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ABSTRACT

Traditional use of plants constitutes an important activity in
Malagasy life, especially in the countryside. The Sihanaka group is
found in the east of Lake Alaotra and is the dominant cultural
group in the lake region, including in the Fokontany of Andreba
Gara, near Park Bandro, in the east of Lake Alaotra, in
Ambatondrazaka district where the study was conducted. The
Sihanaka holds traditional knowledge on plant uses and makes
use of this knowledge in their daily lives. The objective of this
study was to describe the use of aquatic plants in the region to
better understand the importance of the Alaotra wetlands in the
lives of local people. Surveys conducted among the people of
Andreba, including one traditional chief (the Tangalamena) and
one healer, revealed 55 useful species of aquatic plants, grouped
into 41 genera and 23 families. Most species were used for their
medicinal and veterinary virtues (32 species), for animal food (17
species), as utensils and tools (16 species), for cultural uses (10
species), and for human food (9 species). Leaves (76%) are the
most exploited plant parts. The species with the most uses were
Cyperus papyrus subsp. madagascariensis (Willd.) Kuk. with 26
types of use recorded, then Phragmites australis (Cav.) Trin. ex
Steud. (19 types of use), Aeschynomene elaphroxylon (Guill. &
Perr) Taub. and Eichhornia crassipes (Mart.) Solms (12 types of
use each). Nymphaea nouchali, Cyperus papyrus subsp.
madagascariensis and Phragmites australis were the species
most frequently cited by informants, indicating that they are
important for the local population. The most frequently cited types
of use included joro, namely ancestor’s invocation, food, materials
for house walls construction, herbal teas to treat ailments, and
fencing or demarcation of land boundaries. This study highlighted
the importance of the Alaotra wetlands as a source of useful
plants for the local population. Sustainable management of Lake
Alaotra is therefore not just necessary for biodiversity
conservation, but also for maintaining local livelihoods.

RESUME
L'utilisation traditionnelle des plantes constitue une activité
importante dans la vie des Malgaches, plus particulierement dans
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les campagnes. Le groupe Sihanaka est rencontré a I'est du lac
Alaotra et constitue le groupe culturel dominant dans la région du
lac, y compris dans le Fokontany d'Andreba Gara, pres du Parc
Bandro, a I'Est du Lac Alaotra, dans le district d’Ambatondrazaka
ou l'étude a été menée. Les Sihanaka détiennent des
connaissances traditionnelles sur ['utilisation des plantes et
utilisent ces connaissances dans leur vie quotidienne. L'objectif de
cette étude était de décrire I'utilisation des plantes aquatiques
dans la région afin de mieux comprendre I'importance des zones
humides de I'Alactra dans la vie des populations locales. Des
enquétes menées auprés de la population d’Andreba, y compris
aupres d'un chef traditionnel (le Tangalamena) et d’'un guérissedur,
ont révélé 55 especes utiles de plantes aquatiques, regroupées
dans 41 genres et 23 familles. La plupart des espéces étaient
utilisées pour leurs vertus médicinales et vétérinaires (32
especes), pour I'alimentation des animaux (17 espéces), en tant
qu’ustensiles et outils (16 espéces), pour des usages culturels (10
espéces) et pour I'alimentation humaine (9 especes). Les feuilles
(76%) sont les parties de plante les plus exploitées. Les especes
ayant le plus d'utilisations étaient Cyperus papyrus subsp.
madagascariensis (Willd.) KUOk. avec 26 types d’utilisation
recenseés, puis Phragmites australis (Cav.) Trin. ex Steud. (19 types
d'utilisation), Aeschynomene elaphroxylon (Guill. & Perr.) Taub. et
Eichhornia crassipes (Mart.) Solms (12 types d'utilisation chacune).
Nymphaea nouchali, Cyperus papyrus subsp. madagascariensis et
Phragmites australis étaient les espéces les plus fréqguemment
citées par les informateurs, ce qui indique qu'elles sont
importantes pour la population locale. Les types d’utilisation les
plus fréqguemment cités comprenaient le joro a savoir I'invocation
des ancétres, l'alimentation, les matériaux pour la construction
des murs, les tisanes pour traiter les maladies et la construction
de clétures ou démarcation des limites de terrains. Cette étude a
souligné I'importance des zones humides de I'Alaotra en tant que
source de plantes utiles pour la population locale. La gestion
durable du lac Alaotra n'est donc pas seulement nécessaire a la
conservation de la biodiversité mais également au maintien des
moyens de subsistance locaux.
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INTRODUCTION

Madagascar's freshwater wetlands include more than 3000 km of
rivers and streams, and about 2000 km2 of lakes (Chaperon et al.
1993). Currently, 20 wetlands of international importance are
designated as Ramsar sites, including Lake Alaotra which is the
largest freshwater lake in Madagascar. Established in 2003, and
with a surface area of about 722,500 ha, the Alaotra wetlands are
Madagascar’s third Ramsar site after the Complexe des lacs de
Manambolomaty and Tsimanampetsotse National Park that were
both established in 1998 (Ramsar 2018). Lake Alaotra was officially
recognized as a temporary New Protected Area in 2007. In June
2015, the area was designated a new protected area (IUCN
Category V) (Waeber et al. 2017) by the Government of
Madagascar.

