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ABSTRACT

The Grandidier’s baobab conveys the image of Madagascar world-

wide. Local ly, these trees have multiple uses with al l parts of the

plant being exploited by the population. We investigated the pat-

terns of bark harvesting on the Grandidier’s baobab in three dis-

tricts in the Menabe Region: Mahabo, Manja and Morondava.

Fol lowing 1 03 transects of 1 km each, we found that 54.0% of the

baobab trees had been subject to bark extraction. The mean total

area exploited per tree was 3,1 ± 0.2m2. Between Apri l 201 3 and

January 201 4, we also monitored four markets that regularly sel l

baobab products: Bemanonga, Mahabo, Morondava and Analaiva.

Bemanonga revealed to be the largest market for the baobab bark

with 21 ,594 straps and 34,51 7m of ropes recorded during the ob-

servation period. We estimate that some 9800 Grandidier’s

baobab trees have been affected by debarking to supply the de-

mands recorded over the ten months monitoring period. I f this de-

mand remains constant, al l baobab trees in Menabe would be

debarked within the next 39 years. Since most baobab trees have

been located in hard-to-reach areas and in protected areas, bark

extraction may intensify in accessible sites and populations with-

out protected status may disappear local ly. This would result in lo-

cal extinction of the species within a short period. To ensure

sustainable management of the Grandidier’s baobab, we recom-

mend enriching the population by planting young baobabs, regu-

lating access to the resources through local management

structures and promoting alternatives to baobab ropes.

RÉSUMÉ

Le baobab de Grandidier est une espèce emblématique de Mada-

gascar. I l évoque la Grande Île dans le monde entier. Dans sa zone

d’occurrence, c’est une espèce à usage multiple pour les riverains

qui uti l isent toutes les parties de ce baobab. La présente étude

porte sur l ’exploitation de l ’écorce du baobab de Grandidier dans

la région Menabe, plus particul ièrement dans les districts de

Mahabo, Manja et de Morondava. Pour estimer l ’étendue de l ’ex-

ploitation des écorces sur les pieds de baobabs, des observations

ont été réal isées sur 1 03 transects de 1   km de long entre avri l

201 3 et janvier 201 4. Pour évaluer l ’ importance des écorces de

baobab pour les riverains, des observations ont été conduites au

niveau de quatre marchés de la région dans les vi l les de

Bemanonga, Mahabo, Morondava et Analaiva au cours de la

même période. Au total , 21   594 lanières d’écorce et 34  51 7 m de

corde de baobab ont été recensés dans les quatre marchés. La

plus importante quantité d’écorce de baobabs commercial isée a

été enregistrée à Bemanonga. À partir des données récoltées, i l

est estimé que près de 9800 pieds de baobabs à écorcer sont

nécessaires pour couvrir les besoins des riverains pendant la

seule période d’études de 1 0 mois. Si la demande devait se main-

tenir à ce niveau, tous les pieds de baobab de la région Menabe,

dont la population avait été estimée à environ un mi l l ion d’indi-

vidus, seraient écorcés au cours des 39 prochaines années.

Comme la plupart des pieds de baobab ont été local isés dans des

zones diffici les d’accès et dans les aires protégées, l ’extraction

des écorces pourrait s’ intensifier dans les sites accessibles et les

populations qui ne bénéficient d’aucun statut de protection pour-

raient disparaître localement. Pour assurer la gestion durable du

baobab de Grandidier, i l est ainsi recommandé de renforcer la

population existante par la plantation de jeunes plants, la régula-

tion de l ’accès aux ressources par des structures locales de ges-

tion et la promotion d’al ternatives aux cordes réal isées avec les

écorces de baobab.

INTRODUCTION
Madagascar has a unique biodiversity that places the country

among the world’s conservation priorities (Myers et al . 2000,

Brooks et al . 2002). Considering the vascular plants only, 1 1 ,220

species were recorded in Madagascar, of which 82% are endemic

(Cal lmander et al . 201 1 ). The eastern Malagasy rainforest is among

the centres of species richness with more than 3000 species per

1 0,000 km2 (Mutke et al . 201 1 ). The western tropical dry forest has

a lower species richness but is famous for the iconic baobabs,

which have important functions for people and the ecosystem
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and are facing multiple threats (Mi les et al . 2006, Graf et al . 2009,

Ehrensperger et al . , 201 3, Grinand et al . 201 3, Zinner et al . 201 3).

Eight species of baobabs are known worldwide, six of which

are endemic to western Madagascar (Cron et al . 201 6, Karimi et al .

