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Abstract

The capacity of seeds to germinate after ingestion by frugivores is important for the
population dynamics of some plant species and significant for the evolution of plant-
frugivore interactions. In this paper the effects of different vertebrates on seed germi-
nation of nearly 200 plant species are reviewed, searching for patterns that predict
the circumstances in which germination of seeds is enhanced, inhibited, or unaffected
by the passage through the digestive tract of a seed disperser. It was found that seed
dispersers commonly have an effect on the germinability of seeds, or on the rate of
germination, or both, in about 50% of the plants they consume, although the diversity
of animal species tested so far is still rather low (42 bird species, 28 non-flying mam-
mals, 10–15 bats, 12 reptiles, 2 fishes). Enhancement of germination occurred about
twice as often as inhibition.

In spite of the morphological and physiological differences in their digestive tracts,
the different animal groups tested have similar effects on seed germination, although
non-flying mammals tend to influence germination slightly more often than the other
groups. Data on fishes are still too scarce for any generalization. Seed retention time
in the dispersers’ digestive tract is one factor affecting germination, and helps to ex-
plain the variation in seed responses observed among plant species, and even within
a species. However other factors are also important; for example, the type of food in-
gested along with the fruits may affect germination through its influence on chemical
or mechanical abrasion of the seed coat. Seed traits such as coat structure or thick-
ness may themselves be responsible for some of the variation in seed retention
times. Seeds of different sizes, which usually have different transit times through fru-
givores, and seeds of either fleshy or dry fruits, show often similar germination re-
sponse to gut passage.

Seeds of different plants species differ strongly in their germination response after
ingestion, even by the same frugivore species. Congeneric plants often show little con-
sistency in their response. Even within a species variation is found which can be re-
lated to factors such as the environmental conditions under which germination takes
place, seed morphology, seed age, and the season when the seeds are produced.

The effect of gut passage on germination differs between tropical and temperate
zones. Seed germination of both shrubs and trees (data on herbaceous species are
still scarce) in the temperate zone is more frequently enhanced than in the tropics.
This result supports the hypothesis that enhanced germination may be more advanta-
geous in unpredictable or less constant environments. Significant differences in frugi-
vore-mediated germination are also found among different life forms. In both tropical
and temperate zones, trees appear to be consistently more affected than shrubs or
herbs. This might be due to an overall higher thickness of the seed coats, or to a
higher frequency of seed-coat dormancy in tree species.

The influence of frugivory upon the population dynamics of a species has to be
evaluated relative to other factors that influence germination and seedling recruitment



Introduction

In recent decades, there have been many
studies of ecological and evolutionary as-
pects of frugivory and seed dispersal by ani-
mals, covering a range of latitudes and differ-
ent habitats (e.g. Howe & Smallwood 1982;
Janzen 1983; Estrada & Fleming 1986; Jor-
dano 1992; Willson 1992; Fleming & Estrada
1993). However, the germination capacity of
seeds after passing through the digestive
tracts of an animal is one of those aspects
that has received relatively little attention, al-
though it is important to understand the evo-
lution of plant-frugivore interactions. For ex-
ample, the hypothesis that plants exert some
kind of control over seed shadows produced
by frugivores, by specific laxative and/or con-
stipative chemicals in the fruit pulp which af-
fect seed retention time in the dispersers’
guts, has only recently been examined (Mur-
ray et al. 1994; Cipollini & Levey 1997; Wahaj
et al., in press). 

Germination enhancement, i.e. an in-
creased rate of germination or a higher final
percentage germination or both, has been
looked upon as one of the principal advan-
tages of seed ingestion by frugivorous ani-
mals (Krefting & Roe 1949; van der Pijl
1982). However, the available data are often
equivocal, and the number of animal species
tested is small, especially in certain groups
such as reptiles or fishes. In addition, there is
often great variation in seed responses within
a genus or even within the same plant
species. Whether germination enhancement
represents an advantage to a plant, and thus
may be regarded as adaptive, probably de-
pends on many factors, including the type of
habitat where the seeds are deposited and
the time of germination. Unless an increase
in plant fitness can be shown, it is difficult to
support the claim that germination enhance-
ment is advantageous.

Few generalizations have been made as
to how frequently and under what circum-
stances germination is influenced by fru-
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givory, or how consistently the same frugi-
vore affects seeds of different plant species
(but see Lieberman & Lieberman 1986). The
goal of this article is to review studies of dif-
ferent groups of frugivores (birds, mammals,
reptiles and fishes) in the search for patterns
that allow to assess the ecological and evolu-
tionary importance of this aspect of plant-fru-
givore interactions. In particular, the following
questions are addressed:
1. Do animal seed dispersers usually en-

hance the germination of the seeds they
ingest? Frugivores can enhance germina-
tion in two ways: (a) by cleaning the seeds
of pulp, which may contain germination in-
hibitors or be a potential source of infec-
tion by fungal or other pathogens, and/or
(b) by having an abrasive effect on the
seed coat, making it more rapidly perme-
able to water and gases.

2. Do different taxonomic groups of frugi-
vores (differing in the morphology and
physiology of their digestive tracts) affect
seed germination differently? This could
arise because of factors such as differ-
ences in the retention time of seeds in the
gut, or from the presence of grit in gizzards
(in some bird species, for example), which
may have a mechanical and/or chemical
effect on the seed coat.

3. Do seeds of different plant species re-
spond similarly to ingestion by the same
frugivore species? We might expect that
the germination of closely related species,
belonging to the same genus for instance,
would be similarly affected by the same
species of vertebrate. If not, what factors
help to explain the differences (e.g. seed
coat structure and thickness)?

4. Is there an interaction between seed size
and the effect of a frugivore upon germina-
tion? For example, if small seeds are re-
tained for a longer period within the ani-
mal’s digestive tract than large seeds, as
suggested in a number of studies, we may

at a particular site. Whether seed ingestion by dispersers is really advantageous to a
plant (as has commonly been assumed) can only be assessed if we also determine
the fate of the ingested seeds under natural conditions, and compare it to the fate of
seeds that have not been ingested.
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hypothesize that germination enhance-
ment tends to decrease as seed size in-
creases.

5. Do seeds of fleshy fruits and dry fruits re-
spond similarly to frugivores’ ingestion?

6. Are there any differences between seed
responses in the tropics and the temper-
ate zones? If the effect of seed ingestion
by frugivores on germination is adaptive in
unpredictable or less constant environ-
ments, as Izhaki & Safriel (1990) suggest,
we might expect that seeds in the temper-
ate zones would be affected more often
than seeds in the tropics.

7. Do seeds of plants with different life forms
differ in their response to ingestion by fru-
givores? If, for instance, trees have seed-
coat dormancy more frequently than
shrubs and herbs, a germination enhance-
ment after ingestion might be more com-
mon in trees. Likewise, possible differ-
ences in seed traits such as coat thick-
ness, among different life forms might well
translate into differences in the effect that
frugivores have on seed germination.

8. Related to 7, do seed responses to frugi-
vores’ ingestion vary between habitats
(e.g. grasslands, shrublands and wood-
lands)?

9. How important is seed ingestion by frugi-
vores for plant recruitment relative to other
factors?

About 80 papers dealing with the effect of
seed passage through vertebrate frugivores
are reviewed here. They cover 182 plant

species belonging to 68 families, and 94–99
frugivore species belonging to 47 families
(Table 1). A complete list of the plants and an-
imals examined as well as a summary about
how passage through the gut affects germi-
nation is given in the Appendix. The few con-
trolled experiments performed prior to 1949
are mentioned in Krefting & Roe (1949) but
are not included here as it was not possible to
reexamine most of the data. These authors
suggest that those data are often misleading
due to small sample sizes and inadequate
controls, and are thus not strictly comparable
to later work. For example, it is not always
clear whether ingested and control seeds
came from the same plant population or the
same individuals. Some other studies that ex-
amined the effect of seed passage through
frugivores on germination have been re-
viewed but are not included in the Appendix
(Alexandre 1978; Yan 1993; Wrangham et al.
1994), either because no information is avail-
able concerning samples sizes or the statisti-
cal tests performed, or because the authors
do not say what kind of control was used in
the comparison with ingested seeds.

In most studies, only the total percentage
of seeds that germinated after a given period
of time, often a few months, was measured.
In less than half of the studies (see Table 1),
both percentage of germination and germina-
tion rate are given, i.e. the time elapsed until
the first germination and/or the time elapsed
until 50% of the seeds have germinated. In
some studies, the term germination rate is er-
roneously used as a synonym of the percent-

Table 1. Number of studies which showed enhancement, inhibition or a neutral effect on the two main char-
acteristics of germination, i.e. percent germination and germination rate, after gut passage by different
groups of vertebrate frugivores. For all plant species tested, ingested seeds have been compared with con-
trols (uningested seeds). Based on data from the Appendix.

