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Abstract
Fire is responsible for the structure and composition of the biological communities in 
grasslands, despite this, few studies evaluate the effects of fire on bird communities, espe-
cially in the southern cone of South America. We compared the structure and composi-
tion of vegetation, bird communities, density of nests and predation rates between burnt 
and unburnt areas in grassland habitats in the Argentine Pampas during two reproductive 
seasons following a fire. The abundance, richness and diversity of birds were lower in the 
burnt areas and followed a pattern of interannual recovery associated with the increase in 
vegetation cover. The density of nests and the number of nesting species was higher in the 
controls only during the first season. The risk of predation of artificial nests in burnt areas 
was greater 1 year after the fire in respect to the controls, this difference decreased over 
time in inverse relationship with the percentage of plant cover surrounding the nests. Our 
results highlight the importance of a good vegetation structure and cover to support abun-
dant and species-rich bird communities, as well as high values of nest density and repro-
ductive success, and the ability of vegetation and bird communities to recover after the fire. 
However, this successional and temporary loss of habitats of high nesting value should be 
analyzed on a larger scale in order to consider the effect of the total reduction, and the frag-
mentation of the grasslands in a good state of conservation, on the population dynamics of 
grassland birds.

Keywords Fire · Grasslands · Grassland birds · Predation · Reproductive success

Introduction

Fire is a central factor in the dynamics of different biomes around the world, to the point 
that several of them owe their distribution and ecological properties to the fire regime 
(Bond et al. 2004). Fire plays a crucial role in the dynamics of savannas, Mediterranean 
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shrublands and boreal forests ecosystems (Meinrat and Goldammer 1992; Bowman and 
Murphy 2010; Pennington and Hughes 2014), being one of the factors responsible for the 
structure and composition of biological communities, particularly in grasslands (Blair et al. 
2014).

Grasslands cover ca. one-third of the Earths vegetation cover and provide an important 
variety of ecosystem goods and services (Costanza et al. 1997; Zavaleta et al. 2010). Fire is 
a factor associated in a particularly strong way with grasslands, with roughly 80% of global 
fire taking place in these systems each year (Leys et  al. 2018). Changes in fire regimes, 
active fire suppression policies and grazing modify the vegetation cover of grasslands and 
shrubs around the world (Eldridge et al. 2011; Ratajczak et al. 2014). A decrease in the 
frequency and the intensity of the fires with respect to their historical pattern is associated 
with increases in the cover of woody species and with the transformation of pastures in 
scrub and forest ecosystems (Ratajczak et  al. 2014). Invasive plant species in particular 
often alter fire regimes, increasing their frequency, extent and intensity. Their rapid post-
fire growth also results in positive feedback mechanisms that further increase the frequency 
of fires (D´ Antonio and Vitousek 1992; Williams and Zdravko 2000; Bowman and Mur-
phy 2010). Over time this cycle can convert diverse ecosystems into environments domi-
nated by a few exotic species and can result in key structural changes. While the effects of 
fire on the dynamics of vegetation have been widely studied, however there is less knowl-
edge about the relationship between the fires and the wildlife (Fuhlendorf et al. 2006; Ben-
dell 2012; Pausas and Parr 2018).

Diverse studies describe the reorganization of wildlife communities after a fire, which 
depends on the particular response of each species (Lyon et al. 2000; Vickery et al. 2005; 
Zozaya et al. 2010; Clavero et al. 2011). The effects of fire have been studied in inverte-
brates (Kiss and Magnin 2006; Sackmann and Farji-Brener 2006; Langlands et al. 2006), 
amphibians and reptiles (Homan 2014), birds (Barlow et al. 2006; Ukmar et al. 2007), and 
mammals (Recher et al. 2009; Homan 2012), including the direct consequences of fire on 
the behaviour of the animals and the indirect effects due to the impact on resources, such 
as food and shelter. In particular, the response of bird communities to a fire is determined 
by the characteristics of the fire (Lyon et al. 2000), the post-fire environment and the bird 
species in the community (Milesi et al. 2002; Bonier et al. 2007; Pons and Clavero 2010; 
Clavero et al. 2011). The generally small and fragmentary nature of grassland remnants in 
a good state of conservation implies that fire can have decisive consequences for the main-
tenance of the natural vegetation communities and the wild bird populations that depend on 
them, in particular the obligate grassland birds (Coppedge et al. 2008). Grassland birds are 
defined as those that spend a predominant part or their entire life cycle in grasslands, nest-
ing on the ground or in the center or under clumps of grasses (Vickery et al. 1999). These 
include obligate grassland birds that are those strictly restricted to grasslands and do not 
use other habitats (Azpiroz et al. 2012).

