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Linking frugivore activity to early recruitment of a bird
dispersed tree, Eugenia umbelliflora (Myrtaceae) in the
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Abstract Seed dispersal by animals is a complex process involving several distinct stages: fruit removal by
frugivores, seed delivery in different microhabitats, seed germination, seedling establishment, and adult
recruitment. Nevertheless, studies conducted until now have provided scarce information concerning the sequence
of stages in a plant’s life cycle in its entirety. The main objective of this study was to evaluate the immediate
consequences of frugivore activity for Eugenia umbelliflora (Myrtaceae) early recruitment by measuring the relative
importance of each fruit-eating bird species on the establishment of new seedlings in scrub and low restinga
vegetation in the Atlantic rainforest, Brazil. We conducted focal tree observations on E. umbelliflora trees recording
birds’ feeding behaviour and post-feeding movements.We also recorded the fate of dispersed seeds in scrub and low
restinga vegetation. We recorded 17 bird species interacting with fruits in 55 h of observation. Only 30% of the
handled fruits were successfully removed. From 108 post flight movements of exit from the fruiting trees, 30.6%
were to scrub and 69.4% to low restinga forest. Proportion of seed germination was higher in low restinga than in
the scrub vegetation. Incorporating the probabilities of seeds’ removal, deposition, and germination in both sites,
we found that the relative importance of each frugivorous bird as seed dispersers varies largely among species.
Turdus amaurochalinus and Turdus rufiventris were the best dispersers, together representing almost 12% probability
of seed germination following removal. Our results show the importance of assessing the overall consequence of
seed dispersal within the framework of disperser effectiveness, providing a more comprehensive and realistic
evaluation of the relative importance of different seed dispersers on plant population dynamics.
Key words: frugivory, gape width, seed dispersal effectiveness, seed germination, seed size.

INTRODUCTION
Fruit-eating birds play a major role in seed dispersal of
plants in tropical forests, acting as the link between
plant reproduction and the recruitment of new
individuals (Godínez-Alvarez et al. 2002; Jordano &
Godoy 2002; Wang & Smith 2002). The integrative
approach that considers the outcome of frugivore
activity and its effects on post dispersal stages within
the plant’s life cycle, including seed germination, seedling establishment, juvenile and adult recruitment, is
important to completely understand the process of
seed dispersal in plant populations (Jordano & Herrera
1995; Russo 2005; Godínez-Alvarez & Jordano 2007).
Seed shadow acts as a template upon which early
recruitment processes operate (Janzen 1970; Schupp
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& Fuentes 1995; Nathan & Mueller-Landau 2000).
Patterns of seed deposition and subsequent plant
establishment are moulded by a range of ecological
processes operating at different spatial scales (Kollmann 2000). This general ecological principle (Levin
1992) has been demonstrated in several plantfrugivore systems (e.g. García & Ortiz-Pulido 2004),
especially in spatially heterogeneous environments in
which fleshy-fruited plants are patchily distributed
(Santos et al. 1999; Jordano & Schupp 2000; CalviñoCancela 2002; Revilla et al. 2004). Nevertheless,
studies conducted until now have provided scarce
information concerning the entire sequence of stages
in the seed dispersal process (but see Jordano &
Schupp 2000; Wenny 2000; Godínez-Alvarez et al.
2002; Alcántara & Rey 2003).
This integrative approach can be conducted under
the perspective of seed dispersal effectiveness, which is
the contribution a disperser makes to plant fitness,
doi:10.1111/j.1442-9993.2009.01926.x
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determined by components of quantity (frequency of
visits and fruit removal rates) and quality (treatment
given to the seed in the gut or mouth/bill, and quality
of seed deposition) (Schupp 1993). In this framework,
the first step towards understanding the scenario of
seed dispersal is the assessment of fruit removal by
fruit-eating animals (Jordano & Godoy 2002; Wang &
Smith 2002). Fruit removal is a successful attempt by
a frugivore to take the seed away from the parental tree
(i.e. fruit is swallowed or carried on the bill), but can
also include fruit thieving, which is an unsuccessful
attempt by a frugivore to disperse the seed (i.e. seeds
are damaged, fruits are dropped or regurgitated
beneath the tree or are pecked for pulp consumption,
without being detached from the peduncle and
becoming susceptible to pathogens attack). Whether
fruit handling results in effective seed dispersal
depends on differences in the bird taxonomic group,
life history traits (e.g. diet composition), bird feeding
behaviour (e.g. fruit selection) (Francisco & Galetti
2002; Clark et al. 2005; Tellería et al. 2005), and fruit
processing (e.g. treatment given to seed) (Traveset
et al. 2008). Yet, it also depends on the post-feeding
movements of birds (Herrera 1989) and microhabitat
use (Schupp 1993; Jordano & Schupp 2000).
Although this fact is widely acknowledged, it has rarely
been placed in the context of disperser effectiveness
(Spiegel & Nathan 2007).
The movements of frugivores after feeding on fruits
are frequently non-random since they are usually
sensitive to vegetation traits and spatial conditions
(Jordano & Schupp 2000; Hasui et al. 2007). As
microhabitats differ considerably in abiotic (e.g. light
levels, water availability, soil composition) and biotic
conditions (e.g. seed predation, competition, herbivory), the patterns of seed shadow generated by
frugivores might lead to distinct delayed effects on
the establishment of new seedlings and, consequently,
on the plant demography (Jordano & Schupp 2000;
Jordano & Godoy 2002; Schupp et al. 2002). In this
context, the central objective of this study was to
evaluate the immediate consequences of frugivore
activity for Eugenia umbelliflora O. Berg (Myrtaceae)
early recruitment in the Atlantic rainforest. We evaluated: (i) the relative importance of each fruit-eating
bird species to the establishment of new seedlings in
distinct habitat patches; and (ii) the probability that a
removed seed is efficiently delivered to a suitable
microhabitat where it can germinate.
METHODS
Study site
The study was carried out during the fruiting period of
E. umbelliflora from late July to early November 2005
doi:10.1111/j.1442-9993.2009.01926.x

