THE IMPORTANCE OF THE BLACK LEMUR, EULEMUR MACACO
(LEMURIDAE, PRIMATES), FOR SEED DISPERSAL IN LOKOBE
FOREST, MADAGASCAR

CHRISTOPHER ROBERT BIRKINSHAW
Ecology and Conservation Unit, University College London

Thesis submitted for the degree of Doctor of Philosophy
1995

ProQuest Number: 10046032

All rights reserved
INFORMATION TO ALL USERS
The quality of this reproduction is dependent upon the quality of the copy submitted.
In the unlikely event that the author did not send a complete manuscript
and there are missing pages, these will be noted. Also, if material had to be removed,
a note will indicate the deletion.

uest.
ProQuest 10046032
Published by ProQuest LLC(2016). Copyright of the Dissertation is held by the Author.
All rights reserved.
This work is protected against unauthorized copying under Title 17, United States Code.
Microform Edition © ProQuest LLC.
ProQuest LLC
789 East Eisenhower Parkway
P.O. Box 1346
Ann Arbor, Ml 48106-1346

ACKNOWLEDGEMENTS
I would like to thank: Dr. F.B. Goldsmith, for supervision and
commenting on previous drafts of this manuscript; Dr. D.J. Mabberley,
for first stimulating my interest in rain forest ecology; Antilahimena
Patrice and Josephine Andrews, for data and assistance in the field; my
father and mother, for their support and assistance in data analysis; A.
Hassanaly and the Société Hassanaly, Nosy Be, for providing a field base
at Ampasindava; Laurie and Irene Boswell, for their support during my
field work; Missouri Botanical Garden (in particular Simon Malcomber
and George Schatz), for transporting and identifying herbarium
specimens; the staff of the Direction des Eaux et Forêts, Hell Ville,
Madagascar, for their assistance; Rosy Stock for technical assistance;
Bill Hamilton for advice on computers; Louise Barrett, Nilofer Ghaffar,
Nick Garner, Ruth Mace, Tim Shepherd and Rachael Stock for
commenting on previous drafts of the manuscript; Michael Golombok for
obtaining copies of papers; Catherine Julliot for providing a copy of her
doctoral thesis; the staff of Dunns Chemist, Bakewell for fund-raising;
the Royal Geographical Society, London for access to their map
collection; and John Rylands Library, Kew Herbarium Library and
Sheffield University Library for allowing access to their collections.
I am also grateful to the Ministère des Affaires Etrangères, Ministère de
l'Enseignement Supérieur, Ministère de la Recherche Scientifique et
Technologique pour le Développement and the Direction des Eaux et
Forêts for their authorization to conduct this study.
Financial support was provided by the National Geographic Society
(Grant No. 4644-91) and several air flights were provided by British
Airways Assisting Nature Conservation.
This research was carried out as part of the Black Lemur Forest Project.

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 fru it 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 tw o 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 m onthly 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 tw o 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
(> 4 5 % ) 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 at, 1992). There are several possible
reasons w hy 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. Aw ay 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, 1971 a; Janzen 1971b; Wilson and Janzen 1972; Janzen,
1983a; Janzen et at, 1976; Howe and Smallwood, 1982; Howe 1984;
Clark and Clark, 1984; Augspurger, 1988; Casper, 1988). Densityresponsive 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.
^ In this study the term "seed" is defined as the unit of dispersal,
irrespective of its morphological derivation.
14

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 tw o 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 at, 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 m aturity (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 flo w - 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 al, 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 at al, 1987; Willson at at,
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 at ai, 1989); in Neotropical forests,
primates and/or birds (Hartshorn, 1978; Gentry, 1982; Terborgh, 1986),
in M'passa Forest, Gabon, primates (Gautier-Hion at ai, 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 at at, 1973; Fleming at ai, 1987).
Indeed, 15 prosimian species have recently become extinct from
Madagascar, and among these there may have been additional
frugivores (e.g. Archaolamur spp. and Pachyiamur 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,
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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 w ith 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
Microcebus murinus
Cheiroaaleus medius
Cheiroaaleus manor
Eulemur coronatus
Eulemur macaco

Brown Mouse Lemur
Grey Mouse Lemur
Fat-tailed Dwarf Lemur
Greater Dwarf Lemur
Crowned Lemur
Black Lemur

Eulemur rubriventer

Red-bellied Lemur

Eulemur fulvus
Varecia varieaata

Brown Lemur
Ruffed Lemur

Martin, 1972
Martin, 1972; Hladik et a l . 1980
Petter, 1962; Hladik et al 1980
Petter, 1962
Wilson et a l . 1989
Petter, 1962; Andrews, 1990; Colquhoun, 1994;
This study
Dew, 1991; Dague and Petter, 1988
Overdorff, 1993
Dew, 1991; Overdorff, 1993
Dew, 1991; Simons-Morland (1991) in Richard
and Dewar, 1991; Rigamonti, 1993

Birds:
Trenon australis
Alectroenas madaaascariensis

Madagascar Green Pigeon
Madagascar Blue Pigeon

Coua serriana
Phileoitta castanea
Philepitta schleaeli
Hvpsioetes madaaascariensis
Hartlaubius auratus
Bats:
Pteropus rufus
Eidolon helvum
Rousettus madaaascariensis

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

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

Madagascar Flying Fox
Pijl, 1957
Straw-coloured Fruit Bat 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° 2 3 '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 (lUCN/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 tw o 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 w ill 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

19

sufficiently close to support services to make a long term study feasible.

If the density of black lemurs in the tw o 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 w ith 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, oneperson trails was cut. These trails together w ith 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 ilOOO. Fig. 2 shows the
resulting map.
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2.1.2. Climate

White (1983) provides a graph summarising climatological data for Nosy
Be collected over several years (21 years for temperature, 31 years for
rainfall). This shows that mean daily temperature varies little through
the year w ith a maximum of 28 °C in January and February and a
minimum of 23 °C in July and August. The absolute minimum
temperature recorded was 15

C. Mean total annual rainfall was 2356

mm. This has a distinctly seasonal distribution w ith most falling
between November and May.

During the study the daily precipitation and maximum and minimum
temperature were recorded at a weather station close to the study site.
Fig. 4 summarises these data. This is in accord w ith the climate
described in White (1983). The total rainfall for 1992 was 2287 mm.
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2.1.3. Flora

The flora of Madagascar's rain forests is as diverse as any in the world
(Gentry, 1982). In particular, Malagasy rain forests are much richer per
unit area than those of Africa (Richards, 1973).

Lokobe Forest is classified as East Malagasy primary lowland rain forest
(Sambirano domain) (White, 1983). Appendix I gives a comprehensive
list of plant species recorded in Lokobe Reserve during the study. The
most frequent trees, shrubs and herbs are shown} in Table 2. The
classification of Madagascar's flora is far from complete, and modern,
comprehensive, taxonomic accounts have been published for relatively
few taxa. Therefore, herbarium specimens were made of unknown
plants which could then be identified by experts at a later date.
Material was collected and prepared using methods given in Liesner
(1986) and Forman and Bridson (1989). As an aid to identification each
specimen was photographed when fresh, prior to pressing. Material was
either dried immediately over a propane or charcoal heat source or
pressed for 24 hours between folders of newspaper, tied in bundles w ith
other specimens, placed in heavy duty plastic bags and drenched in
70% ethanol, until it could be conveniently dried (this is the
"Schweinfurth" method). In total 244 collections were made by me
(bearing the prefix "CB" prior to the collection number) and over 300 by
my assistant Antilahimena Patrice (bearing the prefix "AP") . These
collections are now held at Missouri Botanical Garden, St. Louis (MO)
and Parc Tsimbazaza, Antananarivo (TAN). Currently, many of the
specimens have only been partially identified (i.e. to family or genus).

In contrast to the lowland rain forest in East Madagascar, Lokobe Forest
contains few epiphytes and tree ferns, and no dwarf palms. Luxuriant
stands of bryophytes and film y ferns are restricted to the shaded
boulders in humid ravines. The abundance of canopy palms has been
reduced because of exploitation by local people, but they remain quite
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frequent. Locally, there are dense groves of Pandanus
androcephalanthos.

Table 2.

Frequent trees, shrubs and herbs in Lokobe Reserve

Trees:
Annonaceae
Apocynaceae
Arecaceae
Burseraceae
Chrysobalanaceae
Clusiaceae
Ebenaceae
Euphorbiaceae
Fabaceae
Lauraceae
Loganiaceae
Moraceae

Sapotaceae
Sterculiaceae
Shrubs:
Apocynaceae
Flacourtiaceae

Isolona madagascariensis
Poh/atthia sp.
Pandaca crassifoUa
Chrysalidocarpus madagascariensis
Canarium madagascariense
Protium madagascariense
Grangeria porosa
Garcinia verucosa
Diospyros ciusiifoiia
Drypetes coriifoiia
Uapaca iouveii
Parkia madagascariensis
Piptadenia perviiiei
Cryptocarya sp.
Strychnos sp.
Streblus dimepate
Streblus mauritianus
Trophis montana
Chrysophyllum boiviniana
Chrysophyllum sp.
Sterculia perrieri

Menispermiaceae
Pandanceae
Rubiaceae
Violaceae

- Cabucula erythrocarpa
- Aphioia theifornais
- Prockiopsis hiidebrandtii
- Burasaia madagascariensis
- Pandanus androcephaianthos
- Gaertnera sp.
- Rinorea sp.

Cyperaceae

- Scleria spp.

Herbs:
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2.1.4. Vegetation structure

Three main types of vegetation can be recognised in Lokobe Reserve.
Their distribution reflects the topography of Lokobe massif. The slopes
support a species-rich forest, the ridges support a species-poor forest
dominated by the stilt-rooted Uapaca louveli, and the rocky ravines
support a vegetation dominated by shrubs and liana w ith only occasional
trees. For the most part, this study was conducted in the Slope Forest.

The Slope Forest lacks any clear stratification and there are no
emergents. The tallest trees attain 30 m in height. Richards (1983)
divided the vertical plane of rainforests into tw o zones: euphotic (i.e. the
canopy of the forest where tree crowns are exposed to sunlight) and
oligophotic (the understorey where, apart from sun flecks, received light
is that transmitted through leaves). In the mature phase (sensu
Whitmore, 1984) Slope Forest the plane between these tw o zones
undulates around 15 m above the ground. Fig. 5 shows the appearance
of the vegetation w ithin the forest.

The density of various size trees, saplings and shrubs in the Slope Forest
is given in Table 3. The density of all trees was estimated from counts
made in four 0.125 ha (i.e. 62.5 x 20 m) quadrats. The density of
saplings, shrubs and liana was estimated from sixteen 4 m^ quadrats.
The quadrats were located randomly along the trail network using
random numbers. By multiplication the density of trees (trunk dbh > 1 0
cm) is 594 individuals per ha. This is at the top of the range of tree
density in lowland neotropical rain forests as reported by Gentry (1982).

Generally, the forest floor is leaf litter w ith frequent tree seedlings and
occasional ferns and grasses but locally there are dense stands of Salaria
spp.
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Table 3.

Density of various classes of woody plant in Lokobe
Reserve

Class of plant

Number per 0 .1 2 5 ha
( ± 95% confid. limits)

All trees (trunk dbh > 1 0 cm)
Large tree (trunk dbh > 3 0 cm)
Medium tree (trunk dbh > 2 0 - < 3 0 cm)
Small tree (trunk dbh > 1 0 - < 2 0 cm)

7 4 .2 5 ± 15.9
4 4 .8 ± 9.6
15.3 ± 1.0
15.3 ± 5.3

Number per 4 m'
Large sapling (trunk dbh ^ 5 - < 1 0 cm)
Small sapling (trunk dbh < 5 cm but taller than 0 .5 m)
Shrub
Large liana ( > 2 cm diam.)
Medium liana (^ 1 - < 2 cm diam.)
Small liana ( > 0 . 5 - 1 cm diam)

0 .7
6 .8
2.5
0 .6
0 .6
1.9

±
±
±
±
±
±

0 .3
3.3
1.4
0 .4
0 .5
1.0

2.1.5. Phenology

In tropical rain forests, leaf flushing, flowering and fruiting are distinctly
seasonal, being related primarily to the seasonality of rainfall (Whitmore,
1984). In Lokobe Forest the pattern of leaf flushing, flowering and
fruiting was described for the Slope Forest and the Ridge Forest. Each
month, 278 trees in the Slope Forest and 250 trees in the Ridge Forest
were observed (with Zeiss 8 x 30 binoculars) and a note made of
whether or not they had: a) young leaves, b) flowers, and c) mature
fruit. These samples were all trees w ith trunk dbh > 1 0 cm which could
be seen clearly within four randomly placed 0.125 ha plots in the Slope
Forest, and three 0.125 ha plots in the Ridge Forest. The trees in the
Slope Forest were observed between November 1991 and March 1993,
and the trees in the Ridge Forest were observed between November
1991 and October 1992. The phenology of the Ridge Forest was
monitored for a shorter period because the study groups rarely entered
this vegetation and more time was required for other research.

Fig. 6 shows the proportion (as a percentage) of the sample of trees in
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the Slope Forest w ith young leaves, flowers, and mature fruit for each
month. During the year all three products showed striking fluctuations
in their abundance. Young leaves were most abundant between October
and January (i.e. end of dry season - middle of w et season); flowers
were most abundant between August and February (i.e. middle of dry
season - middle of w et season); and mature fru it were most abundant
between September and January (i.e. end of dry season - middle of w et
season). The abundance of all three products peaks in November (the
start of the w et season).

Fig. 7 shows the proportion (as a percentage) of the sample of trees in
the Ridge Forest w ith young leaves, flowers, and mature fruit for each
month. The fluctuations of all three products were more acute than in
the Slope Forest. This is because the flora of the Ridge Forest is
dominated by a single species {Uapaca louveli). Young leaves were
most abundant in January and February; flowers were most abundant in
January; and mature fru it were most abundant in November.
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2.2. BLACK LEMUR

2.2.1. Taxonomy and distribution

The current taxonomic position of the black lemur (Eulemur macaco)
w ithin the order Primates is as follows (Tattersall, 1982; Simons and
Rumpler, 1988):

Order:
Suborder:
Family:

Primates
Strepsirhini
Lemuridae

Subfamily: Lemurinae
Genus:

Eulemur

Species:

E. macaco

In addition to E. macaco, the genus Euiemur includes four other species:
E. mongoz, E. fuivus, E. coronatus, and E. rubriventer.

The species E. macaco includes tw o subspecies: E. macaco macaco and
£. macaco fiavifrons (sometimes referred to as Sclater's lemur).

E. macaco is restricted to a relatively small area in north-west
Madagascar, delimited to the north by Ambilobe, to the east by the
western slopes of the Tsaratanana Massif, to the south by Befotaka, and
to the west by Ampasindava peninsula and the island of Nosy Be
(Tattersall, 1982; Koenders et ai, 1985; Rabarivola et a! 1991; Ceska et
ai, 1992). E. macaco also inhabits the island of Nosy Komba but here it
is thought to be introduced (Ceska et ai, 1992; Arnaud et ai, 1992; B.
Meier, pers. comm., 1993). Within this area the black lemur largely
replaces the closely related brown lemur (Euiemur fuivus) although in the
Galoka Mountains and in Manongarivo Special Reserve the tw o species
co-exist (Tattersall, 1982; Andrews, 1990). E. m. fiavifrons occupies
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the south of this range, delimited in the north by the Andranomalaza
River, while E. m. macaco occupies the remainder of the range except
for a small area delimited on the w est by the Manongarivo River and to
the south by the Andranomalaza River where the tw o subspecies have
hybridized (Rabarivola et al, 1991).

Fig. 8 shows the general distribution of the tw o subspecies and the
approximate location of the hybridization zone. However, w ithin these
areas the populations are highly fragmented as the result of
deforestation and hunting. The lUCN have classified E. macaco macaco
as "vulnerable" and E. macaco fiavifrons, as "endangered" (Harcourt and
Thornback, 1990).
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Distribution of Eulemur macaco macaco and
E. m. fiavifrons and the location of the hybridization
zone between the two subspecies. Based on
information from Koenders et ai (1985), Rabarivola et
ai (1991 ), and Ceska et ai (1992).
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2.2.2. Habitat

The black lemur inhabits primary lowland evergreen rainforest and
mosaics of secondary lowland rainforest, crop plantations and timber
plantations (Andrews, 1990). It is not known whether they can survive
in the long term in habitats consisting solely of secondary rainforest,
solely of crop plantations, or solely of timber plantations.

2.2.3. Morphology

Black lemurs are almost sexually monomorphic, they are about the size
of a cat (Fig. 9), with a mean head and body length of 412 mm (range
380 - 450 mm, n = 8), a mean tail length of 550 mm (range 510 - 640
mm, n = 8), and a mean weight of 2.406 kg (range 2.000 - 2.860 kg, n
= 11) (Tattersall, 1982). However, black lemurs are strikingly sexually
dichromatic: the males are intense black; the females either light golden
brown, orange brown, or chestnut brown. E. macaco macaco has
ear/cheek-tufts (black in male, white or brown in female) and a yellow
iris while E. macaco fiavifrons lack ear tu fts and has a blue-green iris
(Koenders et a! 1985).
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Fig. 9

The black lemur {Eulemur macaco macaco), female on left, male on right.

2.2.4. Locomotion

Black lemurs are almost entirely arboreal (Fetter et at, 1977; Colquhoun,
1994; and pers. obs.). In Lokobe Forest, they rarely visited the ground
to drink at streams (particularly during the dry season when arboreal
water sources in tree hollows become dry), to feed on soil, fungi,
seaweed or fallen fruit, and to play. Adjacent to Lokobe Reserve, where
the forest is highly fragmented, black lemurs occasionally travelled on
the ground to reach isolated food trees. When on the ground, black
lemurs are nervous and move awkwardly, travelling where possible on
fallen logs and boulders.

Black lemurs move through trees easily, gracefully and, if necessary
(e.g. when defending their territory against an invading group),
extremely sw iftly (quicker than a human walking rapidly). Their hands
and feet are well-adapted to gripping branches having a big toe and
thumb opposed to the remaining digits. They travel most commonly by
quadrupedal diagonal couplets at walking or running gait w ith their long
tail acting as an aid to balance. This method of locomotion is used to
travel along thick and thin, horizontal and oblique branches. Other
methods of locomotion (as described by Fetter, 1962; Colquhoun, 1994,
and from pers. obs) include:

- leaping between branches or between separated tree crowns
(horizontal distances of up to 5 m);

- reaching across narrow gaps between tree crowns w ith their arms
while retaining footholds, grasping branches on the opposite side of the
gap so that a bridge is briefly formed, and then releasing the footholds
and pulling the body across the gap;

- hanging from branches by their feet, grasping a lower branch w ith their
hands and then releasing their feet to join the hands on the lower
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branch;

- ascending or descending branchless trunks by shuffling w ith
successive advances of their tw o legs and tw o arms "lumberjack style";

- clambering through networks of branches by alternatively grasping
w ith diagonal couplets (as a human would climb up a ladder); and

- clinging on the vertical stems of saplings at a low level in the forest,
pushing o ff w ith their feet and releasing their hands simultaneously,
tw isting their bodies around in the air, and landing feet-first on an
adjacent vertical stem (so called "vertical clinging and leaping").

Pereira et a! (1988), w ith reference to Varecia variegata, describes these
methods of locomotion in detail.

2.2.5. Society

Black lemurs usually live in mixed-sex groups. Several authors have
estimated the number of individuals per group (Fetter, 1962; Jolly,
1966; Andrews, 1990; Colquhoun, 1994, and this study). These
estimates are summarised in Table 4. The smallest group reported was
tw o individuals (Andrews, 1990), the largest was 15 individuals (Fetter,
1962). The mean group size estimated from the combined data in these
studies is 7.70 (s.d. = 2.45, n = 53). However, mean group size is
significantly smaller in primary forest (x = 6.39, s.d. = 1.99, n = 27)
compared to mosaics of secondary forest, crop plantations and timber
plantations (x = 9.02, s.d. = 2.16, n = 26) (t = 4.63, d.f. = 51, p <
0 . 0 0 1 ).

Fetter (1962) and Jolly (1966) suggested that black lemur populations
may show a biased sex ratio in favour of males. This was disputed by
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Andrews (1990), Colquhoun (1994) and Schaik and Kappeler (1993),
and is not supported by the observations made during this study
(percentage of females in the 9 groups observed in Lokobe w ith 95%
confidence limits = 45% + /- 13.1, total number of individuals = 55).

Table 4.

Mean number of individuals in black lemur groups at
various locations

Location

H ab itat

X (S .D .)

n.

R eference

Lokobe

Primary rainforest

6 .1 7 (1.58)
8 .5 0 (1.91)
5 .5 0 (2.39)

9
4
8

This study
Jolly, 1966
Andrews, 1990

Manongarivo

Primary rainforest

6 .5 0 (1.22)

6

Andrews, 1990

Ambato

Secondary moist
forest and crops

8 .8 0 (1.30)
9 .8 8 (2.59)

5
4

Andrews, 1990
Colquhoun, 1994

Nosy Komba

Crops and
secondary forest

9 .8 8 (2.03)

9

Petter, 1962

Benavony

Timber plantations
secondary moist
forest and crops

7 .7 5 (2.19)

8

Andrews, 1990

Richard et a! (1993) reported that in Propithecus verreauxi at Beza
Mahafaly, females generally remained in the natal home range while
males dispersed. Home range boundaries remained relatively stable,
although occasionally new groups formed by fission. This type of
society also seems to apply to the black lemur (Colquhoun, 1993; and
pers. obs.). In Lokobe, the tw o adult females in M Group (Madonna and
Dullard) have remained in the same territory since the study began in
November 1991 (i.e. 3.5 years at the time of writing). Over this period
there has been a slow turnover in cohabiting males.

In Lokobe Forest parturition is from the end of August to September.
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This coincides with the start of the period when ripe fru it is abundant
(see Subsection 2.1.5.).

Black lemur groups are territorial (Petter, 1962; Colquhoun, 1994; pers.
obs.). Nevertheless the home ranges of neighbouring groups overlap
considerably and at some times of the year, groups frequently forage in
neighbouring territories (Colquhoun, 1994 and pers. obs.). In order to
quantify the exclusivity of M Group's territory to M Group, a note was
made of whether M Group or another group was seen first w ithin M
Group's territory at the start of each of a sample of study periods (n =
111). In 85 of the study periods M Group was the first group
encountered (= 76.6% of the sample).

This social system (varying in the degree of home range overlap both
between species and populations of the same species) seems to be
typical for species in the families Lemuridae and Indriidae (Richard,
1974; Pollock, 1979; Mertl-Millholen, 1988) and is also recorded for
many higher primate species (Cheney, 1987).

In Lokobe Forest, territories are generally defended vigorously. As soon
as the home group detects an invasion, they rush noisily to the site of
the incursion where they alarm, swish their tails back and forth, and
crash onto branches close to invading animals. Sometimes, animals
from the home group lunge at an invader, but physical contact is rare
and on no occasion did obvious injury result from intergroup disputes.
Generally, the invading group flees back over the territorial boundary
but, occasionally they stay in place and remain very quiet and, if
undetected, continue their progress into the territory once the home
group has withdrawn.

If a territory contains a large food source at a time of relative food
shortage in neighbouring territories, it may be invaded repeatedly by
neighbouring groups trying to exploit this resource. In this circumstance
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the home group lessens its attempts at territorial defence and allows the
alien groups to feed, at a distance, in relative peace. However, the
home group and invading group were never observed feeding in the
same tree together. Groups show a similar mutual tolerance when
feeding together in mango plantations around the edge of Lokobe
Reserve.

2.2.6. A ctivity Pattern

Black lemurs show a cathemeral activity pattern i.e. they may be active
during any hour of the day or night. The relative activity during the day
and night varies through the year. These variations are described in
Chapter 6. A cathemeral activity pattern is typical of Eulemur species
(Harrington, 1975; Sussman, 1975; Overdorff, 1988; Engqvist and
Richard, 1991; Richard and Dewar, 1991; Schaik and Kappeler, 1993).

In order to describe the changes in black lemur activity during the day,
tw o groups were habituated (see Subsection 2.2.9) and observed for
838 hours. During each observation period a focal animal was selected
and its activity recorded every 5 minutes. It was classified as "active"
when feeding or travelling, and "inactive" when resting. The results of
these observations are shown in Fig. 10a. A ctivity was greatest during
the hour before dusk and least in the hours between 8.00 - 9.00 and
12.00 - 16.00. Sussman (1979) reports a very similar activity pattern
for Euiemur fuivus at Antserananomby and Tongobato.

Similarly, to describe the changes in black lemur activity during the
night, the habituated groups were observed for 471 hours at night. A t
night, it was not possible to monitor a focal animal, but as the group
remained relatively coherent, it was possible to record whether the
group as a whole were active or inactive during 5 minute intervals from
auditory clues. The results of these observations are shown in Fig. 10b.
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The level of nocturnal activity was highest just after dusk and just before
dawn.
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Fig. 10

Level of black lemur activity during a) the day and b) the night.
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2.2.7. Diet

Several authors have commented on the black lemur diet. Petter (1962)
observed black lemurs on Nosy Komba eat fru it (in particular fru it of
crop plants), leaves, nectar, flowers and soil but never young birds or
insects. Andrews (1990) lists several species (mainly crop plants)
whose fruit or leaves are eaten by black lemurs. Colquhoun (1994)
reports that on Nosy Faly Peninsula the black lemur diet is dominated by
fruit during the w et season but by leaves, flowers and nectar during the
dry season. He also observed black lemurs eat fungi and millipedes. In
Lokobe Forest, the black lemur diet (estimated by time spent feeding on
various types of food) is dominated by fruit during the whole year, but
between April and August (i.e. end of the w e t season - middle of dry
season) leaves also make a significant contribution to the diet (see
Chapter 6 for details). This period corresponds to the time when mature
fruits have their lowest abundance in Lokobe Forest (see Subsection
2.1.5.). Other types of food eaten occasionally and opportunistically
included nectar, flowers, insects (cicada and frog hoppers), homopteran
honeydew, soil, seaweed {Thalassodendrum ciliatum) and, on one
occasion, an old bird's nest.

2.2.8. Feeding Behaviour

In order to describe the proportion of feeding time spent at different
levels in the forest during the day and night, tw o lemur groups were
habituated (see Subsection 2.2.9) and every five minutes during 838
hours of day-time observations and 471 hours of night-time observation
the activity of a focal animal (during the day) and group (during the
night) was recorded. A ctivity was classified as feeding, resting or
travelling (for further details see Chapter 6). Whenever they were
recorded as feeding, a note was made of the level in the forest at which
they fed. Table 5 shows the distribution of total feeding time (in terms
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of the proportion of total Feeding Records) between the various levels
during the day and during the night. During the day, more time was
spent feeding in the understorey compared to the canopy; during the
night, this bias was reversed.

Table 5.

Distribution of Feeding Records (as % of total) between the
various levels in Lokobe Forest during the day and night.

Canopy

Understorey

Shrub

Ground

Height

>15m

>2-<15m

>0 - <2 m

Day
Night

3 8 .9
8 4 .8

59.1
15.2

1.6

0 .4

0.0

0.0

Cm

2 ,2 5 0
1 ,214

Overdorff (1988) reported the same contrast in day and night feeding
heights for the red-bellied lemur, Eulemur rubriventer. There are five
possible explanations for this pattern. First, during the day, the canopy
may be uncomfortably hot. Secondly, during the day, lemurs feeding in
the canopy may feel at risk from aerial predators (there are no nocturnal
aerial predators) (this was O verdorff's preferred explanation).

Thirdly,

Euiemur lack adaptations for acute night vision (Pariente, 1975;
Tattersall, 1982; Richard and Dewar, 1991) therefore, during the night,
feeding in the moonlit canopy may be easier than in the dark
understorey. Fourthly, at night, travel may be difficult for Euiemur
because of their imperfect night vision, therefore they may reduce the
necessity for travel by feeding on large food sources which will tend to
be canopy species. Fifthly, w ith respect to the black lemur, one of the
exploited resources is confined to the canopy and are only available at
night i.e. the nectar of Parkia madagascariensis flowers. However, this
resource is not sufficiently important to explain entirely the observed
day/night contrast in feeding heights. Both temperature and risk of
46

predation have been suggested as possible influences on the feeding
behaviour of other primates. Clutton-Brock (1973) suggested that red
colobus (Colobus badius) at Gombe avoided feeding in the canopy at
midday because of the high temperatures here at this time of day.
Gautier-Hion e fa /(1 9 8 1 ) suggested that the moustached monkey
{Cercopithecus cephus) limits foraging in habitats w ith a relatively open
understorey to times of low light to reduce the risk of attack from birds
of prey.

In Lokobe Forest, black lemurs exploit both large food sources (e.g. the
huge, simultaneously ripening fruit crops of Plagioscyphus sp. trees) and
small food sources (such as a single liana fru it or a mouthful of young
leaves plucked from a shrub). The number of individuals feeding
together is dynamic and reflects the size of the food source being
exploited: one or tw o feed on a small food source, the whole group may
feed together on a large food source.