Grassland birds are experiencing reductions in their abundance and distribution area 
globally, attributed mainly to the destruction, degradation and fragmentation of their 
habitats (Vickery et al. 1999; Askins et al. 2007). In particular, grasslands in southeastern 
South America (central and northeastern Argentina, Uruguay, southern Paraguay and Bra-
zil) have undergone important changes due to the development of the livestock industry, 
agriculture and afforestation (Azpiroz et  al. 2012), resulting in the replacement of natu-
ral grasslands. This has substantially changed the composition, structure and function-
ing of the original vegetation, and with this the associated bird communities (Compara-
tore et al. 1996; Krapovickas and Di Giacomo 1998; Cueto and Lopez de Casenave 1999; 
Codesido et al. 2008; Azpiroz et al. 2012). The borders of streams seem to be habitats of 
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particular importance as they provide habitat for more grassland birds species than other 
vegetation associations in western North America prairies (Stanley and Knopf 2002) and 
the same pattern has been detected for grasslands in Argentina (Zalba and Cozzani 2004; 
Aguilar et al. 2008; Cozzani and Zalba 2009; Pretelli et al. 2013), where breeding of birds 
is favored by a high availability of resources, but, fundamentally, by a lower exposure to 
predators (Comparatore et al. 1996; Isacch and Martínez 2001; Aguilar et al. 2008).

In this study, we evaluate the response of bird communities in riparian grasslands in the 
south of the Pampas grassland in Argentina, and also the intensity of egg predation, at sites 
affected by fire compared to unburnt areas. We expect: (1) that bird communities in habi-
tats affected by fire will exhibit lower values of total abundance, species richness and diver-
sity compared to those associated with streams that were unaffected by fire, (2) that the 
density of nests and the richness of nesting species will be lower on burnt streams, where 
the vegetation is lower and open, (3) that the nest predation rate will be higher in the habi-
tats affected by fire, and (4) that these differences will decrease as time passes after the fire 
and the cover of the upper strata of vegetation and the abundance of tall grasses increase.

Materials and methods

Study area

This study was carried out in grasslands in Sierra de la Ventana, Argentina (38°00′–38°07′S 
and 61°52′–62°03′W). The climate of the region is temperate, with an average annual tem-
perature of 14 °C and an average annual rainfall of 800 mm (Burgos 1968). The vegetation 
is represented by a grass steppe (Cabrera 1976; Frangi and Bottino 1995). The limitations 
for agricultural activity imposed by rocky outcrops and slopes make it a relic of high value 
for biodiversity conservation (Kristensen and Frangi 1995). It is listed as an Important Bird 
and Biodiversity Area (IBA) of Argentina due to its ornithological value (Di Giacomo 
2005). Tall grasslands associated with the stream banks in these mountains are recognized 
as preferential sites for the reproduction of grassland birds (Cozzani and Zalba 2009), 
where the density of vegetation reduces the visibility of nests in the face to potential preda-
tors (Zalba and Cozzani 2004; Cozzani and Zalba 2012).

The mountain area includes the Ernesto Tornquist Provincial Park (ETPP), one of 
the main conservation units of Pampas grassland in Argentina. The reserve faces several 
conservation challenges including the invasion of exotic woody species, such as Pinus 
halepensis, Spartium junceum, Genista monspessulana and Prunus mahaleb (Amodeo 
and Zalba 2013; Cuevas and Zalba 2013; Sanhueza and Zalba 2014), and grazing, mainly 
by feral horses (Scorolli and López Cazorla 2010). The presence of these large herbivores 
modifies the plant structure and composition, increasing the shrub density and the cover 
of bare soil and favouring the dispersal of exotic species (Loydi and Zalba 2009; De Vil-
lalobos and Zalba 2010; Loydi et al. 2010). Previous studies in the area have also recorded 
changes in the composition of the bird community according to the intensity of grazing, 
the destruction of nests by trampling and an increase in the rate of nest predation due to the 
reduction of safe nesting sites in overgrazed areas (Zalba and Cozzani 2004; Cozzani and 
Zalba 2012; Cozzani et al. in preparation). Grazing by feral horses results in a reduction in 
the percentage of coverage of the highest strata of vegetation which, in turn, is related to 
decreases in the density, richness and diversity of birds and with changes in the composi-
tion of the communities, including a drastic fall in the abundance of species such as the 
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Grassland Yellow-Finch (Sicalis luteola), the Brown-and-Yellow Marshbird (Pseudoleistes 
virescens), several species of pipits (Anthus spp.) and the Great Pampa-Finch (Embernagra 
platensis) in areas under intensive grazing (Zalba and Cozzani 2004).

