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ABSTRACT
Madagascar’s highly diverse forests are critically threatened 

because of increasing deforestation, and those that remain 

are facing declines of vertebrate frugivores that disperse their 

seeds. Thus, understanding plant - frugivore interactions is of 

critical importance for the conservation and maintenance of 

plant diversity in Madagascar. This paper reviews observational 

and experimental studies of the multifaceted aspects of seed 

dispersal by vertebrates across Madagascar including the rela-

tive importance of different seed vectors, the patterns of seed 

deposition, and the post - dispersal fate of dispersed seeds. This 

also aims to lay a foundation for future studies by discussing 

understudied aspects that are crucial for the understanding of 

the role of frugivores on plant populations and communities 

in Malagasy forests. Such perspectives are important given 

the increasing threats to seed dispersers, the low richness of 

frugivore assemblages in Malagasy forests and the strong reli-

ance of many plant species on frugivores for their dispersal. 

Understanding this ecosystem service can provide us insights 

on plant colonization, community structure, demography and 

invasion, as well as forest restoration and regeneration.

RÉSUMÉ
Les forêts de Madagascar abritent des communautés de 

plantes vasculaires exceptionnellement diverses avec un taux 

d’endémisme s’élevant à 82 % . Malheureusement, hormis les 

continuelles dégradation et fragmentation menaçant ces forêts, 

la flore malgache est aussi menacée par l’insuffisance et le 

déclin des populations d’animaux frugivores qui jouent un rôle 

fondamental dans la dissémination des graines. La compréhen-

sion de ce mécanisme de dissémination des graines par des 

frugivores est importante pour savoir comment préserver 

la biodiversité et la régénération forestière ainsi que pour  

établir des stratégies de conservation des habitats fragmen-

tés. Le présent article constitue une synthèse des publications  

scientifiques sur les recherches concernant ce mécanisme dans 

les forêts malgaches. Les informations disponibles sont plutôt 

limitées mais suggèrent que la majorité des plantes malgaches 

dépendent des vertébrés frugivores pour la dissémination 

de leurs graines. Ces études montrent également quelques 

aspects portant sur des modèles de dispersion des graines et 

des plantules. Plusieurs éléments relatifs à ce mécanisme sont 

encore inconnus et nécessitent des recherches approfondies. 

Les pressions menaçant les différents vecteurs de graines sont 

discutées, et plus particulièrement celles qui pourraient avoir 

des effets néfastes sur la démographie des populations de 

plantes. En outre, des recommandations sont formulées pour 

permettre l’intégration des interactions frugivore–plante dans la 

conservation des écosystèmes forestiers malgaches.

INTRODUCTION
Madagascar’s forests hold exceptionally diverse vascular plant 

communities with up to 82 %  endemism (Callmander et al. 

2011). The increasing threats of habitat destruction and frag-

mentation facing these forests are well known (Ganzhorn et 

al. 2001, Harper et al. 2007, Watson et al. 2010, Allnutt et al. 

2013); however, another looming threat to Madagascar’s flora 

has recently become apparent: the lack and decline of impor-

tant seed dispersers such as frugivorous vertebrates. This is 

critical because Malagasy forests have already depauperate 

frugivore communities (Langrand 1990, Hawkins and Goodman 

2003), which are also currently threatened by the increasing 

anthropogenic disturbances and climate change (Dunham et 

al. 2008, Barrett and Ratsimbazafy 2009, Dunham et al. 2011, 

Dewar and Richard 2012, Ratsimbazafy et al. 2013, Schwitzer et 

al. 2013). Thus, examining vertebrate - mediated seed dispersal 

in this system is crucial for understanding the maintenance of 

plant diversity and for the conservation of the diverse plant 

communities in Madagascar, which supports one of the world’s 

hottest hotspots of biodiversity (Ganzhorn et al. 2001).

There has been no synthesis about our current knowl-

edge of this ecosystem service in Madagascar. Understanding 

seed dispersal is important because of the fundamental role 

of this mechanism in plant colonization, community structure, 

demography and invasion, and in forest regeneration (Howe and 

Smallwood 1982, Terborgh et al. 2002, Ibáñez et al. 2006, Schupp 

et al. 2010, Jordano et al. 2011). Seed dispersal studies have also 

a central place in conservation, natural restoration of degraded 

habitats and ecosystem functioning (Farwig and Berens 2012).

