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INTRODUCTION

Small scale fragmentation in the tropics 
often creates mosaic landscapes, where small 
shaded-agricultural patches are embedded in 
a forest matrix (Lambin et al. 2003; Perfecto 
& Vandermeer 2008). Specific habitats within 
agricultural patches might be differentially 
perceived by the local avifauna, and taxa may 
experience differential permeability across 
habitats (Ries et al. 2004; Tscharntke et al. 
2008; Reino et al. 2009) depending on habitat 
configuration and structural complexity 
(Tscharntke et al. 2008; Martin et al. 2012).

Habitat specificity might affect the patterns of 
habitat use by birds (Rodewald & Yahner 2001; 
Cruz-Angón et al. 2008) and, consequently, 
modify the ecological services that they 
provide in these landscapes. In the Andean 
humid forest of Bolivia, agricultural patches 
are often scattered small shaded plantations 
composed of a mix of land covers and native 
vegetation. Even though plantation-forest 
edges are not sharp in this landscape, some 
bird species seem to skew their activity to 
either plantation interior or edge (Montaño-
Centellas unpublished data). Among them, 
several frugivores such as Chiroxiphia 
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ABSTRACT. Small-scale habitat specificity by frugivorous birds might affect their patterns of use of space and, 
consequently, may influence the range of habitats over which seeds are disseminated. These differences may 
translate into non-redundancy among bird assemblages using different habitats. I tested this hypothesis by 
capturing birds in two habitats within shaded mixed plantations in a Bolivian Andean forest (plantation 
interior and plantation edges with the forest matrix) and comparing the seeds found in their droppings. I 
found that, despite differences in bird assemblage composition and activity, the overall seed rain was similar 
among habitats: the seed rain in edges was only slightly richer in species than in the plantation interior, but 
species composition did not differ significantly between habitats. Although some seed species showed a biased 
distribution among habitats that might be partially explained by habitat specificity of frugivorours birds, 
the overall relative importance of seed species in the seed rain was similar for both habitats. These findings 
suggest that even when bird assemblages differ among habitats, from the plant community perspective these 
assemblages might be ecologically redundant.

[Keywords: agriculture, dropping, Miconia, ornitochory, redundancy, richness, seed dispersal]

RESUMEN.  La especificidad de hábitat por aves frugívoras ¿resulta en diferentes lluvias de semillas dentro de 
cultivos tradicionales bolivianos?: En paisajes fragmentados, las aves frugívoras pueden mostrar especificidad 
de hábitat a pequeñas escalas pudiendo, por ejemplo, utilizar o evadir los bordes entre parches de cultivo y 
la matriz boscosa que los rodea. Estos patrones de uso podrían afectar el rango de hábitats en que estas aves 
depositan las semillas que dispersan, generando diferentes lluvias de semillas y resultando en ensambles de 
aves ecológicamente no redundantes. En este trabajo examiné esta hipótesis comparando la lluvia de semillas 
generada por aves en el interior y en el borde de plantaciones mixtas, en un paisaje en mosaico de los Andes 
bolivianos donde las plantaciones constituyen pequeños parches de hábitat rodeados por una matriz de bosque 
húmedo montano. Para esto, identifiqué las semillas en las fecas de aves capturadas con redes de niebla en 
ambos hábitats a lo largo de un año. Pese a las diferencias de actividad de aves entre hábitats, la diversidad de 
semillas fue similar entre el interior y el borde. Aunque la lluvia de semillas en borde fue ligeramente más rica 
en especies que en interior, la composición de especies no varió significativamente entre estos hábitats. Algunas 
especies de semillas mostraron una distribución sesgada (i.e., fueron depositadas más frecuentemente en uno 
de los dos hábitats) que puede ser parcialmente explicada por las diferencias en actividad de frugívoros. Sin 
embargo, la importancia relativa de las especies de plantas dentro de la lluvia de semillas en ambos hábitats 
fue similar. Estos resultados sugieren que los ensambles de aves pueden resultar ecológicamente redundantes 
aún si difieren entre hábitats cercanos.

