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Colonization of Madagascar by humans is comparatively
very recent (about 2000 years ago), yet this has had a
dramatic impact on the island's environment. The main
causes of environmental change have resulted from the
introduction of sheep and zebu cattle, changes in
frequency and intensity of fires, introduction of
agriculture and, finally, the introduction of goats in 1935
(Koechlin et al. 1974). Fire and cattle grazing have altered
the natural vegetation of most of western Madagascar
prior to the arrival of Europeans, who in turn altered the
environment through the introduction of new agricultural
practices, extensive land clearing, and associated species
introductions.

Like other parts of the globe, the transport and
introduction of plant species to Madagascar has expanded
with increasing human mobility and trade. A proportion of
these species has subsequently spread into native
vegetation and some species have reached pest status.
Biological invasions are now considered one of the main
threats to the world's biodiversity (Mooney & Hobbs
2000). This recent worldwide awakening to the threats
posed by invasive species has not been mirrored in
Madagascar and this probably reflects the fact that the
impact of deforestation, erosion, and fire on the island's
biodiversity far outweigh the perceived importance of
invasive organisms. Indeed the topic is ignored or is
scantily mentioned by Preston-Mafham (1991), Harcourt
(1992), Phillipson (1994), and Mittermeier et al. (1999).

Until the 1920s most botanical publications were
concerned with natural vegetation and species
introductions, and there were few mentions of invasive
plants in the Malagasy literature (e.g., Poisson 1912).
Then this topic became a major source of concern
especially in relation to the controversy surrounding the
introduction in the early 1920s of a scale insect to control
the Neotropical cactus Opuntia monacantha that then
dominated much of southwestern Madagascar. The spread
of the insect rapidly resulted in the disappearance of the
cactus and its impact on indigenous people was widely
debated (see p. xx [Binggeli - Opuntia spp]). This was
then followed by a widespread interest in weeds and their
impacts that lasted until shortly after World War II
(Perrier de la Bathie 1928, 1931-1932; Humbert 1947).
Apart from occasional additions to the Flore de
Madagascar et des Comores and a discussion in a
comparative review of austral forests (Holland & Olson
1989), no major publications on invasive plants in

Madagascar have been produced since Cabanis et al.
(1969, 1970).

During the 20th—century there has been in a shift in
perception about the impact of introduced plant species on
the Malagasy environment. Perrier de la Bathie (1928),
although fully aware of all non-native species, clearly
stated that only species that interfered with human
activities or caused economic harm should be viewed as
problematic. Although he was involved in setting up
protected areas, he did not appear to view introduced
plants as a threat to the island’s native vegetation. Later,
in the 1960s and 70s, many writers (e.g., Koechlin et al.
1974) believed that 'vegetation in equilibrium' would
prevent the invasion of natural communities by introduced
species and considered that invasive species could only
spread into natural vegetation as a result of human
disturbance. More recently there appears to have been a
shift in opinion and some invasive species are now
viewed as a threat to native vegetation (e.g., Rauh 1995,
1998).

As pointed out above, invasive plants in Madagascar have
gained scant attention in recent decades. Little is known
about the distribution and impact of any introduced
species and, in fact, the autecology of any species in
Madagascar, whether native or introduced, has yet to be
fully investigated. Thus the dearth of quantitative data and
information prevents the production of a comprehensive
review of invasive plants. Instead, this chapter will report
on the main invasive plants in relation to the history of
their introduction and uses. Using information from other
parts of the tropics, some species likely to present a threat
to native vegetation will be identified. Species not yet
present in Madagascar, but potentially invasive, as well as
Malagasy species spreading in other parts of the world
will also be highlighted. It is hoped that this review will
generate interest in managing and investigating
introduced plants in Madagascar.

History and purpose of species introductions

The pattern of introduction of species has changed since
the first colonization of Madagascar, reflecting transport
availability as well as socio-economic factors and three
main periods of colonization can be recognized . The
early phase involved people from the Indo-Malaysian

region, followed from around the IOth-century by Arabs
and Africans and, in the latter part of the second
millennium, by European settlers. The early Indo-Malay
settlers, who arrived either directly from Indonesia or via
east Africa (Dewar 1997), must have brought a number of
species with them during their migrations. These species
would have been useful plants, such as crops, and
probably weedy annuals transported as seed and/or soil
contaminants. During the period dominated by Arab
traders, similar categories of species will have been
introduced, however their origin would have included
many species from east Africa. The opportunity for
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introductions would have been greatly enhanced as
regular trade routes were maintained. From the 11th. o

14th—centuries, the port of Mahilaka in the Sambirano
valley would have been a key point of entry, being at the
epicenter of land trading circuits and maritime routes
(Radimilahy 1997). Due to the absence of historical
records, a reconstruction of the introductions of plant
species during this period depends only on indirect
evidence.

During the period of European exploration there are
records of species introductions. For instance, Opuntia
monacantha was introduced in 1769 (see p. 335 [Binggeli
- Opuntia spp]) and it is known that most European ships
did carry seeds or even seedlings of key food crops to be
sown or planted on islands as future potential sources of
food (e.g., Porter 1986). Between 1800 and 1803 the
botanist Michaux introduced a number of fruit trees to
Madagascar. Missionaries and planters introduced

important economic plants during the 19th—century. They
also imported several species of temperate trees typical of
the French countryside in order to grow them in the
central highlands (Francois 1924). However, it was only
after the colonization of Madagascar by the French in
1896 that the introduction of plant species from all over
the world became widespread and systematic.