Frugivores Effect on No. studies Plant species Enhancement Inhibition Neutral
(no. species/ germination (families) N (%) N (%) N (%)
families)

Birds (42/19) percentage 153 80 (38) 55 (36) 25 (16) 73 (48)
rate 103 42 (41) 15 (14) 46 (45)

Non-flying percentage 95 73 (40) 37 (39) 18 (19) 40 (42)
mammals (28/18) rate 46 14 (30) 6 (13) 26 (57)

Bats (10–15/2) percentage 24 21 (16) 6 (25) 2 (8) 16 (67)
rate 17 0 (0) 5 (29) 12 (71)

Reptiles (12/6) percentage 43 41 (23) 12 (28) 7 (16) 24 (56)
rate 19 9 (47) 3 (16) 7 (37)

Fishes (2/2) percentage 2 2 (2) 2 (100) 0 0



age of germination. It is important to discrimi-
nate between these two components of ger-
mination performance, as they have quite dif-
ferent ecological consequences. The differ-
ences in germination rates between ingested
and control seeds are often a few days,
sometimes several weeks, and rarely a few
months. Such differences are not examined
in this review since their implications are
completely unknown for the species exam-
ined.

The majority of germination experiments
were carried out in the laboratory, usually in
Petri dishes under controlled conditions of
light, humidity and temperature; others were
performed in glasshouses, and a very few in-
vestigated seed germination in potting soil
placed in the natural habitat where the plants
are usually found. In most experiments,
depulped seeds were used as a control, i.e.
manually cleaned from pulp. Thus, most
studies did not test the effect that frugivores
have in separating the pulp from the seeds,
but rather the possible abrasive (scarifying)
effect that ingestion by vertebrates has on
seed coats (integuments). Intact fruits (fresh
fruits with seeds inside) were used as con-
trols in only eleven studies, eight of which
took manually depulped seeds as additional
controls.

The experimental data show that seed in-
gestion by dispersers may either increase or
decrease the germinability of seeds. How-
ever, the large majority of studies did not ex-
amine the viability of the seeds that failed to
germinate. Thus, it is unknown whether the
remaining seeds could potentially germinate,
or had died, or were already dead before the
experiment began. The age of seeds must
also be considered in any germination exper-
iment, as it determines the degree of ger-
minability in many species, and especially
those that only remain viable for a short pe-
riod. In most studies freshly collected seeds
were used.

How common is enhanced 
germination due to passage
through disperser guts?

About half of the data come from experiments
with fruits consumed by birds, mostly passer-
ines, and especially Turdus merula, T. migra-
torius and Pycnonotus barbatus (cf. Appen-
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dix). The data suggest that birds have no
consistent effect on percent germination:
studies in which there was no effect on germi-
nation percentage are almost as frequent as
those in which a significant effect (either pos-
itive or negative) occurred (Table 1). In 36%
of cases germination was increased while it
was reduced in only 16% of cases. On the
other hand, birds had a significant effect on
the rate of germination slightly more often (in
55% of all studies, and disregarding whether
or not they had an effect on the final percent
germination), accelerating the germination of
ingested seeds much more commonly
(40.5%) than delaying it (14.5%). 

Non-flying mammals influence seed ger-
mination in 58% of all studies. Like birds, they
enhanced germination (increasing both per-
cent and rate of germination) more than twice
as often as they inhibited it. However, in 57%
of cases, the seed germination rate was not
significantly affected by passage through the
gut. Most data within this group of frugivores
come from experiments performed with either
primates or bears (see Appendix). Seed pas-
sage through the guts of primates either in-
creased percent germination or had no effect
on it in a similar number of cases (38% and
36%, respectively), and decreased it in 26%;
they accelerated germination in 34% of
cases, delayed it in 14%, but in more than
half of cases (52%) had no effect on the rate
of germination. The two species of frugivo-
rous bears, in contrast, had no effect on the
percent seed germination of most plant
species, increasing it in only 29% of cases
and decreasing it in none. Similarly, a neutral
effect of seed passage through bears was
found in all nine cases in which the rate of
germination was examined. 

The germination of most seed species in-
gested by frugivorous bats of the two families
Pteropodidae and Phyllostomidae was not in-
fluenced by gut passage (Table 1). Neither
the percentage nor the rate of germination
was affected in the majority of studies (67%
and 71% of the cases, respectively). In a
quarter of cases, the percent germination
was increased, but there were no cases of
accelerated gemination. In contrast, delays in
germination were observed in 29% of cases,
but decreases in percent germination only in
8%.

Fewer data have been published (in about
ten papers) on the effects of reptiles on ger-
mination, turtles being more commonly
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tested than lizards. The pattern that emerges
from the 41 plant species is that percent ger-
mination is mostly (56% of cases) unaffected
by seed ingestion by reptiles; when there was
an effect it was more usually positive (28%)
than negative (16%). In contrast, reptiles
seems to modify the rate of germination in
most cases (63%), accelerating it more often
(47%) than delaying it (16%; Table 1). For the
plant Neochamalaea pulverulenta (Cneo-
raceae), whose fruit are consumed by the
lacertid Gallotia galloti in the Canary Islands,
seed germination was very low during the
first year after planting, apparently due to in-
hibition by the reptile (Valido & Nogales
1994). Three years later, however, the total
percentage of germination of treated and
control seeds did not differ significantly
(Valido & Nogales, pers. comm.). This sug-
gests that, at least for some plants, apparent
differences in the final percentage germina-
tion between control and ingested seeds de-
pend on the duration of the germination ex-
periment. 

To my knowledge, the effect of fishes on
seed germination has been tested with only
two aquatic plants, both of which showed an
increase in percent germination after inges-
tion by a cichlid and a cyprinid (Agami &
Waisel 1988). More data on this group of ver-
tebrates are needed, both from temperate
zones and the tropics. In some tropical re-
gions, especially in the Amazon and in Río
Negro, large numbers of frugivore fishes
have been reported (Gottsberger 1978; Goul-
ding et al. 1988).

Overall, seed dispersers appear to influ-
ence both the percentage and the rate of ger-
mination in a large fraction of plant species
consumed (c. 52% and 50% of the studies,
respectively). From these results, it seems
that non-flying mammals have an effect on
seed germination more frequently than other
taxonomic groups, although the variability is
quite high within each group of frugivores
(see next section). Considering all dispersers
together, the percentage germination is in-
creased more often (35%) than reduced
(17%), and an acceleration of germination
after seed ingestion is more common (35% of
the cases) than a delay (16%). Germination
is either enhanced or inhibited in a wide vari-
ety of plant species belonging to different
families (see Appendix). The seeds of such
plants vary widely in size, shape and coat
thickness. Therefore, by looking at seed traits

alone, it is not possible to predict whether
germination will be affected after ingestion by
a particular frugivore or not. It is possible that
inhibition occurs in some species because
the seeds are not completely mature when in-
gested. For example, Figueiredo & Longatti
(1997) found that howler monkeys (Alouatta
fusca ssp. fusca), which eat both mature and
inmature fruits of Miconia cinnamomifolia, in-
hibited germination, whereas marmosets
(Callithrix penicillata), which feed only on ma-
ture fruits, did not.

A significant part of the variation in germi-
nation after ingestion appears to be related to
plant species. This is consistent with the con-
clusions of Lieberman & Lieberman (1986),
who also found that the effects of individual
animal species are highly idiosyncratic and
unpredictable from one plant species to the
next. Using a total of 52 plant–animal combi-
nations, these authors found that the majority
of plants (73%) revealed no significant differ-
ences between ingested and uningested
seeds, and concluded that “germination en-
hancement (and concomitant dependence
upon ingestion) was neither inevitable nor
even common”.

How consistently does the
same plant species respond to
ingestion by different 
frugivores?

For a given plant species, the outcome of
seed passage through a digestive tract may
depend on the animal species that consumes
it. The way in which seeds are ‘treated’ in the
frugivore’s gut is actually one of the compo-
nents of dispersal quality that determine the
effectiveness of a seed disperser (Schupp
1993). A rather long retention time in the ver-
tebrate guts, for instance, and thus a pro-
longed exposure to digestive fluids, may re-
sult in the removal of much of the protective
mesocarp and thus damage to the seed em-
bryo, especially in seeds with soft seed coats
(e.g. Gardener et al. 1993; Murphy et al.
1993). Likewise, an excessive mechanical
grinding in a bird’s gizzard may be detrimen-
tal, increasing the possibility of embryo desic-
cation and pathogenic attack. Since the di-
gestive systems of frugivores such as mam-
mals, birds and reptiles differ greatly, both
morphologically and physiologically (e.g.



King 1996), it is scarcely surprising if there
are differences in their influence upon germi-
nation. 

Morphological and physiological
traits of frugivores that can affect
seed treatment 

Just as the teeth of herbivorous mammals
are modified in various ways, to crush, grind
or shred plant matter, so also may the chemi-
cal environment of the digestive tract be mod-
ified to extract nutrients in an effective way,
usually harbouring symbiotic bacteria and
protozoa which can digest the structural poly-
mers of the cell wall through fermentation.
Ruminant artiodactyls (e.g. cows, deer, pec-
caries) have a refined stomach fermentation
which takes place in the two compartments,
rumen and reticulum, near the oesophagus
(foregut fermentation). In contrast, hindgut
fermentation (found in horses, rhinoceros,
tapirs, for instance) takes place in the cae-
cum, a much less complicated structure that
allows a faster digestion (King 1996). Gut
passage time for a ruminant such as a cow is
usually 70–90 hours (Gardener et al. 1993),
whereas food is processed in about 48 hours
by a horse (Sibly 1981). Seeds of Enterolo-
bium cyclocarpum, however, can be retained
in horse guts for up to two months, and a
large fraction will them be digested (Janzen
1982). Likewise, seeds of Trewia ingested by
rhinoceros show peak passage times of
64–88 h, but ranging widely from 46 h to 
172 h (Dinerstein & Wemmer 1988). Frugivo-
rous bats also exhibit special modifications to
their digestive tract: the oesophagous leads
into a cardiac vestibule and the stomach is an
elongated tube with a large, strongly-devel-
oped caecum (Jordano 1992). Transit times
reported for bats are quite fast, ranging from
22 to 144 min (Laska 1990).

