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Abstract. The Flooding Pampas is the most important livestock region of Argentina, but is a region where replacement
of originally natural, perennial tussock grasses by pasture species is changing the heterogeneity of the grassland system.
We evaluated the response of grassland bird assemblages of the Flooding Pampas to planting of Lotus tenuis (Lotus)
pasture, which mainly modifies vegetation structure by reducing vertical heterogeneity. Species richness and abundance
of birds were compared between fields of Lotus pasture and semi-natural grasslands. Avian species richness and abundance
were both greater in semi-natural grassland than in Lotus pasture. When grouped by nesting habits (grassland specialists,
generalists), species richness and abundance of grassland specialists was greater in semi-natural grassland, whereas richness
and abundance of generalist species was greater in Lotus pasture. An indicator-species analysis showed that five grassland
birds were closely linked to semi-natural grassland vegetation, with two of those species – Hudson’s Canastero (Asthenes
hudsoni) and Bay-capped Wren-Spinetail (Spartonoica maluroides) – of conservation concern.1 In contrast, generalist
species, such as Southern Lapwings (Vanellus chilensis) and Burrowing Owls (Athene cunicularia), were associated with
Lotus pasture. Planting of Lotus pasture has negative effects on species that naturally occur in tussock grassland. Grassland
management methods, such as intercropping and rotational grazing, could help reconcile the effects of livestock production
and the conservation grassland bird conservation in the Flooding Pampas.
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Introduction

Worldwide, planting of pasture species in agricultural systems
causes loss and degradation of natural grassland systems, leading
to changes in communities of grasslandbirds (Vickery et al. 1999;
Robinson and Sutherland 2002; Askins et al. 2007; Azpiroz et al.
2012), and has become a major conservation concern (BirdLife
International 2012a, 2012b, 2012c; International Union for
Conservation of Nature 2014). In south-eastern South America,
species richness and abundance of grassland birds is lower in
modified pastures than in native grasslands (Isacch et al. 2005;
Azpiroz andBlake 2009).However, such decreases in abundance
are not uniform for all species, with species potentially respond-
ing differently depending on life history and their degree of
habitat specialisation (Robinson and Sutherland 2002; Murphy
2003).

Flooding Pampas is a natural grassland ecosystem and themost
important livestock region of Argentina (Soriano 1991). Pastoral

landscapes in the Flooding Pampas are also the most extensive
wildlife habitat in the intensive agricultural Pampas region and,
therefore, represent key habitats for biodiversity (Bilenca and
Miñarro 2004; Codesido et al. 2008, 2013). However, the natural
grasslands have been undergoing systematic change as a result of
fire and continuousgrazing, causing adecrease in theareaoccupied
by tall grasslands (0.5–1.5 m tall) and favouring the emergence
of short grasslands (less than 0.5 m tall) with a high percentage
of annual and exotic forbs (Sala et al. 1986; Soriano 1991). These
habitat changes have altered the availability of resources for
grassland birds, such as food, shelter and nesting sites, and in turn
influenced the species richness of the avian communities and
abundance of several species of bird (Comparatore et al. 1996;
IsacchandMartínez2001).For example, birds of tall grasslandsare
more frequently recorded in agricultural areas where semi-natural
grassland dominates (Isacch and Cardoni 2011; Cardoni et al.
2012) whereas habitat generalists, such as Southern Lapwings

1Although three species of conservation concern arementioned in theDiscussion,we do not include the third species (theBeardedTachuri,Polystictus pectoralis)
here because it is too rare to be detected by the indicator-species analysis.
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(Vanellus chilensis) andBurrowingOwls (Athenecunicularia), are
frequently recorded in heavily grazed fields (Isacch and Cardoni
2011; Cavalli et al. 2014).

In recent years, there hasbeen an increasing interest inplanting
of the legume Lotus tenuis (Lotus hereafter) in the Flooding
Pampas, as it provides high forage value for cattle (Rodríguez and
Jacobo2010).Lotus pastures havebeenplantedover semi-natural
grasslands, which are usually composed of perennial tussock
grasses.Before plantingofLotuspasture, landmanagers oftenuse
glyphosate herbicide to control weeds and other existing vege-
tation, which further alters grassland community structure by
reducing the heterogeneity of vegetation (Rodríguez and Jacobo
2010). Despite these changes to grassland habitats as a result
of planting of Lotus pastures, there have been no studies of the
responses of the avian grassland community to planting of
Lotus pasture. Such studies are warranted to assess the role of
Lotus pasture in shaping avian assemblages in the Flooding
Pampas.

