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Abstract

The finding that some seed-inhabiting insects can survive passage through the entire digestive tract of seed-dis-
persing vertebrates is relatively recent, but evidence suggests that it does occur. Here, I document this phenomenon,
discuss its qualitative and quantitative dimensions, and offer suggestions for further research. The few documented
cases that I review include plant species belonging to different families, with varied fleshy fruit types, number of
seeds per fruit and seed size. The vertebrate frugivores involved include passerines that feed on relatively small
fruits, and galliforms, and perissodactyls and primates that feed on larger fruits. The seed-inhabiting insects in-
volved are the larvae of seed-infesting wasps, parasitoid wasps and seed-infesting beetles. The phenomenon has
been verified in open, rural ecosystems in North America and Southern Europe, and in tropical and subtropical
forests in South America. These varied scenarios suggest that the qualitative dimension of the phenomenon is
considerably greater than known thus far. A simple method for detecting new events is proposed. However, re-
search must also focus on the identity and biology of seed-feeding insects of wild fleshy fruits and their parasitoids.
High survival rates of seed-inhabiting insects after vertebrate gut passage are predominant. This phenomenon
generally appears to favor insect dispersal.
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INTRODUCTION

In plant-disperser-fruit pest triads in general, a mul-
tiple interaction occurs among 3 organism types, a plant,
a seed-dispersing vertebrate and a phytophagous insect
or a pathogen, with different evolutionary consequences
of varying intensity (Herrera 1984a; Buchholz & Levey
1990; Traveset 1993a; Willson & Traveset 2000; Silvius
2005). More precisely, in fleshy fruit-disperser-insect
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frugivore triads, the plant benefits from defending itself
from the insect that damages the seed or the whole fruit,
and the seed is dispersed; the disperser benefits from eat-
ing the pulp of ripe fruits; and the insect benefits from
consuming the fruit without being killed by the disperser.
Plants defend their ripe fruits from insects in different ways
(e.g. phenology of fruit ripening, secondary compounds)
(Herrera 1982; Traveset 1993b), and fruit-infesting insects
follow a number of strategies to avoid being killed by dis-
persers (e.g. abandoning the fruit before it ripens, pre-
venting it from ripening, or altering its physical and chemi-
cal properties to make it undesirable for frugivorous
vertebrates) (Herrera 1989; Krischik et al. 1989).

Insect fruit predators can adapt to developing and liv-
ing inside a seed, thus remaining isolated and protected
from the environment by the seed coat (see Herrera 1989).
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Therefore, these insects could be expected to survive pas-
sage through the digestive tract of seed-dispersing
vertebrates. This peculiar phenomenon of phoresy has only
recently been confirmed, but it has already been verified
in several plant, vertebrate and insect species in several
ecosystems and continents (Nalepa & Piper 1994; Guix
& Ruiz 1997; Bravo & Zunino 1998; Olmos et al. 1999;
Bravo 2008; Hernandez 2009a). A surprising case of an
evolutionary tetrad in which a parasitoid of a seed-infest-
ing insect resists bird ingestion and gut passage can now
also be added (Hernandez & Falcé 2008).

In the present paper, passive internal dispersal of fruit-
inhabiting insects facilitated by endozoochorous seed dis-
persal is reviewed, taking into consideration the biological,
ecological and evolutionary characteristics and implications
of this interaction, and suggesting further research to increase
our knowledge of the phenomenon. The passive internal
dispersal of aquatic invertebrates by migratory waterbirds
(e.g. Green & Sanchez 2006) and the dispersal of seed-in-
festing insects by imperfect harvesting (e.g. weevil-infested
acorns scatter-hoarded by corvids or rodents that eventually
escape predation) (see Guix & Ruiz 2000) are not covered
here, as they do not involve endozoochory.

SUMMARIZED DESCRIPTION OF
KNOWN CASES

Table 1 summarizes known cases of seed-inhabiting in-
sects surviving passage through the entire digestive tract of
vertebrate frugivores, and shows the plant, vertebrate and
insect taxa involved, as well as the insect survival rates and
the biomes from which these systems are reported.

