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Abstract

This paper reviews the characteristics of animal seed dispersal relevant to tropical forest restoration efforts and discusses
their management implications. In many tropical regions seed dispersal by animals is the predominant form of dissemination
of propagules and has the potential to facilitate recolonization of native vegetation on degraded sites. The site traits relevant
for attracting seed dispersers include the availability of perches, the structural complexity of the vegetation and the presence of
food resources, especially fruit, as an attractant. Tree plantations with these traits will be particularly attractive to animal seed
dispersers and, therefore, will have higher rates of seed rain than plantations lacking these traits. The efficacy of animal seed
dispersal to restoration sites can be limited by the degree of isolation from a seed source, absence of animal seed dispersers in
the region and by large seed size. In highly degraded regions, where seed sources may be isolated and animal seed dispersers
rare, restoration will require direct seeding or planting. However, even under the best of conditions with a full compliment of
animal seed dispersers and a nearby seed source, large-seeded species, because of their relative immobility, should be planted

if a full return to primary forest is desired. © 1997 Elsevier Science B.V.
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1. Introduction

Tree plantations established on degraded sites long
devoid of natural forest can act as successional cata-
lysts by facilitating the recolonization of native vege-
tation (e.g. Bhaskar and Dasappa, 1986; Lugo, 1988,
1992, 1993; Parrotta, 1992, 1993, 1995; Brown and
Lugo, 1994, and papers in this volume). These planta-
tions accelerate natural regeneration by influencing
understory microclimate and soil fertility, suppressing
dominant grasses and attracting animal seed disper-
sers. The factors that affect the rate of restoration
include the initial site characteristics, plantation
design and management practices. However, our
understanding of how these factors influence succes-
sion within plantations is limited (e.g. Parrotta, 1992).

Seed dispersal is one of the processes potentially
accelerated by tree plantations on degraded sites and
is fundamental to biodiversity restoration. Seeds can
be naturally dispersed to a site in many ways (van der
Pijl, 1982), but wind, water and animals are the usual
forms of transport. Animal seed dispersal is a predo-
minant form of dispersal in the tropics (e.g. Howe and
Smallwood, 1982), and because it involves an ani-
mal’s behavior, it is the most complex. Although var-
ious aspects of animal seed dispersal have recently
been summarized (e.g. Howe and Smallwood, 1982;
Moermond and Denslow, 1985; Estrada and Fleming,
1986; Wheelwright, 1988; Stiles, 1989), no reviews
have specifically focused on all the issues relevant to
restoration efforts.

The purpose of this paper is to review the factors
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affecting animal seed dispersal to tropical restoration
sites. The geographic and ecological importance of
animal seed dispersal are reviewed and the ecological
consequences of animal and wind dispersal are sum-
marized. To understand the nature of seed dispersal to
restoration sites requires knowledge of both site and
seed source traits and their effects on dispersers. The
site characteristics relevant for attracting seed disper-
sers include the availability of perches. structural
complexity and the role of fruit as an attractant. Plan-
tations, as a special type of restoration site, are dis-
cussed in terms of their potential attractiveness to
wildlife and particularly seed dispersers. Seed source
traits are reviewed in terms of source isolation, char-
acteristics of seed shadows and the effect of seed size
on seed mobility. Finally, these factors are discussed
in relation to the management considerations for
enhancing animal seed dispersal to restoration sites.

This review includes animal dispersal based on
endozoochory, in which the diaspores are carried
inside the animal, and synzoochory, in which the dia-
spores are deliberately carried in the mouth (van der
Piji, 1982). In these instances, the animals feed on
fruit and the seeds are simply a transported byproduct.
The review ignores seed predation by animals, which
under some circumstances can be a major factor inhi-
biting seed dispersal (e.g. Janzen, 1982a,b). Although
a wide range of animal taxa are known to disperse
seeds (van der Pijl, 1982), this review focuses on dis-
persal by vertebrates, principally birds and mammals,
which are usually the most important seed dispersers
in the wet tropics. Finally, this work is not intended to
provide an exhaustive review of the subject, but rather
focuses on relevant examples of factors which should
be considered by restoration managers. Examples
come primarily from the neotropics, representing the
geographical bias of the author’s own fieldwork,
although examples from elsewhere in the tropics and
temperate zone are used to help illustrate a process or
principle.

2. Distribution and importance of animal seed
dispersal

In many plant communities, seed dispersal by ani-
mals is often an important form of dissemination of
propagules and in some sites over half the tree species

have seeds dispersed by animals rather than wind,
water, or other forms of dispersal. For example, in
some neotropical forests more than 66% of the canopy
tree species have seeds which are dispersed by ani-
mals (Howe and Smallwood, 1982). This contrasts
with some temperate zone forests where wind is
often the predominant form of dispersal, such as in
eastern North America, where less than 33% of the
forest trees have seeds dispersed by animals. Else-
where or among different growth forms, the differ-
ences between the proportion of animal- versus
wind-dispersed propagules is not as distinct. For
instance, in tropical Asia and Africa a lower propor-
tion of tree species produce seeds dispersed by ani-
mals, depending on habitat or region (35—-46%, Howe
and Smallwood, 1982).