in an inshore island, Ilha do Cardoso (25°03′ S and
48°53′ W), in the south of São Paulo state, Brazil. Ilha
do Cardoso is a 15 100-ha protected land-bridge
island encompassing several types of Atlantic rainforest, including lowland and montane tropical rainforests, mangroves, dune vegetation and restinga forest
(Barros et al. 1991).
The present study was conducted in scrub and low
restinga vegetation, which make up two different habitats of restinga forest (sandy forest). Restinga forest is
distributed over a quaternary coastal plain and constitutes a heterogeneous ecosystem (Lima & Capobianco
1997) including a mosaic of vegetation types that
varies from open areas to forest formations. Moving
away from the seashore, the vegetation becomes denser
and diversified due to substrate consolidation and
salinity decrease. This habitat is named scrub vegetation because the vegetation is sparse and dominated by
shrubs ranging from 1.5 to 2.0 m, such as Dalbergia
ecastaphyllum, Dodonaea viscosa, Schinus terebinthifolius,
Psidium cattleianum and Abarema brachystachya (Couto
& Cordeiro 2005). In sequence, the forest physiognomy (hereafter low restinga) reaches approximately
15 m height, presents a higher density of trees and a
more continuous canopy strata compared with scrub
vegetation (Sugiyama 1998). At this site we can find
many species of epiphytes (e.g. bromeliads and
orchids) and trees, such as Ilex theazans, Clusia criuva
and Myrcia bicarinata (Sugiyama 1998; Bernardi et al.
2005; Couto & Cordeiro 2005).
The climate at Ilha do Cardoso is generally warm
and wet throughout the year without a marked dry
season (Furnari et al. 1987; Castro et al. 2007). Total
rainfall in 2005 was 2131.1 mm; the minimum rainfall
was recorded in August (48.2 mm) and the maximum
in January (459.2 mm). The highest temperature
occurred in February and March (28.8°C) and the
lowest temperature occurred in July (14.1°C). The
mean temperature recorded for the whole period was
21.9°C. The climate data were obtained from the
meteorological station located at the study site that
belongs to the Escola Superior de Agricultura ‘Luiz
de Queiroz’ from University of São Paulo (ESALQUSP).
Study species
Eugenia umbelliflora (Myrtaceae) is a small tree (4–7 m
height) that grows in low elevations under ocean influence on the eastern coast of Brazil. It is a common
species found in the transition between scrub and low
restinga vegetation in Atlantic rainforest (Delgado &
Barbedo 2007). Flowering is annual and occurs from
March to May, and fruiting begins in June and extends
to October (Staggemeier et al. 2007). Fruits are berries
containing one to three seeds, red when unripe and
© 2009 The Authors
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purple when ripe, 13.98 mm ! 2.33 long (mean
! SD) and 11.54 mm ! 1.23 wide (n = 164 fruits,
nine trees). Seeds are 11.09 mm ! 1.85 long and
9.15 mm ! 1.02 wide (n = 164 seeds, nine trees).
Mean fruit weight is 1.38 g ! 0.34 and mean pulp
weight is 0.75 g ! 0.21 (n = 164 seeds, nine trees).
Fruit crops of individual trees range between 192 and
1390 fruits, with a mean of 500 ripe fruits (n = 8).
Chemical analyses of fruit pulp yielded 2.83% lipids,
2.58% protein, and 2.69% soluble carbohydrates
(glucose and fructose) (Eliana Cazetta, unpubl. data,
2008). Eugenia umbelliflora fruits are intensively consumed by several birds and mammals, such as the
crab-eating fox Cerdocyon thous (Cazetta & Galetti,
unpubl. data, 2008).