As soon as France took formal control of the island,
reforestation became an important objective of colonial
policy. Many trial plots were established, especially in the
highlands, using a variety of tree species from the
temperate zone (see Frangois 1926 for species list). In the
Highlands these species were grown in trial stations (e.g.
Antsirabe and Nanisana) or nurseries (e.g. Antanimena).
The Analamazaotra Forestry Station was established as a
seed orchard to supply seeds for reforestation programmes
and the use of colonists (Frangois 1924). Frangois, the
Head of Tananarive parks and gardens, reported that he
had personally imported seeds of many tree species and
that the Director of the Nanisana Station (near
Antananarivo) had recently returned from Europe with
Salix viminalis, a species used there in basket-making.
Between 1908 and 1923 a large number of trials were
established at the  Station  Forestiére  (SF)
d’Analamazaotra, including around 100 species of
Eucalyptus (Louvel 1924a). Colonists were instrumental
in planting large areas with fast-growing species, such as
Acacia dealbata and Eucalyptus spp., with the intention
of providing fast economic returns. In the process they
often clear-felled native forest, an activity not approved
by colonial foresters (Louvel 1924b). The railway
company also carried out reforestation with the same fast
growing exotics. The systematic introduction of forestry
species was carried out in the 1950s. Nearly 900 tree
species were introduced of which about 440, belonging to
89 genera, grew satisfactorily in trial plots of varying
sizes at 35 forestry stations (Chauvet 1968). Later, full
advantage was made out of the invasive properties of A.
dealbata, when, in 1964, 1000s of hectares of the Lac

Alaotra basin were aerially sown with its seeds and those
of others species (Le Bourdiec 1972).

The establishment of agricultural stations and
experimental plots was envisaged from the onset of
French occupation. The SF d’Ivoloina, north of
Toamasina (see p. xx [Katz and Welch]), was created in
1896, becoming during the next two decades the main
point of entry of many introduced species. By 1920
Ivoloina was considered to be one of the best gardens in
the world; however, many of the collections were
annihilated during a cyclone in 1927. There was much
effort during the 1930s to reconstruct the gardens

(Anonymous 1940). Especially during the 20th century,
seed contaminants resulted in the introduction of a
number of notorious weeds including Clidemia hirta
(Perrier de la Bathie 1931-1932).

Independent institutions were also established. H. Bojer
created an independent botanic garden in Antananarivo.
However, it was soon abandoned and only a few palms
remain today (Guillaumet 1984). The area is now part of
the Malmaison Parc in the neighborhood of
Ambobhitrarahaba.

The lack of resistance to fires by native vegetation, as

well as the authorities' inability to prevent fires, were key
factors behind the introduction of many plant species, in
particular grasses, to sustain large cattle populations
(Frangois 1930). In 1924 an Antsirabe planter introduced
Pennisetum clandestinum, a currently widespread grass
species, from stolons obtained in South Africa. The
experimental stations of the region obtained fragments of
this plant and, after multiplying them, distributed the
grass to stations elsewhere on the island (Frangois 1930).
Subsequently, several grass species were introduced,
intentionally or as seed contaminants, to the northwest
(Mahajanga-Marovoay region), where many agronomic
trials were established (Dufournet et al. 1959; Morat
1972). Throughout the French colonial period species of
grasses were obtained from various countries (e.g.,
Algeria, Congo, India, USA) and introduced to various
trial stations (especially at Nanisana, Lac Alaotra,
Ivoloina and the I.R.S.M. in Antananarivo) with the view
of providing better fodder for cattle (Dufournet et al.
1959).

In 1925 the Tsimbazaza Garden (then known as the Jardin
Botanique de Tananarive) was established with the prime
aim of growing and conserving native species (Frangois
1931), an unusual concept for the period as nearly all
tropical gardens were concerned chiefly with establishing
exotic crops. For instance, at the time it was suggested
that experimental gardens should be established in various
French colonies to serve agricultural concerns as well as
scientific inquiry (Chevalier 1926).

The arid part of southwestern Madagascar, which is
regularly subjected to severe and prolonged droughts, has
been the focus of much attention by botanists. Throughout
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the French colonial period, both before and after the
disappearance of Opuntia (see p. xx [Binggeli - Opuntia
spp]) the introduction of a number of plant species was
considered. The aim was to provide fodder to cattle
during dry periods and, unlike O. monacantha, not be
detrimental to agriculture. Various species and varieties of
Opuntia were considered and much effort was put into
spreading alternative species such as thornless prickly
pears and Pennisetum clandestinum (Frangois 1930).
Humbert (1947) pointed out the qualities of a shrub,
Portulacaria afra, he had once introduced from South
Africa.

Although most plant species were introduced to supply
humans with food and raw materials or were
unintentionally brought to the island as contaminants, a
few species were introduced for peculiar reasons. Albizia
lebbeck was introduced from Asia via Mauritius in 1814,
probably for religious purposes. The seeds of this tree are
widely used in divination (sikidy) in western Madagascar
(Morat 1972). The South American cactus, Opuntia
monacantha, was first planted in 1769 to provide a
defensive barrier to a coastal fort at Fort Dauphin (now
Tolagnaro). Theobroma cacao was introduced secretly
and illegally because of its high value as a crop.

Plants imported by European settlers or on the behalf of
the French Administration were often obtained from the
nearby island of Réunion (Perrier de la Bathie 1931-1932)
and not from Mauritius or even directly from their native
range. Other known sources of seeds and plants included
the Jardin Colonial de Nogent-sur-Marne (France), South
Africa (Cape Town), and the Bogor Botanic Gardens in
Indonesia (e.g., Prudhomme 1902). Nosy Be and Ile Ste
Marie, colonized by the French earlier than the rest of
Madagascar (Deschamps 1972), were important points of
entry of economic plants.

A key feature of the pattern of introductions by Europeans
is that these took place recently in comparison to the
nearby island of Mauritius where a botanic garden was
established in 1735 (Strahm 1993). In fact the history of
introduction is more analogous to that of continental
Africa (Binggeli et al. 1998).