Jordano (1992) reviewed specific modifi-
cations of the digestive systems in frugivo-
rous birds: (a) the crop and/or the proven-
triculus may be extremely reduced, or even
absent in some species; (b) the gizzard may
have thin, non-muscular walls; (c) the simpli-
fied gizzard is often in a lateral position, and
thus the oesophagus is tightly connected with
the duodenum; and (d) the intestine is short
relative to body size. In strongly frugivorous
birds, seeds are processed much more
rapidly than pulp, presumably to maximize
gut capacity for digestible pulp. Regurgitation
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of seeds by passerine birds is very rapid,
often within 5–20 min, while defaecated
seeds are retained for much longer, usually
0.3–1.5 h (Sorensen 1981, 1984; Herrera
1984; Jordano 1992). Data for pigeons show
gut passage times ranging from 55 to 140
min (Clout & Tilley 1992).

In herbivorous reptiles, the small and large
intestines tend to be shorter and less coiled
than in mammals and birds (King 1996); as a
result, the rate of nutrient absorption is much
greater in mammals and birds, which also
have a much higher metabolic rate than rep-
tiles. At the distal part of the large intestine
there is usually a caecum, a prominent struc-
ture that can absorb nutrients and that
houses symbiotic micro-organisms which fer-
ment cell wall polymers. For lizards, in partic-
ular, the large intestine is much longer and
the small intestine much shorter in herbivo-
rous species than in their carnivorous coun-
terparts (King 1996). Herbivorous lizards
have long gut passage times (several days)
compared to small herbivorous mammals
(less than 10 h; Karasov et al. 1986), presum-
ably because reptiles do not chew their food,
and thus take more time to digest it. However,
it is possible that some of them break up food
mechanically in the stomach, as suggested
by observations on Galápagos tortoises (Tes-
tudo elephantopus ssp. porteri), which pro-
duce faecal pellets containing sand, gravel
and small pieces of wood (Rick & Bowman
1961), and on Sauromalus which ingests
sand and gravel along with its food (Sylber
1988). Seed retention time in Galápagos 
tortoises ranges from 12 to 20 days (Rick &
Bowman 1961), although much shorter
ranges (24–48 h) are reported for turtles of
the genus Rhinoclemmys (Moll & Jansen
1995). Geckos of the genus Hoplodactylus
take 36–72 hours to defaecate seeds, being
faster when temperatures are higher and the
animals are more active (Whitaker 1987). 

Studies performed with fishes show that
only hard seeds pass through the intestines
intact and that these can be retained in the di-
gestive tracts for up to 65 hours (Agami &
Waisel 1988). The mandibles of common
carps (Cyprinus carpio), a species used in
some tests, usually crush the seed coats of
species such as Najas marina and Ruppia
maritima completely, digesting the seed con-
tents. Apparently, many other fish species
consume some seeds but disperse and ex-
crete the remainder (Agami & Waisel 1988).
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Other factors that determine the time
of seed passage within a frugivore

Food retention time within a digestive tract is
not determined only by the intrinsic morpho-
logical and physiological traits of the particu-
lar animal. Factors such as nutritional levels
(especially fat composition) of the diet, con-
sistency, hardness, water content or amount
of food are known to affect directly the speed
at which a meal moves through the gut (e.g.
Demment & van Soest 1985; Clench & Math-
ias 1992; Gardener et al. 1993). Mean gut
passage time (GPT) can also vary depending
on the amount of food consumed; for exam-
ple, it has been found to decrease with an in-
creasing number of fruits ingested (Murphy et
al. 1993). In frugivorous birds, GPT tends to
be short in order to increase the ingestion
rate (Levey 1991), at the cost of a low diges-
tive efficiency (Karasov & Levey 1990). The
GPT can also change through the feeding
season and even during the day, being short
in the early morning as energy reserves are
replenished, and in the late afternoon, pre-
sumably so as to build up sufficient energy for
the night (Murphy et al. 1993).

Seed retention time within the same frugi-
vore species can vary significantly depend-
ing on the fruit ingested, with high individual
variability. Barnea et al. (1991) reported
great variation in GPT in birds for 12 plant
species, with values ranging from 9 to 33 min
for bulbuls, and from 13 to 74 min for black-
birds. The size and weight of a seed usually
determines the speed at which it passes
through the digestive tract of a bird, large
and heavy seeds being defaecated more
quickly than small and light seeds (Garber
1986; Levey & Grajal 1991; Gardener et al.
1993). Seed size may also determine
whether it will be defaecated or regurgitated,
thus also affecting the time the seeds are
kept in the digestive tract; this may translate
into different germination patterns (Clergeau
1992; Izhaki et al. 1995). The texture of the
fruit pulp is another trait that may influence
seed retention time, as reported by Levey
(1986), who found that seeds of fruits with a
very firm texture were retained longer than
those of watery fruits. 

The effect of seed retention time in verte-
brate guts on germination success can also
differ among species of frugivores and plants.
Barnea et al. (1991) found that blackbirds
(Turdus merula), in general, show a stronger

enhancing effect on germination than bulbuls
(Pycnonotus xanthopygos) because of the
longer retention time. Not all plants re-
sponded equally, however; for example, very
different retention times (a few minutes to 24
h) of Solanum luteum seeds in the two bird
species had no effect on germination suc-
cess (Barnea et al. 1992). In contrast, Mur-
phy et al. (1993) found that spiny-cheeked
honeyeaters (Acanthagenys rufogularis) re-
tained the seeds of grey mistletoe, Amyema
quandang, for much longer in their guts than
mistletoebirds (Dicaeum hirundinaceum; 40
min vs. 13 min), which translated into lower
seedling establishment after ingestion by
honeyeaters. Apparently, the more gentle
treatment in the guts of the specialized dis-
perser was more beneficial to the seeds. A
negative effect of seed retention time on ger-
mination success has also been reported for
Galápagos tortoises (Rick & Bowman 1961),
and for herbivorous mammals (Janzen et al.
1985).

Levey & Grajal (1991) proposed that rapid
seed processing, e.g. by many frugivorous
birds, has influenced the evolution of pulp
composition and seed-packaging, with a se-
lection for nutrients that are rapidly assimi-
lated, e.g. simple sugars and free amino-
acids. In large-seeded fruits, which are often
rich in lipids, this may be different as seeds
are processed more rapidly and indepen-
dently of pulp (Levey & Grajal 1991). Murray
et al. (1994) have argued that the pulp of
some fleshy fruits contains “laxative” chemi-
cals that shorten seed retention time in the
guts, thus reducing seed mortality. They
found that, although percentage germination
of Witheringia solanacea seeds was in-
creased by passage through the gut of the
bird Myadestes melanops, the germination
success decreased with increasing time
spent in the gut. While a mild abrasion proba-
bly enhances water imbibition or the percep-
tion of germination cues, a longer exposure
to abrasion in the gut may be excessive and
cause premature germination. However, Wit-
mer (1996) has given an alternative explana-
tion for the results of Murray et al. (1994),
which concerns how nutrient concentration in
food influences the digestive function of fru-
givorous birds. He found that for at least three
species of birds (Turdus migratorius, Hyloci-
chla mustelina, Bombycilla cedrorum) seed
passage rates increased as sugar concentra-
tion in their diet declined. This result is not



true for all species; for example, starlings
(Sturnus vulgaris) showed similar gut reten-
tion times regardless of the diet composition
(insects vs fruits), whereas American robins
(Turdus migratorius) showed a decrease in
retention time when their diet was changed
from insects to fruit (Levey & Karasov 1994).
Recently, Cipollini & Levey (1997) have hy-
pothesized that specific secondary metabo-
lites found in the fruit pulp alter seed pas-
sage rates, either slowing them down (i.e.
having a “constipating” effect on animals) or
accelerating them (i.e. a “laxative” effects).
Wahaj et al. (in press) show that glycoalka-
loids in ripe fruits of Solanum can increase or
decrease retention time and thereby influ-
ence seed deposition patterns (e.g. number
of defaecations with seeds, number of seeds
per defaecation, and presumably also dis-
persal distance). Future studies may shed
more light on this subject, and allow us to de-
termine whether the fruit chemicals that ap-
parently influence the seed passage rate in
certain frugivores have an adaptive function
or not.

Patterns associated with different
types of frugivore

Of the 34 plant species that were tested with
more than one animal species of different
classes or orders, 17 showed a consistent re-
sponse to passage through the gut (Table 2).
In 12 plant species the comparison was ei-
ther between birds and bats or between birds
and non-flying mammals. In at least two plant
species, even though response to ingestion
was consistent, one frugivore had a signifi-
cantly stronger effect than the other. In Spon-
dias purpurea seeds ingested by white-tailed
deer (Odocoileus virginianus) germinated in
a greater percentage than those ingested by
the iguana Ctenosaura pectinata (Mandujano
et al. 1994). Likewise, the germination of
seeds of Plocama pendula ingested either by
a lacertid or by birds did not differ from the
control, yet a larger fraction of seeds ingested
by the lizard germinated compared to those
consumed by birds (Valido & Nogales, un-
publ. data).