Quantitative component of seed dispersal
effectiveness
We sampled nine E. umbelliflora individuals located
within an area of 100 ¥ 30 m on the transition between
scrub and low restinga vegetation.We selected this area
because it allowed us to have a wide-ranging vision
of bird behaviour and post-feeding movements. We
conducted focal observations (see Francisco & Galetti
2001; Galetti et al. 2004) at periods varying from
0630 h to 1100 h and from 1430 h to 1730 h, totalling
55 h.To assess the feeding behaviour of birds and seed
dispersal we recorded bird species, time of arrival in
the plant, and number of fruits handled according to
avian feeding behaviour. Birds that are legitimate seed
dispersers remove seeds by successfully swallowing the
whole fruit or carrying it in the bill to distinct places,
whereas seed thieves peck the fruit for pulp pieces,
detach the fruit, and drop or regurgitate it beneath the
tree where the mortality rate is usually higher than in
micro-sites far from the reproductive tree (Jordano &
Schupp 2000).
Birds are able to select fruits based on their sizes
and, usually, swallowing is constrained by fruit width
(Wheelwright 1985, 1993). Hence, for better understanding of avian feeding behaviour, we measured
fruit width, mass, and pulp mass of 164 fruits from
nine E. umbelliflora individuals. We compared fruit
width with gape sizes of the primary frugivorous
birds.
We carried out a Student’s t-test to compare
width, mass, and pulp mass, between 120 fruits collected from six tree crowns and 81 fruits dropped
beneath each canopy. Since we did not have a sufficient sample size of dropped fruits for all trees, data
were pooled in one single test for the population. To
assure that fruits were dropped by birds and not
naturally, we only selected fruits with conspicuous
beak marks.
© 2009 The Authors
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Qualitative component of seed dispersal
effectiveness
In order to estimate the probability of seed deposition
by each fruit-eating bird in each site, we recorded flight
direction and habitat (scrub or low restinga) where
each bird perched after feeding on E. umbelliflora fruits.
We estimated seed predation in low restinga and
scrub habitats by placing 50 stations, 10 m apart, containing one seed of E. umbelliflora. In scrub vegetation
we placed the seeds in two microhabitats: open areas,
and below common species of scrub mid and low
shrubs (e.g. Dodonaea viscosa, Dalbergia ecastaphyllum,
Myrsine spp.) that are perches to birds and might act as
‘nurse plants’ which facilitate seed survival and seedling
establishment (Valiente-Banuet & Ezcurra 1991). We
monitored the seeds monthly over 3 months (August
to November 2005), recording whether the seeds disappeared (i.e. predated), germinated (i.e. successfully
established), or were still intact.
Probability of seed dispersal
To completely understand seed dispersal by frugivores
we would need detailed information about the effects
of frugivore activity on the subsequent stages of the
plant life cycle, which includes seed germination,
establishment of seedling, juvenile, and adult survival
(Godínez-Alvarez & Jordano 2007). In the present
study we only evaluated the effect of frugivore activity
on seed germination at different sites. Thus, hereafter,
the term seed dispersal encompasses the probability
that a fruit-eating bird successfully removes a fruit and
delivers the seed to a habitat where it germinates.
To dissect the frugivore effects on seed dispersal we
estimated three probabilities, as defined by GodínezAlvarez and Jordano (2007): (i) the probability of seed
removal by each fruit-eating bird (i.e. relative proportion of the product of the frequency of visits, number
of seeds handled, and the proportion of fruits successfully removed away from the parent tree); (ii) the probability of delivering the seed to a particular habitat
(low restinga and scrub) (i.e. proportion of flights to a
specific patch); (iii) the probability of germination (i.e.
proportion of germinated seeds after 3 months).
These three estimates are incorporated in the
formula of seed dispersal probability (SDP) (modified
from Godínez-Alvarez & Jordano 2007):
y =2