In this paper, I synthesize published literature of studies on 

seed dispersal by frugivorous vertebrates in Malagasy forests 

to establish a foundation for future studies to understand the 

importance of frugivores for plant populations. Specifically, I 

address the following questions in reference to Malagasy forests: 

i) What is known about seed removal from parent plants? ii) 

Where are seeds dispersed? and iii) What are the consequences 
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of dispersal on seed fate? I also review the threats that frugi-

vores are facing, and the potential impacts of the absence of 

frugivores for Malagasy forests. Further, I discuss research areas 

that are particularly important for future directions of study that 

may help us integrate seed dispersal interactions in conserva-

tion management in Madagascar’s forests.

SYNTHESIS OF SEED DISPERSAL RESEARCH IN 
MADAGASCAR’S FORESTS

SEED REMOVAL FROM PARENT PLANTS. Fruit traits are 

important in determining potential dispersal agents, as they 

are hypothesized to evolve under the selective pressures of 

seed vectors such that unrelated plant species sharing seed dis-

persers may have similar traits (Lomáscolo and Schaefer 2010). 

Such traits include fruit morphology, color, size, presence of edi-

ble pulp, presence of wings or any external modifications, husk 

thickness and weight (Howe and Smallwood 1982). Particularly, 

in vertebrate-dispersed plant species, traits such as color, size, 

fruit protection and nutrient reward play an important role in 

the attraction of seed dispersers (Schaefer et al. 2004, Bollen 

2007), and usually match the behavior and physiology of differ-

ent disperser taxa (Lomáscolo et al. 2010). For example, recent 

work by Valenta et al. (2013) demonstrates that fruit color and 

odor predict the selection of fruits in nocturnal mouse lemurs 

(Microcebus spp.), which have dichromatic color vision; fruits 

dispersed by these species showed greater color contrast from 

leaves under moonlight conditions than non - dispersed fruits. 

Overall, a majority of plant species in Malagasy forests have fruit 

traits that suggest adaptation for seed dispersal by frugivorous 

vertebrates (Scharfe and Schlund 1996, Birkinshaw 2001, Bollen 

et al. 2004a, Bollen et al. 2005), especially by primates. In the 

littoral forest of Sainte Luce, for instance, a majority of tree spe-

cies, especially large-seeded ones, critically depend on Eulemur 

(fulvus) collaris for seed dispersal, although specific fruit traits 

were not tightly correlated with specific groups of frugivores 

(Bollen et al. 2004a). In addition, morphological and chemical 

analyses of fruit traits supported a predominance of primate-

dispersed species in a Malagasy tree community compared 

to a similar tree community in South Africa (Voigt et al. 2004).

Large- and small-sized lemurs are often reported as the 

main frugivores and primary seed dispersers in Madagascar’s 

forests; however, studies of seed dispersal by bats and birds 

have been limited (Supplementary Material). In addition to the 

important quantity of ripe fruits in their diet, they are able to 

defecate intact and viable large- and small - sized seeds, which 

can enhance seed germination and seedling growth (Dew 

and Wright 1998, Razafindratsima and Razafimahatratra 2010, 

Moses and Semple 2011, Razafindratsima and Martinez 2012, 

Sato 2012). For example, Varecia variegata in the southeastern 

Manombo rainforest passed the seeds of 40 different plant 

species during a 3-month study period, and the lemur-passed 

seeds had higher germination success than non-passed seeds 

(Moses and Semple 2011). It is, however, possible that not all 

frugivorous lemurs have positive dispersal effects on their 

feeding plants. For instance, a behavioral comparison among 

sympatric lemurs suggests that Propithecus spp., which spend 

up to 48 %  of their feeding time on fruits (Overdorff and Strait 

1998), are mainly seed predators. They consume both ripe and 

unripe fruits, masticating seeds while feeding or dropping seed 

pieces under the parent trees, and digesting those that they 

swallowed (Ralisoamalala 1996, Dew and Wright 1998, Over-

dorff and Strait 1998, Böhning-Gaese et al. 1999). Also, the 

effectiveness of dispersal has been observed to vary across 

lemur species (Overdorff and Strait 1998, Razafindratsima et al. 

2014). For example, Varecia variegata editorum in the southeast-

ern rainforest of Ranomafana National Park were observed to 

perform long - distance seed dispersal compared to its sympatric 

Eulemur spp. (Razafindratsima et al. 2014).

