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introduced species. The associated agrobiodiversity, 
including plants that grow spontaneously and are 
protected or tolerated by farmers, is composed of a 
mix of native and introduced species. This situation, 
which is paradoxical for an island with a very high 
level of endemicity is the result of a double process 
of species introduction. The first is associated with 
the waves of migration, which, during the past three 
thousand years or so, allowed colonisation of the 
island, previously devoid of human occupants. The 
migrant populations originating from Austronesia 
and then from Africa, introduced their own crops 
and associated growing practices and only exploited 
local biodiversity through gathering, which did not 
require planting or tending. This situation is therefore 
the result of a long process of farmers’ strategies to 
manage natural resources in a context of subsistence 
agriculture. The second process is more recent and 
is associated with increasing occupation by Europe-
ans from the 16th/eighteenth century onwards, which 
peaked at the end of the nineteenth century with the 
French colonisers, who introduced and then devel-
oped cash crops (coffee, cloves, vanilla). This long-
term retrospective study sheds light on the dynamics 
at the origin of the biodiversity "melting pot" vis-
ible today in the AFS along the east coast of Mada-
gascar. It shows the constant evolution and adapta-
tion of farmers’ strategies and cropping systems, but 
also their historical roots. The cohabitation between 
introduced and indigenous species, observed today 
in Madagascar, is found in other AFSs built around 
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an introduced cash crop, in various tropical zones. 
Knowing the origins and determinants of this cohabi-
tation could be useful to support future evolutions 
of these cropping systems in the current context of 
changing agricultural practices in response to ecolog-
ical and macroeconomic pressures.

Keywords  Agrobiodiversity · Agroforestry system · 
Introduced species · Indigenous species · Madagascar

Introduction

Madagascar has a rich original biological heritage 
with a particularly high level of endemicity. Good-
man and Benstead (2005) estimated the plant spe-
cies to be 83% endemic (i.e., found only in Madagas-
car) or native (not only originating in Madagascar). 
This biodiversity is threatened by human practices, 
particularly deforestation and climate change 
(Vieilledent et  al. 2018). Madagascar is therefore 
considered to be a biodiversity hotspot (Myers et al. 
2000). However, this statement does not account for 
the wealth of agrobiodiversity present in agricultural 
areas (Chirwa et al. 2008; Kull et al. 2013). Accord-
ing to the definition by Qualset et al. (1995), Vander-
meer and Perfecto (1995), or Jackson et  al. (2007), 
agrobiodiversity includes planned crops and livestock 
species (i.e., chosen and established by the farmer). 
Many non-domesticated resources are also available 
in cultivated areas, termed associated agrobiodiver-
sity. Some of these non-domesticated resources are 
useful to humans. Some are non-productive species 
that support food production (honey plants, pollina-
tors, symbionts, fertilising plants, and all organic con-
trol agents). This associated diversity also includes all 
the elements that spontaneously colonise the agroeco-
system, such as microorganisms and fauna in the soil, 
weeds, herbivores, carnivores, and parasites, which 
may sometimes be considered as bio-aggressors, and 
have a negative economic impact on the farmer.

This agrobiodiversity is partly indigenous (native 
or endemic), but also includes a pool of introduced 
species. According to the definitions of Richardson 
et  al. (2000), a species is introduced if humans car-
ried the species or its propagules across major geo-
graphical barriers the species would otherwise have 
been unable to cross. An introduced species is consid-
ered naturalised when the biotic and abiotic barriers 

to its reproduction are removed. A naturalised spe-
cies is said to be invasive if it has a high capacity for 
propagation.

Early works already established the mixture of 
introduced and indigenous species in the Malagasy 
biodiversity: Prudhomme (1902), Heckel (1910), Per-
rier de la Bâthie (1928; 1931/1932), Decary (1946a) 
drew up the first lists of plants and animals intro-
duced into Madagascar. Based on these lists, Kull 
et  al. (2012) estimated that about 10% of the plant 
species present in Madagascar today are introduced 
and that at least 70% of them are useful. In addition, 
a feature shared by the three main food crops (rice, 
maise, cassava) and the three main cash crops (clove, 
lychee, vanilla), which respectively contribute to the 
food security and economic stability of Madagascar 
(Gouzien et al. 2016), is that none are native to Mada-
gascar. In general, as described by Kull et al. (2013) 
using the concept of a biodiversity melting pot, intro-
duced species share the same spaces with indigenous 
species in Malagasy ecosystems, contribute to eco-
system services and rural well-being or, conversely, 
have a mixed or negative impact.

The main point this article addresses concerns 
the origin of agrobiodiversity present in Madagascar 
and more particularly in the cropping systems along 
the east coast which was analysed by the authors of 
a series of previous works (Arimalala et  al. 2019; 
Michel et al. 2021; Mariel et al. 2021, 2022).

In this region, hillside cropping systems are pre-
dominantly clove-based agroforests (AFS) that are on 
a continuum between mono-species clove plantations, 
parks in which clove is often the dominant species, 
and complex agroforests (Arimalala et al. 2019). Fal-
low areas surround these clove-based systems, which 
vary in density and diversity, and rice cultivation in 
the lowlands (Mariel et al. 2021, 2022). Clove-based 
cropping systems are complex and rich in biodiver-
sity (Arimalala et al. 2019; Michel et al. 2021; Mariel 
et al. 2022). The part played by native and introduced 
species, the origin of these species, and the determi-
nants of their introduction or their maintenance in the 
cropping system have not been studied to date.

The purpose of this study is first to provide an 
inventory of the main vascular plant species that char-
acterises agrobiodiversity in and around clove AFS 
to assess the proportion of introduced and native spe-
cies. Second, the processes that led to this agrobio-
diversity are analysed through a close examination of 
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the literature, particularly historical documentation 
and iconography.

Materials and methods

The study was based on three recent botanical inven-
tories in clove-based cropping systems in the south-
ern part of Madagascar’s Analanjorofo region. The 
first inventory concerned 42 fields with clove trees in 
the rural communes of Ambatoharanana and Ambod-
imanga II (Fénérive-Est district) previously analysed 
by Arimalala et  al. (2019). In each field, a plot of 
approximately 900 m2, selected as being representa-
tive as possible of the entire area, was traced, and 
surveys of the presence/absence of plant species were 
made. In the study conducted by Michel et al. (2021), 
the same protocol was applied to woody species in a 
sample of 30 plots. The third data set was collected 
during field visits with farmers in the rural village of 
Vohibary (Vavatenina district) in an inventory of 17 
plots (Mariel et al. 2021).