SDP = Ps ∑ ( DsmTm )
m =1

where, Ps is the probability of seed removal by frugivore s, Dsm is the probability that seeds are deposited
in habitat m by frugivore s, Tm is the probability of
transition from seed to seedling in habitat m, and y is
equivalent to the total number of patches that seeds
are deposited.
doi:10.1111/j.1442-9993.2009.01926.x
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Table 1. Visitation patterns to Eugenia umbelliflora (Myrtaceae) and characteristics of frugivorous bird species recorded at Ilha
do Cardoso, Atlantic rainforest, Brazil
Family
Cotingidae
Emberizidae
Parulidae
Thraupidae

Turdidae

Tyrannidae

Indeterminated

Species

No. visits
(%)

No. visits with fruit
handling (%)

Procnias nudicollis
Sicalis flaveola
Parula pitiayumi
Ramphocelus bresilius
Tachyphonus coronatus
Tangara peruviana
Thraupis cyanoptera
Thraupis palmarum
Thraupis sayaca
Thraupis sp.¶
Turdus flavipes††
Turdus albicollis
Turdus amaurochalinus
Turdus leucomelas
Turdus rufiventris
Turdus sp.¶
Elaenia obscura
Myiozetetes similis
Myiarchus tyrannulus
Pitangus sulphuratus
Indeterminated
Total

2 (0.6)
1 (0.3)
4 (1.2)
4 (1.2)
6 (1.9)
15 (4.7)
13 (4.0)
3 (0.9)
66 (20.6)
3 (0.9)
66 (20.6)
10 (3.1)
26 (8.1)
3 (0.9)
29 (9.0)
28 (8.7)
3 (0.9)
2 (0.6)
8 (2.5)
19 (5.9)
10 (3.1)
321

2 (1.4)
–
3 (2.0)
1 (0.7)
4 (2.7)
8 (5.4)
4 (2.7)
3 (2.0)
36 (24.5)
–
10 (6.8)
7 (4.76)
20 (13.6)
1 (0.7)
15 (10.2)
11 (7.5)
1 (0.7)
2 (1.4)
7 (4.8)
9 (6.1)
3 (2.0)
147

Body size
(cm)†

Gape width
(mm)‡

27‡
13.5
9.8
19
17.7
–
18
18‡
17.5‡
–
20.5
22
21.9
22
25
–
15
17.5
19.5
22.5
–

24.53
–
–
–
9.14
7.6
10.40§
10.55
10.11
–
12.13
13.08
11.41
11.86
12.14
–
9.01
10.16
–
15.43
–

†Data from Sick (1997). ‡Mean and gape width/body sizes measured from specimens of the Museum of Zoology at São Paulo
(n = 10). §Data from Hasui (2003). ¶Species not identified. ††Genus Platycichla has been recently subsumed into Turdus (Voelker
et al. 2007). Nomenclature and bird species order after CBRO (Comitê Brasileiro de Registros Ornitológicos 2008).

RESULTS
Quantitative component of seed dispersal
effectiveness
Eighteen species of birds were recorded visiting E.
umbelliflora trees (Table 1). However, only 46% of the
321 visits included fruit handling, thereby reducing
the number of species observed interacting with E.
umbelliflora fruits to 17 (Table 1).
Thraupis sayaca, Turdus amaurochalinus and Turdus
rufiventris were the most frequent birds interacting
with E. umbelliflora fruits, representing 48% of the total
147 visits (Table 2). These three species and Tangara
peruviana handled 66% of the total fruits manipulated.
In contrast, the number of fruits handled per visit
showed a distinct pattern. Tangara peruviana and Procnias nudicollis, followed by Myiarchus tyrannulus, presented the highest fruit handling rates, exceeding four
fruits manipulated per visit (Table 2).
Almost 70% of the total handled fruits were thieved
(Table 2). Thraupis sayaca and Tangara peruviana,
species presenting high visit frequencies and fruit handling rates, showed the lowest probabilities of handling
a fruit successfully; less than 1% and 4% of removal,
respectively (Table 2, Fig. 1). Turdus albicollis, Turdus
flavipes and Pitangus sulphuratus presented the highest
doi:10.1111/j.1442-9993.2009.01926.x

