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SUMMARY.—In the Pampa ecoregion of South America, the replacement of semi-natural ecosystems
by agroecosystems is a major cause of biodiversity decline. Agricultural intensification has led to the
almost total disappearance of pristine wetland vegetation and the decline of bird assemblages. Relicts
of saline wetlands and modified surrounding habitats were chosen to explore differences and similarities
in the assemblage structure of birds inhabiting the habitat spectrum from natural relicts to new
agricultural ecosystems, in central Argentina. The study area is in the Pampa region, in the sector known
as Flat Inland Pampa. Specifically, it is located in Marcos Juárez department, southeastern Córdoba
province, Argentina. We identified eight habitats with contrasting floristic compositions and structures
and three bird count surveys were conducted during an annual cycle: January-February, July-August, and
October 2013. Fixed-radius survey stations were established in each habitat. Sixty bird species, from 21
families, were recorded. The results in terms of species diversity and trophic guilds indicate that bird
species assemblages are associated differentially with different vegetation communities. The highest
values of bird richness and guild numbers were recorded in structurally complex natural vegetation
environments. The structurally simpler habitats modified by human activities were poorer in their bird
assemblages. We conclude that the promotion and conservation of the patchiness of the landscape of
natural saline wetlands (mixed grassland-shrubland) as the main physiognomies of the vegetation should
have high priority in future agendas for conserving the integrity and diversity of bird populations of the
remaining natural habitats in the Pampa ecoregion.
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INTRODUCTION

One third of the potentially exploitable
area worldwide has been converted to agri-
culture (Ormerod and Watkinson, 2000).
Conversion of natural landscapes to agroecosys-
tems and the consequent habitat simplifica-
tion and loss are the main negative effects of
agriculture on wildlife. Such habitat loss has
a direct effect on biodiversity (Lacher et al.,
1998), with birds being one of the most sen-
sitive groups to land-use changes (Schawb et
al., 2006). Agricultural intensification and
land-use changes have deeply modified the
complexity of bird habitats across all agri-
cultural systems worldwide (Cerezo et al.,
2011) and both factors are regarded as the ma-
jor causes of the declines of grassland bird
populations (Shutler et al., 2000; With et al.,
2008; Azpiroz and Blake, 2009; Cerezo et al.,
2011). Because land-use intensification is
widespread and can affect large areas, its in-

fluence on biodiversity is of great conserva-
tion and research interest.

At the global scale, several once common
grassland bird populations have rapidly de-
clined or undergone range-reduction, with all
the evidence indicating that these declines are
associated with intensified agricultural pro-
duction (Fuller et al., 1995; Shi et al., 1999;
Renfrew and Ribic, 2001; Vickery et al., 2001).
The natural vegetation of the Pampas was
originally a tall grass-steppe dominated by
grasses such as Stipa, Piptochaetium, Aristida,
Bromus and Poa, intermingled with prairies,
marshes and edaphic communities (Soriano et
al., 1991). At present, agricultural activity has
caused profound degradation and replacement
of the original environments and has increased
the fragmentation of wetlands and grasslands
(Quirós et al., 2002; Brandolin et al., 2013).
Degradation of natural habitats as a conse-
quence of expansion of the agricultural frontier
has led to the almost complete disappearance
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RESUMEN.—En la ecorregión Pampa de América del Sur, la sustitución de los ecosistemas
seminaturales por agroecosistemas es una de las principales causas de pérdida de biodiversidad. La
intensificación agrícola ha llevado a la casi total desaparición de la vegetación nativa de los humedales
salinos y al declive de los ensambles de aves asociados. Se eligieron relictos de humedales salinos y sus
hábitats circundantes modificados para explorar las diferencias y similitudes en la estructura de los
ensambles de aves que habitan desde hábitats naturales relictos a nuevos ecosistemas agrícolas, en el
centro de Argentina. El área de estudio está incluida en la región Pampa, en la parte conocida como
Pampa Interior Plana de América del Sur. Específicamente, el área se encuentra en el departamento
Marcos Juárez, al sudeste de la provincia de Córdoba, Argentina. Se identificaron ocho hábitats con
composiciones y estructuras florísticas muy contrastantes y se realizaron tres campañas de conteo de aves
durante un ciclo anual: enero-febrero, julio-agosto y octubre de 2013. En cada uno de los hábitats se
establecieron estaciones de conteo de aves de radio fijo. Se registraron 60 especies de aves en total
pertenecientes a 21 familias. Los resultados en términos de diversidad de especies y gremios tróficos
indican que las especies de los ensambles de aves se asocian diferencialmente con diferentes
comunidades de vegetación. Los valores más altos de los números de la riqueza y de los gremios de
aves fueron registrados en los ambientes naturales de vegetación estructuralmente complejos. Los
hábitats más modificados por actividades humanas (estructuralmente más simples) fueron más pobres
en sus ensambles de aves. Llegamos a la conclusión de que la promoción y conservación de los parches
de paisaje de los humedales salinos naturales (mezcla de pastizales y matorrales) como la fisonomía
principal de la vegetación debería tener una alta prioridad en las agendas futuras destinadas a la
conservación de la integridad y la diversidad de las poblaciones de aves de los pocos hábitats naturales
remanentes de la ecorregión Pampa.

Palabras clave: agroecosistemas, América del Sur, aves de pastizales, biodiversidad, ecorregión Pampa. 



of pristine grasslands and natural wetlands (De
la Fuente and Suárez, 2008; Brandolin et al.,
2013). In Argentina, for example, the cropland
area in the Pampa region increased by 45% be-
tween 1990 and 2006, mostly cultivated with
transgenic soybean (Vigglizzo et al., 2006;
Gavier-Pizarro et al., 2012). 