Besides primates, birds are also recognized as one of the 

major groups of seed dispersers in tropical ecosystems (Fleming 

1979, Herrera 2002). Madagascar has a relatively low richness of 

bird species compared to other tropical regions (Kissling et al. 

2012); and only about 10 %  of bird species in Madagascar are 

known to consume fruits (del Hoyo et al. 1992). However, the 

limited number of studies on seed-dispersal by birds in Mada-

gascar demonstrates that some frugivorous birds may act as 

effective seed dispersers. While their diversity is low relative to 

other tropical forests, their high abundances may make them 

important dispersers in the system, and particularly given the 

current decline of frugivorous lemurs. Six of the known frugivo-

rous bird species were observed to swallow and disperse the 

seeds of several small - seeded plant species across Madagascar 

(Supplementary Material), especially understory shrubs (Rako-

tomanana et al. 2003). For instance, Philepitta castanea in the 

rainforest of Ranomafana are estimated to disperse 85.7 % of 

ingested seeds away from the parent crowns (ibid). The Mada-

gascar blue pigeon (Alectroenas madagascariensis), feeds on 

many of the same large - seeded fruits as large-bodied diurnal 

lemurs (pers. observ.), and is distributed across the entire east-

ern rainforest region. This species may carry out an important 

ecosystem service, particularly in areas where lemur popula-

tions are dwindling, though future studies are warranted. The 

two parrot species, Coracopsis nigra and C. vasa, appear to be 

mainly seed predators because they either peck at fruits and 

drop them under the parent tree, or destroy the majority of 

seeds they consume by splitting or digesting the seeds (Scharfe 

and Schlund 1996, Goodman et al. 1997, Bollen et al. 2004a, b). 

However, these parrots can also be opportunistic seed dispers-

ers as they were occasionally observed carrying seeds in their 

beaks away from the parent crowns (Böhning-Gaese et al. 1995, 

Bleher and Böhning-Gaese 2001).

Some studies also suggest that frugivorous bats can act as 

important seed dispersers in Madagascar as they are swallowing 

and defecating the intact seeds of small-seeded plant species 

(Bollen and Van Elsacker 2002, Long and Racey 2007, Picot et 

al. 2007, Ratrimomanarivo 2007, Andrianaivoarivelo et al. 2011, 

Andrianaivoarivelo et al. 2012). Bats may also play important 

role in ensuring genetic exchange between forest fragments 

because they are able to travel long - distances from their roost 

for foraging (Bollen and Van Elsacker 2002, Andrianaivoarivelo 

et al. 2011). For example, fecal analyses by Picot et al. (2007) 

showed that seeds of trees located at least five kilometers from 

the roost were frequently recorded in the diet of the Malagasy 

fruit bat Eidolon dupreanum. Furthermore, the passage of seeds 

through the digestive tracts of bats appears to facilitate seed 

germination (Andrianaivoarivelo et al. 2011).

Other frugivorous vertebrate groups such as lizards, fish, 

tortoises and bush pigs can also be effective dispersers in tropi-

cal forests (Valido and Olesen 2007, Anderson et al. 2011, Blake 

et al. 2012), but studies of the seed - dispersal services by such 
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groups in Malagasy ecosystems are limited. Three frugivorous 

reptilian species (Oplurus cuvieri, Pyxis planicauda and Zono-

saurus laticaudatus) are listed as potential seed dispersers in 

the western dry forest of Kirindy (Ganzhorn et al. 1999). Work 

exploring the role of reptiles is an important area of research in 

this area, particularly in the arid habitats of Madagascar. Pedrono 

et al. (2013) report that the two extinct species of Malagasy 

giant tortoises (Aldabrachelys grandidieri and A. abrupta) may 

have played the role of seed dispersers for large - sized seeds 

as their close relative Aldabrachelys gigantea are effective seed 

dispersers on Aldabra atoll.

SEED DEPOSITION. Removal of seeds away from parent

plants is not enough to assess the quality and effective-

ness of different dispersal vectors because the patterns of seed 

deposition can influence plant recruitment (Schupp et al. 2010, 

Wang and Smith 2002). Three aspects are often discussed as 

crucial in determining the consequences of seed dispersal on 

plant reproductive success: the distances of dispersed seeds 

from parent and conspecific adult trees, the microsites (i.e., 

local environment) where seeds land, and the aggregation pat-

terns of seed dispersion (Muller-Landau and Hardesty 2005).

