungi on Lantana and Senecio species, are also presented and discussed.

Keywords: Chromolaena, cocoa, host specificity, Lantana, Mikania, new encounter 
pathogens, rubber.

Introduction

Coevolved natural enemy associations have tradition-
ally been favoured for the biological control of alien or
exotic pest organisms (DeBach 1964). However, based
on an analysis of biocontrol programs involving insect
agents, almost exclusively parasitoids, Hokkanen &
Pimentel (1984) concluded that there is a greater
chance of success (ca. 75%) when non-coevolved or
new encounter natural enemies have been selected;
although these results could not be analysed statisti-
cally because of the relatively few instances where new
associations have deliberately been exploited. This
concept or hypothesis, therefore, remains theoretical
rather than practical. Certainly for invasive alien weeds,

current biocontrol programs continue to follow the
central tenet that the best—defined usually as the most
host specific and highly damaging—natural enemies or
potential biocontrol agents are to be found in the native
range or centre of origin of the target invasive alien
species (Greathead 1995).

 Nevertheless, Hokkanen & Pimentel (1984) argued
that, in terms of evolutionary ecology, such coevolved
associations must lead to a mutual balance, or to an
interspecific homeostasis, and that logically, therefore,
the most damaging natural enemies should be new
encounter associations. Subsequently, Hokkanen
(1985) followed this up by analysing the diseases of
several pantropical crops, and concluded that many of
the important diseases are caused by new encounter
pathogens that do not even occur in the native conti-
nental ranges of these crop plants. He recommended
that surveys for potential biological control agents of
alien weeds should not be restricted to their centres of
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origin and that screening should be widened to include
non-coevolved natural enemies.

These findings are now re-examined to determine if
the new encounter concept has validity, and, if so,
whether or not there are lessons to be learned for the
biological control of invasive alien weeds.

Lessons from agriculture?

An analysis of the history and the exploitation of two
important tree crops of neotropical origin, rubber
(Hevea brasiliensis) and cocoa (Theobroma cacao),
shows evidence both for and against the new encounter
hypothesis. Both these commodity crops, which have
been introduced into all the humid tropical regions of the
world over the past century, evolved in the forests of the
Amazonian basin (Schultes 1984) and proved to be
difficult if not impossible to grow on a commercial scale
in their region of origin due to disease pressure from
coevolved pathogens (Purseglove 1968; Davis 1997;
Evans 2002a). Indeed, as the crops were moved around
Latin America, these pathogens eventually caught up
with their hosts with devastating results. A stark
example is that of witches’ broom disease of cocoa,
Crinipellis perniciosa (Stahel) Singer, which since its
arrival in the Brazilian State of Bahia a little over a
decade ago, has reduced crop yields from about 400,000
tons per annum to somewhere in the region of 100,000
tons (Evans 2002a). The fact that cocoa had escaped its
coevolved pathogen for so long is due to the geographic
isolation of Bahia from Amazonia (Evans 1981). 

The importance of natural barriers in separating
natural enemies is graphically illustrated in cocoa both
within and between continents, and a pod disease, caused
by Crinipellis (Moniliophthora) roreri (Cif.) H.C.
Evans, which evolved in the isolated forests of north-
west Ecuador and Colombia on a locally endemic Theo-
broma species (T. gileri Cuatr.), has been on an invasive
front for the past 20–30 years with potentially even
greater impacts on crop yield than witches’ broom
disease (Evans et al. 1998, Evans 2002a). Thus, this
appears to offer support for the new encounter concept
and it seems that the forest pathogen moved to cocoa
after it was brought across the Andes in Pre-Colombian
times (Schultes 1984). This host extension has involved
both morphological as well as physiological changes in
the pathogen, with that from cocoa differing from the
forest progenitor in producing a significantly greater
proportion of round, thick-walled spores, probably as an
adaptation to the more variable and drier conditions in
cocoa plantations compared to the buffered forest
ecosystem (Evans et al. 2003a,b). Nevertheless, this
example also begs the question as to what constitutes a
new encounter. Clearly, from the morphological and
molecular evidence (Evans et al. 2003a), this adaptation
has involved an evolutionary event.