Roses, birds and wasps

The larvae of the wasp Megastigmus aculeatus
(Swederus, 1795), widely distributed in the Holarctic region,
feed on the endosperm of Rosa spp. seeds (Syrett 1990;
Nalepa & Grissell 1993; Roques & Skrzypczynska 2003;
Bruun 2006). Female wasps oviposit a single larva per seed
in young green hips in spring-summer, just after petal fall.
The larvae develop until the seed has hardened and then
typically overwinter in diapause; adults usually exit the seed
the following spring-summer (Nalepa 1989; Nalepa &
Grissell 1993; Amrine 2002). Nalepa and Piper (1994) dem-
onstrated that wasps emerged after passage through the gut
of a northern mockingbird (Mimus polyglottos Linnaeus,
1758). In the experiment, a captive bird was given pseudo-
hips filled with crushed banana and wasp-infested multi-
flora rose (Rosa multiflora Thunberg, 1784) seeds, which
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were then removed from the droppings and examined for
adult eclosion and emergence. Seeds were defecated 30-210
min after feeding. A total of 180 seeds were recovered from
the total of 200 fed to the bird (90%). Survival rate was 53%
for bird-ingested insects and 46% for controls (infested seeds
that did not pass through the bird gut). Therefore, bird in-
gestion did not contribute to mortality.

In a rural habitat in north-west Spain, Hernandez (2009a)
collected common blackbird (7urdus merula Linnaeus,
1758) and thrush (mainly song thrush Turdus philomelos
Brehm, 1831) droppings, and observed larval survival and
adult emergence of M. aculeatus from dog rose (Rosa canina
Linnaeus, 1753) seeds contained in the droppings. Gut pas-
sage time in common blackbirds is usually 30 min, although
some seeds can be retained for longer (see Traveset ef al.
2008). Hernandez (2009a) reports rose seed infestation rates
of 4.9 and 5.0%, and wasp survival rates (emerged adults
plus live larvae inside the seed) of 89 and 87% in early and
late winter, respectively. However, adult emergence rate was
noticeably lower in droppings collected in early winter (54%)
than late winter (87%).

Palms, birds and beetles

In a rainforest in south-east Brazil, Guix and Ruiz (1995)
found Revena rubiginosa (Boheman, 1836) weevils infest-
ing the fruit of the palm tree Syagrus romanzoffiana
([Chamisso] Glassman, 1968), and an unidentified weevil
infesting the fruit of a myrtaceous tree (Eugenia sp.). The
fruits of both trees were eaten by toucans (red-breasted
Ramphastos dicolorus Linnaeus, 1766 and channel-billed
Ramphastos vitellinus Lichtenstein, 1823 toucans) and those
of the palm also by rufous-bellied thrushes (Turdus
rufiventris Vieillot, 1818), and weevil larvae survived pas-
sage through bird stomachs inside the seeds. However, seeds
were regurgitated and not defecated owing to their large size
and, therefore, larvae did not pass through the entire diges-
tive tract of the birds. Therefore, the time of exposure to
mechanical and chemical digestive agents was short (2—30
min).

The same authors verified the survival of R. rubiginosa
larvae inside S. romanzoffiana seeds, passing through the
entire gut of captive dusky-legged guans (Penelope obscura
Temminck, 1815) (Guix & Ruiz 1997). Defecated seeds were
collected and checked for exiting larvae (Revena weevils
emerge from fruit as larvae and pupate in the soil). Of the
120 fruits offered to birds, 87 (73%) were ingested and their
seeds collected from droppings. Gut retention time was ap-
proximately 6 h. Of the 87 defecated seeds, 78 (90%) had
weevil larvae inside; survival rate was nearly 100%.

© 2011 ISZS, Blackwell Publishing and I0Z/CAS
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Palms, tapirs and beetles

In a primary forest in south-east Brazil, Olmos ez al. (1999)
showed that R. rubiginosa larvae inside S. romanzoffiana
seeds survive passage through the lowland tapir (7Tapirus
terrestris Linnaeus, 1758) digestive system. Gut passage time
was 2-3 days for a captive tapir. The authors examined 844
and 1092 palm seeds from new and old dung piles,
respectively. Of the 844 seeds from new dung piles, 183
(22%) were alive (intact endosperm), 561 (66%) contained
weevil larvae and 100 (12%) were empty seeds displaying
exit holes. Of the 1092 seeds from old dung piles, 251 (23%)
were alive, 413 (38%) contained larvae and 428 (39%) were
empty. Survival rate appeared to be nearly 100%.

Laurels, monkeys and beetles

Bravo and Zunino (1998) extracted 63 laurel (Ocotea
diospyrifolia (Meisner) Mez, 1889) seeds from 11 fresh
black howler monkey (4louatta caraya Humboldt, 1812)
feces, collected in a flooded forest in north-east Argentina,
and examined them for the presence of insect larvae. Gut
passage time suggested for black howlers is 20 h (Milton
et al. 1980). The rate of laurel seed infestation was 19%,
and live Heilipus (Germar, 1824) weevil larvae were found
in a few (8%) of these seeds (see nearly identical results
by Bravo 2008 for another lot of black howler feces col-
lected in the same location). According to Bravo (2008),
female Heilipus place the eggs directly within the seeds,
the larva consumes the entire cotyledons and embryo, and
the pupa then develops within the seed when the en-
dosperm is consumed.