The post-colonial history of species introductions is
obscure and largely unknown. Andriamampianina (1984)
reported that over 30 forestry stations were concerned
with arboretums (e.g., Ivoloina) and especially
reforestation programs, including two vast industrial
planting schemes (Mangoro and Matsiatra in the central
highlands) using Pinus species (mainly P. khaysa and P.
patula). A Swiss aid program established a native tree
nursery near Morondava (see p. xx [Sorg et al. Kirindy])
and it has also sponsored a special issue of the journal
Akon'ny Ala on the choice of species to be used in
Malagasy silviculture (Blaser et al. 1993) which describes
mainly introduced species (60% of the total). Out of the
48 introduced species, 25 are listed in Binggeli et al.
(1998) as invasive in the tropics. More significantly,

introductions may not only provide benefits but pose
significant risks (e.g., Hughes & Styles 1987), but Blaser
et al. (1993) did not discuss this issue. In individual
species accounts they highlighted the natural regeneration
of many species in other countries where they have been
introduced, and they appeared, without stating it, to view
this ability to spread as a positive factor. Thus
developmental aid, as elsewhere, still relies chiefly on
introduced, and often invasive, species, particularly in the
case of agroforestry. However, it is likely that during the
past three decades the number of new woody plant
introductions to Madagascar has been limited, although
Blaser et al. (1993) highlighted exotic species which do
not appear to have been used in Madagascar (i.e.,
Maesopsis eminii and Dalbergia sissoo, both known to be
invasive in the tropics).

Species status can be determined or estimated in several
ways. The origin and period of introduction of many
species have been based on the existence, meaning, and
origin of names given by indigenous people (Perrier de la
Bathie 1931-1932) in relation to biogeographical criteria
or to human settlements. Low or high morphological
variability was also inconsistently used. The status of
some species, a few being even widespread, has been
debated and current evidence is insufficient to draw clear
conclusions.

For instance, Chevalier (1946) was of the opinion that the
ancestral range of Tamarindus indica was Abyssinia
whereas Decary (1947) thought the species to be native to
Madagascar. He postulated that, had Arabs introduced the
tree, the species should be restricted to regions they
frequented (northwest in particular), whereas it is most
abundant in the riparian zone of the southwest. Also,
certain endemic vertebrate species, such as Lemur catta,
feed extensively on the leaves and fruits of this tree (S.
Goodman pers. comm.). However, in the dry southwest
people made much use of the tree, including its fruits as
food (staple of their diet for two months), seeds in
divination (sikidy), and the crown for shade for
themselves and their herds (Drake del Castillo 1902).
Furthermore the seeds germinate readily and young
individuals are extremely fast growing. Thus a rapid
spread of the species by indigenous people along the west
coast of Madagascar can not be discounted. Due to the
lack of pre-European records and the existence of pre-
historical long-distance trade routes, especially by Arab
traders, it is probable that the status of species, such as
Tamarindus indica, will remain unclear.

Other examples include the status of a key secondary
species, Harungana madagascariensis, which has been
discussed by Perrier de la Bathie (1948). Further
confusion regarding the status of plant species arises as
some common species are readily mislabeled in the
literature (e.g., Holland & Olson 1989).
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Invasive plants and their impact on native ecosystems

Untypically for the tropics, Madagascar has excellent

early 20th—century historical records about plant species
introduction and invasiveness, thanks especially to the
exhaustive observations made by Perrier de la Bathie
(1928, 1931-1932). This baseline work provides
information on status, time of introduction and degree of
invasiveness for a large number of species. Cabanis et al.
(1969, 1970) provided similar information concerning the
situation on the island in the 1960s. Wild (1961)
commented on the status of aquatic weeds, particularly in
relation to agricultural crops.

Species of dicotylodenous plants known to be highly
invasive in Madagascar or which can be viewed as a
major threat are listed in Table 1. Many grasses are also
invasives and include Aristida rufescens, Heteropogon
contortus, Hyparrhenia rufa, Imperata cylindrica, and
Themeda quadrivalvis.

A number of invasive species are known, or would
appear, to have a major impact on Malagasy ecosystems.
Three species which either have or have had an important
impact on natural vegetation and humans alike, are
reported on separately in this book, they are Eichhornia
crassipes (see p. 476 [Binggeli - Eichhornia crassipes]),
Lantana camara (see p. xx [Binggeli - Lantana camaral)),
and Opuntia monacantha (see p. xx [Binggeli - Opuntia
spp]). Other key species are dealt with in turn here and
special attention is paid to identify their possible impact
on ecosystem structure and function (sensu Vitousek
1990).

Clidemia hirta: After its accidental introduction, this bird-
dispersed shrub spread rapidly to much of the secondary
vegetation in the eastern part of Madagascar. Lowry et al.
(1997) also reported it as colonizing natural tree fall gaps
in remote areas of dense evergreen forest. C. hirta is
considered to be a ruderal on the island, a categorization
which differs somewhat with other tropical regions where
the species is known to be also invasive. Typically, this
shrub spreads along roadsides and on disturbed grounds,
including pastures. However, in the East Usambara
Mountains (Tanzania) it also occurs as a forest floor
undershrub (pers. obs. 1999) and on the steep slopes of
Seychelles’ forests, where enough light reaches the
ground, regeneration takes place without forest canopy
disturbance (Gerlach 1993). It is suggested that it could
already be, or might become, invasive in forests on steep
slopes in Madagascar. In case the origin and light
requirements of the Madagascar population are different
from those of not-so-distant populations, an accidental
introduction of the latter material could have major
implications for the remaining native forest, especially as
it is thought that the species has the potential of driving
some species to extinction through a combination of
factors including competition and the prevention of
natural regeneration (Smith 1992).

Cissus quadrangularis: This large African vine is found in
degraded gallery forest in the south of the island along the
Mandrare and Menarandra Rivers (M. Pidgeon pers.
comm.). Like many vines, this species smothers trees and
prevents regeneration. It is a major problem in the forest
of the Réserve Privée de Berenty. Regular control has
been carried out, but eradication is considered to be
impossible without serious damage to the native
vegetation (Nicoll & Langrand 1989). This species is a
serious threat to other lowland riparian forests.