New encounter natural enemies of cocoa, throughout
its exotic palaeotropic range, are many and varied and, in

contrast to this South American experience, these host
extensions have not involved any inherent morpholog-
ical or physiological changes. Thus, within a relatively
short period of time after the introduction of cocoa to
West Africa, the new crop was beset by new insect pests
and diseases: the cocoa capsids ( Miridae) appear to have
moved extremely rapidly from indigenous sterculiaceous
hosts (Dudgeon 1910, China 1944); whilst the
mealybug-transmitted cocoa swollen shoot virus
(CSSV) made an equally rapid transition from indige-
nous trees (Legg 1972). A new invasive Phytophthora
species, P. megakarya Brasier & Griffin, has been iden-
tified more recently but evidence suggest that it had been
around on cocoa in this area of origin for some time but
had been confused with the more cosmopolitan P.
palmivora (Butl.) Butl. (Brasier & Griffin 1979). A non-
sterculiaceous, indigenous host of P. megakarya, has
now been found in the ancient forest along the
Cameroon–Nigerian border (Holmes et al. 2003),
perhaps justifying Hokkanen’s statement that: “…many
pathogens will always be ‘hiding in the jungle’ waiting
for new host species to be introduced into the area”
(Hokkanen 1985). Remarkably similar incidences of
new and damaging pest and disease associations have
also occurred in Asia, with the cocoa pod borer (Conop-
omorpha cramerella (Shellen), Lepidoptera, Gracillari-
idae) and vascular streak die-back disease
(Oncobasidium theobromae Talbot & Keane) moving
from as yet unidentified forest trees (Talbot & Keane
1971, Prior 1980).

In contrast, however, rubber has remained free of any
comparable new and highly damaging pest–pathogen
associations in the Palaeotropics and the threat, which
“continues to hang like a Damoclean sword over the
neck of the industrial world” (Davis 1997), comes from
its coevolved natural enemy Microcyclus ulei (Henn.)
Arx, the causal agent of a devastating leaf blight which
is still restricted to the New World.

There are, therefore, mixed messages from these two
crop examples, as there are from those selected by
Hokkanen (1985), which are very much dependent on
correctly interpreting the information they contain.
Thus, in the hypothetical but not entirely unjustified
scenario that these tree crops were to become invasive,
given the problems of cinnamon and quinine tree inva-
sions in small island systems (Cronk & Fuller 1995),
there is no doubt that, in the case of rubber at least, the
control agent selected would be the coevolved path-
ogen Microcyclus ulei. Furthermore, it is our opinion
that the neotropical pathogens of cocoa would be much
more efficient, potentially reducing fecundity to zero,
and sufficiently specific to be used as classical agents
compared to any of the new encounter, palaeotropic
pathogens. The case of Crinipellis roreri, is perhaps
unique in that, although it has moved to an exotic host
(i.e. cocoa), it has modified both its morphology and
physiology: an example of a recent evolutionary event
rather than a new encounter (Evans et al. 2003a).
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Pathogens and invasive alien weeds
The fungal pathogens associated with the pantropical
weeds Chromolaena odorata (L.) King & Robinson,
Lantana camara L., and Mikania micrantha Kunth,
have been documented in both their native and exotic
ranges (Barreto & Evans 1994, 1995, Barreto et al.
1995). In all cases there were significant qualitative and
quantitative differences in the mycobiotas between the
exotic palaeotropic and the native neotropical ranges
and, for both C. odorata and L. camara, more patho-
gens were recorded from the Old World, whilst only a
few species were common to both situations (Table 1).
In contrast to the fungi recorded from the exotic range,
which comprise a heterogeneous assemblage of gener-
alist opportunistic pathogens, those from the
Neotropics are more specialized, often obligate
biotrophs, which led Evans (1995) to conclude that:
“This is a clear indication of the continuing isolation of
the mycobiotas and provides evidence for the role of
fungal pathogens in the natural control of weed popula-
tions because many of these plants are non-weedy or of
minor importance in their centres of origin, and further
strengthens the case for adopting classical biological
control as a weed management strategy”.

Recently, a similar but much larger analysis of the
fungal pathogens recorded on invasive alien weeds has
been carried out in the USA, comparing those found in
both the exotic and native ranges (Mitchell & Power
2003). Significantly more specialized biotrophs were
reported in the areas of origin, prompting the authors to
conclude that the enemy release theory, or classical
biological control as it is more usually known, offers a
viable management strategy for invasive alien weeds.

