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Abstract. Frugivorous vertebrates play a critical role as seed dispersers of many tropical fruiting plants. In Madagascar, lemurs
are the principal dispersers of fruit-bearing plants. This study aims to highlight the potential ecological role of the red-
ruffed lemur (Varecia rubra) in the regeneration of a degraded forest, based on the quantity and size of passed seeds, their
viability and germination, and seedling growth. In Masoala National Park, V. rubra groups were followed daily from dawn
to dusk to collect fresh fecal samples containing seeds. We determined seed viability by immersion, and created an on-site
nursery to compare the germination and growth of emerged seedlings from egested versus non-egested seeds. V. rubra
dispersed a diverse group of plant species with mainly large-sized seeds, which remained undamaged by gut passage. De-
fecated seeds were viable and had a higher germination success than control seeds. There was also increased growth among
seedlings of defecated seeds, suggesting V. rubra may play an important role in the regeneration of a degraded habitat

through seed dispersal.
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INTRODUCTION

Reforestation of degraded tropical rain forest might
be accomplished through a combination of planting
native trees (Leopold ez 4/ 2001, Camargo et al.
2002) and zoochory (Duncan & Chapman 2002,
Neilan ez al. 2006), which is the transport and dis-
semination of plant propagules by animals either
through their gut, on their fur, or with their mouth
(van der Pijl 1972, Wunderle Jr. 1997). Animal seed
dispersal is important for biodiversity maintenance,
especially in the tropics where more than 90% of
plants rely on dispersers (Jordano 2000, Bascompte
& Jordano 2007). Seed passage through animal di-
gestive tracts may enhance the germination probabil-
ities of seeds (Wunderle Jr. 1997, Stevenson et al.
2002, Linnebjerg et al. 2009, Chapman ez al. 2010),
or it may have a neutral effect on germination (Dew
& Wright 1998, Knogge ez al. 2003). Another ben-
efit of gut passage for seeds might be that they are
less likely to be infected by fungi (Spehn & Ganzhorn
2000), and emerged seedlings have an improved
competitive ability because of increased growth due
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to fertilizing effects of feces (Paulsen & Hogstedt
2002). Seed dispersal by vertebrates may be impor-
tant for the regeneration of degraded areas because
of an animal’s capacity to move seeds of fleshy fruits
beyond the canopy of the parent tree or to favorable
microhabitats (Murray ez al. 1988, Gorchov ez 4.
1993, Wunderle Jr. 1997, Duncan & Chapman
2002, Kaplin & Lambert 2002, Culot et 4l. 2010).
Seed shadows generated by animal seed dispersal are
heterogeneous, creating a more diverse distribution
of the plant population, and therefore plant species
richness is greater in habitat fragments that receive
zoochorously dispersed seeds (Janzen 1988, Redford
1992, Wunderle Jr. 1997, Cramer ez al. 2007).

In the face of increasing habitat loss and defores-
tation, a restoration project was established in 1997
in Masoala National Park in Madagascar, near a small
village called Ambatoledama, with the goal of attract-
ing vertebrate frugivore seed dispersers into the res-
toration site (Holloway 2000). This site is character-
ized as a “corridor” due to the narrow strip of forest,
about 1 km x 2.5 km wide, connecting two larger
parcels of mature rain forest within the Park. The
restoration project aims to transform former agricul-
tural plots in the corridor into forest by planting

15



RAZAFINDRATSIMA ET AL.

