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ABSTRACT

Seed dispersal in plants promotes their regeneration. The frugivore
fauna of Madagascar is dominated by prosimians, but their importance
for seed dispersal has never been investigated. This study considers the
importance of the black lemur (Eulemur macaco) for seed dispersal of

rain forest trees in Lokobe Forest, Madagascar.

Black lemurs were observed eating the fruit of 70 species. Undamaged

seeds of 57 of these were found in their droppings.

The viability of samples of defecated seeds of 29 species was tested.
Some seeds of all species germinated and most samples had a high

percentage germination (mean = 73.1%).

For the two main vegetation types in Lokobe Forest, 67.4% and 77.5%

of trees in random samples were dispersed solely by black lemurs.

The black lemurs at Lokobe were highly frugivorous, spending on
average 78.0% of their monthly feeding time eating ripe fruit.
Compared to populations of other frugivorous primates, black lemurs at
Lokobe have high metabolic needs per hectare, suggesting that they eat
a relatively large amount of fruit, and swallow a relatively large quantity

of seeds, per unit area per year.

The proportion of swallowed seeds that black lemurs deposit below their
parent, fruiting conspecifics, other food sources and away from all food
sources was estimated for 16 species whose fruits were frequently
eaten during the day and four species whose fruits were frequently
eaten at night. During the day, for all but two species, only a small
proportion (< 15%) of seeds were deposited below their parent or
fruiting conspecifics, and for all species, a large proportion of seeds

(>45%) were deposited away from food sources. However, at night,



more seeds were deposited below their parent and fewer seeds

deposited while travelling.

Black lemurs generate heterogenous seed shadows. However, this is
true of all endochores, and compared to some species, black lemur’
activity is relatively dispersed, suggesting that they generate relatively

homogenous seed shadows.

Black lemurs usually deposited seeds away from the parent but within
150 m. Such dispersal distances are at the lower end of the range

reported for tropical endochores.

Many black lemur-dispersed species have fruit traits suggesting
evolution for dispersal by medium- to large-sized prosimians i.e. a dull

colour, thick husk and rather large size.

The study concludes that black lemurs are important seed dispersers in

Lokobe Forest.
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1. INTRODUCTION

In fleshy-fruited' plants, the processing of seeds’ by frugivores and
their dispersal away from the parent increases the probability that they
will reach maturity. Indeed, in the absence of dispersal by frugivores
some species may be unable to regenerate or regenerate only rarely and
in exceptional circumstances (e.g. see Temple, 1977; Ng, 1983; Howe,
1984; Alexandre, 1978; Janzen and Martin, 1982; Janzen, 1983a;
Dinerstein, 1988; Chapman et a/, 1992). There are several possible

reasons why dispersal increases the probability of regeneration.

First, close to the parent, seedlings are often abundant because of the
large number of undispersed seeds falling here, consequently inter-
sibling competition is high. Also seedlings at this location may face
strong competition from the parent. Away from the parent, there may
be locations where competition from other seedlings and mature plants

is relatively low (Janzen, 1971a; Janzen 1983a).

Secondly, close to the parent, the intensity of seed and seedling
predation from density-responsive and distance-responsive predators
may be higher than away from the parent (Janzen, 1970; Connell, 1971;
Janzen, 1971a; Janzen 1971b; Wilson and Janzen 1972; Janzen,
1983a; Janzen et a/, 1976; Howe and Smallwood, 1982; Howe 1984,
Clark and Clark, 1984; Augspurger, 1988; Casper, 1988). Density-
responsive predators are species whose predation intensity is related to
the density of seeds or seedlings. Close to the parent, seeds and
seedlings are often abundant because of undispersed seeds, therefore,
predation will be intense. Distance-responsive predators are species

whose intensity of predation is related to the distance from the parent.

' In this study the term "fruit" is defined ecologically as the seed
containing structure, irrespective of its morphological derivation.

2 In this study the term "seed" is defined as the unit of dispersal,
irrespective of its morphological derivation.
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These species feed on the parent, as well as seeds and seedlings, and
have limited powers of dispersal, therefore, seeds and seedlings close to

the parent are more likely to be attacked than those further away.

Thirdly, for species which specialise in colonising particular transitory
phases in primary or secondary vegetation successions, dispersal away
from the parent may be necessary to locate habitat suitable for
regeneration when, as the result of succession, it is no longer available
close to the parent (Howe and Smallwood, 1982; Howe, 1984,
Augspurger, 1988). Furthermore, even if sites suitable for regeneration
are equally frequent close to the parent and away from the parent, the
chance of at least one seed in a seed population locating such a site will
be greater the larger the area over which they are distributed (up to a
limit equal to the area at which no two seeds occupy the same potential

regeneration site).