Interpreting pathogenicity
Hokkanen (1985) argued that many pathogens are
capable of infecting new hosts because specific host
defence mechanisms have not developed in such new

encounters. Whilst this may be true for the opportun-
istic facultative pathogens listed by Hokkanen (1985)
on exotic tropical crops, and those recorded from many
invasive weeds (Evans 1987, 1995), the biotrophic
plant pathogens traditionally exploited as classical
biocontrol agents have a much more complex gene-for-
gene relationship with their coevolved hosts. Patho-
genicity initially involves a parasitic phase which
bypasses host defence mechanisms and is maintained
by the presence of specific stimulators in the suscep-
tible host. Such obligate pathogens are thus intimately
linked in with their hosts and, as a consequence, these
generally have a limited and stable host range.
However, some perplexing new associations are now
presented which raise questions about host specificity
and host range extension.

Lantana rusts

Two rust species, Prospodium tuberculatum (Speg.)
Arthur and Puccinia lantanae Farl., occur on Lantana
camara throughout its native neotropical range
(Barreto et al. 1995). Prospodium tuberculatum has
been tested extensively against a range of Lantana
species and biotypes and a strain from Minas Gerais
(Brazil) which attacks several major invasive biotypes
of L. camara in Australia has now been released in
Queensland (Evans 2002b). A strain of Puccinia
lantanae, which is especially common in the humid
Neotropics, from the Amazonian region of Peru proved
to be more damaging to a greater range of biotypes
within the L. camara complex than P. tuberculatum.
However, when these rust species were screened
against an invasive L. camara biotype from the
Galápagos Islands, as well as an endemic species (L.
pedicellaris), the results were not as predicted. Thus,
whilst the broader host range P. lantanae strain fully
infected L. camara, there were no symptoms on the
native species. Not surprisingly, the narrower host
range P. tuberculatum strain failed to infect the partic-
ular L. camara biotype, but in an unexpected develop-
ment, rust pustules formed in abundance on the leaves
of L. pedicellaris, although spore density was signifi-
cantly lower than on susceptible L. camara biotypes.
This could, therefore, be interpreted to be an example of
a new encounter, with the island species having evolved
in isolation and with limited defence mechanisms
against the Prospodium rust. Nevertheless, such an
interpretation, in accordance with that proposed by
Hokkanen & Pimentel (1984) and Hokkanen (1985), is
simplistic since L. pedicellaris should also be suscep-
tible to the broader host range P. lantanae. We can only
conclude that L. pedicellaris evolved from a Central
American Lantana species which was vectored to the
islands by birds, since P. tuberculatum has been
recorded on a range of Lantana species from that region
(Cummins 1940, Léon-Gallegos & Cummins 1981).

Table 1. Comparison of fungal pathogens recorded from
native and exotic ranges of some major invasive
weeds.

Weeds No. of fungal speciesa

a Source: Barreto & Evans 1994, 1995, Barreto et al. 1995, Evans 1995,
Sreenivasan & Sankaran 2001, Herb. IMI records.

No. of
species

in commonNeotropics
(Native)

Palaeotropics
(Exotic)

Chromolaena 
odorata

17 21 4

Lantana camara 26 32b

b  Although Mukerji & Juneja (1975) listed 30 new fungal records from
this host in India, these were associated with dead or moribund tissues
and such opportunists are not included here.

6
Mikania micrantha 32 25 6
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Puccinia lagenophorae Cooke
This rust appears to be the only recognised example

of a “successful” new encounter of a biotrophic path-
ogen in weed biocontrol, although, ironically, this was
not the result of a deliberate classical release (Evans &
Ellison 1990). The first record of Puccinia lageno-
phorae in the UK was in 1961 on groundsel (Senecio
vulgaris L.) from a locality in southern England.
However, by the end of 1964, the rust had spread to
most counties in the UK, as well as in Eire (Wilson &
Walshaw 1965). The latter authors concluded that it
was morphologically indistinguishable from Australian
rusts belonging to the P. lagenophorae “group”, which
has been recorded on a number of genera of Asteraceae
in that country. This rust has now become an important
regulator of groundsel populations in both the UK and
Europe (Paul & Ayres 1986, Muller-Scharer & Rieger
1998). However, although alien Senecio species, such
as S. madagascariensis Poir. (fireweed), are hosts of P.
lagenophorae in Australia, the impact of the rust has
not been sufficient to prevent them becoming weedy
invasives (Parsons & Cuthbertson 1992). Puccinia
lagenophorae has also been found on S. madagas-
cariensis in its somewhat restricted native range in
southern Madagascar (H.C. Evans, pers. obs.), where it
appeared to be impacting severely on the fireweed
populations. It appears, therefore, that the P. lageno-
phorae story presents evidence both for and against the
new encounter hypothesis. The situation in Europe
suggests that the exotic rust is a potent biocontrol agent
of its new groundsel host, whilst the purportedly same
rust in Australia has proven to be ineffective against
invasive Senecio species. Clearly, an in-depth investi-
gation, including molecular, morphological and cross-
infectivity studies, is required to determine if distinct
species and/or pathotypes occur within this rust
complex and which should also provide evidence for or
against the new encounter hypothesis.