The study area is affected periodically by fires that are particularly frequent during 
the summer (Michalijos and Uboldi 2010). Between December 29, 2013 and February 2, 
2014, the largest fire in the records of the history of the Southern Sierras of Buenos Aires 
occurred covering 73 thousand hectares (Fig. 1) and comprising almost the entire ETPP, 
as well as other areas outside the reserve (Marini 2014). This situation was exploited to 
test the predictions considered in this study. Three streams affected by the fire and three 
unburnt streams were selected. All of them rise in the mountains and run through river-
beds up to 4 m wide, surrounded by rocks in blocks and soil accumulations that allow the 
growth of tall grasses, including Paspalum quadrifarium and Cortaderia selloana, which 
in some places are very dense and can exceed 2 m in height. A belt transect of 400 × 20 m 
centered on the water courses was established at each stream, so that 10 m wide strips were 
surveyed at each side of the water course. Starting points were placed at an homogene-
ous height ranging from 550 to 600  m asl, and the transects were traveled downstream 
from that point. Vegetation sampling, bird surveys, nest searches and predation trials were 
conducted in three burned streams and in two stretches of an unburnt stream during the 
2014–2015 reproductive season (November to March). The unburnt controls had to be 
relocated in the 2015–2016 breeding season by others located in two streams of similar 
characteristics in the following season due to changes in the livestock management of the 
surrounding fields that altered the structure of the vegetation (Fig. 2).

Fig. 1  Study area including Ernesto Tornquist Provincial Park in Buenos Aires province, Argentina. The 
dark range corresponds to the area burnt in December 2013–February 2014 (73,000 ha)
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Characterization of the vegetation

Four plots of 2 × 2 m were located every 100 m on each sampling strip. Vegetation samples 
were taken in November, at the beginning of the sampling, and in January and March at the 
end of the surveys in each season, completing three samples for each stream and season. 
The vegetation cover percentage was estimated in four height strata (0–15 cm, 15–30 cm, 
30–50 cm, and > 50 cm) and the cover of the dominant species: C. selloana, P. quadrifar-
ium, Eryngium spp., Silybum marianum and Echium plantagineum. Mean percentages of 
vegetation cover between seasons and between burned streams and controls were compared 
by Student´s t tests. Paired tests were used in the case of interannual comparisons between 
the same streams.

Bird communities

The transects associated with the stream margins were surveyed once a fortnight during 
both reproductive seasons, (November to March), completing nine censuses for each tran-
sect and season. We recorded the number of individuals of every bird species seen or heard 
in the strips. Birds that flew over the transects at a height of no more than 2 m, in obvi-
ous association with the underlying environment, were also recorded. The values of total 
density of birds per stream (individuals/ha) were calculated, as well as the richness and 
diversity of species (Simpson). A generalized linear mixed model (GLMM) was performed 
to look for possible differences in total density of birds, in species richness and in diver-
sity of species between burned and unburned streams and between seasons. For density 
of birds we applied aLinear Mixed Model with R package LME4 fit by REML t-testusing 

Fig. 2  Streams affected by fire inside the Ernesto Tornquist Provincial Park (1, 2 and 3) in December 2013–
February 2014 and control unburnt streams in Estancia “Las Vertientes” (1/2, 3 and 4). a Burnt stream # 
2 during the first sampling season (2014–2015). b Burnt stream # 2 during the second sampling season 
(2015–2016) c Stream not affected by fire used as control during the second sampling season (2015–2016)
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Satterthwaite approximations to estimate the degrees of freedom [lmerMod], with Normal 
distribution, applying the square root of the sample size. The sampling seasons (2014–2015 
and 2015–2016) and the treatments (burned streams and controls streams) were consid-
ered as fixed effects factors, and sample time(the date on which each sample was taken) 
and stream (the transect where the sample was taken)as random effects factors. For species 
richness we performed GLMM with Poisson distribution and log link function, consid-
ering the sampling seasons (2014–2015 and 2015–2016) and treatment (burnt or unburnt 
streams) as fixed effects factors, and sample date and stream as random effects factors. We 
modeled the diversity through a GLMM with R package LME4 fit by REML t-test use 
Satterhwaite approximations to estimate the degrees of freedom [lmerMod], with Normal 
distribution. The response variable, species diversity, was raised to the third power in order 
to improve homocedasticity and normality. The two sampling seasons (2014–2015 and 
2015–2016) and the treatments (burned and controls streams) were treated as fixed effects 
factors, while sample date and stream were treated as random effects factors. Two samples 
in which diversity was equal to zero were excluded from the analysis so that the models 
fulfilled the assumptions. Analyzes were performed using R version 3.4.0 (R Development 
Core Team 2014).