These inventories are probably not exhaustive, 
herbaceous (Poaceae) and pteridophytes are prob-
ably underrepresented, but are sufficiently detailed to 
serve as a basis for the presentstudy.

The identity (vernacular and scientific name) of 
each plant was established. When identification was 
doubtful, a sample was taken to be identified by com-
parison with reference specimens in Madagascar’s 
national TAN herbarium (Tsimbazaza Botanical and 
Zoological Park) and in the TEF herbarium (FOFI-
FA’s Forest Research and Natural Resource Manage-
ment Department) in Antananarivo.

The species identified were assigned to three main 
categories based on the knowledge and practices 
obtained in interviews with the farmers and according 
to the definitions proposed by Qualset et  al. (1995), 
Vandermeer and Perfecto (1995) and Jackson et  al. 
(2007): (i) species planted and tended by farmers; 
(ii) spontaneously occurring species, conserved or 
tolerated by farmers in and around their plots; (iii) 
weeds or invasive species that are neither planted, 
nor favoured, nor tolerated, but unintentionally sup-
ported by farmers because they are difficult or costly 
to control and eradicate. This classification mainly 
reflects the agricultural/nutritional value of the plants 
expressed by the farmers in our study area, it can be 
refined by accounting for the non-agricultural uses of 

the plants (for medicinal purposes, as wood for con-
struction, fuelwood, dye, etc.) or their level of abun-
dance in the cultivated areas.

Within each group, the species were assigned to 
one of two categories according to the stratum they 
occupy in the field: (i) herbaceous plants that form 
the lower stratum, generally less than two metres high 
(Arimalala et  al. 2019) and (ii) large, mostly woody 
species that form the upper stratum.

The cropping system in which they grow corre-
sponds to the categories specified by Arimalala et al. 
(2019): (i) M: mono-species clove tree plantations 
(monoculture), with no accompanying cultivated spe-
cies, but sometimes used for grazing zebu cattle; (ii) 
P: tree covered parkland where clove trees are associ-
ated with a herbaceous crop (rice, sugar cane, maize, 
etc.) and other cultivated woody plants; (iii) C: com-
plex AFS where the clove trees are associated with 
frequently cultivated herbaceous and woody species 
and less frequently with forest species; (iv) T: fallow 
or tavy (slash-and-burn farming practice) area; (v) L: 
lowland.

The status of each species was determined accord-
ing to the following three classes, based mainly on the 
studies of Perrier de la Bâthie (1931/1932), Decary 
(1946a) and Beaujard (2011): (i) EN: endemic (exclu-
sively Malagasy) or native (presence extending 
beyond Madagascar); (ii) IF: introduced formerly and 
naturalized, i.e. capable of maintaining itself sponta-
neously (Richardson et al. 2000); (iii) IN: at an unde-
termined date and naturalised; (iv) IR: introduced 
recently (since the eighteenth century and the signifi-
cant presence of Europeans).

Finally, the geographical area of origin of the 
introduced species is reported based on bibliographi-
cal sources. Bibliographical and iconographic data 
were sourced from a body of ancient and recent docu-
ments. The older studies were published by agrono-
mists and botanists working in Madagascar since the 
early nineteenth century. These source documents are 
generally in French.

Results

Table 1 is a compilation of the main species identified 
in cropping systems with integrated clove agroforests 
in the Fénérive-Est and Vavatenina districts.
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The first observation is that the agrobiodiver-
sity present in and around the AFS (as illustrated in 
Fig.  1A–C) consists predominantly of introduced 
species: 18 of the 23 species or genera of herbaceous 
plants listed in Table 1 are introduced, only five are 
endemic or native. In the case of woody plants, the 
proportion is 42 introduced species out of 56.

The second observation is that all the culti-
vated species, whether herbaceous (12 species) or 
woody (22 species), are introduced species. Poaceae, 
Myrtaceae, Annonaceae, Rubiaceae, Sapindaceae, 
Moraceae and Rutaceae are the most widely repre-
sented botanical families. Some, incuding rice, cas-
sava or coconut, were introduced and naturalised a 
long time ago, whereas others, such as vanilla, clove, 
lychee or mango, were introduced as recently as the 
nineteenth century (Perrier de la Bâthie 1931/1932; 
Decary 1946a; Bouriquet 1946; Beaujard 2011).

The third observation concerns non-cultivated 
species for which our inventories show a balance 
between native and introduced species. Amongst 
the farmed species, 17 are native and 19 introduced, 
whilst the ratio for weeds is two to six. Asteraceae, 
Fabaceae, Myrtaceae and Poaceae are the most rep-
resented families in this portion of agrobiodiversity.

The fourth observation, a corollary of the second, 
is that no indigenous species are cultivated. They are 
disseminated in uncultivated or fallow areas, as well 
as in the AFSs, where they are managed by the farmer 
(Mariel et al. 2021). This is the case, for example, of 
Ravenala madagascariensis, Harungana madagas-
cariensis or Raphia farinifera. They belong to the 
associated agrobiodiversity defined by Vandermeer 
and Perfecto (1995) and Jackson et al. (2007).

Discussion and conclusions

The results of our study (Table 1) show that the crop-
ping systems along the east coast of Madagascar 
result from the cohabitation of native and introduced 
species creating what is defined by Kull et al. (2013) 
as “melting pots” of biodiversity. However, our study 
reveals a previously unreported detail concerning the 
relative composition of native and introduced species 
by showing that the cultivated species in the growing 
systems derive entirely from introduced species.