201 9). According to Cuni Sanchez (201 0), the baobab tree has a

multi tude of use in Africa and Austral ia. Besides uti l izing the fruit,

bark and leaves, the size and shape of the tree lends itself to spa-

ces for water storage, prisons, toi lets, burial grounds, sleeping

places, shelters, ri tual sites and venues for prayers (Mukamuri and

Kozanayi 1 999, Wickens and Lowe 2008). Malagasy baobabs have

multiple functions and uses. The Grandidier’s baobab Adansonia

grandidieri stands out because of its iconic image representing

Madagascar on most documentaries and advertisements. The Al-

lée des Baobabs in Morondava attracts many tourists and is a ma-

jor source of income for the Region (Scales 201 4).

Non-timber forest products (NTFPs) are important resources

for people in western Madagascar. Bushmeat, medicinal plants,

materials for construction, weaving and other handicrafts are col-

lected from the wi ld (Garcia and Goodman 2003, Norscia and Bor-

gognini-Tarl i 2006, Randrianandrianina et al . 201 0, Scales 201 2).

These resources are col lected for household consumption, but

also sold on markets as a source of income. NTFPs often provide

economic buffers to the Malagasy rural populations when crops

fai l and can help provide additional seasonal income when the

benefits of other economic activities are reduced (Neudert et al .

201 7).

NTFPs significantly contribute to l ivel ihood security in the

Menabe Region and have traditional ly been used by rural commu-

nities for subsistence and trade (Ramohavelo and Sorg 2008). Tu-

bers from Dioscorea maciba and Tacca pinnatifida , Tenrec

ecaudatus bushmeat (a mammal species), and honey are impor-

tant NTFPs for local l ivel ihoods (Ramohavelo and Sorg 2008).

Grandidier’s baobab Adansonia grandidieri trees also provide lo-

cal ly important NTFP products, mainly for consumption (fruits,

seeds, leaves and bark as infusion) and construction (Baum 1 996,

Marie et al . 2009). The Grandidier’s baobab is l isted as Endangered

on the IUCN Red List of Threatened Species; the major threat is

poor regeneration (IUCN 201 6). This species is the most heavi ly

exploited of Madagascar’s baobabs (Perrier de la Bâthie 1 924,

Bond 2002, Rakotondrazanany 201 6, pers. comm.). The fruits and

seeds are col lected for food and extraction of cooking oi l , the bark

is used to make ropes, and the spongy wood is dried and sold for

thatch. However, the greatest threat to Grandidier’s baobab

comes from the conversion of its habitat into agricultural land.

Mature trees are left standing, presumably because of their cul-

tural importance and the value of the fruit, bark and wood. The

impacts of local exploitation of NFTPs from this species remains

poorly understood, l imiting our abi l i ty to define appropriate con-

servation measures, especial ly in areas of conservation impor-

tance from where sustainable extraction is permitted.

In this article, we focus on the activity of bark col lection from

the Grandidier’s baobab. We aim to understand the importance of

this activity to rural communities in the Menabe Region and the

potential impacts of bark harvesting on the species population.

This information helps designing targeted conservation strategies

for the Grandidier’s baobab.

METHODS
STUDY AREA. This study was carried out in the Menabe Re-

gion, in the western region of Madagascar, an area identified

as priority for conservation (Kremen et al . 2008, Wi lmé et al . 201 2).

We focused on five communes in the three districts, where the

Grandidier’s baobab is frequently observed in the wi ld and

derivates found for sale at local markets (Figure 1 ).

BAOBAB SURVEYS. We used T-square sampl ing to estimate

baobab density within seven different areas (Ankoba, Am-

pataka, Bepeha, Andoviana, Benato, Tanambao Sara and Bekon-

azy) between August 2009 and November 201 1 (Krebs 1 999,

Greenwood and Robinson 2006). Fol lowing a random 1 km tran-

sect, the survey team stopped every 1 00 m—this is the observa-

tion point O, measured the distance xi from the observation point

to the nearest Grandidier’s baobab (B1 ) and the distance yi from

B1 to its nearest neighbour with the condition that the angle

OB1 B2 is more than 90°. Baobab density was calculated using the

formula:

where D is the density and n is the total number of random

points (Krebs 1 999).