Temperate—tropical differences in the proportion of
plant species with animal-dispersed seeds are not as
marked in understory plants in mature forests and in
the early to middle stages of plant succession. Wind
dispersal is not expected to be effective in forest
understories and, therefore, it is not surprising that a
large proportion of understory plant species have ani-
mal-dispersed seeds (48~90% of shrubs and vines in
eastern NA, Willson, 1986; and 44-62% in southern
Spain, Herrera, 1984). Similarly, in early to mid-
stages of succession, plants with animal-dispersed
seeds predominate in both temperate forests (e.g.
Howe and Smallwood, 1982; Stapanian, 1986; Will-
son, 1986; Stiles, 1989; Robinson and Handel, 1993)
and neotropical forests (Uhl et al., 1981; Uhl and
Clark, 1983; Uhl and Jordan, 1984; de Foresta et al.,
1984; Charles-Dominique, 1986; Foster et al., 1986).

Plants with wind- or ant-dispersed seeds tend to be
more prevalent in dry habitats in contrast to plants
with vertebrate-dispersed seeds, which tend to be
more common in wet habitats. Howe and Smallwood
(1982) found this trend in communities with compar-
able floras such as neotropical forests. They showed
that there was a significant negative correlation
between the percentage of wind-dispersed canopy
trees and annual precipitation for six neotropical for-
ests with samples of over 100 tree species. Similar
trends have been documented elsewhere in the neo-
tropics (Daubenmire, 1972). Even at the local level,
the dispersal syndrome may be associated with a
moisture gradient as demonstrated by a greater num-
ber and proportion of ant-dispersed herbs in damp
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than in dry sites within a mesic temperate forest (Han-
del et al., 1981). Finally, at the driest end of the rain-
fall/moisture continuum are deserts in which animal
dispersal of seeds is very rare, such as the deserts of
Israel in which only 3% of the plants are dispersed by
animals (Ellner and Shmida, 1981).

An analysis of seed dispersal syndromes by Howe
and Smallwood (1982) indicated that distinct differ-
ences exist in the syndrome types of different life
forms in a forest. Most wind-dispersed plants are
vines or canopy trees while few are small trees or
shrubs. As found in a study of lianas, none of the
five species which produced fruit below the canopy
were wind-dispersed, whereas nearly half of the spe-
cies (48%, n = 25) with fruits in the canopy were
wind-dispersed (Keay, 1957). Howe and Smallwood
(1982) concluded that consistent strong winds pro-
mote wind-dispersal, while mesic conditions promote
animal-dispersal regardless of the level of analysis,
i.e. communities, life forms within a community, or
local differences within a life form.

Besides playing an important role in dispersing
seeds from a host plant, animals can sometimes affect
the germination probabilities of the seeds they defe-
cate or regurgitate. For example, scarification in an
animal gut can contribute to enhanced germination
in some species (e.g. Olson and Blum, 1968; Hladik
and Hladik, 1969; McDiarmid et al., 1977; Fleming
and Heithaus, 1981). In other cases, seeds may rot if
not processed by animal disperers (Howe and Vande
Kerckhove, 1981) or fail to break dormancy {Rick and
Bowman, 1961; Noble, 1975; Lieberman et al., 1979).
However, most animal-dispersed seeds receive no
advantage or only a slight increase in germination
after handling by animals (Howe and Smallwood,
1982).

2.1. Implications of wind versus animal seed
dispersal

Janzen (1988) has suggested that the predominant
form of dispersal (i.e. wind versus animal) to a site can
have substantial effects on the outcome of the com-
munity regeneration process and the composition of
the plant community. Unfortunately, these observa-
tions were not quantified and were restricted only to
dry forest. Furthermore, additional studies will be
required to document the generality of these conclu-

sions. Nevertheless, because of their potential man-
agement importance the conclusions will be
summarized here. Janzen (1988) found that the two
different dispersal syndromes contributed to the
regeneration of very different forest types on aban-
doned pastures in the dry forest region of Costa
Rica. Here, Janzen observed that wind-generated for-
est extended down-wind from existing forest frag-
ments in a peninsula-like fashion out into pastures.
These regenerating forest patches were composed
mostly of wind-dispersed seeds and offered no food
for frugivory, in contrast to fragments containing a
more balanced mix of seed dispersal types. The
absence of fruit makes the regenerating wind-dis-
persed forest unattractive to frugivores, thereby
retarding the input of animal-dispersed seeds and lim-
iting the tree diversity of the site. Because the wind-
dispersed trees are first to colonize the site, they phy-
sically and numerically dominate it for many decades
even as they die off from senescence.