Nests and associated vegetation

Nests were searched for in the sampling strips along the streams during both breeding sea-
sons. We calculated the mean density of nests (nests/ha) at the burnt and unburnt streams 
in each season, only considering the bird species that nested in plants or on the ground, 
and discarding a few cases of birds nesting in scattered exotic trees growing alongside 
the streams. We compared the density of nests between burnt and unburnt streams, and 
between seasons, using Mann–Whitney tests. We made estimates of the percentage of veg-
etation cover by strata of height (0–15 cm, 15–30 cm, 30–50 cm, > 50 cm), and the percent-
age of bare soil, in plots of 0.5 m2 and 16 m2 centered on each nest (Cozzani and Zalba 
2009). Using Student’s t tests, we compared these values at both sampling scales, between 
burnt streams and controls and between seasons. Paired tests were used in the case of inter-
annual comparisons between the same streams.

Nest predation

To assess the intensity of nest predation, eight artificial nests were used per sampling strip, 
both on burnt streams and in controls, arranged every 50 m on plants of C. selloana or 
P. quadrifarium, simulating nests of grassland birds according to De la Peña (2013). The 
nests were constructed with leaves of grasses, and each one contained a common quail egg 
(Coturnix coturnix) and another molded in plasticine (Cozzani and Zalba 2012).

The nests were placed in the field during the second week of December in both sam-
pling seasons and were then visited daily for 15 days. They were considered as predated 
when one or both eggs were broken or taken. We calculated the percentages of total nest 
predation and the average daily rate of predation by stream and season, calculated as the 
mean number of days elapsed before each predation event. We performed Student’s t tests 
to test the differences in the percentages of predation and predation rates between burnt 
streams and controls, and between seasons. As in the case of natural nests, the percent-
age of vegetation cover per height stratum (0–15 cm, 15–30 cm, 30–50 cm, > 50 cm) was 
estimated in plots of 0.5 m2 and 16 m2, centered on the nests, and the plant species present 
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were identified. Linear regression analyzes were used to evaluate the effect of the percent-
age cover of the two upper layers of vegetation on the fate of the nests. Generalized linear 
models (GLM) with binomial distribution, backward criterion and logit link function were 
used to explore the relationship between the survival of artificial nests and the whole set of 
independent variables. Analyzes were performed using R version 3.4.0 (R Development 
Core Team 2014).

Results

Characterization of the vegetation

The total vegetation cover at the burnt streams was significantly lower in the first season 
compared to the second (t = − 4.37, p = 0.001, gl = 8) and also lower than that of the control 
streams during the first sampling season (t = − 3.19, p = 0.01, gl = 13), but not during the 
second season (t = 0.70, p = 0.24, gl = 13, Table 1).

Analysis of the changes in the cover of the different height strata showed that, a year 
after the fire, the burnt streams had high percentages of cover of bare soil and vegeta-
tion below 50 cm, except in the case of the #1 burnt stream. On the other hand, the con-
trol streams were associated with high percentages of plant cover in the highest stratum 
(> 50 cm). After 2 years of sampling, the differences between the burnt streams and con-
trols were reduced (Fig. 3).

Analysis of the most abundant plant species at the edges of the streams affected by fire 
showed a reduction in the representation of E. plantagineum and S. marianum, two inva-
sive alien species, which covered up to 40% of the samples in the year of the fire and were 
no longer present after 2  years of fire, and an increase in the cover of P. quadrifarium 
(65.2 ± 5.46 vs. 22.6 ± 11) and C. selloana (27.73 ± 2.03 vs. 17 ± 0.43). None of these spe-
cies showed any variation in abundance between seasons in the case of the streams unaf-
fected by fire.