Privets, birds, moths and parasitoid wasps

For the same kind of bird droppings used by Hernandez
(2009a) to characterize the Rosa-Turdus-Megastigmus triad
in north-west Spain, Hernandez and Falco (2008) confirmed
the emergence of 3 adult braconids (parasitoid wasps), be-
longing to an unidentified species of the genus Bracon
(Fabricius, 1804), from privet (Ligustrum vulgare Linnaeus,
1753) seeds. A total of 218 privet seeds were found in 259
Turdus droppings, 29 (13%) of which showed signs of in-
festation by insects. Of the infested privet seeds, 5 (17%)
contained cocoons of ectoparasitoid braconids, together with
the remains of the respective phytophagous host, an uni-
dentified tortricid caterpillar. Cephalic capsules of the lepi-
dopteran larva were found in most of the other perforated
seeds. Actual prevalence of the braconid parasitoid was per-
haps higher as some caterpillars likely fed on more than 1
seed (each privet fruit in the study area contained 1—4 seeds).
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The 5 cocoons corresponded to the 3 previously mentioned
adult braconids and another 2 that probably emerged in the
field before the droppings were collected.

SCOPE OF THE PHENOMENON AND
SUGGESTIONS FOR FURTHER
RESEARCH

How many and which species are involved in the
phenomenon?

The few, but taxonomically and ecologically diverse,
known cases of seed-inhabiting insects surviving passage
through the digestive tract of frugivorous vertebrates
strongly suggest that this phenomenon is more common
than reported. Although fleshy-fruited shrubs or trees are
involved in all cases, the plant families (Rosaceae,
Arecaceae, Lauraceae and Oleaceae) and fleshy fruit types
(fleshy receptacle with achenes in rose, drupe in palm,
berry in laurel and privet) are diverse, as are the number
of seeds per fruit (1 in palms and laurels and 14 in priv-
ets to a mean of 10-20 in dog roses) and seed size (from
less than 5 mm long in roses and privets to 1-2 cm long in
palms and laurels) (Guix & Ruiz 1997; Bravo & Zunino
1998; Hernandez & Falco 2008; Hernandez 2009a). The
frugivorous vertebrates involved are passerines
(mockingbirds, blackbirds and thrushes) that eat relatively
small fruits, and galliforms (guans), perissodactyls (tapirs)
and primates (howler monkeys) that eat larger fruits. The
seed-inhabiting insects involved are larvae of seed-infest-
ing wasps (torymids), parasitoid wasps (braconids) and
seed-infesting beetles (curculionids), which, depending
on the case, either pupate inside the seed or exit it and
pupate outside. The reported cases occur in temperate
ecosystems of North America and Southern Europe, and
tropical and subtropical forests of South America.

Guix and Ruiz (2000) discuss how widespread the
palm-vertebrate frugivore-weevil triad could be. They
directly observed 22 species of vertebrates belonging to 9
families feeding on S. romanzoffiana fruit in south-east-
ern and south-western Brazilian forests, which could trans-
port and evacuate weevils via endozoochory, and suggest
that many other bird and mammal species could do this
(including the lowland tapir, which is confirmed by Olmos
et al. 1999). In Europe, other birds besides Turdus black-
birds and thrushes disperse dog rose seeds (e.g. the com-
mon woodpigeon Columba palumbus Linnaeus, 1758) and
privet seeds (e.g. the European robin Erithacus rubecula
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Linnaeus, 1758) (Snow & Snow 1988; Hernandez & Falco
2008), and could potentially transport live larvae of M.
aculeatus and braconids via endozoochory. Hernandez
(2009a) indicates that hips form part of the winter diet of
several species of canids and mustelids on this continent,
such as red foxes (Vulpes vulpes Linnaeus, 1758) and
beech martens (Martes foina Erxleben, 1777) and,
therefore, proposes that torymids could also withstand
digestive processing by these mammal species.