[Palabras clave: agricultura, fecas, Miconia, ornitocoria, redundancia, riqueza, dispersión de semillas]

* Instituto de Ecología, Universidad Mayor de 
San Andrés, La Paz, Bolivia. 
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boliviana, Euphonia xanthogaster, Chlorosphingus 
ophthalmicus and Mionectes striaticollis are 
more active in edges, whereas other species 
such as Anisognathus somptuosus, Eubucco 
versicolor, Zimmerius bolivianus and Tangara 
xanthocephala are more active in plantation 
interior. The activity and behavioral patterns 
of these frugivores may influence the range of 
habitats over which seeds are disseminated, 
hence potentially creating different seed rain in 
these habitats (Alcántara et al. 2000; Martínez 
et al. 2008). These differences may translate 
into non-redundancy of bird assemblages as 
seed dispersers (Loiselle et al. 2007). In this 
study, I analyzed the seeds in the droppings 
of birds captured in these mixed plantations 
to test this hypothesis. Specifically I examined 
if there are differences in the species richness 
and composition of the seed rain produced 
by birds, in the edges with the surrounding 
forest matrix and in the plantation interior, 
in a fragmented landscape of the Andean 
humid montane forests of Bolivia. I predicted 
the different bird assemblages in plantation 
interior and edges not to be redundant in 
their seed dispersing role (Loiselle et al. 
2007): different seed species were expected 
to compose seed rain in each habitat. As 
described in other mosaic landscapes in the 
tropics (Cubiña & Aide 2001; de Melo et al. 
2006; Martínez-Garza et al. 2009; Cole et al. 
2010), I expected a biased seed rain towards 
edges: seed rain in edges should be richer 
and include more forest species, whereas 
seed rain in the interior of plantations should 
be dominated by pioneer species. 

MATERIALS & METHODS

Study area
The study was conducted in three traditional 

mixed-plantations nearby the former Tunquini 
Biological Station (TBS; 67°52’ W and 16°11’ S; 
1450 m.a.s.l.), a research station located in the 
Eastern-Andean humid montane forest of Nor 
Yungas Province, La Paz, Bolivia. Landscape at 
TBS is dominated by evergreen old-growth forest 
with small agricultural and young-growth patches 
resulting both from abandoned plantations and 
from natural slides and gaps (Paniagua-Zambrana 
et al. 2003; Arteaga 2007). Plantations were 0.5-1 ha, 
completely surrounded by forest and separated by 
at least 1 km from one another. They were 12-15 
year-old and consisted of a dense mosaic of small 
coffee plantations (Coffea arabica) and orchards 
growing plantain (Musa acuminata) and fruits 
(Citrus spp.). Beside the planted Inga spp. trees, 
scattered shrubs of Baccharis spp. and Miconia 

spp., as well as Solanum spp., Pouroma spp., Vismia 
spp. Piper spp. and Alchornea triplinerva trees are 
found in the plantations, mostly in edges. Most 
forest species in the area have ripe fruits in the 
wet season (from September to March), whereas 
several early-growth species (Solanum spp., Piper 
spp., Miconia spp.) may produce fruits along the 
year though still less abundantly in the driest 
months (June and July) (Roldán & Larrea 2003; 
Loayza et al. 2006; Arteaga 2007).

Data collection
From April to October 2002 and February to April 

2003, birds were captured monthly with 4-6 mistnets 
placed in two habitats within each plantation: the 
plantation interior (hereafter ‘interior’) and the 
plantation-forest edges (hereafter referred as 
‘edge’; ~1 m from the forest matrix). As cutting 
plants within plantations was not allowed, nets 
in interior were set haphazardly in any available 
area (i.e., open enough for a straight 12 m mistnet), 
avoiding edges and walking paths. When possible, 
nets were located in different places in consecutive 
months. Nets were operated for four consecutive 
days per month per plantation from sunrise until 
17:00 h (non-stopping at noon) except with heavy 
rain. Netting effort was proportional to the extent 
of each habitat (~2.5:1 relation between interior 
and edge) comprising a total of 909.3 NH for edge 
and 2155.5 NH for interior (1 NH=one 12 m net 
opened for 1 h).