Relicts of natural vegetation of the Pampa
region remain only in refuges, embankments
and areas surrounding railroads, or in land-
scapes unsuitable for agriculture, such as saline
wetlands and areas that flood (Soriano et al.,
1991; Cantero et al., 2013). These relicts pro-
vide an opportunity to evaluate the effects of
diversity loss due to land use changes (Isacch
et al., 2003) and to contribute to the conserva-
tion of similar habitats that are threatened by
such transformations. Although the ecology
and conservation of some birds in South
America (e.g. in temperate grasslands) have re-
ceived special attention in the last decade
(Azpiroz and Blake, 2009; Cerezo et al., 2011;
Codesido et al., 2013), birds from Pampa saline
wetlands were not included in the design of re-
gional management and conservation strategies
(Di Giácomo and Krapovickas, 2005).

Assemblages of terrestrial birds are closely re-
lated to the structural and floristic characteristics
of the vegetation (Graham and Blake, 2001; Nau-
gle et al., 2001; Skowno and Bond, 2003; Wake-
ley et al., 2007; Di Giácomo and López de Case-
nave, 2010) and to landscape characteristics
(Isacch and Martínez, 2001; Polis et al., 2004;
Fharig et al., 2010). At the same time, increased
habitat complexity; defined as the horizontal,
vertical and qualitative variation of the physical
and biotic elements present, generates greater re-
sources for birds, thus allowing the persistence of
a greater number of species and guilds than in less
complex habitats (MacArthur and McArthur,
1961; Tews et al., 2004; Codesido et al., 2013).

Birds play a vital role in maintaining eco-
logical system stability and are a good indica-
tor of environmental change in wetland ecosys-
tems (Yuan et al, 2014). Birds are among the
most iconic of ecological assets and very sen-

sitive to changes of the surrounding habitat
(Devictor and Jiguet, 2007; Wu et al., 2011).
Although there is descriptive information on
some ecological aspects of the avifauna asso-
ciated with wetlands or temperate grasslands in
South America: relating to abundance, diver-
sity patterns, occupancy patterns, nesting and
conservation (Azpiroz and Blake, 2009;
Cozziani and Zalba, 2009; Cerezo et al., 2011),
habitat use and habitat selection are poorly
known (but see Di Giácomo and López de
Casenave, 2010; Codesido et al., 2012). In
general, at a local scale, the focus has been on
the impact of within-habitat factors on bird
populations (Soderstrom et al., 2001; Newton,
2004; Hendrickx et al., 2009), while, at a
broader scale, land-use variables and the struc-
ture and composition of landscape have been in-
vestigated theoretically (Wretenberg et al.,
2010; Cerezo et al., 2011; Hanspach et al.,
2011). Furthermore, there are no comparative
studies across the whole gradient of vegetational
structure, from natural environments (grass-
lands-shrublands) to agricultural crops. Here
our main objective is to fill this gap by identi-
fying differences and similarities in the assem-
blage structure of birds inhabiting relicts of
saline wetlands and environments transformed
by agriculture in the South American Pampa. 

We expected that (1) Bird richness and diver-
sity in habitats would be greatest at the lowest
levels of land-use intensity, i.e. higher in semi-
natural lands with native plant communities than
in croplands highly modified by agriculture; (2)
Natural vegetation systems greater in structural
heterogeneity –such as shrublands– should have
greater bird richness and diversity than grass-
lands; and (3) Bird assemblages in habitats
would vary with land use because the intensity
and type of land use affects habitat characteris-
tics. For this purpose, we surveyed for one year
the avifauna of the different plant communities
(habitats) in a landscape that represent the envi-
ronmental heterogeneity of the region, ranging
from pristine relicts of saline wetlands to highly
modified environments. We analysed species
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richness, diversity and trophic guilds, determined
indicator species and evaluated the effects of
landscape heterogeneity on bird assemblages in
each plant community.

MATERIAL AND METHODS

Study area

The study area is in Marcos Juárez depart-
ment, 12 km from the locality of Arias (33° 40’ S

/ 62° 31’ O), southeastern Córdoba province,
Argentina (fig. 1). The area is within the Pam-
pa region, specifically in the sector known as
Flat Inland Pampa (Soriano et al., 1991). The
climate is temperate, subhumid, with a mean
annual rainfall of 725 mm, presenting a so-
called monsoon distribution, since most rain-
fall is concentrated in spring-summer (Octo-
ber-April) and the winters are dry. The mean
annual temperature is 16ºC (Cantero and León,
1999). The study was conducted at “Las Dos
Hermanas” Farm (DHF), where livestock are
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FIG. 1.—Location of Dos Hermanas farm in central Argentina and southeast of Cordoba province.
[Ubicación de la Estancia Las Dos Hermanas en el centro de Argentina y sureste de la provincia de Córdoba.]



raised on grassland plots and organic agricul-
ture is conducted without use of fertilisers/bio-
cides, following a strict integrated plan for soil
and biodiversity conservation. DHF covers
approximately 4,100 ha and the entire area is
a Private Wildlife Reserve, with 1,005 ha de-
voted to the strict conservation of natural relicts
of saline wetlands with natural grasslands and
other natural vegetation systems (shrublands).
DHF is an ideal farm for studying bird assem-
blages since the history of use and management
are well documented and the diversity of agri-
cultural production allows us to reconstruct
the diversity of land uses in the Pampa region.