This observation, which is paradoxical for a 
country with a notably high degree of biodiversity 

endemism (Goodman and Benstead 2005), is in agree-
ment with that of Perrier de la Bâthie (1931/1932) 
who noted that: “In the same way as all tropical 
countries where the primitive vegetation has been 
more or less radically destroyed by humans, Mada-
gascar has been overrun, as the ancient vegetation 
regressed, by a host of plants alien to its flora. Some 
of these incomers, of which certain are useful to man, 
were introduced by him intentionally; others, com-
mensals of the human species or domestic animals, 
or field parasites, followed him as they follow him 
everywhere.” Haudricourt (1948) put forward a dif-
ferent hypothesis, in which he explained the Mala-
gasy paradox by the fact that “Madagascar has a 
rich flora which could have spawned useful cultivated 
plants, yet humans arrived quite late on this island, 
with his knowledge of farming and a stock of culti-
vated plants”. The latter view is supported by several 
studies involving various scientific disciplines (pal-
aeoecology, palynology, human genetics, and linguis-
tics). Despite divergences, these studies show that the 
colonisation of Madagascar by humans is relatively 
recent, starting at the most two or three thousand 
years ago (Burney et  al. 2004; Pierron et  al. 2017), 
and that humans began to significantly inhabit the 
island less than a thousand years ago (Fig.  2). Two 
major actors were involved: Austronesians, from what 
is now Borneo and Java, were the first to arrive, fol-
lowed by the Bantus, who crossed the Mozambique 
Channel (Adelaar 1989; Straka 1996; Burney et  al. 
2004; Beaujard 2011; Pierron et  al. 2017), prob-
ably arriving in successive waves (Beaujard 2007) 
(Fig.  2). These migrants brought with them species 
they already knew how to grow (Beaujard 2007), 
which would explain why these newcomers did not 
set about domesticating the local species. The Austro-
nesian populations also imported the slash-and-burn 
farming practice known as tavy, which resembles the 
one practised by the Southeast Asian farmers (Kiener 
1963; Ketterings et  al. 1999). Despite being banned 
for a century (Bertrand and Randrianaivo 2003), tavy 
is still practised on the east coast but has been pro-
gressively abandoned since the middle of the twenti-
eth century (Mariel et al. 2022). The native elements 
of flora and fauna were only picked (fruit, honey, 
medicinal plants, fibres, dyes), felled (timber, wood), 
fished or hunted. It was not until Madagascar became 
a French colony in 1896, that processes involving 
farming and domestication of native and endemic 
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Fig. 1   Landscape of the 
east coast of Madagascar 
: A: near the village of 
Ambatoharanana, lanscape 
combining introduced 
[clove (A), lychee (B), 
bread fruit (C), eucalyp-
tus (D), coconut tree (E), 
Albizia spp (F), banana (G), 
rice (H)] and native [raffia 
(Z), bamboo (Y), traveller’s 
tree (X)] species (photo: E 
Penot, 2014, © CIRAD). B: 
Rice field and clove-based 
agroforestry systems close 
to Vavatenina with intro-
duced species [clove (A), 
lychee (B), bread fruit (C), 
eucalyptus (D), rice (H), 
jackfruit (I), mango tree (J)] 
and native species [ bamboo 
(Y), traveller’s tree (X), 
raffia (Z)] (photo: E Penot, 
2016). C: AFS with clove 
trees (Sainte-Marie Island) 
where introduced cultivated 
herbaceous species [banana 
(G), manioc (M), pineapple 
(N)], endemic herbaceous 
species [Stenotaphrum 
dimidiatum (W)] and intro-
duced herbaceous species 
[Clidemia hirta (O)] were 
identified; the upper stratum 
is composed of introduced 
cultivated species [clove 
(A), coconut (E), papaya 
(K), mandarin (L),] and 
endemic species (Draca-
nea reflexa (V)] (photo: P 
Danthu, 2012)
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Malagasy species were considered (Tourte, 2019). 
Botanists and agronomists were then instructed to 
draw up “the inventory of plant and animal produc-
tions that Madagascar was likely to offer to attract 
farmers, whether they be colonial newcomers or 
long-standing Malagasy inhabitants” (Prudhomme, 
1908) even if most local species were judged to be 
of poor quality (Deslandes 1903). The botanists then 
set about exploring the local plant resources and their 
potential for cultivation. From this resource, Perrier 
de la Bâthie (1924) published a list of edible or use-
ful fruits, with a potential for domestication, as he 
said “Amongst the multitude of plants that cover the 
Grande Île, a large proportion produces fruits which 
are consumed or used by humans. Most of these spe-
cies vary in shape, size, flavour or the other proper-
ties of fruit. So that selecting these fruits, improving 
them, bending the plants that produce them towards 
cultivation and distributing the species would seem to 
be as useful a work as any, likely to produce useful 

results not only for Madagascar but also all the tropi-
cal regions.” This list contains raffia (Raphia farinif-
era), but also Flacourtia ramontchi, Rubus rosaefo-
lius and even Tristemma virusanum whose presence 
have been confirmed in the AFS along the east coast 
(Styger et al. 1999). The same survey was carried out 
on aromatic plants by Gatefossé (1921) and Decary 
(1955) who pointed to the potential of several native 
species of the east coast, such as Aframomum augus-
tifolium, Vespris madagascarica (synonym: Pelea 
madagascarica), and Danais fragrans, whose aro-
matic interest may be equal to that of several intro-
duced plants, such as nutmeg, patchouli, ylang-ylang 
or champak. However, the cultivation of these species 
was not developed anywhere in Madagascar and no 
market for them was ever pursued. These plants were 
rapidly abandoned, and are not cultivated at all today. 
As gathered produce, they do little more than fulfil the 
personal medicinal needs of local populations (Per-
net et Meyer 1957) or feed small production sectors, 
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Fig. 2   Historical milestones of native and introduced biodi-
versity practices and uses along the east coast of Madagascar 
(based on de Flacourt 1661, reprinted 2007; Deschamps 1961; 
Radt 1970; Le Bourdiec 1974; Allibert 1988; Adelaar 1989; 

Burney et al. 2004; Campbell 2005; Beaujard 2011; Dewar and 
Wright 1993; Dewar 2014; Crowther et al. 2016; Pierron et al. 
2017; Godfrey et al. 2019)
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particularly of essential oils whose development is 
recent, linked to the expansion of aromatherapy.

The few plant products obtained from native and 
endemic species that have given rise to export sec-
tors are sourced entirely by harvesting them in their 
natural habitat. For instance, at the beginning of 
the twentieth century, this was the case for differ-
ent natural rubber species belonging amongst others 
to the Mascarenhasia and Landolphia genera (Dan-
thu et al. 2016), raffia palm (Raphia farinifera) (Per-
rier de la Bâthie 1931; Mouranche 1955), precious 
woods (Dalbergia spp., Diospyros spp.) (Perrier de la 
Bâthie 1950; Schurman et Lowry II 2009), copal, the 
extracted resin of Trachylobium verrucosum (Jacob 
de Cordemoy 1911), and in recent years, the bark of 
Prunus africana (Stewart 2003), which has led to the 
rarefaction of them all, and in some case, even threat-
ened the species concerned.