Fifty seven species composed the frugivore bird 
assemblage in the study area (Table 1), of which ten 
species were found only in edge and seven were 
only captured in interior. Captured frugivorous 
birds were kept in a cloth bag with a plastic dish 
at the bottom to collect droppings, and released 
after a maximum time of one hour. Seeds in each 
sample were carefully separated and identified to 
species level by comparing them with a reference 
collection at the National Herbarium of Bolivia. 
Droppings with fruit pulp only or unidentifiable 
seeds were discarded. I noted only the presence 
(or absence) of any given seed species in each fecal 
sample, and corrected the number of droppings 
containing each plant species by sampling effort 
to allow comparisons between habitats. A relative 
frequency for each seed species is used as relative 
abundance for calculations (Gorchov et al. 1995; 
Montaño-Centellas 2012). I assumed that capture 
sites of birds are likely to represent the habitats were 
seeds were potentially deposited (Loiselle & Blake 
1993; Loiselle et al. 2007) therefore, here I considered 
the expected seed rain in each habitat as the sum of 
the seeds in all fecal samples collected on it. 

Analyses
I followed Moreno & Halffter (2000) to assess 

the completeness of the seed rain in each habitat: 
I created smoothed sample-based species 
accumulation curves (1000 randomizations) 

Comunicación breve     Comunicación breve



56                                                      FA MONTAÑO-CENTELLAS Ecología Austral 23:55-61                                                        SEED RAIN BY BIRDS IN PLANTATIONS AND EDGES 57Abril de 2013

Table 1. Bird species with a (at least partially) frugivorous diet captured in interior and edges of mixed plantations in 
a Bolivian Andean forest, and their contribution to the seed rain. The number of individuals captured in each habitat 
and the number of droppings containing identifiable seeds is presented.
Tabla 1. Especies de aves con dieta (al menos parcialmente) frugivora, capturadas en el interior y en los bordes de 
plantaciones mixtas de un bosque Andino boliviano, y su contribución a la lluvia de semillas. Se presenta el número 
de individuos capturados en cada hábitat y el número de heces fecales conteniendo semillas identificables.

Bird species
Captures

Droppings 
with

identifiable 
seeds

Edge Interior

Anisognathus somptuosus 19 26 9
Atlapetes rufinucha 29 24 1
Aulacorhynchus prasinus 1 0 0
Basileuterus bivittatus 13 16 1
B. coronatus 6 1 0
B. tristriatus 6 1 0
Buarremon torquatus 12 8 1
Carduelis xanthogastra 16 1 2
Catharus dryas 1 1 0
Chiroxiphia boliviana 29 19 15
Chlorophonia cyanea 0 3 1
Chlorospingus ophthalmicus 19 16 5
C. parvirostris 2 0 1
Coereba flaveola 11 11 1
Conopophaga ardesiaca 9 4 1
Coryphospingus cucullatus 0 1 0
Creurgops dentata 2 1 1
Drymophila caudata 1 0 0
Dysithamnus mentalis 3 1 1
Elaenia albiceps 0 2 1
E. obscura 5 2 1
Eubucco versicolor 6 9 3
Euphonia xanthogaster 20 9 6
Hemispingus melanotis 7 4 2
Machaeropterus pyrocephalus 1 0 1
Mionectes oleagineus 3 5 4
M. striaticollis 96 55 10
Momotus aequatorialis 1 0 1
Myadestes ralloides 8 3 3

