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ABSTRACT

Agricultural ecosystems host a large variety of organisms that can contribute to weed control through 
seed consumption. However, seed consumption rates in the agroecosystems of southern Chile are virtually 
unknown. We experimentally evaluate oat seed consumption by birds, rodents and invertebrates, in hedgerows 
dominated by trees, shrubs and grasses. Seed biomass consumed was not affected by the dominant vegetation 
present in the hedgerows, but did vary according to the seed consuming animal group. The principal seed 
consumers were rodents, followed by invertebrates and birds, the latter only appearing to be significant in 
shrub-dominated habitats. In addition, we observed the exotic slug Deroceras reticulatum consuming seeds in 
62% of the experimental stations. Additional studies addressing the spatial-temporal dynamics of interactions 
between granivores and weed seeds are required to confirm the potential controlling and regulating function 
of rodents on weeds in the agricultural ecosystems of southern Chile.
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RESUMEN

Los ecosistemas agrícolas albergan gran variedad de organismos que pueden contribuir al control de malezas 
a través del consumo de semillas. Sin embargo, la tasa de consumo de semillas en agroecosistemas del sur de 
Chile es desconocido. Evaluamos experimentalmente el consumo de semillas de avena por aves, roedores e 
invertebrados en cercos vivos dominados por árboles, arbustos y pastos. La biomasa de semillas consumida 
no fue afectada por la vegetación dominante presente en los cercos vivos, pero varió de acuerdo al grupo de 
animales consumidores de semillas. Los principales consumidores de semillas fueron los roedores, seguidos por 
las babosas y por las aves; estas últimas solo parecen ser significativas en habitats dominados por arbustos. 
Además, observamos la presencia de la babosa exotica Deroceras reticulatum consumiendo semillas en el 62% 
de las estaciones experimentales. Se requieren estudios adicionales sobre la dinámica espacio-temporal de las 
interacciones entre los granívoros y las semillas de malezas para confirmar la potencial función controladora y 
reguladora de los roedores sobre las malezas presentes en los ecosistemas agrícolas del sur de Chile.

Palabras clave: cercos naturales, consumo, granivoría, semillas, sistemas agrícolas.
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INTRODUCTION

Agricultural ecosystems host a wide variety of organisms, both 
native and exotic (Moonen et al. 2008). This biological diversity 
is intrinsically linked to different ecological functions, such as 
the consumption and dispersal of fruits and seeds by frugivorous 
and granivorous animals (Sekercioglu 2007; Fischer et al. 2011; 
Sekercioglu 2012; Schäckermann et al. 2015). Granivores are 
generally mammals, birds, and invertebrates, such as insects 
and mollusks, which feed (entirely or partially) on seeds and 
fruits (Hulme & Beckman 2002; Wheelan et al. 2008). These 
animals are frequently considered plant antagonists because 
they kill the embryos contained in the seeds consumed (Hulme 
& Backman 2002). Nevertheless, granivores can also, albeit 
less frequently, become mutualists, if the seeds consumed 
are dispersed effectively, which will depend on the plant and 
animals characteristics (Van der Wall 2010).

This combination of negative and positive granivore effects 
on seed survival and dispersal can modify plant community 
composition, structure and function (Muñoz & Cavieres 2006; 
Vaz Ferreira et al. 2011; Warzecha & Parker 2014). For this 
reason, granivores are important ecosystem service providers 
(Sekercioglu 2012). In fact, granivores can significantly limit 
the establishment of exotic plants that would otherwise invade 
agricultural ecosystems (Cardina et al. 1996; Westerman et al. 
2003a; Vas Ferreira et al. 2011; Birthisel 2013). An example of 
this can be found in the Netherland agricultural fields, where 
weed seed predation by granivores is equivalent in magnitude 
to mechanical methods of control (Westerman et al. 2003a). 
Nevertheless, the granivore regulatory function has been 
questioned by some authors, who state that their effects on 
plant recruitment are negligible, even under high seed removal 
conditions (Hulme 2002; Worthy et al. 2006; Vaz Ferreira et al. 
2011; Warzecha & Parker 2014).

