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Background and aims — Frugivory and seed dispersal are of major importance for plant recruitment
and distribution. However, few studies have addressed the effects of gut passage on seed germination in
complex fruit-frugivore systems involving multiple species. Here, we examined whether gut passage by
seven bird species affects seed germination of eight Melastomataceae species from the Brazilian Cerrado,
a Neotropical savanna.

Methods — We take advantage of the generalist dispersal system of melastomes in order to compare the
dispersal quality among bird species by contrasting seed germination of hand-cleaned, gut-passed seeds
and seeds within intact fruits. We studied gut passage effects on seed germination percentage and mean
germination time (MGT) of Clidemia urceolata and seven Miconia species.

Key results — Less than 4% germinability was observed for seeds within intact fruits across all plant
species, indicating that seed cleaning is required prior to germination. The action of guts on the seeds had
non-significant or minor additive effects on germinability compared to hand-cleaned seeds depending on the
plant species. Gut treatment had no effect on MGT of two species and minor effects on other three species.
However, mechanical/chemical effect significantly decreased MGT of C. urceolata and M. albicans while
it increased MGT of M. ibaguensis. There were significant species-dependent effects depending on both
bird and plant species, suggesting that species-specific outcomes arise from Neotropical fruit-frugivore
interactions in plants with generalist dispersal systems.

Conclusions — Germination enhancement deriving from gut scarification was not observed for all species,
but seed cleaning seems to be an important benefit provided by frugivores to Cerrado melastomes. The
variable outcomes resulting from complex fruit-frugivore interactions potentially affect the recruitment of
Cerrado melastomes.

Key words — Clidemia, dispersal quality, endozoochory, frugivory, Melastomataceae, Miconia, scarification,
seed cleaning, seed germination, seed dispersal.

INTRODUCTION

The consumption of fleshy fruits and the subsequent dis-
persal of their seeds by frugivores is a key process in plant
ecology. Dispersed seeds usually experience lower mortal-
ity by natural enemies and competition with siblings, which
has favoured the evolution of seed dispersal by natural se-
lection (Janzen 1970). Dispersed seeds also benefit from
dispersal because seed deposition in safe sites can increase
gene flow and the chances of colonisation of new areas, with
implications for population spatial distribution. Moreover,

the quality of treatment given by frugivores strongly modi-
fies the probabilities during seed-to-seedling transition stages
(Willson & Traveset 2000, Traveset & Verdu 2002, Verdu &
Traveset 2004, Schupp et al. 2010).

Since fruit consumption by frugivores does not neces-
sarily implicates successful seed dispersal, the role of verte-
brates as potential seed dispersers requires a more thorough
evaluation that includes germination experiments (Robertson
et al. 2006). Changes in the probabilities of seed germination
after gut passage comprise an important component of seed
dispersal effectiveness and potentially affect the likelihood
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Table 1 — Growth-form, life-history traits and geographic distribution of Clidemia urceolata and seven Miconia species from the

Brazilian Cerrado.

Means are followed by SD. Seed mass refer to the average weight of 4 replicates of 25 seeds. * Data are from Silveira et al. (2012) and Lima
et al. (in press). ** Endemic species are those restricted to rupestrian fields of eastern Brazil (http:/floradobrasil.jbrj.gov.br/2010/).

Species Growth-form Ripe fruit color ~ Seeds/fruit ~ Seed mass (mg) Fruiting phenology* Geographic range**
C. urceolata DC. Shrub Black 168.8 £ 54.2 0.00265 Year-round Widespread

M. albicans (Sw.) Steud Shrub Green 15.6+34 0.00743 Mid-wet season Widespread

M. alborufescens Naudin Shrub Black 17.5+2.4 0.0125 Early-wet season Endemic

M. ferruginata DC. Tree Dark purple 28+5.1 0.0274 Dry-wet transition Widespread

M. ibaguensis Triana Shrub Black 80+4.5 0.00298 Mid-wet season Widespread

M. irwinii Wurdack Treelet Black 38+23 0.14728 Dry season Endemic

M. ligustroides Naudin Shrub Black 133+2.8 0.01033 Dry season Widespread

M. stenostachya DC. Shrub Black 58.3+£8.2 0.0041 Mid-wet season Widespread

of seedling establishment (Schupp et al. 2010). In spite of
its general importance for plant ecology, the effects of gut
passage by multiple frugivore species on seed germination
remains relatively unexplored, especially in the Neotropics
(but see Jacomassa & Pizo 2010). In this study, we evaluated
the effects of gut passage on seed germination of Melasto-
mataceae species from the Brazilian Cerrado, a Neotropical
savanna.

