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Abstract Reforestation in Madagascar often relies on a few tree species with known properties. Species selec-
tion may consider aspects like human use, growth characteristics and animal use. Here, we investigated the use
of the kapok tree (Ceiba pentandra) as a food source for vertebrates during the dry season in North West Mada-
gascar. We observed 21 native vertebrate species (five lemurs, five bats and 11 birds) feed on or within C. pen-
tandra during this period of low food availability, 48% of which are known seed dispersers. As a fast-growing
species, C. pentandra may therefore be suitable for inclusion in reforestation and forest restoration efforts to facil-
itate seed dispersal, natural forest regeneration and animal movement between adjacent forest fragments.
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Millions of hectares of land have been deforested to
accommodate the cultivation of crops globally (Pen-
drill et al. 2019). This land conversion process is
most profound in the tropics, where approximately
78% of new agricultural areas are derived from the
clearing of forests (Lambin & Meyfroidt 2011). Many
plants cultivated within these agroecosystems are
neophytes that do not occur naturally within the
region (Jeschke et al. 2014). In many countries, neo-
phytes now have self-sustaining populations and
some species have become invasive, causing degrada-
tion to the native ecosystems resulting in major decli-
nes of biodiversity, ecological integrity and habitat
quality (Pimentel et al. 2001). However, many other
neophytes cause no direct harm to existing ecosys-
tems and may prove to be valuable resources for both
local wildlife and human populations (Hettinger
2001).
The kapok tree (Ceiba pentandra) is a large, her-

maphroditic tree native to Central and South Amer-
ica, the Caribbean and North West Africa (Fig. 1).
Due to its many commercial uses, the tree has been
introduced to numerous countries throughout Africa
and Asia, and it is now widespread throughout the
tropics (Dick et al. 2007). Like many neophytes,
C. pentandra is a fast-growing species that can grow

in dry conditions and poor-quality soils (Gawali
2014; Gawali et al. 2015; Immanuel & Ganapathy
2020). Ceiba pentandra (locally known as ‘pamba’)
was first introduced to Madagascar in the early 1900s
for cultivation of its seed fibres (Montagnac 1952;
Kull et al. 2012), and it is now distributed through-
out the west of the island, from Sahamalaza-Iles
Radama National Park (SIRNP) in the North West
to Manja in the south west (Sussman & Tattersall
1976; Jenkins & Racey 2008; Hending pers. comm.,
2019). Throughout its range in Madagascar, people
use its wood for house and canoe construction, its
seed fibre to fill blankets and pillows, and it is
believed the trees themselves ward off evil spirits
(Randrianarison & Hending pers. comm., 2019).
Although C. pentandra is a non-native species
throughout much of its current range, there is little
evidence to suggest that this species is invasive, or a
threat to native species assemblages (Kull et al. 2012,
but see Space et al. 2000). Due to the high nectar
content of its flowers, C. pentandra has been observed
as a food source for many nectivorous species of bat,
primate, bird and invertebrate within its geographic
range (Gribel et al. 1999). However, the ecology and
role of this introduced species as a food source for
native animals has been studied in only a few geo-
graphic locations within its current range (Gribel
et al. 1999; Singaravelan & Marimuthu 2004; Dick
et al. 2007; Steffens 2020).
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Here, we conducted a short study of how many
vertebrate species feed on or within C. pentandra in
Anabohazo forest (S14°190, E47°540, ~250 m a.s.l.),
a 1169 ha sub-humid, transitional forest in SIRNP,
North West Madagascar. Despite its protected status,
SIRNP has undergone widescale deforestation, and
tree-felling still occurs within some areas of the
national park (Seiler et al. 2010; Hending et al.
2017), although a reforestation scheme has recently
been established within SIRNP.
We selected five C. pentandra trees with large visi-

ble crowns at which we conducted focal observations
of day-active and night-active (Charles-Dominique
1975) animal use twice daily for a 30-min period
(10:00–10:30 and 21:00–21:30) over a 15-day period
in July 2019. During these observations, we recorded

all vertebrate species that we observed to feed within
the C. pentandra trees. We selected the five survey
trees as they were (i) separated from each other by at
least 200 m, (ii) spread throughout the entire area of
Anabohazo forest, (iii) in good health and visibly
flowering and (iv) at least 15 m in height. All trees
were situated in the interior of Anabohazo forest
itself, which is approximately 3 km away from the
nearest villages. Only one tree was surveyed per day
(N = 3 survey days per tree). Locally, C. pentandra
flowers May–July and fruits July–September, a period
within Madagascar’s dry season.
During our observations, we witnessed 21 native

vertebrate species (5 lemurs, 11 birds, 5 bats) feed
on or within the C. pentandra trees (Table 1). For all
species, we witnessed multiple individuals visit these

Fig. 1. (a) A Ceiba pentandra
specimen and (b) its flowers
beginning to open in May
2019 in the Anabohazo forest,
Sahamalaza-Iles Radama Natio-
nal Park, North West Madagas-
car.