In contrast to the wind-generated forests, Janzen
(1988) observed that animals played a much more
complex role in the initiation and growth of dry forest
fragments. He attributed this to several factors includ-
ing the fact that there were almost three times as many
animal-dispersed as wind-dispersed trees and saplings
in the area and that they brought with them more life
forms and ways of occupying a site than found among
the wind-dispersed species. Also, there are many more
kinds of animal-generated than wind-generated seed
shadows. Wind-generated seed shadows are often
dense and very uniform in contrast to animal-gener-
ated seed shadows which are heterogeneous, depend-
ing on the location of perches, roosts, etc. (discussed
below). Both the biology of the animal disperser and
the biology of the plant contribute to the pattern of
forest initiation. Seeds in an animal-generated patch
can come from as far as many thousands of meters
from the fragment and from any compass direction (in
contrast to wind-generated patch which is derived
from an adjacent forest). Because of this, Janzen
argued that species in the fragment are, therefore,
more likely to represent a much greater portion of
their respective populations than is the case with a
wind-generated patch. Finally, Janzen concluded
that the species richness of trees and saplings was
substantially greater in developing animal-generated
habitat fragments than wind-generated habitat frag-
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ments due to the larger species pool (64% of the tree
and sapling species there were animal-dispersed) and
area from which the species are drawn.

3. Site traits which attract seed dispersers
3.1. Perches

Many avian seed dispersers are attracted to per-
ches in open fields as frequently observed in the
field (e.g. Ridley, 1930; McAtee, 1947; Livingston,
1972; Gleadow and Ashton, 1981; Glyphis et al.,
1981; Debussche et al., 1982; Werner and Harbeck,
1982) and are documented in quantitative or experi-
mental studies (McDonnell and Stiles, 1983; McDon-
nell, 1986; McClanahan and Wolfe, 1993). Seed rain
beneath perches can be significantly higher than in
nearby sites without perches. For example, seed fall
beneath perches in Florida fields had both a higher
diversity of seed genera and higher seed numbers
(340 seeds mz/year) and seed abundance was 150
times greater than in sites without perches (McClana-
han and Wolfe, 1993). Similarly, Willson and Crome
(1989) found that animal-dispersed seeds in a field
bordering a Queensland rain forest were rarely
found in seed traps in the open in contrast to seed
traps under shrubs where seed fall rates were signifi-
cantly higher.

A perch becomes attractive to avian seed dispersers
when it projects above the existing level of herbac-
eous vegetation, although its attractiveness increases
with its height, possibly because higher perches are
better predator lookouts (McDonnell, 1986). The lat-
ter investigator found that seed rain under saplings
increased proportionally with sapling height in open
fields in New Jersey. Similarly, large isolated trees in
pastures in southern Mexico played a role in attracting
rain forest frugivores (birds and bats), thereby facii-
itating the establishment of animal dispersed plant
species, which were common under the trees but
rare or absent in the open pastures (Guevara et al.,
1992). Emergent trees extending above a closed
canopy in Brazilian Amazon forest restoration plots
attracted several species of avian seed dispersers
which were rare or absent from the closed canopy of
the restoration plot (Wunderle, unpublished data). In
addition, Robinson and Handel (1993) also found that

restoration plots with high ratios of trees to shrubs had
proportionately more dispersers.

3.2. Structural complexity

Structural complexity of the vegetation is known to
affect the diversity of animals on a site as illustrated in
mine reclamation studies (reviewed in Majer, 1989).
For example, Karr (1968) concluded that the struc-
tural complexity of the vegetation already present in
a regenerating surface mine in Illinois was important
in determining bird diversity. Similarly, Reeders
(1985) showed that bird recolonization of bauxite
mines in northern Australia was associated with the
existing vegetation structure on the site, and that
islands of vegetation left undisturbed on the site facili-
tated bird invasions. Increased avian diversity asso-
ciated with vegetation complexity is expected to result
in increased seed input to the site.

Structural complexity of the vegetation has been
demonstrated to be an important factor in attracting
avian seed dispersers in studies of old field succession.
For example, more seed rain was quantified in a 13-
year-old field (structurally complex) than in a nearby
3-year-old field with a single layer of vegetation in
New Jersey (McDonnell and Stiles, 1983). Here, the
authors also found higher seed rain in a 2-year-old
field in which they placed artificial structures, simu-
lating saplings, than in an adjacent control field of
similar age. However, they found that the shape of
the individual structures (saplings) was not a signifi-
cant factor affecting seed input, but evidently the
overall complexity of the experimental field was
important for attracting seed dispersers. They con-
cluded that woody plants increase the structural diver-
sity of old fields and function as recruitment foci for
bird-disseminated seeds.