Bird communities

We detected a total of 44 species of birds during this study associated with the edges of the 
burnt streams and the controls unaffected by the fire (Table 2), of which 43% were found 
in both habitats. Four bird species, Great Pampa-Finch (Embernagra platensis), Grassland 
Yellow-Finch (Sicalis luteola), Tropical Kingbird (Tyrannus melancholicus) and Chalk-
browed Mockingbird (Mimus saturninus), were only recorded in the controls and at the 
burnt streams during the second season, but they were missing from the sites affected by 
fire in the first season, when the effect of fire was more noticeable.

The GLMM for density of birds did not detect a significant interaction between season 
and treatment (p = 0.82). The mean density of birds at the edges of burnt streams was lower 
than that of the controls both in 2014–2015 (20.10 ± 5.22 individuals/ha vs. 42.5 ± 6.35 
individuals/ha) and in 2015-2016 (37.77 ± 3.60 individuals/ha vs. 50.06 ± 5.42 individu-
als/ha).This was in spite of a mean increase of 8.67 ± 4.43 individuals/ha between sea-
sons in burnt streams. Pairwise comparisons showed that, although the difference in the 
mean density of birds between burned streams and controls is maximum in the first season 
(2014–2015), it is not statistically significant  (t4.3 = − 1.41, p = 0.03), while the density of 
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birds in burned streams is significantly higher in the second breeding season with respect 
to that immediately following the fire  (t37 = 2.86, p = 0.00678).

The GLMM for species richness did not detect a significant interaction between sea-
son and treatment (p = 0.27). The random effect associated with the stream was six times 
greater than that associated with the sample date. Species richness was significantly lower 
in control with respect to burnt streams (6.0 vs. 10.5, p = 0.036) during the 2014–2015 
breeding season, with no significant difference between both treatments the following sea-
son (9.1 vs. 11.4, p = 0.39). Species richness increased significantly between seasons in 
burnt streams (3.56 ± 0.77 species, p < 0.001), with no significant change in the case of the 
unburnt controls (p = 0.78) (Fig. 4).

We observed increases in the diversity between seasons for the burnt streams 
(0.65 ± 0.049, in the first season, vs. 0.83 ± 0.013, in the second). Moreover, a year 
after the fire, the burnt streams presented values of diversity lower than the controls 

Fig. 3  Mean percentage of bare soil and vegetation cover by height strata on stream banks burnt in Decem-
ber 2013–February 2014 and in unburnt controls in southern Argentinian Pampas, sampled in spring–sum-
mer 2014–2015 and 2015–2016. Control streams varied between years

Table 2  Mean percentage (± SE) 
of total vegetation cover on 
stream banks burnt in December 
2013–February 2014, and in 
unburnt controls in southern 
Argentinian Pampas, sampled in 
spring–summer 2014–2015 and 
2015–2016

Unburnt control streams varied between years

Mean percentage of total vegetation cover

Streams 2014–2015 Breeding 
season

2015–2016 
Breeding 
season

Burned
 1 86.46 ± 4.18 97.08 ± 2.92
 2 66.79 ± 7.44 95 ± 2–89
 3 60.87 ± 5.79 76.25 ± 6.88

Unburned
 1 91.67 ± 1.46
 2 90.21 ± 2.11
 3 95 ± 1–44
 4 74.63 ± 5.30
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(0.65 ± 0.049 vs. 0.84 ± 0.025), but 2  years after the fire the burnt streams presented 
values of diversity approximately similar to those of the controls (0.83 ± 0.013 vs. 
0.84 ± 0.018). At the same time, notoriously, the #1 burnt stream showed higher values 
of density, species richness and diversity than the other two streams affected by the fire 
since the beginning of the samplings, approaching the values recorded for the controls. 
The GLMM model did not detect a significant interaction between the treatments and 
the sampling seasons  (t4.6 = 1.494, p = 0.1994), while pairwise comparisons showed that 
species diversity difference in the burned streams burned increased significantly from 
2014–2015 to 2015–2016  (t20.48 = 3.51, p = 0.0002).

Nests and associated vegetation

During both sampling seasons, we detected a total of 52 nests corresponding to eleven 
bird species, of which only six were directly associated with the grassland nesting habi-
tat, building their nests on the ground or on grasses: the Spectacled Tyrant (Hymenops 
perspicillatus) (25 nests), the Grassland Yellow-Finch (7 nests), the Brown-and-Yellow 
Marshbird (4 nests), the Great Pampa-Finch, the Rufous-collares Sparrow (Zonotrichia 
capensis) and the House Wren (Troglodytes aedon) (1 nest each).