The distance of a seed from its parent tree can strongly 

influence its recruitment because it allows the seeds to escape 

density - dependent mortality resulting from species - specific 

natural enemies, and reduces sibling competition near parent 

and conspecific adult-trees (Janzen 1970, Connell 1971, Hubbell 

1979). Although limited, studies of seed - dispersal distances in 

Madagascar have provided useful information regarding the 

patterns of seed dispersal in Malagasy forests, and the effec-

tiveness of some dispersal groups. Using data on gut - passage 

times, movement patterns and home ranges, which can often 

be used to predict dispersal distance in vertebrate-dispersed 

plants (Muller-Landau and Hardesty 2005), studies have reported 

short average dispersal distance (83–180 m) for tree species 

that are dispersed by large - bodied lemur species (Moses and 

Semple 2011, Martinez and Razafindratsima 2014, Razafind-

ratsima et al. 2014), which may be due to their relatively small 

home-range sizes and day-range lengths (Razafindratsima et 

al. 2014). Bleher and Böhning-Gaese (2000, 2001) also reported 

that a bird-dispersed tree, Commiphora guillauminii, in the 

western dry forest of Kirindy had shorter dispersal distances 

than its congener in South Africa, affecting seedling establish-

ment (i.e., independent growth of emerging seedlings) and 

spatial distribution. This short - dispersal pattern of Commiphora 

resulted in high genetic differentiation of trees at a local spatial 

scale (Voigt et al. 2009). Malagasy fruit bats may be able to 

perform long-distance seed dispersal (> 500 m) because they 

can travel relatively far from their roost to feed (Bollen and 

Van Elsacker 2002, Picot et al. 2007), but empirical studies are 

lacking. Long seed-dispersal distances were rarely observed for 

lemur - dispersed trees. However, such long-distance dispersal 

events, even rare, may be important because they can facilitate 

the colonization of new habitat and increase gene flow between 

and within populations (Cain et al. 2000). For instance, a genetic 

study of the spread of Beccariophoenix madagascariensis, 

which is a palm species with lemur - dispersed fruits in eastern 

Malagasy forest, suggest that long - distance seed dispersal 

may have contributed to the significant gene flow observed 

between populations that are within three kilometers of each 

other (Shapcott et al. 2007).

The microsites, in which seeds land after removal from 

their parent plants, can also influence their germination and 

survivorship, the probability of seedling establishment and 

survival, and subsequent recruitment success (Howe and 

Smallwood 1982, Muller-Landau and Hardesty 2005, Beck-

man and Rogers 2013). Thus, a critical step in understand-

ing the effectiveness of frugivores as seed dispersers is to 

examine how biotic and abiotic factors associated with the 

microsites, where frugivores disperse seeds, affect seed fate. 

Work addressing such question in Madagascar is limited, but 

would contribute greatly to our understanding of the impacts 

of frugivores on the demography of plant populations. For 

example, a recent study by Razafindratsima and Dunham 

(2014) in Ranomafana National Park demonstrates that seeds 

of Cryptocarya crassifolia dispersed by three frugivorous 

lemurs into gap habitat (<55 % canopy cover) had higher 

recruitment probability than those dispersed under more  

closed canopies.

The degree and scale of seed aggregations are also crucial 

for plant recruitment success; for example, high clumping of 

seeds may result in high density - dependent seed mortality 

because it increases resource competition among siblings 

and attracts seed - predators (Schupp et al. 2002, Muller-

Landau and Hardesty 2005). Clumping can also be beneficial 

for plants because it can reduce interspecific competition 

(Muller-Landau and Hardesty 2005), and increase disperser 

attraction for subsequent dispersal as a result of clumped 

distribution of trees that share seed dispersers (Clark et al. 

2004). In general, low clumping is expected for wind - dispersed 

species (Muller-Landau and Hardesty 2005), but seed dispersal 

by animals is likely to result in high clumping (Schupp et al. 

2002). These patterns may vary by animal taxa and by dispersal 

systems (Clark et al. 2004). In Malagasy systems, the seeds 

of bat - dispersed plant species were often disproportionately 

deposited near roost trees (Picot et al. 2007), but we do not 

know whether such microsites are favorable for seedling 

establishment. There is also a paucity of published research 

detailing the spatial distribution of seed dispersal in Madagas-

car forests; the understanding of such aspect could provide 

us better insights on the role of frugivores in structuring plant 

communities.