Landscape and vegetation 

The relief in DHF is slightly undulating and
associated with a depression, Las Tunas pond,
with plant communities of contrasting structure
and floristic composition closely associated
with variations in use, relief, groundwater level
and geochemistry (Cantero et al., 1996). We
identified eight habitats for birds within DHF
that represent a gradient in vegetation structure.
This gradient results from land-use changes in
the study region, from minimally used semi-
natural lands to intensively used agroecosys-
tems where natural vegetation has been re-
placed by permanent cultivation (Cantero and
León, 1999). The eight habitats were:

(1) Tall Nasella grassland (398 ha): tall,
closed grassland located at the highest topo-
graphical positions: levees and sandy plano-
convex hillocks. It has the greatest floristic di-
versity and structural complexity but is highly
variable depending on grazing pressure and
management history. The cover varies between
80-100% and vegetation is mainly composed
principally of Nassella spp. in the high stratum.
Eustachys retusa, Rhynchosia diversifolia,
Bromus brevis, Pfaffia gnaphalioides and
Berroa gnaphalioides are co-dominants in first
stratum, Jarava plumosa, Digitaria californi-
ca, Hordeum stenostachys and Panicum bergii

are found in the second stratum; and Nassella
tenuissima and Nassella trichotoma occur in
the third stratum. Some exotic weed species,
including Cynodon dactylon, Viola arvensis and
Carduus acanthoides, are present. The annual
stocking rate is moderate (0.20 cattle/ha).

(2) Tall Spartina grassland (259 ha): tall,
closed and homogenous grassland located in
the most depressed sectors, with surface run-
off of high salinity and is dominated by halo-
phytic grassland principally of Spartina densi-
flora. The aspect and cover of this dominant
species, with more than 90% of the cover-abun-
dance, provide the stands with their typical as-
pect. Distichlis spicata, Symphyotrichum squa-
matum, Eleocharis macrostachya and Sarco-
cornia ambigua have high coverage values
here. The annual stocking rate is low (0.10
cattle/ha).

(3) Tall Schoenoplectus grassland (109 ha):
tall grassland, found in basins and ponds with
superficial run-off as well as in areas with low
salinity fluxes that are permanently flooded by
the local groundwater. Schoenoplectus cali-
fornicus is the dominant species in the most
stands, sometimes sharing the dominance with
Baccharis juncea and Typha latifolia, which
generally form pure stands. The annual stocking
rate is low (0.10 cattle/ha).

(4) TallCyclolepis shrubland (113 ha): occurs
in very saline soils, on slopes of 0.2% and
dominated by a low, deciduous shrubland of
woody and succulent halophyte species. It has
a complex structure with 40-70% cover of Cy-
clolepis genistoides and Atriplex undulata.
This is closed shrubland up to 3 m high. Some
cacti, such as Cereus, Opuntia and Trichocereus,
may also be found within this community. Sar-
cocornia ambigua, with high coverage values
is usually a co-dominant species at the lower
stratum. Grazing by domestic herbivores is
excluded.

(5) Low Heterostachys shrubland (169 ha):
halophytic, sparse, short shrubland on highly
saline soils and spatially very closely associated
with the seasonally flooded margins of Las
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Tunas pond. There are two or three strata and
plant cover is distinctively sparse, dominated
by the highly salt tolerant halophytic shrub
Heterostachys ritteriana and isolated shrubs of
Atriplex undulata. Sarcocornia ambigua is also
present here with high coverage values. The
annual stocking rate is low (0.10 cattle/ha).

(6) ShortDistichlis grassland (31 ha): short,
closed or open grassland on slope below 0.2%
with medium to slow runoff. The vegetation is
characterised by low diversity and very simple
structure (1-2 strata). Distichlis spicata is the
dominant species, occurring in monospecific
stands or co-dominant with Sarcocornia am-
bigua, Sporobolus pyramidatus and Plantago
myosurus. The annual stocking rate is moderate
(0.20 cattle/ha).

(7) Short Bromus grassland (493 ha): a
short, closed grassland associated with plano-
convex slopes with sharp microrelief. It occu-
pies low hillsides, with slopes below 0.3%. The
vegetation includes some representatives of unit
1 (Nasellagrassland) and is mainly characterised
in cover and abundance by Bromus catharticus.
Cynodon dactylon, Ambrosia tenuifolia,
Setaria parviflora, Ammi majus, Hordeum
stenostachys, Conyza bonariensis, Senecio
pampeanus, Digitaria sanguinalis and Lolium
multiflorum are the most constant species. The
annual stocking rate is moderate (0.20 cattle/ha).

(8) Crops (Crops; 2311 ha): organic agri-
cultural and cultivated pastures in a large area
of slightly undulating relief and medium to low
slopes. The original vegetation has been re-
placed by cereal and legume monocultures at
the sites of highest relief and by perennial pas-
tures on the lowest plots.

Bird counts

Three bird counts were conducted during an
annual cycle in 2013: January-February (57
points counts), July-August (44 points counts),
and October (54 points counts). Sampling units
consisted of the eight habitats described above,
where fixed-radius survey stations were es-

tablished. This method involves moving to a
predetermined location and recording all the
birds identified within a fixed radius distance
during a given period (Bibby et al., 2000).
Based on previous sampling, we used a 100-m
radius as the distance within which birds were
identified and five-minute periods during
which the observer counted once each indi-
vidual bird detected by vision or sound. Birds
clearly outside the habitat in which the point
was located or that flew past the station and did
not use the sampling area were excluded.
Counts were made during the first four hours
after sunrise and the order in which the stations
were surveyed changed randomly. Sampling
was not performed under strong wind or rain
conditions (Ralph et al., 1995). The count
points were randomly distributed within each
habitat using a digital map (ArcMap 10.1) that
includes the type of vegetation within the farm
(Cantero et al., unpublished data,1991). Each
count points were separated by a minimum dis-
tance of 200 m and not less than 200 m from
an adjacent habitat or wire fence. Thus, two to
five stations per habitat were placed randomly
according to the shape and area of the habitat
patch. The distribution of sampling units per
habitat is indicated in table 2.