The mean density of nests in the burnt streams was lower than in the controls dur-
ing the first season (3.34 ± 1.81 nests/ha vs. 6.25 ± 1.25 nests/ha), although this differ-
ence was not statistically significant (U = 5, p = 0.33, p > 0.05). In the second season, the 
mean density of nests in burnt and unburnt areas were more similar (5.84 ± 1.50 nests/
ha vs. 5.62 ± 1.875 nest/ha, U = 3.5, p = 1, p > 0.05). During this season, the higher den-
sity of nests in the burnt streams with respect to the previous year (3.34 ± 1.81 nests/
ha vs. 5.84 ± 1.50 nests/ha, U = 2.5, p = 0.5, p > 0.05) was due to a nearly doubling of 
the nesting density of Spectacled Tyrant (11.25 vs. 6.25 nest/ha), and to the presence of 
nesting species, such as Grassland Yellow-Finch (3.75 nests/ha) and Brown-and-Yellow 
Marshbird (1.25 nests/ha), absent in the previous season. In control streams the most 
abundant nests in both seasons were those of Spectacled Tyrant, Grassland Yellow-
Finch, Brown-and-Yellow Marshbird and Great Pampa-Finch.

Fig. 4  Changes in mean richness of bird species on stream banks burnt in December 2013–February 2014, 
and in the unburnt controls in southern Argentinian Pampas, sampled in spring–summer 2014–2015 and 
2015–2016. Unburnt control streams varied between years
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Nest predation

In the first season the total percentage of nest predation in the burnt streams was 2.07 
times higher than in the controls (79% vs. 38%), which was statistically significant (t = 10, 
p = 0.004, gl = 2) although it stopped being so in the second season (t = 1.96, p = 0.07, 
gl = 3) when this difference was reduced to 1.6 times (50% vs. 31%). Interannual differ-
ences for the burnt streams were also statistically significant (79% in 2014 vs. 50% in 2015, 
t = 3.3, p = 0.03, gl = 2).

During the first season the nests found in the burnt streams showed survival rates lower 
than those of the controls (t = − 4.36, p = 0.011, gl = 3) and these differences ceased to be 
significant 1 year later (t = − 2.80, p = 0.10, gl = 1). No significant interannual differences 
were detected between the burnt streams, nor between the controls (t = − 1.54, p = 0.13, 
gl = 2, and t = 0.24, p = 0.41, gl = 2, respectively).

We observed a weak, although statistically significant increasing trend in the probability 
of success of the artificial nests as the percentage of plant cover corresponding to the strata 
above 30 cm in height increased at both the smaller scale  (R2 = 0.09, p = 0.03) and at the 
larger scale  (R2 = 0.11, p = 0.001) (Fig. 5). 

Fig. 5  Probability of nest survival in response to the percentage of vegetation cover in surrounding 0.5 m2 
(a) and 16 m2 (b) plots on banks of streams burnt in December 2013–February 2014 and in unburnt con-
trols in southern Argentinian Pampas, sampled in spring–summer 2014–2015 and 2015–2016. One repre-
sents nest success and 0 nest failure. The total number of successful (Ns) and failed (Nf) nests are indicated 
for each axis. The grey scale of the diamonds represents the accumulated number of nests
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The GLM also suggested an effect of the percentage cover of the upper layers of vegeta-
tion on the fate of the artificial nests, with the probability of nest survival showing a sig-
nificant and positive correlation with the percentage cover of the > 50 cm high vegetation 
stratum [log (survival prob/prob. of dying) = − 0.721883 + 0.0144% cover of the stratum, 
p = 0.01).

Discussion

The impact of fires on wild animal communities has been studied very little in South Amer-
ica (Comparatore et al. 1996; Isacch and Martínez 2001; Di Giacomo et al. 2011; Cardoni 
et al. 2015) despite the predominant role of fire in most of the biomes in the region, espe-
cially in shrublands and savannas, and the trends in the alteration of their frequency, exten-
sion and intensity. This study represents an original contribution to the knowledge of the 
effect of fire on grassland bird communities in the south of the Pampas biome, in particu-
lar the first data are provided on the variation in species abundance, breeding activity and 
reproductive success as time elapses after a fire.