The aim of this paper is to analyse avian responses to changes
in habitat heterogeneity resulting from the replacement of peren-
nial tussock grasseswith short Lotus pasture (Benton et al. 2003).
More specifically, we test the hypothesis that avian species
richness and abundance are lower in Lotus pastures than in
semi-natural grasslands. We also test the hypothesis that the
species richness and abundance of grassland specialist birds is
greater in semi-natural grasslands than in Lotus pastures, and the
species richness and abundance of generalist birds is greater in
Lotus pasture.

Materials and methods
Study area
Our study was conducted within the Flooding Pampas, a 90000-
km2 region of grassland in central-eastern Argentina (35�–38�S,
57�–63�W).Mean annual daily temperature is ~15�C, with warm
summers and cool winters (mean daily temperature 21.5–23.5�C
in January, and 7.5–9.5�C in July); mean annual rainfall ranges
from800 to 1000mm (Soriano 1991). Grasslands of the Flooding
Pampas have evolved under light grazing conditions, but were
heavily disturbed after the arrival ofEuropeans in the 16th century
with the introduction of domestic herbivores and, probably,
frequent fire (Sala et al. 1986). The original community was
characterised by a 60–80 cm tall grassland dominated by tussock
grasses – probably various species of the genera Nasella, Pipto-
chaetium, Bromus and Paspalum (patches of Paspalum quad-
rifarium-dominated grasslands can reach a height of 1–1.8 m).
Other herbaceous communities include prairies, marshes and
edaphic communities (Soriano 1991; Perelman et al. 2003).
Unlike other parts of the Pampas where agriculture has replaced
>75% of the native vegetation, >80% of the Flooding Pampas
remain as semi-natural grasslands (i.e., originally natural grass-
lands that were subjected to the above anthropogenic distur-
bances). However, in the last 10–20 years, increasing areas of
the tall grassland communities have been removed and replaced
by pastures (Herrera et al. 2009).

We conducted surveys on two experimental ranches: the IIB-
INTECH ranch (800 ha; 35�37020.8600S, 57�59040.2000W), and
the Experimental Manantiales ranch (680 ha; 35�44040.7800S,
58�03023.0200W).Both ranches are located inChascomúsCounty,

BuenosAires province,where cattle-breeding and farming are the
main activities and livestock is typically stocked at densities of
0.7–1 head of cattle ha–1.

Experimental design and surveys of birds

At each ranch, avian assemblages and habitat heterogeneity were
evaluated in twohabitats: (1)fields plantedwithLotuspasture and
on which glyphosate was applied (see Rodríguez and Jacobo
2010); and (2) fields of semi-natural grassland. Surveys were
conducted monthly from November 2011 to March 2012, cov-
ering the duration of the breeding season.

On each ranch we located 10 survey points in each of the two
habitats (i.e. a total of 20 points per habitat). Survey pointswere at
least 150mapart. Surveyswere conductedduring the3hours after
dawn (0615 hours–0915 hours) and the 3 hours before sunset
(1700 hours–2000 hours). We recorded all birds seen or heard
within a 50-m radius of the survey point within a 5-min period
(followingBibby et al. 2000),with the exception of individuals in
flight and not using the survey area (Codesido et al. 2011). We
conducted one survey at each site in each month (i.e. 40 surveys
per month, and a total of 200 surveys over the study period).
Surveys were conducted in the morning and in the evening, with
each habitat having half its points sampled during each time zone.
In addition, surveyswere conducted alternately to avoid the effect
of time zone. For example, if a point was surveyed in themorning
at one sampling, it was surveyed in the evening at the next
sampling.

We then determined avian species richness and abundance for
each surveypoint.Wealso classified each species of bird basedon
its nesting habitat into two groups (Codesido et al. 2012, 2013):
grassland specialists and generalists. Grassland specialists were
those species that breed exclusively in grasslands. Generalist
species were those that breed in more than one type of habitat,
which may include grasslands but also includes cropfields,
pastures, rural facilities or treed vegetation. We excluded from
wetland species from our analyses, because their breeding
depends on the presence of water (Codesido et al. 2012).