probabilities of handling success, reaching 90%, 80%
and 100% of successful removal (swallowing and
carrying), respectively (Table 2, Fig. 1).
We found a large variability in fruit width (F =
20.78, d.f. = 8, P < 0.0001) and fruit mass (F = 29.22,
d.f. = 8, P < 0.0001) among trees. Birds from the
Thraupidae family presented the smallest body size
and gape width (Table 1) and were able to swallow less
than 30% of the fruits (Fig. 2). At one extreme is
Tangara peruviana with the smallest gape width among
the recorded avian frugivores and smaller than the
measured fruits in the E. umbelliflora population. At
the other extreme, Pitangus sulphuratus, has one of the
largest body masses and gape widths among frugivorous birds and is able to swallow almost the entire
range of fruit sizes available (Fig. 2).
We found significant differences in fruit width (t =
3.54, d.f. = 199, P = 0.0005), fruit mass (t = 3.69, d.f.
= 199, P = 0.0003), and pulp mass (t = 2.64, d.f.
= 199, P = 0.009) between fruits dropped beneath the
trees by frugivorous birds and those collected from E.
umbelliflora crowns. Dropped fruits presented greater
width (dropped: 11.99 mm ! 1.45, n = 81; crown:
11.27 mm ! 1.34, n = 120), fruit mass (dropped:
1.33 g ! 0.38, n = 81; crown: 1.14 g ! 0.33, n =
120), and pulp mass (0.69 g ! 0.22, n = 81; crown:
0.60 g ! 0.23, n = 120) than fruits collected in the
© 2009 The Authors
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Table 2. Data on visits and feeding behaviour of frugivorous birds on Eugenia umbelliflora in Ilha do Cardoso, Brazil. Feeding
behavior summarized as mean ! SD of fruits handled per visit, and total number of fruits handled, removed and thieved
Species
Procnias nudicollis
Parula pitiayumi
Ramphocelus bresilius
Tachyphonus coronatus
Tangara peruviana
Thraupis cyanoptera
Thraupis palmarum
Thraupis sayaca
Turdus flavipes
Turdus albicollis
Turdus amaurochalinus
Turdus leucomelas
Turdus rufiventris
Turdus sp.
Elaenia obscura
Myiozetetes similis
Myiarchus tyrannulus
Pitangus sulphuratus
Indeterminated
Total (%)

Fig. 1.

No. visits
per hour

No. fruits
per visit

No. fruits
handled

No. fruits
removed

No. fruits
thieved

0.04
0.05
0.02
0.07
0.15
0.07
0.05
0.65
0.18
0.13
0.36
0.02
0.27
0.20
0.02
0.04
0.13
0.16
0.05

6.5 ! 6.4
2.0 ! 1.0
1.0
3.7 ! 3.2
7.2 ! 6.7
1.2 ! 0.5
3.3 ! 2.1
4.0 ! 3.1
2.1 ! 1.9
4.0 ! 2.9
3.4 ! 5.0
1.0
3.1 ! 3.1
1.3 ! 0.6
1.0
1.0 ! 0
4.6 ! 2.4
1.2 ! 0.4
1.3 ! 0.6

13
6
1
15
58
5
10
142
21
28
68
1
47
14
1
2
32
11
4
479

8
0
0
1
2
2
0
1
17
25
29
0
25
10
0
2
16
11
1
150 (33.2)

5
6
1
14
56
3
10
141
4
3
39
1
22
4
1
0
16
0
3
329 (68.8)

Treatment given to Eugenia umbelliflora fruits by frugivorous birds in Ilha do Cardoso, Brazil.