Myioborus miniatus 6 6 1
Parula pitiayumi 2 1 0
Pheucticus aureoventris 1 0 1
Pipraeida melanonota 2 0 1
Pipreola frontalis 2 0 1
Pipreola intermedia 0 3 1
Piranga leucoptera 1 0 0
Pyriglena leuconota 5 11 1
Pyrrhomyias cinnamomea 7 2 1
Ramphocelus carbo 16 13 2
Rupicola peruviana 4 1 2
Saltator maximus 2 4 1
Tangara cyanicollis 2 2 3
T. cyanotis 0 2 1
T. nigroviridis 1 5 3
T. punctata 6 4 4
T. vassorii 3 0 1
T. xanthocephala 7 23 8
Thamnophilus aroyae 4 2 1
T. caerulescens 0 2 1
T. palliatus 3 2 1
T. ruficapillus 0 1 0
Thlypopsis ruficeps 10 9 6
Thraupis bonariensis 2 1 2
T. cyanocephala 6 5 5
Turdus albicollis 3 2 3
Trogon personatus 1 0 1
Zimmerius bolivianus 11 20 3

433 344 127

Bird species
Captures Droppings 

with
identifiable 

seeds
Edge Interior

performed with EcoSim v. 7 (Gotelli & Entsminger 
2001), and fitted observed accumulation curves to 
the linear dependence model S=a/b(1-e-bx), where 
S is the seed species richness and x is the added 
sample number, to estimate (a/b), which is the 
expected species richness when the asymptote 
is reached. The seed rain in each habitat was 
described with (1) species richness and (2) species 
composition. Species richness was compared 
between habitats with sample-based rarefaction 
curves performed with EcoSim v. 7 (Gotelli & 
Entsminger 2001). I followed Pitman et al. (2001) 
to compare the relative importance of seed species 
between the seed rain of the two habitats. Initially, 
I used a Spearman’s non-parametric correlation to 
test for the relationship between the occurrences of 
seeds in the seed rain of both habitats. Then, I used 
a Model II regression (major axis, MA) to calculate 
the slope of the line between edge and interior, to 
test for the null hypothesis that the two habitats 
are equivalent in terms of species composition. 
If the relative abundances of each seed species 
were the same in the two habitats, the slopes of 
the line should be equal to one. Finally, I used a 
nonparametric analysis of similarity (ANOSIM) 

ordination procedure with 999 permutations to 
explore the differences in species composition between 
edge and interior. For this, I separated the seeds from 
droppings collected in each plantation and used the 
seed rain in each habitat/plantation as response unit 
(N=3). The model II regression was performed with 
the lmodel2 package v. 1.7 (Legendre 2011) and the 
ANOSIM with the Vegan package v. 2.0-0 (Oksanen 
et al. 2011) within R (R Core Team 2009).

RESULTS

I collected 417 fecal samples, of which only 
127 contained identifiable seeds: 51 were 
collected in edge and 76 in interior. A total of 
23 plant species were identified in the seed rain 
potentially produced by birds (18 in edges and 
17 in interior, Table 2). Observed accumulation 
curves fitted the linear dependence model 
(edge: R2=0.93, P<0.00001; interior: R2=0.97, 
P<0.001; uA). According to the asymptotes 
estimated by these models, I sampled 81% of 
the species richness in the seed rain of edge and 
70% of interior. Rarefaction curves showed a 
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greater expected species richness at the edge 
(18 species in edge and 14 species in plantation 
interior; cutoff at N=51; Figure 1B).

 There was no higher dissimilarity in the 
species composition between edge and 
interior seed rain than expected by chance 
(ANOSIM, R=0.11, P=0.31). There was a 
positive correlation between the occurrence 
of seeds in the seed rain of plantation interior 
and edge (rs=0.63; P<0.001). The habitats 

were equivalent in terms of plant species 
composition (i.e. the relative importance of 
the seed species within the seed rain of each 
habitat was similar): the slope of the regression 
(R2=0.64, P<0.01) between edge and interior 
did not differed from one (slope= 0.94; 
95% CI=0.66-1.32; Figure 2). However, the 
deposition of some seed species was slightly 
biased towards one of the habitats. For 
example, M. calvescens and M. amabilis were 
more frequent in edge (33% of the samples) 
and interior (42%) respectively. A. triplinerva 
was frequently dispersed in edges but not in 
interior, whereas Leandra carassana was present 
only in edges (Figure 2). 