Psidium cattleianum: This small South American fruit tree

was first cultivated in gardens probably during the 19th.
century, being introduced via La Réunion (Perrier de la
Bathie 1931-1932). Vast areas of secondary vegetation
(savoka) in the humid parts of the island, such as in the
Parc National de Ranomafana (alt. 800-1200 m), are
dominated by this tree (Preston-Matham 1991). Given
that P. cattleianum invades undisturbed forest in the
Mascarenes, Strahm (1994) forecasted that the tree may
become an even greater problem in Malagasy forests as it
may spread into canopy gaps and prevent natural
succession. Guava fruits are an important source of food
to humans and to some lemurs. During the guava fruiting
season (April - May), the fruits of P. cattleianum, as well
as of another introduced Psidium (P. guajava), appear to
be the main if only food source of Eulemur rubriventer in
a dense but disturbed forest near Ranomafana (Dague &
Petter 1988). Further, Psidium fruits are consumed by a
wide variety of lemurs (see p. x [Birkinshaw et al. — lemur
food plants]).

Rubus moluccanus (R. alceifolius): It is alleged that a
planter introduced R. mollucanus, called 'vigne marrone’
(wild vine), from Réunion to Madagascar because he
mistook it for a grape vine (Koechlin et al. 1974). Despite
its relatively recent introduction, Perrier de la Bathie
(1931-1932) did not list the species in his review of
introduced species. This shrub dominates secondary
vegetation (savoka) and disturbed forests in parts of the
central highlands, for example at Andasibe (Rauh 1995).
Cabanis et al. (1969) viewed it as an example of a harmful
introduction. A comparative study of the genetic
variability of the plant in its native and invaded ranges has
revealed that the species is highly variable in its region of
origin (i.e. southeast Asia), whereas in Madagascar
genetic variability is somewhat lower; on other Indian
Ocean islands variation was found to be very limited
(Amsellem et al. 2000). The differences observed between
Madagascar and populations on nearby islands suggest
that the Malagasy material may have originated from
several introductions and not solely from Réunion.

Rubus rosifolius : This bird-dispersed shrub, bearing
edible fruits, is thought to have been introduced in 1830
by De Lastelle. Perrier de la Bathie (1931-1932) reported
that by the 1930s R. rosifolius was widespread in the
eastern part of the island around villages and in secondary
vegetation (savoka). In a survey of secondary vegetation
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of the eastern portion of the central highlands, R.
rosifolius was found to be the seventh most frequent
species (Vicariot cited by Koechlin et al. 1974). This
species does tolerate some degree of shade and may be
present under an open tree canopy (Cabanis et al. 1969).

Solanum  auriculatum This bird-dispersed South
American shrub, formerly thought to be native to Asia,
was probably introduced to Madagascar at the end of the

19th—century. It rapidly became dominant in deforested
parts of central and eastern Madagascar and has been
reported as suppressing all native vegetation. In cultivated
areas its seedlings appear whenever maize seeds
germinate (Humbert 1927; Perrier de la Bathie 1931-
1932). In South Africa the fruit is an important host for
fruit flies; it is also the principal weed of timber forests.
Clouds of fine hairs containing toxins dislodged during
clearance of this weed have been blamed for respiratory
problems in workers (Bromilow 1995).

Invasibility of native ecosystems

Perrier de la Bathie (1931-1932) reported that only one
species (Adenostemma viscosum), out of 524 enumerated,
was able to spread into undisturbed native vegetation.
Although more species are now known to be able to
disperse into undisturbed or lightly disturbed vegetation,
no reliable figure is currently available.

To date, the rain forests of eastern Madagascar appear to

have been little affected by invasive plants. With the
exception of Clidemia hirta colonizing tree fall gaps, all
invasive species become dominant only in secondary
forests, following shifting cultivation (favy) or logging.
However, this does not mean that these forests are
resistant to invasions. Rather it probably reflects the type
and pattern of planting of exotic plants in the vicinity of
the forests. Of particular conservation concern are forests
of low stature, since they can be readily overtopped by
introduced species as witnessed on many tropical islands,
and forests located on steep slopes, where less shade-
tolerant species are able to spread under the canopy. As in
other tropical regions, large smothering climbers probably
pose the greatest potential threat.

The assessment of the invasibility of dry gallery forest of
the Réserve Spéciale de Beza Mahafaly investigated by
Sussman & Rakotozafy (1994) is impossible because it is
uncertain if three species (Acacia rovumae, Eurphorbia
tirucalli, and Tamarindus indica) are native or introduced
and other species reported as exotic are actually native
(e.g., Abrus precatorius, Cleome tenella, Olax
andronensis, Salvadorea angustifolia and Teramnus
labialis, M. Rejmanek pers. comm.). Being canopy
dominant, the status of 7. indica, as indicated earlier,
poses an intractable problem. Sussman & Rakotozafy
(1994) suggested that these species "are all functioning as
stable components of the Beza Mahafaly forest and may
indeed all be native." However, the spread of Cissus
quadrangularis in the Berenty gallery forest clearly

indicates that this vegetation type is susceptible to
invasion.

Due to the prevalence of favy cultivation in the eastern
part of Madagascar, secondary forest or scrub has now
replaced a considerable portion of the original lowland
forest. These vegetation types are often dominated by
invasive species and, as only basic floristic investigations
have been carried out (Rasolofoharinoro et al. 1997), it is
unclear whether these plants are affecting the regeneration
of native forest species. Studies carried out elsewhere in
the tropics suggest that Lantana camara is more likely to
hinder than favor the regeneration of native species (see p.
xx [Binggeli - Lantana camaral).

In the semi-deciduous forest of Ampijoroa,
which is part of the Réserve Naturelle Intégrale
d’Ankarafantsika in the northwest, Ramangason (1988)
reported that, out of the 264 taxa recorded, 3.2% were
introduced. However, no information regarding the
identity of these species, their frequency, and impact on
the forest was given.

Up to the 1920s much of the vegetation of the arid
southwest was infested by the prickly pear Opuntia
monacantha, yet we have very little information regarding
its spread and impact on undisturbed vegetation. The
densest stands were encountered in disturbed vegetation,
abandoned fields and on dunes in the calcareous region
(see p. xx [Binggeli - Opuntia spp]). In some areas of
southern Androy, Decary (1930) reported that Opuntia
was outcompeted by the introduced Agave ixtli and in
places Ricinus communis formed monotypic stands in
abandoned fields. A recent study of the Mikea Forest,
between Toliara and Morombe, by Seddon et al. (2000)
made no reference to any invasive plants. Similarly,
reviews of the flora and vegetation of the arid southwest
by Rabesandratana (1984) and Rauh (1986) failed to
mention invasive plants, although later Rauh (1995, 1998)
identified them as “destroying” the natural vegetation .