For the remaining plant species tested
with frugivores belonging to different orders,
there were significant differences in seed
germination depending on the animal that
had ingested the seeds (Table 3). The most
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common comparisons were between birds
and either non-flying mammals (ten plant
species), bats (six plant species), or reptiles
(four plant species); some species were
tested with more than two groups. The
longer seed retention times in mammals
compared to those in birds might explain the
enhancement of germination (either percent-
age or rate of germination, or both) in only six
cases: Azaridachta indica, Carissa edulis,
Cornus stolonifera, Prunus virginiana, Prem-
na quadrifolia and Securinega virosa. At
least three species (Byrsocarpus coccineus,
Clausena anisata and Plocama pendula)
seem to be negatively affected by the longer
retention times within mammalian guts. In
the case of P. pendula, rabbits have a nega-
tive effect on germination compared to birds.
However, seed retention time is unlikely to
be the reason, since lizards, although they
have even longer retention times than rab-
bits, have a neutral effect on germination.
When both birds and bats were tested with
the same plant species, it was observed that
bats had no effect on germination in three
cases (Carissa edulis, Ficus luschnathiana
and Morus nigra), enhanced germination in
Azadirachta indica and Ficus microcarpa,
and inhibited it in Clausena anisata com-
pared to birds (Table 3). Reptiles had either
no effect on seed germination tested against
birds (with Sambucus canadensis, Plocama
pendula and Lycium intricatum), and against
mammals (with Diospyros consolatae and P.
pendula), or inhibited germination (Morus
alba and L. intricatum), while birds enhanced
it (Table 3). Finally, in the three plant species
in which non-flying mammals were com-
pared with bats (Securinega virosa, Azadira-
chta indica and Premna quadrifolia), the non-
flying mammals enhanced germination while
bats had no effect.

Significant differences in seed responses
can also be observed in frugivores belonging
to the same order, usually birds, since these
are the most commonly studied group (Table
3). This suggests that seed retention time
alone cannot explain the high variability
found in seed responses to avian ingestion.
The differences in the effect of two primate
species on Miconia cinnamomifolia can also
not be attributed to differences in seed reten-
tion time in their guts but, as already noted, to
the consumption of immature fruits by howler
monkeys but not by marmosets (Figueiredo &
Longatti 1997).
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Table 2. Plant species tested with vertebrate frugivores belonging to different orders which show a consis-
tent seed germination response to ingestion: enhancement (+), inhibition (–), or neutral (0). The first sym-
bol refers to total percent germination and the second one to germination rate. 

Plant species Frugivores Effect on germination Reference
––––––––––––––––––––––
percent rate

Carissa edulis 1 sp. of bird 0 0 Lieberman & Lieberman (1986)
1 sp. of bat 0 0

Clausena anisata 1 sp. of bird – – Lieberman & Lieberman (1986)
1 sp. of bat – – Lieberman & Lieberman (1986)
1 sp. of primate – – Lieberman & Lieberman (1986)

Ehretia cymosa 2 spp. of birds 0 0 Lieberman & Lieberman (1986)
2 spp. of bats 0 0 Lieberman & Lieberman (1986)

Ficus carica 1 sp. of bird 0          .† Lisci & Pacini (1994)
1 sp. of bat 0 0

Ficus microcarpa 1 sp. of bird + + Guerrero & Figueiredo (1997)
Unid. spp. of bats +          . Figueiredo et al. (1995)

Flacourtia flavescens 2 spp. of birds – – Lieberman & Lieberman (1986)
1 sp. of primate – – Lieberman & Lieberman (1986)
1 sp. of bat – – Lieberman & Lieberman (1986)

Najas marina 1 sp. of bird + + Agami & Waisel (1988)
2 spp. of fish +          . Agami & Waisel (1986)

Oplopanax horridus 2 spp. of birds 0 0 Traveset & Willson (1997)
2 spp. of bears 0          0 Traveset & Willson (1997)

Premna quadrifolia 1 sp. of bat 0          0 Lieberman & Lieberman (1986)
1 sp. of bird 0          0 Lieberman & Lieberman (1986)

Prunus serotina 1 sp. of bird +          . Krefting & Roe (1949)
Unid. spp. of birds + . Smith (1975)
1 sp. of turtle + . Braun & Brooks (1987)

Ribes bracteosum 2 spp. of birds 0 0 Traveset & Willson (1997)
2 spp. of bears 0          0 Traveset & Willson (1997)

Rubus procerus 1 sp. of bird 0 . Brunner et al. (1976)
1 sp. of fox 0         . Brunner et al. (1976)

Rubus spectabilis 2 spp. of birds 0 + Traveset & Willson (1997)
2 spp. of bears 0          + Traveset & Willson (1997)

Securinega virosa 3 spp. of birds 0 0 Lieberman & Lieberman (1986)
2 spp. of bats 0          0 Lieberman & Lieberman (1986)

Spondias purpurea 1 sp. of deer + . Mandujano et al. (1994)
1 sp. of iguana + . Mandujano et al. (1994)

Spreptopus amplexifolius 2 spp. of birds 0 0 Traveset & Willson (1997)
2 spp. of bears 0         0 Traveset & Willson (1997)

Vaccinium alaskaense, 2 spp. of birds 0 0 Traveset & Willson (1997)
V. ovalifolium 2 spp. of bears 0          0 Traveset & Willson (1997)

† No results.
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Table 3. Plant species tested with frugivore species belonging to the same or different orders which
showed an inconsistent seed germination response to ingestion: enhancement (+), inhibition (–), or neutral
(0). The first symbol refers to total percent germination and the second one to germination rate. 

Plant species Frugivores Effect on germination Reference
––––––––––––––––––––––
percent rate

Azadirachta indica 2 spp. of birds 0 + Lieberman & Lieberman (1986)
1 sp. of bird + + Lieberman & Lieberman (1986)
1 sp. of primate + + Lieberman et al. (1979)
1 sp. of primate + 0 Lieberman & Lieberman (1986)
1 sp. of bat 0 0 Lieberman & Lieberman (1986)
1 sp. of bat + – Lieberman & Lieberman (1986)

Byrsocarpus coccineus 3 spp. of birds 0           0 Lieberman & Lieberman (1986)
1 sp. of primate –           – Lieberman & Lieberman (1986)

Capparis erythrocarpos 1 sp. of bird 0 0 Lieberman & Lieberman (1986)
2 spp. of birds 0 + Lieberman & Lieberman (1986)
1 sp. of primate 0           + Lieberman & Lieberman (1986)

Carissa edulis 1 sp. of bird – – Lieberman & Lieberman (1986)
1 sp. of bird 0 0 Lieberman & Lieberman (1986)
1 sp. of bat 0 0 Lieberman & Lieberman (1986)

Clausena anisata 1 sp. of bird 0 – Lieberman & Lieberman (1986)
1 sp. of bird – – Lieberman & Lieberman (1986)
1 sp. of primate – – Lieberman & Lieberman (1986)
1 sp. of bat – – Lieberman & Lieberman (1986)

Cornus racemosa 2 spp. of birds –            .† Krefting & Roe (1949)
Unid. spp. of birds +            . Smith (1975)

Cornus stolonifera 2 spp. of birds – . Krefting & Roe (1949)
1 sp. of bear + . Rogers & Applegate (1983)

Diospyros consolatae 1 sp. of primate + . Engel (1997)
1 sp. of snake 0 . Engel (1997)

Ficus luschnathiana 1 sp. of bird + . Figueiredo & Perin (1995)
1 sp. of bat 0             . Figueiredo & Perin (1995)

Ficus microcarpa Unid. spp. of birds 0 . Figueiredo et al. (1995)
1 sp. of bird + + Guerrero & Figueiredo (1997)
Unid. spp. of bats + . Figueiredo et al. (1995)

Juniperus virginiana 3 spp. of birds – . Livingston (1972)
2 spp. of bird + . Holthuijzen & Sharik (1985)

Lonicera tatarica 1 sp. of bird + . Krefting & Roe (1949)
1 sp. of bird 0 . Krefting & Roe (1949)

Lycium intricatum 1 sp. of bird + + Nogales et al. (1998)
1 sp. of lizard 0 0 Valido & Nogales (1994)
1 sp. of lizard – – Nogales et al. (1998)

Miconia cinnamomifolia 1 sp. of primate – . Figueiredo & Longatti (1997)
1 sp. of primate 0 . Figueiredo & Longatti (1997)
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Morus alba 1 sp. of bird + . Krefting & Roe (1949)
1 sp. of turtle – . Braun & Brooks (1987)

Morus nigra 2 spp. of birds + + Barnea et al. (1991)
1 sp. of bat 0 0 Izhaki et al. (1995)

Neochamaelea pulverulenta 1 sp. of lizard – + Valido & Nogales (1994)
1 sp. of lizard + + Valido & Nogales (unpubl.)

Plocama pendula 2 spp. of birds 0 + Valido & Nogales (unpubl.)
1 sp. of rabbit – – Nogales et al. (1995)
1 sp. of lizard 0 0 Valido & Nogales (unpubl.)