3.3. Fruit as an attractant to dispersers

It is well established that frugivores (i.e. potential
seed dispersers) are especially responsive to spatial
and temporal changes in fruit abundance at a variety
of different scales (e.g. Leighton and Leighton, 1983;
Terborgh, 1983; Wheelwright, 1983; Fleming, 1988;
Levey, 1988; Blake and Loiselle, 1991; Loiselle and
Blake, 1991). This was evident in an abandoned pas-
ture in eastern Amazon where Silva et al. (1996)
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observed that three species of avian seed dispersers
were more common during the peak of fruiting of
shrubs in the pastures than during the dry season
when fruit was absent. Seed dispersers were observed
feeding on the fleshy fruits of Cordia multispictata
and Guimardes Vieira et al. (1994) found that the
rain of bird- and bat-dispersed seeds of woody species
was much greater in the zones of Cordia (92 seeds/m*/
year) than in the patches of grass (6 seeds/m*/year).
The seed rain also displayed a distinct seasonal com-
ponent, with twice as many seeds captured per month
during the rainy season as compared to dry months, a
pattern which corresponds to the fruiting phenology of
Cordia and the abundance of avian seed dispersers
visiting Cordia.

Evidence that fruiting plants are attractants to seed
dispersers that bring seeds of different species to the
site come from other neotropical studies. For instance,
Guevara et al. (1986) found that fruit-bearing remnant
forest trees in abandoned pastures in southern Mexico
had a higher mean number of species (X = 14.3)
underneath fruit-bearing than non-fruit-bearing trees
(x =8.4) in the same area. Similarly, fruit trees
appeared to be attracting seed dispersers in abandoned
slash and burn plots in the Amazon region of Vene-
zuela where Uhl et al. (1982) found that woody seeds
were more abundant in soils under fruit trees (932
germinable woody seeds/m”) as compared to slash
(126 germinable woody seeds/m”) and in bare soil
plots (74 germinable woody seeds/m?). Studies of fru-
givorous bats in Costa Rica indicate that bats are cap-
able of bringing the seeds of a substantial diversity of
species to the immediate vicinity of a fruiting tree
(Fleming and Heithaus, 1981). This was also evident
in fruit traps placed under fruiting Tetragastris pana-
mensis visited by frugivorous birds and mammals
(two monkey species and coatimundi) in which the
seeds of numerous plant species were found (18 iden-
tified and 16 unidentified species) by Howe (1980).

In contrast to these findings, Willson and Crome
(1989) unexpectedly found that seed deposition of
animal-dispersed seeds was lower under fruiting
bushes than non-fruiting bushes of Solanum maurita-
nianum in the same open field bordering a Queensland
rain forest. They suggested that the effect of fruit on
seed deposition patterns depends on the social, fora-
ging and digestive behavior of the frugivores
involved.

3.4. Plantations and their ability to attract seed-
dispersers

The composition of a tree plantation makes cer-
tain types of plantations better suited than others for
attracting animal seed-disperers. This is due to several
factors, including the characteristics of the trees,
which may lack pests, flowers, fruits, epiphytes and
structural diversity, which are important for attracting
wildlife. In the absence of these potential resources
or foraging sites, many tree plantations are unattrac-
tive to wildlife and can retard or even prevent succes-
sion.

Plantations of pine have been established through-
out the world. The attractiveness of pine plantations to
native wildlife, where pine is an exotic, can vary
depending on several factors. For example, the attrac-
tiveness of exotic pine plantations to birds can vary
depending upon the specialization or generalization of
the local avifauna. This was demonstrated by Cody
(1985), who contrasted the use of pine plantations
(Pinus radiata) by birds in South Africa and Chile
to those used by birds in California, where pines are
native. The South African pine plantations attracted
very few birds, but the plantations in Chile were char-
acterized by both densities and species numbers com-
parable to those in California. Cody attributed these
differences to his earlier finding (Cody, 1975) that the
South African avifauna is characterized by habitat-
specific birds (i.e. use a restricted number of habitats)
in contrast to Chile where the birds are habitat-gen-
eralists (i.e. use a variety of habitats).

Despite the degree of habitat-specificity of a
region’s fauna, monocultures of pine are unattractive
to many organisms because they lack the requisite
food resources for survival. For example, because
pines lack nectar-producing flowers and fleshy fruits,
they are unattractive to nectarivores and frugivores. In
fact, avian foraging studies in pine plantations in
Puerto Rico indicate that very few species of birds
foraged in the exotic pine trees, but rather in the native
understory shrubs, vines and the few retained native
canopy trees in the plantations (Cruz, 1988). Here
nectarivores and frugivores were common, but only
because of the flower and fruit production of the
native species. Similarly, Gepp (1976) and Suckling
et al. (1976) observed more bird species in Australia
where pine is an exotic when there was an understory
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of native vegetation; the least amount of species
occurred in unthinned pine with virtually no unders-
tory.