Grasslands cover huge areas of Madagascar (> 70%); they
are chiefly secondary in nature and often dominated by
introduced species. The grasses found in Madagascar
have been thoroughly reviewed by Bosser (1969) and it
would appear that the majority of species are introduced
(the status of a number of species is uncertain). Koechlin
(1993) has provided an overview of changes in species
composition as affected by topography, climate, and soil.
Morat (1972) noted that a number of pantropical grasses
(e.g. Andropogon fastigiatus, FEuclasta condylotricha,
Schoenfeldia gracilis, Themeda quadrivalvis) have only
existed in Madagascar for a short time, their distribution
being limited to the northwest. He explained this localized
distribution as follows: many seeds of non-native crop
species, and their assorted impurities, were introduced to
the Mahajanga - Marovoay region for agronomic trials.
The weedy plants started to spread rapidly but further
expansion towards the south and the central highlands
was prevented by climatic factors (long dry season, low
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rainfall, and low winter temperatures). The fire regime
and associated soil degradation imposed by human
interventions generally favor the replacement of
vegetation dominated by woody plants, especially
introduced species tolerant of annual burns and poor soils.

Overgrazing of pasture may result in the encroachment of
herbaceous communities by woody plants including
introduced species such as Acacia farnesiana, Lantana
camara, and Ziziphus jujuba (Koechlin 1993). The latter
species is extremely common in the west of the island,
often forming pure stands (Capuron 1965).

Although many introduced species already dominate
much of the island's landscape, a number of plant species
known to be invasive in other tropical regions (see for
instance the list of invasive woody plants in the tropics
and subtropics in Binggeli et al. 1998) have not been
recorded in Madagascar. However, some may already be
present and some may even be spreading. Often
introduced species exhibit a time lag between their
introduction and subsequent spread. This phase is the
result of a variety of factors including (see Binggeli in
press for details):

e Under-recording: the species is not noticed until
it becomes a problem.

e The species does not spread until there is a major
change in a biotic (e.g., grazing, pollinator) or
abiotic (e.g., hurricane, flood, logging) factor.

e Species are isolated from potential habitat and
spread only when a secondary introduction is
made.

Salvinia molesta, a major tropical aquatic weed, is present
in a number of Malagasy lakes and Lac Alaotra in
particular (M. Pidgeon pers. comm.), and is probably
typically under recorded. A species that has not been
noted as invasive in Madagascar is Chromolaena odorata,
which is a major pest in most tropical regions (Gautier
1992). The near-by oceanic islands of Mauritius and
Réunion, and the Seychelles further afield, have a number
of problematical species, such as Fuchsia magellanica,
Cinnamomum verum, and Ligustrum robustum
(Macdonald et al. 1991; Strahm 1993; Fleischmann 1998).
These species are serious potential invaders in parts of
Madagascar and of forests especially. Vines, such as
Thunbergia grandiflora and Passiflora mollissima, may
yet prove to be the greatest threat to Malagasy forests.
Species which have rapidly invaded large areas of tropical
and sub-tropical dry regions, such as Prosopis spp.
(Australia, Csurhes 1996; Indian Peninsula, Gold 1999),
may also become problematical. In the longer term the
threat posed by ornamental species will increase
dramatically if and when the economic development of
Madagascar takes off. More affluent regions of the tropics
and subtropics, such as Hawaii and Florida, have
witnessed an unprecedented number of exotic ornamental
species spreading into native vegetation (Binggeli et al.
1998).

It is well known that many introduced species have
become invasive in Madagascar, but it is generally not
appreciated that a number of Malagasy species, including
endemics, are invasives in other parts of the tropics. In
some instances the problem is so serious that biological
control programs have been initiated and control agents
are actively sought in Madagascar (e.g., Huwer &
McFadyen 1999). Key invasive originating from
Madagascar include:

Bryophyllum spp.: These ornamental plants are popular
garden plants in Australia; they have become naturalized
in pasturelands and in some shady woodlands in
Queensland. B. tubliforum, B. pinnatum and their hybrids,
commonly known as 'Mother of Millions', are highly toxic
and poisonous to live-stock (Anonymous 1999a).

Cryptostegia grandiflora : This vine covers huge tracts of
Queensland, where it invades dry rain forests and kills
trees. It has a major economic impact on the grazing
industry (Mackey 1996).

Delonix regia : This highly decorative ornamental tree is
rare in native Malagasy vegetation, putative sites only
being identified in the 1930s (Léandri 1938). It has been
planted as an urban ornamental tree throughout the tropics
and is spreading in a number of regions (e.g., Australia,
Csurhes & Edwards 1998).

Ravenala madagascariensis Typical a species of
secondary succession (see p. xx [Blanc et al. Ravenalal]),
this tree has been introduced to Réunion, where it became
dominant in secondary vegetation (Vaughan & Wiche
1937). The species has recently started to spread in
Australia (Calley et al. 1993).

Senecio madagascariensis : This herbaceous plant, native
to Madagascar as well as southern Africa, is a major
pasture weed in Argentina and Australia where it is
widespread on the New South Wales coast. It is a weed of
cattle-grazed grasslands and is harmful to livestock
(Sindel 1986). It has recently been ascertained that the
source of the Australian material is of South African
origin, rather than from Madagascar (Scott et al. 1998).

Other Malagasy species known to be spreading elsewhere
include Buddleja madagascariensis, Catharanthus roseus,
Cryptostegia madagascariensis, Harungana
madagascariensis, Nicodemia madagascariensis, and
Tristemma virusanum.

Does Madagascar differ from other tropical regions ?