These three attributes of seed deposition patterns are 

expected to increase the odds of recruitment success for 

individual seeds and may therefore affect plant demography 

(Howe and Smallwood 1982). For instance, nonrandom seed 

dispersal by three frugivorous lemurs in Ranomafana rainforest 

increased per - seed sapling recruitment by four fold compared 

to no dispersal (i.e., seeds simply falling under parent trees) 

(Razafindratsima and Dunham 2014). Also, the spatial distri-

bution of Commiphora guillauminii seedlings (bird - dispersed 

tree species) in the western dry forest of Kirindy (Böhning-

Gaese et al. 1999), and of a lemur - dispersed tamarind species 

(Tamarindus indica) in southern dry forest of Berenty (Mertl-

Millhollen et al. 2011) revealed a significantly higher prob-

ability of seedling establishment away from the parent trees 

than beneath the parent crowns. These dynamics may differ by 

plant species that experience different environmental condi-

tions, and much research is needed to understand how plant 

demographic patterns as well as how plant populations might 

be affected by the absence of dispersers.
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POST-DISPERSAL SEED FATE AND PLANT RECRUITMENT 

SUCCESS. After dispersal, seeds experience a number of 

factors that influence their germination and recruitment (e.g., 

predation, disease, and nutrient availability). Frugivore dispers-

ers can influence germination as a result of removal of pulp or 

husks (which removes germination inhibitors), scarification of 

seeds, and fertilization with fecal matter (cf. Traveset et al. 2007 

for review). There are mixed results from manipulative experi-

ments (in laboratory and nursery) examining the germination of 

seeds that passed through the guts of Malagasy frugivores com-

pared with non-passed seeds. Seeds passed through the guts of 

some lemur species had higher germination success than seeds 

that were manually extracted from fruits (Dew and Wright 1998, 

Razafindratsima and Razafimahatratra 2010, Moses and Semple 

2011, Razafindratsima and Martinez 2012, Sato 2012). The same 

beneficial effects on the germination of their dispersed seeds 

are also observed in the fruit bat Eidolon dupreanum (Picot et 

al. 2007). However, seeds passed through the guts of the velvet 

asity Philepitta castanea (Rakotomanana et al. 2003) had less 

successful germination than non-passed seeds. There was no 

effect of gut-passage on the germination of seeds for those 

passed by Eulemur rufifrons (cited as E. fulvus) at the dry forest 

of Kirindy (Scharfe and Schlund 1996), and the fruit bat Pteropus 

rufus in the littoral forest of Sainte Luce (Bollen and Van Elsacker 

2002). Also, Overdorff and Strait (1998) found that none of the 

five plant species passed by Eulemur rufifrons of the rainfor-

est of Ranomafana in the early dry season germinated, whereas 

Dew and Wright (1998) reported a high proportion of germina-

tion for seeds passed by this species in the late dry season. 

Passage of seeds through guts can also reduce seed predation. 

For instance, seeds of the genus Grewia defecated by Eulemur 

rufifrons (cited as E. rufus) in the dry forest of Kirindy were 

neither preyed on by predators nor removed by secondary dis-

persers while non-defecated seeds were destroyed by insects 

and secondarily dispersed by ants (Spehn and Ganzhorn 2000).

Dispersed seeds may also be susceptible to subsequent 

movement by secondary seed dispersers (e.g., ants, rodents 

and dung beetles) or by other means (e.g., runoff). Secondary 

dispersal often significantly changes the patterns of seed depo-

sition, and thus affects plant recruitment success (Vander Wall 

et al. 2005). For example, secondarily dispersed seeds buried 

by dung beetles may have a higher seedling establishment than 

non-removed seeds (Andresen 2001). Scatter - hoarding rodents 

can also reduce seed spatial clumping as they remove individual 

seeds into their caches, which may be far from the seed source 

(Wang and Smith 2002). There are few studies that quantified 

the rates and effects of secondary dispersal in Malagasy forests, 

mainly by ants and rodents. In an ant - foraging experiment 

in Kirindy forest, Böhning-Gaese et al. (1999) observed that  

Aphaenogaster swammerdami increased seed clumping by 

depositing secondarily removed seeds in piles at the edge of 

the colony, while Pheidole sp. carried seeds into their colony. 