Usually, members of the group

follow different routes searching for small food sources, but they move
in the same general direction, remain in contact and come together
when they reach known, large food patches (a similar foraging strategy
has been reported for gibbon species (Raemaekers, 1979; Gittins and
Raemaekers, 1980; Gittins, 1982)). However, sometimes the group
moves coherently, rapidly and purposefully between food sources.
When few , large food sources are available (e.g. during some months of
the dry season), individuals sometimes spend a few hours foraging alone
and apparently out of contact w ith the rest of the group but, because
the territory has a small area, group fission is very ephemeral.

Like most Malagasy prosimians, mature black lemur females are
dominant over the males (Young et al, 1990), and always have feeding
priority (Colquhoun, 1994 and pers. obs.). Rarely, black lemurs defend
food resources from exploitation by other animals. In particular, black
lemurs have been seen to lunge at fruit bats trying to feed on the nectar
or fru it of Parkia madagascariensis (pers. obs.) and bulbuls feeding on

47

the fruit of Streblus dimepate (P. Antilahimena, pers. comm., 1994).

The black lemur is an acrobatic and versatile animal which is able to
reach food whatever its location. For example:

- hanging upside-down from its hind legs it reaches Parkia
madagascariensis fruits which dangle below branches on long
peduncles;

- legs and arms hugging the trunk it shuffles up or down the trunk
I to reach the cauliflorous fruits of Tambourissa sp. and Ficus
coccuiifera)

- stretching out from a firm hand and foothold it reaches the finest
fruit-bearing branches;

- leaping distances of several metres it reaches the fruits in the
isolated crowns of Pandanus androcephaianthos (these cannot
be reached from below because of a barrier of long, tough,
prickly, overlapping, strap-shaped leaves) (Petter, 1962; J.
Andrews, pers. comm.; Colquhoun, 1994; and pers. obs.); and

- walking on the ground to reach isolated food sources and rarely
fallen fruit and seaweed.

Black lemurs have a wide repertoire of feeding methods, different
methods being used w ith different types of fru it (see Table 6). During
feeding the mouth and hands are used in several distinctive ways: the
mouth is used to pluck fruit, to carry fruit, to break open thick husks, to
peel away thin but unpalatable skins, and to gnaw fru it flesh; and the
hands are used to draw fruit bearing branches towards the mouth, to
carry fruit, to prize apart partially opened husks, and to manipulate fruit
and seeds in the jaws. However, hands are very rarely used to pluck
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fruit.

It is difficult to imagine any type of fru it on which the black lemur

would be unable to feed except perhaps one w ith an exceedingly hard
husk.

2.2.9. Lemur habituation

Two black lemur groups were habituated to human presence: M Group,
the main study group; and H Group, a group from which some
comparative data were collected. This was done by keeping in close
contact w ith the group for several hours each day, for several
consecutive days. Habituation was rapid: initially, the group alarmed
incessantly and would attempt to move away but, after 3 days of
contact, they alarmed only briefly at the start of an observation period;
and, after 7 days, they were unconcerned and uninterested by my
presence, even when I was within a few metres of them. During the
study M Group became so habituated that group members would play
on the ground by my feet and on tw o occasions juveniles licked my
fingers (for salt?). The study animals were never fed.
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Table 6.

cn

The feeding methods employed by black lemurs to eat different types of fruit

Fruit Type

Example

Feeding Method

Small, thin-husked

Terminalia calophvlla

bring fruit towards mouth by bending the fruit-bearing twig with hand > sniff fruit to check for
ripeness > pluck fruit by holding in mouth and jerking back the head) chew > swallow seed(s), flesh
and husk

Small, thick-husked

Mendoncia flaaellaris

bring fruit towards mouth by bending fruit-bearing twig with hand > sniff fruit to check for ripeness
> pluck fruit with mouth > chew, separating husk from flesh and seed with tongue > spit out husk or
pick it out of mouth using fingers > swallow seed and flesh

Large, multi-seeded, thin-husked

Tambourissa sp.

sniff fruits to check for ripeness > bite chunks off fruit > swallow seed, flesh and husk

Large, thick-husked

Diospyros clusiifolia

sniff to check for ripeness >pluck with mouth > carry to secure feeding position mouth or hand >
break open the husk using theside of the mouth > extract seeds with mouth and swallow together with
their coating of adherent flesh > lick and drop empty fragments of husk

Huge, firmly-attached, thick-husked

Landolohia sp.

sniff to check for ripeness >break open husk in situ using side of thick husked fruit mouth (Parkia
pods are sometimes prized apart using the hands and snout) > extract seeds with mouth and swallow
together with their coating of adherent flesh > lick and drop fragments of husk

Large, single-seeded, thin-husked

Canarium madaoascariense sniff to check for ripeness > pluck with mouth > carry to secure feeding position in hand or mouth >
(if the husk is unpalatable this is stripped off with teeth and spat out] > manipulate fruit in mouth
nibbling off much of flesh > swallow seed with a little flesh attached

3. METHOD OF SEED DISPERSAL

3.1. INTRODUCTION

A frugivore is a seed disperser for a particular species if, after eating its
fruit, the seed is, at least sometimes, left in a viable condition away from
the parent plant. A frugivore which always chews or digests the seeds
of a species, consumes its fru it when immature, or drops or spits the
seed below the parent tree, is not a seed disperser for that species.

Many primate species have been shown to be seed dispersers (see
Tables 7 and 8). They disperse seeds by tw o main methods: a)
swallowing them whole and defecating them undamaged away from the
parent (endozoochory); and b) carrying fru it away from the parent in
their mouth to another location where the flesh is eaten and the seed
spat out (synzoochory). Table 7 lists species which are endochores;
they include apes. New World primates and prosimians. These species
rarely carry fru it away from the parent tree in their mouth. Table 8 lists
species which are synchores; these species are all Cercopithecines (a
group characterised by cheek pouches for carrying food).
Cercopithecines also disperse small seeds by swallowing them and
defecating them in a viable condition (Lieberman et al, 1979; GautierHion, 1984; Corlett and Lucas, 1990). In addition, some primates (e.g
the orang-utan, Galdikas, 1982) occasionally disperse seeds by carrying
fru it in their hand to eat at a location away from the parent tree.

This chapter describes the method of seed dispersal by black lemurs.
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Table 7.

Primate species which commonly swallow seeds whole and
defecate them in a viable condition.

Species

Source

E. fulvus
E. rubriventer
Varecia variegata
Sanguinus fuscicollis
S. geoffroyi
S. mystax
Cebus albifrons
C. apella
C. capucinus

D e w ,1991
Dew, 1991
D e w ,1991
Garber, 1986
Hladik and Hladik, 1969
Garber, 1986
Terborgh, 1983
Terborgh, 1983
Hladik and Hladik, 1969
Rowell and Mitchell, 1991
Chapman, 1989
Estrada and Coates-Estrada, 1986;
Hladik and Hladik, 1969;
Chapman, 1989
Julliot, 1992;
Mittermeier and van Roosmalen, 1981
Klein and Klein, 1977;
Chapman, 1989;
Hladik and Hladik, 1969;
Muskin and Fischgrund, 1981;
Mittermeier and van Roosmalen, 1981;
White, 1986
Lieberman at al, 1979
Gittins, 1982;
W hitten, 1982a
Tutin and Fernandez, 1985;
Tutin at al, 1991
Rodman, 1977; Galdikas, 1982
Takasaki and Uehara, 1984
Wrangham at al, 1994
Idani, 1986

Alouatta palliata

A. seniculus
Ateles species

Papio cynocephalus
Hylobates species
Gorilla gorilla gorilla
Pongo pygmaeus
Pan troglodytes
Pan paniscus
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Table 8.

Primate species which commonly carry fruit in their mouth
away from the parent plant.

Species
Cercopithecus cephus
C. nic titans
C. pogonias
C. aibigena
C. neglectus
C. mitis
C. ascanius
I Macaca fascicularis

Source
Gautier-Hion, 1980;
Gautier-Hion, 1984
Gautier-Hion, 1980;
Gautier-Hion, 1984
Gautier-Hion, 1980;
Gautier-Hion, 1984
Gautier-Hion, 1984
Gautier-Hion, 1984
Rowell and Mitchell, 1991
Rowell and Mitchell, 1991
Corlett and Lucas, 1990

3.2. METHODS

Two lemur groups were habituated and observed for a total of 838
daytime hours spread over 18 months. Whenever a group member was
seen feeding on fruit, the species was identified and a note made of the
m aturity of the fruit and how the seeds were treated i.e. whether they
were chewed, spat out, swallowed, or dropped. It was assumed that
when immature fruits were eaten the seeds were effectively destroyed
because either, they were insufficiently protected from the rigours of
consumption and digestion, or their embryo was too immature to
germinate. Black lemur droppings were examined frequently and any
damaged or whole seeds they contained were identified.

To test whether seed remained viable after passage through black
lemurs, samples of defecated seed were sown for a number of species.
Samples of seed, collected from fresh ripe fruits, were also sown.
These acted as controls to test whether low percentage germination of
the defecated seed samples may have been caused by factors other than
the passage through the lemur (e.g. unsuitable conditions for
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germination, long seed dormancy or seed predation). For some species
the control is lacking because fresh, ripe fru it were not easily available.

The defecated seeds were collected from fresh black lemur droppings
and washed in water (to remove faecal material which might attract
seed predators). The control seeds were separated from the fruit flesh
by hand and washed. The samples were examined carefully and seeds
showing signs of predation were rejected.

The seeds were sown, their

own w idth deep, in pots of a 1:1 mixture of fine sand (collected from a
freshwater stream) and loam (from earthworm casts). The pots were
sunk in a bed of sand in large, shaded (with muslin) plastic trays. The
compost was kept moist but not allowed to become water-logged. As
the seedlings appeared they were counted and removed. It was
assumed that the number of seedlings which appeared above the soil
was equal to the number of seeds which had germinated. Samples
were discarded once all the seeds had germinated or when there had
been a lapse in germination of six months (i.e. the curve of the graph,
"time since sowing" versus "number of germinations" had flattened).
However, even after a six month lapse in germination, it is possible that
viable but dormant seeds remained (particularly if any of the species
produced seed populations showing episodic germination) and this
method would have been improved by checking the compost for whole
seeds prior to discarding the sample.

3.3. RESULTS

The black lemurs were seen eating the fru it of 70 different species.
These are listed in Appendix IV. The seeds of these fruit were treated in
various ways. These treatments are discussed here and summarised in
Table 9. Generally, the treatment given to the seeds of a particular
species was consistent. However, seeds of Cassine sp. were sometimes
swallowed whole and sometimes spat and the fruits of Ficus
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soroceoides, Gaertnera sp. and the legume CB88 were eaten both when
ripe and unripe. In addition, young lemurs spat or dropped some large
seeds which were swallowed by mature animals. Fig. 11 shows a
selection of species whose seeds were treated in different ways by the
black lemur.

Table 9.

Number of species whose seed were treated in various
ways by black lemurs.

Treatment

No. species

Generally swallowed and defecated whole
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Always dropped

2

Always eaten when immature

3

Always chewed

1

Sometimes swallowed, sometimes spat

1

Sometimes eaten when mature, sometimes when immature

2

Unknown

7
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Fig. 11

Fruits of a selection of species whose seeds are treated in various ways by black lemurs

a. N e o d y p s is lo u c o u b e n s is

- s ee d s w a llo w e d a nd d e fe c a te d w h o le

b. C as s in e sp.

- s ee d fre q u e n tly s p a t

c . T e rm in a lia c a ta p p a

- fle s h g n a w e d o ff fr u it a nd s eed

(N .B . d ro p p in g fu ll o f s e e d s on righ t)

d ro p p e d
d . H e ritie ra litto ra lis

- fr u it e a te n w h e n im m a tu re

e . C B 8 8 (F a b a c e a e )

- b o th m a tu re and im m a tu re seed s
c h e w e d (N .B . pod o p e n e d by le m u rs on
rig h t)

Seed unharmed: swallowed whole and defecated in a viable condition.

Whole, apparently undamaged seeds of 57 of the 70 species whose fruit
the group had been seen to eat, were found in black lemur droppings.
Seeds of a further 10 species of unknown identity (i.e. from species
whose fruit the lemurs were not seen eating) were also recovered.
Seeds of a few species appeared to be swallowed whole but were not
found in droppings. However, the fruits of these species were rarely
eaten and the presence of their seeds in droppings could easily have
been overlooked. These species are classified as "seed treatment
unknown" in Table 9.

Black lemur digestion seems to be relatively

gentle and the testa of defecated seeds remained hard and intact, often
w ith pieces of pericarp still attached. There is a striking difference
between leaf fragments defecated by the black lemur and lepilemur, the
former are large, moist and green (i.e. poorly digested), the latter, small,
dry and brown (i.e. well digested). W ith the exception of the seeds of
the legume CB88, chewed and partially digested seeds were recovered
from black lemur droppings only very rarely. Fig. 11a shows a black
lemur dropping containing seeds.

Samples of faecal seed were sown for 29 species, 19 of which had
controls. The results of these trials are shown in Table 10. Some
germination occurred in all of the faecal seed samples and the majority
had a high percentage germination. Faecal seed samples from only six
species had less than 50% germination but for all except one of these,
the control samples also had a low percentage germination. The mean
and median percentage germination per species for defecated seed are
73.1% and 80% respectively.

Germination occurred in all but tw o of the controls showing that passage
through a frugivore is not a prerequisite for germination. The tw o
species w ith no germination in the control, had a low percentage
germination in the defecated sample too. A comparison (using Chi-
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square tests) of the germination success of the defecated and control
seeds showed no significant difference for any of the species except
Streblus mauritianus.

However, as the seed samples were small, minor

differences in viability or dormancy caused by these treatments would
not be detected. The percentage germination of S. mauritianus was
significantly greater in defecated compared to control seed samples (p <
0.05).

The widest and longest seeds swallowed by the black lemur were 1.8
cm (Diospyros clusiifolia) and 3.6 cm (API 63) respectively (see
Appendix VI).
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Table 10.

Percentage germination of samples of faecal and control
seeds.

Family and species
Anacardiaceae
Sorindeia madagascariensis
Apocynaceae
Landolphia sg.
Arecaceae
Chrysalidocarpus
madagascariensis
Neodypsis loucoubensis
Bignonlaceae
Coiea purpurascens
Burseraceae
Canarium madagascariense
Protium madagascariense
Combretaceae
Terminalia caiophyiia
Ebenaceae
Diospyros clusiifolia
Diospyros sg. (C^2^Q)
Diospyros sg. { C ^ 2 M )
Euphorbiaceae
Uapaca louveli
Leguminosae
Parkia madagascariensis
Loganiaceae
Strychnos madagascariensis
Mendonciaceae
Mendoncia flagellaris
Menispermiaceae
Burasaia iCB30\S0)
Strychnopsis thouarsii
Moraceae
F/cfys sp. (CB167)
Streblus dimepate
Streblus mauritianus *
TrecuUa sambiranensis
Trophis montana
Myrtaceae
CB96
Oleaceae
/Voro/7/?/a sp. (C B 75/99/13 8)
Rubiaceae
Breonia sp. (CB 59/67)
C B 98/196
Sapindaceae
Macphersonia madagascariensis
Tiliaceae
Grew/a sp. (CB76/97)
Vitaceae
C/sstvs sp. (CB128)

Faecal
% Germ.

n

75

4

100

4

53
44

Control
% Germ.

n

83

6

15
16

1
53

5
19

100

5

100

5

86
75

14
4

1

29

0

10

83
100
80

12
10
5

60

5

67

15

25

4

70

10

100

3

75

4

40

5

0

5

94
100

16
4

100
13

8
8

100
100
85
92
100

10
4
26
13
6

80
45
83
100

5
20
6
6

71

7

20

5

83

6

-

-

29
30

7
10

26
80

30
5

66

6

35

20

30

10

80

5

-

-

" d iffe r e n c e b e t w e e n % g e r m in a tio n o f d e fe c a te d s e e d s a n d c o n tr o l is s ig n ific a n t p < 0 . 0 5

59

Seed unharmed: spat out
There were no species whose seeds were always spat. However, the
seeds of Cassine sp. were frequently spat out (i.e. on 42% of occasions,
n = 55). The seed of this fruit is easy to separate from the flesh. Fig.
11b shows fru it of Cassine sp.

Seed unharmed: dropped
The black lemurs always drop the seeds of tw o species, Mangifera
indica and Terminalia catappa. Both these species have very large
seeds: T. catappa, mean length = 5.2 (s.d. = 0.42, n = 14), mean
w idth = 3.6 cm (s.d. = 0.27, n = 14); M. indica, mean length = 7.7
cm (s.d. = 0.61, n = 10) mean w idth = 3.3 cm (s.d. = 0.24, n = 10).
These are impossible for the lemur to swallow, therefore, once the flesh
has been gnawed away, the seed is dropped. The seeds are undamaged
by this treatment and are able to germinate. Fig. 11c shows T. catappa
seeds which have been cleaned of attached flesh and dropped by a
black lemur.

Seed destroyed: eaten when immature
The black lemurs ate only the immature fruit of one species, Heritiera
littoralis. This small tree grows next to the beach, at the edge of the
forest, and is adapted for sea dispersal by having large fruits w ith a
thick, spongy, buoyant pericarp. When young the pericarp is soft and
edible but becomes hard and tough as the fruit matures. When eating
the pericarp the black lemurs chewed or dropped the large, soft seeds.
Fruits of this species are shown in Fig. l i d .

In addition, the lemurs ate both immature and mature fruits of three
species. Ficus soroceoides, Gaertnera sp. and the unidentified legume
CB88.
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Seed destroyed: chewed
The lemurs always chewed the seeds of just one species, the legume
CB88. On no occasion were intact seeds of this species found in black
lemur droppings. These seeds were obtained from both mature and
immature fruits. Fruits of this species are shown in Fig. l i e .

Accidental chewing of seeds from other species was very rare.

3.4. DISCUSSION

3.4.1. Black lemurs as endochores

The seeds of the majority of species whose fru it were seen to be eaten
by black lemurs were generally swallowed whole and defecated
undamaged. A t least some defecated seeds from all tested species were
viable. Thus, assuming that black lemurs sometimes deposit these
seeds away from the parent tree (which is the case - see Chapters 7 and
8) this primate can be considered to be an endochore for the majority of
species whose fru it they eat.

Table 11 compares the dimensions of the largest seeds swallowed by
the black lemurs in this study and those reported for other endochore
primates. Taking into account the differences in size between these
primates, it seems that the black lemur is as well-adapted to swallow
large seeds as any of these other primates.

The percentage germination of samples of black lemur-defecated seed
was generally high, indeed, the average percentage germination per
species is the second highest to be reported from any study on seed
dispersal by primates (see Table 12). However, strictly, it is not possible
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to compare the results of these studies because of their different
experimental conditions.

For all but one species, the percentage germination of samples of seed
defecated by black lemurs was not significantly different from the
percentage germination of samples of control seeds collected from ripe
fruit. However, faecal seeds of one species, Streblus mauritianus had a
significantly higher percentage germination than control seeds. Several
primates have been shown to increase significantly the percentage
germination of seed samples they defecate compared to samples of
control seeds e.g. savanna baboons (Papio cynocephalus) - Lieberman et
ai (1979); mantled howler monkeys (Alouatta paiiiata) - Estrada and
Coates-Estrada (1986); brown howler monkeys (Alouatta fusca) Figueiredo (1993); and forest chimpanzees (Pan troglodytes) Wrangham et ai (1994). There are three possible explanations for this
difference.

First, passage of seeds through a frugivore may increase their viability
(i.e. ability to germinate) by softening the seed wall thereby allowing the
seedling to emerge. This has been reported for Lycopersicon
esculentum seeds after passage through the Galapagos tortoise (Rick
and Bowman, 1961); and Caivaria major seeds after passage through
the dodo (Temple, 1977).

Secondly, passage of seeds through frugivores can change their
dormancy characteristics while leaving their viability unchanged.
Several authors have observed that seeds defecated by various primates
germinate significantly faster than control seeds from fresh fru it (e.g.
Estrada and Coates-Estrada (1984), Lieberman and Lieberman (1986),
and Julliot (1992)). Indeed, in this study, faecal seeds of S. mauritianus
germinate significantly faster than control seeds (p < 0.05, using a Chisquare test). A reduction in the dormant period of the faecal seeds
compared to control seeds may result in higher percentage germination
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because either seeds w ith long dormancy are more likely to be predated
and succumb to disease than those which germinate rapidly or
germination tests of short duration may miss the germination of seeds
w ith long dormancy (this risk is particularly high for species which show
episodic germination of seed samples over long periods). However, it
cannot be assumed that a seed population in which a high percentage of
the seeds germinate rapidly is the most advantageous germination
pattern in time for a species (Janzen, 1983).

Thirdly, if the frugivore is a selective feeder, eating only the best fruits
(e.g. large, ripe and un-diseased), faecal seed samples may be of higher
quality, and consequently an improved percentage germination, than
control seed samples gathered by the less selective researcher.
Selective feeding by frugivores has been shown Manzur and Courtney
(1984) and Julliot (1992).

Experiments to differentiate between these three possible causes of
relative high percentage germination of samples of faecal compared to
control seeds must be carefully designed. In particular, to differentiate
between increased viability and decreased predation (as a result of
quicker germination) as the cause of the higher percentage germination
of defecated seed samples compared to control seed samples,
germination tests would have to be conducted in sterile conditions for a
long period.

When fruits are not processed by frugivores their seeds are trapped
w ithin the fruit. Eventually, these seeds w ill be released by the activity
of invertebrates and microbes. However, by this time, the seeds of
some species may be dead, killed by predators or conditions in the fruit,
or victim s of their own short dormancy. Among the black lemur
dispersed species in Lokobe Forest, the seeds of species w ith thickhusked fruits usually die unless the fru it is eaten by a black lemur. For
such species, the black lemur may be necessary for regeneration. Ng
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(1983) lists several species whose seeds are unable to germinate
w ithout separation from the rest of the fruit.

3.4.2. Black lemurs as synchores

For tw o species, Mangifera indica and Terminalia catappa, black lemurs
very rarely acted as synchores. Normally, they waste the seeds of these
species by dropping them below their parent once they have gnawed
away the flesh. However, rarely they carried the fruits in their hand or
mouth, out of the parent tree. This behaviour occurred either when the
group moved off before an individual had finished feeding or when one
animal wanted to stop another from stealing its fruit.

3.4.3. Black lemurs as seed predators and wasters

The black lemur predated or wasted the seeds of 9.2% of the species
whose fru it were eaten (n = 70). It is probably usual for primates
which disperse many species, to predate or waste the seeds of a few
species too. For example:

- in a sample of species (sample size unspecified) whose fru it were
exploited by Pongo pygmaeus, the seeds of 71 % were dispersed and
29% predated (Galdikas, 1982);

- in a sample of 20 species whose fru it were exploited by Ateies
paniscus, the seeds of 85% were dispersed and the seeds of 15% were
dropped (White, 1986);

- in a sample of 75 species whose fruits were exploited by Gorilla gorilla
gorilla, the seeds of 87% were normally dispersed and 13% were
normally predated or wasted (Tutin et ai, 1991);
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- in a sample of 97 species whose fru it was exploited by Alouatta
seniculus, the seeds of 89% were dispersed and 11% were predated or
wasted (Julliot, 1992); and

- 81.3% and 78.4% of observations of fru it feeding by Ateles paniscus
and Cebus apeiia respectively concerned species whose seeds are
dispersed and 3.3% and 11.4% concerned species whose seeds are
predated (Mittermeier and van Roosmalen, 1981)

Several of the species whose seeds are predated or wasted by the black
lemur are either: aliens (i.e. Mangifera indica) or have their main
populations in habitats disliked by black lemur (i.e. Heritiera iittoraiis,
Cassine sp. and Terminalia catappa which grow mainly in coastal scrub
and mangrove). Perhaps, these plants have evolved neither to reduce
the availability of their fru it to the black lemur or to promote dispersal by
this frugivore because they have had relatively little contact w ith this
species. Alternatively, fruits may remain open to predation or waste by
a frugivore when the selective pressures exerted by the frugivore on
heritable fru it traits are counteracted by pressures exerted by other
facets of the environment (Wheelwright and Orians, 1982; Herrera,
1985). Several of the species whose seeds were predated or wasted by
the black lemur appeared to be adapted for bird-dispersal, having small,
brightly-coloured fruits (i.e. Cassine sp., Gaertnera sp., CB88). It is
possible that evolution of these fruits to reduce waste by lemurs would
reduce their desirability to birds and therefore has been resisted.
However, bird and black lemur seed dispersal are not necessarily
mutually exclusive as a few plants seem to be dispersed by both taxa
e.g. Protium madagascariense and Streblus dimepate.

The black lemur eats both the immature fru it and leaves of Ficus
soroceoides and the unidentified legume CB88. This provides support
for the hypothesis of Mackinnon and Mackinnon (1978), that the
chemical defences of the leaves and unripe fruit of a species are similar,
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therefore, if an animal can exploit the leaves of a species w ith impunity
it can also exploit the unripe fruit.

3.5. CONCLUSION

The seeds of most of the species whose fruits are eaten by black lemurs
are dispersed by endochory.
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Table 11. The longest length and widest width of seeds swallowed by the black lemur compared with
other primate species.

Species (mean weight)

L.

Lemur macaco

3.6

1.8

this study

Sanauinus mvstax f590 a)/S. fuscicollis (410 cr)

2.1

-

Garber (1986)

Cebus caoucinus (max. 9 -

1.8

-

Rowell and Mitchell (1991)

(

2,4

ka)

2.7

kcr . cr -

3.8kq)

Cebus a Delia (max. 9 - 3 k o , cr - 3.9 ko )
Varecia varieaata

(3.8 kcr)

Alouatta seniculus (9 - 4.5 kcr, cr - 6.5 kg)

<2.0

(cm)

W.

(cm)

<1.0

Source

Terborgh (1983)

-

3.0

Dew (1991)

4.0

2.5

Julliot (1992)

kg)

<3.0

-

Estrada/Coates-Estrada (1986)

Paoio cynocephalus ( 9 - 12 kg . cr - 21 kg)

2.0

-

Lieberman et al (1979)

Pan troglodytes ( 9 - 30 kg. cr - 40 kg)

2.7

-

Wrangham et al (1994)

Alouatta oalliata ( 9 - 6.6 k g , cr -

7.8

Sources of primate weights: Tattersall, 1982; Garber, 1985; Clutton-Brock and Harvey, 1977;
Macdonald, 1984; Juilliot, 1992.

Table 12. Mean and median percentage germination per species of seeds defecated by various primates

00

n

Control
median mean

7 - 100

29

53

56.9

9 - 100

13

64.3

59.5

8 - 88

Cebus caoucinus

60.5

-

Pan paniscus

14

24.0

Pan troalodvtes

19.5

30.0

Paoio cvnoceohalus

95.5

78.0

Species

Defecated seeds
range
median mean

Eulemur macaco

80

73.1

Alouatta palliata

60

Alouatta seniculus

n = the number of species tested

Source
range

n

53.6

0 - 100

19

33

43.1

0 - 100

9

17

63

61.9

7 - 100

17

Julliot (1992)

0 - 100

30

-

-

-

-

Rowell and Mitchell (1991)

0 - 100

17

14

16.8

0 - 48

15

Idani (1986)

11 - 88

9

0

1.2

21 - 100

4

45

45.5

0 - 11
5 - 87

This study
Estrada and Coates-Estrada (1986)

9

Wrangham et al (1994)

4

Lieberman et al (1979)

4. METHOD OF SEED DISPERSAL - SEED TRANSIT TIME THROUGH
THE GASTROINTESTINAL TRACT

4.1. INTRODUCTION

The time for seed transit through the gastrointestinal tract of endochores
has a major influence on where swallowed seeds will be deposited (see
Chapters 7, 8, 9 and 10). Seed transit time is determined primarily by
the transit time of food. Among primate species, food transit time is
related to their biomass and diet (Milton, 1981; Milton, 1984).
Generally, food passes more rapidly through smaller primates than larger
primates w ith similar diets, and frugivorous and insectivorous primates
pass food more rapidly than folivorous primates. In addition, for some
animals, the transit time of non-digestible particles has been shown to
vary w ith particle size (e.g. Argenzio et a!, 1974; Clemens at a!, 1975)
and specific gravity (e.g. Hoelzel, 1930; Garber, 1986).

In this chapter seed transit time through the black lemur is estimated.