Fourthly, seeds of some species do not germinate or rarely germinate
unless they pass through the frugivore (Rick and Bowman, 1961;
Temple, 1977; Chapman et a/, 1992). Passage through the frugivore
weakens the seed wall which allows the seedling to emerge or changes

its permeability which stimulates the embryo to germinate.

Fifthly, the seeds of some species die unless they are removed from
their fruit by a frugivore (Ng, 1983; Juillot, 1992).

Sixthly, the seed may be deposited by the frugivore into a habitat which
it has modified and consequently is particularly suitable for the
germination of the seed and its development to maturity (C.D. Pigott,

pers. comm.).
In addition, the dispersal of a seed may place it among potential mates

of dissimilar genotype (i.e. seed dispersal promotes gene flow - Grant,
1958; Levin and Kerster, 1974; Levin, 1979; Briggs and Walters, 1984)

15



which may lead to the increased vigour and greater evolutionary
potential of its descendants (Price and Waser, 1979; Briggs and Walters,
1984; Ralls et a/, 1986). However, matings between very dissimilar
individuals may disrupt favourable gene combinations and lead to a

decreased vigour among descendants (Price and Waser, 1979).

In most tropical rain forests, seed dispersal by fruit-eating animals (i.e.
zoochory) is dominant among the woody flora (e.g. see Keay, 1957;
Gentry, 1982; Foster, 1982a; Howe and Smallwood, 1982; Mabberley,
1983; Janson, 1983; Howe, 1984; Fleming et a/, 1987; Willson et al,
1989; Julliot, 1992). Important groups of seed dispersers include birds,
bats, primates, and large ground-dwelling animals such as elephants and
rhinos. The relative importance of these groups varies enormously
between communities e.g. in New Guinea and Australia the most
important seed dispersers of rain forest trees are birds (Pratt and Stiles,
1985; Fleming et al, 1987; Willson et a/, 1989); in Neotropical forests,
primates and/or birds (Hartshorn, 1978; Gentry, 1982; Terborgh, 1986),
in M’passa Forest, Gabon, primates (Gautier-Hion et a/, 1985); and in

the Tai Forest, Ivory Coast, elephants (Alexandre, 1978).

The frugivore fauna of Madagascar’s rain forests is dominated by
prosimians (see Table 1, Milon et a/, 1973; Fleming et a/, 1987).

Indeed, 15 prosimian species have recently become extinct from
Madagascar, and among these there may have been additional
frugivores (e.g. Archeolemur spp. and Pachylemur spp. - Richard and
Dewar, 1991). The dominance of prosimians in the frugivore fauna of
Madagascar’s rain forests suggests that they are important for seed
dispersal in this community (Richard and Dewar, 1991). However, apart
from the short and unpublished study by Dew (1991), this suggestion

has never been investigated.

In this study, the hypothesis will be tested that the black lemur (Eulemur

macaco) is an important seed disperser in Lokobe Forest, Nosy Be,

16



Madagascar. It will do this by:

a) describing the method of seed dispersal by black lemurs (Chapters 3
and 4);

b) establishing the proportion of the Lokobe’s trees, tree species and

tree biomass that is dispersed by black lemurs (Chapter 5);

c) comparing the quantity of seeds dispersed by the black lemur per unit
area per year with the quantity dispersed by populations of other tropical

frugivorous primates (Chapter 6);

d) establishing the quality of black lemur-seed dispersal in terms of: the
proportion of swallowed seeds that are deposited below their parent,
other conspecifics, food sources and elsewhere (Chapter 7 and 8); the
distribution of seeds deposited away from food sources (Chapter 9); and

the dispersal distance (Chapter 10);

e) providing evidence for fruit evolution for seed dispersal by prosimians
(Chapter 11).

Richard and Dewar (1991) stated that studies on the importance of
prosimians for seed dispersal in Madagascar were of high priority. More
generally, Wrangham et a/ (1994) drew attention to the lack of
information concerning the relative importance of frugivore species for
the regeneration of plant communities. Indeed, apart from their study
the only other detailed research on this subject are the studies of
Alexandre (1978) and Julliot (1992).
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Table 1.