trees.To account for fruit size and mass, and pulp mass
variability among trees, we repeated these analyses to
one E. umbelliflora individual for which we had enough
sample size of dropped fruits (n = 29) and we found
the same pattern. All fruits collected beneath the tree
had the seeds intact, indicating that bird species that
dropped the fruits did not prey upon the seeds.
Qualitative component of seed dispersal
effectiveness
Considering all studied frugivorous birds, 108 exit
flights from E. umbelliflora trees were recorded: 33 to
© 2009 The Authors
Journal compilation © 2009 Ecological Society of Australia

scrub habitat (30.6%) and 75 to low restinga habitat
(69.4%). Considering only birds that handled Eugenia
fruits and provided adequate data to calculate the frequency of exit flights, we found that Pitangus sulphuratus, Thraupis cyanoptera and Tachyphonus coronatus
showed 100% of exit flights towards low restinga
habitat (Fig. 3). In contrast, Thraupis palmarum
showed 100% of exit flights to scrub habitats (Fig. 3).
After 3 months we found 133 seeds in the field, from
these 18 (13.5%) germinated, 51 (38.3%) were predated, and 64 (48.1%) remained intact. Low restinga
showed the highest proportion of germinated seeds,
representing 66.6% (n = 12) of the total of germinated
seeds in all micro-habitats (c2 = 19.37, d.f. = 2, P =
doi:10.1111/j.1442-9993.2009.01926.x
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Fig. 2. Cumulative frequency of Eugenia umbelliflora fruits
width sampled at Ilha do Cardoso, Brazil (n = 164). Mean
gape sizes of frugivorous birds are indicated with arrows, as
follow: (a) Tangara peruviana, (b) Tachyphonus coronatus, (c)
Thraupis sayaca, (d) Thraupis cyanoptera, (e) Thraupis
palmarum, (f) Turdus amaurochalinus, (g) Turdus flavipes, (h)
Turdus rufiventris, (i) Turdus albicollis, (j) Pitangus sulphuratus.
Procnias nudicollis presents gape size far wider than the
maximum fruit diameter and, thus, is not indicated in the
figure.

Fig. 4. Proportion of seeds germinated, predated, and
remaining intact after 3 months of exposure in two microhabitats in scrub vegetation (open areas and under-perch)
and in low restinga forest, at Ilha do Cardoso, Brazil.

Turdus flavipes. Thraupis palmarum showed no seed
removal since its probability of fruit handling success
is null (Table 3). The feeding behaviour of this species
was observed to be 60% dropping fruits and seeds
beneath the tree canopy and 40% pulp consumption
(Fig. 1).
When considering the effects of each disperser, the
value of the probability of seed dispersal is very low; in
most cases lower than 5% (Table 4). Turdus amaurochalinus and Turdus rufiventris were the best dispersers
among the birds studied. The fruits eaten by these
two birds have an almost 12% chance to germinate
(Table 4). Turdus flavipes was the third most important
bird and had half the probability of dispersing
E. umbelliflora fruits compared with T. rufiventris
(Table 4).

DISCUSSION
Fig. 3. Frequency of exit flights of frugivorous birds from
Eugenia umbelliflora to low restinga and scrub habitats in Ilha
do Cardoso, Brazil.

0.001) (Fig. 4). There was no difference in seed fate
(germinated, predated and intact) when comparing
open scrub and under-perch in scrub vegetation (c2 =
1.239, d.f. = 4, P = 0.538). Thus, hereafter, data from
these two microhabitats will be pooled and considered
as scrub.

Probability of seed dispersal
We obtained enough data to estimate the seed dispersal probability for nine bird species. The birds with
the highest probabilities of seed removal were Turdus
amaurochalinus and Turdus rufiventris, followed by
doi:10.1111/j.1442-9993.2009.01926.x

The sequential stages studied within the Eugenia
umbelliflora life cycle proved to be extremely complex.
First, fruit-eating birds differed considerably in their
effectiveness as seed dispersers, presenting varying
degrees of seed dispersal quantity and quality. Second,
although the frequency of frugivorous visits is often
considered the best predictor of high seed dispersal
quantity (Schupp 1993; Vásquez et al. 2005), we
found that this relationship was not always true in the
E. umbelliflora system. In fact, the primary visitor,
Thraupis sayaca, is an inefficient seed disperser. It
presents a low likelihood of successful removal, and
probably poses a negative effect on plant reproduction
(Vásquez et al. 2005).
The pattern of seed dispersal of E. umbelliflora can
be described as presenting many visitors, but is also
characterized by numerous inefficient dispersal events.
Almost half of the visits to the fruiting plants did not
present fruit-frugivore interactions, and in those visits
© 2009 The Authors
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Table 3. Relative proportion of the probability of seed removal by each frugivorous bird in Ilha do Cardoso, Brazil