Most of the species cultivated along the east coast 
today are formerly introduced plants transported 
there by successive human migrations, such as rice, 
cassava, yam, maize and coconut, which then spread 
across the island progressively over the centuries, 
(Beaujard 2011). Some originate from Africa, like 
coffee (Coffea arabica), Cola nitida and banana 
(Musa spp.). The route taken by banana is not clearly 
established but the species is thought to have origi-
nated in Asia and transited via East Africa (Lejju 
et al. 2006; Beaujard 2011; Perrier et al. 2011). Oryza 
sativa, Cocos nucifera, Curcuma longa, Artocarpus 
heterophyllus, Colocasia esculenta, Litchi  chinensis, 
Cinnamomum verum, Saccharum officinarum  are all 
of Asian origin, whilst others originated in Oceania 
(Artocarpus altilis and Spondias dulcis) or the Amer-
icas (Carica papaya, Persea americana, Annona 
muricata, Psidium cattleianum, Pachira aquat-
ica, Schinus terebinthifolius) (Perrier de la Bâthie 
1931/1932; Evreinoff 1950; Maistre 1964; Radt 1970; 
Fouqué 1972; Le Bourdiec 1974; Styger and Rako-
toarimanana 1996; Beaujard 2011; Kull et  al. 2012; 
Crowther et  al. 2016). They partly arrived with the 
waves of human migration that form the Malagasy 
population today, the most well-documented being 
the two Asiatic waves between the third and fifth 
centuries. Then in the twelfth century, regular but 
less intense African (Bantu) migrations arrived via 
the west coast and also, from the ninth century on, 
through exchanges with Arabian sailors (Beaujard 
2011; Pierron et al. 2017) (Fig. 2). Some introduction 

patterns, like banana, are the subject of debate. This 
is also the case of the coconut tree, which Beaujard 
(2011) considered ancient and accompanying the first 
Austronesians, whereas Delorme (1972) considered 
it to be more recent, i.e., in the eleventh and twelfth 
century, and brought by Arabians, without exclud-
ing the possibility of sea transport due to the natural 
floating capacity of coconuts (Gerbaud 2011).

A second more thoroughly documented introduc-
tion period is that related to contacts with Europe-
ans, from the sixteenth century, but especially the 
eighteenth century on, marked by the establishment 
of colonial empires (Fig. 2). This consisted of a vast 
movement to transfer economically important plants 
between different parts of the world for the purpose 
of furthering the empires’ prosperity. This move-
ment was characterised by the creation of a network 
of botanical gardens and acclimatisation stations, par-
ticularly in tropical areas (Brockway 1979; Bonneuil 
and Kleiche 1993). In Madagascar, this period was 
marked by the creation of the first acclimatisation gar-
dens: Nanisana in the Highlands and Ivoloina on the 
east coast (Galliéni 1908). Maize and cassava were 
introduced into Madagascar towards the middle of the 
eighteenth century. Clove, vanilla and black pepper 
are considered to have been introduced more recently, 
the dates being fairly well known: clove around 
1827, vanilla around 1870 and black pepper around 
1900 (Rollot 1926; Perrier de la Bâthie 1931/1932; 
Bouriquet 1946; Decary 1946a, 1963; Maistre 1964; 
Raison 1972; Kull et al. 2012), although some doubt 
hangs over clove and vanilla, the first attempts to 
cultivate these species in Madagascar Campbell 
(2005) date to 1835 and 1825. Lychees, mango and 
avocado trees were first acclimatised in 1802 by the 
French botanist André Michaux in Tamatave (Fran-
çois 1927). The first cotton and sugar cane plants 
were acclimatised and cultivated in Sainte-Marie in 
the 1820s (Decary 1937), at the same time as cin-
namon, camphor, star fruit and guava trees (Ledreux 
1932). Eucalyptus trees were introduced extensively 
from 1857 on with the first plantations located along 
the road between Tamatave and Tananarive in 1897 
(Verhaegen et al. 2011; Chauvet 1968). It should also 
be noted that many introductions did not lead to the 
development of an industrial or even local sector: 
there were many failures or failed attempts. Thus, the 
introduction of mangosteen (Garcinia mangostana), 
durian (Durio zibethinus) or Brazil nuts (Bertholletia 
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excelsa) and palm oil trees (Elaeis guineensis) in 
the Ivoloina station at the beginning of the twentieth 
century did not result in any development or in rare 
small-scale developments (François 1927; Montagnac 

1961; Sigonney 1966). The same was true for Pis-
dium cattleianum, Ceiba pentandra, Hura crepitans 
and Hevea brasiliensis (Fig.  3A–C) (Prudhomme 
1899/1900; Danthu et al. 2016).

A B

DC

E F
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One determining factor, which had a major impact 
on the spread and cultivation of species of economic 
value on the east coast of Madagascar, was the deter-
mination of the French colonial power in the first half 
of the twentieth century to promote cash and export 
agriculture in order to fulfil the requirements of the 
metropolis and to achieve financial autonomy for the 
colonies (Jumelle 1900; Galliéni 1908; Prudhomme 
1908, Perrier de la Bâthie 1931/1932; Chevalier 1946; 
Braudeau 1961; Jacob 1987; Danthu et al. 2014; Coc-
oual and Danthu 2018; Mariel et al. 2022). Farmers, 
a few large landowners, but more often ’hard-working 
peasant farmers’ (Koerner 1969), grew these crops as 
a source of income to pay the many and very heavy 
taxes on rice fields or cattle (Jacob 1987). Clove, 
vanilla, coffee or cocoa were thus promoted and 
developed (Fig. 3D–F).