For each baobab tree, we estimated the trunk height, mea-

sured the circumference at breast height and if there are signs of

bark removal , measured the area removed. Trunk height was mea-

sured based on the trigonometric method by West (2009), in

which a team member held a horizontal T-shaped stick of 1 m at

eye-level . The observer walked back unti l they can observe the

base of the tree and the tip of the trunk. The distance between the

observer and the base of the trunk, which is equivalent to the

height of the tree, was then measured. Circumference at breast

height (1 ,30 m) was measured with a tape measure. Considering

that baobab barks are put in a rectangular shape after harvesting,

we used the trunk height (h) and circumference (c) to calculate

the surface of bark avai lable (s) (s = h * c). Simi larly, i f the barks

have been removed from the tree, we measured the height (h1 )

and width (w) of the area without bark to calculate the surface of

bark removed (s1 = h1 * w). The proportion of surface exploited is

the ratio between the total surface removed and the total surface

avai lable (p = s1 / s). During the surveys, we col lected information

on baobab harvesting methods from our guides and the use of

bark.

Figure 1 . Study area.
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MARKET MONITORING. Between Apri l 201 3 and January 201 4,

we employed four local observers to record baobab products

avai lable for sale at four markets: Morondava, Mahabo, Be-

manonga, Analaiva (Figure 1 ). This method al lowed us to estimate

the supply of various baobab products (fruits, straps, ropes, barks,

bark parts or pieces for infusion and powder), prices, provenance

and quantity. The observers recorded data weekly with a logbook

to ensure data are recorded in a simi lar way. We used Kruskal l -

Wal l is test to compare monitoring efforts between markets and

the frequency of observation of the different products.

For the barks and derived products, observers recorded the

number of straps (strips of baobab bark) observed per vendor and

estimated the length of the ropes made from baobab bark. They

also recorded the price per strap and per meter of rope. Strap di-

mensions varied between 25–30 cm in width and 2–2.5 m in

length. In the analysis, we assumed that al l straps were 25 cm

wide and 2 m long, and that the same dimensions of baobab bark

are extracted. Open discussions with rope makers revealed that 1

m of rope can be produced with one strap. Using these data, we

calculated the total surface of baobab barks needed to produce

the products avai lable on the market (surface = width * length).

Using the unit cost of each product, we calculated the price of

baobab bark per square meter.

RESULTS
PATTERNS OF BARK HARVESTING. We recorded a total of 1 247

Adansonia grandidieri trees, of which 54.0% have been sub-

ject to bark extraction. Baobab density varied between our study

sites and was highest in Analaiva and Andranopasy and lowest in

Ampanihy and Bemanonga. In contrast, levels of bark extraction

were highest in Bemanonga and Befasy and were lowest in An-

dranopasy and Ampanihy (Table 1 ). Large trees with a total bark

surface of 1 4.8 ± 0.3 m2 were preferred for bark extraction (Mann-

Whitney, U = 1 41 981 , Z = -2.981 , p = 0.0003). Smal ler trees with a

total bark surface below 1 3.2 ± 0.4 m2 were left intact. In general ,

only parts of the barks are removed, with an average height of

0.7  m and 0.9  m width on each tree. This was described as the tra-

ditional way to harvest the barks by the local guides. We also ob-

served 41 baobab trees that had been del iberately fel led for bark

extraction, of which 1 6 were in Andranopasy, 1 4 in Ampanihy, 7 in

Analaiva and 4 in Befasy. This practise was described as unusual

and due to the increasing demands for baobab ropes. In 201 0, we

also found eight baobabs that were fel led natural ly by cyclones in

Befasy. Barks of fal len and cut trees were extracted from the en-

tire trunk.

PATTERNS OF BAOBAB BARK TRADE. We made 1 240 observa-

tions of baobab products from the four local markets. Al-

though monitoring effort varied between sites (n = 1 03, 71 , 70 and

52 days, respectively: 6.7 ± 0.7 days per month), up to 80% of

baobab products were observed in Bemanonga despite this site

only accounting for 35% of our monitoring effort. Observations of

baobab products in the other three markets never represented

more than 8% of the records from Analaiva, Mahabo and Moron-

dava.

Three baobab species were reported in the markets: Adanso-

nia grandidieri (91 %), A. za (9%) and A. rubrostipa (only one

record). Baobab products found in the markets included ropes

made of fibres (36.0%), fruits (31 .5%), thin straps made from fibres

and used as twine (21 .5%), bark pieces for infusion (4.6%), fungi

col lected from dead trees (5.1 %), thick straps used for roofing and

wal ls (1 .0%), and seeds as wel l as leaves (0.1 % each).