On a worldwide level, seed dispersal by vertebrate
frugivores is very common in woody plants in neotropical
(70-94% of woody species), Australian (82—-88%) and
African (approximately 80%) rainforests; Mediterranean
scrubland and some tropical dry and humid forests and
woodlands usually range between 50 and 70%; and tem-
perate coniferous and broad-leaved forests vary within 30—
40% (Jordano 2000). Approximately 36% of 135 extant
families of terrestrial birds and 20% of 107 families of
non-marine mammals are partly or predominantly frugivo-
rous (Herrera 2002). Pre-dispersal damage to wild ripe
fruit by non-vertebrate agents probably occurs frequently
(Herrera 1982), but little is known about species of seed-
feeding insects associated with most fleshy-fruited plant
species (e.g. Jordano et al. 2004 for the Mediterranean
region). Generally, most pre-dispersal seed predators in
plants are insects in the orders Hemiptera, Coleoptera,
Diptera, Lepidoptera and Hymenoptera, which have life
cycles synchronized with the availability of seeds from
just one or a few closely related plant species (Hulme 2002;
Hulme & Benkman 2002). Members of the family
Braconidae are among the most commonly encountered
parasitoids emerging as adult wasps from infested fruits;
the genus Bracon is one of the largest in the family, with
over 2000 described species (Wharton 2010).

Systematic studies are necessary in different geographic
areas and environments to establish the true qualitative
dimension of this phenomenon of phoresy. Collecting
fresh feces from different species of seed-dispersing fru-
givorous vertebrates, drying them and keeping them in
closed containers at similar temperatures to those in the
collection site, checking them for a certain period of time
for exiting seed-inhabiting insects and, finally, examin-
ing the seeds, could provide satisfactory results. Another
simple alternative method is to extract the seeds from the
feces straight away and check them directly. Complemen-
tary research is needed to determine the identity and biol-
ogy of seed-eating insects and their parasitoids in wild
fleshy fruits.

© 2011 ISZS, Blackwell Publishing and I0Z/CAS
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What proportion of insect populations is
affected by the phenomenon?

The survival rate of seed-inhabiting insects after verte-
brate gut passage varies widely in the reported cases as a
whole (approximately 10-100%), but high survival rates
are predominant. Survival rate could depend on several
factors, such as the degree of isolation of the insect inside
the seed, the degree of mastication and of chemical and
mechanical abrasion in the vertebrate digestive system,
as well as gut retention time, but these aspects need to be
investigated. Traveset et al. (2008) examined seed trait
changes after fruit ingestion by common blackbirds and
the consequences for germination and seedling growth.
They verified that the seeds of some species had thinner
coats, showed increased permeability and became less
resistant to breakage after gut passage. In this respect, the
seeds involved in the cases reported here have hard coats
and, therefore, a great potential for not being damaged by
mammal teeth and for withstanding long periods of time
in vertebrate guts.

Determining the quantitative importance of the phenom-
enon on a wider scale, that is, determining which part of the
population of a given insect species in a given site success-
fully passes through the gut of frugivorous vertebrates, is a
highly complex task as it implies carrying out additional
studies, such as estimating the insect population size and
determining what part of this population is ingested invol-
untarily by the different species of seed-dispersing
vertebrates. In Europe, dog rose hips are an essential com-
ponent of the winter diet of Turdus species, which are their
main avian seed dispersers (Snow & Snow 1988; Hernandez
2007, 2009a), and in South America, the lowland tapir is a
major disperser of S. romanzoffiana seeds (e.g. Giombini
et al. 2009), so these vertebrate frugivores could transport a
considerable part of the respective seed-eating insect popu-
lations via endozoochory. The range of the seed infestation
rate in the reported cases of the phenomenon is very wide
(approximately 5-80%), and it should be taken into account
that pre-dispersal seed predation by insects varies consider-
ably depending on the locality, year, habitat, microhabitat
and individual plant (Hulme 2002; Hulme & Benkman 2002;
Fenner & Thompson 2005).

Mortality in seed-inhabiting insects, prior to being in-
gested by a seed-dispersing vertebrate, is also open to
investigation. As has already been stated, seed-infesting
insects can be killed by parasitoids, and populations of
seed-inhabiting insects in general (including parasitoids)
could be diminished by the action of pathogens and ver-
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tebrate seed predators. Although most pre-dispersal seed
predators are insects, some vertebrate species consume con-
siderable quantities of seeds in fleshy-fruited shrubs and trees
(e.g. Snow & Snow 1988 for birds; Hernandez 2008 for
climbing rodents). In north-west Spain, European green-
finches (Carduelis chloris Linnaeus, 1758), wood mice
(Apodemus sylvaticus Linnaeus, 1758) and red squirrels
(Sciurus vulgaris Linnaeus, 1758) obtain and eat rose seeds
from hips (A. Hernandez, unpubl. data), but their impact on
torymid larvae is not known. In England, European green-
finches made 2% of feeding visits by birds to dog roses
(Snow & Snow 1988). The main privet avian seed-eater is
the Eurasian bullfinch (Pyrrhula pyrrhula Linnaeus, 1758)
(Snow & Snow 1988 for England: 21% of feeding visits by
birds; A. Hernandez, unpubl. data for north-west Spain),
which could kill the insects inside the seeds.