fruit-bearing trees that will lure frugivorous verte-
brates into the restored areas (Holloway 2000, Do-
kolahy 2004). The attractiveness to animals of a
particular habitat is partially based on food resource
availability, and therefore the more generalist frugi-
vores, such as lemurs, could increase the complexity
and diversity of a site through seed dispersal (Wun-
derle Jr. 1997, Berens ez al. 2008). The plan for the
restoration project was based on the knowledge that
some frugivorous lemurs are effective seed dispersers
(Scharfe & Schlund 1996, Dew & Wright 1998,
Overdorff & Strait 1998, Ganzhorn er 2/ 1999,
Birkinshaw 2001, Bollen ez 2. 2004, Lahann 2007)
and the two largest resident species in Masoala Na-
tional Park, the red-ruffed lemur Varecia rubra and
the white-fronted brown lemur Exlemur albifrons, are
highly frugivorous (Rigamonti 1993, Vasey 2000).
In degraded rain forests, it is important that the
contribution of frugivores to the regeneration of
primary forest is properly understood. This is espe-
cially of interest in the eastern humid evergreen rain
forest of Madagascar, where more than half of the
pre-colonization forest cover has been converted to
agriculture or otherwise degraded (Green & Sussman
1990). The genus Varecia is potentially an important
seed vector of rain forest plant species based on stud-
ies of black-and-white ruffed lemur V. variegara,
which dispersed mainly large-sized and intact seeds
with high germination success in both Ranomafana
National Park (Dew & Wright 1998, Overdorff &
Strait 1998) and Manombo forest (Moses and
Semple 2011). Previous studies of wild populations
of V. rubra recorded a high amount of time spent
feeding on fruits: 86% (Vasey 2000), 73.9% (Rigam-
onti 1993), and 50-88% (Martinez 2010). This
suggests that V 7ubra is a potential seed disperser of
a number of plant species. To understand the seed
dispersal potential of an animal species, it is necessary
to study both the diversity and viability of passed
seeds. A previous publication demonstrated greater
germination success of a select number of seed species
defecated by V. rubra (Razafindratsima & Razafima-
hatratra 2010). Here, we describe the characteristics
of seeds passed by V. rubra, the effect of gut passage
on seed viability and germination using an expanded
sample size, and the effect of gut passage on the
growth and survival of seedlings. This is important
baseline information to determine whether V. rubra
contributes to the regeneration of a degraded rain
forest at Ambatoledama. We tested the following
hypotheses: (1) like V. variegata, V. rubra is predicted

16

to disperse mainly large-sized seeds; (2) seeds, regard-
less of size, remain intact and viable after being passed
through the gut of V. rubra, and (3) lemur-gut pas-
sage has a beneficial effect on plant reproductive
success by increasing seed germinability and short-
term seedling growth.

MATERIAL AND METHODS

Study site and species. The Ambatoledama corridor
connects two blocks of forest in Masoala National
Park, which is located in northeastern Madagascar
(between 15°16’S, 50°0’E and 15°17’S, 50° 01’E;
Fig. 1). The vegetation at Ambatoledama is dense
evergreen rain forest situated at an elevation of 300
to 700 m, with an annual rainfall of 2200 t07000
mm, relative humidity above 80%, and an average
annual temperature range of 21 to 24°C (Hatchwell
1999).

Varecia rubra is a diurnal species of the family
Lemuridae, endemic to Masoala Peninsula and clas-
sified as “Endangered” (Andrainarivo ez @/ 2008,
Mittermeier et al. 2010). V. rubra is described as liv-
ing in communities with a fission-fusion social orga-
nization, which includes consorting for extended
periods of time in small core groups (Vasey 20006).
During the study seasons at Ambatoledama, we ob-
served V. rubra ranging within core groups of two to
six individuals (Table 1). We collected behavioral
observations during November 2006 — January 2007
and August — November 2007 on three core groups
of V. rubra. The core groups of V. rubra were habitu-
ated from August to October 2006. In order to locate
and follow lemurs for daily observations, we fitted
four adult females and one adult male with a Telon-
ics brand (Mesa, Arizona, USA) MOD-205 VHF
radio-collar. Dr. Edward Louis, DVM (Henry Dorly
Zo0o, Omaha, Nebraska, USA) and his team con-
ducted the immobilization and capture of the lemurs.
Lemurs were immobilized via an injection of 10 mg/
kg body weight of Telazol”® (tiletamine hydrochloride
and zolazepam hydrochloride) using a CO,-powered
Dan Inject dart gun. These procedures were approved
by the University of Minnesota’s committee on ani-
mal care and use (IACUC), protocol number
0603A83626, and the Malagasy Ministry of the En-

vironment, Water, and Forests.