Observation of Adansonia grandidieri straps and ropes was

significantly more frequent in Bemanonga with 58.6 ± 8.0 records

per month compared to 2.1 ± 0.4 records for the other markets

(Kruskal l Wal l is test: H3= 25.271 , p < 0.001 ). In total , 21 ,594 straps

and 34 51 7 m of rope were recorded from Bemanonga compared

to less than 1 500 straps and 1 500 m of ropes in Analaiva, Mahabo

and Morondava (Table 2). Only straps were avai lable in Moron-

dava, where it is more expensive compared to the other markets

(Table 2). This is probably because 45.6 % of the straps in this mar-

ket are from Andranopasy (Table 3), a commune 1 26 km away

from Morondava. In Mahabo, ropes were twice as expensive as

the straps (Table 2), al though individual bark workers reported that

a strap (general ly of 0.25 cm wide and 2 m long) can make 1m of

rope.

Straps are sold at $US0.1 0 ± 0.002 per unit whi le ropes are

sold at $US0.1 7±0.003 per meter. Al l straps sold in Mahabo market

were from Ampanihy, a commune within the district and only 5.5%

of the ropes are from outside the district (Table 3). Analaiva is the

only market where ropes are cheaper than the straps (Table 2).

This suggests that the demand for ropes in this market is low.

Ropes not sold local ly are sold in Bemanonga (Table 3) where the

price is higher. Straps and ropes from Befasy and Belo-sur-Mer are

also found in Bemanonga market (Table 3).

BARK TRADE AND HARVESTING. We estimated the number of

baobab trees partial ly debarked between Apri l 201 3 and Jan-

uary 201 4 to make the total quantity of ropes recorded (34,51 7m)

to vary between 5230 and 5991 . Estimations of strap and ex-

ploited bark surface area per one meter of rope are based on: (i ) A

typical strap being approximately 25 cm wide and 2 m long

(0.5  m2); (i i ) the mean surface exploited per baobab tree being

3.1 ± 0.2 m2.

According to our calculations, 62.3% of the trees could be

from Bemanonga, 26.4% from Analaiva, 5.6% from Befasy, 3.3%

from Ampanihy and 2.5% from Andranopasy and Belo-sur-Mer.

Analaiva and Bemanonga have the lowest estimated baobab den-

Commune
Ampanihy
Analaiva
Andranopasy
Befasy
Bemanonga

Area (km2)
1 .602
546
1 .71 8
640
1 .1 1 3

N transects
34
1 2
20
20
1 7

N trees
399
66
439
246
97

Density/km2

209.4
1 73.4
485.5
429.1
1 07.4

% trees harvested
48.4
56.1
44.9
63.4
96.9

Surface harvested
(± SE m2)
2.5 ± 0.3
5.7 ± 1 .2
3.9 ± 0.5
4.2 ± 0.4
3.0 ± 0.7

% total bark surface
(± SE)

2.1 ± 0.2
4.7 ± 0.9
4.0 ± 0.4
3.5 ± 0.3
1 .2 ± 0.3

Table 1 . Estimated densities of Adansonia grandidieri at the five communes surveyed in Menabe Region between 2008 and 201 0 and patterns of bark harvesting.

Market
Analaiva
Bemanonga
Mahabo
Morondava

N observation
days
71
1 03
70
52

N straps
760

21 .594
632
1 .31 5

Price strap
(MGA/unit)
287.5 ± 54.9
1 90.2 ± 3.3
241 .7 ± 22.9
500.0 ± 21 .8

Total
length of
ropes (m)

640
34.51 7
1 .45
-

Price rope
(MGA/m)

203.3 ± 1 5.0
336.5 ± 5.3
534.6 ± 1 1 .0

-

Table 2. Baobab fibers in the markets. Quantities of straps and ropes recorded
during the monitoring between March 201 3 and January 201 4 and the mean
(± SE) per product at each market.
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sity (Table 1 ) but have the highest bark harvesting rate (2.7 and

5.1 % of the populations, respectively).

DISCUSSION
This study showed that more than half of the Grandidier’s baobab

trees in the wi ld have been subject to bark extraction. Since only

part of the bark has been removed, the trees are sti l l standing

many years after the extraction. However, we started to observe

intensive harvesting which consists in cutting down the trees to

remove al l the bark. I f this practise continues, i t wi l l cause the de-

cl ine of the species in the short term.

Ropes made with baobab barks are used as harnesses for

the cattle and for attaching canoes (Wickens and Lowe 2008,

Marie et al . 2009). They are preferred to the nylon ropes because

of their low cost but also, they last longer and do not harm the

cattle. In vi l lages where the palm Bismarckia nobilis is growing, it

is also used in place of the baobabs for making ropes (Mami laza

2009). However, people would sti l l prefer using baobab ropes and

straps if those were avai lable. Sel l ing 1 0m of ropes per day would

be necessary for a person l iving only on baobab rope trade to

reach the poverty l ine of $US2 per day (World Bank 201 4). Al-

though baobab bark harvesting and making ropes does not repre-

sent a major activity in the Menabe, it can be an important source

of income for some. This aspect should be considered when de-

veloping rules related to bark harvesting. Planting the palm Bis-

marckia nobilis is an alternative measure to be promoted as it is a

fire-resistant fast-growing species with simi lar use by local popu-

lations as the baobabs.

