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A B S T R A C T

Structural variations result in a marked heterogeneity of processes in arid environments.
Disturbances have noticeable impacts on ecosystems, and a solid way of assessing their
effect is to analyze how ecological processes operate. In deserts, granivory has been con-

sidered as a keystone process. The objective of our study was to determine the effect of
domestic grazing on seed removal rates by birds, ants and rodents as an indirect measure
of the process of granivory. This study was carried out in grazed and ungrazed habitats in

the central Monte desert ecoregion in Argentina, during February and July 2002. We ana-
lyzed three major habitats: mesquite forest, creosotebush shrubland, and sand dunes un-
der two different treatments (grazed, ungrazed). We found significant effects of grazing

and non-grazing treatments on total seed removal rates, among granivorous taxa, as well
as interactions with season and habitats. Ants and birds were the taxa that differed most
under grazing pressure whereas seed removal by rodents showed no significant responses
towards grazing. In conclusion, grazing affects plant structure and the assemblage of

granivorous taxa, which in turn translates to the granivory process, adding another source
of variation to the seed removal patterns reported for the temperate Monte desert.

© 2006 Elsevier SAS. All rights reserved.

Seeds are an important and stable food resource in arid
ecosystems (Parmenter et al., 1984; Kerley, 1991). The inter-
acting process between plants and animals that feed on
seeds has been described under the name of granivory
(Hulme and Benkman, 2002). Seed removal rate has been
used as an indirect way to measure and compare the inten-
sity of granivory by different granivorous taxa in desert areas
of the world (Mares and Rosenzweig 1978; Morton, 1985; Ker-
ley, 1991; Vásquez et al., 1995; López de Casenave et al., 1998).
Numerous studies have evaluated seed removal by ants,
birds and rodents as a surrogate of granivory, based on their
importance in desert ecosystem dynamics and as a measur-

able attribute indicative of desert convergence (Mares and
Rosenzweig, 1978; Brown and Ojeda, 1987; Kelt et al., 1996).
Recent studies have shown higher rates of seed removal for
some of the South American aridland biomes, and in certain
plant communities of the temperate Monte Desert (Kelt et
al., 2004; Sassi et al., 2004). Differential patterns of granivory
in North American deserts were suggested as being the re-
sult of vegetation changes due to the desertification process
occurred over the past 150 years (Wada et al., 1995; Kerley
and Whitford, 2000). Since grazing pressures affect vegeta-
tion structure and composition, granivory is an interesting
process to assess the effect of grazing by domestic herbivores
on ecosystem functioning. The objective of our study was to
test for the effect of cattle grazing on seed removal rates, as
an indirect measure of disturbance on a keystone process in
arid lands (Brown and Heske 1990).
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This study was carried out in the Man and Biosphere
(MaB) Reserve of Ñacuñán (34°0.2′S, 67°58′W), and adjacent
rangelands of the Monte Desert biome, Mendoza province,
Argentina. The region is a heterogeneous mosaic of plant
communities with a mean annual rainfall of 326 mm, and
mean temperatures of approximately 10 °C and 22 °C in win-
ter and summer, respectively (Roig, 1971; Ojeda et al., 1998).
We analyzed seed removal rates by birds, ants, and rodents
in the three most conspicuous vegetation patches of the
Monte Desert: mesquite forest, characterized by Prosopis flex-
uosa; creosotebush shrublands, dominated by Larrea divarica-
ta; and sand dunes, with shrubs, herbs and scattered trees.
These vegetation patches occur in both “treatments”: grazed
lands and the Reserve. Cattle have been excluded from the
Reserve for 40 years.

The sampling design followed Giannoni et al. (2001), Tar-
aborelli et al. (2003) and Sassi et al. (2004). Samples were ta-
ken in February and July 2002 (humid and dry season, respec-
tively). At each community we established two experimental
treatments: grazed by cattle (outside the Reserve) vs. un-
grazed (inside the Reserve). On every site we placed three
seed trays every 10 m, along two 100-m transects 500 m
apart, i.e. 30 seed trays per transect and 60 seed trays per
site. Within each set of three trays, one was accessible to
birds and rodents (Tray 1), another one only to ants (Tray 2),
and the third tray could be accessed by murid rodents only
(Tray 3). Trays consisted of plastic dishes 15 cm in diameter
and 3 cm deep, filled with 50 g of commercial sunflower (He-
lianthus annuus) and millet (Panicum miliaceum) seeds. Tray 1
was placed, unprotected, with edges 3 cm above the ground
surface to prevent access by ants. Tray 2 was half buried (i.e.
with edges at ground level) so as to allow access by ants, and
protected with a wire screen (4 0 × 4 0 × 7 cm3) to prevent ac-
cess by birds and rodents. Tray 3 was placed 3 cm above the
ground surface, protected with a wire screen (4 0 × 4 0 ×
7 cm3), with two 5-cm openings on each of the four sides
that allowed only murid rodents to enter. Sampling was con-
ducted simultaneously in the Reserve and the grazed field
over a 48-hour period, after which the remaining seeds were
retrieved in labeled bags. In the lab they were weighed to es-
timate removal by birds, rodents and ants. We performed a
multivariate analysis of variance (MANOVA) to test for effects
of season (humid/dry), community (mesquite/creosote/sand),
and treatment (grazed/ungrazed) on granivory patterns, with
removal rates by rodents, ants, and birds as dependent vari-
ables. In addition, we performed an analysis of variance (AN-
OVA) with total seed removal rate as dependent variable. In
order to meet assumptions of parametric analysis, data were
log-transformed. We used Statistica Software Inc. 6.0 (1997).