Premna quadrifolia 1 sp. of bird 0 0 Lieberman & Lieberman (1986)
1 sp. of primate 0 + Lieberman & Lieberman (1986)
1 sp. of bat 0              0 Lieberman & Lieberman (1986)

Prunus virginiana 1 sp. of bird – . Krefting & Roe (1949)
1 sp. of bear + . Rogers & Applegate (1983)

Rosa sp. 1 sp. of bird – . Krefting & Roe (1949)
1 sp. of bird + . Krefting & Roe (1949)

Rubus sp. 1 sp. of bird 0 . Krefting & Roe (1949)
2 spp. of birds +             . Krefting & Roe (1949)

Rubia tenuifolia 5 spp. of birds 0 – Izhaki & Safriel (1990)
2 spp. of birds‡ 0             + Barnea et al. (1991)

Smilax aspera 1 sp. of bird + 0 Izhaki & Safriel (1990)
2 spp. of birds 0 0 Izhaki & Safriel (1990)

Solanum nigrum 2 spp. of birds 0 . Barnea et al. (1990)
0 0 Mas & Traveset (unpubl.)

2 spp. of birds + + Clergeau (1992)

Rhamnus palaestinus 1 sp. of bird + + Izhaki & Safriel (1990)
+ – Barnea et al. (1991)

1 sp. of bird + 0 Barnea et al. (1991)
4 spp. of birds 0 0 Izhaki & Safriel (1990)

Sambucus canadensis 1 sp. of bird – . Krefting & Roe (1949)
2 spp. of birds + . Krefting & Roe (1949)
1 sp. of turtle 0 . Braun & Brooks (1987)

Sambucus racemosa 2 spp. of birds 0 . Traveset & Willson (1997)
1 sp. of bear 0 0 Traveset & Willson (1997)

Securinega virosa 3 spp. of birds 0 0 Lieberman & Lieberman (1986)
1 sp. of primate + + Lieberman & Lieberman (1986)
2 spp. of bats 0 0 Lieberman & Lieberman (1986)

† No results.
‡ One of these species is the same as used by Izhaki & Safriel (1990).

Table 3. (continued).

Plant species Frugivores Effect on germination Reference
––––––––––––––––––––––
percent rate



In short, the great variation observed in
the effect of seed ingestion on germination,
even when comparing congeneric frugivores,
suggests that differences in retention time (at
least within a limited range of hours or days)
is not the only important factor. For most
species, an effect on germination is not asso-
ciated, either positively or negatively, with the
time that seeds remain in the digestive tract
of dispersers. Other factors, such as the type
of food ingested along with the fruits (with
variable acidity, water content, etc.), may
even be more relevant in determining the ex-
tent to which the seeds are mechanically
and/or chemically abraded.

Responses of different seed
species ingested by the same
frugivores

A particular animal species can have signifi-
cantly different effects on seed germination
depending on a variety of traits (seed size,
coat thickness, sculpture, etc.) which are in-
trinsic to the plants it consumes. Many stud-
ies show that pulp (aril) removal may be suffi-
cient to enhance germination, as germination
inhibitors present in these tissues are elimi-
nated (e.g. Evenari 1949; Mayer & Poljakoff-
Mayber 1975; McDiarmid et al. 1977; Izhaki &
Safriel 1990; Barnea et al. 1991; Clergeau
1992; Bustamante et al. 1993; Lisci & Pacini
1994) and the possibility of microbial or fun-
gal attack is reduced (Ng 1983; Jackson et al.
1988). At least three studies confirm that, in
addition, some frugivores enhance germina-
tion by abrading the seed coats (Izhaki &
Safriel 1990; Barnea et al. 1991; Clergeau
1992).

For other species, the ingestion implies a
chemical or mechanical abrasion of the seed
coat that may or may not enhance germina-
tion, depending on the extent to which seeds
are abraded. For a long time it has been as-
sumed that the fruits of some plants, espe-
cially those believed to have “coevolved” with
their animal dispersers, obligatorily need to
be ingested by them for seeds to germinate
(the case of the dodo and the tambalacoque
tree from Mauritius Island is probably the
most famous example; Temple 1977). Never-
theless, evidence that contradicts this as-
sumption is accumulating (e.g. Witmer &
Cheke 1991). In some species, there is cor-
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relative evidence for a dramatic reduction in
plant populations, associated with extinction
or decline of a specific disperser (e.g. Temple
1977; Janzen & Martin 1982; Given 1995;
Traveset 1995). However, little evidence ex-
ists that such reduction has been due to the
requirement for seed ingestion by a particular
frugivore. Probably the reduction in plant
population densities is more related to the
limited dispersal of seeds, with the conse-
quence of higher seed/seedling mortality due
to predators and pathogens. Nonetheless,
there are a few cases where ingestion seems
to be essential; for example, Rick & Bowman
(1961) reported that the only natural way of
breaking seed dormancy in the native Galá-
pagos tomatoes (Lycopersicon esculentum
var. minor) was through ingestion by giant
tortoises.

Different seed coat sculptures, which may
be found even in closely related species
such as Solanum luteum and S. nigrum
(Barnea et al. 1990), or different seed coat
thickness (Gardener et al. 1993) can some-
times account for the different effects of a fru-
givore on germination. Amongst congeneric
plant species, seed responses to ingestion
show a great variability (see Appendix). The
genera Rubus, Ficus, Vaccinium, Solanum
and Vitis have been most often studied (al-
though data of at least three species also
exist for Cornus, Juniperus, Prunus, Acacia
and Sambucus); none of them shows a con-
sistent result response to ingestion, even
when the frugivores belong to the same
order. The results for the ten species of
Rubus tested so far show that seed germina-
tion may be: (a) enhanced (in three species
tested with several frugivores including
bears and birds), (b) inhibited (in three
species ingested by either rodents or birds),
and (c) unaffected (in the other four species
ingested by foxes, turtles or birds). Within the
genus Ficus, the effect of seed passage
through various vertebrates (primates, bats
and birds) has been examined in nine
species, the results being a consistent ger-
mination enhancement in five of them, and
variable in four (F. carica, F. glabrata, F. insip-
ida and F. microcarpa). Of the Vaccinium
species studied, seeds were unaffected by
frugivore ingestion (by bears, turtles or birds)
in three species, but germination was inhib-
ited in two (ingested by either rodents or
birds) and enhanced in one (ingested by
martens). In the case of Solanum, seeds of
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two of six species are enhanced by mam-
mals, three are not affected by either birds or
a mammal, and the sixth (S. nigrum) is either
enhanced or not affected, depending on the
species of bird used in the test. Finally, while
two species of Vitis are not affected by inges-
tion by a species of turtle, the germination of
another species is enhanced after passing
through the same reptile, and a fourth (V. ri-
paria) is either enhanced or inhibited de-
pending on the bird consuming it. 

Even the same plant species can respond
differently to the same frugivore, depending
on factors such as environmental conditions,
plant population and/or seed age. Seeds of
Solanum luteum, for instance, were differ-
ently influenced by avian ingestion in summer
and in winter, suggesting that seeds with dif-
ferent qualities of seed coats are produced by
the same plant throughout the year (Barnea
et al. 1990); the seed coat might be thicker in
summer than in winter in order to withstand
desiccation. Similar findings have been re-
ported by Howe (1986) and by Agami &
Waisel (1988). Lombardi & Motta (1995)
show different results for Rhipsalis baccifera
seeds ingested by birds according to the
plant population which produced the seeds.
Salomonson (1978) found that six-month-old
seeds of Juniperus monosperma were unaf-
fected by avian ingestion but the germination
of one-year-old seeds was inhibited by the
same bird species. These variable seed re-
sponses may partly the contradictory results
found by different authors working on the
same plant and testing it with the same
species of frugivore. Examples of such incon-
sistencies include: (1) germination of Rubia
angustifolia was found to be either acceler-
ated (Barnea et al. 1991) or delayed (Izhaki &
Safriel 1990) after seeds were fed to black-
birds; (2) the seeds of Solanum nigrum were
unaffected by blackbirds (Barnea et al. 1990;
Mas & Traveset, unpubl. data), although
Clergeau (1992) reports that their germina-
tion is enhanced by this species; and (3) the
percentage of germination of Aralia nudi-
caulis seeds was either not affected (Krefting
& Roe 1949) or enhanced (Rogers & Apple-
gate 1983) by black bears. There are other
factors, however, which might also explain
the equivocal results. Krefting & Roe (1949)
found that, depending on the treatment ap-
plied to break seed dormancy, the response
to seed ingestion by frugivores can vary sig-
nificantly. Rogers & Applegate (1983) also

obtained different results in their experiments
when they compared seeds placed in the re-
frigerator with seeds not refrigerated prior to
the germination tests. The conditions under
which such germination tests are performed
may also affect the results. Bustamante et al.
(1992) found a significant effect of seed pas-
sage through foxes on germination in the lab-
oratory but not in the field, where germination
varied depending on habitats. Similar results
were found by Figueiredo et al. (1995) work-
ing with Ficus microcarpa. Likewise, Figuei-
redo & Perin (1995) found a significant effect
of ingestion by bats on germination under
laboratory conditions but not in the field; they
attributed this to factors such as variation in
temperature, chemical characteristics of the
soil, and soil-borne pathogens that kill the
embryos. Other conditions, such as the
amount of illumination per day or the degree
of humidity, might also be a source of varia-
tion in seed responses.