Among species currently not cultivated but kept 
by farmers in their AFSs for various uses, our study 
recorded the presence of indigenous plants and also 
introduced species. The latter include, for example, 

Syzygium malaccence and Syzygium cumini (fruit 
trees), Casuarina equisetifolia (wood, tannins, stakes 
for vanilla (François 1934), eucalyptus (wood), Albi-
zia spp (A. lebbeck, A. falcataria for wood, shade for 
coffee trees or firewood (François and Ledreux 1929) 
(Fig. 3B, E), or Jatropha curcas (stakes for vanilla). 
Some cocoa trees and coffee trees, promoted by the 
colonial power, are still kept by farmers in low abun-
dance and for self-consumption (Mariel et  al. 2021, 
2022; Braudeau 1961). The main native species pre-
sent in these AFSs are bamboo (Decary 1962; Drans-
field 2003), Harungana madagascariensis, Ficus 
tilifolia or Intsia bijuga. These species are a source 
of wood for energy or general use and often have an 
important place in the local pharmacopoeia (Heckel 
1910; Kiener 1954; Pernet and Meyer 1957; Bla-
ser et  al. 1993). Special mention should be made of 
Raphia farinifera, which is one of the rare species 
native to the east coast of Madagascar—even if there 
are some doubts concerning its nativity, as Dransfield 
and Beentje (2003) reported that this species is actu-
ally introduced—that have been exported since 1860 
(Dufournet 1938/1939). Madagascar has, in fact, a 
virtual world monopoly on raffia fibre, obtained by 
pulling off ribbon-like strips from the upper surface 
of the leaflets of young unfolding leaves, formerly 
used in horticulture and viticulture to tie vine shoots 
(Perrier de la Bâthie 1931; Decary 1946b; Castel 
1947; Mouranche 1955; Deschamps 1961) and now 
much sought after for handicrafts, including top-end 
woven sun hats.

Some species are considered as weeds by the 
farmers, who acknowledge their usefulness for cer-
tain purposes. This is the case of Psiadia altissima, 
an endemic species with medicinal properties, used 
to produce dye and essential oil (Pernet and Meyer 
1957; Danthu et  al. 2008; Carrière et  al. 2005; 
Andriamanantena et  al. 2019). In this category, 
Psidium cattleianum, Grevillea banksii and Lantana 
camara are all introduced (Perrier de la Bâthie 1928, 
1931/1932; Decary 1946a; Binggeli 2003; Carrière 
et al. 2005), and yet it would undervalue them to limit 
their definition exclusively to their invasive capacity 
or their impact on the native biodiversity (Kull et al. 
2014). For example, Psidium cattleianum was intro-
duced for its tasty edible fruits (Carrière et al. 2008), 
Litsea glutinosa (invasive but producing wood, fod-
der, and medicines) (Jacq et  al. 2005) and Grevillea 
banksii is used for its wood and its shade capacity for 

Fig. 3   Some examples of plant introduction trials or use of 
introduced species in the early 20th century on the east coast 
of Madagascar. A: Experimental plantation at Ivoloina station 
of 18-month-old kapok trees (Ceiba pentandra, synonym: Erio-
dendron anfractuosum) originally intended both as fibre pro-
ducers (kapok) and as support trees for pepper vines, but the 
excessive shade produced proved harmful to the pepper plants 
(Anonymous 1904). B: Coffee tree shade trials with two intro-
duced species: Hura crepitans (native to the tropical regions 
of America) and Albizia falcataria. 15-month old plantation 
at Ivoloina station (Anonymous, 1904). C: Test tapping of 
specimen rubber tree introduced in the Ivoloina station at the 
beginning of the 20th century, but which was not followed up 
(Foiben-Taosarintanin’I Madagasikara collection, Antanana-
rivo, © FTM). D: Recently introduced vanilla crop supported 
by an old introduced species, banana (photo: E Prudhomme, 
circa 1900, Nosy Be) (CIRAD, CD_PV2/170; https://​numba.​
cirad.​fr/​ark:/​12148/​btv1b​10103​466n). Banana was often asso-
ciated with coffee and cocoa trees on the east coast to provide 
shade in their early years (Deslandes 1903). E: An example of 
cash crop developed during French colonisation involving two 
species introduced to Madagascar in the 18th century: coffee 
trees under albizia, possibly Albizia falcataria. In the first year 
of planting, young coffee trees are sometimes shaded by large 
introduced herbaceous species (banana, maize, or cassava) 
used as intercrops (Deslandes 1903; François and Ledreux 
1929). Coffee cultivation was profitable until the 1960s and 
1970s, but then declined (photo: A Fauchère, 1903, Ivoloina 
station) (CIRAD, CD_PV50/2257 and CD_PV47/1986; https://​
galli​ca.​bnf.​fr/​ark:/​12148/​btv1b​10102​3802). F: Cocoa tree nurs-
ery established under permanent shelter in Ivoloina station. 
Note the presence of breadfruit trees (Artocarpus altilis) and 
eucalyptus (Anonymous 1904)

◂

https://numba.cirad.fr/ark:/12148/btv1b10103466n
https://numba.cirad.fr/ark:/12148/btv1b10103466n
https://gallica.bnf.fr/ark:/12148/btv1b101023802
https://gallica.bnf.fr/ark:/12148/btv1b101023802
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Table 1   List of main plants identified in cropping systems in the Analanjirofo region (adapted from Arimalala et al. 2019; Mariel 
et al. 2021a; Michel et al. 2021), status and use (after Jumelle 1900; Deslandes 1903; Heckel 1910; Rollot 1926; Perrier de la Bâthie 
1928, 1931/1932; François 1927, 1934; Vlassov 1936; Decary 1937, 1946a, 1946b, 1963; Chevalier 1946; Bouriquet 1946; Evreinoff 
1950; Pernet and Meyer 1957; Maistre 1964; Sigonney 1966; Fouqué 1972; Delorme 1972; Le Bourdiec 1974; Salomon 1979; Blaser 
et al. 1993; Styger and Rakotoarimana 1996; Binggeli 2003; Dransfield 2003; Jacq et al. 2005; Verhaegen et al. 2011; Andriamanan-
tena et al. 2019)

Plant species Common or local 
name

Cropping systema Main use Statusb (date of the 
first introduction)

Geographic origincc

Planned agrobiodiversity, cultivated, chosen by the farmer
Domesticated and cultivated herbaceous species
Manihot esculenta 

(Euphorbiaceae)
Cassava P Self-consumption, 

local market
IR (around 1735) Brazil  via  Reunion 

Island
Oryza sativa 

(Poaceae)
Rice P/L Self-consumption, 

local market
IF (first millenium) Tropical Asia

Saccharum offici-
narum (Poaceae)

Sugar cane P Self-consumption, 
local market

IF (first millenium) Archipelago of New 
Guinea

Zea mays (Poaceae) Maize P Self-consumption, 
local market

IR (1735/1777) Tropical America

Vanilla planifolia 
(Orchidaceae)