Like many tropical regions of the Southern Hemisphere
Madagascar has witnessed the introduction of scores of
plant species mainly over the past century, many of which
have subsequently spread into semi-natural vegetation. As
is the case in other parts of the tropics such as west Africa
the status of a number of species is uncertain and will
probably never be definitely settled (Binggeli et al. 1998).
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Many of these invaders are typical pantropical weeds that
are often detrimental to human activities and biodiversity.
The number of invading grass species in Madagascar is,
however, markedly greater than what has been reported
elsewhere.

It has often been stated that the Malagasy flora lacks
secondary species and that introduced species take
advantage of the scarcity of colonizers or of their lack of
competitiveness (Koechlin 1972; Koechlin et al. 1974;
Jenkins 1987; Preston-Maftham 1991). Indeed many of the
main invasive plants highlighted above are key
components of secondary vegetation (savoka), yet some
areas of Madagascar are dominated by native secondary
species. Both Rauh (1995) and Preston-Matham (1991)
reported that extensive stands of  Ravenala
madagascariensis could be found in the southeast of the
island near Tolagnaro (see Rauh’s Figure 53) and on
hillsides near the Toamasina-Antananarivo railway line.
Likewise Decary (1926) noted that near the Faraony River
valley the shrub Psiadia altissima covered huge areas of
old favy. Elsewhere native bamboos and ferns may also be
prevalent in secondary vegetation.

The reason why some introduced species often dominate
secondary succession probably relates to their ability to
tolerate human-induced disturbance regimes, especially
where there is burning, better than native pioneer species.
Indeed, Ravenala madagascariensis is known to
disappear if fires are too frequent (Preston-Matham
1991). On the other hand, native species are probably
better adapted to cyclone disturbance. Differences
between natural and human disturbances are chiefly a
question of scale, intensity and cycles. This ability of
introduced, early successional, species to spread in
secondary vegetation is not unique to Madagascar and is
in fact observed throughout much of the tropics and in
Africa in particular (see Binggeli et al. 1998).

The literature on invasive plants of Madagascar is littered
with idiosyncrasies, two of which are worth noting.
During the 1970s and 1980s the 'equilibrium' of biological
communities was viewed as key to ecosystem resistance
to invasive species (Koechlin et al. 1974; Guillaumet
1984; Rauh 1986). The first reference to this concept
appears to have been made in 1928 by Perrier de la Bathie
in his short, but far-sighted, paper on invasives. He stated
that the disturbance of the 'initial biological equilibrium'
allows introduced species to spread. Plant scientists later
considered that without human disturbance the natural
vegetation would remain in equilibrium and introduce
species would fail to spread. In recent decades it has
become apparent that natural disturbance is sufficient to
allow the spread of non-native species and in a few cases
disturbance may not be even a necessary trigger.

A number of authors have referred to the 'fact’ that "some
species introduced by man have already given rise to new
endemic species or varieties" (Jenkins 1987). The earliest
reference found referring to this belief is Koechlin (1972)
and is based on no factual evidence. Undoubtedly the
gene pool of some invasive species may be different from

that of the native range, as the founder population may
have contained a rather limited amount of genetic
variation. Although hybridization between introduced and
native species commonly occurs, it has never been
demonstrated that a new taxon has evolved in an invaded
range.

Invasive plants have variously affected the different
vegetation types of Madagascar. Some, like the
grasslands, are mostly composed of exotics and it is
unlikely that many more introductions will spread, this
task having been thoroughly achieved by agriculturists

during the 20th—century in order to improve fodder
production. Rain forests, on the other hand, have
witnessed the spread of far fewer species, but in the long-
term they could well become as badly affected as other
vegetation types. The main reason for the relative paucity
of species invading in forests is probably related to low
propagule pressure, resulting from a variety of factors
including:

e botanical gardens and experimental stations are
not adjacent to natural forest.

e the limited number of ornamental introductions,
some of which are massive elsewhere in more
affluent regions (e.g. Hawaii) — in Madagascar
the tendency has been to focus on the
introduction of species which yield food or other
useful products.

A number of Malagasy species are known to be invading
other tropical regions and it is apparent that several are
spreading in Australia. Many South African species are
also invading Australia (Csurhes & Edwards 1998) and
the converse is also true, indicating that many tropical and
subtropical species of the southern hemisphere will spread
once moved to similar climates and habitats on other
continents and islands.

Policies regarding invasive plants in Madagascar should
focus on the development of a national strategy to prevent
the introduction of species with a high invasive potential,
contain ornamental species already present, and control
harmful species. An example of such a strategy actively
tackling the issue is that of Australia (Anonymous 1999b).
In order to enhance the efficacy of any such initiative, it is
essential that regional co-operation with neighboring
countries in southern Africa and the Mascarene Islands
should be initiated as a number of invasive species are
known to cause problems in more than one country or
throughout the region. Action should be focused and make
full use of scarce resources.

Prevention is the cheapest and most efficient tool to stem
the tide of invasive species. Plants known to be highly
invasive elsewhere in the tropics and subtropics, and not
present in Madagascar, should be blacklisted. For
instance, special attention should be paid to keep
Chromolaena odorata out of Madagascar, even though
agriculturists are keen to use it (Baxter 1995). Species
with the following attributes should be viewed with great
concern:
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e an important and long-lasting soil seed bank.
Major problems in the horticultural trade as
plants are often moved in pots with soil
contaminants.

e small-fruited species which are readily dispersed
by birds and small mammals.

e species producing vast quantities of light seeds
which can be wind-dispersed over great
distances.

e species with seeds which attach themselves,
either via hooks or coated in mud, to animals.

e vines and some vegetatively propagated species
(e.g., bamboos) should receive special attention.

Only an efficient quarantine system and proper
phytosanitary control at ports of entry can significantly
reduce the number of introductions of harmful alien
organisms.

Areas of high conservation value should be monitored to
detect new species at an early stage of the invasion. Only
through early detection can a species be eradicated with
any likelihood of success, when the population size is still
limited. Political will, public support, and financial
resources are three essential ingredients that often fail to
materialize. The case of Eichhornia crassipes in
Madagascar (see p. 476 [Binggeli - Eichhornia crassipes])
illustrates the result of inactivity following early
detection.