Post-dispersal seed predation, after defecation by verte-
brate frugivores, must also cause a certain degree of mortal-
ity in seed-inhabiting insects before they exit the seeds. Post-
dispersal seed predation is, on average, more severe than
pre-dispersal seed predation and also varies spatially and
temporally; generalist herbivores, such as small rodents,
become extremely important at this stage, but passerine birds
and insects (ants, bugs and beetles) are significant post-dis-
persal seed eaters in some ecosystems (Crawley 2000; Hulme
2002; Hulme & Benkman 2002; Fenner & Thompson 2005;
Hulme & Kollmann 2005). Wood mice, yellow-necked mice
(Apodemus flavicollis Melchior, 1834) and bank voles
(Myodes glareolus Schreber, 1780) are the main post-dis-
persal seed predators of dog roses and privets in Europe
(Herrera 1984b; Kollmann et al. 1998; Garcia-Castafio
et al. 2006; A. Hernandez, unpubl. data).

Does the phenomenon contribute to the
successful dispersal of the insects involved?

According to Suhonen et al. (2010), organism dispersal
will be advantageous when the fitness benefits of moving to
a new patch exceed any costs. To assess whether the sur-
vival of seed-inhabiting insects to passage through the di-
gestive tract of vertebrate frugivores is advantageous for
insect dispersal, in terms of distance, it is necessary to deter-
mine the movement capacity of the insects involved by their
own means, and compare it with that of dispersal by the
respective vertebrate frugivore. Several authors have stated
that the wasp M. aculeatus is a feeble, limited flier, at least
over long distances (see Nalepa & Piper 1994; Amrine 2002).
The related Megastigmus spermotrophus disperses success-
fully if assisted by wind (Jarry et al. 1997). Although adult
Revena weevils have wings, they have not been reported to
fly, only walking on the ground and on vegetation, so they
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probably do not disperse very far by themselves (Guix &
Ruiz 1997, 2000). Heilipus weevils can fly (e.g. Pefia 1998),
but the distances they cover have not been reported. Adult
Bracon parasitoids are frequently caught using Malaise traps
for flying insects (e.g. Falco et al. 2006), but much remains
to be determined about dispersal by flight in parasitoid wasps
in general (Asplen et al. 2009).

Medium-sized birds, such as blackbirds and thrushes,
disperse most seeds beyond 100 m (Jordano ef al. 2007), so
they are probably good dispersers of torymids inhabiting
rose seeds and braconids inhabiting privet seeds. Canids and
mustelids disperse most seeds beyond 600 m (Jordano et al.
2007) and could, therefore, disperse torymids even further
if they survived passage through the gut of these mammals.
Wild guan home range is estimated to be approximately 10
ha, suggesting that these birds move far enough to efficiently
disperse R. rubiginosa larvae that palm seeds might contain
(Guix & Ruiz 1997). Lowland tapirs defecate seeds at la-
trines located up to 2 km from the nearest palm clump, which
might enable this weevil species to colonize new palm
patches (Fragoso 1997; Olmos et al. 1999). Black howler
monkey home range is approximately 2 ha (Bravo &
Sallenave 2003) and, as previously stated, its gut passage
time is almost 1 day, which should make these primates
efficient dispersers of resistant Heilipus larvae contained in
laurel seeds. Therefore, the survival of seed-inhabiting in-
sects to vertebrate gut passage generally seems to favor in-
sect dispersal.

It would be enlightening to explore this phenomenon in
the context of potential colonization of oceanic islands by
insects. Darwin (1859) was already interested in chance,
long-distance dispersal, particularly of plants, to islands (see
Carlquist 1981 for a historical perspective), and according
to modern scientists, species diversity on islands arises, to a
large extent, from rare, selective colonization events (Kaiser-
Bunbury et al. 2010). Migratory animals, specifically birds
and mammals, can transport seeds both externally and in-
ternally over long distances across dispersal barriers (Nathan
et al. 2008). In particular, migratory passerines typically
disperse fleshy-fruited plants (Nathan ez al. 2008; Hernandez
2009b). Even resident birds like some corvid species can
disperse seeds of fleshy fruits out to islands, as they travel
over large stretches of open ocean to reach foraging areas
(Burns 2005). Nevertheless, the size of an island, its habi-
tats and its pre-existing biota are all important in determin-
ing the success of potential colonists (Paulay 1994). Island
plant communities are usually dominated by fleshy-fruited
species, possibly an adaptation to the dominance of frugivo-
rous vertebrates on the islands (Burns 2005; Kaiser-Bunbury
et al. 2010); that is, islands seem to be favorable places for
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colonization by fleshy-fruited plants and their associated
insects. Seed dispersal processes play an important role in
determining the diversity and distribution of plants on is-
lands (Burns 2005). Several long-distance overseas coloni-
zations by birds have been recorded over the past 200 years,
including frugivorous species (Newton 2003).