Wetlands are critical for the livelihoods of those living in their
vicinity, supporting provisioning services such as domestic water
supply, fisheries, livestock grazing, cultivation, construction
materials, and wild plants for food and medicinal use (Schuyt and
Brander 2004, McCartney et al. 2010, Darwall et al. 2011).
Moreover, wetlands support a highly diverse flora and fauna
(Darwall et al. 2011). Lake Alaotra has a particularly high socio-
economic importance because the surrounding landscape
constitutes the largest rice granary in Madagascar, and the lake is
well known for fish production (Pidgeon 1996, Andrianandrasana
et al. 2005, Ranarijaona 2007, Copsey et al. 2009). In addition, the
marshes are traditionally used by the resident population as a
source of raw materials for construction, handicrafts, furniture
manufacturing, and as hunting and fishing areas (Ramsar 2003,
Rendigs et al. 2015). Unfortunately, the burning of marshes, the
conversion of marshes to rice fields, and siltation reduced the
area of both the marshes and the lake. The lake is very vulnerable
to siltation because it is shallow with a maximum depth of just 4
m during the rainy season (Pidgeon 1996). Marshland and its
biodiversity is disappearing “in a puff of smoke” with an average
of 3000 ha burnt annually between the years 2000 and 2009
(Ratsimbazafy et al. 2013, Rendigs et al. 2015). An extreme year for
fires was observed in 2012 with over 159 single fires recorded
during the peak drought period, within less than three months
(Ratsimbazafy et al. 2013). Further problems include the invasion
of non-native plant species, such as the water hyacinth,
Eichhornia crassipes, and the water ferns Salvinia molesta and
Azolla spp. (Andrianandrasana et al. 2005, Lammers et al. 2015).
While changes in plant community composition and structure
have been noticed, the knowledge about the lake's flora is
incomplete and outdated (Lammers et al. 2015), and biodiversity
loss could lead to traditional knowledge loss on plant uses.
Documentation on traditional knowledge of aquatic plant uses is
as well scarce, even for Madagascar. In addition, as traditional
knowledge is transmitted orally from generation to generation, its
loss begins to be felt worldwide (Reyes-Garcia et al. 2013). In the
light of the prevalent loss and threatened future of this knowledge
and cultures, it is currently a common practice for communities to
document their knowledge (Maina 2012). This study is as such
important because it reports and documents on the traditional
knowledge of aquatic plant uses in the Alaotra communities,
which largely contributes to prevent the loss of knowledge in this
area due to ongoing anthropogenic pressures on the lake and the
marshes.

While floristic studies were conducted at Lake Alaotra by
Ranarijaona (1999) as part of her study to conceive a typology of
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Malagasy lentic waters, most of the biological research conducted
in the area have been focused on population biology, distribution
and behavior of vertebrate species, especially on Hapalemur
alaotrensis (the Critically Endangered Alaotran gentle lemur), as
well as on bird and fish species (Wilmé 1994, Waeber and
Hemelrijk 2003, Ralainasolo 2004, Ralainasolo et al. 2006, René de
Roland et al. 2009, Guillera-Arroita et al. 2010). Furthermore,
almost nothing has been published on the use of marsh and lake
plants by the Sihanaka ethnic group, the dominant ethnic group
around the Lake, despite their continuing adherence to traditional
practices. Past studies only contained sporadic reports of plant
uses (Ranarijaona 2007, Lammers et al. 2015, Rakotoarisoa et al.
2015, Rendigs et al. 2015, Rakotoarisoa et al. 2016). While Pidgeon
provided a plant inventory already in 1996, the present study is
the first with a structured approach for an exhaustive assessment
of local plants as well as their respective uses in the Lake Alaotra
region.

In Madagascar, the Missouri Botanical Garden (MBG) is an
organization working on research and conservation of the
Malagasy flora, action that initially focused on terrestrial
ecosystems. Since 2010, MBG has given a special interest to
wetlands ecosystems and has started inventorying plant species
of Malagasy wetland habitats including those from rivers, lakes
and marshes. However, there are still many geographical gaps in
this inventory. To address the issue, a collaboration with
Madagascar Wildlife Conservation (MWC), under the Alaotra
Resilience Landscape (AlaRela) project, was then established to
complete information on freshwater plant uses in Lake Alaotra
area. This study undertaken following this collaboration has the
objectives to (i) inventory plant species occurring in the lake and
the marshes, especially in the Park Bandro and its surroundings,
and (i) record ethnobotanical information on the uses of these
wetland plants.