Our results revealed a sequence of changes in the structure and composition of the veg-
etation at stream banks, that constitutes a critical habitat for the nesting of grassland birds 
(Cozzani and Zalba 2009). One year after the fire there was a predominance of low-lying 
strata (0–15 and 15–30 cm) dominated by invasive alien species, such as E. plantagineum 
and S. marianum. This situation was particularly evident in two of the streams affected 
by the fire, but not in the case of stream #1, which showed an earlier recovery of veg-
etation, with a higher percentage of cover associated with taller native grasses, such as 
P. quadrifarium and C. selloana. This difference could respond to topographic variations 
between the streams: burnt stream #1 has steeper banks that could result in less accessibil-
ity for feral horses. Several authors describe the negative effects of large herbivores on 
the post-fire recovery of vegetation (Bowman and Murphy 2010; Blair et al. 2014; Foster 
et  al. 2016). Studies in Pampean grasslands also emphasize the combined impact of fire 
and livestock on bird communities, detecting diverse effects depending on the intensity of 
grazing, the degree of modification of the vegetation structure and the spatial distribution 
of heterogeneous patches providing key habitats resources for birds (Isacch and Martínez 
2001; Cardoni et al. 2015).The presence of large herbivores in the study area could delay 
the recovery of the vegetation structure and composition by trampling and consumption 
of native grass sprouts, favouring species of low palatability, including the exotic species 
better adapted to the conditions of overgrazing (Loydi and Zalba 2009; De Villalobos and 
Zalba 2010).

Confirming the predictions we propose in the introduction, the abundance, richness and 
diversity of birds were lower 1 year after the fire for the burnt streams, but increased sig-
nificantly 2 years after the fire in association with a more complex vegetation structure and 
an overall interannual increase in the height of the species present. The initial impact of fire 
on grassland bird communities and their evolution until they reach values of diversity close 
to or higher than those of unburnt areas has been documented by several authors who agree 
that the main variable that determines this response of the grassland bird communities 
is the increase in the structural complexity and diversity of the vegetation on which they 
depend (Vickery et al. 2005; Zozaya et al. 2010; Watson et al. 2012). Similar associations 
between vegetation structure and bird communities are reported in other studies carried out 
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in Pampean habitats (Comparatore et al. 1996; Cueto and Lopez de Casenave 1999; Isacch 
and Martínez 2001). The remarkable recovery of the vegetation after fire, particularly of 
tall grasses, could provide a greater abundance of food items, availability of refuge and 
nesting sites, generating a more favourable habitat for the establishment and reproduction 
of grassland birds.

However, even though the general pattern detected was an increase in the abundance, 
richness and diversity of birds, differences were observed in the particular response of dif-
ferent species that might be due to their habitat requirements or preferences. These indi-
vidual differences may be of interest when identifying species that are particularly vulner-
able to changes in the frequency or extent of fires. Such are the cases of the Great Pampa 
Finch, the Brown-and-Yellow Marshbird and the Grassland Yellow-Finch, three species 
of birds that are strongly associated with grasslands (Codesido et  al. 2011), which were 
absent or only present in very low numbers in the early stages of succession (1 year after 
fire). Two of these species, the Great Pampa Finch and the Grassland Yellow-Finch, have 
diets that are based primarily on the consumption of seeds (Salvador and Salvador 1986; 
Beltzer 1990; Montalti et al. 2005), while the Brown-and-yellow Marshbird feeds primar-
ily on insects (Darrieu et al. 1996). The three, on the other hand, concentrate their breeding 
activity in the area on patches of tall grasses (Cozzani and Zalba 2009). Subsequent studies 
could help establish whether their delay in responding to successional changes following a 
fire is related to the availability of food resources or an appropriate habitat for nesting.

We documented an increase in the nesting density in the burnt streams as time passed 
after the fire, in association with an increase in the cover of the highest strata of vegetation, 
confirming one of our predictions. Our results also reveal changes in the nesting bird spe-
cies, revealing a delay in the response of strict grassland birds which prefer tall plants of P. 
quadrifarium and C. selloana (Comparatore et al. 1996; Isacch and Martínez 2001; Coz-
zani 2010) for nesting. Grassland birds would be particularly sensitive to changes produced 
by the fires, avoiding nesting in the burnt habitats during the initial stages of recovery. 
This situation may have consequences on the dynamics of their populations, which requires 
more detailed studies including aspects related to the eventual philopatry and/or displace-
ments of the species, as well as regional patterns of loss and fragmentation of habitats. 
From the point of view of conservation, and until the possible consequences of this situ-
ation in the population dynamics of grassland bird species are better understood, it seems 
advisable to establish preventive actions, including the creation of firebreaks, in order to 
protect remnants of nesting habitats in the case of fires over large geographic areas, con-
sidering the relictual nature of the natural grasslands under study. These refuges should be 
burnt in an alternate manner to allow the continuity of the grass fire cycle.