CONCLUDING REMARKS

From a biological, ecological and evolutionary perspective,
a better understanding of internal dispersal of seed-inhabiting
insects by vertebrate frugivores would be a scientific ad-
vance in the knowledge of interactions among species. In
addition, it would contribute to ecosystem conservation and
management. As example cases, seed-infesting wasps are
biological controllers of invasive exotic roses (Amrine 2002;
Bruun 2006) and seed-infesting beetles are an important
source of palm seed mortality (Olmos et al. 1999; Alves-
Costa & Knogge 2005).

ACKNOWLEDGMENTS

I am grateful to Vicente Falco (Cavanilles Institute of
Biodiversity and Evolutionary Biology, Valencia, Spain),
Mercedes Fernandez (Valladolid University, Palencia,
Spain), Christine Nalepa (North Carolina State University,
Raleigh, USA) and Alain Roques (National Institute for
Agricultural Research, Orleans, France) for their help
during different stages of my studies on internal dispersal
of seed-inhabiting insects by vertebrate frugivores. I also
wish to thank Mercedes Ferndndez for her critical read-
ing of the manuscript.

REFERENCES

Alves-Costa CP, Knogge C (2005). Larval competition in
weevils Revena rubiginosa (Coleoptera-Curculionidae)
preying on seeds of the palm Syagrus romanzoffiana
(Arecaceae). Naturwissenschafien 92, 265-8.

Amrine JW (2002). Multiflora rose. In: Van Driesche R,
Lyon S, Blossey B, Hoddle M, Reardon R, eds. Biologi-
cal Control of Invasive Plants in the Eastern United States.
United States Department of Agriculture, Forest Service
Publication FHTET-2002-04, Morgantown, West
Virginia, pp. 265-92.

Asplen MK, Hardin JA, Byrne DN (2009). The relationship
between pre-oviposition flight behaviour and reproduc-
tive timing in whitefly parasitoids. Physiological Ento-
mology 34, 350-58.

Bravo SP (2008). Seed dispersal and ingestion of insect-infested
seeds by black howler monkeys in flooded forests of the

© 2011 ISZS, Blackwell Publishing and I0Z/CAS

Internal insect dispersal by frugivores

Parana River, Argentina. Biotropica 40, 471-6.

Bravo SP, Sallenave A (2003). Foraging behavior and ac-
tivity patterns of Alouatta caraya in the northeastern
Argentinean flooded forest. International Journal of Pri-
matology 54, 825-46.

Bravo SP, Zunino GE (1998). Effects of black howler mon-
key (Alouatta caraya) seed ingestion on insect larvae.
American Journal of Primatology 45, 411-5.

Bruun HH (2006). Prospects for biocontrol of invasive Rosa
rugosa. Biocontrol 51, 141-8]1.

Buchholz R, Levey DJ (1990). The evolutionary triad of
microbes, fruits, and seed dispersers: an experiment in
fruit choice by cedar waxwings, Bombycilla cedrorum.
Oikos 59, 200-204.

Burns KC (2005). A multi-scale test for dispersal filters in
an island plant community. Ecography 28, 552—60.

Carlquist S (1981). Chance dispersal. American Scientist
69, 509-16.

Crawley MJ (2000). Seed predators and plant population
dynamics. In: Fenner M, ed. Seeds: The Ecology of Re-
generation in Plant Communities, 2nd edn. CABI
Publishing, Wallingford, pp. 167-82.

Darwin C (1859). On the Origin of Species by Means of
Natural Selection. John Murray, London.

Falco JV, Oltra MT, Moreno J, Pujade J, Jiménez R (2006).
Fenologia de los braconidos (Hymenoptera, Ichneu-
monoidea, Braconidae) del Pirineo andorrano. Pirineos
161, 111-32.

Fenner M, Thompson K (2005). The Ecology of Seeds. Cam-
bridge University Press, Cambridge.

Fragoso JMV (1997). Tapir-generated seed shadows: scale-
dependent patchiness in the Amazon rain forest. Journal
of Ecology 85, 519-29.

Garcia-Castafio JL, Kollmann J, Jordano P (2006). Spatial
variation of post-dispersal seed removal by rodents in
highland microhabitats of Spain and Switzerland. Seed
Science Research 16, 213-22.

Giombini MI, Bravo SP, Martinez MF (2009). Seed dis-
persal of the palm Syagrus romanzoffiana by tapirs in
the semi-deciduous Atlantic forest of Argentina.
Biotropica 41, 408-13.