METHODS

STUDY SITE. The Alaotra wetlands are located in the Alaotra-

Mangoro Region, within ~ Ambatondrazaka and
Amparafaravola districts, and about 250 km northeast of
Antananarivo. It is a complex ecosystem with a variety of habitats
that includes open water, marsh, reed beds (dominated by
papyrus, Cyperus papyrus subsp. madagascariensis, and common
reed, Phragmites australis), and rice fields (Wallace 2012). The lake
itself covers a surface area of some 20,000 ha and it is
surrounded by 20,000 ha of marshland and 120,000 ha of rice
fields (Mutschler 2003, Reibelt et al. 2017a).

Historically, the first observations on Lake Alaotra at the
beginning of the 20th century showed that it had an area of
200,000 ha of which 25,000 ha was lake and the rest marshes
(Moreau 1980). The first data on the hydrological regime of the
lake and the first accurate bathymetric information were
published by Longuefosse (1923). A recent study deduced that the
lake once occupied more than 100,000 ha, thus with a present
area of just 20,000 ha, the lake is now only 20-30% of its former
size (Bakoariniaina et al. 2006). Different studies carried out after
Madagascar's independence indicated that the marshes covered
an area of 55,000 ha in 1961 (Thérézien 1963), 35,000 ha in 1974
(Moreau 1977), 30,000 ha in 1976 (Moreau 1987), and about 20,000
ha in 1994 (Mutschler and Feistner 1995, Mutschler et al. 1995,
Mutschler 2003). Large areas of marshland have also disappeared
and the remaining surface area is now considered less than 25%
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of the original area (Guillera-Arroita et al. 2010). Because of such
observations, Moreau (1977) concluded that Lake Alaotra, in its
present state, is a mere vestige of a much larger lake which, on
the scale of geological time, is about to disappear. However, a
more recent study by Mietton et al. (2018: 22) gives conflicting
information: “Lake Alaotra has been in existence for at least
30,000 years, with evidence of climatically-driven fluctuations but
no evidence of the lake ever being much larger or having
occupied the entire floor of the topographic basin”. Besides, “(...)
the lake was not, unlike some claims to the contrary, threatened
by imminent decline” (Ferry et al. 2013, Mietton et al. 2018: 37).
Located at the southeastern shore of the lake (Figure 1), in
Ambatondrazaka district, the 85 ha Park Bandro was established
as a special conservation zone in 2004 and is now nested within
the newly-designated and much larger Lake Alaotra Protected
Area (Reibelt et al. 2017a). Recently, the remaining area of marsh
within this Park Bandro was estimated as 43 ha (Raveloarimalala
and Reibelt 2017). The park was created by the local VOI (vondron’
olona ifotony, a local community association for natural resource
management) from the nearby village of Andreba with support
from the conservation organizations Durrell Wildlife Conservation
Trust and Madagascar Wildlife Conservation (Reibelt et al. 2017a).
The park is of high conservation importance, as it hosts the
biggest known subpopulation of Hapalemur alaotrensis or bandro
(local name), a lemur species that is found only in the Alaotra
marshes (IUCN 2014, Reibelt et al. 2017b). The population in Park
Bandro was estimated as more than 170 individuals in 2013 but
only 40-80 in 2017 (Ratsimbazafy et al. 2013, Raveloarimalala and
Reibelt 2017). The park, with the marshes and the rice fields in its
surroundings, was chosen to conduct the fieldwork. The study
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Figure 1. Location of the Park Bandro and the study sites.
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was focused on this small area as it is less affected by fire and
human impact, thus a place where natural vegetation community
likely continue to exist.

We decided to conduct ethnobotanical surveys on plant use
by local people in Andreba (S17° 38' 05.1", E048° 30" 25.3", 765 m)
because this is the closest village to Park Bandro, and its
population depends on the lake and its marshes for their
livelihoods. Like all the villages surrounding Lake Alaotra, the
ca. 5000 inhabitants of Andreba rely primarily on rice cultivation
and fishing as a source of income (Rakotoarisoa et al. 2015). They
also use plant species in the marsh and its surroundings to get
raw materials, for example, for construction, handicrafts and even
to treat diseases (Rendigs et al 2015).