Data analysis

The species richness, mean relative abun-
dance, diversity (Shannon diversity index)
and evenness (Pielou’s evenness index) of
the bird assemblage in each habitat were cal-
culated. To calculate such measures we used
the total sample obtained from three counts.
Species were classified according to their mi-
gratory status (after Cueto et al., 2008) as: (1)
“Migrant from the Temperate-Tropical sys-
tem”, nesting in the study area and moving to
humid tropical latitudes to spend the austral
winter; and (2) “Migrants from the Cold-Tem-
perate system”, nesting in cold regions from
south and central Argentina and spending the
austral winter in the north of the country. We
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added category (3) “Nearctic Migrant”, species
that nest in the northern hemisphere and mi-
grate to the southern hemisphere in the austral
summer. Species that do not perform any mi-
gratory movements in the region were classed
as “residents”. Species were also classified
into four categories according to the main
habitat used (following Vickery et al., 1999):
obligate grassland species, facultative grass-
land species, aquatic species or forest species.

Rarefaction curves based on Monte Carlo
simulations were made to compare bird rich-
ness among habitats (Gotelli and Entsminger,
2006).This allows comparison of the number
of species expected per site, based on the
lowest number of individuals recorded among
the sites being compared. 

Species with only one individual recorded
were discarded from all statistical analyses.
The ecological characteristics of foraging lo-
cations (aquatic, grassland, upper canopy,
shrub layer and ground) and food type (in-
sects, other invertebrates, seeds, leaves and
generalist; see supplementary electronic ma-
terial, appendix 1) were subjected to a hierar-
chical cluster analysis using Jaccard´s simi-
larity index with arithmetic group averages.
The cluster of species similarities was de-
picted in a dendrogram to determine bird
guilds grouped by main food type and foraging
location, on the basis of relative similarity. We
used this guild classification to compare bird
assemblage structure among individual habi-
tats using the bird guild diversity (Shannon di-
versity index). 

To evaluate the association of specific bird
assemblages with habitats, we applied a non-
metric multi-dimensional scaling (MDS)
approach (McCune and Grace, 2002). The
contribution of each bird species in the two-
dimensional plot was determined by an
analysis of dissimilarity using the SIMPER
routine (Clarke and Gorley, 2001). To repre-
sent within-habitat variation in bird species
assemblages we analysed data using the
mean abundance of each bird species as the
response variable and the season (summer,

winter, spring) as the repeated measure for
each habitat type. We used P < 0.01 as the
level of significance. Plant species with only
one individual were discarded and mean
abundance values were relativised. We then
performed a one-way analysis of similarity
using the Bray-Curtis similarity index to
test the hypothesis that avian assemblages
differ between sites other than by chance
(ANOSIM; Clarke and Warwick, 1994). The
mean abundance data were used, after stan-
dardisation, and test significance was deter-
mined by comparison with values obtained
using a Monte Carlo randomisation proce-
dure. These statistical analyses were per-
formed using the PRIMER software package
(PRIMER software package; Clarke and
Gorley, 2001).

Indicator species analysis was used to de-
fine the bird species characteristic of each
habitat (Dufrene and Legendre, 1997; Gra-
ham and Blake, 2001). This method is based
on the specificity and degree of fidelity of a
species to a particular habitat and yields
values ranging from 0 (no indication) to 100
(perfect indication). Bird species with high
values are considered the best indicators for
a particular habitat because they are more
likely to be found in that habitat than other
species. To check whether a species is in-
dicative of more than one site, we repeated
the analysis removing the plant community
that was previously associated with a species.
Only species with indicator values that were
significant (p < 0.01; Monte Carlo test; 4999
permutations) and > 20% are reported. 

RESULTS

General assemblage

Sixty species belonging to 21 families were
recorded: five species belonging to the Cold-
Temperate migratory system (sharp-billed
canastero Asthenes pyrrholeuca, Austral
negrito Lessonia rufa, gray-bellied shrike-
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tyrant Agriornis micropterus, lesser shrike-
tyrant Agriornis murinus and white-banded
mockingbird Mimus triurus); five species be-
longing to the Tropical-Temperate system
(vermilion flycatcher Pyrocephalus rubinus,
bearded tachuri Polystictus pectoralis, tropi-
cal kingbird Tyrannus melancholicus, fork-
tailed flycatcher Tyrannus savana and white-
rumped swallow Tachycineta leucorrhoa);
and only one Nearctic migrant species (up-
land sandpiper Bartramia longicauda; see
Supplementary Electronic Aaterial, appendix
1). Assemblage species composition showed
that 56.6% of species were exclusive to grass-
land, with 16 being obligate and 18 faculta-
tive grassland species; 10 species were
aquatic and the remaining 16 were forest
species (see Supplementary Electronic Mate-
rial, Appendix 1).