Miconieae (Melastomataceae) species evolved general-
ist dispersal systems (sensu McKey 1975). Species with this
syndrome often produce abundant, small-sized berries that
have fleshy placentas with high water and sugar content and
enclose numerous, tiny seeds (Mendes-Rodrigues & Oliveira
in press). These berries are consumed by a taxonomically
diverse community of animals (Silveira 2011), and are thus
suitable for comparing the effects of various frugivores on
seed germination. Melastome fruits are consumed by a wide
range of vertebrate (mainly birds) species and invertebrate
species, and these fruits represent a key resource for Neo-
tropical frugivores year-round (Snow 1965, Stiles & Rosselli
1993, Poulin et al. 1999, Lima et al. in press). Frugivores
consuming melastome fruits often overlap in their diet (Sil-
veira 2011), and therefore, the complex system involving
melastomes and their frugivores provides an opportunity to
enhance our understanding of seed dispersal effectiveness
in species-rich communities. Melastomes are dominant spe-
cies in many Neotropical habitats (Clausing & Renner 2001,
Mendes-Rodrigues & Oliveira in press) and an increased
knowledge of their seed biology would provide the basis for
their inclusion in restoration ecology programmes.

Since the outcome of fruit-frugivore interactions depends
on both intrinsic bird and plant traits, studies covering multi-
ple fruit-frugivore specific interactions are valuable to under-
stand how gut passage affects survival probability of ingest-
ed seeds (Traveset et al. 2007, Lehouck et al. 2011). Here,
we evaluated the role of avian gut-passage on seed germi-
nation for eight Melastomataceae species from the Cerrado.
The species-specific differences of both plants and frugivores
were tested here. Our specific goals were: (i) to determine
the effects of gut passage on seed germination (germinabil-
ity and germination time); and (ii) to examine whether there
are species-specific differences in the outcomes of bird-fruit
interaction.

METHODS

Fruits were collected in two sites in southeastern Brazil,
Estacdo Ecologica de Pirapitinga and Serra do Cipd, Minas
Gerais. Both study sites are represented by seasonal, fire-
prone Cerrado vegetation (savanna grasslands) on nutrient-
poor soils (Giulietti et al. 1997 and Bedetti et al. 2011 give
site descriptions). The studied species belong to the Miconie-
ae, a group in which the inferior or partly inferior ovaries de-
velop into baccate fruits (hereafter called berries; Michelan-
geli et al. 2008). The plant species studied here are dominant
pioneers at both sites and produce small berries which vary
in colour, number of seeds per fruit and dispersal phenology
(table 1).

Fruits were offered to seven bird species which are com-
monly found in both study sites: Turdus leucomelas and
Turdus amaurochalinus (Turdidae), Thraupis palmarum,
Thraupis sayaca and Schistoclamys ruficapillus (Thraupi-
dae), Mimus saturninus (Mimidae) and Zonotrichia cap-
ensis (Emberizidae). Most study birds are opportunistic
omnivores, except Z. capensis which is mainly a granivore
(Sick 1997). These bird species are among the wide variety
of frugivores consuming melastome fruits in the Neotropics
and all of them have been recorded eating melastome fruits
at both sites (F.A.O. Silveira and P.O. Mafia, pers. obs., T.J.
Guerra, Universidade Estadual de Campinas, pers. comm.).
We used caged birds in good conditions from a wildlife re-
habilitation centre (CETAS) in the city of Belo Horizonte,
Minas Gerais for feeding experiments. To make sure we in-
cluded only defecated seeds after bird feeding, we observed
fruit ingestion behaviour. Turdus leucomelas, T. amauroch-
alinus and M. saturninus gulped the whole fruits, whereas T.
palmarum, T. sayaca, S. ruficapillus and Z. capensis mashed
fruits and swallowed small fruit pieces. Sometimes, birds
also regurgitated fruits. Regurgitated and non-ingested seeds
were omitted from the dataset.