In addition to farming and management practices, agricultural 
landscape structure (e.g. presence of trees, shrubs, etc.), can 
affect granivore richness and abundance and, as a result, the 
ecosystem services they provide (Westerman et al. 2003a, 
2003b; Birthisel 2013; Schäckermann et al. 2015). Animal traits 
can also determine their success as ecosystem service providers 
(Sekercioglu 2012). Thus, agricultural landscapes with a higher 
proportion of trees and shrubs could provide more shelter for 
larger granivores, such as birds and mammals, than habitats 
dominated by grasses, where small granivores, for example 
invertebrates, could be favored (Birthisel 2013).

In Chile, invertebrates, birds and, to a lesser extent, rodents, 
are the major seed consumers in diverse habitats such as semi-
desert scrubland, the Andean steppe and deciduous forests 
(Muñoz & Arroyo 2002; Donoso et al. 2004; Kelt et al. 2004; 
Muñoz & Cavieres 2006). Consequently, we would also expect 

birds and invertebrates, followed by rodents, to be the main 
granivores in the agricultural ecosystems of southern Chile. 
Furthermore, the reduced tree and shrub coverage in these 
environments usually triggers a decrease in bird and mammal 
diversity, including granivores (Sieving et al. 1996; Kelt 2004; 
Díaz et al. 2005; Castellón & Sieving 2005). Accordingly, we also 
predict that seed consumption would be greater in environments 
that include trees and shrubs, than in those dominated by 
grasses. The general objective of our study is to evaluate 
granivory in agricultural environments, specifically in roadside 
locations (i.e. hedgerows) of southern Chile, using the exotic 
gramineae Avena sativa seeds. We evaluated roadsides because 
they are the habitual mode of entry of exotic species invading 
croplands and thus are where weeds must be controlled (van 
der Ree et al. 2015). Specifically, we evaluated the consumption 
of oat seeds by birds, rodents and invertebrates in hedgerows 
dominated by trees, shrubs or grasses.

MATERIALS AND METHODS

Site and SpecieS Studied

We conducted field work during the austral autumn, between 
March and April, 2017, along roadside hedgerows located 
in the province of Osorno, Los Lagos Region, Chile (between 
40º39’20” S - 73º11’55” W and 40º46’34” S - 73º08’25” W). 
During this period, exotic weed seed production in agricultural 
zones in southern Chilean agricultural zones is greatest (Matthei 
1995). These habitats are structurally heterogeneous, although 
sectors dominated by trees, shrubs and annual grasses are 
distinguishable, generally located adjacent to pastures used for 
livestock forage (Gantz, personal observation).

The oat (Avena sativa L.) is a gramineae introduced into Chile 
by German settlers at the end of the XIX century, reintroduced 
from 1927 onwards, in its distinct commercial varieties (Beratto 
2000). At present, it grows wild between the Maule (ca. 34ºS) 
and Magallanes (ca 54ºS) regions, and has a significant effect on 
agricultural activities (Matthei 1995).

Granivory. We conducted our study following previous 
protocols (Holmes & Froud-Williams 2005; Birthisel 2013). We 
set up twenty nine experimental stations adjacent to hedgerows 
in a ca. 51.3 km2 study area. The stations were established in 
lineal habitats, dominated by trees (n = 10), shrubs (n = 10) and 
pastures (n = 9) (Fig. 1). To ensure sample independence, mean 
distance between each experimental station was 753.8 ± 111.7 
m (± 1SE). We set up three experimental arenas at every station, 
each containing 30 g dry oat seeds, enabling direct comparison 
with other studies on seed predation in different environments. 
Prior to the field work, we dried seeds at 60ºC for 24 h in a 
Memmert oven to obtain a constant weight and kill the embryos, 
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thus avoiding even more dissemination of this exotic species. 
Once dried, we offered the seeds to granivores on sifted sand 
placed in a plastic plate 20 cm diameter, 1 cm depth. In each 
of the stations, we separated the three experimental plates by 
a distance of 3 m in order to evaluate seed removal rates by 
three consumer groups: i) invertebrates, ii) invertebrates and 
rodents, and iii) invertebrates, rodents and seed-eating birds. 
In the case of invertebrates, we excluded larger predators (i.e. 
rodents and seed eating birds) from the seed arena by placing 

metallic mesh over the plates (0.7 cm mesh opening), in the 
form of a 22 cm diameter, 10 cm high dome. To determine 
invertebrate and rodent seed removal rates, we placed the 
same metallic mesh dome over the plates in the second 
experimental arena and inserted a 50 cm long, 7cm diameter 
PVC tube, open at one end, inside the dome (Kelt et al. 2004). 
This design prevented avian access, while permitting access to 
small and medium-sized rodents (Kelt et al. 2004). To evaluate 