Species
Tachyphonus coronatus
Tangara peruviana
Thraupis cyanoptera
Thraupis palmarum
Turdus flavipes
Turdus rufiventris
Turdus amaurochalinus
Myiarchus tyrannulus
Pitangus sulphuratus

No. fruits
per visit (1)

No. visits
per hour (2)

3.7
7.2
1.2
3.3
2.1
3.1
3.4
4.6
1.2

0.07
0.15
0.07
0.05
0.18
0.27
0.36
0.13
0.16

Dispersal
probability
(3)

Product of
1, 2 and 3

Relative
proportion
(Ps)

0.07
0.03
0.40
0.00
0.81
0.53
0.43
0.50
1.00
Total

0.02
0.03
0.03
0.00
0.31
0.44
0.53
0.30
0.19
1.85

0.01
0.02
0.02
0.00
0.17
0.24
0.28
0.16
0.10
1.00

Table 4. Dispersal probabilities by each of the frugivorous bird in Ilha do Cardoso, Brazil
Species
Tachyphonus coronatus
Tangara peruviana
Thraupis cyanoptera
Thraupis palmarum
Turdus flavipes
Turdus rufiventris
Turdus amaurochalinus
Myiarchus tyrannulus
Pitangus sulphuratus
Total

Ps
1

∑(DsmTm)
2

Probability of dispersal
(product of 1 and 2)

0.01
0.02
0.02
0.00
0.17
0.24
0.28
0.16
0.10
1.00

0.280
0.170
0.280
0.060
0.170
0.233
0.221
0.170
0.280
0.214

0.3 ¥ 10-2
0.3 ¥ 10-2
0.6 ¥ 10-2
0.00
2.9 ¥ 10-2
5.6 ¥ 10-2
6.2 ¥ 10-2
2.7 ¥ 10-2
2.8 ¥ 10-2
0.214

Dsm, probability that seeds would be deposited in habitat m by frugivores; Ps, probability of seed removal by frugivores; Tm,
probability of making the transition from seed to seedling in m.

with interaction (n = 147), only 30% of the fruits
handled were successfully dispersed. This situation
reflects the visitation of birds belonging to the
Thraupidae and Parulidae families (see Levey 1987).
Although these birds generally presented a high frequency of visits and fruit handling, they were unable to
successfully remove E. umbelliflora fruits in most of the
feeding events, therefore contributing to the amount
of seeds fated to failure. On the contrary, birds from
the Turdidae and Tyrannidae families proved to be
excellent fruit removers. This behavioural dichotomy
between these bird families is probably a result of the
morphological traits of the species (Levey 1987;
Jordano & Schupp 2000). It is well known that birds
with larger body and gape sizes are able to ingest wider
fruits and in larger quantities than smaller birds (Levey
1987; Jordano 2000). Small birds, such as those from
the Thraupidae and Parulidae families, cannot swallow
large seeds, therefore they simply peck pulp pieces,
dropping seeds beneath the parent canopy or dropping
the entire fruit (Levey 1987).
The fact that fruits dropped by birds beneath the
tree canopy are larger than those collected directly
© 2009 The Authors
Journal compilation © 2009 Ecological Society of Australia