Fecal sample and seed collection. Radio-collared ani-
mals in each core group were followed daily for 3-6
days per week from dawn to dusk. While following
the core groups, we attempted to collect all fresh
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FIG. 1. Study site location, near Ambatoledama in Masoala National Park, Madagascar.

fecal samples that fell to the ground from all indi-
viduals in the core group. In the analysis, samples
from the same core group that were defecated within
a short time period (< 1 min) were grouped as a
single sample. We extracted seeds by filtering feces
through a 1-mm mesh sieve per Stevenson (2000).
Local research guides and a trained parataxonomist
familiar with the Masoala flora identified the seeds.
We counted the defecated or “passed” seeds, and
measured their length and width using calipers. Ex-
tracted seeds were classified as either damaged or
intact. Seeds were considered “damaged” if there were
visible injuries including bite marks, other scars, or
seed destruction; all other seeds were classified as

“intact.” Seeds less than 1 mm could not be retained
by the sieve thus were not quantified, but their pres-
ence was noted. Sample size information is detailed

in Table 2.
Seed viability and seedling growth. Passed seeds were

removed from collected feces, and control seeds were
extracted manually by removing the pulp from ripe
fruits collected throughout the site and from multiple
trees. We recognize that there is likely variation in the
nutritional content of fruits, and possibly the quality
of seeds consumed by lemurs versus fruits we se-
lected to extract seeds for the control in this study
differ (Chapman ez a/. 2003, Kunz & Linsenmair
2008), but we assume that detectable differences in
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TABLE 1. Composition of groups of V. rubra studied in Ambatoledama.

2006 Adults Infants Other

Piste 19,18 3

) 19,14 4

P 19,18 2 1 juvenile ¢ born before 2006
2007 Adults Infants Other

Piste 19,18 0 2 juveniles

1] 19, died in 2007 Not observed

JP 29,18 0 2 juveniles

TABLE 2. Summary of fecal and seed sample sizes in this study.

Total fecal samples collected in 2006 & 2007 862
Fecal samples containing seeds in 2006 & 2007 776
Fecal samples containing seeds >1mm in length in 2006 & 2007 corrected for 569
samples collected within <1min in a core group
Passed Control
Total seeds extracted from 569 fecal samples (>1mm in length) 2110 -
Total seeds used for viability test 905 923
Total seeds used in germination trials 417 428

germination are due to the seed being passed or not.
We only used seeds collected from feces and trees
from November 2006 to January 2007 for the seed
viability and growth trials (Table 2). We employed
two methods to determine seed viability after passing
though the digestive tract of V. rubra. The first
method tested seed viability by flotation in water;
seeds that sank in a bucket of water were considered
“viable” since they have a specific density heavier than
water when viable, while empty, dead-filled or insect-
damaged seeds usually float (Simak 1973, Demelash
et al. 2003, Dokolahy 2004). Seeds that were deter-
mined “viable” in this first method were planted in
the nursery for the second method, which consisted
of planting both passed and control seeds in an out-
door nursery located about 50m from the edge of the
forest corridor at Ambatoledama. The nursery was
situated in secondary forest under an open canopy
adjacent to the restoration project nursery. We
planted nearly the same number of seeds for the
passed and control seed treatments per plant species.

Following the nursery protocol of the restoration
project, seeds were placed on top of the soil and
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covered with a 1-mm layer of river sand to avoid
insect predation and maintain a constant tempera-
ture. We monitored the following parameters once a
month until the end of fieldwork in September 2007:
germination, seedling growth in height (cm) mea-
sured as the length of the stem from the ground to
apical sprout, and seedling survival (noted as dead,
alive, or stressed). All observable signs of seedling
damage were classified as “stressed”. We define ger-
mination success in this study as a binomial variable:
seeds either germinated over the entire study period
or not. The analysis of seedling growth included
only those species with emerging seedlings in both
treatments and nearly equal sample sizes for statistical
comparison.