4.2. METHODS

Focal animals w ithin tw o habituated black lemur groups were observed
during study periods for a total of 838 daytime hours spread over 18
months. During each study period a record was kept of the time when
the focal animal fed on the fru it of particular species and the time and
content of their droppings. Seed transit times were calculated from the
time when the fru it of a particular species were eaten and the time when
the seeds of that species appeared in the droppings. In many cases it
was impossible to be certain from which feeding bout a particular
defecated seed had originated. For example, if during a study period
beginning at 9.00 hrs, the focal animal was seen feeding on the fru it of
tree species "A " at 10.00 hrs and again at 11.00 hrs, and a seed of
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species "A " was recovered at 12.00 hrs; then the seed may have been
consumed at 10.00 hrs, 11.00 hrs or even before the study period
began. However, it is possible to be reasonably certain when a
defecated seed had been consumed if: a) fru it conspecific to the
defecated seed was eaten on just one occasion during the study period
prior to the defecation; and b) fru it conspecific to the defecated seed
was unlikely to have been eaten prior to the start of the study period
because w ithin the group's home range the fru it is available only in small
quantities from a single tree (i.e. the tree on which the animal had fed
during the study period). Only in these circumstances were seed transit
times calculated.

It was impossible to be certain when during a feeding bout a seed had
been swallowed. Therefore, transit times were calculated from a time
half w ay through the feeding bout (none of the feeding bouts used in the
calculations were longer than 20 mins).

To avoid biasing the results against relatively long transit times, data
from study periods shorter than 6 hrs duration were excluded from the
analysis (the mean duration of the study periods whose results were
used in the analysis was 9 hrs 22 mins).

4.3.

RESULTS

Reliable estimates of seed transit time were obtained on 30 occasions.
The number of estimates within various "transit tim e" classes is shown
in Table 13. The shortest transit time was 1.08 hrs, the longest 7.08
hrs. Sometimes, seeds from a single short feeding bout were defecated
across a broad span of time e.g. seeds of Streblus mauritianus
consumed during a ten minute long feeding bout were defecated 2.58
hrs, 2.67 hrs, 3.25 hrs and 7.08 hrs later. However, most seeds passed
through the black lemur in 1 - 3 hrs.
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A t some times of the year, black lemurs were as active during the night
as during the day, while at other times, they slept through the night (see
Chapter 6). When the lemurs were active at night, it was not possible
to obtain estimates of seed transit time because the group fed
repeatedly on just one or tw o species and their droppings were rarely
retrieved, being difficult to locate by torchlight. However, presumably
when lemurs are active at night, their seed transit times will be similar to
those during the day. When the lemurs slept through the night, seeds
consumed in the evening were defecated once or tw ice during the night
(when the lemurs briefly woke) and were still being defecated the next
morning (i.e. 12 hours later).

Table 13.

Frequency distribution of seed transit times

Transit time (hrs)

Frequency

0 - 1
1- 2
2- 3
3 -4
4- 5
5 - 6
6 -7
7-8

0
8
17
2
1
0
1
1

To investigate the relationship between seed transit time through the
black lemur and various seed attributes, the product-moment coefficient
"r" was calculated for the estimates of seed transit time and the
corresponding values of seed length, w idth, weight, volume, and
specific density (n = 30). All of these relationships were insignificant
i.e. p > 0.1

(r = -0.31, -0.25, -0.15, -0.16, -0.05 respectively, d.f. =

28). However, the sample size was small (although comparable to that
of Garber (1986) who reported a significant relationship between seed
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transit time and specific gravity) and weak relationships between seed
attributes and seed transit time may exist. The absence of a strong
relationship between seed transit time and seed attributes is supported
by the observation that when black lemurs fed on the fru it of several
species, the seeds were expelled in the same order as their
corresponding fruits had been eaten.

4.4. DISCUSSION

The observed seed transit times for the black lemur are similar to that
reported for primates of similar size and diet (i.e. primarily frugivorous see Chapter 6). In particular, Rowell and Mitchell (1991) reported that
the transit time for seeds through the white-faced capuchin, Cebus
capucinus, was 1 - 5 hours; and Ganzhorn (1986) reported that the
mean time to the first appearance of markers fed, along w ith fruit, to the
brown lemur, Euiemur fulvus, (which is closely related to the black
lemur) was 2.73 hrs.

The apparent absence of a relationship between seed attributes and seed
transit time through the black lemur might be expected given that it is
highly frugivorous. For such species it would be advantageous to expel
all seeds efficiently, irrespective of their attributes, in order to minimise
the "dead w eight" being carried and to maximise the volume available
for digestion.

4.5. CONCLUSION

The transit time of most seeds through the gastrointestinal tract of the
black lemur is 1 - 3 hours.
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5. PROPORTION OF TREE FLORA DISPERSED

5.1. INTRODUCTION

The most direct measurement of the importance of a frugivore for seed
dispersal ( and therefore regeneration) in an ecosystem is the proportion
of the flora whose seeds it disperses. In this chapter the importance of
black lemurs as seed dispersers in Lokobe Forest is estimated from the
proportion of tree species and trees dispersed by black lemurs compared
to other vectors and the proportion of total tree basal area attributable to
black lemur-dispersed species. Despite their significance for the
understanding of community regeneration (and consequent importance
for conservation management) estimates such as these are exceedingly
rare. Apparently, the only previous published estimates of the
proportion of a flora dispersed by a tropical primate are those of
Wrangham et a! (1994) for forest chimpanzees in Kibale Forest, Uganda;
and Julliot (1992) for the red howler at Nourages, French Guiana.

5.2. METHODS

5.2.1. Lokobe's zoochores

The importance of Lokobe's frugivores for seed dispersal was
established by: recording their abundance; recording which fruits they
ate; noting how they treated seeds; searching their droppings for whole
seeds; and testing the viability of faecal seeds.

Black lemurs were subjected to long periods of intense observation while
other frugivores were merely observed casually, therefore it might be
expected that the importance of the black lemur as a disperser would be
over-estimated compared to the other frugivore species. However, black
lemurs spent long periods resting therefore there was ample opportunity
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to observe the feeding activities of the other frugivores.

5.2.2. Importance of different dispersal vectors in Lokobe Forest

Two main types of forest can be recognised in Lokobe Reserve: the
Slope Forest and the Ridge Forest (see Subsection 2.1.4.). The number
of trees and number of species that are dispersed by various vectors
were established for a sample of trees from each community. The
samples consisted of all trees w ith trunk diameter at breast height (dbh)
> 1 0 cm in a series of 0.125 ha plots (20 m x 62.5 m). The plots were
located randomly on the trail system by using random numbers to
correspond to distances along the trail. Four plots, containing 297
trees, were established in the Slope Forest, and three plots, containing
254 trees, were established in the Ridge Forest. In addition, the dbh of
all the sample trees was measured and used to calculate the proportion
of the total basal area attributable to trees dispersed by the various
vectors. The relative basal area of a group of trees is a good indicator
of the importance of the group in the forest (Cousens, 1974).

The seed dispersal vector for a tree species was established from the
physiognomy of its fruit. Dry fruits or seeds w ith adaptations to
promote buoyancy in air or water were classified as wind and water
dispersed respectively and fleshy fruits were classified as animal
dispersed. Animal dispersed fruits were further classified according to
the identity of any likely seed dispersers seen eating the fruit.

5.3. RESULTS

5.3.1. Lokobe's zoochores

Only 6 vertebrate species were seen eating fru it in Lokobe Forest: the

74

black lemur, the Madagascar bulbul {Hypsipetes madagascariensis), the
Madagascar blue pigeon (Alectroenas madagascariensis), the
Madagascar fru it bat {Pteropus rufus), the Nosy Be sportive lemur
(Lepiiemur dorsalis) and the Madagascar white-eye {Zosterops
maderaspatana). Of these species only the black lemur and bulbul had a
mainly frugivorous diet and were frequently seen.

The bulbul was seen eating the fruits of Ageiaea pentagyna, Cassine sp.
(CB116), Diospyros sp. (CB129), Erythroxyium pyrifoHum, Ficus sp.
(CB167), Ficus soroceoides, Gaertnera sp. (CB63), Poiyscias sp. (CB57),
Protium madagascariense, Pyrostria sp. (CB166), Strebius dimepate, and
Trophis montana. Most of these species are shrubs, lianas or small
trees. The bulbul regurgitates large seeds such as those of Protium
madagascariense but passes small seeds such as Ficus spp.. 70 % of a
sample of Ficus sp. seeds defecated by a bulbul germinated (n = 10).

Blue pigeons were seen in Lokobe Forest on just 20 occasions during the
18 month study. They are obvious birds being large, colourful and
noisy, therefore, the rarity of sightings probably reflects their true status
in the forest. Blue pigeons were seen more frequently elsewhere in
Nosy Be (in particular, in secondary forest, crop plantations and in
groves of fig associated w ith ruined buildings) and it may be that
primary forest is a less preferred habitat. However, pigeons are
frequently shot and their rarity in Lokobe Forest may also reflect their
depleted population. In Lokobe Forest blue pigeons were only seen
eating the fru it of tw o species Ravenea sambiranensis and Ficus sp.
(CB167). 50% of a sample of R. sambiranensis seed passed by a blue
pigeon germinated (n = 10).

Despite 460 hrs of nocturnal observations over 13 months, fruit bats
were only seen feeding within Lokobe Forest during tw o periods, when
exploiting the nectar from Parkia madagascariensis flowers, and when
feeding on the fruits of Ficus sp. (CB167). Fruit bats are obvious
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animals, having loud wing beats and being easily seen against the night
sky, therefore, the rarity of sightings probably reflects their true status in
the forest. Fruit bats were seen more frequently around the maritime
fringe of the forest and feeding in cultivated fruit plantations elsewhere
on Nosy Be. Prior to human colonisation, and the advent of plantations,
this species may have fed more frequently in the rain forest. Fruit bats
swallow only tin y seeds (e.g. fig seeds) which are defecated viable but,
larger seeds may be dispersed if the bats carry fruits away from the
parent to a feeding roost (Fiji, 1958).

The nocturnal sportive lemur was seen feeding on several occasions.
Usually, it was eating leaves, but tw ice it was eating fruit, immature fruit
of Sorindeia madagascariensis, and mature fruit of Noronhia sp. of which
it ate the flesh and dropped the seed below the parent. 155 sportive
lemur droppings (collected by accident in seed traps) were examined,
147 contained only material from leaves, tw o contained material from
leaves and fragments of chewed seeds (Strebius mauritianus and
Sorindeia madagascariensis), and six contained material from leaves and
whole seeds (Terminafia calophylla on three occasions, CB87 (an
unidentified species in Rubiaceae) on tw o occasions, and Neodypsis
ioucoubensis on one occasion). A defecated seed of CB87 germinated.
From these observations it seems reasonable to conclude that the
sportive lemur is mainly folivorous but occasionally eats fru it and rarely
swallows whole seeds.

The Madagascar white-eye was seen only occasionally w ithin Lokobe
Forest. However, it is not an obvious species and would be easy to
over look. It seems to feed mainly on invertebrates but it was also seen
feeding, along w ith bulbuls, on the fruits of the shrub Pyrostria sp.
(CB166). The viability of seeds defecated by this bird was not tested.

In addition, the frugivore fauna of Lokobe Forest includes the mouse
lemur (Microcebus rufus). Despite many hours spent in the forest at
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night this species was seen on just tw o occasions, on neither of which
was it feeding. Outside the forest it was seen on several occasions
drinking nectar from the flowers of the introduced Kapok tree (Ceiba
pentandra). However, this species does eat fruit and defecate seeds
(Martin, 1972; Harcourt, 1987; Fetter, 1978) and on the basis of their
vocalisations, may be more abundant in the forest than the frequency of
sightings would suggest (pers. comm., P. Antilahimena). Possibly, it
prefers to forage high in the canopy where there are many fine supports
(see Martin, 1972). Thus, the significance of the mouse lemur as a seed
disperser in Lokobe Forest must be considered unknown. This primate is
tiny (mean weight = 50 g, Harcourt, 1987) and the type of fru it it has
been seen eating elsewhere are small and brightly coloured (Martin,
1972).

15.3.2. Proportion of tree flora dispersed by the black lemur

The probable dispersal method was established for 246 trees in the
Slope Forest and 187 trees in the Ridge Forest. Table 14 shows the
proportion of species, the proportion of trees, and the proportion of the
total tree basal area in these samples w ith various methods of seed
dispersal.

In both the Slope Forest and Ridge Forest, a large proportion of the tree
species and trees are dispersed by black lemurs, and a large proportion
of the total basal area is associated w ith trees which are dispersed by
black lemurs. Nearly all the species dispersed by black lemurs are
dispersed solely by black lemurs.

There are tw o reservations concerning these results. First, the dispersal
activities of the mouse lemur are unknown and it may disperse some
small-seeded species. Secondly, the sportive lemur may rarely disperse
some small-seeded species. However, given that most of the species
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dispersed by the black lemur have seeds too large to be swallowed by
either of these species, the conclusion that the black lemur is the sole
disperser for a large proportion of Lokobe's tree flora remains secure.
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Table 14. Frequency of different methods of seed dispersal among the trees of the Slope Forest and
Ridge Forest.

ANIMAL

WIND

WATER

b.lemur

b. lemur
bulbul

b. lemur
bulbul
bat
blue pigeon

bulbul

blue pigeon

unknown
(fleshy fruit,
disperser not
identified)

53.5
67.4
71.4

4.7
3.3
2.8

2.3
0.4
0.6

2.3
1.6
0.2

2.3
0.4
0.4

25.6
23.2
16.3

7.0
3.3
5.7

2.3
0.4
2.5

56.7
77.5
91.2

6.7
1.1
0.9

0
0
0

3.3
2.1
2.7

0
0
0

30.0
18.2
5.1

3.3
1.1
0.1

0
0
0

Slope Forest

(O

% species (n = 43)
% of trees (n = 246)
% of total B.A. (17.0 id')

Ridge Forest
% species (n = 30)
% of trees (n = 187)
% of total B.A. (13.3 m')

5.4. DISCUSSION

5.4.1. Proportion of tree flora dispersed by the black lemur

The black lemur disperses a large proportion of the trees and tree
species in Lokobe Forest. The little available evidence suggests that this
situation is not unusual i.e.:

- in the frugivore-rich Kibale Forest in Uganda, forest chimpanzees, Pan
troglodytes, disperse 56% of tree species in sample plots (Wrangham et
ai, 1994);

- on Siberut Island, Indonesia, the fruits of 34% of tree species in
sample plots were potential foods for the kloss gibbons, Hyiobates
/r/oss//(W hitten, 1982);

- in the Tai Forest, Ivory Coast, 30% of trees in sample plots were
dispersed by elephants (Alexandre, 1978); and

- at Nourages, French Guiana, 26% of species whose fruit were
gathered from the forest floor were dispersed by the red howler (Julliot,
1992).

Indeed, many studies provide long lists of fru it species which are eaten
by frugivores e.g. the agile gibbon, Hyiobates agiiis, at Sungai Dal,
Malaya (Gittins, 1982); the orang utan, Pongo pyggmaeus, at Tanjung
Puting, Kalimatan (Galdikas, 1982); the cassowary, Casuarius casuarius,
in North Queensland (Stocker and Irvine, 1983); various primates at
Cocha cashu, Peru (Terborgh, 1983); various birds at Monteverde, Costa
Rica (Wheelwright et ai, 1984); palm civets (Macdonald, 1984); the
gorilla. Gorilla gorilla gorilla, in Gabon (Tutin and Fernandez, 1985; Tutin
et ai, 1991); the cock-of-the-rock, Rupicoia rupicoia, at Nouragues,
French Guiana (Théry and Larpin, 1993); the red howler monkey.
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Alouatta seniculus, at Nourages, French Guiana (Juillet, 1992 and Julliot
and Sabatier, 1993); the red-bellied lemur, Eulemur rubriventer, and the
rufous lemur, Eulemur fuivus rufus, at Ranomafana, Madagascar
(Overdorff, 1993); and Lagothrix iagotricha cana at Urucu, Brazil (Peres,
1994).

There are tw o probable reasons why, even in frugivore-rich
communities, frugivores have not evolved to specialise in the
exploitation of the fru it of a few species: a) most tropical plants produce
fru it for just short periods and these periods may be separated by
several months or several years; and b) when fruits are produced they
are produced in abundance such that many different frugivore species
can feed w ithout competing (Fleming, 1979; W heelwright and Orians,
1982; Leighton and Leighton, 1983; Terborgh, 1986; Wheelwright,
1986).

The few tropical frugivores which specialise in exploiting a small number
of fru it species are able to do so because they forage over wide areas
and in different habitats and exploit species w ith long fruiting seasons or
asynchronous fruiting. These species include: the resplendent quetzal in
Guatemala which specialises on the fruits of Lauraceae (Wheelwright,
1983); fru it pigeons in Queensland which specialise on fig fruits (Crome,
1975); and the phyllostomid bat genera Caroiiia, Sturnira and Artibeus
which specialise on the fruits of Piper, Soianum and Piper, and Ficus
respectively (Fleming, 1986).

5.4.2. Proportion of tree flora dispersed solely by the black lemur

The black lemur appears to be the only disperser for a large proportion
of the trees and tree species in Lokobe Forest. This situation is unusual
because generally, the fruits of tropical species are eaten and potentially
dispersed by several frugivores e.g. see Howe and Primack (1975),
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Howe (1977), Cant (1979), MacKinnon and MacKinnon (1978), Howe
(1980), Cruz (1981), Howe and Kerckhove (1981), Jordano (1983),
Mabberley (1983); Pratt and Stiles (1985), W heelwright et a! (1984),
Coates-Estrada and Estrada (1986), Coates-Estrada and Estrada (1988),
Fleming and Williams (1990). |The exceptions to this generalisation are
species w ith large seeds or thick husks which are dispersed by one (or a
few) frugivore species w ith exceptional fru it processing abilities (see
Chapter 11 ).

Presumably, the large proportion of Lokobe's flora dispersed solely by
black lemurs is because of the species-poor frugivore fauna at this site
compared w ith many rain forests (e.g. see Howe, 1984; Pratt and Stiles,
1985; Terborgh, 1986; W heelwright et al, 1984; Fleming et al, 1987).
The small number of frugivore species in Lokobe Forest is a reflection of
the low number of frugivores in Madagascar as a whole compared to
other parts of the tropics (Fleming et at, 1987), the small area of the
Forest, and its location on an island. The low species diversity of
frugivores in Madagascar may be relatively recent because a few
hundred years ago, the island was inhabited by at least 15 additional
species of primate and 3 species of ratite, some of which were probably
frugivorous (Albignac et al, 1984; MacPhee et al, 1985; Simons et at,
1992; Richard and Dewar, 1991). Indeed, elements of the extant flora,
may have been partly, mainly or w holly dispersed by these species.
Similarly, Janzen and Martin (1982) suggest that several South
American plants were dispersed mainly by the now extinct
gomphotheres. However, in Lokobe Forest no fleshy fruited species
were seen, which at least theoretically, could not be dispersed by extant
frugivores.

Given that a large number of tree species in Lokobe Forest are dispersed
solely by the black lemur there may be a selective advantage to plants in
shifting their fruiting seasons to reduce overlap w ith the fruiting seasons
of other black lemur-dispersed species. However, this pressure may be
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resisted by the selective advantages in flowering and fruiting during
particular periods in Lokobe's seasonal climate.

Evolution to reduce the

overlap of fruiting seasons in species sharing dispersera has been
reported for species of Miconia in Trinidad (Snow, 1965).

In Lokobe Forest the species w ith the most seed dispersera was the fig,
CB107, which is dispersed by black lemurs, fru it bats, bulbuls and blue
pigeons. This is in accord w ith Janzen's observation that figs are
consumed by most of the available frugivore species (Janzen, 1979).

It might have been hypothesised that the species poor frugivore fauna of
Lokobe Forest would lead to an increased number and abundance of
wind dispersed species. However, this does not seem to be the case as
compared to rain forests elsewhere (e.g. see Foster, 1982; Gentry,
1982), Lokobe Forest has a low number and abundance of wind
dispersed species.

5.4.3. Seed dispersal of shrubs in Lokobe Forest

The study did not investigate systematically the importance of different
dispersal vectors among the shrubs of Lokobe Forest. However, it
seems likely that bird dispersal, in particular dispersal by the bulbul, is
more frequent among shrubs than black lemur dispersal because: a) the
sample of black lemur-dispersed species includes only one shrub (see
Appendix IV); b) the sample of fleshy fruited species whose fruits are
avoided by black lemurs is dominated by shrubs (see Appendix V); and
c) the fru it of several shrub species were seen being eaten by birds, in
particular the bulbul.
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I 5.4.4. Seed dispersal by black rats and ground wash.
Two additional vectors disperse seeds, the black rat (Rattus rattus) and
ground wash from heavy rain.

The black rat is an alien species and seems to be the only rodent in
Lokobe Forest. It is very abundant and spends a large proportion of
feeding time eating seeds, both on the ground or w ithin fruit on the tree
(pers. obs.).

Sometimes seeds are eaten in situ, sometimes they are

carried to nearby rocks (where they can be easily manipulated) and
eaten, and sometimes they are cached. Cached seeds may sometimes
be forgotten in which case the rat would have acted as a secondary
disperser. However, it is probably rare for the cache to develop to
m aturity because: a) seeds are cached together (i.e. rats are "larder
hoarders" not "scatter hoarders", see Stapanian and Smith 1978) so on
germination will face strong competition; and b) the caches are
sometimes (often?) in locations unsuitable for the germination and
development e.g. inside hollow trunks or below boulders. The frequency
and circumstances under which seeds are cached and the distance of
the caches from the original location of the seed are unknown.

The precipitation at Lokobe is characterised by short periods of very
heavy rain (e.g. on 16 February 1992 precipitation was 113 mm). A t
these times the forest floor runs w ith water. Seeds, particularly those
w ith a circular cross section, are bowled along by the ground wash.
This process leads to the death of large numbers of seeds as they are
washed into streams and then out into the sea, and the creation of
dense seed patches as seeds gather, sometimes in considerable
numbers, behind obstructions. However, presumably on occasion,
seeds are washed from an environment hostile for germination and
development to more favourable conditions.
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5.5. CONCLUSIONS

The black lemur disperses the seeds of a large proportion of the tree
species, and trees in Lokobe Forest. Most of these species are
dispersed solely by the black lemur. Black lemur-dispersed trees make
up a large proportion of the total basal area of Lokobe's trees.
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6. QUANTITY OF SEEDS DISPERSED

6.1. INTRODUCTION

In the previous chapter it was shown that black lemurs are important for
the regeneration of Lokobe Forest because they disperse a large
proportion of the trees and tree species. Another measure of the
importance of an endochore for the regeneration of an ecosystem is the
quantity of seeds it disperses. Julliot (1992) and Wrangham et a! (1994)
estimated the quantity of seeds dispersed by the red howler and the
forest chimp respectively, in terms of "number of seeds dispersed per
unit area per unit tim e". However, such counts are of little value in
assessing the importance of a frugivore for forest regeneration because
the probability of a seed developing to m aturity varies between species,
e.g. a frugivore which disperses 1000 seeds of species A may have less
significance for forest regeneration than a frugivore which disperses 100
seeds of species B, if the probability of a seed of species A and B
reaching m aturity are 0.001 and 0.01 respectively.

Of greater value for assessing the importance of a frugivore for forest
regeneration is the quantity of seeds dispersed in terms of "biomass of
seeds dispersed per unit area per unit tim e". This is because seed
biomass is a measure of parental investment and w ill be related to the
probability of the seed developing to maturity. If this were not the case
all species would evolve to produce the maximum number of seeds of
the minimum biomass.

The biomass of seeds dispersed per unit area per unit time by a
population of a habitual endochore will be related to the biomass of fruit
eaten per unit area per unit time. This, in turn, will be related to a) the
proportion of fruit in their annual diet and b) their metabolic needs per
unit area. Following Harvey and Clutton-Brock (1981) and Dasilva
(1992) the average daily metabolic needs (ADMN) per unit area of a
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primate population is given by the equation:

ADMN per ha = D [(1 3 0 W °" x A) + (89W° ^' x I)]

where W = mean individual body weight in kg, A = mean proportion of
total time individuals are active, I = mean proportion of total time
individuals are inactive (= 1 - A), and D = mean number of individuals
per ha.

In this chapter estimates will be made of: a) the proportion of fruit in the
annual diet of a black lemur group; b) the mean proportion of total time
black lemur individuals in the group were active; and c) the density of
black lemurs in terms of the number of individuals per ha. From the
latter tw o values an estimate for ADMN per ha will be obtained. The
black lemur diet and their ADMN per ha will be compared w ith values
derived from groups of other tropical primate endochores.

6.2. METHODS

6.2.1. Proportion of fru it in the annual diet

The annual diet of a habituated black lemur group (M Group) was
estimated from the proportion of total feeding time spent feeding on
different types of food. Of the various methods of estimating diet, "time
spent feeding" is used most frequently by primate ecologists and
comparisons between primate diets defined using this method are
considered valid (Whitten, 1982a).

M group fed during both day and night, therefore, to estimate accurately
their annual diet, observations were made during both periods.
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During the day, the group was observed for a total of 785 hrs spread
over 18 months i.e. January to March 1992, July 1992 to June 1993,
and May, July and August 1994 (observations during the period March
to June 1993 were made by Josephine Andrews, and during May 1994
by Patrice Antilahimena). In each study period a focal animal was
selected and its activity recorded every five minutes (i.e. following
Altmann (1974) and Clutton-Brock (1977b)). A ctivity was categorised
as either:

feeding -

when the focal animal ate, processed or looked for food
w ithin a food tree;

resting -

when the focal animal remained at the same location
w ithout feeding for more than tw o five minute records (this
category includes sleep and social activities such as
grooming); or

travelling -

when the focal animal moved from tree to tree.

W ith each Feeding Record the food type being eaten was recorded i.e.
mature fruit, immature fruit, leaves, flowers, nectar, insects, fungi,
homopteran honey-dew or soil.

The identity of the focal animal rotated between observation periods
such that each group member was observed for a similar length of time.
The end of the observation period was predetermined. The daytime diet
was described as the proportion of all Feeding Records attributable to
each food type.

During the night, the group was observed for a total of 434 hrs spread
over 13 months i.e. August 1992 to June 1993 and July to August
1994. A t night, it was not possible to monitor a focal animal, but as the
group remained relatively coherent, it was possible to record the activity
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of the group as a whole during five minute intervals based on auditory
clues. The group was scored as:

feeding -

if food fragments fell to the forest floor or movement within
a known food tree or biting noises were heard;

resting -

travelling -

if no movement was heard; or

if movement between trees or characteristic soft grunts
made by animals when travelling were heard.

Records collected in this w ay are called Group A ctivity Records. The
food type being eaten was identified from food fragments falling to the
forest floor or from prior knowledge of the food type generally exploited
at a particular tree. Incidents of insect eating would be difficult to detect
at night. However, this class of food was of minor importance during
the day and is likely to be even less important during the night when
black lemur vision is less acute. Night observations v/vere begun an hour
before dusk and continued until an hour after dawn. On no occasion
was the group lost. During each month, the night-time diet was
described as the proportion of all Group Feeding Records attributable to
each food type.

To allow the day and night diets to be combined (see below). Group
A ctivity Records were also collected during the day, using the same
methods as at night.

Some primate species tend to select different food types at different
times of the day (Clutton-Brock, 1977a; Raemakers, 1978; Chapman
and Chapman, 1991). Therefore, during the study, each hour during the
day and each hour during the night were sampled for similar lengths of
time.
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In order to provide an indication of the variation in diet between groups
at the study site, a second black lemur group (H Group) was habituated
and observed during March 1993.

6.2.2. Mean proportion of total time individuals are active

Black lemurs are active (i.e. travel and feed) during the day and night.
During the day the mean proportion of total time that individuals were
active was estimated by recording every five minutes whether a focal
animal was feeding, resting or travelling (as described in the previous
subsection). For each month of the year the proportion of daytime spent
doing each activity was calculated. The mean proportion of daytime
that individuals were active is equal to the sum of the m onthly mean of
the "proportion of total time spent feeding" and the monthly mean of the
" proportion of total time spent travelling".

During the night it was not possible to monitor the activity of a focal
animal, but it was possible to record whether the group was feeding,
resting or travelling during five minute intervals (as described in the
previous subsection). These Group A ctivity Records were processed in
the same w ay as the Focal Animal A ctivity Records to obtain an
estimate of the mean proportion of night-time that the group was
active. Group A ctivity Records were also collected during the day and
used to obtain an estimate of the mean proportion of daytime that the
group w

active. Assuming a similar degree of coordination between

individuals in a group during the night and day, it is possible to estimate
the mean proportion of total time ind ivid u a ls was i active at night from
the estimate of the mean proportion of night-time that the group was
active multiplied by the fraction: mean proportion of daytime individuals
were active/mean proportion of daytime the group was active.

The proportion of total time that individuals were active is equal to the
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mean of the "proportion of daytime that individuals were active" and
"proportion of night-time that individuals were active".

6.2.3. Number of individuals per hectare

In Lokobe Forest, black lemur society is based on relatively stable social
groups w ith well-defined, abutting territories but overlapping home
ranges (see Subsection 2.2.5.). The number of individuals per unit area
represented by M Group was calculated from the area of their territory
and the mean number of animals in the group during the study.