Also, secondary dispersal by these ant species increased the 

establishment success of plants, but at a lower magnitude 

than the activity of primary dispersers. In addition, Voigt et al. 

(2002) found higher rates of secondary dispersal by ants of 

Commiphora seeds in a Malagasy site compared to a South 

African site. As for secondary dispersal by rodents, a predator 

exclosure experiment by Dausmann et al. (2008) showed that up 

to 100 %  of the seeds were removed within seven days, mainly 

by native rodents. In addition, work by Goodman and Sterling 

(1996) showed that native Malagasy rodents cache seeds in 

their burrows, but the effects of caching on seed viability were 

not quantified. Studies of secondary dispersal can provide us 

better insights on the pattern of diversity and persistence of 

some plant species, especially those adapted for dispersal by 

extinct large-sized frugivores (Jansen et al. 2012). Much research 

is needed on this aspect in Malagasy forests.

EXTINCT SEED DISPERSERS AND THREATS TO SEED

DISPERSAL. Seed dispersal of Malagasy plants may be 

restricted due to the low diversity of available and effective dis-

persers, and may be at risk because of the pressures threaten-

ing disperser communities. Madagascar’s forests have already 

lost at least 34 large - sized endemic vertebrates, and the extant 

communities are vulnerable to anthropogenic and climate pres-

sures (Pedrono et al. 2013). The extinct megafauna could have 

been effective seed dispersers of many native plant species 

in Madagascar, especially large-seeded species (Crowley et 

al. 2011, Pedrono et al. 2013). Reconstruction and inference of 

diet in extinct lemur species demonstrate that most of them 

were consuming fruits (Godfrey et al. 1997) and were most likely 

the main primary seed dispersers of large-seeded native trees 

(Crowley et al. 2013). Also, the extinct large - bodied flightless 

bird of the genus Aepyornis could have been the main seed 

dispersers of the spiny fruits of Uncarina (Midgley and Illing 

2009). This endemic plant species has mature fruits with large 

grapple hooks not adapted for consumption by extant Malagasy 

vertebrates, but the hooks may adhere to the bird’s feet when 

mature fruits fall on ground (Midgley and Illing 2009). Extinct 

giant tortoises may have also been important seed dispersers 

in Madagascar. The Aldabra giant tortoise, currently found on 

the Aldabra Atoll (400 km north of Madagascar) is thought to 

be the same, or a subspecies of a giant tortoise now extinct 

in Madagascar. Hnatiuk (1978) reported that this species has a 

long gut-retention time and may have been responsible for the 

introduction of several Malagasy plant species on Aldabra Atoll 

as a result of transmarine migration from Madagascar. Thus, 

they may have been active seed dispersers when they inhabited 

Madagascar as well. A feeding experiment was recently done by 

Andriantsaralaza et al. (2014), in which Aldabra giant tortoises 

at Tsimbazaza zoo in Antananarivo, were fed with the fruits of a 

Malagasy endemic baobab species, which is thought to have no 

extant seed dispersers. Results supported that this extinct spe-

cies could have played important role as seed dispersers of this 

large-seeded plant species by defecating intact and viable seeds.

The decline or loss of dispersers in a community may 

alter seed dispersal mechanism and subsequent recruitment 

dynamics (e.g., Cordeiro and Howe 2003) leading to changes in 

plant community structure. In Madagascar, studies examining 

the impacts of the absence of dispersers on plant commu-

nities are limited. Work by Ganzhorn et al. (1999) in the dry 

forest of Kirindy shows that forest fragments without Eulemur 

rufifrons had fewer lemur - dispersed trees regenerating than 

fragments with lemurs, suggesting that forest regeneration in 

Kirindy depends on the presence of lemur dispersers. With a 

low diversity of frugivores and a lack of effective dispersers in 

certain areas (Bleher and Böhning-Gaese 2000), seed dispersal 

in Madagascar may be at risk, and Malagasy plant communities 

may be especially susceptible to failures in recruitment and/or 

regeneration. Moreover, the disappearance of large frugivores 
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in Malagasy ecosystems could also mean that plants formerly 

dispersed by megafauna in Madagascar, including large-seeded 

and seeds with thick husks, are at risk of dispersal limitation 

with low recruitment success.