ETHNOBOTANICAL SURVEYS. Fieldwork was conducted in

December 2016 and January 2017, a period when most
flowering plants are fertile. Surveys were conducted with 30
informants  from Andreba Vvillage including key informants
(someone who has a profound knowledge on plant uses) such as
one tangalamena, the traditional chief of the village, and one
traditional healer called reninjaza. Two members of the local VOI
served us as guides during the surveys and helped us to identify
the participants who were likely knowledgeable about plants and
their uses.

Free listing and semi-structured interviews (Martin 1995,
Alexiades 1996, Gerigue 2006) were carried out with informants to
record information on useful plants, such as vernacular names,
plant uses and plant part used, and in-depth interviews were held
with the two key informants for more information. The free listing
method consists on asking informants to list useful plants they
know with their uses. Semi-structured interviews consist of a
series of general questions that are used as a guide for the
interview topics; it is more flexible than structured interviews, as it
allows other questions than the pre-defined ones to be raised and
answered. Most important questions ask which plants the
informant takes from Lake Alaotra and its surroundings and for
what purpose, what plants are collected for cultural uses, and
which ones are used for healing? As techniques of inquiry,
individual and group interviews, artifact interview, plant interview
and field interview were performed (Alexiades 1996, Gerique
2006). In addition to individual interviews, group interviews were
conducted based on the assumption that some people will be
more willing to share their knowledge in a group environment
(Gerique 2006). Artifact interview consists on asking informants
about the plants, which were employed in the manufacture or
preparation of particular items like baskets or tools. Plant
interview consists on collecting plants in the field, bringing them
back to the village and present them to informants. Field interview
consists on walking in the Park Bandro and its surroundings with
the two local guides and asking them about plants and their uses
while collecting them.

For ethical consideration, prior informed consent was asked
for from all participants before each interview in the respect of
the Nagoya Protocol on access to genetic resources and fair and
equitable sharing of benefits arising from their use (Secretariat of
the Convention on Biological Diversity 2011). The proposal for
ethical research conduct in Madagascar was also followed during
the study (Wilmé et al. 2016).

Types of plant use were categorized using the classification
established by Cdmara-Leret et al. (2012). It is a standard protocol
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used for gathering ethnobotanical data on palms, but was used in
this study as it describes more details on different types of plant
use within ten use-categories which are ‘animal food’,
‘construction’, ‘cultural uses’, ‘environmental uses’, ‘fuel’, ‘numan
food’, ‘medicinal and veterinary’, ‘toxic’, ‘utensils and tools’, and
‘other uses’ not covered by the previous categories. Vouchers
herbarium specimens of each of the plant species cited by
informants were collected to enable scientific identification. Plant
identification consists on using dichotomous keys for many
diagnostic features and on comparing the voucher specimens
with properly identified herbarium specimens. General botanical
inventory was also conducted using this method. All vouchers
were collected in replicate and specimens deposited at the
national herbarium (known by the acronym TAN) and the two
international herbaria with large botanical collections from
Madagascar at Missouri Botanical Garden (MO) and the Muséum
national d’Histoire naturelle (P). Digital images of plant species
were also taken during the fieldwork. Those species for which
voucher herbarium specimens could not be made during our
fieldwork were identified using images provided by the staff of the
Madagascar Wildlife Conservation. Coordinates of the collection
locations were taken and are shown on the map in Figure 1.

Data analysis was performed by using Anthropac® 1.0
(Borgatti 1996), a qualitative data analysis software to evaluate the
degree of knowledge of a domain by the informant. The results
were expressed as frequency of citation (%) and salience (a value
that lies between 0 and 1) (Borgatti 1999, Quinlan 2005).
Frequency is considered as the repetition of citations during the
surveys, in which one specific use of one plant part of one
species by one informant is counted as one citation. Salience is a
statistic accounting for rank and frequency of species citation in
which one species is considered more salient when it appears
more often and earlier in freelists. In this study, the most frequent
and most salient species were considered most important for the
local population. Statistical analysis using Mann-Whitney U test at
alpha 0.05 was used to assess the difference of knowledge
between men and women.

RESULTS

INFORMANTS' KNOWLEDGE. In total, 30 informants were

interviewed. Of these, 15 were women and 15 were men,
ageing from 22 to 84 years old. They are all farmers, especially
rice cultivators, but some (7%) also practice fisheries and weaving.
In general, informants were assumed to get knowledge on plant
uses because they were used to life in the lake and marshes, but
they may also inherit it from their parents or relatives.

A total of 84 aquatic plant species were recorded during the
study. They are grouped into 60 genera and 29 plant families.
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Sixty-eight of them, belonging to 47 genera and 23 families, were
collected in the field with vouchers. For the remaining, 14 were
identified using images except for two species of jpomoea L. that
we did not find during the floristic inventory of Park Bandro and its
surroundings.