M Group's territory was established by noting: a) the most extreme
locations from which other groups were chased by M Group; b) the most
extreme locations from which M Group was chased by other groups;
and c) locations of stand-off between M Group and another group. The
territory was defined by mapping these points and drawing a line so as
to include points of type "a", exclude points of type "b ", and link points
of type "c". In order to calculate the area of the territory, the defined
shape was transferred to cartridge paper, cut out, weighed, and the
weight compared to squares of cartridge paper of known area.

The number of individuals in M Group varied through the study because
of births and migration and immigration of males. The mean number of
animals in M Group was calculated from the number of individuals in the
group midway through each month of the study.
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6.3. RESULTS

6.3.1. Proportion of fruit in annual diet
Tables 15 and 16 show the number of Feeding Records associated w ith
each food type for each month of the year during the day and night
respectively. It is not possible to estimate the annual daytime and night
time diet by summing the Feeding Records for each food type because
the diet varies enormously through the year and the months were
sampled unequally. To correct for this inequality the number of Feeding
Records associated w ith each food type during the day and during the
night for each month is adjusted to the number expected if the month
had been sampled for 100 hours during each of these periods. These
values can then be summed to estimate the annual daytime and night
time diets.

In order to obtain the total annual diet, the annual daytime and night
time diets are adjusted in accordance w ith the proportion of total feeding
time occurring during the day and night, and combined (see Table 17).
The proportion of total feeding occuring during the day and night was
estimated from the average monthly proportion of the daytime that the
group fed and the average monthly proportion of the night-time that the
group fed (see Table 18).

The proportions of mature and immature fru it in the total annual diet are
78.0% and 4.7% respectively.
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T a b l e 1 1 5 . D a y t i m e d i e t o f M G r o u p f o r e a c h m o n t h (o f t h e y e a r i n t e r m s o f t h e n u m b e r o f F e e d i n g R e c o r d s
for each food type.

Month
Jan.
Feb.
Mar.
Apr.
May
June
July
Aug.
Sep.
(O
00 Oct.
Nov.
Dec.
TOTAL

Obs. time
(hrs)

Fruit mature
Actual Adjusted

Fruit immature
Actual Adjusted

Leaves
Actual Adjusted

Flowers
Actual Adjusted

Nectar
Actual Adjusted

Other
Actual Adjusted

121.4
100.8
82.2
26.8
24.7
25.0
70.7
81.3
69.8
61.1
58.9
62.3

225.0
374.0
202.0
46.0
29.0
6.0
81.0
94.0
52.0
93.0
113.0
108.0

49.0
26.0
1.0
5.0
0.0
4.0
22.0
29.0
10.0
7.0
5.0
13.0

14.0
6.0
43.0
14.0
44.0
13.0
70.0
72.0
27.0
15.0
32.0
22.0

3.0
0.0
12.0
6.0
0.0
0.0
0.0
2.0
9.0
4.0
2.0
2.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
2.0
7.0
0.0
0.0

5.0
1.0
1.0
0.0
0.0
0.0
0.0
26.0
1.0
48.0
2.0
5.0

785

PERCENTAGE

185.3
371.0
245.7
171.6
117.2
24.0
114.6
115.6
74.5
152.2
191.9
173.4

40.4
25.8
1.2
18.7
0.0
16.0
31.1
35.7
14.3
11.5
8.5
20.9

11.5
6.0
52.3
52.2
177.8
52.0
99.0
88.6
38.7
24.6
54.3
35.3

2.5
0.0
14.6
22.4
0.0
0.0
0.0
2.5
12.9
6.6
3.4
3.2

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
2.9
11.5
0.0
0.0

4.1
1.0
1.2
0.0
0.0
0.0
0.0
32.0
1.4
78.6
3.4
8.0

1937.0

224.1

692.3

68.1

14.4

129.7

63.2

7.3

22.6

2.2

0.5

4.2

"Actual" number of Feeding Records = number of Feeding Records for food type in actual observation time.
"Adjusted" number of Feeding Records = number of Feeding Records for food type if observation time adjusted to equal 100 hours.

Table 16. Night-time diet of M Group for each month of the year in terms of the number of Feeding Records
for each food type

Month

(O

Obs. time
(hrs)

Jan.
Feb.
Mar.
Apr.
May
June
July
Aug.
Sep.
Oct.
Nov.
Dec.

43.5
46.8
36.0
12.5
12.0
12.0
12.1
24.1
72.0
57.0
59.1
47.0

TOTAL

434.1

PERCENTAGE

Fruit mature
Actual Adjusted

Fruit immature
Actual Adj usted

Leaves
Actual Adjusted

Flowers
Actual Adjusted

Nectar
Actual Adjusted

Other
Actual Adjusted

64.0
80.0
4.0
0.0
6.0
0.0
13.0
91.0
326.0
265.0
142.0
136.0

9.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
10.0
0.0
2.0
5.0

0.0
0.0
0.0
0.0
6.0
0.0
0.0
0.0
1.0
2.0
0.0
1.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
49.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

147.1
170.9
11.1
0.0
50.0
0.0
107.6
377.6
452.8
464.9
240.3
289.4

20.7
0.0
0.0
0.0
0.0
0.0
0.0
0.0
13.9
0.0
3.4
10.6

0.0
0.0
0.0
0.0
50.0
0.0
0.0
0.0
1.4
3.5
0.0
2.1

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
68.1
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

2311.7

48.6

59.7

0.0

68.1

0.0

92.9

2.0

2.4

0.0

2.7

0.0

"Actual" number of Feeding Records = number of Feeding Records for food type in actual observation time.
"Adjusted" number of Feeding Records = number of Feeding Records for food type if observation time adjusted to equal 100 hours.

Table 17. The total annual diet of M Group calculated by summing the day and night diets corrected by
the proportion of total feeding time occurring during the day and night.

Food type

(D
Ol

A
Day diet

Fruit mature
63.8
Fruit immature 7.3
Leaves
22.6
Flowers
2.2
Nectar
0.5
Other
4.2

B
Night diet

C
Day diet as prop.
of total diet
(= A X 0.51)

D
Night diet as prop.
of total diet
(= B X 0.49)

Total diet
(= C + D)

92.9
2.0
2.4
0.0
2.7
0.0

32.5
3.7
11.5
1.1
0.3
2.1

45.5
1.0
1.2
0.0
1.3
0.0

78.0
4.7
12.7
1.1
1.6
2.1

Proportion of total feeding occuring during the day = 18.1/(18.1 + 17.4) = 0.51
Proportion of total feeding occuring during the night = 17.4/(18.1 + 17.4) = 0.49 (see Table 18)

Table 18. Proportion of total time (as a percentage) the M Group spent feeding, resting and travelling
during the day and night for each month of the year.
Day
Feed

Rest

Travel

n

Night
Feed

Jan.

21.0

37.8

41.2

798

16.8

76.3

6.9

521

Feb.

36.9

20.5

42.6

739

16.6

69.5

13 .9

473

Mar.

9.5

60.3

30. 2

904

0.0

95.6

4.4

747

Apr.

8.1

74.3

17.6

321

0.0

90.8

9.2

150

May

6.1

83.2

10.7

306

2.5

93 .6

3.9

162

Jun.

1.8

94.4

3.8

300

0.0

100 .0

0.0

150

Jul.

30.4

39.4

30.2

142

9.0

67.2

23.8

145

Aug.

19.0

53.1

27.9

408

31.1

53.0

15.9

289

Sep.

19.0

58.3

22.7

646

45.1

36.0

18.9

860

Oct.

17.5

47.6

34.9

733

39.8

42.7

17.5

676

Nov.

27.2

36.9

35.9

694

20.6

61.8

17.6

702

Dec.

20.8

42.4

36.8

737

27.5

57.4

15.1

558

Average

18.1

54.0

27.9

17.4

70.3

12.3

Month

(O
O)

n = total number of Group Activity Records

Rest

Travel

n

6.3.2. Mean proportion of total time individuals active

Table 19 shows the proportion of daytime individual black lemurs spent
feeding, resting and travelling during each month of the year. The
monthly mean proportions for each of these activities are 22.1, 59.7 and
18.3% respectively, therefore, the mean proportion of total daytime that
black lemurs were active is 22.1 + 18.3 = 30.4%

Table 18 shows the proportion of daytime and night-time that the group
spent travelling, resting and feeding for each month of the year. The
monthly mean proportions for each of these activities during the day and
night are 18.1% , 54.0% and 27.9% ; and 17.4% , 70.3% and 12.3%
respectively, therefore, the mean proportion of total daytime the group
were active is 18.1 -t- 27.9 = 46.0% , and the mean proportion of total
night-time the group were active is 17.4 + 12.3 = 29.7% .

The mean proportion of total time ind ividu als were active at night can
be calculated from the estimate of the mean proportion of night-time
that the group were active multiplied by the ratio: mean proportion of
daytime individuals were active/mean proportion of daytime the group
were active i.e.:

29.7

X

3 0 .4/46.0 = 19.6

The proportion (as a percentage) of total time individual black lemurs are
active is the mean of the proportion of daytime and night-time they are
active (given that during the year the number of hours of day and
number of hours of night are approximately equal) i.e.:

(19.6 + 30.4)/2 = 25.0%
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Table 19.

Proportion (as a percentage) of daytime individuals spent
travelling, resting and feeding for each month of the year.

M onth

Feed

Rest

Travel

Jan.

21.3

49.1

29.5

Feb.

35.5

39.7

24.8

Mar.

30.2

51.2

18.6

Apr.

22.6

66.7

10.7

May

25.1

68.3

6.6

June

5.0

91.7

3.3

July

23.2

62.4

14.4

Aug.

22.1

66.9

11.0

Sep.

12.7

67.8

19.5

Oct.

24.4

48.5

27.1

Nov.

22.5

48.1

29.4

Dec.

20.3

55.6

24.2

Average

22.1

5 9 .7

1 8.3
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6.3.3. Number of individuals per hectare

M Group's territory is shown in Fig. 12. It has an area of 3.25 ha. The
mean number of adults in M Group was 7.0 (s.d. = 0.5, range 6 - 8).
Therefore their density was 2.15 individuals per hectare.
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Fig.12

M Group's territory.
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6.4. DISCUSSION

There is no reason to believe that the diet and density of M Group are
atypical of black lemur groups in similar vegetation (i.e. Slope Forest,
see Subsection 2.1.4.) elsewhere w ithin Lokobe Forest. Information on
the diet and monthly home range were collected from another group (H
Group - a group of seven individuals w ith a territory adjacent to M
Group's) during March 1993. During this month H Group spent 71.8%
of their feeding time eating ripe fruit and had a home range of 2.66 ha.
This diet and monthly home range is similar to that of M Group during
March 1992 and March 1993 i.e.; proportion of ripe fru it in diet - 74.9%
and 86.1 % respectively; monthly home range - 2.8 ha and 1.8 ha
respectively. Further comparative data from H Group are currently being
collected.

On Nosy Faly peninsula, in a habitat consisting of disturbed secondary
rainforest and crop plantations, Colquhoun (1993) reported that 4 black
lemur groups containing a total of c. 40 individuals occupied an area of
20 ha. This gives a density of 2.0 individuals/ha, similar to that reported
here for Lokobe Forest. However, on Nosy Komba, in a habitat
consisting mainly of crop plantations and small patches of shrubs and
regenerating forest. Fetter (1962) estimated a population density for
black lemurs of 0.58 individuals/ha.

Table 20 compares black lemurs at Lokobe w ith several other tropical
primate endochores w ith respect to a) the proportion of fruit in their
annual diet; b) the proportion of total time they are active; c) their
density; and d) their ADMN per ha. The latter value was calculated
using the equation given in the Introduction. To take into account that
not all the individuals in the group are adults, the value for weight used
in the equation is the average of the male and female adult weights
multiplied by 0.75 (following Cluttonbrock and Harvey, 1977). Only ,
u
complete sets of data gathered from long term studies were included /fh
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the table.

It is clear from the table that compared to populations of other tropical
primate endochores, black lemurs at Lokobe are: a) highly frugivorous;
b) active for a similar proportion of total time; c) have a very high
density; and d) have a very high ADMN per ha. This suggests that
compared to these other primate populations, black lemurs at Lokobe
will eat a large amount of fru it per unit area per unit time and therefore
disperse a large biomass of seeds per unit area per unit time. However,
the equation used to calculate the ADMN of animals assumes that the
species follow s the classic relation between body weight and metabolic
rate (Klieber, 1961). For several species of prosimian this has been
shown not to be true, and their basal metabolic rate is considerably
lower than expected from their weight (e.g. Müller, 1985; McNab, 1986;
Young et at, 1990). The metabolic rate of the black lemur has never
been measured but that of the closely related brown lemur (Eulemur
fulvus) has been shown to be just 50% of that expected from its weight
(Daniels, 1984 in McNab, 1986). If this low metabolic rate also applies
to the black lemur, the estimate of ADMN per ha must be halved to give
165.8 kcal per day. Nevertheless this value still exceeds that of the
other primate populations included in the table.

The density of black lemurs in Lokobe Forest is very high compared to
the population densities of higher primates. However, similar population
densities have been reported for other Malagasy prosimians e.g. at
Antserananomby and Tongobato, Eulemur fulvus rufus had a population
density of 12.3 and 9.0 individuals/ha respectively (Sussman, 1972 and
1975); and at Berenty, Lemur catta had a population density of 2.2
individuals/ha (according to Sussman, 1972), 3.5 individuals/ha
(according to Jolly, 1966), and 1.5 (according to Budnitz and Dainis,
1975).

The high density of black lemurs in Lokobe Forest can be explained by:
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their low basal metabolic rate; their ability to utilise a large proportion of
the forest's fru it production (because they can process a wide range of
fru it types, exploit both small and large food patches, feed at all levels in
the forest and survive periods of fru it shortage by feeding on leaves see Subsection 2.2.8); and the species-poor frugivore fauna of this
forest (apparent inverse reciprocal relationships between the abundance
of various frugivore species or taxa have been reported by several
authors (e.g. Fleming, 1979; Freese et ah 1982; and Emmons, 1984)).
In addition, the species-poor frugivore fauna of Lokobe Forest seems to
have resulted in a high density of black lemur-dispersed species (see
previous chapter), this too w ill promote a high density of black lemurs.

6.5. CONCLUSION

Compared to populations of other frugivorous primate, black lemurs in
Lokobe Forest probably disperse a large biomass of seeds per unit area
per year.
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Table 20. Comparison of a black lemur population at Lokobe and various populations of other
tropical primate endochores with respect to the proportion of fruit in their diet, the
proportion of total time they are active, their density and ADMN per ha.
Species

O

% (kg)

Eulemur macaco
Saouinus fuscicollis
Cebus albifrons
C. apella
Alouatta seniculus

2.4
0.4
2.8
3.0
6.0

Ateles belzebuth
A. qeoffroyi
Hvlobates aailis
H. hoolock
H. lar

5.8
7.6
5.9
5.6
5.5

H. klossii
H. moloch
H. muelleri
H. pileatus
Ponao pyomaeus
wt.
% Fruit
% Active
Density
ADMN per ha

5.8
5.9
5.7
5.8
60.0

Location

% Ruit

% Active

Density
(indivs. per ha)

ADMN per ha
(kcal per day)

Source

Lokobe, Madagascar
Cocha Cashu, Peru
Cocha Cashu, Peru
Cocha Cashu, Peru
Nourague, French Guiana
Colombia
La Macarena, Colombia
Santa Rosa, Costa Rica
Sungai Dal, Malaya
West Garo Hills, India
Krau, Malaya
Tranjong Triang, Malaysia
Sungai Tekam, Malaysia
Ketambe, Sumatra
Siberut, Indonesia
Ujung Kulon, Java
Rutai, Kalimantan
Khao Soi Dao, Thailand
Segama, Sabah

82.7
42.0
36.0
24.0
25.5
42.3
83.0
71.4
58.0
65.0
59.6
62.0
77.0
56.0
72.0
61.0
62.0
71.0
62.0

25.0
28.0
41.0
44.0
17.5
10.8
18.5
25.1
26.8
46.0
27.1
37.7
19.0
35.0
21.0
22.9
18.9
16.1
24.0

2.15b
0.16b
0.35a
0.40a
0.22c
0.15c
0.08b
0.30b
0.18b
0.09b
0.06b
0.06b
0.08b
0.11b
0.11b
0.09b
0.10b
0.23b
0.015d

331.6
6.5
64.6
78.7
65.4
43.3
23.3
109.9
54.9
28.5
17.4
18.1
22.4
32.9
32.3
27.0
28.8
66.2
25.8

This study
Terborgh (1983)
Terborgh (1983)
Terborgh (1983)
Julliot (1992), Julliot and Sabatier (1993)
Gaul in and Gaulin (1982) in Julliot (1992)
Klein and Klein (1977)
Chapman (1988), Chapman and Chapmn (1991)
Gittins (1982)
Alfred and Sati (1986, 1990) in Sear (1994)
MacKinnon and MacKinnon (1978)
Ellefson (1974) in Sear (1994)
Johns (1986) in Sear (1994)
Rijksen (1978) in Sear (1994)
Whitten (1982a, 1982b)
Kappler (1984)
Leighton (1987) in Sear (1994)
Srikosamatara (1984)
MacKinnon (1974, 1977)

- mean of adult male and female weights as given in Macdonald (1984), Tattersall (1982), Terborgh (1983) or Garber (1986)
- proportion of total feeding time spent eating fruit (includes both mature and immature fruit as many studies do not make this distinction).
- proportion of total time (i.e. including day and night) primate active (i.e. feeding or travelling)
- individuals per hectare: a) calculated from counts along transects; b) calculated from counts of number of individuals in groups and the area of the group's territory; c)
calculated from counts of individuals in groups, the area of the group's home range and the proportion of home range overlap; d) calculated from the number of visits made to a
known area in a known period of time and the average duration of the visit.
- Average Daily Metabolic Needs of the population per hectare (calculated using the equation given in the Introduction).

7. QUALITY OF DISPERSAL - DEPOSITION OF SEEDS BELOW
PARENT, FRUITING CONSPECIFICS, OTHER FRUITING TREES,
AND ELSEWHERE DURING THE DAY.

7.1. INTRODUCTION

The importance of a frugivore for the regeneration of a plant community
depends not only on the proportion of the community which it disperses
and the quantity of seeds dispersed per unit area per unit time, but also
on the quality of the seed dispersal it provides. Dispersal quality is
measured by the proportion of dispersed seeds deposited at sites where
they can survive and grow to maturity. This is difficult to measure
directly, but it is possible to gain insights into dispersal quality from the
distribution of dispersed seeds (henceforth referred to as seed shadows).
In particular, five attributes of seed shadows are associated w ith high
quality of dispersal.

First, the seed shadows generated by a high quality disperser should
avoid areas w ith high densities of seed/seedlings originating from fallen
or dropped fru it and defecated seeds i.e. below the parent, fruiting
conspecifics, and other fruiting trees. This is because the intensity of
seed/seedling predation and inter-seedling competition is related to
seed/seedling density (see Chapter 1).

Secondly, the seed shadows generated by a high quality disperser
should avoid areas close to sources of distance-responsive seed/seedling
pests and predators i.e. conspecifics (see Chapter 1).

Thirdly, the seed shadows generated by a high quality seed disperser
should be homogenous i.e. seeds evenly distributed across space rather
than in dense patches. This is because the intensity of seed/seedling
predation and inter-seedling competition are related to seed/seedling
density (see Chapter 1).
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Fourthly, the seed shadows generated by a high quality disperser should
be extensive. This is because, up to certain limits, the greater the area
over which seeds are distributed the lower will be inter-sibling
competition, the lower will be predation from density-responsive
predators, the greater will be the chance that seeds will locate sites
suitable for development; and the greater will be the gene flow within
the population (see Chapter 1).

Fifthly, the seed shadow of a high quality disperser w ill be concentrated
within the habitat where opportunities for the development of the seed
to m aturity are most frequent. This is because opportunities for
regeneration vary between habitats (Livingston, 1972; Herrara and
Jordano, 1981; Augspurger, 1984; Mittelbach and Gross, 1984; Janzen,
1985; Webb and Willson, 1985; Reid, 1989; Forget, 1992; and reviews
in Howe and Smallwood, 1982; Howe, 1984).

The quality of dispersal provided by a frugivore would be expected to
vary for different species of plant (according to their niche) and between
individuals of the same species (according to their attributes and
environment). Nevertheless, some frugivore species will tend to show
behaviours associated with high quality dispersal more frequently than
other species. Thus it is possible to define frugivore species which
generally provide high quality seed dispersal.

Seed shadows, because of their influence on regeneration, are of great
significance to many areas of plant biology e.g. gene flo w and evolution,
niche specification, density, distribution, and rate of species extension
(Grant, 1958; Covich, 1974; Levin and Kerster, 1974; Levin, 1979).
Yet, despite the importance of zoochory in tropical rainforests, little
information is available concerning the nature of seed shadows
generated by tropical frugivores (Levin and Kerster, 1974; Howe and
Primack, 1975; Levin, 1979; Fleming and Heithaus, 1981; Janzen,
1983a; Schupp, 1993). The data presented in this chapter and in the
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proceeding three chapters, on the nature of black lemur generated seed
shadows, will be a valuable contribution to this subject. In part, the
rarity of previous studies on the seed shadows generated by frugivores
can be explained by the difficulty of follow ing frugivores once they have
left the parent tree. The black lemur is easy to follow and therefore
makes an ideal subject for such studies.

This chapter estimates the proportion of seeds swallowed by the black
lemur that are deposited below the parent, fruiting conspecifics, other
food plants and elsewhere (i.e. away from food trees) during the day.
The following chapter estimates the proportion of swallowed seeds
deposited in various locations at night.

7.2. METHODS

In Chapter 4 it was shown that most seeds swallowed by black lemurs
are defecated 1 - 3 hours later (henceforth, this interval w ill be called the
"D Period"). Given that black lemurs have three main activities (feeding,
resting and travelling) and the rate of defecation during these activities
varies, then the proportion of swallowed seeds of a species defecated
by a lemur group in various locations (i.e. below parent, fruiting
conspecific, other food sources (usually fruiting trees), and elsewhere)
can be estimated from: a) the proportion of total time during the D
Periods associated w ith the species that the group spends feeding,
resting and travelling in each location; and b) the rate of defecation
during each activity.

Two black lemur groups were habituated (see Subsection 2.2.9) and
observed for a total of 838 hours. During each observation period a
focal animal was selected and its activity and location recorded every 5
minutes (i.e. following Altmann (1974) and Clutton-Brock (1977)).
A ctivity was categorised as:
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feeding -

when the focal animal ate, processed or looked for food
w ithin a food tree;

resting -

when the focal animal remained at the same location
w ithout feeding for more than tw o five minute records (this
category includes sleep and social activities such as
grooming); or

travelling -

when the focal animal moved from tree to tree.

Location was defined as either: within a specified food tree or
elsewhere.

Each five minute record collected in this w ay is called an A ctivity
Record. Fig. 13 is an example of some raw data collected using this
method. A "D Period" was attached to each A ctivity Record when the
lemur fed on the fruit of a given species (in Fig. 13 the D Period is
shown for the record when the lemur fed on the fruit of Protium
madagascariense at 14.20). Within this period a count was made of the
number of records for "feeding on parent", "feeding on conspecific",
"feeding on other food tree", "resting in parent", "resting in
conspecific", "resting in other food trees", "resting elsewhere", and
"travelling".

The rate of defecation during each activity was estimated by observing
the focal animal closely and counting the number of times it defecated
during timed periods of feeding, resting, and travelling. The definitions
of the start and finish of the various activities are given in Table 21
Only periods when the animal was clearly visible were sampled. These
periods were timed using a stop-watch. A single defecation was defined
by the lemur lifting its tail, expelling faecal material and lowering its tail.
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Table 21.

Definitions of the moments of change between various
activities.

Old a c tiv ity

N e w a c tiv ity

End of old a c tiv ity /S ta rt o f n ew a c tiv ity

Travelling
Travelling
Resting
Resting
Feeding
Feeding

Resting
Feeding
Travelling
Feeding
Travelling
Resting

lemur
lemur
lemur
lemur
lemur
lemur

immobile for > tw o Activity Records
starts to forage or feed
moves 5 m away from resting place
starts to forage or feed
leaves feeding tree
immobile for > tw o Activity Records
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Fig. 13

Example of raw daytime data

Date: 2 .1 0 .9 2

Group: M

Focal Anim al: Dullard's Male

Tim e

A c tiv ity

Location

14.20
14.25
14.30
14.35
14.40
14.45
14.50
14.55
15.00
15.05
15.10
15.15
15.20
15.25
15.30
15.35
15.40
15.45
15.50
15.55
16.00
16.05
16.10
16.15
16.20
16.25
16.30
16.35
16 .4 0
16.45
16.50
16.55
17.00
17.05
17.1 0
17.15
17.2 0
17.25
17.3 0

f (fruit)

Protium 1

f
f
f
f
f

Noronhia 3
Trophis 4
Trophis 4
Trophis 4
Trophis 4
Trophis 4
Trophis 4
Trophis 4
Trophis 4
Trophis 4
Trophis 4
Trophis 4
Trophis 4
Trophis 4
Trophis 4
Trophis 4
Trophis 4
Trophis 4
Trophis 4
Trophis 4

(fruit)
(fruit)
(fruit)
(fruit)
(fruit)

f (fruit)

Canarium 5

f (fruit)
f (fruit)

Canarium 7
Canarium 7

Protium
Protium
Protium
Protium
Protium
Protium
f (leaves)

« FEEDING RECORD
ASSOCIATED W ITH D PERIOD

D PERIOD ASSOCIATED
WITH FEEDING RECORD
AT 14.20

1
1
1
1
1
1

Grangeria 3

Activity: f - feeding, r - resting, t - travelling
Location: named food trees are specified
Within the D period of 1-3 hours attached to the Feeding Record on Protium 1 at 14.20:
Tfp - 1, T,.p - - 4, Tfp = 0, Tfj. = 0, T„ = 3, T^ = 12, T,.^ = 0, and T^ = 4.
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The proportion of swallowed seeds of a given species defecated in the
various locations was calculated from: a) the total number of records for
the various activities in the various locations for all the D Periods
associated w ith the species; and b) the rates of defecation during each
activity. The equations used are as follows:

iIfp.x..Rf + T,pjLB,l

Pp

(Tfp X R, + T,p x R , + Tfc x R f +

Pc

x R, + T„ x R, + T ,, x R, + T, x R,)

life X Rf + T,_x_Rfl
(Tfp x R , + Tp X R, + Tfc x R , + T,, x R, + Tf, x R, + T,, x R, + T, x R,)

Pf

lIffJLRf-+JTrf. X R^l
(Tfp x R , + T,p X R, + Tfg x R , + T,, x R, + Tff x Rf + T,, x R, + T, x RJ

Pe =

(Trp X R^ + Tt X R^)
(Tfp x R , + T,p x R r +

xRf +

x R, + Tff x Rf + T,, x R, + T, x RJ

in which:
Pp =
Pc =
Pf =
Pe =
Tfp =
Tp =
Tfg =
Tc =
Iff =
Trf =
Tg
T^
Rf
R,
R^

=
=
=
=
=

proportion of swallowed seeds deposited below the parent;
proportion of swallowed seeds deposited below fruiting conspecifics;
proportion of swallowed seeds deposited below other food trees;
proportion of swallowed seeds deposited elsewhere
No. of Feeding Records located in parent in D Periods associated with species
No. of Resting Records located in parent in D Periods associated with species
No. of Feeding Records located in fruiting conspecific in D Periods associated
with species
No. of Resting Records located in fruiting conspecific in D Periods associated
with species
No. of Feeding Records located in food sources other than parent and
conspecifics in D Periods associated with species
No. of Resting Records located in food sources other than parent and
conspecifics in D Periods associated with species
No. of Resting Records located elsewhere in D Periods associated with species
No. of Travelling Records in D Periods associated with species
Rate of defecation during feeding
Rate of defecation during resting
Rate of defecation during travelling

Only species whose fruit the focal animal had been recorded eating on
> 1 0 occasions (i.e. species with > 1 0 associated D Periods) were
included in the analysis.

Ill

7.3. RESULTS

7.3.1. Time spent feeding, resting and travelling in various locations.

Table 22 shows the relative amount of time (in terms of the number of
A ctivity Records) the lemurs spent doing various activities in various
locations during D Periods associated w ith various species. The Table
shows that:

a) for all of the species except Plagioscyphus sp., only a small
proportion of total time during the D Periods is spent feeding or resting
in the parent tree;

b) for all the species only a small proportion of total time during the D
Periods is spent feeding in conspecifics;

c) for all the species except for Chrysalidocarpus madagascariensis only
a small proportion of total time in the D Periods is spent resting in
conspecifics;

d) for all species a large proportion of total time during the D Periods is
spent feeding in food trees other than the parent or fruiting conspecifics;

e) for all species a large proportion of total time during the D Periods is
spent resting at sites other than the parent, fruiting conspecifics and
other food trees; and

f) for all species a large proportion of total time during the D Periods is
spent travelling.
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Table 22. No. of Activity Records (with percent of total) associated with various activities at
various locations during D Periods associated with various species.