CONCLUDING REMARKS AND FUTURE DIRECTIONS
As seed dispersal is crucial for the maintenance of natural forest 

ecosystems, conservation approaches should consider prioritiz-

ing the protection of both plant and animal species involved in 

this mechanism, and the management of ‘high - quality habitats’ 

that are favorable for seedling establishment at the community-

level (Farwig and Berens 2012). Approaches for the restoration of 

degraded and fragmented forests should also incorporate seed 

dispersal interactions. For example, the restoration of forest 

fragments in Masoala National Park by the Wildlife Conservation 

Society, which aimed in attracting seed dispersers to bring forest 

seed species into the fragments (Holloway 2000), was success-

ful in that regard as Varecia rubra were observed depositing 

seeds in the regenerating forests (Martinez and Razafindratsima 

2014). Increasing connectivity of forest fragments via corridors 

may also encourage the movement of dispersers between frag-

ments and thus enhance their regeneration.

Previous work on seed dispersal in Madagascar has contrib-

uted greatly to our understanding of the roles of frugivores 

as seed dispersers in Madagascar’s forests. However, more 

research is still needed. An important future direction for under-

standing the importance of frugivore - mediated seed dispersal 

is to address questions related to the ability of dispersers to 

replace each other in Malagasy forests given that ecosystem 

resilience can be mitigated if the extinction of one species could 

be offset by other species with equivalent ecological services 

(Walker 1995). Recent work by Pedrono et al. (2013) suggests 

that the introduction of frugivorous tortoises that are closely 

related to the extinct Malagasy giant tortoises could help in 

the restoration of the dispersal of large - seeded species that 

currently have no known effective dispersers. A similar intro-

duction project of the Aldabra giant tortoises to replace extinct 

tortoise species on the Mascarene island of Rodrigues has 

proven success restoring seed dispersal and removing exotic 

vegetation on the island (ibid).

Work addressing questions related to the disruption of 

plant - disperser interactions in Madagascar would also lead to 

a better understanding of the importance of seed dispersal in 

maintaining plant diversity in Malagasy forests. The long- and 

short-term impacts of low diversity of seed dispersers on plant 

communities have rarely been studied, and the repercussions 

are still unclear (but cf. Bleher and Böhning-Gaese 2000, 2001); 

however it has been suggested that the loss of frugivores from 

the ecosystem may have long - term impacts on future forest 

composition (cf. review in Farwig and Berens 2012).

Another important focus of future studies is to address ques-

tions related to understudied taxonomic and functional groups 

such as birds, nocturnal species, secondary dispersers and grani-

vores (i.e., seed - eating animals). Granivores, such as rodents, are 

often considered as seed predators since they forage on and 

masticate ripe seeds; however they can be effective secondary 

seed dispersers (Forget and Cuijpers 2008), and could maintain 

the dispersal of large - seeded plant species as they presumably 

can fill - in partially the role of extinct megafauna as seed dispers-

ers through scatter-hoarding of seeds (Jansen et al. 2012).

Future studies should also be expanded to other regions of 

Madagascar because the disperser communities we know so far 

were restricted to a small portion of the forested areas (Figure 

1). In addition, long - term studies need to be established and 

maintained to examine temporal variations in seed dispersal 

mechanisms and the dynamics of plant recruitment to better 

improve our understanding of the effects of dispersers on plant 

populations. We also need to examine plant recruitment at the 

habitat-level because we cannot make implicit assumptions of 

disperser effectiveness based solely on their ability to remove 

seeds away from parent trees and deposit intact and viable 

seeds. There are abiotic factors and biotic interactions in the 

environment that could influence the establishment success of 

deposited seeds depending on where seeds land.

The future research outlined here would form a more 

comprehensive framework necessary to understand and 

conserve the critical ecosystem service of seed dispersal by 

vertebrates in Madagascar. Based on the few published studies, 

it is clear that the topic area is ripe for further exploration. There 

is also an urgent need for inter-disciplinary researchers to form 

collaborative networks to explore mechanisms underlying the 

patterns of plant diversity in Madagascar, and predict patterns 

of plant demography and forest dynamics relative to the loss 

of dispersers.
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FIGURE 1. Location of sites in Madagascar where seed dispersal studies 
were conducted (shapefile source: REBIOMA project 2010).
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TABLE S1. List of known extant vertebrate species in Madagascar 

with fruits as an important diet item, and their potential roles as 

primary seed dispersers or predators.