The trials with artificial nests confirmed the expected negative effect of the habitat 
changes associated with fire on the breeding success of birds. Several authors propose that 
the differences in the intensity of predation respond to an increase in the detectability of 
nests as a consequence of changes in the vegetation (Willson et al. 2001; Renfrew et al. 
2005; Aguilar et al. 2008; Cozzani and Zalba 2012). Although the visibility of the nests in 
this study was not measured directly, previous studies carried out in the area showed the 
relationship between this variable, the density of the highest vegetation strata and the risk 
of predation (Zalba and Cozzani 2004).Densely vegetated stream margins and low areas 
appear to be good refuges that could provide a visual and olfactory barrier that reduces the 
efficiency of predators and they have been shown to be preferential sites for the reproduc-
tion of grassland birds (Cozzani and Zalba 2009). Fire would temporarily neutralize this 
effect of concealment, as indicated by the increase in the predation percentage in the burnt 
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streams, and the inverse relationship between the cover of high plant strata and failure of 
nests, which could be a selection pressure that explains the behaviour of avoiding these 
habitats on the part of grassland birds. In any case it is important to highlight that the use 
of artificial nests as an indicator of real predation rates has been criticized by numerous 
authors (Zanette and Jenkins 2000; Pärt and Wretenberg 2002; Berry and Lill 2003; Moore 
and Robinson 2004), who point out that natural and artificial nests may be subject to dif-
ferent predation rates due to variations in the preferences of the eggs by predators or the 
choice of the place where the nest is placed by the researcher, among other factors. The 
monitoring of nests by researchers has also been discussed because it could leave odors, 
mark roads or otherwise alert predators, although most agree that this effect this effect does 
not usually influence the results (Lloyd et  al. 2000; Pärt and Wretenberg 2002). Despite 
criticism, this technique is a practical and economical tool, and its reliability is supported 
by numerous studies (Dion et  al. 2000; Vander Haegen et  al. 2002; Githiru et  al. 2005; 
França and Marini 2009) even in this area of work (Cozzani 2010).

The results obtained in this study highlight the importance of vegetation density, par-
ticularly of tall grasses, for sustaining abundant, species-rich, bird communities in habitats 
on the edges of streams, and for maintaining high values of nest density and reproductive 
success. It also highlights the ability of the grassland to recover quickly after a fire and the 
response of the birds that, in this study, took between one and two reproductive seasons, 
depending on the species. Preliminary evidence of possible interference from grazing by 
exotic herbivores on the process of recovery of the vegetation and associated bird commu-
nities highlights the importance of considering both fire and herbivory when assessing the 
effect of fires on the biological diversity of the Pampas grasslands. The temporary exclu-
sion of large herbivores, including cattle and feral horses, is a management measure that 
could accelerate the recovery of vegetation affected by fire and could be applied in stream 
sections in order to generate refuges for reproduction of the most vulnerable birds, without 
interfering with access to water by wildlife in the rest of the watercourse. The effect of 
fire should also be analyzed on a larger scale in order to evaluate the impact of the total 
reduction of the area of grassland that is in good condition, and other factors, such as the 
fragmentation of habitats that could enhance the effect of temporary successional loss of 
habitats of high value for nesting on the population dynamics of birds, especially of the 
obligate grassland species.

Despite the importance of fire as a structuring factor of natural communities in grass-
lands, management policies in protected natural areas of southern South America, in most 
cases, are limited to preventing and extinguishing fires. Important advances in the under-
standing of the effects of fire on natural communities have been made, however an impor-
tant level of uncertainty still persists, especially in dynamic scenarios of loss and fragmen-
tation of habitats, advance of invasive alien species and climate change (D´ Antonio and 
Vitousek 1992; Mouillot and Field 2005; Williams and Zdravko 2000). An approach based 
on the adaptive management of prescribed and natural fires seems the best alternative to 
preserve the structure and composition of plant communities and grassland birds.
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