RESTING

FEEDING
parent
Species

CO

Breonia sp
Burasaia sp.
Canarium madagascariense
Cassine sp.
Chrysalidocarpus madagascariensis
Cissus sp.
Cryptocarya sp.
Dichapetalum leucosia
Diospyros clusiifolia
Ficus soroceoides
Grewia sp.
Macphersonia madagascariensis
Parkia madagascariensis
Plagioscyphus sp.
Protium madagascariense
Terminalia calophylla

5
0
8
0
14
17
64
0
17
1
1
10
0
232
0
0

0.7]
0.0)
0.6)
0.0)
1.3)
1.3)
3.0)
0.0)
1.8)
0.1)
0.4)
3.9)
0.0)
10.2)
0.0)
0.0)

conspecific other food
(Tfc)
(Tff)

44
0
44
1
44
20
154
19
78
4
4
9
2
130
6
0

5.9)
0.0)
3.5)
0.1)
4.0)
1.6)
7.1)
6.5)
8.3)
0.5)
1.6)
3.5)
0.6)
5.7)
1.6)
0.0)

287
27
132
246
228
288
290
125
144
188
45
28
55
301
64
152

38.2)
17.3)
10.4)
35.3)
20.9)
22.5)
13.4)
43.0)
15.3)
25.3)
18.5)
10.9)
16.7)
13.2)
17.0)
22.1)

parent

0
0
0
0
1
80
85
0
0
0
5
0
0
471
21
57

0.0)
0.0)
0.0)
0.0)
0.1)
6.3)
3.9)
0.0)
0.0)
0.0)
2.1)
0.0)
0.0)
20.6)
5.6)
8.3)

TRAVELLING
conspecific other food
(Trf)
(^rc)

6
0
0
0
122
6
104
0
3
0
0
0
0
84
0
0

0.8)
0.0)
0.0)
0.0)
11.2)
0.5)
4.8)
0.0)
0.3)
0.0)
0.0)
0.0)
0.0)
3.7)
0.0)
0.0)

49
0
15
109
52
57
137
24
0
104
46
0
4
44
102
0

elsewhere
(Tre)

('ti

6.5)
164 21.8)
0.0)
101 64.7)
1.2) 820 64.5)
15.7) 230 33.0)
4.8) 451 41.4)
4.5) 502 39.2)
6.3) 1105 50.9)
8.2)
49 16.8)
0.0) 479 51.0)
14.0) 344 46.4)
18.9) 49 20.2)
0.0)
168 65.1)
1.2) 201 61.1)
1.9) 490 21.5)
27.1) 107 28.5)
0.0) 300 43.6)

197
28
252
110
178
309
230
74
219
101
93
43
67
531
76
179

(26.2)
(17.9)
(19.8)
(15.8)
(16.3)
(24.2)
(10.6)
(25.4)
(23.3)
(13.6)
(38.3)
(16.7)
(20.4)
(23.3)
(20.2)
(26.0)

No. D Periods

52
10
64
41
61
74
110
20
56
37
18
16
15
112
24
48

7.3.2. Rates of defecation during feeding, resting and travelling.

Table 23 shows the rates of defecation during feeding, travelling and
resting. The rate of defecation is highest during travelling and lowest
during resting.

Table 23.

Rates of defecation during feeding, resting and travelling

A ctivity

Rate of defecation
(No. defs./sec x 1000)

Feeding
Resting
Travelling

0.827
0.268
1.377

Obs. time
(secs)
51,959
447,757
68,252

7.3.4. Proportion of swallowed seeds deposited in various locations.

Table 24 shows the proportion (as a percentage) of swallowed seeds of
various species deposited below their parent, below fruiting
conspecifics, below other food sources and elsewhere. The table shows
that:

a) a very small proportion (i.e. 0 - 6.8%) of swallowed seeds of all
species except Plagioscyphus sp. (with 20.2% ) were deposited below
their parent (i.e. swallowed seeds were nearly always dispersed);

b) for all species a small proportion (0 - 13.9%) of swallowed seeds
were deposited below fruiting conspecifics;

c) a variable proportion of swallowed seeds (14.7 - 52.1 %) were
deposited below food sources other than the parent and conspecifics;

d) for all species a large to very large proportion (47.7 - 79.3% ) of
swallowed seeds were deposited away from food sources.
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Table 24. Proportion (as a percent) of swallowed seeds of various species deposited below parent,
below fruiting conspecifics, below other food sources and elsewhere.

Ol

Pp
Pc
Pf
Pe

Species

Pp

PC

Pf

Pe

Breonia sp
Burasaia sp.
Canarium madagascariense
Cassine sp.
Chrysalidocarpus madagascariensis
Cissus sp.
Cryptocarya sp.
Dichapetalum leucosia
Diospyros clusiifolia
Ficus soroceoides
Grewia sp.
Macphersonia madagascariensis
Parkia madagascariensis
Plagioscyphus sp.
Protium madagascariense
Terminalia calophylla

0.7
0.0
0.9
0.0
1.8
4.1
6.8
0.0
2.2
0.2
1.1
5.8
0.0
20.2
2.5
3.3

6.3
0.0
5.1
0.2
10.6
2.1
13.9
6.5
10.4
0.8
1.7
5.2
0.9
8.3
2.2
0.0

41.2
25.4
14.7
52.1
31.2
29.2
24.7
45.6
19.0
43.8
25.2
16.2
24.0
16.6
35.8
26.9

51.8
74.6
79.3
47.7
56.4
64.6
54.7
47.8
68.4
55.2
72.0
72.8
75.2
54.9
59.5
69.9

=proportion
=proportion
=proportion
=proportion

of
of
of
of

swallowed
swallowed
swallowed
swallowed

seeds
seeds
seeds
seeds

deposited below the parent
deposited below fruiting conspecifics
deposited below other food trees
deposited elsewhere

7.4. DISCUSSION

7.4.1. Proportion of seeds defecated below parent.

During the day, for all but one of the species, black lemurs rarely
defecated seeds below their parent (i.e. black lemurs nearly always
dispersed swallowed seeds). This is because:

a) Feeding sessions are always shorter than the shortest time required
for seeds to pass through the black lemur gut (mean duration of fruit
feeding session = 12.1 mins (s.d. = 9.3, n = 576) longest session =
55 mins).

b) Individuals rarely rested in the tree where they had previously fed
and, even if they did, resting sessions are usually shorter than the time
required for a seed to pass through the black lemur gut (mean duration
of a resting session = 41 mins (s.d. = 38.9); median duration = 25
mins respectively, longest duration resting session = 230 mins (sample
taken only from study periods of 4 hours or longer duration, n = 328)).

c) Individuals fed on the same tree in consecutive feeding sessions on
only 12.2 % of occasions (n = 508).

The behaviour of frugivores which feed rapidly and avoid resting in food
trees has been interpreted as a strategy to reduce their risk of predation
from frugivore predators which focus their hunting on fru it trees (Howe,
1977; Howe, 1979; Morrison, 1978; Heithaus and Fleming, 1978; Pratt
and Stiles, 1983; Sugardjito, 1983). However, W heelwright (1991)
found no relationship between the size and crypsis of frugivorous birds
(which should be related to their risk of predation) and the length of time
they remained in food trees. During the study three carnivores were
recorded around Lokobe Forest which could predate black lemurs (at
least when immature) - the Madagascar buzzard {Buteo brachypterus),
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the black kite {MHvus migrans) and the Madagascar sparrowhawk
(Accipiter madagascariensis). In addition, the Madagascar harrier-hawk
(Poiyboroides radiatus) has been recorded in the reserve
(lUCN/UNEP/WWF, 1987). Although black lemurs do not spend time
solely searching for predators they are clearly nervous about the
possibility of aerial attack. Whenever an individual is surprised by any
medium - large size animal (either birds-of-prey or non-predators such as
pigeons and fru it bats) flying close by, it issues a short distinctive bark
and all the group members leap for cover. Sometimes this leap is so
urgent that they lose

their footing and fall from the tree. On tw o

occasions, both on the same day (2.10.92), a Madagascar sparrowhawk
was observed to swoop towards the black lemur group. Both attacks
were unsuccessful. The Madagascar sparrowhawk is relatively small (34
- 40 cm long, Langrand, 1990), therefore,! the targets of these attacks
were probably tw o infants which were part of the group. Colquhoun
(1993) reported a failed predation attempt on a young black lemur by
the Madagascar sparrowhawk and a failed predation attempt on an adult
black lemur by a Madagascar harrier-hawk. Nevertheless, among the
larger prosimians, predation of adults seems to be exceedingly rare and
their strong anti-predation behaviour appears to be out of proportion to
the actual current risk of predation (Goodman, 1994). Possibly this
behaviour is a response to the greater risk of predation faced by young
animals (Sauther, 1989; Goodman at al, 1993). Alternatively, it may
have developed during a period when Madagascar was home to a large
eagle, recently described from fossil bones (Goodman, 1994).

Janzen (1983a) predicted that trees w ith animal dispersed seeds should
have evolved features which discourage their dispersera from resting in
the tree after feeding. The partial loss of leaves coinciding w ith the
ripening of fru it in Canarium madagascariense, which would expose
resting lemurs to volant predators and the hot sun, could be interpreted
in this context.
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There are three possible explanations w hy the black lemurs rarely fed on
the same food tree in consecutive feeding sessions. First, many of the
exploited food sources are small and are depleted in a single feeding
session to a condition that further feeding is less beneficial than feeding
elsewhere. This explanation is supported by the observation that fruit
sources which were exploited in consecutive feeding sessions were
nearly always huge e.g. fruiting trees of Plagioscyphus sp. (see below)
and Mangifera indica. Secondly, in order to obtain a balanced diet it is
necessary to exploit several different species of fru it and types of food.
This explanation is supported by the observation that even when ripe
fruit was seemingly superabundant (e.g. during February 1993, when
much fruit fell uneaten to the ground) the group still ate some leaves.
Thirdly, individuals may exploit a number of food sources in a given
period as part of a process in which they continually monitor the
availability of food within their territory. This explanation was suggested
by Charles-Dominique (1977 and 1979) to explain the foraging
behaviour of Allen's bushbaby and the potto.

The seeds of Plagioscyphus sp. were defecated below the parent more
frequently than those of other species. Plagioscyphus sp. is a large tree
which bears a huge fruit crop on an extra annual cycle. The relatively
low proportion of seeds dispersed was the result of animals from the
study group feeding on the same tree in successive feeding sessions and
resting in the tree between feeding sessions (i.e. both T^p and T,p were
high). Similarly, White (1986) reported that when the black spider
monkey, Ateles paniscus, exploits a tree w ith a large fru it crop it may
remain in the vicinity of the tree for much of the day and therefore
provides a lower quality of seed dispersal than for trees which produce
smaller fru it crops. Black lemurs may have felt secure resting in trees of
Plagioscyphus sp. because they have a thick, closed canopy. In
addition, the group may have rested in the tree to defend its fruit from
exploitation by other groups which continually tried to gain access to the
resource.

118

Although, the home group provided a relatively poor quality of seed
dispersal for Plagioscyphus sp., alien groups exploiting the tree may
have provided rather high quality seed dispersal. This is because when
these groups gained access to the tree they fed rapidly and retreated to
their own territory. Consequently, it could be hypothesised that species
which consistently produce very large fruit crops should evolve
adaptations (e.g. fruits w ith a strong scent on ripening) to attract distant
frugivores.

A few estimates are available for the proportion of swallowed seeds
dispersed in other frugivore-plant interactions i.e.: Sallabanks (1993)
reported that American robins disperse only 50% of swallowed
hawthorn seeds; and Janzen et a! (1976) reported that the fruit bat
Artibeus jamaicensis dispersed 87.7% and 29.3% of the seeds in fruits
it exploited of tw o Andira inermis trees. The proportion of swallowed
seeds dispersed by the black lemur during the day compares favourably
w ith these estimates.

In addition, several authors have reported frugivore' behaviours which
are likely to result in a large proportion of swallowed seeds being
deposited below the parent. For example:

- Pratt and Stiles (1983) reported that in the montane forest of New
Guinea, fru it pigeons and bowerbirds loaf in food trees between feeding
sessions and have long feeding sessions and short gut transit times;

- Herrera and Jordano (1981) reported that in eastern Andalusia, redstart
species "loaf" in Prunus mahaleb trees between feeding bouts;

- Fleming and Heithaus (1981) reported that in Santa Rosa, Costa Rica,
frugivorous bats remain in the vicinity of a fru it source for long periods
and have short gut transit times;
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- Howe (1977) reported that flycatchers and toucans rest in Casearia
corymbosa between feeding sessions;

- Morrison (1978) and Figueiredo (1993) reported that howler monkeys
are relatively sedentary and therefore deposit a large proportion of
defecated seeds below their parent (but Julliot (1992) argues that the
long transit time of seeds through the gastrointestinal tract of howler
monkeys compensates for their relative inactivity and leads to most
seeds being deposited away from their parent); and

- Howe (1980) reported that on Barro Colorado Island, Panama, small
procyonids, spend long periods processing fru it in trees of Tetragastris
panamensis.

7.4.2. Proportion of seeds defecated below fruiting conspecifics.

Generally, less than 10% of swallowed seeds are defecated below
fruiting conspecifics. This is because the group usually had a diverse
daytime diet, which at any one time included several species of fruit as
well as leaves and other types of food (see Appendix II). Similarly,
Estrada and Coates-Estrada (1986) reported that howler monkeys,
because of their diverse daily diet and pattern of movements, rarely
deposit swallowed seeds below conspecifics. There are several possible
explanations w hy an animal has a diverse diet. First, a diverse diet may
be necessary to satisfy complex nutritional needs (Foster, 1977; White
and Stiles, 1983). Secondly, even if one particular food can provide a
balanced diet its availability may be less than the animal's requirements.
Thirdly, it may be advantageous for animals to sample the range of
potential foods in their environment to assess the most desirable diet at
any particular time.

Swallowed seeds of just 3 species were deposited below conspecifics
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on more than 10% of occasions: Chrysalidocarpus madagascariensis
(10.6% ), Cryptocarya sp. (13.9% ), and Diospyros clusiifolia (10.4% ).
The relatively high values for these speciesj are because of their high
density in the territories of the lemur groups, their medium to large fruit
crops and, in the case of C. madagascariensis and Cryptocarya sp., the
occurrence of their fruiting season at times of the year when little else
was fruiting (i.e. March/April and July/August respectively). In addition,
black lemurs frequently rested in C. madagascariensis. This is probably
because this palm grows in disturbed areas where other resting sites are
scarce and its leaf bases provide a secure and comfortable resting site.

7.4.3. Proportion of seeds defecated below food trees other than parent
and conspecifics.

The proportion of the swallowed seeds that were defecated below food
sources other than the parent and conspecifics was variable. Generally,
species which had a large proportion of their seeds deposited below the
parent or conspecifics had a small proportion deposited below other food
sources and vice versa.

7.4.4. Proportion of seeds defecated elsewhere

A large to very large proportion of swallowed seeds of all species were
deposited away from the parent, conspecifics and other food trees. This
proportion is the sum of the proportion of seeds defecated when the
lemur is travelling and the proportion of seeds defecated when the lemur
is resting outside food trees. Of these, the former is the largest. This is
because, although the lemur spends a relatively small proportion of time
travelling, the rates of defecation during travel are high.
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7.5.

CONCLUSIONS

During the day for all species whose fruits were exploited except for
Plagioscyphus sp., the black lemur deposits a small proportion of
swallowed seeds below the parent, a small proportion of swallowed
seeds below fruiting conspecifics, and a large - very large proportion of
swallowed seeds away from food sources. A variable proportion of
swallowed seeds were deposited below food sources other than the
parent and fruiting conspecifics. These results suggest that during the
day the black lemur provides a high quality of seed dispersal.
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8. QUALITY OF DISPERSAL - DEPOSITION OF SEEDS BELOW
PARENT, FRUITING CONSPECIFICS, OTHER FRUITING TREES,
AND ELSEWHERE DURING THE NIGHT.

8.1. INTRODUCTION

In addition to feeding during the day, at some times of the year the black
lemur also feeds at night (see Subsection 6.3.2.). In this chapter a
comparison is made between the proportion of swallowed seeds
deposited in various locations during the night and during the day.

8.2. METHODS

Two black lemur groups were habituated (see Subsection 2.2.9) and
observed for a total of 471 hours during the| night. During the night, it
was not possible to estimate the proportion of swallowed seeds
deposited in various locations by recording the activities and location of
a focal animal. However, at night, the group generally remained
coherent and it was possible to record the activity of the group as a
whole from the noise they made and from food fragments they dropped.
In particular, during five minute periods through the night the group
were scored as:

feeding - if food fragments fell to the forest floor or movement was
heard within a known food tree;

resting - if no movement was heard; and

travelling - if movement from tree to tree was heard.

The food type and species were identified from falling fru it fragments or
from prior knowledge of the food exploited at a particular location.
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A t night, it was possible to locate the group when feeding and travelling
but not when resting.

Each five minute record collected in this w ay is called a Group A ctivity
Record.

Fig. 14 is an example of some raw data collected at night using this
method. Following the rationale given in the previous chapter, a D
Period was attached to each Group A ctivity Record when the group fed
on the fruit of a given species (in Fig. 14 the D Period is attached to the
record when the group fed on the fruit of Canarium madagascariense at
23.10). Within the D Period a count was made of the number of records
for: "feeding on parent", "feeding on conspecific", "feeding on other
food tree", "resting", and "travelling". As in the previous chapter, the
proportion of swallowed seeds of a given species defecated in the
various locations was calculated from: a) the total number of records for
the various activities in the various locations for all the D Periods
associated w ith the species; and b) the rates of defecation during each
activity. However, as the location of the resting group was unknown it
was not possible to estimate the proportion of swallowed seeds
defecated while resting in various locations. To allow a comparison to
be made between night-time and daytime dispersal. Group A ctivity
Records were also collected during the day using the same methods as
at night.
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Fig. 14

Example of raw night-time data

Date: 27 10.92

Group: M

Tim e

A c tiv ity

Location

2 3 .1 0
2 3 .15
2 3 .2 0
23.2 5
2 3 .3 0
2 3 .3 5
2 3 .4 0
2 3 .4 5
2 3 .5 0
2 3 .5 5
0 0 .0 0
0 0 .0 5
0 0 .1 0
0 0 .1 5
0 0 .2 0
0 0 .2 5
0 0 .3 0
0 0 .3 5
0 0 .4 0
0 0 .4 5
0 0 .5 0
0 0 .5 5
0 1 .0 0
0 1 .0 5
0 1 .1 0
0 1 .1 5
0 1 .2 0
0 1 .2 5
0 1 .3 0
0 1 .3 5
0 1 .4 0
0 1 .4 5
0 1 .5 0
0 1 .5 5
0 2 .0 0
0 2 .0 5
0 2 .1 0
0 2 .1 5
0 2 .2 0
0 2 .2 5
0 2 .3 0

f (fruit)
f (fruit)
f (fruit)
f (fruit)
f (fruit)
f (fruit)
f (fruit)
f (fruit)
f (fruit)
r
r
r
r
r
r
r
r
r
r
r
r
r
r
r
r
r
r
r
r
r
r
f (fruit)
f (fruit)
r
r
r
r
r
r
r
r

Canarium
Canarium
Canarium
Canarium
Canarium
Canarium
Canarium
Canarium
Canarium

14
14
10
10
10
10
10
10
10

FEEDING RECORD

D PERIOD ASSOCIATED
W ITH FEEDING RECORD
AT 2 3 .1 0

Canarium 10
Canarium 10

Within the D Period of 1 3 hours attached to the record for feeding on "Canarium 14"
No. records "feeding on parent" = 0
at 23.10;
No. records "feeding on conspecific" = 2
No. records "feeding on elsewhere" = 0
No. records "resting" = 22
No. records "travelling" = 0
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8.3. RESULTS

8.3.1. Time spent feeding, resting and travelling in various locations

A t night, the lemurs frequently exploited the fru it of only four species,
Canarium madagascariense, Cryptocarya sp., Parkia madagascariensis,
and Piagioscyphus sp. Table 25 shows the relative amount of time (in
terms of the number of Group A ctivity Records) the lemurs spent feeding
in the parent, feeding on fruiting conspecifics, feeding on other food
sources, resting and travelling, during night-time D Periods associated
w ith these four species. The table also provides comparable data for
daytime D Periods associated with these species. The table shows that:

a) during night-time D Periods compared to daytime D Periods, for all
species, the group spent less time travelling;

b) during night-time D Periods compared to daytime D Periods, for all the
species, except Piagioscyphus sp., the group spent more time feeding in
the parent tree; and

c) there were no consistent trends between night and day concerning
the relative proportions of time during D Periods spent feeding on
fruiting conspecifics, other food sources and resting.

8.3.2. Proportion of swallowed seeds deposited in various locations

Table 26 shows the proportion of swallowed seeds defecated while
feeding in parent, feeding in conspecifics, feeding elsewhere, resting and
travelling during night for the four species whose fruits are eaten at
night. The table also provides comparable data for the dispersal of these
species during the day. The table shows that:
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a) during the night compared to the day, for all species, a smaller
proportion of seeds were defecated while travelling;

b) during the night compared to the day, for all the species, a larger
proportion of seeds were defecated while feeding in the parent tree;

c) during the night compared to the day, for all species except Canarium
madagascariense, more seeds were defecated while resting; and

d) there were no consistent trends between night and day concerning
the relative proportions of swallowed seeds deposited while feeding on
fruiting conspecifics and other food sources e.g. during the night
compared to the day, a much larger proportion of swallowed Canarium
madagascariense seeds but a much smaller proportion of Cryptocarya sp
seeds were deposited while feeding on fruiting conspecifics.
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T a b le 2 5 . No. o f Group A c t i v i t y R e c o rd s ( w i t h p e r c e n t o f t o t a l ) a s s o c ia t e d w i t h v a r io u s
v a r io u s l o c a t i o n s d u r in g n i g h t - t i m e and d a y tim e D P e r io d s f o r f o u r s p e c ie s .

ro

00

a c tiv itie s

in

Feeding
Parent

Feeding
Conspecific

Feeding
Elsewhere

Resting

Travelling

No. D Periods

Night
Canarium madagascariense
Cryptocarya sp.
Parkia madagascariensis
Piagioscyphus sp.

3222
458
71
164

(19.5)
(22.6)
(9.0)
(12.6)

2313
18
28
82

(14.1)
(0.9)
(3.6)
(6.3)

588 (3.6)
0 (0.0)
235 (29.9)
0 (0.0)

7487
1344
328
858

(45.6)
(65.68)
(41.7)
(66.0)

2810
226
124
194

(17.1)
(11.0)
(15.8)
(14.9)

769
94
34
63

Day
Canarium madagascariense
Cryptocarya sp.
Parkia madagascariensis
Piagioscyphus sp.

48
145
0
519

(3.0)
(7.0)
(0.0)
(17.3)

96
221
25
201

(6.0)
(10.7)
(5.8)
(6.7)

103
287
40
400

899
828
204
790

(55.8)
(40.2)
(47.0)
(26.3)

464
577
165
1097

(28.8)
(28.0)
(38.0)
(36.5)

81
96
19
150

(6.4)
(13.9)
(9.2)
(13.3)

Table 26. Proportion (as a percent) of swallowed seeds defecated while feeding in parent, feeding in
conspecifics, feeding elsewhere, resting and travelling, during the night and day (based on
Group Activity Records).

ro

(O

Feeding
Parent

Feeding
Conspecific

Night
Canarium madagascariense
Cryptocarya sp.
Parkia madagascariensis
Piagioscyphus sp.

24.4
35.6
11.0
19.4

17.5
1.4
4.3
9.7

Day
Canarium madagascariense
Parkia madagascariensis
Cryptocarya sp.
Piagioscyphus sp.

3.7
0.0
7.7
16.2

7.3
6.2

11.7
6.3

Feeding
Elsewhere

4.4
0.0

36:3
0.0

7.9
9.9
15.2
12.5

Resting

Travelling

18.3
33.8
16.4
32.7

35.4
29.2
31.9
38.2

22.2

58.9
67.7
51.0
57.0

16.3
14.3
8.0

8.4. DISCUSSION

During the night compared to the day, a smaller proportion of swallowed
seeds were deposited while travelling and a larger proportion of swallowed
seeds were deposited while feeding in the parent. This is because during
the night compared to the day, black lemur' feeding was more restricted to
canopy trees i.e. large food sources which could be exploited in
consecutive feeding sessions. This nocturnal feeding strategy may be to
reduce the necessity for travel which may be d ifficult for black lemurs at
night because of their imperfect night vision (see Tattersall, 1982).
Alternatively, black lemurs may prefer to feed on canopy fruits during the
night compared to the day because during the day, the canopy may be
very hot and have a high associated risk of predation.

Variation between night and day, in the proportion of swallowed seeds
deposited while feeding below fruiting conspecifics and other food sources
can be explained by the relative importance of the species' fru it in the
night and day diet and the number of different individuals of the species
which are exploited. For example, the large proportion of swallowed
Canarium madagascariense seeds was

defecated while feeding below

fruiting conspecifics during the night compared to the day, was because
during the night, for several months, the lemurs feed almost exclusively on
the fruit of this species (see Appendix III) which they obtained from several
plants.

During the night compared to the day, a large proportion of swallowed
seeds were deposited while resting. Although it was not possible to locate
accurately resting sites, the group often seemed to rest in or very close to
the trees in which they had previously fed. If this perception is correct,
this behaviour would contrast w ith that during the day, and would lead to
a large proportion of the seeds defecated during rest being deposited
below the parent. This difference in night-time and daytime resting
behaviour could be explained by the absence of nocturnal aerial predators
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(see Subsection 7.4.1.).

8.5. CONCLUSIONS

During the night compared to the day, black lemurs provide a lower quality
of seed dispersal because they deposit more seeds below the parent when
feeding (and possibly also when resting) and fewer seeds while travelling.
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9. QUALITY OF SEED DISPERSAL - DISTRIBUTION OF SEEDS
DEPOSITED AWAY FROM FOOD SOURCES

9.1. INTRODUCTION

A high quality seed disperser will deposit seeds evenly rather than in
dense patches (i.e. will generate homogenous rather than heterogenous
seed shadows). Regeneration in dense seed patches w ill be poor
because of density-dependent seed and seedling predation and inter
seedling competition (see Chapter 1).

I In the previous chapters it was shown that, during the day at least, the
black lemur group deposited the majority of swallowed seeds away from
food sources. This chapter describes the distribution of these seeds by
considering: a) the distribution of the group's daytime rest outside of
food trees, and b) travel. If these activities are localised, the distribution
of seeds will be patchy, but if they are evenly distributed across the
territory, the seeds will be evenly distributed too. It was not possible to
describe the distribution of seeds deposited away from food trees during
the night because during this period it was impossible to pinpoint the
location of individuals when resting and travelling.

9.2. METHODS

9.2.1. Monthly distribution of resting sites outside food sources and
travel routes

Typically, trees in Lokobe Forest carried ripe fruit for 2 - 6 weeks,
therefore, the nature of seed shadows away from food sources
generated by black lemurs can be described by considering the
localisation of resting sites outside food sources and travel over periods
of one month.
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During each of four months (three w et season months - January 1992,
February 1992, and March 1992, and one dry season month - August
1994) focal animals in a habituated lemur group (M Group) were
observed and all resting sites and travel routes which they used were
marked and mapped. A point was mapped by measuring its distance
and bearing from a known point on the trail and plotting these
measurements on a scale map of the trail network prepared at the start
of the study (see Subsection 1.1.1). Where the angle of the slope
between the point on the trail and the point to be mapped was < 9 ° , the
horizontal distance was considered equal to the distance measured along
the ground but, where the angle was > 9 ° , the horizontal distance was
calculated using trigonometry. Also, in order to explore the relationship
between the distribution of resting sites and travel w ith the distribution
of food sources, the location of all food sources used by the focal
animals during these months were marked and mapped.

9.2.2. Frequency of use of particular resting sites and travel routes
during each month.

For each of 13 months, focal animals in a habituated black lemur group
were observed. Whenever the focal animal rested, the location was
marked, by tying a ribbon to the undergrowth below and whenever it
crossed a trail, the marked trail interval was noted. Two resting
locations were considered to be at the same "resting site" when the
ribbons were within 2.5 m of each other.

For each month the localisation of rest and travel was quantified by
comparing the observed frequency that particular resting sites and travel
routes had been used with the frequency expected if rest and travel had
been randomly distributed throughout the m onthly home range.

The observed frequency distribution for the number of times resting sites
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were used during a month was calculated from the number of ribbons
which were > 2 .5 m from another ribbon, < 2 .5 m from one ribbon,
< 2 .5 m from tw o ribbons etc.