Australian eucalypts, commonly used in plantation
forestry around the world, are also unattractive to
native wildlife when planted outside their normal
range, despite the fact that they support a diverse
fauna in Australia. In this case, eucalypts outside
their homelands may lack their native insect fauna
and, therefore, have little in the way of resources for
insectivores (Cody, 1985). The absence of fleshy-
fruits on eucalypts may also contribute to the paucity
of frugivores in plantations. However, some eucalypts
produce nectar used by avian nectarivores in some
regions outside of Australia, and in Africa eucalypts
primarily serve as nest sites (Cody, 1985). Similarly,
Indian teak plantations which lacked nectar and fruit
resources had a paucity of bird species requiring these
resources and were visited only by flocks of wander-
ing insectivorous birds (Beehler et al., 1987). Maho-
gany (Swientenia spp. ) also lacks these resources and
the presence of avian frugivores and nectarivores in a
Puerto Rican plantation of hybrid mahogany was attri-
butable to fruit and flower production of understory
shrubs (Cruz, 1987).

Not all plantations of exotic trees are unattractive to
wildlife as observed in plantations of Afbizia falca-
taria (1,3, 5, and 7 years old) in Sabah, East Malaysia
where 64% of the 162 bird species known from pri-
mary forest were recorded (Mitra and Sheldon, 1993).
The authors attributed the attractiveness of their Albi-
zia plantations to four factors, i.e. (1) the rapid growth
and thin canopy of Albizia provided the space and
light for the development of a substantial secondary
forest with the appropriate food resources, (2) the
Albizia trees were infested with caterpillars which
attracted birds (including many frugivores), (3) the
plantation was adjacent to primary forest and near to
areas of active logging and, therefore, had a ready
source of birds and (4) the plantation was young and
thus there may not have been enough time for birds
displaced by logging to be depleted, and there was still
microhabitat structure present (e.g. stamps and logs)
from clearing primary forest. The authors concluded
that the attractiveness of plantations to forest species
depends upon many factors including the types, ages
and mixtures of cultivated trees, crop rotation, proxi-
mity of primary forest, plantation physiognomy (e.g.

streams, cliffs, etc.) and timing and complexity of pest
infestations.

4. Seed source characteristics
4.1. The nature of seed shadows

Studies of the dispersion of seeds from a host plant,
or seed shadow, indicate that seed shadows include
two basic components, i.e. the ‘best-fit’ function of
seed density versus distance from the seed source,
and the heterogeneity around this function. The den-
sity—distance function is commonly a leptokurtic dis-
tribution with a peak at the source plant (Harper,
1977; Levin, 1979; Fleming and Heithaus, 1981).
This leptokurtic distribution is characteristic of all
dispersal systems and not just those based on animals.
However, the degree of kurtosis of the seed shadow is
affected by the type of dispersal which influences the
probability that seeds will be deposited at great dis-
tances from the parent (Hubbell, 1979). Animal dis-
persers affect the leptokurtic function by their for-
aging and food processing behavior, which includes
the time spent near the fruiting plant, distances moved
from the plant, travel speed and the time for which the
seeds are retained (Fleming and Heithaus, 1981).

Deviation from the expected leptokurtic dispersion
pattern of seeds can result from the behavior of animal
seed dispersers, particularly when they consume and
digest food in one or only a few special localities
(Fleming and Heithaus. 1981). These sites include
nest sites, display sites and perches of birds (e.g.
Snow, 1962ab.c, 1970, 1976; Silva et al., 1996),
and day and/or night roosts of bats (e.g. Vdasquez-
Yanes et al., 1975; Janzen et al., 1976; Heithaus and
Fleming, 1978; Morrison, 1978, 1983; Fleming and
Heithaus, 1981; Fleming, 1988). Deviation from a
leptokurtic dispersion pattern of seeds dispersed by
Artibeus bats was documented in a seed shadow
around two Costa Rican trees (Janzen et al., 1976).
At one of the trees, approximately 48% of the seed
crop remained under the parent, while 0.02-35% of
the seed crop was found under several roost trees up to
100 m or more from the parent tree.

Most seeds are deposited by seed dispersers around
fruiting plants and it is likely that most seeds handled
by birds, bats and primates move less than 100 m
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before being regurgitated, dropped, defecated or spat
out (Fleming, 1988). However, a small fraction of
seeds can be moved considerable distances from the
parent plant, particularly by pteropodid bats and cer-
tain birds (Ridley, 1930). Seed dispersal distances of
several hundreds of meters to several kilometers are
not unusual as documented in several species of birds
(e.g. Snow, 1962c, 1976), bats (e.g. Williams and
Williams, 1970; Heithaus and Fleming, 1978; Morri-
son, 1978) and primates (e.g. MacKinnon and MacK-
innon, 1978).