Species
Relative frequency of seeds 

in droppings

Edge (51) Interior (76)
Actinidaceae 
   Saurauia spectabilis 0.00 0.01
Amaranthaceae 
   Hebanthe occidentalis 0.06 0.11
Anacardiaceae
   Tapiria guianensis 0.04 0.07
Brunelliaceae
   Brunellia rhoides 0.02 0.00
Burseraceae
   Protium montanum 0.02 0.01
Cecropiaceae
   Cecropia elongata 0.02 0.00
   Cecropia sp. 0.16 0.13
   Pourouma minor 0.00 0.01
   Pourouma sp. 0.00 0.01
Clusiaceae
   Vismia glabra 0.02 0.03
Euphorbiaceae
   Alchornea triplinervia 0.25 0.11
Lauraceae
   Cinnamomum sp. 0.02 0.00
Melastomataceae
   Leandra carassana 0.06 0.00
   Miconia calvescens 0.24 0.42
   Miconia amabilis 0.33 0.22
   Miconia affinis 0.04 0.05
   Miconia sp. 0.02 0.01
Moraceae
   Ficus guianensis 0.02 0.00
Piperaceae
   Piper elongatum 0.08 0.08
   Piper pilirameum 0.02 0.03
Solanaceae
   Solanum aphyodendron 0.00 0.01
   Solanum sp. 1 0.02 0.00
Ulmaceae
   Trema micrantha 0.00 0.01

Table 2. Plant species, and their relative abundance, in the 
seed rain generated by birds in interior and edges of mixed 
plantations in a Bolivian Andean forest. The number of 
collected droppings containing seeds (sample size) is 
presented in parenthesis beside each habitat name.
Tabla 2. Abundancia relativa de las especies de plantas 
en la lluvia de semillas producida por aves, en el interior 
y el borde de plantaciones mixtas de un bosque Andino 
boliviano. El número de heces fecales colectadas que 
contenían semillas (tamaño muestral) se presenta en 
paréntesis junto a cada hábitat. 
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Figure 1. Seed species in the seed rain generated by 
birds in interior (open circles) and edges (black circles) 
of mixed plantations in a Bolivian Andean forest. (A) 
Observed accumulation curves showing seed species 
accumulation as a function of sample effort, and (B) 
sample-based rarefaction curves showing the expected 
seed species richness in the seed rain for different sample 
sizes. The cutoff line at N=51 (dashed line) shows higher 
species richness in edge. Linear dependence models in A 
correspond to the model S=a/b(1-e-bx).
Figura 1. Especies en la lluvia de semillas generada 
por aves en el interior (círculos abiertos) y en el borde 
(círculos negros) de plantaciones mixtas de un bosque 
montano boliviano. (A) Curvas de acumulación de 
especies observada en función del esfuerzo de muestreo, 
(B) curvas de rarefacción de riqueza de especies esperada 
en la lluvia de semillas para distintos tamaños muestrales. 
Más detalles en leyenda en inglés.
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DISCUSSION

The dispersal of seeds by birds seems to result 
in a relatively uniform seed rain between the 
interior and edges of the traditional mixed-
species plantations at TBS. Although different 
bird species used plantation edges and 
interior, these assemblages were ecologically 
redundant: overall the same plant species were 
deposited into plantation interior and edges.

Seed rain was strongly dominated by few 
melastome species, a common component in 
the diet of understory tropical birds (Stiles 
& Rosselli 1993; Loiselle et al. 1996; Silva et 
al. 2002). Although one genus, Miconia, was 
the most frequent in the seed rain, different 
species were dominant in each habitat: 
M. calvescens strongly dominated the seed 
rain in plantation, whereas M. amabilis was 
dominant in that of edge. The dominance 
of few zoochorous species in seed rain is a 
common pattern in tropical areas (Loiselle et 
al. 2007; Cole et al. 2010). However, in agro-
ecosystems these few species might define 
vegetation recovery and forest dynamics 
(Cubiña & Aide 2001), as agriculture often 

eliminates or at least strongly reduces seed 
banks. Thus, seed dispersal becomes the 
main source of forest species in land released 
to ecological succession (Wijdeven & Kuzee 
2000; Cramer et al. 2008).