The expected frequency distribution for the number of times resting sites
were used if choice of resting site was random within the monthly home
range was calculated using a binomial expansion in which the probability
of a resting incident occurring in a particular site in a particular month
was equal to the inverse of the number of potential resting sites in the
group's home range for that month. The approximate number of
potential resting sites is given by the area of the group's monthly home
range divided by the area of a circle of diameter 2.5 m (i.e. 19.6 m^).
The monthly home range was defined by mapping on a 1:1000 scale
map, and linking together, the eight most extreme resting sites or food
sources used by the focal animals during the month and the most
extreme points it crossed on the trail network. The area of the monthly
home range was estimated by transferring the mapped area onto
cartridge paper, cutting it out, weighing it, and comparing the weight of
this area w ith areas of paper representing 1 ha.

The observed frequency distribution for the number of times travel
routes were used was estimated by noting how many times each of the
marked 1 0 m intervals on the trail network were crossed by the focal
animal during the course of the month.

The expected frequency distribution for the number of times travel
routes were used if travel was random w ithin the m onthly home range
was calculated using a binomial expansion in which the probability of a
particular trail interval being crossed during a particular month was equal
to the inverse of the number of trail intervals in the group's home range
for that month.
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9.2.3. Frequency of use of particular resting sites and travel routes
during the whole study.

The frequent use of particular resting sites and travel routes during a
month may be the result of the lemurs spending a large amount of time
feeding in particular food trees i.e. localised feeding leading to localised
resting and travelling. However, it may also be the result of the lemurs
selecting particular resting sites and travel routes in preference to
others. In order to detect whether the lemurs were selective in their
choice of resting sites and travel routes, the frequency distributions for
the number of times resting sites and travel routes were used during the
w hole stu d y was compared w ith the frequency distributions expected if
rest and travel were random within the group's territory. The
distribution of food during the course of the whole study will be more
homogenous than monthly food distribution, therefore, the influence of
food distribution on the distribution of resting sites and travel routes will
be reduced.

9.3. RESULTS

9.3.1. Monthly distribution of resting sites outside food sources and
travel routes

Figs. 15, 16, 17 and 18 shows the distribution of resting places, travel
routes and food sources used by the focal animal during the months of
January 1992, February 1992, March 1992 and August 1994
respectively. It is clear from the maps that resting sites and travel
routes were not evenly distributed. A close association is evident
between the distribution of resting sites and travel w ith the distribution
of food sources. During August 1994, the distribution of resting sites
and travel were particularly localised.
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D i s t r i b u t i o n o f fo o d s o u r c e s
and r e s t i n g p l a c e s u s e d by
M G ro u p i n J a n . 9 2 .
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tim e

= 54 h rs )
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- T r a ils

O

- Food tre e s w ith vario us
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D is tr ib u tio n of food sources
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M Group in Feb. 92.
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Travel Routes
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17

D is t r ib u tio n of food sources
and re s tin g places used by
M Group in Mar. 92.
( t o t a l obs. time = 57 hrs)

CO

00

Travel Routes

D i s t r i b u t i o n o f fo o d s o u rc e s
and r e s t i n g p l a c e s u s e d by
M G rou p i n A u g . 9 4 .
(to ta l
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tim e

= 46 h rs )
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Broup spent 74.4% of
total feeding time
exploiting these 3
Cryptocarya sp. trees

T ravel

ro u te s

9 .3 .2 . Frequency of use of particular resting sites and travel routes
during each month.

Table 27 sh o w s th e num ber o f resting sites located outside fo od trees
w h ic h w ere n o t used, used once, tw ic e and th rice fo r each m onth o f the
stu d y. The table also show s th e num ber o f resting sites n o t used, used
once, tw ic e and th ric e , expected if rest had been random w ith in the
m o n th ly home range. The m o n th ly home range area during each o f the
m onths w as calculated fro m th e maps given in Chapter 10.

For fo u r m onths th e num ber o f resting sites w h ich w ere used repeatedly
w as s ig n ific a n tly greater than expected if resting sites w ere chosen
random ly. For th e rem aining m onths there w as no sig n ifica n t difference
b etw een th e observed and expected fre q u e n cy distrib ution s.

H ow ever,

th e non-significance o f th e diffe re nce betw een the tw o d istrib utio n s m ay
have been the result o f th e small sam ple size.

Table 28 show s th e num ber tra il intervals w ith in th e m o n th ly home
range o f the group w h ic h th e focal animal w as observed n o t to cross,
cross once, tw ic e , th rice etc fo r each m onth. The table also sh ow s the
num ber o f tra il intervals n o t crossed, crossed once, tw ic e , th rice etc
expected if travel w ith in th e home range w as random . For six o f the
tw e lv e m onths some trail intervals w e re crossed s ig n ifica n tly m ore
fre q u e n tly th a n expected if tra ve l w ere random . It is notable th a t in the
fo u r m onths in w h ic h som e resting sites w ere used m ore fre q u e n tly than
expected, som e tra il intervals w ere crossed m ore fre q u e n tly than
expected.
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Table 27. Number of potential resting sites not used, used once, twice, and thrice during each month
as observed and as expected if the use of a site for resting within the home range was
random.

x=

OBSERVED
Ox
Ix

2x

3X

EXPECTED
Ox
Ix

2x

3x

1264
1020
1417
966
783
1111
957
6123
6035
926
993
1314
651

2
2
0
1
1
1
0
2
4
5
3
2
3

0
0
0
0
0
1
0
0
1
0
0
0
2

1262.9
1018.2
1417.4
965.4
782.4
1111.0
744.5
6121.1
6029.1
921.9
990.2
1312.9
644.6

0.7
0.1
0.3
0.4
0.2
0.7
0.4
0.1
0.1
0.9
0.3
0.7
0.6

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

Month
(No. potential resting
sites in home range)

Jan.
Feb.
Mar.
Jul.
Aug.
Sep.
Oct.
Nov.
Dec.
Jan.
Feb.
Mar.
Aug.

1992
1992
1992
1992
1992
1992
1992
1992
1992
1993
1993
1993
1994

(1306)
(1036)
(1449)
(995)
(801)
(1148)
(985)
(6152)
(6066)
(964)
(1015)
(1357)
(673)

40
14
32
28
17
35
28
27
26
33
19
41
17

42.4
17.7
31.3
29.2
18.4
36.3
27.3
30.8
36.8
41.2
24.5
43.4
27.8

0.50
2.10
0.27
0.01
0.10
1.00
0.05
2.00
10.10
5.10
3.40
0.50
9.42

***
**
*
***

The significance of the difference between the two distributions was estimated by calculating the
statistic using Yate's correction on a 2 x 2 table of observed and expected values for the number
of resting incidents coinciding at a particular site with no other resting incidents and one or more
resting incidents (following methods in Campbell, 1989).
Significance levels (with d.f. = 1 ) : * p
<0.1, ** p <0.05, *** p <0.01.

Table 28. Number of trail intervals crossed at various frequencies during each month as observed and
as expected if travel within the monthly home range was random.

OBSERVED
Ox Ix
2x

3x

4x

5x

6x

>6x

EXPECTED
Ox
Ix

2x

3x

4x

5x

0.8
0.2

0.1
0.0
0.0
0.0

Month
(Trail intervals
in home range)
J a n . 1992
Feb. 1992
Mar. 1992
^ Jul 1992
io Aug. 1992
Sep. 1992
Oct. 1992
Nov. 1992
D e c . 1992
Jan. 1993
Feb. 1993
Aug. 1994

.

63
63
69
56
37
58
58
70
61
56
48
34

34
34
48
36
18
31
24
34
32
24
25
26

19
22

16
13
12
12
19
21
15
19
15
4

4
4
5

( 11)

6

4
13
10
12
8
8

0
3

24
34
47
33.8
16.7
26
22

(8)

(14)

31
25
18
15
23

23

11

20

6

18
17
13

3
4
5

20

8

21
25

10
9
9
11
10
1

22

20

17.8
9.1

33.1 ****
3.4
0.8

2.9
3.7
17.8
0.9
3.2
13.5
5.8
42.8
14.2

****
***
*
****
****

The significance of the difference between the two distributions was estimated by calculating the X=
statistic from a 2 x 3 table containing the observed and expected values for the number of crossing
records coinciding in a trail interval with no other, one other, and two or more other crossing
records (following methods in Campbell, 1989).
Significance levels (with d.f. = 2): * p <0.1, ** p
<0.05, *** p <0.01, **** p <0.001

9.3.3. Frequency of use of particular resting sites and travel routes
during the whole study.

During the whole of the study the group was observed to use a total of
197 different resting sites w ithin their territory (as defined in Chapter 6):
156 were used once; 26, tw ice; 1, thrice; 4, four times; 2, five times;
and 2, six times. If resting sites had been chosen randomly over the
group's territory (3.25 ha = 1658 potential resting sites) the expected
number of resting sites in each "frequency of use" class would be:
227.4 sites used once, 18.3 sites used tw ice, 1.0, thrice and 0.03, four
times. To test the significance of the difference between the observed
and expected frequency distributions the

statistic was calculated for

2 x 2 table of the observed and expected values for the number of
resting incidents coinciding w ith no other resting incidents and the
number coinciding w ith one or more incidents. This has a value of
151.1 showing that the difference in these distributions is very highly
significant (p < 0.001, w ith 1 degree of freedom) and suggests that the
group were selective about where they rested. The resting sites which
were used most frequently during the study were in trees w ith dense
canopies adjacent to areas of disturbance.

Fig. 19 shows the number of times the focal animal crossed each 10 m
interval on the trail network w ithin the group's territory during the
course of the whole study. The territory includes 87 trail intervals: 44,
were crossed 0 - 4 times; 23, 5 - 9 times; and 20, > 1 0 times (n =
532). If travel had been random, the expected number of trail intervals
in each "frequency of crossing class" would be 23.4, 55.74 and 7.91
respectively. To test the significance of the difference between the
observed and expected frequency distributions the

statistic was

calculated for a 2 x 3 table of the observed and expected values in each
"frequency of crossing class". This has a value of 55.96 showing that
the difference in these distributions is very highly significant (p < 0.001,
w ith 2 degrees of freedom) and suggests that the group were selective
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where they travelled. One of the most frequently used travel routes
passes through the trail intervals lOn, 20n and 30n on West Ridge Trail.
This area contains points of arboreal contact in a disturbed area where
such contacts are rare.
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Number of times each trail interval
was crossed by the focal animal

ai
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9.4. DISCUSSION

The resting sites and travel routes used by the black lemur group were
unevenly distributed within the home range. There are tw o reasons for
this.

First, the distribution of black lemur rest and travel is associated w ith
the distribution of their food, which is heterogenous. Resting sites are
often close to food sources because black lemurs often rest immediately
after feeding. Ganzhorn (1986) also reported that the distribution of
resting sites used by a brown lemur (Eulemur fulvus) (held captive in a
large outdoor enclosure) was correlated to the distribution of exploited
food sources. Presumably, lemurs rest close to the food source after
feeding because when their stomach is full, travel is energetically
expensive. If a particular food source (or several food sources w ith a
clumped distribution) is exploited repeatedly, the group w ill rest
repeatedly in its vicinity. Similarly, if a food source is exploited
repeatedly the group must travel repeatedly in the part of the forest
where it occurs. Therefore, the heterogeneity of seed shadows
generated by black lemurs will vary from month to month as a reflection
of the heterogeneity in the distribution of its food. In months when a
large proportion of feeding time is spent exploiting a single or a few
clumped food sources, seed shadows w ill be relatively heterogenous; in
months when feeding time is spread over many food sources, seed
shadows will be relatively homogenous. The former situation occurred
most strikingly during the months of December 1992, February 1993
and August 1994 i.e. three of the four months when some resting sites
were used significantly more frequently than expected (see Table 27).
In December 1992, 41.3% of feeding time was spent eating the fruits of
a mango tree; in February 1993, 52.7% of feeding time respectively was
spent feeding on three adjacent Piagioscyphus sp. trees; and in August
1994, 74.4% of feeding time was spent eating the fru it of three
adjacent trees of Cryptocarya sp. It is likely that all frugivores will
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generate heterogenous seed shadows as a result of the heterogenous
distribution of their food.

Secondly, black lemurs are selective where they rest and along which
routes they travel. They usually rest in trees below a moderate-dense
canopy, and very rarely rest in shrubs or in locations where exposed to
the sky above (expect at dawn when they sometimes sunbathe). They
usually travel through networks of medium-large horizontal branches in
the canopy or understorey, and rarely through shrubs, saplings and liana
tangles. The building/mature phase of the forest provides a very large
number of suitable resting sites and travel routes and here the group
rested and travelled freely. However, in forest gaps, suitable resting
sites and travel routes were rare and those which were available were
used repeatedly. The seeds of some rain forest species (called
"pioneers" or "nomads" (Whitmore, 1984)) w ill only germinate in gaps
(Richards, 1952; Hartshorn, 1978; Whitmore, 1984; Charles-Dominique,
1986). The tendency of the black lemur to avoid gaps suggests that it
would provide a poor quality seed dispersal for these species.

All frugivores will generate heterogenous seed shadows, but some more
so than others (Janzen, 1983a). Although black lemurs are selective
where they rest, they use a large number of resting sites (albeit mainly
confined to the building/mature phase parts of the forest). This is in
contrast to some frugivores which use one or a few resting sites
repeatedly e.g. frugivorous bats (Fleming and Heithaus, 1981), the oil
bird (Snow, 1962), the red howler monkey (Julliot, 1992); the night
monkey (Garcia and Braza, 1993). Compared to the black lemur such
frugivores will generate dense seed patches. Indeed Julliot (1992)
reported that 35% of the defecations of a group of red howler monkeys
occurred at five principal resting sites. Other behaviours shown by
some frugivores, but not by black lemurs, which w ill generate dense
seed patches include:
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repeated use of particular feeding roosts (e.g. fruit bats - Janzen
et al, 1976; Janzen, 1978);

repeated use of small water sources (e.g. the robin - Sallabanks
and Courtney, 1992);

repeated use of particular defecation sites (e.g. the Damaraland
Dikdik and the Angolan Impala - Shortridge, 1931);

allocation of large amounts of time to display sites (e.g. the bird of
paradise - Diamond, 1981 ; the cock of the rock - Théry and
Larpin, 1993);

repeated use of the same travel routes (e.g. the night monkey Garcia and Braza, 1993); and

frequent defecation close to nesting sites (e.g the resplendent
quetzal - Wheelwright, 1983).

In addition, some frugivores produce droppings that contain a large
number of seeds and which often fall to the ground intact e.g. the
mantled howler and white-faced capuchin - Howe, 1989; and the
lowland gorilla - Tutin at al, 1991). Such droppings represent small, but
very dense seed patches, and as such their seeds and seedlings will
suffer high levels of mortality. In contrast, black lemur droppings
contain a single or a few seeds (except for tiny seeds like figs which
may be numerous) which shatter easily as they fall through the forest,
scattering seeds over a wide area (c. 10 m^). Thus, intact groups of
seeds (as shown in Fig. 11a) only rarely reach the forest floor.

Although it was not possible to locate accurately the location of black
lemur resting sites at night, it is clear that a large number of sites were
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used. Indeed, even when the group did not feed during the night, they
changed resting sites tw o or three times. This is in contrast to several
other primate species which have a few favourite night resting sites or
rest in well-defined, small areas within their territory e.g. Hylobates agilis
at Sungai Dal, Malaya (Gittins, 1982); Ateles geoffroyi, Alouatta palliata,
and Cebus capucinus at Santa Rosa, Costa Rica (Chapman, 1989); and
Alouatta seniculus at Nouragues, French Guyana (Julliot, 1992).

The localisation of black lemur rest and travel w ill lead to the generation
of heterogenous seed shadows. However, it is unclear whether the
differences in seed density across these seed shadows will be
sufficiently pronounced to lead to differential seed and seedling
mortality. By its nature, travel is less localised than resting, and even if
some routes are repeatedly used during the fruiting season of a species,
these w ill still cover a relatively large area and it seems unlikely that
dense seed patches could be generated below these routes. The
tendency of lemurs to rest in the neighbourhood of food sources is
probably of greater significance for the generation of dense seed
patches. If a food source is used repeatedly, resting sites adjacent to
the food source may also be used repeatedly, leading to the
accumulation of dense seed patches on the ground below the resting
site and perhaps extending the area of high seed density (and high seed
mortality) associated w ith the food source outwards beyond the crown
of the food tree. Howe and Primack (1986) suggested that the foraging
behaviour of flycatchers on Casearia trees led to just such an extension.

To a significant extent, black lemur generated seed shadows are
modified by ground-wash. Following heavy rain, the forest floor runs
w ith water and seeds w ith a circular cross section are bowled along and
gather in large numbers along the beds of temporary streams. The
densest seed patches away from food sources noted during the study
were generated by this phenomenon rather than by black lemurs.
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9.5. CONCLUSIONS

a) The black lemur, like all endozoochores, w ill generate heterogenous
seed shadows as a result of the heterogenous distribution of their food
and their selectivity in choice of resting sites and travel routes.

b) The heterogeneity of seed shadows generated by the black lemur
group varies from month to month reflecting the heterogeneity in the
distribution of the food sources exploited. In months when a large
proportion of feeding time is spent exploiting a single or a few clumped
food sources, seed shadows are relatively heterogenous; in months
when feeding time is spread over many food sources, seed shadows are
relatively homogenous.

c) Some frugivores show much greater localisation in their behaviours
than the black lemur. Compared to these species the black lemur can be
considered a relatively high quality seed disperser.

d) Ground-wash is probably more significant in creating dense seed
patches than black lemurs.
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10. QUALITY OF SEED DISPERSAL - DISTANCE OF DISPERSAL

10.1. INTRODUCTION

The seed shadows generated by a high quality disperser should be
extensive. This is because, up to certain limits, the greater the area over
which seeds are distributed: the lower will be inter-sibling competition,
the lower will be predation from density-responsive predators, the
greater will be the chance of at least one seed locating a site suitable for
development; and the greater will be the gene flo w w ithin the population
(see Chapter 1).

This chapter estimates the maximum and usual distances that seeds are
dispersed by black lemurs and compares these distances w ith those
reported for other tropical frugivores.

10.2. METHODS

10.2.1. Maximum seed dispersal distances

The ranging behaviour of black lemurs varies throughout the year,
therefore, the maximum seed-dispersal distances w ill also vary. In order
to estimate the range of theoretical, maximum seed-dispersal distances
throughout the year, the home range of M Group was mapped for each
of a sample of 13 months. The theoretical, maximum seed-dispersal
distance for a plant fruiting in a particular month is equal to the greatest
distance across the monthly home range, given that on no occasion did
this exceed the distance that a black lemur can travel in the time taken
for seeds to pass through its gastrointestinal tract. For comparison, the
home range of H Group was mapped for March 1993.

During each study period a focal animal was selected and all food
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sources and resting sites it used were marked and all points on the trail
network it crossed were noted. The monthly home range was described
by mapping and linking together the eight most extreme resting sites or
food sources used during the month and the most extreme points on the
trail network which had been crossed. A point was mapped by
measuring its distance and bearing from a marked point on the trail and
plotting these measurements on the scale map of the trail network
prepared at the start of the study (see Subsection 2.1.1). Where the
angle of the slope between the point on the trail and the point to be
mapped was < 9 ° , the horizontal distance was considered equal to the
distance measured along the ground but, where the angle was > 9 ° , the
horizontal distance was calculated using trigonometry. The theoretical,
maximum dispersal distance was estimated by scaling-up the longest
distance between tw o points included within mapped home range. As
an example, this distance is marked on the map showing the home range
of M Group for January 1992 (see Fig. 20).

10.2.2. Usual seed dispersal distances

Only rarely, will seeds be transported the theoretical, maximum dispersal
distances. More usual dispersal distances can be estimated by
measuring the direct distance of the focal animal from a food source
during the period when seeds eaten at the food source are likely to be
defecated. This was done by recreating the timed movements of the
focal animal on a scale map using the mapped locations of its food
sources, resting sites and travel routes. In Chapter 4 it was shown that
black lemurs pass most seeds between one and three hours after they
were swallowed. Thus, the likely dispersal distances of seeds
swallowed during a particular feeding session can be estimated by:
pinpointing the position of the focal animal on the map, one hour, tw o
hours and three hours after the time halfway through a feeding session;
measuring the direct distance on the map between this location and the
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location of the food tree; and converting this distance to the real
distance according to the scale of the map (i.e. 1:1000). Dispersal
distances were estimated in this way during the months of: January
1992, February 1992, March 1992 and August 1994.

10.3. RESULTS

10.3.1. Maximum dispersal distances

Fig. 20 shows the home ranges of M Group for the months January March 1992, July 1992 - March 1993 and August 1994, and the home
range of H Group for March 1993. Table 29 shows the maximum
distance between tw o points included w ithin the home range for each
month. This distance is equal to the theoretical, maximum seed
dispersal distance. For most months this is in the range 190 - 370 m,
(mean = 245 m, s.d. = 51.6 m), but for November 1992 and December
1992 it is 560 m.
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Fig 20 . Monthly home ranges of M Group (Jan. - Mar. 92, Jul. 92 - Mar.
93, and Aug. 94) and H Group (Mar. 93).
Jan. 92 ( 2 . 5 6 ha)
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Fig. 20
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Fig. 20
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10.3.2. Usual seed dispersal distances

The movements of the focal animal during January 1992, February
1992, March 1992 and August 1994 are shown in Figs. 15, 16, 17, and
18 respectively (see previous chapter). The time dimension was
attached to the movements and they were used to estimate the distance
of the focal animal from a fruit tree, one, tw o, and three hours after it
had fed at the tree.

Table 30 shows the proportion of all these estimates in various distance
ranges. A t one hour after feeding, the focal animal was usually between
> 0 - 100 m from the food tree, and at tw o hours and three hours after
feeding it was usually 26 - 150 m from the food tree. On no occasion
was it more than 200 m from the food source.

Table 29.

Theoretical, maximum seed dispersal distance during
various months

M onth

Distance (m)

M Group:
Jan. 1992
Feb. 1992
Mar. 1992
1992
Jul.
Aug. 1992
Sep. 1992
Oct. 1992
Nov. 1992
Dec. 1992
Jan. 1993
Feb. 1993
Mar. 1993
Aug. 1994

260
240
300
260
190
250
200
560
560
240
200
240
190

H Group:
Mar. 1993

370
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Table 30.

Proportion (as a percentage) of all estimates for the
distance of the lemur from a food tree in various distance
ranges at times one hour, tw o hours, and three hours after
feeding at the tree.

D istance from
fo od tree (m)

1 hour
(n = 133)

2 hour
(n = 96)

3 hour
(n = 60)

0
> 0 - 25
26 - 50
51 - 100
101 - 150
151 - 200

4.5
34.6
17.3
30.1
12.8
0.8

5.2
13.5
21.9
29.2
22.9
7.3

0.0
13.3
18.3
35.0
26.7
6.7

10.4. DISCUSSION

10.4.1. Maximum seed dispersal distances

For most months M Group ranged entirely w ithin their territory (as
shown in Fig. 12) resulting in monthly, theoretical, maximum seeddispersal distances of between 190 - 300 m. However, during
November and December, the maximum dispersal distances were greater
(i.e. 560 m) because the group ranged far beyond their territory into the
Ridge Forest to exploit the fru it of Uapaca louveli: a species confined to,
and dominant in this vegetation (see Subsection 2.1.4.). A t this time of
year, this part of the forest contained an extraordinary density of lemur
groups suggesting that the seeds of Uapaca louveli w ill frequently be
dispersed long distances over an exceptionally wide area. Indeed,
Uapaca louveli seeds were found in M Group's territory, about 350 m
from the nearest possible parent.

The behaviour of M Group in rarely feeding outside their territory (except
during November and December) is not shown by all black lemur groups
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in Lokobe Forest because, throughout the study, other groups were
quite frequently seen w ithin M Group's territory (see Subsection 2.2.5.).
Possibly, M Group's territory was relatively rich in food compared to
neighbouring territories.

Alien groups entered M group's territory to

exploit large food sources (in particular, fruiting trees of Plagioscyphus
sp., Canarium madagascariense, Protium madagascariense, and clumps
of Chrysalidocarpus madagascariensis). They did not search for, nor
exploit, small food sources. This suggests that plants bearing large fruit
crops will sometimes be dispersed long distances by alien groups.
However, as was reported in Chapter 7, seeds from such food sources
are more likely to be deposited below the parent by the home group than
seeds from small food sources.

10.4.2. Usual dispersal distances

During the months January 1992, February 1992, March 1992 and
August 1994, M Group deposited most swallowed seeds outside their
parent and w ithin 150 m. These dispersal distances are probably typical
for months when the lemurs fed mainly within their own territory.
However, during November 1992 and December 1992, when the group
had a large home range, more seeds w ill have been dispersed longer
distances.

Several estimates are available for typical seed dispersal distances
provided by other tropical frugivores:

- Fleming and Heithaus (1981) reported that the frugivorous bats of
Santa Rosa, Costa Rica, deposited most swallowed seeds below their
parent or w ithin 50 m.

- W heelwright (1983) reported that resplendent quetzals, Pharomachrus
mocinno, deposited 60 - 90% of swallowed seeds beneath the parent
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tree or within 100 m.

- Estrada and Coates-Estrada (1984) reported that the average distance
seeds of five species of Moraceae were transported by mantled howler,
Alouatta palliata, ranged between 29 - 187 m (although the direct
distance between the deposited seed and its parent could be much
smaller).

- Howe (1977) reported that the masked tityra, Tityra semifasciata,
regurgitated seeds of Casearia corymbosa 20 - 200 m from the parent.

- Becker and Wong (1985) reported that the black hornbill,
Anthracoceros ma layanus, deposited seeds of Agiaia sp. 50 - 200 m
from the parent.

- Julien-Laferriere (1993) reported that of a sample of 16 seeds
swallowed by kinkajous, Potos fiavus, three were voided below their
parent tree and 13 were dispersed a mean distance of 200 m ( ± 7 5 ,
range 70 - 340 m).

- Garber (1986) reported that of a sample of 29 seeds swallowed by
tamarins {Saguinus mystax and S. fuscicollis): 12.8% , 35.9% , and
51.1% were transported between 0 - 99 m, 100 - 199 m, and 200 599 m from the parent respectively.

- Rowell and Mitchell (1991) calculated that the white-faced capuchin,
Cebus capucinus, transported seeds distances of between 200 - 1000 m
(although the direct distance between the deposited seed and its parent
could be much smaller).

- Galdikas (1982) observed that at Tanjung Puting, Borneo, orang-utans
range on average 800 m per day and sometimes do not defecate for
several days. She suggested that under these circumstances seeds
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might be transported 8 - 1 0 km. However, MacKinnon (1974) reported
that at Segama, Borneo, the daily progress of orang-utans was just 140
m, showing that here typical seed dispersal distances would be much
shorter.

- Heithaus and Fleming (1978) reported that many seeds swallowed by
the frugivorous bat, CaroHia perspiciUata, were deposited below their
parent or in night roosts close by, but food trees may be as far as 3.15
km from day roosts allowing for occasional long distance seed dispersal.

- Lambert (1989) reported that the thick-billed green pigeon, Trenon
curvirostra, and the jambu fruit dove, Ptilinopus jambu, may sometimes
disperse fig seeds very long distances (i.e. several hundred kilometres)
as they are nomadic and retain fig seeds in their guts for a long time.

The distances that seeds were dispersed by the black lemur group
during January 1992, February 1992, March 1992 and August 1994
were at the lower end of the range of seed dispersal distances listed
above. This is because:

a) during these months the group's home range was small;

b) consecutive feeding sessions were often located close together, either
at the same food source (as was frequently the case in August 1994) or
at adjacent food sources (as in January, February and March 1992);

c) black lemurs often rest after feeding;

d) when resting, they often remain close to (although rarely in) the tree
in which they had previously fed (see Chapter 6); and

e) seeds pass rapidly through the gastrointestinal tract of the black
lemur.
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Although these relatively small dispersal distances are probably typical
for black lemurs (except during periods when they feed outside their
territory), they appear to be sufficient to impart m obility and therefore
resilience on the plant populations concerned. For example, in Lokobe
Forest the palm Neodypsis loucoubensis is quite heavily exploited by
local people for timber, consequently much ofj the population is confined to
inaccessible ravines. Black lemurs are the sole seed disperser for this
species and are responsible for repopulating the more accessible parts of
the forest w ith seeds from the ravine palms (Adany et a!, 1994).
Similarly, some black lemurs range between Lokobe Forest and the
adjacent mosaic of secondary forest and crop plantations and
consequently transport the seeds of primary forest species into the
converted forest.

Seedlings of primary forest species are frequent in

the converted forest and presumably, if left undisturbed, such areas
would develop a vegetation rich in lemur-dispersed, primary forest
species.

10.5. CONCLUSIONS

a) The theoretical, maximum distances seeds were transported by the
black lemur group varied from month to month ranging between 190 560 m.

b) Usually seeds were deposited outside their parent and w ithin 150 m.

c) These values are at the lower end of the range reported for other
tropical frugivores therefore, in this respect, the black lemur provides a
relatively low quality of seed dispersal.
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11. FRUIT AND SEED PHYSIOGNOMIES OF BLACK LEMURDISPERSED SPECIES.