Figure 1. Los Ríos and Los Lagos regions, Chile, where the temperate mixed deciduous forest of Nothofagus obliqua and Laurelia 
sempervirens grows (highlighted red (A). Remnants of this forest usually persists along the roadsides, forming live fences, mostly 
comprising by N. obliqua (B), shrubs, such as Rubus ulmifolius (C) or, only by herbaceous weeds (D). The location of the study site is 
indicated with a star. / En Chile, en la Región de Los Ríos y de Los Lagos, crece el bosque decíduo templado de Nothofagus obliqua y 
Laurelia sempervirens (destacados en rojo en A). Restos de este bosque persisten en los bordes de caminos, fomando cercos vivos, 
principalmente formados por N. oblicua (B), por arbustos como Rubus ulmifolius (C) o, solo por malezas herbáceas (D). El área de studio 
está indicada con una estrella.
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seed removal rate by invertebrates, rodents and seed- eating 
birds in the third experimental arena, we, simply placed the 
seeds in the sand-filled plates, without any exclusion mechanism, 
enabling unrestricted access by all three animal groups. We fixed 
all the plates and metallic mesh dome to the ground using 4 inch 
nails, to avoid removal by predators. We exposed all treatments 
to predation over a 24 h period (set up at 10:00 and collected at 
10:00-12:00 the following day), in the absence of precipitations 
and strong winds to avoid environmental bias. After the 24 h 
period, we collected the remaining seeds in each experimental 
arena and transported them to the laboratory where they were 
dried at 60ºC for 24 h, and subsequently weighed on a digital 
balance (0.01g accuracy). We estimated seed biomass removal 
rate in each habitat for each group of granivores, based on the 
difference between initial and the final dry weight.

StatiStical analySiS

To evaluate the effects of dominant plants in the hedgerow 
vegetation and variations in the granivore groups (i.e. 
independent variables) on the seed biomass removal rate (i.e. 
dependent variable), a main effect ANOVA (Analysis of Variance) 
was applied, using each experimental station as a replicate. We 
used the Statistica 10.0 statistical package (StatSoft Inc., Tulsa, 
Oklahoma, USA) for all analyses.

RESULTS

Seed biomass consumed was not significantly affected 
by the dominant vegetation in the hedgerows, but did vary 
according to the seed-consuming animal group (effect of 
dominant vegetation: F(2;82)= 2.08;  p = 0.132; effect of granivore 
type: F(2;82)=14.56;  p < 0.001). Thus, we did not record signifi-
cant differences in seed consumption between habitats 
dominated by trees and shrubs (Tukey test: p = 0.161), trees 
and grasses (p = 0.989) and shrubs and grasses (p = 0.247). In 
these habitats, invertebrates presented a significantly lower 
consumption rate than the invertebrate and rodent group (p = 
0.001) and the group including invertebrates, rodents and seed 
eating birds (p < 0.001). However, there were no significant 
differences between consumption by invertebrates and rodents 
and invertebrates, rodents and seed-eating birds combined (p = 
0.287). Thus, the main seed consumers were rodent, followed 
by invertebrates and finally seed-eating birds, the latter only 
being significant in habitats dominated by shrubs (Fig. 2). In fact, 
we observed rodent, but not bird, droppings in all experimental 
arenas. Furthermore, although our study did not focus on the 
seed consumer identity, we observed the exotic slugs Deroceras 
reticulatum (Limacidae) consuming Avena sativa seeds in 18 of 
the 29 experimental arenas. 

Figure 2. Avena sativa consumption rates (i.e. grams of dry biomass over 24 h) by invertebrates, rodents and granivorous birds, 
according to dominant vegetation type (i.e. trees, shrubs or grasses) in an agricultural ecosystem of southern Chile. Means are 
indicated ± 1SE. / Tasa de consumo de Avena sativa (i.e. gramos de biomasa seca en 24 h) por invertebrados, roedores y aves 
granívoras de acuerdo al tipo de vegetación dominante (i.e. árboles, arbustos y hierbas), en un ecosistema agrícola del sur de Chile. 
Las medias son indicadas ± 1ES. 
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DISCUSSION