Frugivore fauna of Madagascar’s rain forests

Scientific Name English Name Source

Primates:

Microcebus rufus Brown Mouse Lemur Martin, 1972

Microcebus murinus Grey Mouse Lemur Martin, 1972; Hladik et al, 1980

Cheirogaleus medius Fat-tailed Dwarf Lemur Petter, 1962; Hladik et al 1980

Cheirogaleus major Greater Dwarf Lemur Petter, 1962

Eulemur coronatus Crowned Lemur Wilson et al, 1989

Eulemur macaco Black Lemur Petter, 1962; Andrews, 1990; Colgquhoun, 1994;
This study

Eulemur rubriventer Red-bellied Lemur Dew, 1991; Dague and Petter, 1988
Overdorff, 1993

Eulemur fulvus Brown Lemur Dew, 1991; Overdorff, 1993

Varecia variegata Ruffed Lemur Dew, 1991; Simons-Morland (1991) in Richard
and Dewar, 1991; Rigamonti, 1993

Birds:

Trenon australis
Alectroenas madagascariensis

Coua serriana
Philepitta castanea

Philepitta schlegeli

Hypsipetes madagascariensis
Hartlaubius auratus

Bats:
Pteropus rufus
Eidolon helvum

Rousettus madagascariensis

Madagascar Green Pigeon
Madagascar Blue Pigeon

Red-breasted Coua
Velvet Asity
Schlegel’s Asity
Madagascar Bulbul
Madagascar Starling

Madagascar Flying Fox
Straw-coloured Fruit Bat

Rand, 1936; Langrand, 1990

Rand, 1936; Goodwin, 1983; Langrand, 1990;
pers. obs

Rand, 1936; Goodwin, 1983; Langrand, 1990
Rand, 1936; Langrand, 1990

Rand, 1936; Langrand, 1990

Rand, 1936; Langrand, 1990; pers. obs.
Langrand, 1990

Pijl, 1957

Pijl, 1957

Pijl, 1957

In the absence of detailed studies on the diet of most Malagasy animals, frugivores are defined as
species for which fruit is thought to constitute a major proportion of their annual diet.



2. MATERIALS
2.1. STUDY SITE
2.1.1. General

The study was conducted in the Réserve Naturelle Intégrale de Lokobe
on the island of Nosy Be, north-west Madagascar (Grid Ref. 13° 23'-
25'S, 48° 18'-20'E, see Figs. 1 and 2). Lokobe Reserve consists of 740
ha of primary lowland rain forest growing on the steep, boulder-strewn
slopes of a neogenous basalt hill (summit 430 m) which forms a
peninsula to the south east edge of the island (IUCN/UNEP/WWF, 1987)
(Fig. 3). The forest is surrounded on its south-east, south and west
sides by the sea, and on the remaining sides by a mosaic of secondary
forest, scrub, crop plantations and small villages. Nosy Be is about 12
km from the mainland. The sea between the two land masses is very

shallow (max. depth 20 m).

Humans have affected the ecology of Lokobe Forest in three main ways.
First, local people occasionally enter the reserve to exploit its timber.
The trees which are most frequently exploited are Chrysalidocarpus
madagascariensis, Neodypsis loucoubensis, Ravenala madagascariensis,
Diospyros clusiifolia and Canarium madagascariense. Consequently,
these species will have a lower than natural density. Secondly, humans
have inadvertently introduced alien species to the reserve most notably
the mango tree (Mangifera indica) and the black rat (Rattus rattus).
Thirdly, humans have destroyed all primary forest from the rest of the
island leaving Lokobe Forest as a small isolated relic. As a result of its
small size the Forest will have lost species of flora and fauna and
experienced a change in its local climate. The impact of these actions
on the ecology of Lokobe Forest is potentially considerable and the
results of this study must be viewed in their light. Nevertheless, Lokobe

Forest is the only primary rain forest containing black lemurs which is
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sufficiently close to support services to make a long term study feasible.

If the density of black lemurs in the two study groups (see Chapter 6) is
representative of their density in the forest as a whole, then Lokobe
Reserve contains about 1600 individuals. On the basis of their genetic
variation, B. Meier (pers. comm., 1993) concluded that black lemurs are
native to Nosy Be, having reached the island by means of a Pleistocene
land bridge. Lemurs are considered "fady" (unsuitable food for spiritual
reasons) for most people on Nosy Be and therefore are hunted only very

rarely.

The study site was located on the south side of the Forest (see Fig. 2).
This site was chosen because: a) it was considered far enough away
from the edge of the forest that resident black lemurs would not stray
outside the primary forest to exploit crop plantations; b) it was possible
to move around the area relatively easily (some parts of Lokobe massif
are strewn with huge boulders through which travel is impossible); c)
suitable moorage for the canoe was available close-by (the site was

reached by sea using a canoe).

To allow easy movement over the study site, a network of narrow, one-
person trails was cut. These trails together with the coastline and
streams were named, labelled at 10 m intervals (measured along the
ground) and mapped. The map was made by recording the bearing
(with a compass) and slope (with a clinometer and survey poles)
between consecutive labelled points. If the degree of slope was =9°,
the horizontal distance was calculated using trigonometry, if the degree
of slope was <9°, the horizontal distance was considered equal to the
distance along the ground i.e. 10 m. These measurements were plotted
on paper using a scale for distance of 1:1000. Fig. 2 shows the

resulting map.
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