Ripe berries were collected from at least twenty individu-
als per plant species (n = 1 for M. ligustroides) and offered to
birds the following day. To control for seed source, germina-
tion trials of control and gut-passed seeds included seeds col-
lected from the same population. Three experimental treat-
ments were performed. In the first one (hand-cleaning), seeds
were removed from the fruits, washed for 5 minutes and
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Table 2 — Germinability (% = SE) of seeds within intact fruits, hand-extracted seeds and seeds of Clidemia and Miconia species

recovered from bird droppings.

Different letters mean statistically significant means. Bold data refers to values of Kruskal-Wallis test. Means refer to four replicates of 25
seeds for each species; * p <0.05; ** p < 0.01; - interaction not studied due to low sample size; T data not included in statistical analysis

because of lack of replicates.

Treatment c. M. M. M. M. M. M. M.
urceolata  albicans  alborufescens  ferruginata  ibaguensis irwinii ligustroides  stenostachya
Intact fruits 0 3.8 0 0 0.25 0 0 3
Hand-extracted 33+£4.5%  50+6.2 79 + 6.8 36+3.3° 45+ 5 81+£6.0 44 +10.3° 41 £ 9.4
Zmaurochalinus 5+2.5¢ 52% 83 +5.3° 11.25+4.3° 48 +4 - 29 + 6.6 39 +4.1®
T. leucomelas 30+£9.6%  71+2.5 76.5 £ 4.9%¢ 9+3.4° 56+59 76 +5.2 27 £ 7.7% 37+£1.9®
M. saturninus - - - - - - 26 +2.6" 34+9.1%®
Z. capensis - 67+7.9 64 +2.3% - - - - 17 £ 3%
T palmarum - 63+4.1 76 + 2.8 - 54 +8.1 - 29 + 10 40 £ 7.1
T sayaca 13 & 5% - 60 +9.5¢ 17 £3.8° 36+4.3 81.1+9.8 59 + 3¢ -
S. ruficapillus 63+£7.7° 57+5 84 +£3.7* 14+ 4.8 45+53 77.9+3.7 7 +3.4° 46 £ 7.4
Test Statistic 6.4* 1.08 12.5% 5.7%* 1.67 0.38 5.12%%* 2.62%

dried in the shade for 24 h. In the second treatment (gut pas-
sage), 15-30 fruits of each species were mixed and offered to
1-5 frugivore individual(s) per bird. We were not able to test
all possible bird-fruit combinations because of either bird or
fruit temporal unavailability. Fruits were offered during early
morning for birds subjected to a regular diet based on a mix
of bird ration and fruits (papaya and banana). This regular
diet was interrupted 1-2 h before birds were offered berries.
Recovered seeds were washed for 5 minutes and dried for
24 h. After retrieval, four replicates of 25 seeds were set to
germinate into Petri dishes layered with double sheet of filter
paper moistened with Nistatin solution (2%). For the third
treatment, seeds were germinated directly from intact fruit
without fruit removal (seed cleaning) or gut passage (gut
scarification, Samuels & Levey 2005). For this last treat-
ment four replicates of five fruits per species were used. To
determine the germinability of seeds within intact fruits, the
number of germinated seeds was divided by the total number
of seeds per fruit at the end of the experiment (table 1). The
dishes were incubated under 25°C at a 12:12 h light:dark cy-
cle to simulate field conditions and germination was moni-
tored at 24 h intervals for 30 days (Silveira et al. 2012). Data
expressed as a percentage were arcsine transformed and dif-
ferences among means were determined using ANOVA fol-
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lowed by Tukey test (o = 0.05) or with a Kruskal-Wallis test
when assumptions of the parametric tests were not met.

For all treatments, we calculated germinability (as the
percentage of seeds that germinated) and mean germination
time (MGT) through the formula (Ranal & Santana 2006):

k k
MGT = z nflf/z ni

i=1 i=1
where 7, is the number of seeds germinated at time i, ¢ is the
time from the start of the experiment to the ith observation,
and £ is the time of last germination.