Contrary to our expectations, rodents were the main seed 
predators in hedgerows during autumn, followed by slugs; 
seed eating birds were less significant. Similarly, there were no 
significant differences between habitat types. These results 
are similar to granivory patterns reported in North America, 
where rodents and ants are the main seed consumers (Kelt et al. 
2004). However, they differ from the findings of other studies 
on semi-arid ecosystems of northern Chile that identify seed-
eating birds as the dominant granivores. They also contrast with 
other reports from Andean highland ecosystems in the central 
zone of Chile and reports in scrubland environments in central 
and southern Argentina, where insects are the principal seed 
consumers (Folgarait & Sala 2002; Muñóz & Arroyo 2002; Kelt 
et al. 2004; Muñoz & Cavieres 2006). 

Seed consumption by seed eating birds was limited, in 
spite of the high abundance of granivorous and omnivorous 
birds present in the hedgerows (Silva-Rodríguez et al. 2008). 
We believe that the greater availability of seeds with more 
attractive characteristics than oats, altered bird consumption 
preferences and could account for the scarce bird predation 
observed (Westerman et al. 2003b; Warzecha & Parker 2014). 
In addition, because the hedgerows are frequently used by 
numerous predators, predation risk could induce granivorous 
birds to consume seeds at a distance from the linear habitat 
vegetation and not adjacent to it, where our experiments were 
installed (Cresswell et al. 2011).

Rodent presented greatest seed consumption, probably due 
to the hedgerow vegetation structure which generally attracts 
numerous granivorous rodents and provides abundant food and 
shelter (Carvalho de Castro & van den Berg 2013; Zuria & Gates 
2013). In southern Chile, the native olivaceous field mouse 
Abrothrix olivaceous and the long-tailed rice mouse Oligorizomys 
longicaudatus, together with the European rat Ratus ratus, are the 
most abundant rodents in hedgerows during the summer and 
early autumn, particularly those composed of the blackberry 
(Rubus ulmifolius), gramineae and other weeds (Barrera & Murúa 
2015). This vegetation structure provides greater foliage cover, 
leaf litter presence and gramineae abundance, factors which 
favor the presence of these rodents (Barrera & Murrúa 2015). In 
fact, the greatest consumption of seeds by rodents reported in 
this study occurred in those hedgerows that were structurally 
and physionomically similar to those described by Barrera & 
Murúa (2015). This suggests that the same microhabitat factors 
(i.e. coverage and food availability) accounted for greater 
rodent abundance and, consequently, greater seed removal 
in the hedgerows in our study area. In fact, the 77% of seeds 
consumed by rodents (23 g of a total of 30 g) reported in our 
study exceeds the 2 to 56% range reported in other similar 

studies (Holmes & Froud-Williams 2005; Worthy et al. 2006; 
Navontoft et al. 2009).

While the regulatory role of granivores is still controversial 
(e.g. Vaz Ferreira et al. 2011; Warzecha & Parker 2014), some 
evidence suggests that they reduce the number of annual seeds 
and limit the establishment and dispersal of weed seeds in 
agricultural systems (e.g. Cardina et al. 1996; Westerman et al. 
2003a; Navntoft et al. 2009; Vas Ferreira et al. 2011; Birthisel 
2013). In fact, seed losses over 50% are considered sufficient 
to reduce weed density (Westerman et al. 2003a; Booman et 
al. 2009; Navntoft et al. 2009). Although we did not evaluate 
the regulatory function of seed predators, rodent consumption 
of 77% of total available seed biomass indicates that rodents 
could limit weed expansion in hedgerows. Furthermore, if we 
consider that seed removal intensity depend on seed exposure 
time, the high consumption over brief periods reported in our 
study would suggest that cumulative seed consumption by 
rats or mice could be even greater (Muñoz & Arroyo 2002; 
Warzecha & Parker 2014). In addition, although no previous 
reports relating to Deroceras reticulatum granivory in Chile are 
available, this gastropod is a known seed predator in other parts 
of the world and probably acts synergistically with rodents. 
This suggest that both species potentially play an important 
regulatory role, restricting the establishment and number of 
seeds in the agricultural systems studied.

Further studies addressing the spatial-temporal dynamics of 
interactions between granivorous and weed seeds are required 
to confirm the potential controlling and regulatory function of 
rodents and exotic slugs on weeds in the hedgerows associated 
with agricultural systems in southern Chile.
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