Vegetation structure

Each month, we also estimated vegetation structural parameters
(height and cover) within each 50-m radius survey point
(Matteucci and Colma 1982) after completing the count of birds
at each point. We classified vegetation height using a graduated
ruler in the following seven height strata: 0 (i.e., bare ground),
<10 cm tall, 10–24 cm, 25–49 cm, 50–74 cm, 75–99 cm and
�100 cm tall. Then, we estimated vegetation cover for each of
the height strata, considering the whole 50-m radius.

Data analysis

We calculated the Simpson diversity index to characterise the
heterogeneity of vertical coverage in both habitats and for
every month’s survey on a total of 20 survey points for each
habitat. We used the Simpson index formula:

D ¼ ðSS
i¼ 1niðni�1ÞÞ=NðN�1Þ

where S is the total number of strata per point (S = 7), ni is the
percentage of each coverage stratum and N = SSi = 1 ni.
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Avian species richness was expressed simply as the number
of species per point per month, whereas bird abundance was
estimated as the number of individuals per point.

We compared habitat heterogeneity, bird species richness
and abundance between habitats using a two-factor analysis of
variance (ANOVA) with repeated measures for one factor
(month) (Zar 1999) so as to consider the dependence among data
resulting from sampling birds at the same points each month.
When variables did not meet assumptions for parametric tests
they were transformed by applying a log10 transformation. We
performed a simple effects test when significant interactions
between habitats and month were detected (Zar 1999). The
software used for these analyses was Infostat (Di Rienzo et al.
2013).

To identify the characteristic species of each habitat, we
performed an indicator species analysis (ISA), which provides
values that range from 0 (non-indicative habitat species) to 100
(perfect habitat indicative species; Dufrêne and Legendre 1997).
Values for ISA were obtained for Lotus and grassland habitats.
A perfect habitat indication for a species meant that it had been
exclusively seen in one habitat and not in the other. Values of
ISA were analysed by a Monte Carlo test randomisation that
compared the calculated observation value with the same infor-
mation but randomly obtained for each habitat (n = 1000 permu-
tations). The ISA was performed with PC-Ord (McCune and
Mefford 1999). We used a probability of < 0.05 as criterion for
every analysis. We described the associations between indicator
species and vegetation height by means of a graphical represen-
tation in which we grouped vegetation heights into three cate-
gories: low (0–24 cm tall), medium (25–74 cm) and high
(�75 cm).

Results

Vertical heterogeneity of vegetation was higher in semi-natural
grassland than in Lotus pasture (two-factor ANOVA: Habitat
effect, F1,38 = 76.4, P < 0.0001). Grasslands had greater cover in
the range 50 – �100 cm tall and was characterised by the
dominance of Paspalum quadrifarium, Agropyrum elongatum
andFestuca arundinacea. These three tussock grasses were often
encountered with other less abundant grasses, such as Botrio-
chloa lagurioides and dicotyledons, such asCynara cardunculus
and Solanum malacoxylum. Lotus pasture had greater cover of
vegetation 10–50 cm tall and was characterised by dominance of

Lotus tenuis andwith Lolium spp. and forbs like Trifolium repens
present.

We recorded a total of 1460 individual birds of 39 species: 915
in grassland and 545 in Lotus pasture. Of the 39 species, 10 were
grassland specialists and 29 generalists (see Supplementary
material, available online only).

Both mean species richness and mean abundance of birds
were higher in semi-natural grassland than in Lotus pasture at
the beginning of the sampling period (November) and at the
end (March) (species richness (Fig. 1a): habitat� time interaction
two-factor ANOVA: F4,152 = 4.7, P < 0.05; simple effect
test: November, F1,180 = 35.4, P < 0.05, March, F1,180 = 8.2,
P < 0.05; bird abundance (Fig. 1b): habitat � time interaction
two-factor ANOVA: F4,152 = 3.4, P< 0.05; simple effect test:
November, F1,158 = 14.6, P< 0.05, March, F1,158 = 10.5,
P < 0.05).