RESULTS

Germinability of seeds within intact fruits was null (five spe-
cies) or < 4% (three species). Fruits from all species present-
ed extensive signs of fungi infestation after the trials. Gut
passage had no significant effect on germinability in three
species (M. albicans, M. ibaguensis and M. irwinii; table 2)
and had minor effects on germinability in other four species.
Gut passage caused differences in germinability among bird
species, but no significant differences compared to hand-ex-
tracted seeds of M. stenostachya. Decreases in germinability
of gut-passed seeds compared to hand-extracted seeds were
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Table 3 — Mean germination time (days = SE) of hand-extracted seeds and seeds of Clidemia and Miconia species recovered from

bird droppings.

Different letters mean statistically significant means. Bold data refers to values of Kruskal-Wallis test. Means refer to four replicates of 25
seeds for each species; * p< 0.05; ** p< 0.01; - interaction not studied due to low sample size; T data not included in statistical analysis

because of lack of replicates.

Treatment ¢ M. M. M. M. M. M. M.
urceolata albicans alborufescens  ferruginata  ibaguensis irwinii ligustroides  stenostachya
Hand-extracted  17.8+1.2* 10.4+0.4° 9.1£0.6° 13.5+1.2® 203+1.1* 12.1+04 21.5+0.8 16.6 +£1.9°
szmaurochalinus 27.5+0.7° 16.871 9.3+0.3° 11.1+1.7° 145+1.1° - 195+ 1.6 17.8£0.7%
T. leucomelas 269+0.5° 17.8+0.9° 8.4+0.2° 15.7 £2.9® 14£0.3° 13.8+0.1 21.1+£29 18.8 +1.3®
M. saturninus - - - - - - 20.5+0.2 22.5+1.3*
Z. capensis - 14.8+0.4° 11.4+0.6° - - - - 17 £1.3%®
T. palmarum - 17.4£0.8® 9.6 £ 0.6 - 14.7+0.7° - 21.5+£1.3 20.1 +£0.7®
T sayaca 26.5+0.4° - 9.8+0.9 201+1.6* 148+15> 139+15 203+0.6 -
S. ruficapillus 26.8+0.7° 162+0.6® 8.6 £ 0.6° 13.7+0.7® 145+09> 12.6+0.7 263+1.5 16.3+£0.9°
Test Statistic 29.1* 20.7" 3.14* 3.8% 5.49%* 3.91 1.7 3.41%*

found in C. wurceolata, M. alborufescens, M. ligustroides
and M. stenostachya, depending on the bird species. For
M. ferruginata, gut-passed seeds had lower germinability
compared to hand-cleaned seeds irrespective of bird species
(table 2). For most species, only a few seeds germinated in
the last days of the experiment, so differences in germination
percentages among treatments were not due to differences in
MGT.

With regards to mean germination time, gut treatment
had no effect in M. irwinii and M. ligustroides but signifi-
cantly increased MGT in C. urceolata and M. albicans (table
3). In contrast, gut treatment significantly decreased MGT
in M. ibaguensis seeds (table 3). Gut passage had species-
specific effects on MGT of M. ferruginata, M. alborufescens
and M. stenostachya (table 3). No increase in germinability
was observed in any study species (tables 2 & 3).

DISCUSSION

Our data provide evidence for potential positive effects of
pulp removal on the seed germination of Cerrado melas-
tomes. This study shows minor/neutral effects of gut scari-
fication on the seeds, but rather, points out to a remarkable
positive effect of depulping (seed cleaning) for all stud-
ied plants, an effect similar to that found by Lehouck et al.
(2011). Seed cleaning by birds may improve dispersal quality
by reducing the influence of the inhibition effect (Samuels &

Levey 2005). The inhibition effect arises from high osmotic
pressure caused by high sugar content of ripe fruits, light-
blocking pigmentation and/or secondary metabolites that
inhibit seed germination (Samuels & Levey 2005). Melas-
tomes produce light-demanding seeds (Silveira et al. 2012)
embedded in fruits containing germination inhibitors (Ama-
ral & Paulilo 1992). Thus, seed cleaning potentially removes
germination inhibitors and allows light to reach the photob-
lastic seeds (Lima et al. in press). Moreover, seed cleaning
decreases the probability of pathogen-induced death to seeds
providing these seeds with increased chances of survival and
germination (Silveira 2011).