11.1. INTRODUCTION

Although the assemblage of frugivores which feed on the fru it of a plant
species will differ in the quality of seed dispersal they provide, plants
rarely evolve a tight obligate relationship w ith their best disperser.
Several reasons have been suggested to explain this. First, it may be
difficult for plants to prevent access to the fruit by relatively poor
dispersers w ithout reducing its appeal to relatively good dispersera
(Wheelwright and Orians, 1982; Herrera, 1985). Secondly, in some
situations the chances of getting a seed to a site suitable for germination
and development may be maximised by "allowing" dispersal by relatively
low quality dispersers even if they take some of the seeds which could
have been dispersed by high quality dispersers e.g. when a plant has
more fruit than can be dispersed by a limited pool of "high quality"
frugivores (Wheelwright and Orians, 1982). Thirdly, the quality of
dispersal provided by a frugivore species for a plant will vary w ith its
ecological circumstance (Howe, 1983; Janzen, 1983b). Fourthly,
woody plants evolve slowly because of their long generation times
(Herrera, 1985). Fifthly, compared to vertebrates, woody plants have a
long species duration time thus, during the course of their existence,
they will be faced by the repeated extinction and replacement of their
dispersers (Herrera, 1985). Sixthly, the selection pressure exerted by a
single, high quality disperser on heritable fruit traits will be weak if its
population varies in time and space (Janzen, 1983) and when considered
in relation to: a) the combined selection pressures exerted by the whole
disperser assemblage (which may be very large when considered in time
and space); b) the pressures exerted on dispersal related plant traits by
non-dispersal organisms (e.g. granivores) ; and c) the often powerful
and variable influence of ecological circumstance on the success of seed
dispersal (e.g the proximity of other fruiting plants, Howe, 1983).
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Rather than developing a tight obligate relationship w ith a single
frugivore species, most fleshy-fruited plants evolve to favour
consumption and dispersal by a subset of the available dispersers. Over
time and space a plant species will be subjected to selective pressures
from a host of interacting dispersers. Adaptation will occur to reflect
the dominant pressures persistently exerted by dispersers providing
relatively high quality dispersal. Similar selective pressures w ill be
exerted by dispersers which feed and forage in similar ways. Such
dispersers will often be related taxonomically leading to the evolution of
fru it traits to favour dispersal by particular broad taxa. For example,
types of fruit have been recognised which favour dispersal by:

birds (Ridley, 1930; Fiji, 1969; Snow, 1971; Janson, 1983;
Gautier-Hion etal, 1985; Willson etal, 1989);
narrow-gaped, partly insectivorous, partly frugivorous birds
(Mckey, 1975);
wide-gaped, mainly frugivorous birds (Mckey, 1975);
birds of paradise (Pratt and Stiles, 1985);
primates (Janson, 1983; Gautier-Hion etal, 1985);
reptiles (Figueira et ai, 1994);
fish (Kubitzki and Ziburski, 1994);
bats (Ridley, 1930; Fiji, 1957; Marshall, 1983); and
gomphotheres (Janzen and Martin, 1982).

However, some species have seeds which are dispersed by frugivores
from diverse taxa but which share certain critical foraging and feeding
attributes e.g. Viroia surinamensis is dispersed by the long-haired spider
monkey (Ateies belzebuth) and several wide-gaped birds, all of which
can swallow its large seeds (Howe, 1982).

A plant is most likely to evolve a tight obligate relationship w ith a single
species of disperser (or a few closely related species) if the species: a)
provides reliable, high quality dispersal; b) has a long species duration
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time; and c) has foraging and feeding characteristics which are
extraordinary in the frugivore community (e.g. the ability to swallow
large seeds or remove thick husks). There are a few examples of plants
which, at least locally, seem to be dependent on a single animal species
for their dispersal: the Galapagos tomato (Lycoperscion esculentum var
minor) and the Galapagos tortoise (Rick and Bowman, 1960); the nitre
bush (Nitraria blllardierD and the emu (Noble, 1975); the aardvark
cucumber (Cucumis humifructues) and the cucumber aardvark
(Patterson, 1975); the tambalacoque tree (Calvaria major) and the dodo
(Temple, 1977); various trees in the Tai Forest, Ivory Coast and the
elephant (Alexandre, 1978); various Agiaia species and hornbills (Becker
and Wong, 1985; Pannell and Koziol, 1987); Trewia nudifiora and rhinos
(Dinerstein, 1988); various rain forest trees in Queensland and
cassowaries (Willson et ai, 1989); Coia fizae and the lowland gorilla
(Tutin et ai, 1991); Balanites wilsoniana and elephants (Chapman et ai,
1992); and various trees at Nouragues, French Guiana and the red
howler monkey and black spider monkey (Julliot, 1992). However, in all
such examples it is impossible to know the extent to which the fruit has
evolved in response to selection pressures from the current disperser
and the extent to which it has evolved to other, now extinct, dispersers.

In this chapter a description is given of the fru it and seed physiognomies
of a selection of species which are dispersed by black lemurs. In the
light of the previous discussion, this is not to suggest that these
physiognomies have evolved in response to selective pressures solely
from black lemurs. Rather, black lemurs are included in the group of
frugivores, which have influenced the evolution of these fruits and
seeds. Evidence w ill be sought that this group of frugivores has been
dominated by prosimians.

The fruit physiognomies of black lemur dispersed species will be
compared with the fru it physiognomies of species dispersed by higher
primates.
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This study does not assay the fruits of black lemur-dispersed species for
nutrients and secondary compounds. This is an important dimension to
fru it evolution and would be an interesting area for further research.

11.2. METHODS

In Chapter 3 species whose fru it were eaten by black lemurs were
classified according to how the lemur treated their seed. The seeds of
57 species were seen to be swallowed and defecated whole. These
species form the class "black lemur-dispersed species". The fruits of
these species were characterised in terms of: colour when ripe, number
of seeds, husk thickness and hairiness, longest length, widest w idth,
and volume. "Fruits" were defined ecologically as "the smallest
independent seed containing structure as presented to the frugivore"
and includes arillate seeds and structures originating from a single
carpel, a single gynecium, a single flow er or several flowers. In one
case {Streb/us dimepate) the infructescence consists of several
independent drupes but these are tightly packed and the whole
infructescence was treated by the lemurs as a single fruit and was
therefore also treated as such by this study. The seeds of the black
lemur-dispersed species were characterised in terms of: shape, longest
length, widest width, w et weight and volume.

Fruit and seed size was determined using a| caliper gauge; weight using
scales; and volume, either by displacement of water in a measuring
cylinder (for seeds and small fruit), or using the formulae V = 4/3/rr^ for
large spherical fruits or V = /rR^(L-2/3R) for large ellipsoidal fruits (where
V = volume, r = radius, R = (width -i- height)/4, L = length)
(following Garber, 1986). Husks which were more than 0.5 mm thick
were defined as "thick", husks which were less than 0.5 mm thick were
defined as "thin". Where possible, the determination was based on a
sample of several (typically, ten) fruits or seeds.
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The time spent feeding on fruits in the various physiognomy classes was
also estimated from the number of Feeding Records associated w ith the
fru it of various species (n = 2549). The method for gathering Feeding
Records is given in Chapters 6 and 7.

To define further the fru it characteristics of black lemur-dispersed
species, the physiognomies of fleshy fruits which were abundant at the
study site but avoided by black lemurs were also described.

11.3. RESULTS

11.3.1. Fruit physiognomy

The fru it physiognomies of the sample of black lemur-dispersed species
are given in Appendix IV. This data are summarised in Table 31. These
fru it vary enormously in all attributes i.e.: seed number, 1 - hundreds;
length, 0.8 - 25 cm; width, 0.5 - 15 cm; volume, 0.35 -1767 cm

and

husk thickness, membranous to 3 mm. However, a majority of the fruits
are green or yellow-green, have one or a few seeds, have a length
between 1 - 5 cm, a width between 1 - 5 cm, and a volume between
0 . 5 - 2 5 cm

These traits are even better represented among black

lemur dispersed species whose fruits are not also dispersed by other
frugivores.

Table 31 also shows the distribution of the total time spent feeding on
fru it between the various fru it physiognomy classes. The distribution of
feeding records between the physiognomy classes broadly reflects the
distribution of species between the classes except that a larger
proportion of feeding time is spent consuming brown, one-seeded, thinhusked fruits with length > 2 - 5 cm; w idth > 2 - 5 cm; and volume
> 4 - 25 c m t h a n might be expected from the number of species in
these classes. This difference is because of the very large amount of
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time the group spent feeding on the fruit of Canarium madagascariense.

In order to investigate whether the fruit attributes of black lemurdispersed species are associated such that a fe w distinct fruit types can
be recognised, the fru it were classified according to various
combinations of their attributes. The[ results of this classification are
shown in Table 32. The table shows that black lemur-dispersed fruit
include many types.

Fig. 21 illustrates this variation. The most

frequent fruit types were:

a) dull-coloured, thick-husked, few-seeded fruits w ith a volume > 4 cm

b) dull-coloured, thin-husked, one-seeded fruits w ith a volume < 4 cm

c) dull-coloured, thick-husked, many-seeded fruits w ith a volume
> 4 cm^.

The physiognomies of fleshy fruits available in the study area but which
were not eaten by black lemurs is given in Appendix V and summarised
in Table 33. A comparison between the physiognomies of these fruits
and those dispersed by black lemurs using a

test reveals that there is

a highly significant association between fruits which are avoided by
black lemurs and the fru it characteristics of small volume (X^ =
d.f. = 1, p < 0 .0 0 1 ), bright coloration (X^ = 12.0, d.f. = 1, p <
0.001), and thin husk (X^ = 6.6, d.f. = 1, p < 0 .0 5 ).
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11.3,

Table 31.

Frequency of various fruit physiognomies among black
lemur-dispersed species and the proportion of total Feeding
Records (n = 2549) attributable to fruits in various
physiognomy classes.

Attribute

1. Colour
green/yeliow-green
red/orange-red
yellow/orange
brown/orange-brown
blue
bicolored

No. species
disp. by b.I.s

No. species disp.
solely by b.I.s*

% FRs

38
9
3
6
1
0

38
3
4
5

4 1 .8
10.7
0 .4
4 7 .2

0
0

0.0
0.0

25
18
3

21
17
3

6 6 .3
2 2 .4
3.7

2

2
2

0.2

28
29

28

22

3 0 .4
6 9 .6

3
21
24
5
4

3
15
23
5
4

7 .0
2 6 .3
6 2 .8
0 .7
3.1

8

3

7
18
21
3

1

1

15.7
19.2
6 1 .5
3 .3
0 .3

5

4
16

2. No. of seeds/fruit
1

>1-5
> 5 - 10
>10-50
>50
3. Nature of husk
thick or hairy
thin

9

7 .4

4. Length (cm)
<1

1

-

2

>2 - 5
> 5 - 10

>1 0
Width (cm)
<1

2

23

>2 - 5
> 5 - 10

22

1

-

>10
6. Volume (cm ^)
< 0 .5
0.5-4
>4-25
> 2 5 - 100

>100

21

20

21
5
5

5
5

8.0
26 .3
56 .8
5.2
3.7

* i.e. black lemur-dispersed species whose fruit were not also seen being eaten by
other frugivores
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Table 32. Number of black lemur-dispersed species with various types of fruit.

Number of seeds
1

>1-10

vol . (cm =*)
>4
<4

vol.
<4

>10
(cm

n>4

vol.
<4

(cm
>4

Husk thickness Colour
thin husk
(<0.5 mm)

4 (0)

2 (2)

1 (1)

1 (0)

3 (1)

0 (0)

10 (10)

3 (3)

2 (2)

0 (0)

1 (1)

2 (2)

Bright

0 (0)

0 (0)

1 (1)

1 (1)

0 (0)

0 (0)

Dull

2 (2)

4 (4)

2 (2)

12 (12)

0 (0)

6 (6)

Bright
Dull

thick husk*
(>0.5 mm)

The figures in parentheses are the number of black lemur-dispersed species whose fruits were not seen
being eaten by other frugivores.
* includes fruits with hairy husks
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F ig . 21

Fruits from a selection of black lemur dispersed species

P
Ficus sp.

Landolphia sp.

Potameia sp.

m

Terminalia calophylla

Diospyros clusiifolia

Tambourissa sp

le 33.

Frequency of various physiognomies among fru it avoided by
black lemurs.

Attribute

1. Colour
green/yeiiow-green
red/red-orange
yellow/yellow-orange
brown
blue
bicolored

No. species

0
5
1
0
2
4

2. No. of seeds/fruit
1

10

>1-5
> 5 - 10
>10-50
>50

0
0
0

3. Nature of husk
thick or hairy
thin

2

0
12

4. Length (cm)
<1
1 - 2

>2 - 5
> 5 - 10

>10
5. Width (cm)
<1
1 - 2

10
2

>2 - 5
> 5 - 10

0
0
0

> 10
6. Volume (cm ^)
< 0 .5
0 .5 - 4
> 4 - 25
> 2 5 - 100

> 100

10
2

0

0
0
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11.3.2. Seed physiognomy

The physiognomies of seeds dispersed by black lemurs are detailed in
Appendix VI and are summarised in Table 34. These vary enormously in
size (ranging from tiny fig seeds to large seeds up to 3.61 cm long, 1.78
cm wide, 6.09 g weight, and 6.82 cm ^ volume) and shape (e.g.
spherical, fusiform, ellipsoidal, lentiform, reniform). The length, width
and volume for the majority of seeds is in the range > 1 - 3 cm, 0 . 5 - 2
cm and 0.05 - 4 cm ^ respectively. The smallest seed which was too
large to be swallowed by black lemurs was that of Terminalia catappa,
which has a mean length of 5.17 cm (s.d. = 0.42, n = 14) and a mean
w idth of 3.6 cm (s.d. = 0.27, n = 14).

Although not recorded systematically, it was noted that seed coat
hardness is also extremely variable, ranging from seeds so soft that they
can be opened w ith a finger nail e.g. Parkia madagascariensis, to seeds
so hard that they can not be opened with a knife e.g. Canarium
madagascariense.

Most of the seeds are difficult to separate from the edible tissue because
either they are very small or adhere tightly to the edible tissue
(sometimes fibres attached to the seed wall run through the edible
tissues e.g. Burasaia sp. seeds). The edible tissue in the fru it of some
species is not only tightly adherent to the seed but is also extremely
slippery, thereby easing the passage of the seed down the lemur's
throat.
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Table 34.

Frequency of various seed physiognomies among black
lemur-dispersed species.

Attribute

1. Length (cm)
< 0 .5
0 .5 - 1

> 1-2
>2 - 3
>3-4
2. Width (cm)
< 0 .5
0 .5 - 1

> 1-2
3. Weight (g)
< 0 .5
0 .5 - 1

> 1-2
>2 - 3
>3-4
>4 - 5
>5
4. Volume (cm ^)
< 0 .0 5
0 .0 5 - 0 .5
> 0 .5 - 1.5
>1.5-4
>4

No. species
disp. by b.I.s

No. species disp.
solely by b.I.s

7

4

6
22
10

21

4

4

11

7
13
24

2
10

15
24

17
7

11

6
10

10
5

5

2

2

2

2

2
2

6

2

13
17
9
3

9
17
9
3
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11.4. DISCUSSION

11.4.1. Fruit physiognomies of black lemur dispersed species

The fruit physiognomies of black lemur-dispersed species are extremely
variable and do not constitute a single or a few , tightly defined, fruit
types. Presumably, this is because; a) convergent evolution of fruit
traits among black lemur-dispersed species has been limited by the
constraints mentioned in the Introduction; and b) black lemurs are highly
adaptable animals able to exploit a wide range of fruit types (see
Subsection 2.2.8).

However, many of the species which are dispersed by black lemurs have
fruit that are: rather large, dull-coloured, and thick-husked. For the
following reasons it seems probable that these traits have evolved in
response to dispersal by a group of frugivores dominated by medium to
large size prosimians:

a) prosimians are able to exploit thick-husked fruits, but most birds and
bats can not;

b) fruits of bird-dispersed species are usually brightly coloured (Fiji,
1969);

c) bright colours would be an ineffective attractant for prosimians
because many species are nocturnal or cathemeral and among the
diurnal species colour discrimination is relatively poor (Fobes and King,
1977; Tattersall, 1982; Blakeslee and Jacobs, 1985; Bowmaker, 1991);

d) fruits of species dispersed by small frugivorous/insectivorous birds are
small

d) over evolutionary time prosimians have been the dominant element in
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Madagascar's frugivore fauna (see Chapter 1).

Some support for the hypothesis that prosimians select for dull coloured
fruits is provided by Dew (1991). He reports that of a sample of eleven
species dispersed by the ruffed lemur (Varecia variegata), six had green
fruit, three red or orange fruit, and tw o brown; and of the six species
dispersed by the red-bellied lemur (Lemur rubriventer), five had green
fruit and one red fruit. However, of ten species dispersed by the brown
lemur (Lemur fulvus), only four had green fruits, and six had red or
orange fruit.

Prosimians have superior olfaction to higher primates (Napier and Napier
1967; Harrington, 1974; Fobes and King, 1977; Noback, 1978) and it
may be that fru it scent is an important attractant. Indeed, black lemurs
sniff all the time when feeding on fruit (even w ith fruit whose colour
changes on ripening) and are able to locate food sources which are
visually obscured. In dense vegetation scent would be a more effective
long distance attractant than vision for animals w ith good olfaction.

The fruits avoided by black lemurs were all very small or small, brightly
coloured and had a thin husk. There seems to be no reason w hy black
lemurs could not eat such fruits, indeed, a few fruits eaten by black
lemurs were of this type. Rather, this type of fruit is probably avoided
because their small size makes their harvest inefficient compared to
larger fruits. Small fruits would only be w orth harvesting by a relatively
large frugivore like the black lemur if larger fruits were unavailable or if
they were more nutritious or relatively more densely distributed than the
available larger fruits. Indeed, most of the smaller fruits eaten by black
lemurs are produced at high density e.g. the fruits of Trophis montana,
Streblus dimepate, Strebius mauritianus, Terminalia caiophyiia, Cissus
species and species of palm. The palm fruits are presented at a
particularly high density as they ripen over a short period (meaning many
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are available simultaneously) and are borne on huge, compact, many
branched infructescences. Black lemurs are able to sit on the
infructescence plucking fruits in rapid succession.

Alternatively, very

small fruits may be avoided not because they are small as such, but
because they have a chemical composition unattractive to black lemurs
as the result of evolution to appeal to different types of disperser. Howe
(1989) reports that monkeys weighing between 2 - 8 kg also ignore
small fruits.

11.4.2. Fruit physiognomies of species dispersed by black lemurs
compared to species dispersed by higher primates.

Like the black lemur, several seed-dispersing higher primates have been
reported to eat a wide range of fruits which vary enormously in size,
seed number and husk thickness e.g. Ateles paniscus, Cebus apella and
Saguinus^ fuscicoHis at Cocha Cashu, Peru (Terborgh, 1983); Ateles
beizebuth in Colombia (Klein and Klein, 1977); Alouatta paiiiata at Los
Tuxtlas, Mexico (Estrada and Coates-Estrada, 1986); Alouatta seniculus
in Guyana Julliot, 1992). However, compared to the fruits eaten by the
black lemur, the fruits eaten by higher primates are less frequently dull
coloured (i.e. green and brown) and more frequently brightly coloured
(i.e. red, orange, yellow, blue, and purple) (see Table 35). Possible
explanations for this difference are:

a) higher primates have more acute colour vision and less acute olfaction
than prosimians;

b) most higher primates do not feed at night; and

c) frugivorous birds (which select for brightly coloured fruits) are more
abundant in the habitats of higher primates compared to Malagasy
prosimians.
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Table 35. Frequency (as a percentage of total) of various ripe fruit colours in samples of species
whose fruit are eaten by the black lemur and various higher primates.

00

Species

Location

Fruit colour
Bright Dull b/w

Source

Eulemur macaco
Alouatta paiiiata
Alouatta seniculus
Ateles beizebuth
Ateles paniscus
Cebus apella
Sanguinus fuscicollis
Gorilla gorilla gorilla
primate fauna of
passa Reserve*

Lokobe, Madagascar
Los Tuxtlas, Mexico
Nouragues, French Guiana
Colombia
Cocha Cashu, Peru
Cocha Cashu, Peru
Cocha Cashu, Peru
Lope, Gabon
M'passa Reserve, Cachou

25 (23) 75 (77) 0 (0) 68 (57)
58
38
4
24
27
1
92
72
13
18
19
68
83
6
11
18
17
76
7
94
12
25
80
8
52 (60) 43 (34) 5 (6) 75 (65)
fruits predominantly yellow/orange/red

This study
Estrada and Coates-Estrada, 1986
Julliot, 1992
Savage et al, 1987 - data from Klein and Klein, 1977
Terborgh, 1983
Terborgh, 1983
Terborgh, 1983
Tutin et al, 1991
Gautier-Hion et al, 1985

Fruit colour:

bright dull b/w
-

red, orange, yellow, purple, blue
green, brown
black or white

* mainly species of Guenon
The figures in parentheses are the frequency (as a percentage of total) of various ripe fruit colours in samples of species
whose seeds are dispersed by the primate (this information is not available for most species).

Like the fruits of black lemur-dispersed species, the fruits of species
dispersed by higher primates often have thick husks (Janson, 1983;
Julliot, 1992).

11.4.3. Physiognomies of seeds dispersed by black lemurs

Black lemur dispersed seeds are very variable and apart from being small
enough to be swallowed by the black lemur, no typical characteristics
can be recognised. This variability presumably reflects the multiple
factors which influence seed evolution in addition to the nature of the
dispersera e.g. pre- and post-dispersal predation, the germination
strategy, secondary dispersal, and the preferred microhabitat of the seed
and seedling.

11.5. CONCLUSIONS

a) The fru it physiognomies of species dispersed by black lemurs are very
variable, but many are dull-coloured, thick-husked and not very small.

b) These traits are consistent w ith evolution for dispersal by prosimians.
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12.

GENERAL CONCLUSIONS

This study has shown the following.

a) For most of the species whose fru it are eaten by the black lemur in
Lokobe Forest, the seeds are swallowed whole and defecated in a viable
condition.

b) The black lemur is the sole seed disperser for a large proportion of the
tree species and trees in Lokobe Forest, and black lemur-dispersed trees
make up a large proportion of the total basal area of Lokobe's trees.

c) In Lokobe Forest black lemurs are highly frugivorous, and compared
to populations of other frugivorous primates, they have a high daily
metabolic requirement 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.

d) Generally, in Lokobe Forest, seed dispersal by black lemurs is high
quality because:

- during the day, for most species of tree, only a small proportion of
seeds are deposited below their parent or fruiting conspecifics, and a
large proportion of seeds are deposited away from food sources.
However, during the night, more seeds are probably deposited below
their parent; and

- compared to some zoochores they generate relatively homogenous
seed shadows.

However, the distances which seeds are dispersed by black lemurs are
towards the lower end of the range reported for other tropical
zoochores.
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e) Many black lemur-dispersed species in Lokobe Forest have fru it
physiognomies suggesting evolution for dispersal by prosimians.

On the basis of these observations it is concluded that the black lemur is
extremely important for seed dispersal in Lokobe Forest. It is likely that
these observations will also apply to black lemurs in primary rain forest
elsewhere. However, in other vegetation types, in particular secondary
forest and plantations, the diet and feeding and ranging behaviour of
black lemurs may differ from that reported in Lokobe and lead to
different conclusions. For example, in disturbed habitats, sites w ith
features making them suitable for resting w ill often be rare, therefore,
the few that are available w ill be used repeatedly. Moreover, in this
habitat many of the plants will be aliens, therefore, black lemurs may
predate and waste seeds more frequently.

Several Malagasy prosimians are mainly frugivorous (see Table 1) and
some are known to defecate whole seeds (i.e. Microcebus murinus
(Fetter, 1978); Che/rogaleus medius (Fetter, 1962; Hladik et a! 1980);
and Eulemur fulvus, Eulemur rubriventer and Varecia variegata (Dew,
1991). Given that Madagascar's forests contain very few species of
frugivorous bird or bat and no species of frugivorous ground-dwelling
mammal, it is probable that these species, like the black lemur in Lokobe
Forest, are important seed dispersers in their communities. However,
the populations of most, perhaps all, Malagasy prosimians are in decline
and many are close to extinction (78% of recognised species and
subspecies are classified as "vulnerable" or "endangered" by the lUCN)
(Harcourt and Thornback, 1990). This study predicts that the increasing
rarity of Malagasy prosimians will have grave repercussions for the
regeneration of many native plant species.

On a practical level, it should be recognised that attempts to regenerate
natural vegetation as part of recovery programmes can be assisted by
lemur-mediated seed dispersal. In particular, black lemurs, and probably

184

other species, are effective in transporting seed out of pockets of
primary forest into adjacent secondary forest.
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A ppendix L Flora of Lokobe Reserve
Herbs:
Aspleniaceae
Asplénium pellucidium
Dryopteridaceae
Ctenitis speciosa
Gleicheniaceae
Dicranopteris linearis
Hymenophyllaceae
Trichomanes cupressoides
Lomariopsidaceae
Bolbitis humblotii
Marattiaceae
Angiopteris madagascariensis
Marattia fraxinea
Nephrolepidaceae
Nephrolepis biserrata
Orchidaceae
Cheirostylis gymnochiloides
Polypodiaceae
Drynaria willdenowii
Phymatosorus scolopendria
Pteridaceae
Pteris mettenii
Schizeaceae
Lygodium lanceolatum
Schizea dichotoma
Selaginellaceae
Selaginella lyallii
Selaginella pervillei
Pteridiaceae
Pteris mettenii
Taccaceae
Tacca leontopetaloides
Triuridaceae
Seychellaria madagascariensis*
S hrubs/Treelets:
Apocynaceae
Cabucala erythrocarpa
Tabernaemontana sp.
Arecaceae
Phoenix reclinata
Brexiaceae
Brexia cauliflora
Capparaceae
Thylachium sp. #1
Thylachium sp. #2
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Clusiaceae
Harungana madagascaiensis
Cyatheaceae
Cyathea marattioides
Erythroxylaceae
Erythoxylum pyrifolium
Fabaceae
Cynometra sp.
Flacourtiaceae
Aphloia theiformis
Prockiopsis hildebrandtii
Leeaceae
Leea guineensis
Liliaceae
Dracaena sp. #1
Dracaena sp. #2
Menispermiaceae
Burasaia sp.
Ochnaceae
Ouratea sp.
Ouratea obtusifolium
Pandanaceae
Pandanus androcephalanthus
Pandanus sp. #1
Pandanus sp. #2
Pittosporaceae
Pittosporum sp.
Rubiaceae
Gaertnera sp.
Ixora sp.
Pyrostria sp.
Saidinia sp.
Violaceae
Rinorea sp.
Trees:
Annonaceae
Isolona madagascariensis
Polyalthia richardiana
Xylopia sp.
Apocynaceae
Pandaca crassifolia
Araliaceae
Polyscias sp.
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Arecaceae
Chrysalidocarpus madagascariensis
Dypsis sambiranensis
Neodypsis loucoubensis
Vonitra nossibensis
Bignoniaceae
Colea purpurascens
Burseraceae
Canarium madagascariense
Protium madagascariense
Clusiaceae
Garcinia sp.
Garcinia verucosa
Symphonia sp. #1
Symphonia sp. #2
Combretaceae
Terminalia calophylla
Ebenaceae
Diospyros boivinii
Diospyros clusiifolia
Diospyros gracilipes
Diospyros sp. # 1
Diospyros sp. # 2
Diospyros sp. # 3
Diospyros sp. # 4
Euphorbiaceae
Croton sp.
Drypetes coriifolia
Macaranga sp.
Uapaca louveli
Fabaceae
Parkia madagascariensis
Piptadenia pervillei
Flacourtiaceae
Homalium sp.
Scolopia sp.
Lauraceae
Beilschmiedia sp.
Cryptocarya sp.
Potameia crassifolia
Loganiaceae
Strychnos sp.
Melastomataceae
Dichaetanthera
Menispermiaceae
Strychnopsis thouarsii
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Monimiaceae
Hedycarya sp.
Tambourissa sp.
Moraceae
Ficus sp.
Ficus cocculifolia
Ficus lutea
Ficus soroceoides
Streblus dimepate
Streblus mauritianus
Treculia africana
Trilepisium madagascariensis
Trophis montana
Oleaceae
Noronhia sp.
Passifloraceae
Paropsia obscura
Rhizophoraceae
Cassipourea gummiflua
Macarisia lanceolata
Rubiaceae
Breonia sp.
Mussaenda sp.
Payera sp.
Tarenna sp.
Rutaceae
Zanthoxylum sp.
Sapindaceae
Beguea apetala
Macphersonia madagascariensis
Plagioscyphus sp.
Sapotaceae
Chrysophyllum sambiranensis
Chrysophyllum boiviniana
Sterculiaceae
Dombeya spp.
Sterculia perrieri
Tiliaceae
Grewia sp.
Liana:
Annonaceae
Artabotrys hildebrandtii
Artabotrys luxurians
Monanthotaxis sp.
Uvaria sp.
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Apocynaceae
Alafia insularis
Alafia perrieri
Landolphia sp.
Connaraceae
Agelaea pentagyna
Convolvulaceae
Bonamia sp.
Dichapetalaceae
Dichapetaium leucosia
Diileniaceae
Tetracera sp.
Fabaceae
Dioclea sp.
Mucuna pruriens
Icacinaceae
loedes sp.
Lauraceae
Cassytha filiform is*
Malpighiaceae
Tristellateia sp.
Mendonciaceae
Mendoncia flagellaris
Passifloraceae
Adenia sp.
Rubiaceae
Morinda sp.
Smilaceae
Smilax kraussiana
Vitaceae
Cissus sp. #1
Cissus sp. #2
Cissus microdonta
Epiphytes:
Aspleniaceae
Asplénium nidus
Hymenophyllaceae
Trichomanes cuspidatum var. rotundifolium
Loranthaceae
Bakerella sp.
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Polypodiaceae
Microgramma lycopodioides
Microsorium punctatum
Platycerium sp.
Vittariaceae
Vittaria zosterifolia
* parasites
Identification assisted by H. Beentje (Royal Botanic Gardens, Kew) (palms),
G. Schatz (Missouri Botanical Garden)
(angiosperms) and F.
Rakotondrainibe-Michel (pteridophytes).
Family nomenclature follows Kubitzki (1990) (for pteridophytes) and
Mabberley (1987) (for angiosperms).
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Monthly daytime diet (as percentage of Feeding Records)

Month

Year

Obs. timeNo. FRs Group

Fruitmature

Fruit imature

Leaves

Flowers

Nectar

Jan.