4.2. Isolation and its effect on seed dispersal

An important factor affecting the distance over
which seeds are dispersed by animals are the habitat
types visited by the forager, as many species will not
cross certain habitat boundaries or venture too far into
a foreign habitat (Weins, 1992). In other words, habi-
tat specialists provide more limited dispersal in het-
erogeneous habitats than habitat generalists which are
not limited to only one or a few habitat types. For
example, many forest-dwelling animals will not
enter forest openings (e.g. MacArthur, 1972) and
others may venture only a short distance from the
forest edge out into adjacent fields or pastures.

In many instances, only a few animal seed disper-
sers actually make inter-habitat movements required
for plants to colonize new sites and they frequently
venture only short distances into foreign habitats. A
good example comes from the work of Silva et al.
(1996) on the movements of second-growth forest
birds into adjacent pastures in the eastern Amazon
region of Brazil. Although they found 47 frugivorous
birds (potential seed dispersers) in a second-growth
forest, only 18 species (38%) entered an adjacent
abandoned pasture and even fewer (three species,
6%) also moved into the adjacent active pasture.

To document the potential for birds to disperse
seeds onto Amazonian pastures, Silva et al. (1996)
observed bird movements from a second-growth for-
est into the pastures. They found that the maximum
distance moved by three frugivorous species (all tana-
gers) out into the abandoned pasture from the second-
growth forest edge varied from 2 to 254 m, but most
movements were between | and 80 m. The birds spent
from 0.5 to 23 min in the abandoned pastures where
they moved from 0.5 to 225 m before returning to the

second-growth forest. Thus, the resulting seed shadow
in the abandoned pasture exhibited two characteris-
tics, i.e. a general decrease in seed density from the
source plant and a localized increase in seed density in
relation to the existing shrubs/small trees in the pas-
ture closely linked with the perching and defecating
behavior of the birds.

Colonization of a site can be limited because it is
distant from a potential seed source (McClanahan,
1986a, 1986b; Hughes and Fahey, 1988). For exam-
ple, studies of isolated woodlots in Europe indicated
that plants with animal-dispersed seeds were nega-
tively affected by woodlot isolation (van Ruremonde
and Kalkhoven, 1991). In this case, the total area of
broad-leaved forest within a radius of 500 m, as well
as the distance to the nearest connecting landscape
element, were found to be good indicators of woodlot
isolation.

The actual distance for effective dispersal onto a
site varies with the traits of the dispersers and the
intervening habitats through which the dispersers
must move. For example, when working in the Peru-
vian Amazon, Gorchov et al. (1993) showed that seed
rain from primary forest across a newly cleared strip
of 25 m indicated that bird-dispersed plant species
showed a substantial decline with distance, compared
with bat-dispersed species which showed only a slight
decline, while wind-dispersed species did not decline
with distance across the strip. The authors attributed
the differences between bird and bat dispersal to the
fact that birds defecate from perches, which were
absent in the strip cut and that relatively few forest-
dwelling bird species entered the cut. In contrast, for-
est bats, which are known to defecate on the wing as
well as from roosts and perches, entered the cut. Thus,
perch availability is the primary factor influencing the
numbers of bird-dispersed seedlings on an open site
(e.g. Campbell et al.,, 1990), while distance from a
seed source is of secondary importance (e.g. McCla-
nahan and Wolfe, 1987).

5. Source traits

5.1. The immobility of large seeds

Large seeds are more likely to be dispersed shorter
distances than small seeds and, therefore, are expected
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to have a lower rate or likelihood of colonizing sites.
Evidence for the limited dispersal of large seeds
comes from several sources. For instance, studies of
the distribution patterns of juvenile plants indicate
that large-seeded plants have limited dispersal from
the parents relative to small-seeded plants (e.g. Hub-
bell, 1979). In addition, large-seeded species tend to
be rare relative to small-seeded species in seed banks
(e.g. Uhl and Clark, 1983; McClanahan and Wolfe,
1993). Measurement of seedfall at different distances
from host plants in an Illinois woodland demonstrated
that small seeds were dispersed further than large
seeds (Hoppes, 1988). The lower mobility of large
seeds was also evident in a 10-year-old restoration
plot in the Brazilian Amazon, where large-seeded
trees were slow to arrive. Here the average seed size
of tree species which were naturally dispersed onto
the site was significantly smaller than the seeds of tree
species absent from the plot but found in the surround-
ing primary forest (Parrotta et al., 1997).