Vanilla C Cash crop IR (around 1870) Tropical America via 
Reunion Isaland

Musa 
spp.(Musaceae)

Banana P Self-consumption, 
local market

IF New Guinea via West 
Africa

Dioscorea alata 
(Discoreaceae)

Yam P Self-consumption, 
local market

IR (13th or 15th) Oceania and India

Ananas comosus 
(Bromeliaceae)

Pineapple P Self-consumption, 
local market

IF (16thcentury) Brazil

Colocasia esculenta 
(Araceae)

Taro P Self-consumption, 
local market

I Tropical Asia

Ipomea batatas 
(Convolvulaceae)

Sweet potato P Self-consumption, 
local market

IR Tropical America

Piper nigrum (Piper-
aceae)

Pepper C Cash crop, local 
market

IR (1900) India

Curcuma longa 
(Zingiberaceae)

Turmeric T/C/L Cash crop, local 
market, dye

IF (first millenium ?) Tropical Asia

Woody (or large) species cultivated, planted
Syzygium aromati-

cum (Myrtaceae)
Clove M/P/C Cash crop IR (1827) Molluco Islands, via 

Reunion Island
Annona muricata 

(Annonacea)
Soursop C Self-consumption IR (probably eight-

eenth century)
Northern part of 

South America
Annona reticulata 

(Annonacea)
Bullock’s hear C Self-consumption IR (probably 

18thcentury)
Central America, 

West Indies
Annona squamosa 

(Annonacea)
Custard apple C Self-consumption IR (probably 

18thcentury)
South America, West 

Africa
Coffea arabica 

(Rubiaceae)
Coffee M/P/C Cash crop (now 

abandoned)
IR (1720/1750) East Africa

Coffea canephora 
(Rubiaceae)

Coffee M/P/C Cash crop (now 
abandoned)

IR (1901) Central and West 
Africa via Reunion 
Island

Artocarpus hetero-
phyllus (Moraceae)

Jackfruit C Self-consumption IR (probably 18th) India

Artocarpus altilis 
(Moraceae)

Bread fruit C Self-consumption IR (1802) Oceania, Java
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Table 1   (continued)

Plant species Common or local 
name

Cropping systema Main use Statusb (date of the 
first introduction)

Geographic origincc

Cinnamomum verum 
(Moraceae)

Cinnamon C Cash crop IR (circa 1830) Ceylon, India

Litchi chinensis 
(Sapindaceae)

Lychee C Self-consumption, 
cash crop

IR (1802) China

Nephelium lap-
paceum (Sapin-
daceae)

Rambutan C Self-consumption IR (1901) Malaysia

Citrus reticulata 
(Rutaceae)

Mandarin C Self-consumption IF (before 17th) Southeast Himalaya

Citrus limon (Ruta-
ceae)

Citrus C Self-consumption IF (17th  century) Southeast Himalaya

Citrus decumana 
(Rutaceae)

Shaddock C Self-consumption IF (17th century) India via Reunion 
Island

Cocos nucifera 
(Arecaceae)

Coconut C Self-consumption IF (10th/12nd cen-
tury)

Coast of Asia and 
Oceania

Persea americana 
(Lauraceae)

Avocado C Self-consumption IR (1802) Mexico and Central 
America

Mangifera indica 
(Anacardiaceae)

Mango C Self-consumption IR (1802) Tropical India via 
Reunion Island

Carica papaya 
(Caricaceae)

Pawpaw C Self-consumption IR (19th century) Tropical America

Elaeis guineensis 
(Arecaceae)

Palm oil L  Self-consumption, 
local market

IR (1901 and 1914) Tropical Africa

Psidium guajava 
(Myrtaceae)

Guava C Self-consumption IR (19th century) Tropical America

Theobroma cacao 
(Sterculiaceae)

Cocoa C Cash crop (now 
abandoned)

IR (19th century) Mexico, South 
America

Eucalyptus robusta 
(Myrtaceae)

Kininy C Wood IR (1857/1889) Australia

Planned agrobiodiversity, conserved by the farmer
Uncultivated herbaceous plants
Cynodon sp. 

(Poaceae)
– M/C Medicinal use EN/IN –

Ageratum conyzoïdes 
(Asteraceae)

Billygoat-weed M/P/C Medicinal use IN South and Central 
America

Bidens pilosa 
(Asteraceae)

Black-jack M Medicinal use IF South America

Emilia citrina 
(Asteraceae)

– C Medicinal use EN –

Tristemma virusa-
num (Melastoma-
taceae)

– P Fruit EN –

Aframomum angus-
tifolium (Zingiber-
aceae)

Longoza T Spices, essential oil EN –

Desmodium 
sp.(Fabaceae)

- C Medicinal use IN Africa
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Table 1   (continued)

Plant species Common or local 
name

Cropping systema Main use Statusb (date of the 
first introduction)

Geographic origincc

Spontaneous woody plants protected by farmers
Harungana 

madagascariensis 
(Clusiaceae)

Harongana M/P/C Wood, medicinal 
use, dye

EN –

Syzygium malac-
cense (Myrtaceae)

Malay apple M Fruit IN South-East Asia

Syzygium cumini 
(Myrtaceae)

Java plum C Fruit IN Tropical Asia

Syzygium samaran-
gense (Myrtaceae)

Wax apple C Fruit I ? Indonesia

Intsia bijuga 
(Fabaceae)

Hintsina C Wood EN –

Litsea glutinosa 
(Lauraceae)

Nanomainty C Wood, fodder, 
medicinal use

IR/IN (19th century) India, South China, 
Philippines, Aus-
tralia

Cinnamomum cam-
phora (Lauraceae)

Ravintsara C Medicinal use IR (19th century) Western Asia

Ficus tilifolia 
(Moraceae)

Gonda P Stakes for vanilla EN –

Schinus terebinthi-
folius (Anacardi-
aceae)

Brazilian pepper 
tree

C Spices IR (19th century) Brazil

Cola nitida (Stercu-
liaceae)

Cola C Stimulating seeds IR West Africa

Jatropha curcas 
(Euphorbiaceae)

Valavelogno C Stakes for vanilla IN (17th century) Brazil

Dracanea reflexa 
(Liliaceae)

Song of India, 
Hasina

C Stakes for vanilla 
medicine, medici-
nal

EN –

Bombacopsis glabra 
(Bombacaceae)