1992

54.0

138

M

76.1

14.5

5.8

0.0

0.0

3.6 (fungi)

Fr
- Breonia sp. (13.0)
Fr
- Terminalia calophylla (11.6)
Fr imm - CB88 (10.1)
Fr
- Grewia sp. (9.4)
Fr
- Canarium madagascariense (8.7)

Jan.

1993

67.4

158

M

75.9

18.4

3.8

1.9

0.0

0.0

Fr
- Plagioscyphus sp. (22.8)
Fr imm - CB88 (18.4)
Fr
- Canarium madagascariense (16.5)
Fr
- Terminalia calophylla (8.9)
Fr
- Mangifera indica (4.4)

Feb.

1992

37.7

170

H

97.1

0.0

2.9

0.0

0.0

0.0

Fr
Fr
Fr
Fr
Fr

Feb.

1993

63.1

237

M

88.2

11.0

0.4

0.0

0.0

0.4 (fungi)

Fr
- Plagioscyphus sp. (52.7)
Fr
- Cassine sp. (14.3)
Fr imm - Heritiera littoralis (6.3)
Fr
- Terminalia calophylla (4.2)
Fr
- Monanthotaxis sp. (3.8)

Mar.

1992

56.9

187

H

74.9

0.5

19.3

4.8

0.0

0.5 (seaweed)

Fr
Fr
Fr
Lvs
Lvs

Other

N)

Top five food items (I FRs)

- Cissus sp. (26.5)
- Breonia sp. (24.7)
- Terminalia calophylla (17.1)
- Dichapetaium leucosia (12.9)
- Mendoncia sp. (7.6)

- Chrysa. madagascariensis (31.7)
- Cissus sp. (15.1)
- Mendoncia sp. (8.1)
- Ficus sp. (8.1)
- CB88 (4.8)
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ro

Cont.

Month

Year

Obs. time No. FRs Group

Mar.

1993

25.3

72

M

Mar.

1993

52.8

103

H

Apr.

1993

26.8

71

May

1994

24.75

73

June

1993

25.00

Fruit mature

Leaves

Flowers

Nectar

Other

0.0

9.7

4.2

0.0

0.0

Fr
Fr
Lvs
Fr
FIs

- Chrysa. madagasacariensis (46.6)
- Cassine sp (19.4)
- CB88 (5.6)
- Cissus sp. (CBllO) (5.6)
- Diospyros gracipes (4.2)

71.

1.0

16.5

10.7

0.0

0.0

Fr
Fr
FIs
Fr
Fr

- Cissus sp. (21.4)
- Terminalia calophylla (11.7)
- Polyalthia richardiana (10.7)
- Chrysa. madagascariensis (9.7)
- Cassine sp. (9.7)

M

64.

7.0

19.7

8.5

0.0

0.0

Fr
Fr
Fr
Fr
Lvs

- Chrysa. madagascariensis (35.5)
- Cissus sp. (CB126) (12.7)
- unident, liana (11.3)
- Gaertnera sp. (5.6)
- Grangeria porosa (4.2)

M

39.7

0.0

60.3

0.0

0.0

0.0

Lvs
Fr
Lvs

- Mangifera indica (46.2)
- Chrysophyllum sp. (36.3)
- CB88

M

26.1

17.4

56.5

0.0

0.0

0.0

Sample size too small

i.i

Fruit immature

CO

23

Top five food items (I FRs)
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N)

Cont.

Month

Year

Obs. time No. FRs Group

Fruit mature

Fruit immature

Leaves

Flowers

Nectar

Other

July

1992

59.3

173

M

46.8

12.7

40.5

0.0

0.0

0.0

Fr
Lvs
Lvs
Fr
Fr

Jul.

1994

11.4

43

M

46.5

25.6

25.6

2.5

0.0

0.0

Sample size too small

Aug.

1992

46.5

141

M

20.6

12.1

47.5

1.4

0.0

Aug.

1994

34.8

82

M

79.3

14.6

6.1

0.0

0.0

0.0

Fr
- Cryptocarya sp. (76.8)
Fr imm - Garcinia sp. (12.2)
Lvs - Ficus soroceoides (3.7)
Fr
- Landolphia sp. (2.4)
Fr imm - Gaertnera sp. (2.4)

Sep.

1992

69.8

101

M

51.5

9.9

26.7

8.9

2.0

1.0 (fungi)

Fr
Fr
Lvs
Fr
Fr

18.4 (honeydew)

Top five food items (1 FUs)

0
Lvs
Lvs
Lvs
Fr

- Cryptocarya sp. (20.8)
- Mangifera indica (17.9)
- CB88 (16.7)
- Ficus soroceoides (11.0)
- Garcinia sp. (8.1)

- Homoptera honeydew (18.4)
- CB88 (18.4)
- Mangifera indica (16.3)
- unident, liana (10.6)
- Ficus soroceoides (7.8)

- Protium madagascariense (20.2)
- Canarium madagascariense (15.4)
- Cynometra sp. (13.5)
- Ficus soroceoides (10.6)
- Neodypsis loucoubensis (6.7)
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Cont.

Month

Year

Obs. time No. FRs Group

Fruit mature

Fruit imature

Oct.

1992

61.1

174

M

53.4

4.0

Nov.

1992

58.9

154

M

73.4

Dec.

1992

62.3

150

H

72.0

leaves

Other

lop five food items (I IHs)

27.6 (cicada)

0
Fr
Fr
Fr
Fr

Flowers

Nectar

8. 6

2.3

4.0

3.2

20.1

1.3

0.0

1.3 (froghoppers) Fr
■ Diospyros clusiifolia (22.1)
Fr
- Canarium madagascariense (13.6)
Fr - Uapaca sp. (10.4)
Fr - Streblus dimepate (5.8)
Fr - Macphersonia madagascariensis (5.2)

8.7

14.7

1.3

0.0

3.4 (soil/fungi)

- Cicada (27.0)
- Canarium madagascariense (21.3)
- Diospyros clusiifolia (19.5)
- Protium madagascariense (5.7)
- Noronhia sp. (5.2)

to

Ol

Total observation time = 837.9 hours
Total Feeding Records = 2,250

Fr
- Mangifera indica (41.3)
Fr
- Parkia madagascariensis (8.7)
Fr
- Burasaia sp. (6.7)
Fr imm - CB88 (6.7)
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5
0)

Monthly night-time diet (as percentage of Feeding Records)

Month

Year

Obs, tine No. FRs Group

Fruit nature

Fruit innature

Nectar

Other

Jan.

1993

43.5

H

87.7

12.3

0.0

0.0

0.0

0.0

Fr
- Canariun madagascariense (71.2)
Fr
- Plagioscyphus sp. (16.4)
Fr inn - CB88 (12.3)

Feb.

1993

46.8

M

100.0

0.0

0.0

0.0

0.0

0.0

Fr

- Plagioscyphus sp. (100.0)

Mar.

1993

36.0

0

M

0.0

0.0

0.0

0.0

0.0

0.0

Lvs

- Ficus sp. (100

Mar.

1993

37.3

0

0.0

0.0

0.0

0.0

0.0

0.0

Fr

- Cassine sp. (100)

Apr.

1993

12.5

0

M

0.0

0.0

0.0

0.0

0.0

0.0

May

1993

12.0

12

M

50.0

0.0

50.0

0.0

0.0

0.0

Fr
Lvs

- Chrysa. madagascariensis (50)
- Mangifera indica (50)

Jun.

1993

12.0

0

M

0.0

0.0

0.0

0.0

0.0

0.0

Jul.

1994

12.08

13

N

100.0

0.0

0.0

0.0

0.0

0.0

Fr

- Cryptocarya sp. (100)

73

leaves

Flowers

Top five food itens

(I

FRs)

Appendix III.

cont.

Month

Year

Obs. time No. FRs Group

Fruit mature

Fruit immature

Leaves

Aug.

1994

24.1

91

M

100.0

0.0

0.0

Sep.

1992

72.0

386

M

1.5

2.6

Oct.

1992

57.0

267

M

99.3

Nov.

1992

59.1

144

M

Dec

1992

47.0

142

M

Flowers

Nectar

Other

0.0

0.0

0.0

Fr

- Cryptocarya sp. (100.

0.3

0.0

12.7

0.0

Fr
N
Fr
Lvs

- Canarium madagascariense (84.5)
- Parkia madagascariense (12.7)
- Ficus soroceoides (2.6)
- unidentified (0.3)

0.0

0.7

0.0

0.0

0.0

Fr
Fr
Lvs
Fr

- Canarium madagascariense (97.0)
- Diospyros clusiifolia (1.9)
- Ficus soroceoides (0.7)
- Noronhia sp. (0.4)

98.6

1.4

0.0

0.0

0.0

0.0

Fr
Fr
Fr
Fr
Fr

- Canarium madagascariense (78.2)
- Diospyros clusiifolia (7.8)
- Strychnos sp. (6.3)
- Macphersonia gracilis (2.8)
- Parkia madagascariensis (2.8)

95.

3.5

0.7

0.0

0.0

0.0

Fr
Fr
Fr
Fr
Fr

- Canarium madagascariense (26,1)
- Parkia madagascariensis (23.2)
- Uapaca sp. (19.7)
- Mangifera indica (19.0)
- Macphersonia gracilis (5.6)

to
—
1

N

Total observation time = 471.4 hours
Total Feeding Records = 1,214

Top five food items (% IRs)

Appendix IV.

Physiognomies of fruits eaten by black lemurs

Family and species

ro
00

A. Seed usually swallowed and defecated whole:
Agavaceae
Dracaena sp.
Anacardiaceae
Sorindeia madagascariensis (CB12/19)
Annonaceae
Monanthotaxis sp. (CB92)
Polyalthia richardiana (CB125)
Uvaria sp. (CB218)
Apocynaceae
Landolphia sp. (CB184)
Arecaceae
Chrysalidocarpus
madagascariensis
Dypsis sambiranensis (CB195)
Neodypsis loucoubensis Jum.
Bignoniaceae
Colea purpurascens Seeman (CB16)
Burseraceae
Canarium madagascariense Engl. (CB81/93/94)
Protium madagascariense
Clusiaceae
Garcinia (CB192)
Combretaceae
Terminalia calophylla Tul. (CB91/112)
Dichapetalaceae
Dichapetaium leucosia (Sprengel) Engl. (CBIOO)

Life Colour
Form

Mean No.
seeds/
fruit

Husk

Mean
Mean
Length Width
(cm)
(cm)

Mean
Vol.
(cm-^)

n

ST

green

1.2

thick, 3mm

2.4

2.4

7.2

10

SH

dark red

1

thin

4.3

1.9

6.2

21

L
L
L

red-orange
green
green

1.6
1

thin
thin
hairy

1.4
1.9

0.7
1.1

0.4
1.1

10
7

L

grey-brown

thick, 3mm

9.5

6.5

thin
thin
thin

1.5
0.9
1.4

1.0
0.8
1.2

61
1
1
1

MT
ST
MT

green
green
orange-green

ST

green

clOO

LT
LT

brown
red

1
1

thin
thin

MT

green

4

ST

green

L

green

thick, 1mm

25

243
0.9
0.3
1.1

1
10
1
19

1.4

38

3.8
1.8

2.4
1.4

13
1.6

thick, 2mm

8.7

6.2

1

thin

1.5

0.9

0.6

10

2.3

thin

1.7

2.1

2.9

9

200

Eaten by other frugivores

10
10
1

Bulbul

A p p e n d i x IV.

cont.

Family and species

ro
(O

Ebenaceae
Diospyros clusiifolia Hiern (CB68/120/121)
Diospyros sp. (CB216)
Diospyros sp. (CB217)
Euphorbiaceae
Uapaca sp. (CB119)
Fabaceae
Parkia madagascariensis R. Viguier (CB146)
AP163
Hippocrateaceae
Salacia sp. (CB74)
Lauraceae
Cryptocarya sp. (CB134)
Potameia sp. (CB213)
Loganiaceae
Strychnos sp. (CB141)
Mendonciaceae
Mendoncia sp. (CB111/CB127)
Menispermiaceae
Burasaia sp. (CB30/80)
Strychnopsis thouarsii Baill. (CB77)
Monimiaceae
Tambourissa sp. (CB133)

Life Colour
Form

Mean No.
seeds/
fruit

Husk

Mean
Length
(an)

Mean
Width
(an)

Mean
Vol.
(an^)

n

MT
ST
ST

green
green
grey-green

2.6
2.5
6.5

thick. 3mm
thick, 1mm
thick. 1mm

4.1
1.6
2.5

4.1
1.6
2.5

36
2.2
10.1

10
5
5

LT

yellow-green

3.0

thick. 1.5mm 2.9

2.5

9.2

10

LT
LT

green
green

9.6
1

thick. 3mm
thick. 5mm

22.4
5.2

5.5
3.2

-

22
10

brown-orange

4.2

thick. 1.5mm 3.5

3.5

LT
ST

green
green

1
1

thin
thin

1.3
3.0

1.4
1.6

MT

yellow-orange

5.4

thick

4.3

4.2

green

1

thick. 2mm

2.2

2.2

5.6

8

ST
MT

yellow-green
yellow-green

1
1

thick. 2mm
thick. 1mm

3.3
2.0

2.2
1.8

9.8
3.4

10
10

MT

brown

L

L

40

thin

clO

c4

22
1.3
5.0
39

-

6
10
1
7

1

Eaten by other frugivores

Appendix IV.

cont

Family and species

ro
ro

o

Moraceae
Ficus sp. (CB167)
Ficus cocculifolia
Ficus lutea Vahl (CB179)
Streblus dimepate (Bureau) CC Berg (CB50/55)
Strebulus mauritianus (Jacq.) Blume (CB49)
Treculia africana Decne
ssp. madagascarica (N.E. Br.) C.C. Berg
Trophis montana (Leandri) C.C. Berg ST (CB46/53)
Myrtaceae
(CB96)
Oleaceae
CB54/75
Noronhia sp. (99/138)
Pandanaceae
Pandanus androcephalanthus
Rubiaceae
Breonia sp. (CB67)
CB87
CB98
Sapindaceae
Plagioscyphus sp. (CB191)
Macphersonia madagascariensis Blume (CB89)
Sapotaceae
Chrysophyllum sp. (CB122/140/158/212)
Chrysophyllum madagascariensis
Tiliaceae
Grewia sp. (CB76/97)

Life Colour
Form

Mean No.
seeds/
fruit

Husk

Mean
Length
(cm)

Mean
Width
(cm)

Mean
Vol.
(cra^)

n

Eaten by other frugivores

LT
LT
ST
MT
ST

red
green
red-orange
red
green

clOO
clOO
ClOO
4.5
c75

thin
thin
thin
thin
thin

1.4

1.3

1.0

10

Bulbul, Bat, Blue Pigeon

1.9
3.2
3.7

1.2
2.1
1.3

1.7
11
4.9

1
7
21

Bulbul

ST
ST

green
red-orange

cl50
1

thick
thin

15.0
1.7

15.0
1.4

1770
1.9

1
1

ST

yellow-green

1

thin

2.4

2.4

7.6

5

ST
ST

green
green

1
1

thin
thin

1.4
1.6

9.8
1.4

0.7
1.7

10
10

ST

yellow

1

thin

3.3

1.9

4.5

10

MT
ST
ST

green
green
green

4.5

florets
thick
hairy

2.6
6.0
1.6

3.2
4.0
1.4

12
58
1.7

8
1
10

LT
MT

orange-brown
green

1.6
2.3

furry
thick, 3mm

3.2
3.6

3.2
3.6

14
24

10
10

MT
MT

green
orange-brown

2.8
1-4

thick
furry

3.6
2.8

2.9
2.2

15
7.1

ST

green

thin

0.9

1.5

0.4

c50

Bulbul

6
from Dew (1991)
5

A p p e n d i x IV.

cont.

Family and species
Vitaceae
Cissus sp. (CBllO)
Cissus sp.(CB126)
Cissus sp. (CB128)
Family unknown
CB185
AP193
AP194

ro
to

Life Colour
Form

L
L
L

green
green
green

L yellow
L green
MT green

Mean No.
seeds/
fruit

Husk

Mean
Mean
Length Width
(cm)
(cm)

Mean
Vol.

n

Eaten by

(cr)

1
1
1

thin
0.9
thin
1.7
thick, 1.5mm 2.4

0.7
1.5
2.4

0.3
2.1
7.2

17
1
1

4.2
1
1.3

thick
thick 2.5mm
thick 2mm

3.5
1.9
3.0

3.5
1.8
2.9

22
3.2

6
10
10

B. Fruit sometimes eaten when mature, sometimes eaten when immature:
Moraceae
ClOO
ST red
Ficus soroceoides Baker (CB132)
Rubiaceae
1
ST blue
Gaertnera sp. (CB63)

thin

1.0

0.8

0.3

10

Bulbul

thin

1.2

1.1

0.8

1

Bulbul

C. Fruit sometimes swallowed, sometimes spat
Celestraceae
Cassine (CB116)

0.8

10

Bulbul

ST

red

1

thin

1.2

1.2

Sterculiaceae
Heritiera littoralis

ST

green

4

thick

5.7

3.9

50

E. Seed always dropped:
Anacardiaceae
Mangifera indica
Combretaceae
Terminalia catappa

LT

orange

1

thin

9.2

6.4

230.4

MT

green

1

thin

6.3

4.6

D. Fruit always eaten when immature:

-

5

10
14

Appendix IV.

ho

N

cont.

Mean No.
seeds/
fruit

Husk

Mean
Mean
Length Width
(cm)
(cm)

10

Mean
Vol.
(cm^)

Family and species

Life Colour
Form

F. Seed always chewed:
Fabaceae
CB88

MT

red

1

thin

ST

green?

1

thick

1.2

0.9

0.6

3

ST

pale yellow

1.8

thick

1.7

1.1

1.0

10

ST

pale green

3.4

thin

0.9

0.8

0.3

10

HP

green

1

thin

0.8

0.5

0.1

11

SH

red

1

thin

-

-

-

-

ST
ST

orange-green
green

1.5

thin
thin

1.0

1.1

0.8

10

G. Treatment of seed unknown:
Chrysobalanaceae
Grangeria porosa Boivin. ex Baill. (CB85/123/240)
Clusiaceae
Garcinia sp. (CB135)
Flacourtiaceae
Aphloia theiformis (Vahl) Benn and R. Br. (CB183)
Loranthaceae
Bakerella (CB62)
Moraceae
Trilepisium madagascariensis DC (CB69)
Rubiaceae
CB20
Mussaenda sp. (CB78/221)

N.

1.6

Eaten by other frugivores

1

■

Life fom:

ST = small tree (dbh when mature typically <10 cm), MT = medium tree (dbh when mature typically 10 - 20 cm), LT = large tree (dbh when mature typically
>20 cm), L = liana, SH = shrub

- information not available

Appendix V.

Physiognomies of fleshy fruits not eaten by black lemurs

Species

NJ

ro

CO

Apocynaceae
Cabucala erythrocarpa (CB60)
Araliaceae
Polyscias sp. (CB57)
Arecaeae
Ravenea sambiranensis (CB197)
Connaraceae
Agelaea pentagyna (CB40)
Ebenaceae
Diospyros sp. (CB129)
Erythroxylaceae
Erythroxylum pyrifolium (CB66)
Ochnaceae
Ouratea obtusifolia
Ouratea (CB173)
Rubiaceae
Ixora (CB64/168)
Saidinia sp. (CB223)
CB222
Pyrostria sp. (CB166)

Life form

Colour

Seeds/fruit

Husk

Length (cm)

Width (cm)

Vol.

SH

red

1

thin

<1

<1

<0.5

ST

dark blue

1

thin

<1

<1

<0.5

MT

orange-red

1

thin

1.6

L

red/black

1

arillate seed

1.0

<1

<0.5

Bulbul

ST

yellow

3

thin

1.2

<1

<0.5

Bulbul

SH

red

1

thin

<1

<1

<0.5

Bulbul

SH
ST

red/black
red/black

1
1

thin
thin

<1
<1

<1
<1

<0.5
<0.5

SH
SH
SH
SH

red
blue
red
orange/black

1
1
2
1

thin
thin
thin
arillate seed

<1
<1
1.4
<1

<1
<1
1.3
<1

<0.5
<0.5
0.9
<0.5

1.4

Life form: ST = small tree (dbh Aen mature typically <10 cm), MT = medium tree (dlA when mature typically 10 - 20 cm), L = liana, SH = shrub

1.8

Eaten by:

Bulbul
Blue Pigeon

Bulbul
Bulbul
White-eye

Appendix VI.

Physiognomies of black lemur-dispersed seeds
Mean Length
(s.d.) cm

Mean Width
(s.d.) cm

Mean Weight
(g)

Mean Vol.
(cr")

Sample Size*

reniformis

1.59 (0.21)

1.29 (0.15)

1.57

1.22

9

ellipsoidal

2.66 (0.12)

1.18 (0.10)

2.4

2.0

20

ellipsoidal
ellipsoidal

0.74 (0.09)
1.80 (0.2)

0.40 (0.00)
0.95 (0.05)

0.1
0.79

0.08
0.86

5
7

reniformis

1.59 (0.10)

1.29 (0.08)

1.21

1.00

10

ellipsoidal

0.8

0.7

0.21

1

ellipsoidal
ellipsoidal

1.22 (0.08)
1.25 (0.10)

0.67 (0.05)
0.88 (0.07)

0.42
0.62

0.52
0.50

10
19

reniformis

1.05 (0.10)

0.87 (0.07)

0.22

0.25

10

fusiformis
other

3.13 (0.28)
1.15 (0.07)

1.58 (0.12)
0.78 (0.06)

4.19
0.30

3.31
0.24

16
10

globose

0.93 (0.05)

0.93 (0.05)

0.25

0.25

10

ellipsoidal

3.54 (0.15)

1.64 (0.11)

5.16

4.00

5

ellipsoidal

1.21 (0.06)

0.70 (0.07)

0.37

0.42

10

other

0.9

0.8

0.23

0.25

1 (10)

Family and species

ro
K

Agavaceae
Dracaena sp.
Anacardiaceae
Sorindeia madagascariensis (CB12/19)
Annonaceae
Monanthotaxis sp. (CB92)
Polyalthia richardiana (CB125)
Apocynaceae
Landolphia sp (CB184)
Acecaceae
Dypsis sambiranensis (CB195)
Chrysalidocarpus
madagascariensis
Neodypsis loucoubensis
Bignoniaceae
Colea purpurascens (CB16)
Burseraceae
Canarium madagascariense (CB81/93/94)
Protium madagascariense
Celestraceae
Cassine (CB116)
Clusiaceae
Garcinia sp. (CB192)
Combretaceae
Terminalia calophylla (CB91/112)
Dichapetalaceae
Dichapetaium leucosia (CBIOO)

Appendix VI.

Cont

Family and species

N)

ro
CJ1

Shape

Ebenaceae
Diospyros clusiifolia (CB68/120/121) segment of sphere
segment of sphere
Diospyros sp. (CB216)
Diospyros sp. (CB217)
segment of sphere
Euphorbiaceae
other
Uapaca sp. (CB119)
Fabaceae
Parkia madagascariensis
other
ellipsoidal
AP163
Hippocrateaceae
Salacia sp. (CB74)
reniformis
Lauraceae
Cryptocarya sp. (CB134)
globose
Potaieia sp. (CB213)
ellipsoidal
Loganiaceae
Strychnos (CB141)
reniformis
Hendonciaceae
CB127
globose
Henispermiaceae
ellipsoidal
Burasaia (CB30/80)
lentiformis
Strychnopsis thouarsii (CB77)
Honiiiaceae
Tambourissa sp. (CB133)
globose
Horaceae
other
Ficus sp. (CB167)
Ficus cocculifolia
other
other
Ficus lutea (CB179)
other
Ficus soroceoides (CB132)
reniformis
Streblus dimepate (CB50/55)

Mean Length
(cm) i s.d.

Hëan Width
(s.d.) cm

Mean Weight
(g)

Mean Vol.
(cm-3)

Sangle

2.57 (0.32)
1.13 (0.09)
1.95 (0.05)

1.78 (0.11)
0.67 (0.08)
0.89 (0.04)

3.86
0.27
0.66

4.9
0.22
0.62

10
9
8

1.91 (0.09)

1.20 (0.11)

0.71

0.70

10

3.08 (0.14)
3.61 (0.21)

1.63 (0.11)
1.75 (0.07)

4.19
6.69

3.60
6.82

10
10

1.86 (0.21)

1.22 (0.09)

1.30

1.09

10

1.17 (0.09)
2.82

1.28 (0.08)
1.42

1.09
-

0.95
3.71

7
1

2.22 (0.15)

1.69 (0.26)

2.75

2.1

10

1.38 (0.13)

1.26 (0.05)

1.16

1.20

5

2.24 (0.05)
1.55 (0.14)

1.40 (0.00)
1.55 (0.14)

2.20
1.30

2.72
1.30

10
10

1.3

0.95

-

0.58

1

<0.1
<0.1
<0.1
<0.1
0.45

<0.1
<0.1
<0.1
<0.1
0.45

<0.01
<0.01
<0.01
<0.01
0.06

<0.01
<0.01
<0.01
<0.01
0.05

1
1
1
1
1 (15)

Appendix VI.

Cont

Family and species

hO

i\)
0)

Horaceae cont.
Streblus mauritianus (CB49)
Treculia africana (CB147)
Trophis montana (CB46/53)
Myrtaceae
(Œ96)
Oleaceae
CB54/75
Noronhia sp. (99/138)
Pandanaceae
Pandanus androcephalanthus
Rubiaceae
Breonia sp. (CB67)
(CB98)
Sapindaceae
Plagioscyphus sp. (CB191)
Hacphersonia madagascariensis (CB89)
Sapotaceae
Chrysophyllum sp. (CB122/140/158/212)
Vitaceae
Cissus (CBllO)
Family unknown
AP193
AP194

Shape

Mean Length
(cm) i s.d.

Mean Width
(s.d.) cm

Mean Height
(g)

Mean Vol.
(cm-")

Sangle Size*

reniformis
globose
ellipsoidal

0.40
1.31 (0.19)
0.65

0.40
0.91 (0.10)
0.35

0.02
0.59
-

0.02
0.5
0.05

1 (59)
10
1

globose

1.70 (0.10)

1.70 (0.10)

3.17

2.57

5

ellipsoidal
ellipsoidal

1.25 (0.05)
1.80 (0.13)

0.82 (0.04)
1.34 (0.18)

0.53
1.46

0.5
1.40

10
10

fusifonis

2.18 (0.16)

1.16 (0.05)

1.58

1.00

10

other
reniformis

0.25
1.04 (0.05)

0.20
0.46 (0.05)

<0.01
0.10

<0.01
0.10

1
7

reniformis
ellipsoidal

2.28 (0.22)
2.07 (0.08)

1.45 (0.08)
1.46 (0.15)

1.75
2.36

1.55
1.81

20
6

reniformis

2.01 (0.07)

1.18 (0.15)

0.92

0.8

10

pyrifomis

0.8

0.4

0.05

0.05

1 (17)

other
other

1.02 (0.06)
2.16 (0.21)

1.38 (0.08)
1.46 (0.12)

1.42
2.86

1.10
2.30

10
10

- information not available
* where the sample size used to determine seed length and width differed from that used to determine volume and weight, the latter is placed in brackets