Green AJ, Sanchez MI (2006). Passive internal dispersal of
insect larvae by migratory birds. Biology Letters 2, 55-7.

Guix JC, Ruiz X (1995). Toucans and thrushes as potential
dispersers of seed-predatory weevil larvae in southeast-
ern Brazil. Canadian Journal of Zoology 73, 745-8.

Guix JC, Ruiz X (1997). Weevil larvae dispersal by guans
in southeastern Brazil. Biotropica 29, 522-5.

219



A. Hernandez

Guix JC, Ruiz X (2000). Plant-disperser-pest evolutionary
triads: how widespread are they? Orsis 15, 121-6.

Hernandez A (2007). Alimentacion de aves frugivoras en
setos y bordes de bosque del norte de Espafia: importancia
de algunas especies de plantas en invierno y primavera.
Ecologia 21, 145-56.

Hernandez A (2008). Fruit removal by climbing rodents in
guelder rose: comparison with birds and differences be-
tween inner and outer racemes. Mammalian Biology 73,
472-7.

Hernandez A (2009a). Field-based evidence of rose seed-
infesting wasps Megastigmus aculeatus (Swederus) sur-
viving bird gut passage. Animal Biology 59, 189-99.

Hernandez A (2009b). Summer-autumn feeding ecology of
pied flycatchers Ficedula hypoleuca and spotted flycatch-
ers Muscicapa striata: the importance of frugivory in a
stopover area in north-west Iberia. Bird Conservation
International 19, 224-38.

Hernandez A, Falco JV (2008). Frugivorous birds dispers-
ing braconid parasitoids via endozoochory. Entomologi-
cal Science 11, 323-6.

Herrera CM (1982). Defence of ripe fruit from pests: its
significance in relation to plant-disperser interactions.
American Naturalist 120, 218-41.

Herrera CM (1984a). Avian interference of insect frugivory:
an exploration into plant-bird-fruit pest evolutionary triad.
Oikos 42, 203-10.

Herrera CM (1984b). Seed dispersal and fitness determi-
nants in wild rose: combined effects of hawthorn, birds,
mice and browsing ungulates. Oecologia 63, 386-93.

Herrera CM (1989). Vertebrate frugivores and their interac-
tion with invertebrate fruit predators: supporting evidence
from a Costa Rican dry forest. Oikos 54, 185-8.

Herrera CM (2002). Seed dispersal by vertebrates. In:
Herrera CM, Pellmyr O, eds. Plant-Animal Interactions.
An Evolutionary Approach. Blackwell Science, Oxford,
pp. 185-208.

Hulme PE (2002). Seed-eaters: seed dispersal, destruction
and demography. In: Levey DJ, Silva WR, Galetti M,
eds. Seed Dispersal and Frugivory: Ecology, Evolution
and Conservation. CABI Publishing, Wallingford, pp.
257-73.

Hulme PE, Benkman CW (2002). Granivory. In: Herrera
CM, Pellmyr O, eds. Plant-Animal Interactions. An evolu-
tionary Approach. Blackwell Science, Oxford, pp. 132-54.

Hulme PE, Kollmann J (2005). Seed predator guilds, spa-
tial variation in post-dispersal seed predation and poten-
tial effects on plant demography: a temperate perspective.

220

In: Forget P-M, Lambert JE, Hulme PE, Vander Wall SB,
eds. Seed Fate. Predation, Dispersal and Seedling
Establishment. CABI Publishing, Wallingford, pp. 9-30.

Jarry M, Candau JN, Roques A, Ycart B (1997). Monitoring
the impact of a seed chalcid, Megastigmus spermotrophus
Wachtl (Hymenoptera: Torymidae) on seed production
in a Douglas-fir seed orchard in France: modelling of the
orchard invasion by non-resident chalcids. Canadian En-
tomologist 129, 7-19.

Jordano P (2000). Fruits and frugivory. In: Fenner M, ed.
Seeds: The Ecology of Regeneration in Plant Communities,
2nd edn. CABI Publishing, Wallingford, pp. 125-65.

Jordano P, Pulido F, Arroyo J, Garcia-Castafio JL, Garcia-
Fayos P (2004). Procesos de limitacion geografica. In:
Valladares F, ed. Ecologia del Bosque Mediterraneo en
un Mundo Cambiante. Ministerio de Medio Ambiente,
Madrid, pp. 229-48.

Jordano P, Garcia C, Godoy JA, Garcia-Castafio JL (2007).
Differential contribution of frugivores to complex seed
dispersal patterns. Proceedings of the National Academy
of Sciences USA 104, 3278-82.