English ground-nut C Fibre, fruit I ? Central America

Albizia chinensis 
(Fabaceae)

Chinese albizia C Fertiliser, wood IR Tropical Asia

Albizia lebbeck 
(Fabaceae)

Lebbeck, Bonara C Fertiliser, wood, 
shade

IR (1814) Tropical Asia

Cathariostachys 
capitata (Poaceae)

Bamboo M/P/C Multi-purpose, fuel-
wood, combustible

EN –

Shizostachyum 
bosseri (Poaceae)

Bamboo M/P/C Multi-purpose, fuel-
wood, combustible

EN –

Trema orientalis 
(Cannabaceae)

Andrarezona C Wood EN –

Casuarina equi-
setifolia (Casuari-
naceae)

Coastal she-oak - Wood, stakes for 
vanilla

IR Indo-Pacific Region

Ravenala madagas-
cariensis (Strelitzi-
aceae) 

Traveller’s tree M/P Multi-purpose EN –

Phylloxylon 
xylophylloides 
(Fabaceae)

Arahara C Timber, stakes for 
vanilla

EN –
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young clove trees. Farmers mentioned three intro-
duced species as invasive plants: Rubus moluccanus, 
mistakenly imported in the twentieth century because 
it was confused with grape vine (Binggeli 2003), Cli-
demia hirta whose accidental introduction in 1914 
into the Ivoloina trial garden from the Buitenzorg 

Botanical Garden (now Bogor, Indonesia) (Perrier 
de la Bâthie 1928) and last, Mimosa pudica, which 
nonetheless has important uses in traditional pharma-
copoeia (Pernet and Meyer 1957).

Ravenala madagascariensis is a particular case, 
this endemic species very prevalent in fallow lands 

Table 1   (continued)

Plant species Common or local 
name

Cropping systema Main use Statusb (date of the 
first introduction)

Geographic origincc

Cleistanthus capu-
ronii (Phyllan-
thaceae)

Rahiny C Wood EN –

Croton mongue 
(Euphorbiaceae)

Molanga C Fuel and constuction 
wood

EN –

Raphia farinifera 
(Arecaceae)

Raofia L Fibre, multi-purpose EN (IN ?) –

Pachira aquatica 
(Bombacaceae)

– C Fruit IR (1896) Central and South 
America

Spondias dulcis 
(Anacardiaceae)

June plum C Fruit I ? America via Reunion 
Island

Cananga odorata 
(Annonaceae)

Ylang-ylang C Flower IR (19th century) Indonesia, Philippines

Morinda citriofolia 
(Rubiaceae)

Noni C/T Medicine, dye, local 
market

IF (few centu-
ries ago ?)

Asia, Oceania

Streblus dimepate 
(Moraceae)

Dipaty C Timber EN –

Associated agrobiodiversity, Invasive plants, weeds
Weeds
Stenotaphrum dimid-

iatum (Poaceae)
Pemba grass M/C Weed EN –

Clidemia hirta (Mel-
astomataceae)

Soapbush P Weed IR (1914) Indonesia

Mimosa pudica 
(Fabaceae)

Sensitive plant M/P/C Invasive weed IR (before 1638) America

Invasive woody species invasive, suffered by farmers
Lantana camara 

(Verbenaceae)
Radriaka M/P/C Invasive weed IR (19th century) Central America, 

West Indies
Rubus moluccanus 

(Rosaceae)
Wild vine C Invasive weed IR (20th century) Java via Reunion 

Island
Psidium cattleianum 

(Myrtaceae)
Cattley guava M/P/C Fruit but invasive IR (19th century) South America via 

Reunion Island
Psiadia altissima 

(Asteraceae)
Dingadingana M/P/C Pest but medicine, 

and dye
EN –

Grevillea banksii 
(Proteaceae)

Red silky oak M/P Reforestation but 
invasive weed

IR (19th century) Queensland

a Cropping system: M: monospecies clove plantation; P: parkland; C: complex ASF; T: tavy and fallow; L: lowland
b Plant Status: EN: endemic or native; IF: formerly introduced; IN: introduced at an undetermined date and naturalised; IR: recently 
introduced (since the eighteenth century)
c Current name of geographic areas
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and is used by the Betsimisaraka population as a 
foodstuff, in traditional remedies, for building huts, 
and for making baskets, ropes, and for wrapping food. 
It is a species with both an iconic representation, as 
well as a high commercial value (Hladik et al. 2002; 
Rakotoarivelo et  al. 2014), but may be considered a 
weed if it is too abundant in cultivated areas.

Our results (Table 1) also show the presence of a 
large pool of native or endemic species that farmers 
protect, conserve, or tolerate in their cropping sys-
tems. These species have diverse uses: cover crops, 
fertiliser, aromatic plants, medicinal plants, dyestuffs, 
producers of fruit, firewood or timber, shade plants, 
and often have a strong symbolic and identity value.

However, our results has certain limitations. The 
first is the non-exhaustiveness of our inventories, as 
mentioned in Materials and Methods, which prob-
ably underestimates the role of associated native or 
introduced species and the ecosystem services they 
provide, as shown in other contexts by Altieri (1999) 
and Gaba et al. (2020). The second limitation is that, 
in this study, we considered biodiversity only at the 
species level. If we consider it at an intraspecific 
level, introduced biodiversity represents only part of 
species biodiversity, for example, only a few bread 
fruit (Artocarpus altilis) cultivars are cultivated in 
Madagascar compared to hundreds in its native range 
(Deslandes 1903; Ragone 1997). The same is true for 
yam (Dioscorea alata), Martin and Rhodes (1977) 
identified at least 235 yam cultivars in its native area, 
whereas only ten or so have been described in Mada-
gascar (Jeannoda et al. 2003), or clove, whose varie-
ties identified in the Moluccas (Pool 1986; Mahulette 
et  al. 2019) do not seem to be present in Madagas-
car, where only one type is thought to exist (Maistre 
1964). We should also mention the case of banana 
(Lejju et al. 2006; Perrier et al. 2011), although many 
varieties are found along the east coast (Deslandes 
1903). The narrowness of the genetic base of intro-
duced species can be explained by the fact that cur-
rent populations are often derived from only a few 
spawners introduced by humans, as demonstrated by 
Maistre (1964) or Ragone (1997). A third limitation 
is that our inventories are restricted to species rich-
ness (the number of species) and do not include abun-
dance indicators for each species.