Statistical analysis. We performed our statistical
analysis using JMP 9 (SAS Institute Inc.). We tested
the differences in seed size between taxa using a one-
way ANOVA. In order to assess whether there is a
relationship between seed size and physiological treat-
ment (seeds damaged or intact), we performed a
Mann-Whitney U-test. Contingency tables with Chi-
squared tests were used to test seed viability and



germination, and seedling mortality between passed
and control seeds and between taxa (Chaves ez al.
2011). We acknowledge that the passed seeds are not
independent observations, thus violating an assump-
tion of a Chi-squared test and our results might not
hold in a truly random sample of seeds. However, we
assume that variation between the digestive tracts of
individual lemurs is minimal compared with the ef-
fect of passing through a digestive tract versus not.
We used univariate repeated measures to compare the
performance of seedling growth between the treat-
ments with respect to height over time. Finally, a
Student’s t-test tested individual pairwise compari-
sons (within species) of least-square means of seedling

height.

RESULTS

Characteristics of dispersed seeds. From the three
groups we collected 776 fecal samples containing
seeds over 108 observation days. On average, four
seed-containing fecal samples per day per core group
were collected, ranging from one to 18 defecations.
We extracted 2110 seeds with a length greater than
1 mm and an average of four individual seeds
(greater than 1 mm) per sample. Based on the fecal
samples we managed to collect, we estimated that V/
rubra core groups dispersed a mean of 16 seeds per
day (four seeds per feces multiplied by four defeca-
tions per day). A fraction of the collected feces did
not contain seeds but instead contained only fleshy
fruit, leaves, or fecal liquid (See Table 2).

Disseminated seeds belonged to 38 taxa in 15
families, but eight passed seed species could not be
identified while two were only identified by their
vernacular names. One to four different seed taxa
were extracted per feces. In the two study seasons,
the most abundant large-seeded species found in the
fecal samples were both from the family Clusiaceae:
in 2007 Calophyllum sp. and in 2006 Garcinia ver-
rucosa (Table 3).

Excluding seeds less than 1 mm in length, V/
rubra dispersed seeds with a mean length of 21.5 mm
(sd =9.2, range = 1.3 to 54.6, n = 2110) and a mean
width of 13.7 mm (sd = 4.5, range = 0.7 t0 29.8, n
= 2110). The largest defecated seed taxon was repre-
sented by a liana in the family Cucurbitaceae, Ampe-
losicyos humblotii, which measured on average 48.0
mm in length and 24.7 in width. Results demon-
strated that 85% of collected seeds had a length
greater than 10 mm (n = 2110) and 76% had a width
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greater than 10 mm (n = 2110). Seed size varied
significantly across seed species (width: F = 203.08,
p < 0.0001; length: F = 366.16, p < 0.0001).

Quality of dispersed seeds. Ninety-eight percent of
seeds dispersed by V. rubra remained intact after gut
passage, sometimes with fruit pulp still attached, and
2% of passed seeds were slightly damaged. Only one
passed G. verrucosa seed was observed partially bitten.
There were few scars on the defecated seeds. Seed size
did not influence the physiological treatment (where
status = damaged or intact) through the gut passage
(Mann-Whitney U-test; length vs. status: Z = -1.288,
p = n.s.; width vs. status: Z = -0.221, p = n.s.). Im-
mersion tests demonstrated that passed seeds were
significantly more viable (95%) than control seeds
(78%) (¢* = 104.65, p < 0.0001). In the nursery, the
germinability of passed seeds (68%) was higher than
that of control seeds (50%) (x> = 28.02, p < 0.001).
For detailed accounts of germination success for a
sample of the plant species see Razafindratsima &
Razafimahatratra (2010). Seed germination differed
significantly between plant taxa (x* = 154.03, p <
0.001).