A total of 55 species, belonging to 23 families and 41 genera,
were cited as useful by the local population. Most of them (87%)
are herbs, with the remaining species including five liana species,
one shrub and one tree. Two species (Emilia citrina DC. and
Zehneria rutenbergiana (Cogn.) Keraudren) were endemics, 36
native and 17 naturalized. The most represented plant families
were Poaceae with 11 useful species, Cyperaceae (7), and
Asteraceae and Fabaceae (five species each). The most
representative genus was Cyperus L. with five species. The men
knew 91% of the 55 useful plants recorded while the women
knew 58% (Table 1). On average, men cited 9 species (= 1.4
standard error SE) and 13 types of uses (+ 2.6 SE) per informant
while women cited respectively 7 (= 1.2 SE) and 10 (= 1.8 SE).
There was no significant difference of knowledge between the
two genders for both the number of plant species cited as being
useful and the plant uses recorded with p>0.05 each.

Within the age categories, informants in the age class 51 to
60 years cited on average 12 species (+ 2.9 SE) and 19 types of
uses (+ 4.2 SE) per informant more than the others.

PLANT USES. For the 55 useful plant species, about 115 types

of uses were recorded within eight major use-categories as
defined by Cdmara-Leret et al. (2012). Most species were recorded
in the category ‘medicinal and veterinary’ (32 species), followed
by ‘animal food’ (17), ‘utensils and tools’ (16), ‘cultural uses’ (10),
‘human food’ (9), ‘construction’ (6), ‘fuel’ (4) and ‘environmental
uses’ (3) (Supplementary Material). An analysis of the data
obtained from free listing highlighted 13 species of greatest
importance for the local population with a frequency of citation
(FC) higher than 25%, with number of uses varying from 5 to 26
(Table 2). The most important were Nymphaea nouchali Burm. f.,
Cyperus papyrus subsp. madagascariensis  (Willd.)  Kuk.,
Phragmites australis (Cav.) Trin. ex Steud. and Ethulia conyzoides
L. f. with FC > 50%. Nymphaea nouchali was the most frequent as
well as the most salient species cited because it is mostly used by
the local population. Leaves (76%) were the most important plant
part used.

Regarding the types of use, the most frequently cited were
Jjoro or ancestors’ invocation (FC = 63%), food (FC = 57%), house
walls, herbal teas and fences or demarcation of land boundaries
(FC = 50% each). The use of aquatic plants to produce mats had
an FC of 40%. Six species were used as part of various
ceremonies to invoke ancestors (e.g., circumcision, house

Table 1. Informants’ knowledge in Andreba village according to gender and age categories.

Total number  Total of ~ Average number of  Total of  Average number of
of people species species cited per  plant uses plant uses cited per
interviewed recorded informant (min-max) recorded informant (min-max)
Gender Men 15 50 9(3-19) 90 13 (2-37)
Women 15 32 7 (1-19) 69 10 (1-24)
[20-30] 4 14 4 (2-8) 1 4 (2-8)
[31-40] 4 29 9(1-19) 36 10 (1-20)
Age [41-50] 7 15 6 (2-8) 38 9 (6-13)
categories  [51-60] 5 31 12 (6-19) 55 19 (8-31)
[61-70] 5 26 9(3-14) 44 13 (5-23)
[71 4] 5 20 8 (5-16) 49 14 (2-37)
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Table 2. Species mostly used by the local population of Andreba.

Family Scientific name Vernacular names Frequency (%) Salience Number of uses
Nymphaeaceae Nymphaea nouchali Burm. f. Betsimihilana, tatamo, voahirana 70 0.33 6
Cyperaceae Cyperus papyrus subsp. madagascariensis (Willd.) Kik. — Zozoro 67 0.22 26
Poaceae Phragmites australis (Cav.) Trin. ex Steud. Bararata 60 0.32 19
Asteraceae Ethulia conyzoides L. f. Revaka, Revaka mena 57 0.31 8
Convolvulaceae  Cuscuta campestris Yunck. Tsihitafototra 47 0.19 10
Lamiaceae Pycnostachys coerulea Hook. Mihorondoa, Revaka fotsy 40 0.27 5
Onagraceae Luadwigia adscendens subsp. diffusa (Forssk.) PH. Raven  Bonaka 33 0.17 8
Cyperaceae Cyperus latifolius Poir. Vendrana 33 0.13 10
Molluginaceae  Glinus oppositifolius (L.) Aug. DC. Anamafaitra 30 0.12 6
Fabaceae Aeschynomene elaphroxylon (Guill. & Perr.) Taub. Dofonga 30 0.10 12
Pontederiaceae  Eichhornia crassipes (Mart.) Solms Tsikafona 30 0.10 12
Onagraceae Ludwigia octovalvis (Jacq.) PH. Raven Felangoaka, hazomena 30 0.09 9
Araceae Typhonodorum lindleyanum Schott Viha 27 0.08 6

building, marriage), of which Cyperus papyrus subsp.
madagascariensis (FC = 90%) and Nymphaea nouchali (FC = 84%)
were the most important.