In this study, the overall probability of germination for
gut-passed and hand-cleaned seeds differed only slightly.
Increase in germinability following gut passage is far from
universal, because of complexities in how plant and frugi-
vore traits interact to influence seed response to gut passage
(Traveset et al. 2001, 2007). In our study, we used generalist
birds that also include insects in their diet. Birds that include
large amounts of fruits in their diet have a proportionally
shorter intestine and a smaller and less muscular gizzard than
non-frugivorous birds, which may result in a more gentle
treatment of the coats of seeds ingested by specialist frugi-
vores (Traveset et al. 2007). Therefore, future studies are
suggested to include specialist birds to determine whether a
more pronounced enhancement of germinability can be ex-
perienced in melastomes seeds following gut passage.
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When frugivores accelerate seed germination (as in the
case of M. ibaguensis), ingested seeds take less time to
germinate than uningested seeds (Verdu & Traveset 2004),
probably as a result of seed coat scarification (Traveset et al.
2001). Our data show bird-mediated differences in germina-
tion timing, which have been shown to affect plant fitness
(Verdu & Traveset 2005). However, it is still unclear how
differences in germination timing could affect seedling es-
tablishment. For the study species, a possible benefit plants
may derive from accelerated germination is an increase in
probabilities of seedling establishment. This may be particu-
larly important in our study system because of two reasons.
First, the chances of recruitment for small-sized pioneer
plants may be largely affected by seedling emergence time
during favourable conditions (Jacomassa & Pizo 2010, Sil-
veira et al. 2012). Therefore, increased germination speed in
pioneers may improve recruitment (Jacomassa & Pizo 2010)
if early growing seedlings succeed during the intense intra-
specific competition that follows germination (Weaver &
Cavers 1979). Additionally, reduced germination time may
be advantageous in fire-prone habitats (de Luis et al. 2008)
such as the Cerrado. In this case, early germinants may have
increased chances of growing and reproducing after a major
disturbance, such as fire. Finally, reduced germination time
might be beneficial in plant species where seed mortality is
high due to consumption by seed predators or desiccation
(Lehouck et al. 2011).

The complex nature of fruit-frugivore interactions im-
plies differences in dispersal quality among birds. Compara-
tive tests of the scarification effect produced by different fru-
givores feeding on the same plant species often reveal large
differences, while the same species of frugivore may have
different effects on germination depending upon the species
of plant studied (Traveset et al. 2007). Our data show het-
erogeneity of seed germination responses following gut pas-
sage in melastomes from the Cerrado. Similar results were
obtained for small-sized rainforest melastomes (Elisson et al.
1993, Alves et al. 2008, Gomes et al. 2008) and other plant
species in different biomes (Traveset & Verdu 2002, Jaco-
massa & Pizo 2010). Because gut passage effects on seed
germination of melastomes depend on both plant and frugi-
vore species, it may be challenging to accurately establish
dispersal-recruitment linkage compared to species with spe-
cialized dispersal systems.

In conclusion, Miconieae species potentially benefit from
fruit consumption by the bird community exploiting their
fruits. Overall, gut scarification had minor effects on seed
germination of Cerrado melastomes and the benefits provid-
ed by gut passage to melastomes may be restricted to seed
cleaning. We do recognize, however, that experimental con-
ditions for seed germination may have affected our results,
since germination patterns may differ between natural and
controlled conditions (see Rodriguez-Pérez et al. 2005, Rob-
ertson et al. 2006). However, studies addressing germination
patterns following gut passage under field conditions were
mostly conducted for large-seeded species, probably because
these trials are extremely difficult to be performed for small-
sized seeds such as those of melastomes. Together with the
fertilization effect and the probability of seed deposition in
favourable microhabitats, further studies under field condi-
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tions will further increase our ability to predict the contribu-
tions of bird dispersal to plant recruitment.
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