Seedling growth and survival. Emerged seedlings from
defecated seeds showed better growth performance
over time than control seeds with regard to seedling
height (F = 12.93, p < 0.0001; Table 4). Likewise,
the mortality (the percentage of dead seedlings rela-
tive to the quantity of emerged seedlings) was sig-
nificantly higher in the control group than in the
passed seeds (%2 = 8.661, p < 0.001). Few seedlings
within either treatment showed signs of stress, which
was characterized by withered leaves, stained leaves
or herbivory (6% for passed seeds and 4% for control
seeds, Figure 2).

m germinated
m dead

@ stressed

passed

control

FIG. 2. Proportion of dead and stressed seedlings that
emerged from passed and control seeds relative to the
percentage of germinated seeds in either treatment.
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TABLE 3. Seeds defecated by V. 7ubra in Ambatoledama forest corridor, Masoala National Park, 2006 and
2007. Seeds identified only by vernacular names are in parentheses; the asterisk (*) signifies that hundreds of
seeds less than 1 mm in length were extracted but were not measured.

#seeds  mean width  mean length

Family Genus and species extracted (mm) (mm)
Annonaceae Ambavia capuronii 4 18.5 23.4
Polyalthia sp. 4 11.6 17.9
Arecaceae Dypsis sp. 1 3 13.9 24.4
Dypsis sp.2 20 7.9 11.6
Burseraceae Canarium madagascariensis 1 21.0 33.3
Protium madagascariensis or Canarium boivinianum 2 16.7 12.5
Clusiaceae Callophyllum milvum 663 13.4 21.8
Garcinia aphanophlebia 40 6.7 10.3
Garcinia verrucosa 414 19.3 32.0
Combretaceae Terminalia ombrophila 1 18.0 27.2
Cucurbitaceae Ampelosicyos humblotii 18 24.7 48.0
Euphorbiaceae Tannodia sp. 1 24.2 20.2
Uapaca silvestris 84 11.8 20.7
Uapaca sp. 9 8.6 15.8
(Vahegny) 5 5.3 12.7
Lauraceae Aspidostemon sp. or Cryptocarya sp. 26 19.7 30.3
Cryptrocarya sp. 188 12.2 18.2
Cryptocarya peirvillei or Ravensara acuminate 4 16.7 29.4
Ocotea sp. 5 12.0 20.6
Ocotea sp. or Potameia velutina 18 15.3 25.0
Potameia sp. 73 13.7 21.5
Moraceae Ficus sp. *
Myrtaceae Eugenia cloiselii 356 8.2 9.7
Syzygium parkeri 34 12.3 10.5
Oleaceae Noronhia grandifolia 11 16.8 29.5
Noronhia ovalifolia 2 18.4 30.0
Pandanaceae Pandanus sp. 30 14.6 38.6
Pandanus odoratissimus 24 16.5 32.2
Rubiaceae Canthium boivinianum 13 15.4 26.0
Gaertnera sp. 5 9.1 17.4
Pyrostria sp. or Hyperacanthus sp. 11 5.0 6.0
Sapindaceae Allophyllus cobbe 3 19.1 22.1
Macphersonia madagascariensis 3 19.0 18.2
Sapotaceae Faucherea glutinosa 2 13.2 30.3
Faucherea parvifolia 4 13.6 20.4
Mimusops lecontei 13 15.6 27.0
Sideroxylon sp. 10 17.9 12.9
N/A (Ramangitrika) 2 16.4 23.6
Unidentified species (08) 11
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TABLE 4. Mean seedling height after seven months of monitoring.