Kaiser-Bunbury CN, Traveset A, Hansen DM (2010). Con-
servation and restoration of plant-animal mutualisms on
oceanic islands. Perspectives in Plant Ecology, Evolu-
tion and Systematics 12, 131-43.

Kollmann J, Coomes DA, White SM (1998). Consistencies
in post-dispersal seed predation of temperate fleshy-
fruited species among seasons, years and sites. Functional
Ecology 12, 683-90.

Krischik V, McCloud ES, Davidson JA (1989). Selective
avoidance by vertebrate frugivores of green holly berries
infested with a cecidomyiid fly (Diptera: Cecidomyiidae).
American Midland Naturalist 121, 350-54.

Milton K, Van Soest PJ, Robertson JB (1980). Digestive
efficiencies of wild howler monkeys. Physiological Zo-
ology 53, 402-9.

Nalepa CA (1989). Distribution of the rose seed chalcid
Megastigmus aculeatus var. nigroflavus Hoffmeyer
(Hymenoptera: Torymidae) in North Carolina. Journal
of Entomological Science 24, 413—6.

Nalepa CA, Grissell EE (1993). Host seed size and adult
size, emergence, and morphology of Megastigmus
aculeatus nigroflavus (Hymenoptera: Torymidae). Envi-
ronmental Entomology 22, 1313-7.

Nalepa CA, Piper WH (1994). Bird dispersal of the larval
stage of a seed predator. Oecologia 100, 200-202.

Nathan R, Schurr FM, Spiegel O, Steinitz O, Trakhtenbrot
A, Tsoar A (2008). Mechanisms of long-distance seed

© 2011 ISZS, Blackwell Publishing and I0Z/CAS



dispersal. Trends in Ecology and Evolution 23, 638-47.

Newton [ (2003). The Speciation and Biogeography of Birds.
Academic Press, London and San Diego.

Olmos F, Pardini R, Boulhosa RLP, Biirgi R, Morsello C
(1999). Do tapirs steal food from palm seed predators or
give them a lift? Biotropica 31, 375-9.

Paulay G (1994). Biodiversity on oceanic islands: its origin
and extinction. American Zoologist 34, 134-44.

Pefia JE (1998) Current and potential arthropod pests threat-
ening tropical fruit crops in Florida. Proceedings of the
Florida State Horticultural Society 111, 327-9.

Roques A, Skrzypczynska M (2003). Seed-infesting chalc-
ids of the genus Megastigmus Dalman, 1820 (Hymenoptera:
Torymidae) native and introduced to the West Palearctic
region: taxonomy, host specificity and distribution. Jour-
nal of Natural History 37, 127-238.

Silvius KM (2005). Frugivore-mediated interactions among
bruchid beetles and palm fruits at Barro Colorado Island,
Panama: implications for seed fate. In: Forget P-M, Lam-
bert JE, Hulme PE, Vander Wall SB, eds. Seed Fate:
Predation, Dispersal and Seedling Establishment. CABI
Publishing, Wallingford, pp. 45-54.

© 2011 ISZS, Blackwell Publishing and I0Z/CAS

Internal insect dispersal by frugivores

Snow B, Snow D (1988). Birds and Berries. Poyser, Calton.

Suhonen J, Honkavaara J, Rantala MJ (2010). Activation of
the immune system promotes insect dispersal in the wild.
Oecologia 162, 541-17.

Syrett P (1990). The rose seed chalcid Megastigmus
aculeatus Swederus (Hymenoptera: Torymidae) on sweet
brier, Rosa rubiginosa, in the South Island tussock
country. New Zealand Entomologist 13, 34-8.

Traveset A (1993a). Weak interactions between avian and
insect frugivores: the case of Pistacia terebinthus L.
(Anacardiaceae). Plant Ecology 107/108, 191-203.

Traveset A (1993b). Deceptive fruits reduce seed predation
by insects in Pistacia terebinthus L. (Anacardiaceae).
Evolutionary Ecology 7,357-61.

Traveset A, Rodriguez-Pérez J, Pias B (2008). Seed trait
changes in dispersers’ guts and consequences for germi-
nation and seedling growth. Ecology 89, 95-106.

Wharton R (2010). Parasitoids of fruit-infesting Tephritidae:
Bracon Fabricius. [Cited 8 Oct 2010.] Available from
URL: http://hymenoptera.tamu.edu/paroffit

Willson MF, Traveset A (2000). The ecology of seed
dispersal. In: Fenner M, ed. Seeds: The Ecology of Re-
generation in Plant Communities, 2nd edn. CABI
Publishing, Wallingford, pp. 85-110.

221