The same plant species may also be af-
fected differently by the same frugivore if
seeds are polymorphic. This has been
shown in at least two studies, where the ef-
fect of frugivores on seed germination was
studied comparing different fruit colour
morphs. In one species, Rhagodia paraboli-
ca, seeds of the white morph show a greater
response to passage through silvereyes’
(Zosterops lateralis) guts than the red or the
yellow morph (Willson & O’Dowd 1989). In
another species, Rubus spectabilis, seeds of
the orange morph showed a slight shift in
germination patterns compared to the red
morph after passing through the digestive
tract of birds (Traveset & Willson 1998), and
also through an invertebrate seed disperser,
the banana slug Ariolimax columbianus
(Gervais et al. 1998). Differences in re-
sponses of the two type of seeds to ingestion
do not seem to be attributable to differences
in seed coats, as both morphs are equally
thick and have a similar coat structure. In a
variety of species, mainly Compositae,
Chenopodiaceae and Gramineae, the germi-
nation of seeds from the same parent plant is
correlated with their position in the inflores-
cence. These species usually produce two
types of seeds, which differ in size, shape
and germinability. In Bidens pilosa, for in-
stance, Forsyth & Brown (1982) found that
the smaller ray seeds have a higher degree
of dormancy than the larger disk seeds pro-
duced by the plant. 



Does the effect of frugivores on
germination vary with seed
size and with the type of fruit?
As mentioned above, the size of a seed may
determine the time it remains in an animal’s
digestive tract (Levey & Grajal 1991; Izhaki et
al. 1995) and, ultimately, the degree to which
its coat is mechanically and/or chemically
abraded. In order to test the hypothesis that
the germination of large seeds is less af-
fected by ingestion than that of small seeds,
the species in the compiled data set were
sorted into three groups (small seeds: those
in which the largest dimension (l.d.) was 
< 5 mm; medium seeds: l.d. 5–10 mm; and
large seeds: l.d. > 10 mm) and examined for
differences in germination. Even though sam-
ple sizes for the medium and large categories
are much lower than for the small one (Table
4), results showed no significant association
between seed size and either effect on germi-
nation percentage (chi-square test of inde-
pendence; χ2 = 4.8, P > 0.05) or on the rate of
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germination (χ2 = 3.0, P > 0.05). This result is
in accordance with the finding that seed re-
tention time in the digestive tract often has no
effect on germination; smaller seeds which
tend to be longer in the digestive tract are not
necessarily more often affected than large
ones. Seed size, however, as well as seed re-
tention time in the frugivore guts, are impor-
tant for some species in determining their
germination success.

If the texture of the fruit pulp influences
seed retention time, as reported by Levey
(1986), we might find some differences in
seed responses to ingestion between fleshy
and dry fruits. To test this, the data set was di-
vided into fleshy and dry fruits and the effects
of frugivores on seed germination examined.
Fleshy fruits have been tested much more
often than dry ones (by a factor of ten), but no
significant differences were found between
the two categories (Table 5), either in the fru-
givore’s effect on percentage of germination
(χ2 = 3.7, P > 0.05), or on germination rate
(χ2 = 1.2, P > 0.05). Although dry fruits have

Table 4. Number and percentage (in brackets) of study cases (not species, as some are tested in several
studies) for three seed size categories where germination was enhanced, inhibited or not affected by pas-
sage through frugivore‘s guts. Both components of germination performance (percentage and rate germi-
nation) are given. Only species for which seed size was known (see Appendix) were included.

Seed size Enhancement Inhibition Neutral effect
–––––––––––––––––––––– –––––––––––––––––––––– ––––––––––––––––––––––––
percent       rate percent       rate percent       rate

Small 72 45 37 16 100 58
(<5 mm) 34) (38) (18) (13) (48) (49)

Medium 17 6 6 5 20 11
(5–10 mm) (40) (27) (14) (23) (46) (50)

Large 14 8 1 1 16 9
(>10 mm) (45) (44) (3) (6) (52) (50)

Table 5. Number and proportion (in brackets) of study cases for each fruit type category that are en-
hanced, inhibited or not affected by passage through frugivore‘s guts. Both components of germination
performance (percentage of germination and germination rate) are given. 

Fruit type Enhancement Inhibition Neutral effect
–––––––––––––––––––––– –––––––––––––––––––––– ––––––––––––––––––––––––
percent       rate percent       rate percent       rate

Dry fruits 15 5 4 4 10 7
(52) (31) (14) (25) (34) (44)

Fleshy fruits 99 60 48 25 145 84
(34) (35) (16) (15) (50) (50)
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been tested most frequently with non-flying
mammals and fleshy fruits with birds, the ef-
fect of each of these groups of frugivores on
seed germination is found to be similar for
both type of fruits.

Influences of region, life form
and habitat on the effect of 
frugivores on seed germination

The effect that ingestion by frugivores has
both on the percentage germination and on
the speed of germination differs significantly
between tropical and temperate zones (χ2 =
7.1 and χ2 = 6.2, P < 0.05, respectively), ger-
mination enhancement being more frequently
in the temperate zone (Fig. 1). To determine if
such differences can be attributed to the un-
equal representation of life forms of the
species studied (mostly trees in the tropics
and mostly shrubs in the temperate zone), I
tested the possibility that different plant life
forms vary in their seed responses to pas-
sage through frugivores. The species in the
data set were divided into three categories:
herbs, shrubs, and trees. The percentage of
germination of ingested seeds appeared to
be more frequently increased in tree species
than in either herbs or shrubs (χ2 = 22.0, P <
0.01); the effect on germination rate, in con-
trast, did not differ among life forms (χ2 = 7.3,
P > 0.05). The germination of most herbs and
shrubs was not significantly affected after
passing through an animal’s digestive tract,
although shrubs were more frequently inhib-
ited than either herbs or trees. Such differ-
ences among life forms were consistent in
the two regions (Fig. 1): both percentage and
speed of germination were enhanced more
frequently in trees than in the other life forms
in the temperate zones (χ2 = 24.2 and χ2 =
16.0, P < 0.01, respectively) and in the trop-
ics (χ2 = 10.6 and χ2 = 19.0, P < 0.01, respec-
tively). Therefore, the greater frequency of
germination enhancement after gut passage
in the temperate zone compared to the trop-
ics is not due to the different frequency of
plant life forms tested in the two zones. The
different distribution of seed sizes (see
above) between tropical and temperate
zones (a greater proportion of large seeds in
the tropics) is also not responsible for the dif-
ference, as all seed sizes were found to re-

spond similarly to ingestion by frugivores in
both regions. 

In order to know if the differences between
tropics and temperate zones were consistent
among life forms, the analyses were per-
formed for each of the three categories.
While no differences in the effect on seed
germination performance were observed be-
tween tropical and temperate herbs (χ2 = 0.74

Fig. 1. Proportion of studies for each life form and
region that showed enhancement, inhibition or a
neutral effect on (a) percent and (b) rate of germi-
nation after seeds have passed through frugivore
guts.

E
ff

ec
t o

n
 p

er
ce

n
t g

er
m

in
at

io
n

E
ff

ec
t o

n
 g

er
m

in
at

io
n

 r
at

e



and χ2 = 1.3, P > 0.05, for percentage and
rate of germination, respectively), shrubs and
trees were more frequently affected in the
temperate zones. Seed germination of tem-
perate shrubs was accelerated much more
often than that of tropical shrubs (χ2 = 9.8, P <
0.01), although the majority of shrubs in both
regions were unaffected by passage through
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frugivores, and the final percentage of germi-
nation is also similar (χ2 = 3.1, P > 0.05). Tem-
perate trees, on the other hand, showed a
more frequent enhancement in both com-
ponents of seed germination performance 
(χ2 = 17.1 and χ2 = 7.1, P < 0.01, respectively)
than tropical trees; moreover, while in the
tropics most tree seeds are unaffected in ei-
ther their germination potential or rate, in the
temperate zones the opposite occurs (Fig. 1). 

These results, therefore, support two of
the hypotheses presented in the Introduction:
(1) that an effect of seed passage through the
dispersers’ guts might be more adaptive in
less constant environments, such as those
usually found in temperate regions, and (2)
that trees are more likely to be affected than
other life forms (perhaps due to a larger fre-
quency of species with seed-coat dormancy).
The effect of seed ingestion by frugivores on
germination appears also to be influenced by
the habitat where the plant species is most
common (Fig. 2). A germination enhance-
ment of seeds passed through vertebrate fru-
givores occurs more commonly in grasslands
than in the other two habitats (χ2 = 10.0 and
χ2 = 11.6, P < 0.05, for percentage and rate of
germination, respectively; Fig. 2). In both
shrublands and woodlands, most of the
species show a neutral effect of seed inges-
tion, although a much larger fraction of
species of shrublands are inhibited compared
to species of woodlands. In analyses for each
region separately, significant differences are
only found when the percentage of seed ger-
mination is compared and only in the temper-
ate zone (χ2 = 11.1, P < 0.05; Fig. 2). The pos-
sibility exists, however, that the “grassland”
results are biased due to the much smaller
sample size of species tested compared to
those of the other two habitats. The reason
for the greater proportion of shrubland
species that show an inhibition effect in their
germination when ingested compared to
woodland species, especially in the temper-
ate zone, is unknown.

Other ways in which frugivores
influence establishment success

Besides having the potential to affect per-
centage and rate of germination of the seeds
they ingest, vertebrate frugivores can deter-
mine germination success and seedling es-

Fig. 2. Proportion of studies for each type of habitat
and region that showed enhancement, inhibition or
a neutral effect on (a) percent and (b) rate of germi-
nation after seeds have passed through frugivore
guts.
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tablishment in various other ways. These in-
clude: (1) the site and microsite where they
regurgitate or defaecate seeds; (2) the time
when seed ingestion and dispersal takes
place, (3) how clean of pulp (or aril) they
leave the seeds; (4) the amount of seeds de-
faecated in a dropping, (5) the diversity of
seed species found in a defaecation; (6) the
frugivore’s selection for particular fruit traits
within a species (fruit size – which may be
correlated with seed size in certain species
and, thus, with germination – level of seed in-
festation by insects); and (7) the plant nutri-
ent content of the frugivore’s faeces, which
may be important, especially for seedling es-
tablishment and growth.