Mean height (cm)
Months after sowing

Seed Species Treatment 1 2 3 4 5 6 7 p-value

Cryptocarya sp. Control 3.87 547 586 7.4 794 772 <0.0001
Passed 734 812 837 859 9.08 9.10 9.60

Eugenia cloiselii Control 227 399 432 468 514 615 898 <0.0001
Passed 864 890 929 953 999 1050

Gaertnera sp. Control 370 570 590 686 7.60 838 0.85
Passed 0.00 0.00 0.00 0.00 0.00 8.00

Garcinia verrucosa Control 027 413 667 723 781 838 775 0.06
Passed 259 453 613 631 670 729 839

Macphersonia madagascariensis  Control 3.88 418 455 450 7.00 800 0.18
Passed 3.67 367 373 383 393 4.00

Noronhia grandifolia Control 10.92 1474 15.67 16.60 17.79 18.41 19.25 0.62
Passed 12.82 1549 1596 1631 16.89 17.57 19.85

Potameia sp. Control 0.00 465 867 879 9.04 10.09 10.64 <0.0001
Passed 6.75 9.06 11.74 11.88 12.11 12.49 13.06

Sideroxylon sp. Control 733 787 827 935 11.08 11.73 0.25
Passed 7.67 828 9.01 9.56 10.63 11.63

Uapaca silvestris Control 0.61 269 395 469 561 629 635 070
Passed 270  3.16 344 422 543 538 7.73

DISCUSSION

Vertebrate seed dispersal effectiveness is determined
by quantity and quality (Schupp 1993, Kaplin &
Moermond 1998, Kaplin & Lambert 2002). Disper-
sal quantity is defined by the amount of seeds defe-
cated, the diversity of taxa dispersed, the proportion
of large seeds, the dispersal distance, and the reten-
tion time of seeds (Schupp 1993). Dispersal quality
refers to the physiological treatment of seeds while in
dispersers’: mouths and digestive tracts, and the
growth conditions at deposition sites. In this study,
dispersal quality was determined by seed viability
after being processed in the gut of V. rubra and ger-
mination success compared with control seeds plant-
ed in a nursery that mimics forest-gap deposition sites
under an open canopy. A mean of 16 seeds per day
was dispersed by V. rubra core groups and 76% of
the seed taxa dispersed during this study season were

large-sized, which included seeds over 10 mm in
length (per size classes in Traveset & Verdd 2002). It
is noteworthy that V. rubra aids in the dispersal of
large-sized seeds since they are less likely to be carried
by wind away from the parent tree (Wunderle Jr.
1997). Other rain forest lemur species also disperse
large-sized and intact seeds (Table 5).

The majority of seed taxa passed by V. rubra re-
mained intact and viable. The immersion test may
provide a rough measure of viability, but the germina-
tion experiment shows whether seeds were viable or
not. This analysis using a larger sample size supports
the earlier publication by Razafindratsima & Razaf-
imahatratra (2010) that defecated seeds had a higher
germination success than control seeds. Emerged
seedlings from passed seeds show better growth per-
formance than seedlings from control seeds. Growth
can have important consequences for early seedling
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TABLE 5. Published accounts of seed dispersal by lemur species. The categories of seed sizes follow
Traveset & Verdua (2002): large > 10 mm, medium 5-10 mm, small < 5 mm.

Percent Mfean d# # Seed Maiori I Germinati
fruit of seeds species ajority Intact Germination References
X Lo passed per seed size  seeds success
Species in diet day defecated
E. fulvus 80.6% - 9 large 81.8% 60% Dew & Wright (1998)
E. macaco - - 57 large - 37% Birkinshaw (2001)
E. rubriventer 66.8% - 7 large 63.6% 80% Dew & Wright (1998)
P diadema 30% - 2 small 15.4% 0% Dew & Wright (1998)
V. rubra 50-88%T 20 46 large 98% 61% This study
V. variegata 70.8%* 9 14 & 40% large 77.8% 66.6% Dew & Wright (1998)

tMartinez (2010), *White (1991), $Moses and Semple (2011)

competition. For example, increased seedling growth
is advantageous for plant reproductive success be-
cause of the improved competitive ability among
seedlings (Paulsen and Hogstedt 2002). Similar to
some other vertebrate-dispersed plants, species in our
study may require or benefit from a chemical scarring
process inside the lemur gut for rapid and successful
germination (McKey 1975).