Bird richness and abundance

The rarefaction analysis differentiated two
main groups of habitats with similar bird
species richness values (fig. 2). The lowest
values were recorded in Distichlis grassland,
Crops, Bromus grassland, Schoenoplectus
grassland and Spartina grassland; an inter-
mediate value was obtained in Nasella grass-
land; and the highest values were recorded
in Heterostachys shrubland and Cyclolepis
shrubland (table 1). Slopes of accumulation
curves of bird species achieve a slight stability
level in the cumulative number of individuals
for all habitats (fig. 2). Furthermore, the
highest cumulative richness values of all the
surveys corresponded to Cyclolepis shrub-
land (n = 30 species) and Nasella grassland
(n = 26), whereas the lowest ones corresponded
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TABLE 1

Summary metric calculated for each habitat at Dos Hermanas Farm. Surveys (n), mean abundance (A),
cumulative number of species (S), Shannon diversity index (H), evenness (E), guild diversity (GH), mean
expected (ME) number of species (rarefaction with 1000 permutations; minimum Heterostachys shrub-
land = 75; CI = 95% confidence intervals). 
[Resumen de los índices calculados para cada hábitat en la Estancia Las Dos Hermanas. Censos (n),
abundancia promedio (A), riqueza acumulada de especies (S), índice de diversidad de Shannon (H), equi-
tatividad (E), diversidad de gremios (GH), promedio esperado de especies (ME) (rarefacción con 1000
permutaciones; valor mínimo arbustal de Heterostachys = 75; IC = intervalo de confianza al 95%).]

Habitat n A S H E GH ME (CI)

Distichlis grassland 8 17.38 14 1.90 0.72 0.45 12.09 (10-14)
Crops 25 5.92 16 2.16 0.78 1.07 13.11 (11-15)

Bromus grassland 21 8.38 16 2.25 0.81 0.85 13.28 (11-15)
Schoenoplectus grassland 9 15.78 17 2.05 0.73 0.88 13.68 (11-16)

Spartina grassland 18 8.00 16 2.22 0.80 1.24 14.10 (12-16)
Nasella grassland 41 6.05 26 2.56 0.79 1.26 17.79 (14-21)

Heterostachys shrubland 10 7.50 19 2.36 0.80 1.09 19
Cyclolepis shrubland 23 12.04 30 2.84 0.84 1.17 21.19 (17-25)



to Distichlis grassland (n = 14) and Spartina
grassland, Crops and Bromus grassland 
(n = 16) (fig. 2).

Mean bird abundance reached maximum
values in Distichlis grassland and Schoeno-
plectus grassland and the minimum values
were obtained in Crops (table 1). The species
with highest mean abundance in all samples
was the great pampa-finch (see supplemen-
tary electronic material, appendix 1). The
highest diversity values were obtained in
Cyclolepis shrubland and Nasella grassland
(H = 2.84 and H = 2.56, respectively), with
the minimum value obtained in Distichlis

grassland (H = 1.9). Evenness was similar
and high in all eight sites (0.72 [Distichlis
grassland] ≤ E ≤ 0.84 [Cyclolepis shrubland])
(table 1).

Structure of trophic guilds

Cluster analysis revealed nine groups at a
distance of 0.65 (fig. 3). This cut-off level
identifies nine internally coherent groups and
separates groups of species with clearly
different ecologies. These groups differed in
terms of species-specific relationships with
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FIG. 2.—Rarefaction curves based on the number of individuals of bird assemblages in the eight habi-
tats of Dos Hermanas Farm. The value of total richness for each habitat and the minimum number
of individuals (Heterostachys shrubland) are indicated. 
[Curvas de rarefacción basadas en el número de individuos de los ensambles de aves en los ocho
hábitats de la Estancia Las Dos Hermanas. Se indica el valor de la riqueza total para cada hábitat
y el número mínimo de individuos registrados (arbustal de Heterostachys).]



foraging location and food type and grouped
species with similar ecological requirements.

The grassland-insectivore guild was com-
posed of five species while the grassland-car-
nivore guild includes only the short-eared
owl Asio flammeus and long-winged harrier
Circus buffoni. The bush-insectivore guild is
composed of two smaller groups differentiated
by foraging stratum (aerial vs. foliage) with
six and five species respectively. The ground-
granivore guild groups ten species. The
ground-insectivore guild, with 15 species, was
the most diverse. The guilds of terrestrial-
generalist species and aquatic-generalists
each comprise a single species, the Southern
caracara Caracara plancus and snowy egret
Egretta thula respectively. These latter species
are food type generalists but they differ in their
foraging sites, the Southern caracara being
mainly terrestrial and the snowy egret using
aquatic environments. The aquatic-herbivore
guild comprises two duck species that feed in
aquatic environments or on floodplains. 

The abundance of guilds by habitat high-
lights Nasella grassland with the greatest

guild abundance (n = 7), followed by the Cy-
clolepis shrubland (n = 6). Schoenoplectus
grassland, Spartina grassland, Distichlis
grassland and Crops had 5 guilds and Bromus
grassland and Heterostachys shrubland
showed lower guild diversity with only 4
guilds. Guild richness was similar across the
eight sites, but showed slight differences in di-
versity. The lowest values of guild diversity
were in Distichlis grassland, Bromus grass-
land and Schoenoplectus grassland (0.45, 0.85
and 0.88 respectively). The highest values
were for Nasella grassland, Spartina grass-
land and Cyclolepis shrubland (1.24, 1.26 and
1.17). Crops and Heterostachys shrubland
presented intermediate values (table 1).