When grouping species based on nesting habits, species
richness of grassland specialists was higher in grassland than
in Lotus pasture (two-factor ANOVA: F1,38 = 2.7, P< 0.05;
Fig. 2a). The abundance of grassland specialists was also
always higher in grassland than in Lotus pasture, even though
the magnitude of the difference among habitats varied according
to the sampling period (habitat � time interaction two-factor
ANOVA: F4,152 = 2.8, P < 0.05; simple effect test: November,
F1,147 = 52.4, P < 0.0001; December, F1,147 = 18.7, P < 0.0001;
January, F1,147 = 16.8, P < 0.0001; February, F1,147 = 24.4,
P < 0.0001; March, F1,147 = 44.4, P < 0.0001; Fig. 2b).

Species richness of generalist species was higher in Lotus
pasture than in grassland (two-factor ANOVA: F4,152 = 2.9,
P < 0.05), particularly during the middle of the sampling period
(simple effect test: January, F1,189 = 4.5, P < 0.05; February,
F1,189 = 6.9, P < 0.05; Fig. 2c). The abundance of generalist
species was also higher in Lotus pasture than in grassland
(two-factor ANOVA: F1,38 = 4, P < 0.05; Fig. 2d).

The ISA identified eight species associated with grasslands
and two species associated with Lotus pasture, with percentages
of indicator values ranging from 81 to 100 (P < 0.05; Fig. 3). The
two species associated with Lotus pasture were generalist
species, Southern Lapwing and Burrowing Owl, and were asso-
ciated with low andmedium-height vegetation strata (Fig. 3a–b).
Five of the species associated with grasslands were grassland
specialists – Hudson’s Canastero (Asthenes hudsoni), Bay-
capped Wren-Spinetail (Spartonoica maluroides), Brown-and-
yellowMarshbird (Pseudoleistes virescens), Great Pampa-Finch
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Fig. 1. Monthlymean (� s.e.) (a) species richness and (b) abundanceof birds in Lotus pasture (grey bars) and semi-natural grassland (black bars) in the Flooding
Pampas, Argentina. Asterisks indicate significant interactions of habitat � month (P < 0.05; two-way ANOVA with repeated-measures for month).
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(Embernagra platensis) and Grassland Yellow-Finch (Sicalis
luteola) – and three were generalist species – Rufous-collared
Sparrow (Zonotrichia capensis), Great Kiskadee (Pitangus sul-
phuratus) andWhite-browedBlackbird (Sturnella superciliaris).
Most of the grassland species were associated with medium-tall
and high vegetation strata (Fig. 3c–j).

Discussion

We found significant differences in the species richness and
abundance of birds between Lotus pasture and semi-natural
grasslands in the Flooding Pampas. Planting of Lotus pasture
modifies the vegetation structure by reducing overall vertical
heterogeneity compared to semi-natural grasslands. Moreover,
planting of Lotus pasture also alters the vertical distribution of
vegetation cover by increasing the cover of low 10–49 cm
herbaceous vegetation, and simultaneously reducing vegetation
cover �50 cm tall compared to grasslands.

Overall species richness and abundance of birds were higher
in semi-natural grassland than in Lotus pasture. This result is
consistent with changes resulting from habitat loss in grassland
avian assemblages described for both South and North America
(Brennan and Kuvlesky 2005; Azpiroz et al. 2012) and with
studies showing that most species of birds respond negatively
to replacement of natural vegetation with pasture, in North
America (Murphy 2003; Askins et al. 2007) and in the West
Inland Pampas (a region defined and mapped by Soriano 1991;
Isacch et al. 2005). The differences in the abundance and species
richness of birds between semi-natural grassland and Lotus
pasture were greater at the beginning (November) and at
the end (March) of the sampling period, reflecting differences

in nesting activity at these times, with nesting in early stages in
November and with increases in numbers with recruitment of
young to the local population at the end of the breeding season
(March).