The persistence of lemurs at Ambatoledama de-
pends on a forest that contains the necessary re-
sources and, conversely, forest regeneration depends
on seed dispersers. Thus the conservation of V. rubra
is of key importance for an effective regeneration
program at Ambatoledama. V. rubra is an endemic
and endangered species in Masoala National Park,
and potentially an important actor in the corridor
regeneration. V. rubra is an obligate frugivore (Vasey
1997a) and the genus Varecia is susceptible to forest
disturbance (Balko & Underwood 2005). However,
VI rubra was observed spending time feeding and
resting in the regenerating forest patches at Amba-
toledama, which are characterized by an open cano-
py, a mixture of pioneer species, and young interior
forest trees (Martinez 2010). Like the majority of
Malagasy vertebrates, V. rubra is threatened by an-
thropogenic pressures such as the destruction of their
habitat for fuel-wood harvesting and local slash-and-
burn agriculture known as “zmwy” (Vasey 1997b,
Hekkala ez 2. 2007, Dunham et 2/. 2008). Decrease
in the population size or extinction of this species
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would affect the diversity and demography of the
vegetation in the Masoala rain forest, as observed in
other forests where frugivorous vertebrates have gone
extinct (Redford 1992, Chapman & Onderdonk
1998, Ganzhorn et al. 1999, Bascompte & Jordano
2007, Babweteera & Brown 2009). As V. rubra is the
largest-bodied frugivore in Masoala (Vasey 2004),
seed dispersal by this species is important because
they are highly mobile and can therefore contribute
to the connecting of rain forest fragments (Bas-
compte & Jordano 2007).

The effectiveness of seed dispersal can be evalu-
ated not only by the diversity and viability of dis-
persed seeds but also by the seed fate after deposition,
which is influenced by many factors, including: the
physiological and chemical treatment in the digestive
tract (Dew & Wright 1998, Stevenson ez al. 2002,
Knogge et al. 2003, Linnebjerg ez 4l. 2009, Chapman
et al. 2010), the microhabitat at the site of deposition
(Schupp 1988, Wehncke & Dalling 2005), and
secondary seed dispersers (Bleher & Bohning-Gaese
2001). Although we found improved seed germina-
tion and seedling growth with passed seeds, recruit-
ment and survival of seeds in their natural habitat
may be limited by competition with faster-growing
exotic species (Hooper et al. 2005, Styger et al. 2007)
or other existing native vegetation (Teegalapalli ez al.
2010), but more detailed studies are needed in the
rain forests of Madagascar. Abiotic factors like slope,
aspect, and soil type will also influence germination



and recruitment (Holl 1999, Duncan & Chapman
2002). Ambatoledama is characterized by a rough
and rocky terrain with steep slopes averaging 37°
(range: 21°-58°) (Razafindratsima, unpublished da-
ta), and the steep slopes probably affect the successful
recruitment of seed and seedling establishment since
some seeds can roll downhill. In addition, frequent
soil erosion is possible because of the steep terrain.
Ambatoledama receives 2200-7000 mm of rainfall
per year and is subject to violent cyclones (Hatchwell
1999, Ratsisetraina 2006). Run-off during heavy
rainfall can cause seeds to wash away from deposition
sites. Seed predation by insects and rodents is an-
other factor that affects the fate of passed seeds
(Wehncke & Dalling 2005). There are presumably a
large number of natural predators of seeds in Maso-
ala National Park, but much research is still needed.
Finally, in order to better understand the role of fruit-
cating Malagasy vertebrates in maintaining the rain
forest ecosystem, we encourage further research on

all aspects of seed dispersal.
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