Among the six species having at least 10 different uses (Table
2), Cyperus papyrus subsp. madagascariensis and Phragmites
australis (the most used species) were among those used in the
top ten uses (Table 3). They were both mainly cited for
construction (FC = 75% each). A comparison of the uses of the
two species showed that both species were used to invoke
ancestors, for fence construction and for house walls whereas
Cyperus papyrus subsp. madagascariensis alone was used for
food and mat and basket weaving, and Phragmites australis alone
was used for roof supports. Cyperus papyrus subsp.
madagascariensis was one of the three most cited species (with
Cyperus latifolius Poir. and Eichhornia crassipes (Mart.) Solms)
used in basketry. For the other species, Cyperus latifolius is used
to make roofs. Aeschynomene elaphroxylon (Guill. & Perr.) Taub.
was not used for any of the top 10 uses as it was mainly used to
make artisanal chairs and some toys for children.

In terms of medicinal plants, 32 species recorded were used
for human medicine providing 44 different treatments. Only one
species, Gomphocarpus fruticosus (L.) W.T. Aiton, was used both
for human and animal medicine. Frequently cited medicinal plants
included Ethulia conyzoides (FC = 61%), Cuscuta campestris

Table 3. Species recorded for the top ten uses cited by the informants.

Yunck. (FC = 46%) and Pycnostachys coerulea Hook. (FC = 43%).
They were mainly administered as herbal teas, and used to treat
colic and stomach ache.

For the other uses, Eichhornia crassipes (FC = 42%) was
mostly cited being useful as fodder, especially for pigs. Nymphaea
nouchali (FC = 63%), Glinus oppositifolius (L.) Aug. DC. (FC = 47%)
and Typhonodorum lindleyanum Schott (FC = 42%) were mainly
cited as human food, of which tubers, leaves and seeds
respectively were the part consumed. Aeschynomene
elaphroxylon, Cyperus papyrus subsp. madagascariensis and
Phragmites australis can serve as fuel, and Eichhornia crassipes
was sometimes used to make charcoal. The three species known
to be invasive in wetland ecosystems, Azolla pinnata R. Br.,
Eichhornia crassipes, Salvinia molesta D.S. Mitch., were all used to
make compost.

DISCUSSION

In terms of plant inventory, the number of plant species recorded
for Lake Alaotra varies from 22 to 84 depending on the type of
study and methods applied. Pidgeon (1996) first recorded 23
species. Three years later, Ranarijaona (1999) inventoried 42
species, and about eight years later, recorded only 35 out of the
42 that the author assumed to be present in the area (Ranarijaona
2007). Recently, only 22 species were recorded by Lammers et al.

Plant uses Frequency (%) Salience Species used

Joro or 63 0.30  Azolla pinnata R. Br., Commelina madagascarica C.B. Clarke, Cyperus papyrus subsp. madagascariensis

ancestors’ (Willd.) KUk., Hydrocotyle bonariensis Lam., Nymphaea nouchali Burm. f., Phragmites australis (Cav.) Trin. ex

invocation Steud.

Food 57 0.20  Alternanthera sessilis (L.) R. Br. ex DC., Cyperus latifolius Poir., Cyperus papyrus subsp. madagascariensis
(Willd.) KUk., Glinus oppositifolius (L.) Aug. DC., Grangea lyrata (DC.) Fayed, Ipomoea aquatica Forssk., Ipomoea
sp.1 L., Nymphaea nouchali Burm. f., Typhonodorum lindleyanum Schott

House walls 50 0.38  Cyperus papyrus subsp. madagascariensis (Willd.) KUk., Phragmites australis (Cav.) Trin. ex Steud.

Herbal teas 50 0.34  Cuscuta campestris Yunck., Ethulia conyzoides L. f., Glinus oppositifolius (L.) Aug. DC., Pycnostachys coerulea
Hook.

Fences or land 50 0.32  Cyperus papyrus subsp. madagascariensis (Willd.) KUk., Phragmites australis (Cav.) Trin. ex Steud.

boundaries

Mats 40 0.29  Cyperus latifolius Poir., Cyperus papyrus subsp. madagascariensis (Willd.) KUk., Eichhornia crassipes (Mart.)
solms

Colic 37 0.16  Ethulia conyzoides L. f., Ludwigia octovalvis (Jacq.) PH. Raven, Parthenium hysterophorus L., Pycnostachys
coerulea Hook.