from the plants is evidence of a birds’ failure to remove
larger fruits. Similar results were also found in other
studies (Wheelwright 1985; Rey et al. 1997). Two
behavioural situations are possible. Either birds
actively select larger fruits to obtain greater pulp
amount, as suggested by Martínez et al. (2007) for
Crataegus fruits, or they do not select fruits based on
their sizes but pick fruits indiscriminately (Wheelwright 1985). In both cases, birds that are unable to
manage big fruits drop those wider than their gapes.
Only Procnias nudicollis and Pitangus sulphuratus presented gape width wider than the largest fruits found
in E. umbelliflora populations and, therefore, they are
not constrained by the fruit sizes at Ilha do Cardoso.
Fruit discrimination by birds and the inability to
disperse large seeds can result in both immediate and
delayed consequences to E. umbelliflora fitness. Larger
seeds can aggregate more reserve tissues that ameliorate the growing and vigour of seedlings, turning them
into stronger survivors and competitors under distinct
environmental adversities (Leishman et al. 2000;
Alcántara & Rey 2003; Pizo et al. 2006). Furthermore,
they become more tolerant to shade, burial, herbivory
doi:10.1111/j.1442-9993.2009.01926.x
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and low soil moisture and nutrients (Leishman et al.
2000). In the scenario where frugivores disperse small
to medium sized fruits, the establishment of seedlings
is affected by the lack of individuals of greater vigour.
In addition, fruit size is a heritable trait that can be
maintained or shaped through generations (Wheelwright 1993). Therefore, selection pressures in the
long term might decrease the mean fruit size in each
individual tree, as well as the range of fruit size for the
entire population. However, as shown by Alcántara
and Rey (2003), there might be a trade-off between
seed dispersal and survival that can reverse the selective pressure exerted by frugivores on seed size. Thus,
although birds are dispersing a small number of large
seeds, these seeds may be experiencing increased probability of survival during post-dispersal stages in the
E. umbelliflora life cycle.
Low restinga received more avian post-feeding
flights than scrub vegetation. Restinga also showed the
highest rate of seed germination and the lowest rate
of seed predation. Therefore, we suggest that low
restinga is the best microhabitat for E. umbelliflora
establishment. The post-feeding movements of birds
are associated with their pattern of habitat use, which
is strongly related to their vegetation preferences,
including aspects of floristic composition, vegetation
structure and availability of food resources (Hasui
et al. 2007). Birds may prefer low restinga habitats over
scrub due to its higher diversity of life forms, species
and structural complexity (Souza & Capellari 2004;
Bernardi et al. 2005).
Eugenia umbelliflora seeds are unlikely to survive in
scrub vegetation because they are intolerant to desiccation, losing their viability at moisture levels lower
than 15% (Delgado & Barbedo 2007). The severe
conditions of intense exposure to sunlight and the high
salinity of the scrub habitat might result in high seed
desiccation, which is certainly a constraint to E. umbelliflora survival. In addition, the very abundant scrub
crab Ocypode quadrata, which has an omnivorous diet
including seeds (Nalesso 2004), probably acts as an
intense fruit remover and post-dispersal seed predator,
as described in studies with other species of crabs
(Capistrán-Barradas et al. 2006).
The probability of seed germination after avian gut
passage is also signed as an important factor contributing to the qualitative component of seed dispersal
effectiveness (Godínez-Alvarez & Jordano 2007;
Traveset et al. 2007). We have not measured its contribution to the final probability of seed dispersal;
however, we suggest that in this case, this factor represents a weak effect. As found by Cazetta & Galetti,
unpubl. data, 2008), E. umbellifora seeds do not need to
pass through a frugivore gut to germinate. Few birds
are able to swallow E. umbelliflora fruits, thus their
major consequence on seed germination is the removal
of the pulp enclosing the seed.
doi:10.1111/j.1442-9993.2009.01926.x

The importance of combining the three probabilities
(seed removal, seed deposition, and seed germination)
to calculate the seed dispersal probability is evident
when we observe Thraupis cyanoptera and Tachyphonus
coronatus.These species had the highest probabilities of
delivering seeds in patches where seeds germinate, but
a low probability of seed removal, resulting in low seed
dispersal effectiveness.
The relative importance of each frugivorous bird
species as a seed disperser varies largely between
species (Jordano & Schupp 2000; Francisco & Galetti
2001; Cazetta et al. 2002; Godínez-Alvarez et al. 2002;
Jordano et al. 2007). In this context, Turdus species
showed to be the best dispersal agents. Their larger
bodies and wider gapes allow them to disperse larger
fruits. They are frequent visitors and successful fruit
removers and they also deliver seeds into suitable
microhabitats. The association of all of these aspects
leads to high probabilities of successful seed dispersal,
making these birds fundamental to the maintenance of
the E. umbelliflora population, especially in endangered
sites such as restinga vegetation, which historically
have been the first areas in the Atlantic rainforest to
suffer the consequences of human expansion (Souza &
Capellari 2004).
We conclude that assessing the overall consequence
of seed dispersal within the framework of disperser
effectiveness can provide a more comprehensive and
realistic evaluation of different seed dispersers. This
approach represents a better understanding of plantfrugivore interactions and their fundamental ecological and evolutionary processes. Only linking detailed
information on the outcome of frugivore activity and
their potential effects on critical stages of the life cycles
of plants can allow the evaluation of the effects of seed
dispersal on plant population dynamics.
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