Table 1. Vertebrate species and their IUCN status (2020), that were observed to feed within five Ceiba pentandra trees, sur-
veyed in July 2019 in the Anabohazo forest, Sahamalaza-Iles Radama National Park, North West Madagascar. Species high-
lighted with an asterisk (*) are known seed dispersers (Razafindratsima 2014; Albert-Daviaud et al. 2018; Albert-Daviaud
et al. 2020; Ramananjato et al. 2020; Hending et al. pers. comm., 2019)

Common Name Species Name IUCN Status

Feeding

Flowers Invertebrates

Lemurs Blue-Eyed Black Lemur* Eulemur flavifrons CR U
Fat-Tailed Dwarf Lemur* Cheirogaleus medius VU U U
Northern Giant Mouse Lemur* Mirza zaza EN U U
Sahamalaza Sportive Lemur Lepilemur sahamalaza CR U
Sambirano Mouse Lemur* Microcebus sambiranensis EN U U

Bats Commerson’s Leaf-Nosed Bat Macronycteris commersoni NT U
Madagascan Fruit Bat* Eidolon dupreanum VU U
Madagascan Rousette* Rousettus madagascariensis VU U
Madagascar Flying Fox* Pteropus rufus VU U
Unidentified Bat Species - - U

Birds Chabert’s Vanga* Leptopterus chabert LC U
Crested Drongo* Dicrurus forficatus LC U
Long-Billed Bernieria Bernieria madagascariensis LC U
Madagascan Hoopoe Upupa marginata LC U
Madagascar Bulbul* Hypsipites madagascariensis LC U
Madagascar Paradise Flycatcher Terpsiphone mutata LC U
Madagascar Red Fody Foudia Madagascariensis LC U U
Malagasy Green Sunbird Cinnyris notatus LC U
Olive Bee-Eater Merops superciliosus LC U
Sickle-Billed Vanga Falculea palliata LC U
Souimanga Sunbird Cinnyris sovimanga LC U
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trees during the study period. Twelve (12) species
visited C. pentandra to feed on the flower’s nectar or
the flowers themselves, whilst 13 species visited
C. pentandra to feed on invertebrates attracted to the
trees by the flower’s nectar (Gribel et al. 1999). We
also observed one Lepilemur sahamalaza regularly
using a fissure within the trunk of one of the C. pen-
tandra trees as a sleeping site.
Our observations suggest that C. pentandra is an

important food source for many native vertebrates
(38% classified as Threatened by the World Conserva-
tion Union, IUCN 2020) in SIRNP during Madagas-
car’s dry season. This finding is also supported by
observations of species-specific use of C. pentandra as
a food source in the literature (Sussman & Tattersall
1976; Andriafidison et al. 2006; Jenkins & Racey 2008;
G�erard et al. 2015). The dry season is synonymous
with food scarcity in Madagascar’s transitional forests
(Volampeno et al. 2013), and fruit prevalence in
SIRNP is at its annual lowest during much of this per-
iod (April–August: Volampeno et al. 2013; Hending
et al. unpubl. data, 2019). Ceiba pentandra therefore
flowers at a time when many other tree species do not
harbour fruit (Andriaharimalala et al. 2012), and many
animals likely rely on C. pentandra as a source of food
during this period in SIRNP, and the rest of Madagas-
car’s western transitional forests more generally.
Interestingly, 48% of the animals that we observed

feeding in the C. pentandra trees are known to be
important seed dispersers (Razafindratsima 2014;
Albert-Daviaud et al. 2018; Albert-Daviaud et al.
2020; Ramananjato et al. 2020; Hending et al. pers.
comm., 2019). Due to the large number of seed dis-
persers that this species attracts (e.g. the blue-eyed
black lemur, E. flavifrons), C. pentandra may promote
the movement of native seed dispersers between indi-
vidual food sources (C. pentandra trees) within the
forest. This would facilitate seed dispersal by these
animals and thus contribute to natural regeneration
of the forest; seed dispersers would be unlikely to
disperse the seeds of C. pentandra itself, as the fruits
are fibrous, non-fleshy and too large to be swallowed.
Considering this, our findings suggest that C. pentan-
dra may be a suitable species for inclusion in refor-
estation and forest restoration projects in
Madagascar. This is because C. pentandra (i) attracts
seed dispersers that can promote forest regeneration,
(ii) has a large height and crown (Gribel et al. 1999;
Dick et al. 2007) which would facilitate the move-
ment of animals between adjacent forest trees and
may provide sleeping sites and resting opportunities
for them, similarly to some other exotic species in
Madagascar (e.g. Eucalyptus, Pinus: Ganzhorn 1987),
and (iii) is a fast-growing species that can ameliorate
degraded soil (Gawali et al. 2015; Immanuel and
Ganapthy, 2020). Although the inclusion of C. pen-
tandra in reforestation and forest restoration schemes,

along with native tree species, may contribute to nat-
ural forest regeneration and the restoration of ecolog-
ical integrity (Ramanamanjato & Ganzhorn 2001;
Brancalion et al. 2020), this is something that does
need to be tested.
Madagascar’s natural forest cover decreased by

44% over the period 1953–2014 (Vieilledent et al.
2018), and reforestation and forest restoration efforts
are now underway in some areas of the country (e.g.
Holloway 2004; Pareliussen et al. 2006; Vincelette
et al. 2007; Manjaribe et al. 2013) to restore this
important habitat type on which 90% of Madagas-
car’s endemic animal species depend (Dufils 2003).
It is therefore paramount that these reforestation
schemes contain suitable species to achieve both suc-
cessful forest regeneration and accommodation of
native fauna, whilst also providing benefits for local
human populations. Our preliminary results suggest
that C. pentandra may have this potential, but further
research is now needed to explore this within a refor-
estation or forest restoration landscape and, whilst
C. pentandra is not reported as a potentially invasive
species in Madagascar (Kull et al. 2012), a formal
risk assessment must also be carried out. This is
something that we aim to do within SIRNP where a
new reforestation project has recently started.
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