(1) The environmental conditions of the
microhabitat where seeds are “released” may
be crucial for successful establishment. Nu-
merous studies have shown the effects of
distance from the parent plant, the type of
habitat where the seeds are deposited, the
probability of seed predation by animals, or
seedling survival to herbivores or pathogens.
Likewise, many studies have demonstrated
the effects of competition for nutrients in sites
where seedlings are found in great densities.
Hence, a frugivore may enhance the germi-
nation of seeds by passing them through its
digestive tract but this enhancement may be
insignificant if the animal is inefficient as a
seed disperser and regurgitates or defae-
cates most seeds at high densities under the
parent plant, or in places (e.g. within caves, in
intertidal zones, on rocky outcrops) where the
necessary conditions (light, temperature, hu-
midity, nutrient availability) for germination
and/or growth of that plant are not found (e.g.
Bustamante et al. 1992). By defaecating
seeds free of pulp, frugivores may enhance
germination, but simultaneously may in-
crease seed predation by rodents, as found
by Bustamante et al. (1993). Chemical traits
of the soil where seeds are deposited are
also known to affect seed germination, modi-
fying osmotic pressure (e.g. Evenari 1949;
Mayer & Poljakoff-Mayber 1975; Debussche
1985) and even affecting metabolic pro-
cesses secondarily related to flower and fruit
pigments (Chenery 1948; Horowitz 1976). In
a recent study on Rubus spectabilis, some
unknown (physical or chemical) soil traits
were shown to affect the germination be-
haviour of the two seed morphs of this
species (Traveset & Willson 1998). More-
over, soil-borne pathogens can kill the em-

bryo (e.g. Titus et al. 1990). More information
is needed to find out which soil components
and pathogens affect seed germination in
general. In future studies on the effect on ger-
mination of seed passage through verte-
brates, it is important to realize that the re-
sults of the experiments may vary signifi-
cantly, depending on the type of soil in which
the seeds are planted. Also, as already men-
tioned, the outcome of tests performed in
Petri dishes is not always the same as that of
tests performed by planting the seeds in
‘more natural’ conditions. 

(2) The time in the season when a fruit is
consumed and dispersed may be crucial for
germination and seedling establishment. This
may be especially important for plant species
with long fruiting periods that can encompass
a whole season. A seed that is dispersed
early in the season may have a higher or
lower probability of establishment than a later
dispersed seed depending on the environ-
mental conditions, both physical (water avail-
ability, temperature, etc.) and biological (seed
predators, pathogens, etc.) prevalent at the
moment of dispersal. Seed predation, for in-
stance, can either be smaller (Schupp 1988)
or greater (Traveset 1990) for early dispersed
seeds than for seeds dispersed late in the
season. Earlier seedlings may also out-
compete the next emerging ones (Loiselle
1990).

(3) The pulp that remains around the
seeds once these leave the digestive tract of
the frugivore may still contain germination in-
hibitors. Seeds that are regurgitated, espe-
cially by birds, are usually completely clean-
ed; in contrast, it is not unusual to find more
or less pulp still attached to seeds which have
been defaecated, and in some cases, most or
even all apparently intact pulp is expelled
with the seeds (e.g. in the dung of bears,
fruits of blueberries, Vaccinium, may survive
almost entire and with all seeds inside; pers.
obs.). Therefore, if defaecated seeds are still
partially or totally surrounded by pulp, and
such pulp still contains active germination in-
hibitors after passing through the vertebrate’s
guts, the possible enhancing effect of the fru-
givore on germination may be masked. Even
if the defaecated pulp does not contain any
germination inhibitor, it can become infested
with fungi or bacteria which may prevent ger-
mination (Witmer & Cheke 1991; Crossland &
Vander Kloet 1996). This should be taken into
account when designing the seed germina-



tion experiments in future studies, especially
if plant species are investigated whose seeds
are not completely depulped during inges-
tion; in these cases, the suitable controls
might be seeds extracted from uningested
fruits but with some pulp still attached to
them, and not the absolutely clean, usually
rinsed, seeds often used. 

(4) The number of seeds defaecated in a
dropping is also relevant to the future estab-
lishment success of a plant. Barnea et al.
(1992) reported that the number of seeds in a
defaecation is inversely correlated with ger-
mination success, suggesting that the mech-
anism might operate at the seed level (e.g.
autotoxicity). They found that for multi-
seeded fruits, birds reduce the number of
seeds per group and that this enhances ger-
mination. However, this was only found in
Petri dishes and needs to be confirmed in
natural conditions. The presence of a large
quantity of seeds in a dropping can also influ-
ence both post-dispersal seed predation (e.g.
Janzen 1982, 1986; Schupp 1988; Traveset
1990; Willson & Whelan 1990; Hulme 1994;
Bermejo et al. 1998) and intra- and inter-
specific competition for resources among
seedlings (e.g. Loiselle 1990). The impor-
tance of seed predation can vary (Hulme
1998) depending on factors such as the habi-
tat in which the droppings have been left
(within the forest, in a gap, below plants or far
away from them, etc.), the time when seeds
have been dropped, the predator species (ro-
dents, insects, birds), seed density, and even
the amount of dung; these findings seem to
be true for all vertebrate seed disperser
species. Seedling competition, in contrast, is
presumably much more important in drop-
pings left by big mammals, such as bears,
cattle, elephants and primates, than in scats
of reptiles, bats or birds. In droppings of big
mammals, we can easily find several thou-
sand seeds (especially small seeds such as
those of Vaccinium) whereas in scats, the
number of seeds rarely reaches several hun-
dreds and low densities are usual. Indeed,
the laxative chemicals (Murray et al. 1994) or
secondary metabolites (Cipollini & Levey
1997) present in the pulp of some fruits might
serve not only to decrease seed retention
time in the guts of dispersers but also to
cause frugivores to defaecate more often so
that lower numbers of seeds are expelled 
together, thus decreasing seedling competi-
tion.
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(5) As pointed out above, animal seed
dispersers may affect plant fitness by de-
positing seeds in different densities, but they
can also affect it by defaecating seeds in dif-
ferent species combinations. This was de-
monstrated by Loiselle (1990), who showed
that seed composition in bird droppings de-
termined the survival of certain species.
Using different seed combinations in pairwise
growth experiments, she found that some
plant species were competitively superior to
others. At least in the case of frugivorous
birds, most species consume a variety of
fruits in a short period of time with the result
that seed mixtures are commonly observed in
bird droppings, both in the tropics and in the
temperate zones. The composition of seeds
in droppings, however, varies among frugi-
vore groups, for instance between birds that
swallow whole fruits and birds that mandibu-
late them (Loiselle 1990, and references
therein). The composition can also vary dur-
ing the season, being more diverse when
birds are more dependent on fruit (White &
Stiles 1990). Certain species combinations in
droppings are more common than others, as
frugivores do not choose fruits randomly, and
this has direct consequences for plant estab-
lishment. If a plant species is always outcom-
peted by others in the droppings, we might
expect that birds that swallow entire fruits are
attracted, as they probably deposit seeds in
monocultures (Loiselle 1990). More experi-
mental data on intra- and interspecific
seedling competition in droppings of birds as
well as of mammals and reptiles are required.
The fate of seeds and seedlings in such de-
faecations may actually be crucial for off-
spring survival, and for the composition of
plant communities (Loiselle 1990, and refer-
ences therein).

(6) Frugivores are known to select their
food on the basis of different traits such as
size, shape, colour, accessibility, nutrient
composition, presence of insect larvae inside
the fruits, etc. Such fruit selection is another
factor that can influence seed germination
patterns. By choosing large fruits (either
within a species or among species), for ex-
ample, a frugivore may ingest larger seeds,
which in turn may be competitively superior to
smaller seeds (possibly because the larger
seed may be more viable or have higher ger-
mination rates, e.g. Banovetz & Scheiner
1994). Similarly, a frugivore’s preferences
concerning nutritional (e.g. for simple sugars;
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Martínez del Río et al. 1989) and water con-
tent in the pulp could also influence seed pas-
sage rates, and ultimately determine whether
seeds are abraded or not and thus whether
germination is enhanced, inhibited or unaf-
fected. The presence of insect larvae within
fruits may either foster or inhibit selection of
infested fruits (Traveset et al. 1995, and ref-
erences therein) with consequences for seed
germination success. A frugivore that
chooses berries containing attacked seeds,
even if not all of them are killed, is obviously
dispersing some inviable seeds; thus germi-
nation success will be lower than with an-
other frugivore that rejects the infested fruits
and defaecates a larger proportion of viable
seeds. Seeds attacked by insects, even if the
larvae have not killed the embryo, presum-
ably are less likely to survive the passage
through a vertebrate gut. However, seeds of
Acacia infested, but not killed, by bruchid
beetles actually showed enhanced germina-
tion after passing through the gut of a
browser where the insect larvae died (Halevy
1974; Lamprey et al. 1974; Coe & Coe 1987).
More data from other species will allow us to
determine how frequently this occurs.