This study could not solve the ‘dispute’ between local com-

munities and scientists regarding the impact of bark harvesting on

the baobab trees. On one hand, community members argue that

bark removal do not harm the baobab trees whi le they agree that

bark does not regenerate. However, in the wi ld, the baobabs are

sti l l standing. On the other hand, scientists advocate that bark

harvesting might represent a threat to the trees as they are more

exposed to ecological and cl imatic threats (Wickens and Lowe

2008). In the Al lée des Baobabs, lower barks have been removed

on almost al l the trees but they are sti l l standing (Wickens and

Lowe 2008). In order to determine if the Grandidier’s baobab barks

can be sustainably managed and how, in-depth studies on the im-

pact of bark harvesting is required (Ticktin 2004). In fact, trees may

recover from bark harvesting depending on the species, the tech-

nique used and the environmental conditions (Delvaux et al .

2009). Bark harvesting also has different impacts on tree growth

or fruit production and hence on population sizes (Gaoue and

Ticktin 2008, Schumann et al . 201 0, Schmidt et al . 201 1 ).

The most recent population estimation of the Grandidier’s

baobab is at one mi l l ion trees (Viei l ledent et al . 201 3). During a pe-

riod of 1 0 months, we recorded 34 51 7m of baobab ropes at the

four markets monitored. Assuming that these ropes came exclu-

sively from the partial ly debarked baobabs, they would come from

5230–5991 trees. By extrapolation, there should be enough

baobab bark stock for 1 91 2 months (1 59 years) of baobab barks in

the wi ld. However, we also found that 54% of the baobabs we

found during the field surveys have already been debarked. As a

result, i f the demand remains constant, there is stock only for

about 73 years (1 59 years * 46%).

Other studies in Africa reported that bark harvesting affects

negatively the survival of baobab trees (e.g. , Hal l and Bawa 1 993,

Peters 1 994, Cunningham 2001 ). Survival is threatened because

the extraction of barks could make the individual more suscepti-

ble to pathogen attacks or could expose stem cortex tissue, im-

pairing the flow of water and nutrients, hence reducing survival

rates (Cunningham 2001 ). Botha et al . (2004) also found that on

other tree species, bark removal affected fruit production. In the

wi ld, we have seen that some Grandidier’s baobab had fruits

whi le others did not. Bark harvesting might be a factor contribut-

ing to this variation.

Effective management of the protected areas wi l l play a cen-

tral role to ensure conservation of the Grandidier’s baobab. The

Menabe region, where the Grandidier’s baobab is most abundant,

has four protected areas: Kirindy-Mitea National Park (72 200 ha),

Andranomena (6420 ha) and Ambohi janahary Special Reserves

(27  650 ha) and the Menabe-Antimena Reserve (1 25 000 ha)

(Gardner 201 1 , Waeber et al . 201 9). These protected areas repre-

sent 36% of the Menabe terrestrial ecosystems. I f these protected

areas also had 36% of the baobab population—bark harvesting is

prohibited in protected areas—people wi l l have access to only

640 000 baobab trees, providing barks for some 40–47 years using

the traditional method (i .e. , removing the bark without sophisti-

cated, modern tools at heights not exceeding that of the ex-

ploiter). After this period, risks of fel l ing trees to meet the

demands of the market wi l l increase in accessible areas (Marie et

al . 2009). We thus recommend the establ ishment of local manage-

ment structures that can monitor and regulate exploitation of

baobab barks outside of protected areas by fol lowing the rights

transfer system by which communities can regulate access to

natural resources in their territory, including the baobabs (Antona

et al . 2004). In this case, i t is necessary that the governement who

gives the rights bui lds the capacity of the communities to do so

and support them unti l they can independently manage the re-

sources and get benefits.
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Market
Straps
Analaiva
Bemanonga
Mahabo
Morondava

Ropes
Analaiva
Bemanonga
Mahabo
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-
-

1 00
-

-
-

94.5

Analaiva

36.8
0.6
-
-

1 00
43.3
5.5

Andranopasy

-
-
-

45.6

-
-
-

Befasy

-
9.1
-
5.7

-
3.9
-

Belo-sur-Mer

-
2.9
-
-

-
0.9
-

Bemanonga

63.2
87.4
-

48.7

-
52.0
-
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