Bird composition 

The MDS analysis indicated that habitats
were fitted to the first two ordination axes
according to differences in diversity and abun-
dance of bird species (Stress = 0.2). Tall envi-
ronments were differentiated from short ones
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FIG. 3.—Cluster of multidimensional use (foraging location and food type) among the species of Dos
Hermanas Farm. For species codes see Supplementary Electronic Material, Appendix 1. 
[Agrupamiento multidimensional de usos (sitio de forrajeo y tipo de alimentos) entre las especies de
la Estancia Las Dos Hermanas. Para los códigos de las especies véase el Apéndice 1 en el Material
Electrónico Suplementario.]



and crops. In turn, all grasslands were well
differentiated from sites with woody vegeta-
tion (Cyclolepis shrubland and Heterostachys
shrubland) (fig. 4). Crops were well differen-
tiated from all other habitats. The similarity
analysis revealed significant differences in
the compositions of bird assemblages be-
tween habitats (ANOSIM, Global R = 0.171,
P < 0.05). In paired comparisons, the greatest
differences occurred between Cyclolepis
shrubland, Distichlis grassland and Crops,
which were significantly different from the re-
maining sites (table 2). The tall grasslands, in
general, did not present significant differences
between them (Schoenoplectus grassland ≈
Spartina grassland ≈ Nasella grassland), but
differed from the remaining sites (except for
Schoenoplectus grassland ≈ Bromus grass-
land and Nasella grassland ≈ Heterostachys
shrubland). Bird species responded to changes
in the structural complexity of habitats;
species such as the Southern lapwing

Vanellus chilensis contributed to the high
percentage assemblages of Crops, Hete-
rostachys shrubland, Bromus grassland and
Distichlis grassland. The white-browed
blackbird Sturnella superciliaris also con-
tributed significantly to the Crops assembly.
The great pampa-finch Embernagra platen-
sis was important to the Bromus grassland,
Nasella grassland and Schoenoplectus
grassland assemblages; and the sedge wren
Cistothorus platensis contributed signifi-
cantly to the Nasella grassland, Schoeno-
plectus grassland and Spartina grassland
assemblages (table 3).

The indicator species analysis identified
11 species with significant indicator values
(p < 0.01 and IV > 20%) for six habitats. Five
species were indicators for Cyclolepis shrub-
land, three species for Distichlis grassland,
two species for Schoenoplectus grassland,
four for Heterostachys shrubland and one for
Nasella grassland and Spartina grassland.
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TABLE 2

Values of the significance levels of the ANOSIM analysis for bird assemblages among eight habitats at
Dos Hermanas Farm. P < 0.05 are highlighted. 
[Valores del nivel de significación del análisis ANOSIM para los ensambles de aves entre los ocho
hábitats de la Estancia Las Dos Hermanas. Se indican los P < 0,05.]

Schoenoplectus grassland 0.647 0.954 0.001 0.004 0.001 0.727 0.001
Spartina grassland 0.572 0.001 0.004 0.001 0.002 0.1
Nasella grassland 0.001 0.022 0.001 0.003 0.001
Cyclolepis shrubland 0.001 0.001 0.001 0.014
Distichlis grassland 0.445 0.727 0.055
Crops 0.05 0.069
Bromus grassland 0.265
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TABLE 3

Contribution of species to the average Bray–Curtis similarity between groups of samples (SIMPER analy-
sis) at Dos Hermanas Farm. The average similarity for each habitat type is given in parentheses. 
[Contribución de las especies al promedio de similitud de Bray-Curtis entre los grupos de muestras (aná-
lisis SIMPER) en la Estancia Las Dos Hermanas. Se indica entre paréntesis el promedio de similitud
para cada tipo de hábitat.]

% contribution Cumulative 
% contribution

Crops (27.92)
Vanellus chilensis 40.35 40.35

Sturnella superciliaris 35.23 75.58
Colaptes campestris 12.8 88.38
Milvago chimango 7.83 96.21

Heterostachys shrubland (29.62)
Vanellus chilensis 41.37 41.37

Zonotrichia capensis 29.84 71.21
Embernagra platensis 18.76 89.97

Anumbius annumbi 6.62 96.59
Bromus grassland (19.31)

Vanellus chilensis 48.45 48.45
Embernagra platensis 30.31 78.77

Anthus furcatus 7,91 86.68
Sicalis luteola 5.92 92.6

Distichlis grassland (5.22)
Vanellus chilensis 83.33 83.33

Sicalis luteola 16.67 100
Nasella grassland (48.98)

Cistothorus platensis 32.55 32.55
Embernagra platensis 19.43 51.98

Milvago chimango 12.47 64.45
Sicalis luteola 11.15 75.6

Nothura maculosa 10.24 85.84
Circus buffoni 3.76 89.61

Zonotrichia capensis 2.85 92.46
Schoenoplectus grassland (25.09)

Sicalis luteola 34.51 34.51
Embernagra platensis 30.19 64.7
Cistothorus platensis 27.17 91.87

Spartina grassland (42.02)
Cistothorus platensis 61.89 61.89

Agelasticus thilius 13.02 74.92
Embernagra platensis 11.89 86.81

Sicalis luteola 3.61 90.42
Cyclolepis shrubland (40.27)

Zonotrichia capensis 21.66 21.66
Sicalis luteola 20.88 42.54

Zenaida auriculata 13.75 56.29
Patagioenas picazuro 10.95 67.24
Embernagra platensis 9.22 76.46

Mimus saturninus 6.58 83.04
Phacellodomus striaticollis 4.65 87.69

Cistothorus platensis 4.45 92.15
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Four species were indicators for more than
one habitat: the sedge wren Cistothorus
platensiswas an indicator of all tall grasslands
(Schoenoplectus grassland, Spartina grass-
land and Nasella grassland), the sharp-billed
canastero Asthenes pyrrholeuca and rufous-
collared sparrow Zonotrichia capensis were
indicators of the shrublands (Cyclolepis
shrubland and Heterostachys shrubland) and
the Southern lapwing Vanellus chilensis was
an indicator of sites with open spaces and
low vegetation (Distichlis grassland and
Heterostachys shrubland) (table 4).