Nevertheless, the ratio of introduced to native spe-
cies in the agrobiodiversity of growing systems along 
the east coast of Madagascar remains very much in 

favour of introduced species. It derives from a long 
evolutionary process associated successively with 
the settlement history of Madagascar and subse-
quently with farmers’ strategies for managing natu-
ral resources and the development of their produc-
tion systems. In particular, repeated slash-and-burn 
cycles strongly disrupt the functioning of the native 
ecosystem by progressively depleting the soil seed 
bank, reducing soil fertility, and by reducing the abil-
ity of frugivorous vertebrate populations (lemurs, 
birds) to ensure the dissemination of seeds of native 
species (Razafindratsima 2014; Morelli et  al 2020), 
or by enabling colonisation by herbaceous species 
(Aristida similis) or bushy species (Lantana camara, 
Rubus moluccanus, Psadia altissima, etc.) that will 
delay and limit recolonisation by trees (initiated by 
pioneer species such as Harungana madagascarien-
sis or Trema orientalis) (Styger et  al. 2007). Those 
mainly responsible for this evolution were the Austro-
nesian and Bantu migrant populations, who brought 
their own seeds and associated cultivation practices 
with them. More recently, this evolution has also been 
linked to the arrival and presence of Europeans, who 
continued to introduce plants and created conditions 
which favoured the development of cash crops to sup-
ply external markets (Danthu et  al. 2014; Penot and 
Danthu 2019).

The current cropping systems are therefore the 
result of the conversion of open or fallow lands previ-
ously deforested by cycles of displacement of migrant 
farmers who imported their crops and associated 
know-how (Mariel et al. 2022), relayed by the devel-
opment of cash crops imposed by the colonial power 
and pursued by the political powers since independ-
ence. This chronology of land use may explain why 
the current biodiversity of SAFs along the east coast 
of Madagascar is essentially exogenous and contains 
few endemic elements, unlike other agroforestry 
systems which are thought to have resulted from the 
direct conversion of forests, as reported by Martin 
et al. (2020) and Osen et al. (2021) for forest-derived 
vanilla agroforests.

Indeed, the relative preponderance of intro-
duced plants in the clove systems along the east 
coast is found in other Malagasy regions such as the 
cocoa-growing area of Sambirano (Descroix et  al. 
2016), or the vanilla-growing area of Sava (Bouri-
quet 1946; Kahane et  al. 2008; Martin et  al. 2020). 
This also concerns other ecological contexts across 
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Madagascar: the Malagasy Highlands, where rice, 
cassava, peanuts, sugarcane, eucalyptus, and pine 
trees predominate among cultivated fields and hills 
(tanety) (Donque 1974; Chauvet 1968; Carrière and 
Randriambanona 2007); the northwest (where the 
main crops are cotton, peanuts, tobacco, ylang-ylang, 
cocoa); Sakalava region (maize, cassava, lima beans) 
(Donque 1974). The relative preponderance of intro-
duced plants is also found in other island contexts, 
for example in the islands of the Mascarene Archi-
pelago, the Seychelles or the Comoros, which have 
a similar prehistory and history to Madagascar: late 
human colonisation, European and Arab presence in 
the last few centuries, and then annexation to colonial 
empires (French or English) that directed their agri-
culture towards serving distant metropolises (Dou-
menge 1987; Lutz and Wils 1994; Tassin et al. 2006; 
Beaujard 2007; Sandron 2007; Allibert 2015; Halidi 
2018). These contexts remain to be fully documented.

In other tropical situations, introduced plants are 
associated with indigenous plants that may remain 
numerous, fulfill many functions, including supply-
ing local markets, especially with fruit. This is the 
case in countries where new products were intro-
duced during the colonial occupation (cocoa, cof-
fee, rubber) in old agrarian communities developing 
complex agroforestry systems. This is the case of 
AFS inclduing rubber trees in Ivory Coast (Snoeck 
et  al. 2013) or jungle rubber in Southeast Asia, 
where farmers combine imported species (hevea, 
coffee, pepper) with many native species: tea, rat-
tan (Calamus manan), durian (Durio zibethinus), 
rambutan (Nephelium lappaceum), jengkol (Archi-
dendron pauciflorum), petai (Parkia speciosa), 
duku (Lansium domesticum), which are impor-
tant on the local market (Penot and Ollivier 2009; 
Warren-Thomas et al. 2020). Examples can also be 
found in the Americas with coffee systems (Cerdán 
et al. 2012) and in Africa with cocoa trees. In par-
ticular, cocoa cultivation systems in Cameroon are 
rich in both introduced species (avocado, citrus, 
mango, etc.) and native species: safflower (Dacryo-
des edulis), kola nut (Cola nitida), oil palm (Elaeis 
guineensis), njangsang (Ricinodendron heudelotii), 
banana, and Ceiba pentandra, Terminalia superba, 
etc. (Saj et al. 2017; Jagoret et al. 2018).

In a global context in which agricultural practices 
are changing rapidly in response to climatic and 
macroeconomic pressures (linked to international 

markets) and where the ecological transition is an 
important factor, our study in Madagascar opens up 
new avenues of research for understanding stake-
holder strategies and the way networks operate to 
disseminate the information and plant material that 
feed "melting-pots" of biodiversity. Thus, if the 
hypothesis of greater plasticity of non-native spe-
cies to global warming is confirmed (Zettlemoyer 
et  al. 2019), the preponderance of introduced spe-
cies in cropping systems could be an influential ele-
ment in the resilience of these cropping systems, 
with effects that could be either positive or nega-
tive. In this context, our results raise wider ques-
tions: What is the current state of farmers’ knowl-
edge and know-how? What means were used to 
develop and transmit them? In the current context in 
which natural forests are being replaced by largely 
anthropised areas, several issues emerge: Is the pool 
of knowledge and know-how related to native spe-
cies under threat? To what extent is it progressively 
being abandoned? What could replace it and why? 
To what extent does the loss of local knowledge of 
native plants compromise future uses, which could 
develop to meet new challenges? What are the prob-
lems involved in preserving native and introduced 
species?

As we have seen, questions concerning the 
cohabitation of indigenous and introduced plants 
and the resulting hybridisation of knowledge in 
the cropping systems found along the east coast 
of Madagascar have a generic value that could be 
applied in many other tropical contexts.
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