Discussion
The evidence to support the new encounter concept is
still fragmentary, and most examples tend to confirm
that the classical approach using coevolved natural
enemies should remain the priority strategy for the
management of invasive alien weeds. Indeed, the
evolutionary ecological reasoning put forward by
Hokkanen & Pimentel (1984) and Hokkanen (1985) to
support their hypothesis, specifically that relating to
interspecific homeostasis, is, at least for fungal patho-
gens, somewhat naïve and misleading. In the case of
cocoa and rubber for example, the hosts and pathogens
do achieve a natural balance within the forest
ecosystem (H.C. Evans, pers. obs.). This is due to a
combination of low host density, high pressure from
natural enemies of the natural enemies (“…little fleas
have lesser fleas…”), such as hyperparasites, and
complex physiological inter-relationships when these

host plants are moved from buffered forest ecosystems.
In agricultural situations, with high host density,
increased host vigour and low hyperparasitism,
coevolved fungi literally undergo a population explo-
sion with catastrophic impacts on the host crop. This
explains why biotrophic fungi such as rusts and smuts
have proven to be successful biocontrol agents of inva-
sive alien weeds, and why the hemibiotrophic patho-
gens of both cocoa and rubber have decimated
plantations wherever they have caught-up with their
coevolved hosts (Evans 2002a).

A closer examination of the fungal pathogens listed
by Hokkanen (1985) on tropical crop plants demon-
strates a similar simplistic interpretation of the data.
Although many “new encounter” pathogens are docu-
mented on these crops in their exotic ranges, as for
example in coffee where more than 60% of the total are
pathogens from the Neotropics. The most damaging
ones are those biotrophs or hemibiotrophs from the
native range in the Old World. Thus, coffee leaf rust
(Hemileia vastatrix Berk. & Broome) and coffee leaf
disease (Colletotrichum kahawae Waller & Bridge,
formerly C. coffeanum) from Africa are the most feared
diseases; whilst coffee berry borer, Hypothenemus
hampei (Ferrari), also from Africa, is the most serious
insect pest (Flood et al. 2001, Cadena & Baker 2001).
Similarly, although cassava has a number of new host–
pathogen associations in Africa, these are not serious
constraints to production, unlike the very real and
potential threats from neotropical pathogens (Cassava
Mosaic Virus), as well as from coevolved arthropods
(Phenacoccus manihoti Matile-Ferrero, cassava
mealybug and Mononychellus tanajoa [Bondar],
cassava mite), from South America (Lyon 1973, Great-
head 1995).

Undoubtedly, there are examples of destructive new
encounter pathogens and several invasive Phytoph-
thora species with eclectic host ranges and high viru-
lence have the capacity to alter whole ecosystems,
notably P. cinnamomi Rands in Australia and P.
ramorum Werres, De Cock Man Veld in the USA
(Weste & Marks 1987, Rizzo et al. 2002). However,
there is no situation in which such generalist pathogens
would ever be considered as classical biocontrol agents.
There are several rust species that also have become
accidentally invasive and have extended their host
ranges. Nevertheless, in the case of Puccinia lageno-
phorae, the species was known to have a wide host
range within the Australian Asteraceae so perhaps it
was not surprising that new host–pathogen associations
would have arisen. However, in such unpredictable
associations there are anomalies: Senecio vulgaris
proving to be highly susceptible and the closely-related
S. jacobaea L. remaining immune.

In summary, therefore, we concur with the statement
by Mitchell & Power (2003), who analysed the
biotrophic pathogens of over 470 invasive alien weeds in
the USA, and concluded that: “Noxiousness increased
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with greater pathogen escape, implying that pathogens
limit plant populations in their native range and
supporting the idea that classical biocontrol can mitigate
the costs of noxious weeds”. However, there does appear
to be a case for exploiting new encounter associations in
genus-specific natural enemies. This is particularly suit-
able for arthropods, which tend to have less stringent
specificity requirements than pathogens; although it is
essential, of course, that members of that genus do not
occur in the exotic range of the target weed. 
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