(7) Depending on the other materials in-
gested with the fruits, the composition of the
faeces will change, and so will the potential
effect on seedling establishment. Many frugi-
vores consume a mixed diet, which results in
a variable composition of their excrement.
This is evident in birds, which excrete rela-
tively high amounts of white urates when eat-
ing invertebrates, and watery material often
colored with fruit pigments when eating fruits.
In carnivorous mammals that seasonally con-
sume high volumes of fruits (Herrera 1989;
Willson 1993), such variation in composition
is even more evident, and a single defaeca-
tion may contain bones, feathers, leaves,
stems, roots and seeds. Little experimental
data exist on the effect of such dung compo-
sition on seed germination and seedling
growth, though a few studies show that such
effect is significant for some species (Archer
& Pyke 1991; Jones et al. 1991; Quinn et al.
1994; Malo & Suárez 1995; Traveset et al.,
unpubl.) but not for others (Izhaki & Ne’eman
1997). The type of substrate in which seeds
germinate has also been shown to influence
the effect of seed passage through frugi-
vores’ guts on germination. Quinn et al.
(1994) found that cattle increased both per-
centage and rate of seed germination, but

that this effect was obscured by the temporal
inhibition produced by the substrate in which
seeds were planted, consisting of soil and
dung. Fresh dung often kills or suppresses
vegetation, but once this dung has partially
decomposed, it represents a more favorable
microhabitat, as it has a greater capacity of
humidity and nutrients. Seedlings grow better
in such microhabitats, even though germina-
tion has been temporally inhibited.

Are differences in seed 
germination rates adaptive? 

In environments with unpredictable climatic
conditions, selection is expected to favour
those species that show asynchronous ger-
mination, as the risk of seedling mortality is
spread over a longer time (Harper 1977).
Variation in temporal patterns of germination
of uningested seeds can often be found
among individuals and among populations
within a species (e.g. Lieberman et al. 1979;
Zimmerman & Weis 1984; Miller et al. 1994).
According to Izhaki & Safriel (1990) and
Izhaki et al. (1995), when fruits are consumed
by a variety of seed dispersers, such varia-
tion in germination patterns may become
even more pronounced. These authors inter-
pret asynchronous germination as an adapta-
tion of the species they study to eastern
Mediterranean habitats where rainfall pat-
terns are rather unpredictable. Such an ex-
planation, however, is not valid for other envi-
ronments where climatic conditions are more
predictable, such as rainforests of temperate
zones (Traveset & Willson 1997).

A variety of frugivore species modify the
length of seed dormancy, but not necessarily
increasing the final germination percentage.
That an early germination and establishment
may represent an advantage for a particular
species has been shown in a number of stud-
ies (e.g. Ross & Harper 1972; Halevy 1974;
Weaver & Cavers 1979; Cook 1980; Gar-
wood 1983, 1986; Zimmerman & Weis 1984;
Waller 1985). A difference in germination time
of only a few days may lead to differences in
seedling fates (growth rate, probability of
death), later seedlings being at a disadvan-
tage (Symonides 1977). According to Cook
(1980), differences in mortality risks in Viola
blanda may even persist for several years.
Selection, however, does not always favour



prompt high germination (Janzen 1981) and,
in fact, the probability of predation, or
pathogen attack, might be greater for early
than for late seedlings (Traveset 1990), de-
pending on the time of season, etc. Also, for
example, a large number of species (e.g.
many shrubs and trees in the Northern Hemi-
sphere; Burrows 1994) have developed
mechanisms for delaying seed germination
over winter. If passage of these seeds
through frugivores breaks this inherent dor-
mancy, seeds will germinate under un-
favourable conditions. We would thus expect
that selection acts on these species to pre-
clude any enhancement effect on germina-
tion rate after seeds are ingested by dis-
persers. Probably seed passage through a
frugivore’s guts only breaks seed-coat dor-
mancy (so-called functional dormancy), and
not the physiological (internal or embryologi-
cal) dormancy. If this proves true, differences
in germination time between ingested and
uningested seeds will only be a matter of
days or weeks (this was found in most
species studied so far). Whether dispersers
benefit the plant by advancing seed germina-
tion time, even by a few days, will depend ulti-
mately on each species and on the quality of
the conditions for establishment provided by
the prevailing environment.

Further research on germination patterns
of uningested (fresh) seeds compared with
those of seeds ingested by their natural dis-
persers is required for more species of the
same community, to improve our knowledge
about establishment success in the field. We
also need more information on the type of
seed dormancy of the plant species tested,
on how often and in what cases frugivores
can break inherent seed dormancy, and
about the consequences for fate of seeds
and seedlings. 

Concluding remarks

In addition to moving seeds from the parent
plant to sites that can be suitable for recruit-
ment and seedling growth, frugivore seed
dispersers have the capacity to modify the
germination patterns of many plants by vary-
ing the potential germinability of seeds, the
rate of germination, or both. They can en-
hance germination by abrading the seed
coats, which become more rapidly permeable
to gases and water, or just by removing the
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pulp (or other structures that may contain
germination inhibitors) in their digestive
tracts. Frugivores can also inhibit seed germi-
nation by reducing the number of seeds that
are able to germinate, probably by excessive
abrasion, or by delaying their time of germi-
nation (the mechanism for this is unknown).
Presumably, this inhibitory effect must occur
only rarely if the frugivore is to be an effective
disperser of the plant, and if the plant-animal
interaction has evolved over a long time. On
the other hand, seed passage through frugi-
vores’ guts can have no effect on germina-
tion; in such cases frugivores only act as dis-
seminators of the seeds.

If the plants and frugivores tested so far
are representative of what happens in nature,
it can be concluded that overall they signifi-
cantly influence the germination patterns of
nearly half the species they consume, en-
hancing germination – increasing either the
germinability of seeds or the speed of germi-
nation – twice as often as they inhibit it. The
different groups of frugivores tested, regard-
less of the morphological and physiological
differences in their digestive tracts, have sim-
ilar effects, although non-flying mammals
tend to influence germination patterns of the
seeds slightly more often than other groups.
The effect of a particular frugivore species is
largely unpredictable, varying from one plant
to the next and presumably depending on
seed traits, intrinsic to the plant species.
These traits may determine the extent of
seed coat abrasion in the digestive tract. In
turn, only about half of the plant species
tested, belonging to many different families,
show a consistent response to seed passage
through the guts of different frugivores. Con-
generic plants also show little consistency in
their seed responses to ingestion. Even the
same plant species can be found to respond
differently to the same frugivore, depending
on factors such as environmental conditions
under which germination takes place, the
plant population, the individual plant, the
seed morph, seed age, or even time of the
season when seeds are produced.

Seed retention time in frugivore guts is a
significant factor influencing the degree of
abrasion in some species, but is certainly not
the only one. Despite the possible advantage
that a long retention time may have in terms
of seed dispersal, the time seeds remain
within the digestive tract of dispersers is not
associated for most species with a particular
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effect on germination; indeed, factors like the
type of food ingested may actually be more
important. Seeds of different sizes, which
usually have different transit times through
frugivores, and seeds of either fleshy or dry
fruits show similar responses to gut passage.
Seed coat thickness might perhaps be a
more important factor determining whether
germination patterns will be affected by seed
ingestion; presumably seeds with a thick coat
might be less abraded than seeds with a thin
one, although this also depends on the time
spent within the anaerobic conditions of the
digestive tract. Species having seed-coat
dormancy might also be more affected than
those which do not. So far, however, we do
not have the necessary information to test
such possibilities.

The hypothesis that an effect of seed pas-
sage through the dispersers’ guts might be
more adaptive in unpredictable or less con-
stant environments, such as those in temper-
ate regions, appears to be confirmed. Except
for herbaceous species, for which little data
exist yet, seed germination of both shrubs and
trees in the temperate zones is more fre-
quentlly enhanced after passage through frugi-
vores than in the tropics. This finding is consis-
tent with the idea that germination enhance-
ment is especially advantageous in habitats
like those found in the eastern Mediterranean,
where the risk of seed mortality needs to be
spread with time, as climatic conditions, mainly
rain, are rather unpredictable (Izhaki & Safriel
1990; Barnea et al. 1991; Izhaki et al. 1995).
Likewise, trees are found to be more often af-
fected than shrubs or herbs. This may reflect a
generally greater coat thickness in tree seeds,
or a higher frequency of seed-coat dormancy
in tree species. Future studies may help to elu-
cidate these assumptions.

Whether germination enhancement in a
particular species, regardless of life form,
habitat or region, translates into an advan-
tage for the plant can only be determined by
studying the fate of ingested seeds and com-
pare it with that of uningested ones. That
such enhancement increases plant fitness
depends on many factors: for example, on
the particular plant species and on whether it
forms a seed bank, and on the environmental
conditions (temperature, rain, nutrient avail-
ability, intra- and interspecific competition,
herbivory, pathogen attack, etc.) prevalent in
the population or in the community at the time
of seed emergence.

Finally, the importance of this aspect of
plant-frugivore interactions, namely the role
of seed dispersers as “modifiers” of germina-
tion patterns, can only be assessed when
evaluated together with other factors (e.g.
site where seeds are deposited, time when
they are dispersed, quantity and diversity of
seeds in a defaecation, frugivores’ selection
for particular fruit traits, quality of nutrient
conditions where seeds are found) that also
can influence germination and establishment
success.
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