The eradication of widespread species is impossible using
mechanical or chemical means. Local control may be
envisaged but requires extensive resources and must be
repeated year after year, as is the case of Cissus
quadrangularis in the Berenty Forest. To date, the use of
biological control of invasive plants in Madagascar has
been limited to Lantana camara and Opuntia monacantha
(Greathead 1971). Further programs should be only be
envisaged if they target species that are both widespread
and have major impacts on natural systems, and if it can
be carried out in conjunction with neighboring countries.
Programs to control Rubus moluccanus in La Réunion
(Sigala & Lavergne 1996) and Eichhornia crassipes in
Africa (Julien et al. 1996) have been initiated and could
be extended to Madagascar.

Invasive organisms are known to have major
impacts on ecosystem structure and function. Because of
their potential long-term effects on Malagasy biodiversity,
invasive plants must be viewed a as key component of
ecosystem degradation. In order to address this continuing
threat detailed field investigation are necessary and a
conservation framework must be set up to address the
problem.
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Table 1: Species of flowering plants (excluding grasses) known to be highly invasive in Madagascar or present and highly invasive elsewhere in the world (The world status is given for
woody plants and is based on Binggeli et al. 1998: Introduced species recorded as possibly/potentially invasive (World status 1) are locally regenerating but the extent of spread is not known
or is limited. Moderately invasive species (World status 2) are spreading but still occur at low densities and are not considered an immediate problem. Highly invasive species (World status
3) have become dominant or co-dominant in the invaded region and are considered a threat to the native flora and ecosystem and these species are usually subjected to some form of control.
Not in the list (World status = 0). Life forms are: T = tree, sT = small tree, S = shrub, H = herb and V = vine).

Species

Acacia dealbata Link
(Mimosaceae)

Life-
form

sT

Acacia farnesiana (L.) Willd. sT

(Mimosaceae)

Acacia tortilis (Forssk.) Hayne T

(Mimosaceae)

Acanthospermum hispidum
DC. (Asteraceac)

Agave ixtli Karw.
(Agavaceae)

Agave sisalana Perrine
(Agavaceae)

Albizia lebbeck (L.) Benth.
(Mimosaceace)

Carica papaya L.
(Caricacae)

Cissus quadrangularis
L. (Vitaceae)

Citrus aurantifolia

(Christm.) Swingle

(Rutaceae)

Citrus aurantium L.
(Rutaceae)

Citrus medica L.
(Rutaceae)

H

sT

sT

sT

sT

History and Uses

Introduced from Australia around 1900 as an
ornamental and then used for afforestation
and charcoal production. Later seeds were
aerially sown in an erosion control program.
Ornamental species from tropical America.

Introduced to the Betioky region by the
‘Service Acridien’ presumably for its
resistance to locust attacks.

Few individuals observed in 1910 at
Marovoay. Ten years later it started to spread
and within two decades it had invaded much
of the western region. By the 1920s reported
to be regressing.

At first used as defense around military posts
and later as a hedge plant.

Widely planted for the production of sisal
fiber. From Central America.

Seeds used in ‘sikidy’ (divination).
Introduced in 1814.

Cultivated in warm parts of the island
(Sambirano and Mahajanga). From tropical
America.

Large vine from east African forests.

Probably an ancient introduction. Rarely
planted.

Probably an ancient SE Asian introduction.
Used by rubber collectors to coagulate latex,
but never planted in forests.

Introduced but not cultivated.

Habitats invaded and dispersal agent(s)

Central highlands: may dominate the undergrowth in
Eucalyptus plantations and is regenerating freely in
the Ankaratra region.

Invades overgrazed grasslands in the western and
southern regions.
Common south of the Onilahy River.

Restricted to inhabited and cultivated habitats. Does
not spread in grasslands.

Abandoned fields and disturbed vegetation. Bulbils
distributed by cattle and humans.

Spread by bulbils into the bush of the southwestern
arid region.

Impact, invasiveness and world status

Described as a noxious weed. Also highly
invasive in other regions.
World status: 3

Highly invasive in many parts of the world.
World status: 3

Widespread, but impact unknown.

World status: 0

When present, its spiky achenes prevent people
from walking bare-feet. Sometimes location of
huts and villages moved as a result of
infestations.

Forms impenetrable monotypic stands. Viewed
as a threat to native vegetation in the
Amboasary region as early as the 1920s.
Reported as displacing endemic vegetation.

Widespread in the west of Madagascar as it is resistant Moderately invasive in a number of tropical

to fire. Human dispersed.

Occasionally spreading.

Severe infestation in a gallery forest in the southern
dry areas.

Widely distributed in secondary forests (savoka) and
natural forests in western warm regions. Dispersed by
animals, humans and water.

Widely distributed in secondary forests (savoka) and
natural forests in western warm regions. Dispersed by
animals, humans and water.

Recorded in several locations in the northwest.

regions.

World status: 2

Planted throughout the tropics, but its spread is
moderate.

World status: 2

Smothers trees and hampers their natural
regeneration.

World status: 0

Spreading in Rodrigues.

World status: 2

Spreading in Rodrigues.
World status: 2

Spreading in Rodrigues.
World status: 2



Clidemia hirta (L.) D. Don
(Melastomataceace)

Eichhornia crassipes
(Martius) Solms
(Pontederiaceae)

Erigeron albidus A. Gray
(Asteraceae)

Eucalyptus spp.
(Myrtaceae)

Grevillea banksii R. Br
(Protaceace)

Lantana camara var. aculeata

(L.) Moldenke
(Verbenaceace)

Mimosa pigra L.
(Mimosaceae)

Mimosa pudica L.
(Mimosaceae)

Opuntia ficus-indica (L.)
Miller (Cactaceae)

Opuntia monacantha Haw.
(Cactaceae)

Passiflora foetida L.
(Passifloraceae)
Passiflora incarnata
(Passifloraceae)
Passiflora suberosa L.
(Passifloraceae)

sT

ST

Non-intentional introduction in 1914 as a

seed contaminant.

Introduced in the early part of the 2
century as a garden ornamental especially in

ponds around Antananarivo.

see p. xx [Binggeli - Eichhornia crassipes]

for detailed account.