Grassland specialists had greater species richness and abun-
dance in semi-natural grassland whereas generalists had greater
species richness and abundance in Lotus pasture. Three species
associated with grasslands appeared exclusively in grassland
habitat: Hudson’s Canastero, Bay-capped Wren-Spinetail and
Brown-and-yellow Marshbird. In addition, we observed repro-
ductive behaviour of these species in grassland (M. Agra and
M. Codesido, pers. obs.). It would appear that the reduction in
height and heterogeneity of vegetation and habitat have direct
implications on the species that strongly depend on tall tussock
grassland in which to nest, as reported elsewhere (Isacch and
Martínez 2001; Cardoni et al. 2012). In addition, three species
associated with grassland were generalist species that used grass-
lands to feed but not necessarily to nest (Rufous-collared Spar-
row, Great Kiskadee and White-browed Blackbird).

Lotus pasture is characterised by low vegetation, providing
suitable habitat for Southern Lapwings and Burrowing Owls,
which commonly use disturbed habitats with short vegetation
(Isacch and Cardoni 2011; Cavalli et al. 2014). These generalist
species nest on the ground and in holes, respectively, and take
advantage of the simplification in habitat heterogeneity that
Lotus pasture presents. Conversely, we did not observe active
nests or reproductive behaviour of grassland specialists in Lotus
pasture. Many grassland species not recorded from Lotus
pasture, such as the Bay-capped Wren-Spinetail and Great Pam-
pa-Finch, place their nests in tall grasses (Azpiroz et al. 2012;
Cardoni et al. 2012),whichalso suggests that nest-site availability
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Fig. 2. Monthly mean (� s.e.) species richness and abundance of: (a–b) grassland specialist birds; and (c–d) generalist species of birds in Lotus pasture
(grey bars) and semi-natural grassland (black bars) in the Flooding Pampas, Argentina. Asterisks indicate significant interactions of habitat�month (P < 0.05;
two-way ANOVA with repeated measures for month).
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plays an important role in determining bird communities in this
habitat type. This factor is thought to be key in shaping avian
assemblages in agricultural areas (Murphy 2003; Askins et al.
2007; Azpiroz and Blake 2009; Isacch and Cardoni 2011).

In summary, species richness and bird abundance is lower in
Lotus pasture than in semi-natural grassland. Further, species
richness and abundance of grassland specialists was greater in
semi-natural grassland, whereas that of generalist species was
greater in Lotus pasture. These differences, at least in part, are the
result of the major change to habitat from grassland to Lotus
pasture, which significantly alters the structure and heterogeneity
of the habitat (Isacch et al. 2005; Azpiroz and Blake 2009; Isacch
and Cardoni 2011). Other factors, such as the availability of
food, roosting sites and nesting material might also vary between
the semi-natural (grassland) and modified (Lotus pasture)
habitats.

Conservation implications

We recorded three grassland specialists categorised as Near
Threatened globally (International Union for Conservation of
Nature 2014) and asVulnerable inArgentina (AOP/SADS2008):
Hudson’s Canastero (BirdLife International 2012a), Bay-capped
Wren-Spinetail (BirdLife International 2012b) and Bearded

Tachuri (Polystictus pectoralis; Birdlife International 2012c).
The Flooding Pampas is an important agroecosystem and the
continued advance of agricultural systems in this and other parts
of the Pampas region is of conservation concern for the birds of
the region (Bilenca and Miñarro 2004; Codesido et al. 2013). In
addition to the loss of grassland habitat and its replacement with
pasture species, such as Lotus, the application of herbicides for
promotion of pasture growth also affects grassland seed-banks
and, consequent additional long-term changes in vegetation
structure (Rodríguez and Jacobo 2010). If intensified, this prac-
tice will lead to increased loss and fragmentation of grassland
habitats and reducing the populations and distributional ranges
of birds of the Pampas (Azpiroz et al. 2012).

To conserve Pampas birds in these agroecosystems, it is
necessary to combine conservation of grassland elements and
livestock management, particularly during the breeding season
(Temple et al. 1999). The introduction of Lotus pastures is an
effective way to increase livestock productivity and could be
continued sustainably by activities such as intercropping of
Lotus pasture and native grasses (Entio and Mujica 2011)
and sustainable grassland management (Jacobo et al. 2006;
Rodríguez and Jacobo 2010, 2012; Isacch and Cardoni 2011;
Bilenca et al. 2012). Such sympathetic livestock production,
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along with grassland conservation, is needed to sustain the
biodiversity of the Flooding Pampas.
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