Fodder for pigs 33 0.09  Eichhornia crassipes (Mart.) Solms, Ludwigia adscendens subsp. diffusa (Forssk.) PH. Raven, Nymphaea
nouchali Burm. f., Typhonodorum lindleyanum Schott

Roof supports 30 0.23  Phragmites australis (Cav.) Trin. ex Steud.

Baskets 27 0.13  Cyperus latifolius Poir., Cyperus papyrus subsp. madagascariensis (Willd.) KUk., Eichhornia crassipes (Mart.)

Solms
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in 2015 and 33 two years later (Lammers et al. 2017). But no plant
lists were provided by Pidgeon (1996), Ranarijaona (2007) and
Lammers et al. (2015).

In comparison to Ranarijaona’s (1999) and Lammers et al.'s
(2017) plant lists, our results presented a high number of plant
species recorded (84) for the lake and the wetlands in its
surroundings (marshes and rice fields). The comparison of the
three lists showed that 22 species (about half of that of
Ranarijaona (1999)) were shared with Ranarijaona’s (1999 list and
20 with Lammers et al.'s (2015). This means that in comparison to
the two studies we recorded 53 species from this site for the first
time. This difference may be due to the methods used by each
author. For example, transects were used by Ranarijaona (1999)
for vegetation typology and plant inventories while Lammers et al.
(2015) employed plots of 100 m2 to evaluate the habitat quality
inside and outside of the Park Bandro. For our study, we aimed to
inventory all useful plants in the lake and its wetlands, but in
addition we endeavored to identify all flowering and/or fruiting
plants encountered at the study site, whether or not they were
cited as useful by the informants. Local guides helped us to
conduct the inventory allowing us to maximize the number of
plants encountered. However, we did not find some of the species
that Ranarijaona (1999) and Lammers et al. (2017) had recorded
during their inventories, which totals 31 species. Some of those
species might not have been fertile during our field period, but
others could only be missed in the collection locations where we
did the inventories. The combination of our plant list with
Ranarijaona's (1999) and Lammers et al.'s (2017) lists would give a
total number of 115 plant species for Lake Alaotra and its
wetlands, i.e., near 34% of the 338 aquatic and semi-aquatic plant
species known for Madagascar based on the bibliographical study
made by Ranarijaona (1999) and 24% of the 489 species recently
assessed by the Missouri Botanical Garden. Thus, Lake Alaotra
retains a diverse flora that deserves conservation not only
because of its importance to local people but also as a resource
for scientific research, for example, for ethnobotanical studies.
Compared with other wetlands in Madagascar, Lake Alaotra
always has the highest plant biodiversity richness with 42 plant
species recorded in 1999 (Ranarijaona 1999: 110) and 115 species
estimated in this study. The loss of such diversity may lead to the
loss of traditional knowledge on plant uses, a phenomenon that
has already been observed worldwide (Reyes-Garcia et al. 2013).
Furthermore, the loss of Lake Alaotra plant diversity could indeed
lead to the loss of its unique lemur’s habitats and thus the loss of
Madagascar's biodiversity patrimony, which makes it one of the
most important Ramsar sites.

Several other authors have commented on the use of Lake
Alaotra’s plants by the local community. According to this study,
Cyperus papyrus subsp. madagascariensis and Phragmites
australis were the most used plants because in addition to being
dominant species in the marshland, they were used for
constructing houses, fences, animal shelters, handicrafts, fish
traps as well as during traditional ceremonies. Ranarijaona (2007)
noted the importance of Cyperus papyrus  subsp.
madagascariensis and Cyperus latifolius as raw materials for mat
and basket weaving, while Rendigs et al. (2015) reported their
uses for construction purposes and handicrafts. However, it has
been recently observed that the current exploitation of Cyperus
papyrus subsp. madagascariensis in the region contributes to
pressures causing a reduction in Lake Alaotra’s wetlands and
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notably decreases habitat and food resources for the Alaotran
gentle lemur. Rakotoarisoa et al. (2016) evaluated the use of
Eichhornia crassipes, one of the “100 worst invasive alien species”
(Lowe et al. 2000) and among the 10 most troublesome floating
weeds of the world (Lancar and Krake 2002), as an alternative
source of raw materials for handicrafts. Rendigs et al. (2015) also
reported the use of Nymphaea nouchali in traditional ceremonies
and Ethulia conyzoides and Cuscuta campestris as medicine.
Ranarijaona (2007) reported the importance of aquatic plants for
medicine.