Appeared suddenly in Antananarivo in 1924.

Australian forestry species.

oth.

Secondary forest and cultivated areas. Bird-dispersed. Harmful to crops. A major environmental weed

In lakes, slow-flowing rivers and canals. Plants may

be moved by water and wind, whilst the seeds
embedded in mud may stick to animals.

Wind-disseminated weed of crops. Exhibited a rapid
spread throughout the central region soon after its

introduction.

Established in many areas across the island, including

protected zones.

Tree used in reforestation and as a windbreak. Forms monotypic stands to the west of Ambila-

Ornamental.

see p. xx [Binggeli - Lantana camara] for

detailed account.
From tropical America.

Probably introduced in the early part of the

ZOth—century.

Many varieties introduced. Spineless forms
for fodder and others as living fence and
firebreak. From Central America, fruits eaten

by humans.

Lemaitso.

Secondary forests, agricultural areas, and overgrazed

grasslands. Widespread especially in the east and
central highlands.

Troublesome in ricefields. Water dispersed.

Invades uncultivated land but has a poor dispersal

ability.

Found mainly in the southwest. Spread thought to be

of limited but status needs to be ascertained.

in parts of the tropics, including natural forests.
World status: 3

Highly invasive water weed with major impacts
on navigation, fishing, irrigation as well as
native flora and fauna.

Problem in crops because of its abundance and
vigour.

This genus has a limited invasive potential, but
its impact on soils and hydrology may be
important.

World status: 1

World status: 2

Harmful to crops and prevents the regeneration
of native species. A pantropical weed.
World status: 3

Highly invasive species in Australasia along
waterways and in floodplains.

World status: 3

This prickly plant is a nuisance to bare-footed
people and abandoned fields are not easily
rehabilitated.

Widely cultivated in the tropics. Important weed
in many regions. Status and impact unclear in
Madagascar.

Introduced in 1769 for military protection andIn the early part of the 20th century covered vast areas Species eradicated by an unofficial biological

then widely used as a live fence. Formerly

used as cattle food and during times of
famine for water and food by humans.

see p. xx [Binggeli - Opuntia spp] for

detailed account.
Neotropical species.

Edible fruit originating from tropical

America.
Neotropical species.

of southwestern Madagascar. Mainly dispersed by

humans but also by cattle. Clumps expanding
vegetatively.

Roadsides and fields.

control program in 1920s. Species now appears
to be recovering.

Spreading in many parts of the tropics.
World status: 2

Widely distributed around villages, savoka and forest Impact unknown.

edges. Dispersed by mammals including humans.

Roadsides and fields.

World status: 0
A serious invader in Hawaii.
World status: 3



Phoenix reclinata Jacq.
(Palmae)

Pinus patula? Schiede &
Deppe (Pinaceac)

Pithecellobium dulce (Roxb.)
Benth. (Mimosaceace)
Psidium guajava L.
(Myrtaceae)

Psidium cattleianum Sabine
(Myrtaceae)

Rubus moluccanus L.
(Rosaceace)

Rubus rosifolius L.
(Rosaceae)

Salvinia molesta D. Mitch.
(Salviniaceae)

Solanum mauritianum Scop.
(Solanaceace)

Syzygium jambos (L.) Alston
(Myrtaceae)

Vangueria madagascariensis
Gmelin (Rubiaceae)
Ziziphus jujuba Miller
(Rhamnaceae)

Ziziphus spina-christi (L.)
Willd.

(Rhamnaceae)

—

sT

sT

H

—

sT

sT

African palm with edible fruits.

Plantation forestry tree introduced in 1923.

Planted to ‘enrich’ native forests.

Edible species introduced in the early 1800s
but no longer cultivated in Madagascar.
Native to South America.

Cultivated with edible fruit. Native of South
America.

Native of southeastern Asia. Introduced after
1932 by a planter who mistook it for a wild
grape vine.

Introduced in 1830. Edible, but insipid, fruits.

Period and purpose of introduction not
known.

Native of South America. Introduced
sometime around 1900.

Southeastern Asian species with edible fruits.
Widely planted in tropics.

Presumed introduction by the Arabs.

Introduced by the Hindus. Native to Africa
and Asia. Its fruit are edible.

African species with edible fruits probably
introduced by the Arabs.

Found along the west coast and inland along some

rivers. Human dispersed and suckers vigorously.

Spreading in open upland vegetation. Wind-dispersed.

Found in a gallery forest (Berenty in the dry
southeast).

Throughout the moister parts of the island near
villages and in disturbed vegetation. Spread by
mammals.

In lowland savoka on

west and east coasts. Completely dominates some

secondary forests. Spread by mammals.

Roadsides and in forest gaps, forest edge and savoka.

Bird dispersed.

Along roadsides and savoka in the humid eastern
region. Bird dispersed.

Under recorded but known to be present in several

lakes.

Common mainly in the humid highlands in secondary

and natural forests and cultivated fields. Bird
dispersed and especially by pigeons.

Becomes dominant in lowland areas near streams

(e.g., RNI de Betampona).

Impact unknown.

World Status: 0

Causing major concerns on Mt Mulanje in
Malawi.

World status: 2

Impact unknown.

World status: 3

A major invasive in tropical regions, but
especially on islands.

World status: 3

Highly invasive in many parts of the tropics.
Considered to be a major threat to native forest.
World status: 3

Rampant weed and a threat to highland natural
forests (e.g. Andasibe) as well as in the
Mauritius.

World status: 3

Spreading in disturbed moist forests of
Tanzania.

World status: 2

One of the worst aquatic weeds in the tropics
and sub-tropics.

Important weed of cultivated fields. Fruit can be
an important host for fruit flies.

World status: 3

Poorly dispersed species, but once established it
forms monotypic stands and increases soil
erosion.

World status: 2

Dispersed by humans and pigs and found in much of Naturalized in Mauritius.

the west.

Widespread in the eastern region in secondary forests.

Fruits are dispersed by mammals and birds.
Common in the south.

World status: 0
Often forms monotypic stands.
World status: 2
World status: 2