DISCUSSION

This study comprises the first analysis of
relationships between the structure of bird as-
semblages and the structure of habitats in a
highly heterogeneous region of Inland Pam-
pa of South America, from relicts of natural
halophilous shrublands and grasslands to agri-
cultural systems. Since most original habitat
in the Inland Pampa has been modified, our
study had limited opportunity for replication,
and the particular characteristics of the sites
or newly modified ecosystems may have in-
fluenced our results in ways unconnected to
the regional context. Although we cannot sep-
arate the effects of habitat and land use in the
differences observed in bird assemblages, our
findings are consistent with theoretical pre-
dictions that bird richness and diversity are
higher in semi-natural lands with native plant
communities than in areas highly modified by
agriculture.

Our study shows a strong positive rela-
tionship between habitat structure and that of
bird assemblages. The greatest diversity of
birds and trophic guilds were related to most
structurally complex habitat and structurally
simple habitats were poorest in their bird as-
semblages. As shown in our results, bird as-
semblages are most similar in sites with sim-
ilar physiognomic structures. In turn, some
particular species had very marked affinities
with respect to particular habitat types, indi-
cating that certain local conditions of a site
play an important role in determining the
presence of individual species. For example,
the sedge wren is almost exclusively found in
grassland habitat, the sharp-billed canastero in
shrublands and the Southern lapwing in low
open habitat. These findings agree with the
hypothesis that birds recognise different
physiognomic vegetation types as unique
habitats (Keith et al., 1997; Mazerolle and
Villard, 1999), which can determine the
composition of bird assemblages (Filloy et
al., 2010; Cerezo et al., 2011) and the trophic
guilds present. 

FIG. 4.—Ordination (NMS) based on the mean
abundance of each bird species at Dos Hermanas
Farm. Polygons group repeated measures in every
season for each habitat. DisG: Distichlis grassland;
BromG: Bromus grassland; SchG: Schoenoplectus
grassland; SpG: Spartina grassland; NaG: Nasella
grassland; HetS: Heterostachys shrubland; CycS:
Cyclolepis shrubland. 
[Ordenación (NMS) basada en el promedio de
abundancia de cada especie de ave de la Estancia
Las Dos Hermanas. Los polígonos agrupan medi-
das repetidas en cada estación para cada hábitat.
DisG: pastizal de Distichlis; BromG: pastizal de
Bromus; SchG: pastizal de Schoenoplectus; SpG:
pastizal de Spartina; NaG: pastizal de Nasella;
HetS: arbustal de Heterostachys; CycS: arbustal
de Cyclolepis.]



The Pampa landscape has undergone al-
most total transformation due to intensive
agriculture and human settlement (Soriano et
al., 1991). It is thus important and a priority
to collect ecological data from the few re-
maining relict habitats of this threatened
region. The relationships between birds and
vegetational structure have been intensely de-
bated in recent years (Graham and Blake, 2001;
Naugle et al., 2001; Skowno and Bond, 2003;
Wakeley et al., 2007; Di Giácomo and López
de Casenave, 2010). Previous work on the Pam-
pa avifauna (e.g. Isacch et al., 2003; Filloy and
Bellocq, 2007; Cerezo et al., 2011; Di Giáco-
mo and López de Casenave, 2010) did not in-
clude relict environments in pristine condition. 

To our knowledge, this is the first sys-
tematic study of birds that includes relicts of
saline wetlands in an excellent state of con-
servation within the Inland Pampa region. Di
Giácomo and López de Casenave (2010)
studied birds near DHF, in an area with high-
ly human-disturbed environments and ho-
mogenisation of vegetation due to agricultural
activities, and recorded lower species-rich-
ness (41) than in the present work. Codesido
et al. (2008) also analysed bird assemblages
of the Inland Pampa region but recorded lower
species richness (43 in summer and 30 in
winter) than in the present work. The lower
species-richness recorded by these studies
could reflect that they considered crops and
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TABLE 4

Bird species observed at Dos Hermanas Farm with significant indicator values.
[Resumen de las especies de aves observadas en la Estancia Las Dos Hermanas con un valor indica-
dor significativo.]

Species Species Indicator P Indicated habitat
code value

Patagioenas picazuro PATPIC 31.7 0.0004 Cyclolepis shrubland
Asthenes pyrrholeuca ASTPYR 22.9 0.0042 Cyclolepis shrubland

20 0.0154 Heterostachys shrubland
Zonotrichia capensis ZONCAP 25.9 0.0042 Cyclolepis shrubland

31.2 0.0012 Heterostachys shrubland
Zenaida auriculata ZENAUR 38.5 0.001 Cyclolepis shrubland
Phacellodomus striaticollis PHASTR 20.3 0.009 Cyclolepis shrubland
Embernagra platensis EMBPLA 40.9 0.0006 Schoenoplectus grassland
Cistothorus platensis CISPLA 29.4 0.001 Schoenoplectus grassland