Contrary to expectations, the overall input 
of bird-disseminated seeds did not differ 
significantly between plantation interior and 
edges, though seed rain in edges was slightly 
richer, more equitative and included more 
forests species than seed rain in interior. 
McDonnell & Stiles (1983) suggested that the 
input of bird-disseminated seeds is positively 
correlated with structural complexity in old 
field vegetation. Larger numbers of pioneers 
and late successional species in (and nearby) 
edges will attract fruit-eating birds and offer 
perching sites, and consequently increase the 
chances of more seed species to be deposited 
in them (Harvey 2000; Cubiña & Aide 2001; 
Pejchar et al. 2008; Martínez-Garza et al. 
2009; Cole et al. 2010). Structural complexity 
at TBS plantations is increased by frequent 
native trees of the genera Inga, Alchornea, 
Pourouma, Piper and Vismia and native shrubs 
of the genera Solanum and Miconia. Although 
most of these elements are concentrated in 
edges, their presence in plantation interior 
might create a ‘soft edge’ between forest and 
traditional plantations and reduce edge effects 
on birds (Reino et al. 2009). For instance, Pizo 
& dos Santos (2011) found that fruiting trees 
in different habitats within an agricultural 
landscape are visited by frugivorous birds 
(regardless of frugivore identity) in similar 
rates. A similar pattern may occur at TBS, 
and in consequence, the structurally complex 
plantation interior would support a different 
yet redundant frugivore assemblage.

The similarity in bird-disseminated seeds 
between habitats (redundancy) might also 
highlight the importance of traditional 
agriculture practices to sustain ecosystem 
functional assemblages. Furthermore, as 
suggested by Pejchar et al. (2008) in such 
human-dominated landscapes where fruit-
eating birds feed broadly, we would expect 
frugivore abundances (activity patterns) 
rather than frugivore diversity to drive 
seed dispersal. Although not statistically 
significant, differences in seed rain between 
plantation edge and interior might partially 
be explained by differences in the frugivore 
assemblage using these habitats. For example, 
Alchornea triplinervia (Euphorbiaceae), the 
second most important component of the 
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Figure 2. Proportion of fecal samples containing seeds 
of each plant species deposited on forest edges (x-axis) 
and plantation interior (y-axis), in mixed plantations in 
an Andean montane humid forest in Bolivia. The straight 
discontinuous line represents a 1:1 relationship between 
the two habitats. The slope of the actual MA regression 
is 0.94 (95% CI=0.66-1.32). Numbers adjacent to a point 
indicate the number of species represented by that point. 
Species codes are Mica: Miconia calvescens, Miam: Miconia 
amabilis, Miaf: Miconia affinis, Leca: Leandra carassana, 
Altri: Alchornea triplinervia, Cesp: Cecropia sp., Piel: Piper 
elongatum, Tagu: Tapirira guianensis.
Figura 2. Proporción de muestras fecales conteniendo 
semillas de cada especie vegetal, depositadas en bordes 
de bosque (eje x) y en interior (eje y) de las plantaciones 
mixtas de un bosque montano andino de Bolivia. Más 
detalles en leyenda en inglés
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seed rain in edges, was found in droppings 
of Mionectes striaticollis, Buarremon torquatus 
and Chiroxiphia boliviana, frugivores that 
seem to prefer plantation edges. Similarly, 
the higher (yet low) frequency of Hebanthe 
occidentalis in plantation interior was due to 
the occasional dispersal of this seed species 
by frugivores such as Tangara xanthocelaphala 
and Eubucco versicolor, which were more 
frequent in plantation interior. Nevertheless, 
from the plant community perspective, 
these differences in habitat specificity by 
frugivorous birds seem not to be sufficient to 
create differences in the input of seeds.
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