Behavioral studies of seed dispersers also indicate
that large seeds have limited dispersal potential rela-
tive to small seeds. For example, differences in the
handling behavior of large and small seeds by avian
frugivores suggested to Levey (1986) that small seeds
are likely to be dispersed more widely than large
seeds. According to Levey, such differential dispersal
is likely because small seeds are more frequently
ingested and defecated than large seeds, which tend
to be regurgitated shortly after ingestion. Similarly,
field observations of monkeys and birds indicate that
they dropped about 89% of the large seeds (14 mm
long) of Tetragastris panamensis under the parent
crown (Howe, 1980). Animals often prefer smaller
seeded fruits when given a choice as documented by
Howe and Vande Kerckhove (1981), who found that
fruit-eating birds and mammals in Panama preferen-
tially depleted trees of Virola surinamensis with small
seeds and coincidentally favored trees with high aril-
to-seed ratios. Moreover, only a small proportion of
the fruit-eating animals visited Virola and of these
only three of seven bird species which consumed the
fruit dispersed the seeds at least 40 m from the parent
tree. Finally, even agoutis (Dasyprocta spp. , Roden-
tia), the largest scatterhoarders of seeds which surpass
all other extant neotropical mammals in dispersing
large seeds, are unlikely to travel more than 200 m
with a large (30-150 g) pod of Hymenaea courbaril

and the mean distance is likely to be well under 100 m
(Hallawachs, 1986).

Often animals capable of dispersing large seeds
will not cross certain habitats (e.g. forest openings)
or when they do they are unlikely to carry large seeds.
For instance, Janzen (1988) noted that forest-dwelling
agoutis and monkeys were unlikely to carry the large
seeds of several tree species across pastures and as a
result these tree species are likely to be absent from
isolated regenerating dry forest fragments. Many
arboreal primates, which feed on large-seeded fruits,
rarely come to the ground (Terborgh, 1983) and thus
are unlikely to cross large forest openings or visit sites
in the early stages of succession. Finally, many of the
larger frugivores (e.g. curasows, guans, primates,
ungulates, etc.) which are potentially capable of trans-
porting large seeds may be rare or absent in appropri-
ate tropical habitats due to overexploitation by
humans (e.g. Terborgh, 1983; Fragoso, 1991; Mitter-
meier, 1991; Silva and Strahl, 1991).

The limited dispersal of large-seeded relative to
small-seeded plant species suggests that many restora-
tion sites will result in retarded or even arrested suc-
cessional development in which the sites are
overwhelmingly composed of small-seeded pioneer
plant species. Studies of natural succession in neotro-
pical forests have found that the pioneer plant species
are characterized by small seeds that are dispersed
mostly by abundant, but relatively small, bats and
birds (e.g. Uhl et al., 1981; Uhl and Clark, 1983; de
Foresta et al., 1984; Uhl and Jordan, 1984; Charles-
Dominique, 1986). However, as a natural forest ages,
generalized competition for seedling establishment is
expected to increase, which Foster et al. (1986) argued
selects for trees with large seeds dispersed by arboreal
mammals and large birds. Indeed, seed masses of
mature forest species have been found to be signifi-
cantly larger than those of pioneer species, even when
the effects of tree height, dispersal syndrome and
growth form are statistically controlled (Foster and
Janson, 1985). Even in the best of natural conditions,
when primary forest plants might also invade dis-
turbed sites shortly after disturbance, they do so in a
more stochastic fashion due to their limited mobility
relative to small-seeded pioneer species (Swaine and
Hall, 1983). Finally, even if large seeds make it to a
site they are more likely to be found and consumed by
seed predators than small seeds (e.g. Janzen, 1986).
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6. Implications for forest restoration

As the preceding review indicates, seed dispersal
by animals has the potential to help restore forest plant
diversity on degraded sites in a reasonable period of
time, thereby helping to defray restoration costs.
However, reliance on animal seed dispersal is not
without its limitations, some of which can be over-
come by management intervention, while others are
less tractable to management. Much of the potential
for animals to contribute seeds to a site is dependent
on characteristics of the region or landscape in which
a site is situated. These include the availability of a
nearby seed source and animal seed dispersers, both of
which are likely to be limited in highly degraded land-
scapes. Although under these conditions supplemental
planting or seeding will surely be required, a number
of management strategies exist which may facilitate
animal dispersal of seeds to restoration sites.

The degree of isolation of the restoration site in
relation to the seed source is a major factor influen-
cing natural dispersal to the site. Admittedly, the exact
definition of isolation depends on the type of animal
seed disperser(s) and the intervening habitat. How-
ever, it is reasonable to expect that seeds of forest
plant species will be dispersed greater distances
from their source through continuous forest than
through open fields or pasture. Therefore, restoration
sites should ideally be contiguous with the native for-
est seed source. If this is not possible, consideration
should be given to the development of forest or plan-
tation corridors (e.g. hedgerows) through which for-
est-dwelling seed dispersers might pass to the
restoration site. Another option might be to consider
an ‘archipelago’ of small restoration patches scattered
with intervening open areas less than 50 m across.
Thus, the important management concern here is to
reduce the site’s isolation from seed sources to ensure
adequate seed rain.