32 0.0024 Spartina grassland
24.9 0.0132 Nasella grassland

Bubulcus ibis BUBIBI 24.7 0.0018 Distichlis grassland
Anthus hellmayri ANTHEL 25.6 0.0036 Distichlis grassland
Vanellus chilensis VANCHI 24.6 0.006 Distichlis grassland

32.9 0.0014 Heterostachys shrubland
Lessonia rufa LESRUF 20 0.0072 Heterostachys shrubland



edges of pastures, but not natural relicts, and
because the agricultural systems involved
were non-organic, unlike DHF. This difference
suggests a greater richness/area relationship
between Pampa grasslands in good condition,
such as those at DHF, than in modified ones,
which can be explained by the greater struc-
tural complexity of natural vegetation. The re-
licts of natural grasslands in the Pampa
probably have an island-like effect within the
surrounding agricultural matrix, being se-
lected by birds in preference to completely
agricultural environments lacking suitable
habitats (e.g. Carrascal and Tellería, 1988).

The component plant communities, which
are closely associated with the structure of the
landscape, reveal a highly patchy spatial pattern,
with low alpha and high beta plant diversity
(Whittaker et al., 2001). The Pampa grasslands,
although floristically poor compared with other
ecoregions (Bilenca and Miñaro, 2004), are
heterogeneous and structurally complex. The
spatial coexistence of contrasting physiog-
nomies of vegetation (e.g. grassland-shrub-
land), either from natural biotic and abiotic
conditions or as a result of human-associated
activities such as grazing, generates high values
in the total diversity of the landscape and has a
positive effect on the diversity of bird assem-
blages in the Inland Pampa region. 

In general, natural and slightly modified
habitats in the Pampa are more frequently
used by birds than highly modified habitats
(Codesido et al., 2008; Filloy et al., 2010;
Isacch and Cardoni, 2011; Agra et al., 2015;
Azpiroz and Blake, 2016). On the other hand,
landscape disturbances that increase struc-
tural complexity and plant diversity promote
greater bird species richness (Isacch et al.,
2003). For example, Weyland et al. (2014)
recognised that the natural process of shrub
encroachment in the Rolling Pampa region
may be one of the important factors in deter-
mining the distribution of bird species. In this
work, we found an association between the
values of bird diversity and changes in the

vegetation. These changes may be related to
natural ecological processes, such as the shrub
encroachment into grassland or to human ac-
tivities like grazing or replacement of vege-
tation by crops.

Similarly to what happens at the interspe-
cific level, this study shows that the diversity
of trophic guilds declines with the simplifi-
cation of habitat structure. Structure of vege-
tation can influence the supply of resources
and might be related to variation in guild
composition. We find that trophic guilds show
similar variation in diversity between habitats
than species richness, the most common mea-
sure of biodiversity used by scientists, con-
servationists and policy makers (Flynn et al.,
2009). This enlightens the usefulness of
trophic guilds to provide an integrated and
concise framework for linking responses of
bird assemblages to environmental changes
(Petchey et al., 2007; Dray and Legendre,
2008) mainly in disturbed man-managed
ecosystems (Azeria et al., 2011). These
changes in ecological community structure re-
sult in a decrease in functional diversity that
is always associated with consequences for
ecosystem function (Luck et al., 2013).

The study of the relationship between the
distribution of organisms and landscape struc-
ture is a fundamental issue in community
ecology; having sufficient knowledge of this
subject is the basis for generating appropriate
proposals for the conservation of diversity
(Cody, 1985; Petit et al., 1995; Margules and
Pressey, 2000; Cueto et al., 2006). The con-
servation of bird populations depends on habi-
tat protection at an appropriate scale to the
group or species that are the target of conser-
vation (Petit et al., 1995). Management efforts
focused on restoring ecological functions and
natural vegetation structure would ensure the
presence of birds in these environments
(Fletcher and Koford, 2002) and, conversely,
landscape alterations that simplify the com-
plexity of environments or drastically modi-
fy the original physiognomy of the grasslands
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would negatively affect bird assemblages.
In environments such as those in DHF it is
essential to maintain and promote landscape
heterogeneity, preserving the original grass-
land-shrubland features of the region to
conserve the integrity and diversity of bird
populations.

The Dos Hermanas Farm, especially its
strict conservation area, is considered one of
the last relicts of the original environments of
Inland Pampa that remains in excellent con-
dition. Therefore, it is essential that conser-
vation policy makers, at both local and re-
gional scales, assess the potential importance
and compatibility of certain land uses with the
conservation of biodiversity (Petit et al.,
1995). Contamination by fertilisers, pesti-
cides and animal residues, as well as the loss
of biodiversity, are regarded as the main en-
vironmental problems associated with agri-
cultural activity (Oesterheld, 2008). In addi-
tion, in view of the growing trend of
agricultural expansion into natural environ-
ments in Argentina and worldwide, there is an
urgent need for change. Organic land use, or
other measures that ensure environmental sus-
tainability, would offer promising alternative
scenarios for long-term stability between
economy and bird populations (Petit et al.,
1995). In turn, the generation of knowledge
about the functioning of natural environments
in relict sites, especially in the Pampa region,
is essential for establishing a baseline for fu-
ture research and evaluation of management
practices. Our results are a starting point for
understanding the direct influence of land
changes on richness and diversity of bird in this
region of southern South America. We gained
an insight into the consequences of vegetation
replacement on the structure of bird assem-
blages and its meaning in terms of loss of
regional biodiversity. The advance of the
agricultural frontier is a global threat to
grasslands. Our study provides information
with a scientific basis and suggests priori-
ties useful to guiding management of other
grassland ecosystems.
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