We found significant effects for all main factors using
each taxon’s seed removal rate as dependent variables (Ta-
ble 1). We used total seed removal rate as dependent vari-
able, in order to determine taxonomic differences among
seed removal rates as well as interactions between groups
of granivores and environmental factors (season, habitat
and treatment). Seed removal rate was higher in the humid
season (Mean = 2.61 g/48 h; standard error = 0.148) than in
the dry season (M = 1.93 g/48 h; S.E. = 0.149), although these
differences were not significant. Seed removal rates for each
habitat were: creosotebush: M = 2.70 g/48 h, S.E. = 0.185; sand

dunes: M = 2.49 g/48 h, S.E. = 0.182; and mesquite forest:
M = 1.63 g/48 h, S.E. = 0.18; the latter was significantly differ-
ent from the others. Seed removal rates were higher in the
grazed field (M = 2.41 g/48 h; S.E. = 0.15) than in the Reserve
(M = 2.14 g/48 h; S.E. = 0.148).

Comparison of granivory patterns between grazed and
ungrazed treatments in each habitat are shown in Fig. 1. In
creosotebush shrublands and sand dune habitats rankings
differed between grazed and ungrazed conditions, whereas
the mesquite forest showed the same pattern for both treat-
ments. Ants and birds were the taxa that differed most under
grazing pressure whereas seed removal by rodents showed
no significant responses towards grazing. Seed removal by
ants was greater in creosotebush shrublands, while in the
mesquite forest seed removal by ants and birds was higher
in the grazed field than in the Reserve. Seed removal by ro-
dents showed no significant changes under grazing pressure
in different habitats. We found a remarkable similarity in
seed removal by different taxa between mesquite forest and
previous research performed at the Reserve (ungrazed treat-
ment; Sassi et al., 2004).

In analyzing interactions, the effect of each source of var-
iation behaved in particular ways. The effect of season was
evident when considering taxa individually: each one re-
sponded differently to the marked seasonality (temperature,
trophic resources availability, population density, etc.). Ants
seem to respond to temperature, substrate differences, and
plant cover, which are in turn affected by cattle (Waser and
Price, 1981; Valone and Kelt, 1999; Folgarait and Sala, 2002).
Bird and mammal responses seem to be related to predation
risk, nutritional requirements, body size and dispersal capa-
city.

The different sources of variation in seed removal studies,
coupled with spatial and temporal variation in desert ecosys-
tems, pose serious methodological problems when looking
for patterns of granivory in non-controled experiments ver-
sus those of Brown and colleagues (Heske et al., 1993; Hopf
et al., 1993; Brown et al., 2001). Rates of seed removal in de-
sert ecosystems vary among taxa, seed type, and temporal
(seasons) and spatial scales (from microhabitats to ecosys-
tems) (Vásquez et al., 1995; López de Casenave et al., 1998;
Kerley and Whitford, 2000; Folgarait and Sala, 2002; Saba
and Toyos, 2003; Taraborelli et al., 2003; Kelt et al., 2004; Sassi
et al., 2004). Cattle grazing practices affect plant composition
as well as diversity of bird and mammal assemblages in most
Monte Desert habitats (Tabeni and Ojeda, 2005; Gonnet, 2001;
Ojeda, unpublished data; Sassi et al., submitted). As graniv-
ory is an interacting ecological process between plants and
animals, we suggest that differential patterns in seed re-
moval dynamics are the result of changes in the structure
and composition of plant and granivorous assemblages. Our
results show how a single disturbance factor (e.g. grazing)
may produce contrasting responses in different components
(i.e. patches of habitats) of the desert ecosystem. In conclu-
sion, grazing pressure by domestic herbivores not only af-
fects the process of granivory (e.g. rates of seed removal),
but also adds another source of heterogeneity to the pre-
viously reported dynamics of granivory for the temperate
Monte Desert.
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