Several options are available for making tree plan-
tations attractive to seed dispersers. It is evident from
the preceding review that just simply providing a
perching or roosting site in pastures or grasslands
has the potential to attract at least some seed disper-
sers. Increasing the vegetation complexity of the site
increases the attractiveness to more animal species,
thereby improving the likelihood of seed dispersal
by generalist or opportunistic frugivores. Thus, even

age monocultures will usually be less attractive to
wildlife than plantations of mixed ages and species.

The effect of plantation size on animal diversity is
currently unknown and it is likely to vary depending
on the tree species involved. Although it is well estab-
lished from studies of species—area relationships that
large natural habitat patches harbor more species than
small patches (e.g. MacArthur and Wilson, 1967), it is
unknown how this relates to plantations, particularly
in even-age monocultures. It is likely that monocul-
ture plantations of certain tree species (e.g. teak,
casuarina) lacking appropriate food resources may
be less attractive to forest wildlife in large patches
than in small patches. In these instances, smaller plan-
tations with a higher ratio of edge to interior than
larger plantations may actually be more attractive to
wildlife due to increased edge habitat. Indeed, studies
of seedling colonization indicate higher colonization
rates on the periphery of plantations than in the inter-
ior, suggesting a differential use of plantation edges
by some seed dispersers (Parrotta, 1995).

If restoration efforts are designed to rely heavily on
natural seed dispersal, then careful consideration
should be given to the species composition of the
tree plantation. As demonstrated by Parrotta (1995),
the species composition of the plantation overstory
can have substantial effects on the recruitment rate
in the understory. As the preceding review indicated,
attractiveness to potential animal seed dispersers is
based on the availability of resources (usually food)
and the wildlife diversity and abundance in monocul-
ture plantations lacking such resources can be excep-
tionally low. Often exotic trees, because they may
lack their normal insect pests of their homeland, are
unattractive to wildlife, particularly if they also do not
provide nectar or fruit resources. However, in the
instances where the exotic plant provides an appropri-
ate resource, they can be equivalent or better than
native species.

Consideration should be given to planting some
fruit-bearing plants to attract seed dispersers into
plantations to accelerate seed dispersal and enrich
diversity. This recommendation follows from pre-
vious studies which indicate that fruiting plants attract
frugivores to a site and that seeds which they deposit
beneath fruiting plants represent a diversity of plant
species. Obviously care should be given in selecting
appropriate plant species because the seeds of an
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attractant plant are likely to be well dispersed
throughout the plantation, and if aggressive, the spe-
cies has the potential to dominate the plantation. How-
ever, with this consideration in mind, thought should
be given to planting species which bear fruit over a
considerable period of time and attract a variety of
generalist seed dispersers, which will be likely to con-
tribute new species to the site.

There is a growing recognition among tropical
ecologists and conservationists of the importance of
small (<100 ha) isolated fragments of tropical forests
as refuges for re-establishing native forests on
degraded landscapes (Turner and Corlett, 1996).
Although these isolated fragments are too small for
the long-term survival of viable populations of many
forest species, they may serve as refugia from which
re-colonization can occur once a deforestation phase
has ended (Janzen, 1988). However, as previously
reviewed here and noted by Turner and Corlett
(1996), many primary forest species possess limited
dispersal abilities and re-establishment of primary
species in secondary forests may be very difficult, if
not impossible, unless a source is located very near the
site. In fact, Turner and Corlett (1996) argued that
even if the restoration site (i.e. secondary forest) is
contiguous with primary forest, lack of dispersal
may prevent the arrival of many primary forest spe-
cies.

The relative immobility of primary forest plant spe-
cies, characterized by large seeds, has been recog-
nized by numerous workers, as previously reviewed.
Even under the best of conditions in intact primary
forest with a full compliment of native seed disper-
sers, dispersal rates of large-seeded species can be
very low. In this instance, managers can not rely on
animal seed dispersers to provide adequate dispersal.
Therefore, managers should consider planting or seed-
ing large-seeded species on restoration sites, if a full
return to primary forest diversity is desired. Indeed,
several workers in this volume have recognized this
need and made such recommendations (Parrotta et al.,
1997; Tucker and Murphy, 1997). In the absence of
such management intervention, it is likely that many
tropical forest restoration efforts will result in a pre-
ponderance of small-seeded pioneer species with an
absence of large-seeded primary forest species.

Restoration ecology in the tropics is in its early
stages of development, with some basic studies avail-

able to provide guidance for restoration of degraded
landscapes. At this stage, there are many generalized
guidelines for restoration, but we currently need more
specific studies to adapt management to local condi-
tions. Studies on the effects of plantation size, com-
position, age and isolation on animal seed dispersal
are needed to evaluate the potential for animal disper-
sers to enhance diversity on degraded sites. These
studies will enable us to better evaluate the potential
and limitations of natural seed dispersal on specific
sites.
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