Apart from the utility of the plants growing in Alaotra’s
wetlands, Rendigs et al. (2015) and Waeber et al. (2017) noted the
importance of Alaotra marshland in providing a range of important
ecosystem services to the communities of adjacent villages.
Unfortunately, continuous anthropogenic pressures on Alaotra
wetlands are altering both the water body and the associated
vegetation, leading to the formation of new plant communities in
the fringe area of the marsh belt characterized by fast growing
species like Ludwigia adscendens subsp. diffusa (Forssk.) PH.
Raven and Echinochloa pyramidalis (Lam.) Hitchc. & Chase
(Lammers et al. 2015). Such changes will lead for some plant
species, including some useful plants becoming increasingly rare
or maybe even locally extinct. For example, Cyperus latifolius was
not found during our exploration in the marsh, and now occurs
only rarely outside the study site. Furthermore, the spread of
invasive and disturbance-tolerant alien species (e.g., Azolla
pinnata, Eichhornia crassipes, Salvinia molesta) represents a
major threat to native freshwater plants, ecosystems and local
livelihoods (Rakotoarisoa et al. 2015, Rendigs et al. 2015). In
addition, relationship between biodiversity, traditional practices
and traditional knowledge is also evident, which should be
considered in any future management plans in order to preserve
its biodiversity and cultural values.

CONCLUSION

Alaotra marshlands are important for supporting local livelihoods
and providing crucial ecosystem services for the local population,
thus also contributing to the area’s cultural heritage. Our study
emphasizes the important relationship between Alaotra’s plants
and local people. Plant species used by the riparian population are
mainly collected in the lake and its surroundings, and are used in
a variety of ways including traditional ceremonies, medicine,
construction, weaving, and even for livestock. Fifty-five plant
species out of the 84 recorded during the study were revealed to
be useful. Unfortunately, continuous human pressures are
impacting the area’s flora and are leading to the increasing rarity
of some important useful species. While the current benefits of
aquatic plants are significant and far-reaching, new uses may be
discovered in the future. As some species become rare, it is likely
that traditional knowledge of their plant use will also be eroded
and perhaps lost. Such loss of traditional knowledge on plant uses
has been observed in many regions in the world. Accordingly,
strategies for long term sustainable management of freshwater
wetlands are required taking into account to their ecological
functions and the goods and services they provide, and further
documentation of traditional knowledge concerning aquatic plant
uses is necessary to ensure that it is captured before it is lost.
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. L Vernacular Plant use :
Family Scientific name names categories Endemism |Vouchers
Amaranthaceae |Alternanthera sessilis (L.) |[Agnambolo, Human food Native RBE 2506, MNV
R. Br. ex DC. anambalazana, 782
anambary
Apiaceae Centella asiatica (L.) Urb. |Talapetraka Medicinal and Naturalized |Image
veterinary
Apocynaceae Gomphocarpus fruticosus |Fanoro Medicinal and Naturalized |Image
(L) W.T. Aiton veterinary
Araceae Typhonodorum Viha Animal food, Native RBE 2530
lindleyanum Schott construction,
human food,
utensils and tools
Araliaceae Hydrocotyle bonariensis |Fieremana Cultural uses Native Image
Lam.
Asteraceae Crassocephalum Anandrambo Utensils and tools |Native RBE 2521, RKN
rubens var. 828
sarcobasis (DC.) C.
Jeffrey & Beentje
Asteraceae Emilia citrina DC. Tsihontsihona Medicinal and Endemic RKN 826
veterinary
Asteraceae Ethulia conyzoides L. f. |Revaka, revaka [Medicinal and Naturalized [MNV 785; RBE
mena veterinary 2501,
2511
Asteraceae Grangea lyrata (DC.) Anadramavo Human food Native RBE 2514, MNV
Fayed 791
Asteraceae Parthenium Fotsivolotanora |Medicinal and Naturalized |RKN 848
hysterophorus L. veterinary
Commelinaceae |Commelina Ahibita Cultural uses, Native RBE 2509; RKN
madagascarica C.B. medicinal and 825
Clarke veterinary
Convolvulaceae |Cuscuta campestris Tsihitafototra Animal food, Native RBE 2495, MNV
Yunck. cultural uses, 793
medicinal and
veterinary
Convolvulaceae |Ipomoea aquatica Forssk. |Tsimangandrano [Human food Native Image
Convolvulaceae |lpomoea spl L. Tsimanga dia Human food Native
Convolvulaceae |lpomoea sp2 L. Tsimanga mena |Medicinal and Native
veterinary
Cucurbitaceae |Zehneria rutenbergiana |Karakaratoloho |Medicinal and Endemic  |RKN 842
(Cogn.) Keraudren veterinary
Cyperaceae Cyperus esculentus L. Mita Utensils and tools |Native RKN 846
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