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ABSTRACT
Knowledge of the breeding biology of grassland birds is important given the accelerated rate of 
transformation of their habitats, which has led to noticeable population declines of many species. 
Although several species in South America are of conservation concern due to habitat alteration, 
information on their nesting biology is generally sparse. During three seasons we studied a breeding 
population of a poorly studied ground-nesting bird, the Grassland Sparrow (Ammodramus humeralis), 
in grasslands used for cattle grazing in central-eastern Argentina. We described its breeding para
meters, estimated nestling growth curves, and analyzed daily nest survival rates (DSR) as a function of 
grassland characteristics, including grass density, grass height, and distance to forest edges. We found 
34 nests placed among low and sparse vegetation and made exclusively of grass. The modal clutch 
size was three eggs. Incubation and nestling periods lasted 11 and 10.5 days, respectively. Nestlings 
had a fast-growing tarsus, which could be advantageous to escape from predators early. Only seven 
nests (20.6%) were successful and predation was the principal cause of nest failure (78% of the failures). 
DSR was 0.91, resulting in a cumulative survival of 11% for the 23.5 day nesting period. We found no 
effects of habitat features on DSR, which may be a consequence of the high predation rate and a very 
diverse predator community in the area. Studies at a broader scale could help to elucidate which 
habitats favor the reproduction of these species. We emphasize the importance of knowing basic 
ecological aspects of native grassland birds to develop management plans, especially given the lack of 
protected grassland areas in the Pampas Grassland ecoregion.
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Introduction

The ecology and conservation of grassland birds have 
received increasing attention during the last decades 
due to noticeable population declines of many species 
across the globe [1]. However, the breeding biology of 
some grassland ground-nesting species remains mostly 
unknown, in part due to the difficulty of finding a large 
number of nests in some grassland habitats [2,3]. This is 
unfortunate because knowledge on the breeding biol
ogy of grassland birds is important for understanding 
their life histories, habitat requirements, and population 
dynamics [4,5]. Given the rate at which natural grass
lands have been altered over the last decades, broad
ening the information available on the breeding 
ecology of these species is crucial for their conservation 
and can help designing better management strategies 
for their habitats [5,6].

In southern South American grasslands, conversion 
to cropland and grazing have expanded and intensi
fied rapidly during the last 20 years [6,7], with only 
a minor proportion remaining unused for cattle- 
grazing or agriculture [8]. Birds breeding in modified 
grasslands can be affected by factors such as habitat 
fragmentation [9] as well as the alteration of plant 

species composition [10] and grassland structure 
induced by land management [11,12]. As 
a consequence of these alterations, several bird species 
in southern South American grasslands have become 
of conservation concern [13], although the available 
information on their biology is generally sparse [6] and 
few studies have evaluated the effects of changing 
habitat features on their nesting success [9].

The Grassland Sparrow (Ammodramus humeralis) is 
a ground-nesting passerine endemic to South America 
which inhabits grasslands at low altitude from 
Colombia and Venezuela to central Argentina, being 
a year-round resident across its distribution range [14]. 
It is currently listed as Least Concern under the IUCN 
Red List criteria, although its habitat extension is being 
reduced [15]. Current knowledge about its breeding 
and nesting biology is focused on tropical South 
American grasslands and consists of observations of 
only a few nests during one breeding season [14,16]. 
For the southern portion of its range, there are only 
some occasional nest records from northern 
Argentina [17].

To better understand the biology of birds in these 
continuously altered habitats, we studied a breeding 
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population of the Grassland Sparrow during three 
breeding seasons in the Pampas Grasslands of central- 
eastern Argentina. We estimated the species’ descrip
tive breeding parameters and nestling growth curves. 
We also evaluated if daily nest survival rates (DSR) were 
affected by habitat features that could influence nest 
survival according to previous knowledge on other 
grassland birds, including proximity to trees and forest 
edges [18–20], nest concealment, and grass height 
[21]. We expected nest survival to be lower in nests 
close to trees and edges, with lower nest concealment 
and located among shorter grass.

Methods

Study site

The study was conducted on a private farm in Punta 
Piedras, Buenos Aires province, Argentina (35°20’S; 57° 
12ʹW). It is located within the Flooding Pampas, 
a subregion of the Pampas Grasslands mostly used 
for cattle grazing due to its precipitation regime and 
soil properties, which make it inconvenient for large- 
scale agriculture [22]. The climate of the region is 
temperate-humid, with a mean annual rainfall of 
900 mm concentrated from winter to the end of spring 
(April to December) in most years [22,23]. The site is 
composed of natural grasslands and remnants of 
native forests. Most of its grassland cover is used for 
extensive cattle-grazing, and is composed mainly of 
native grasses, such as Nassella spp., Paspalidium spp., 
Leersia hexandra and Baccharis spp., and some exotic 
species [24,25]. Potential terrestrial nest predators 
include White-eared Opossum (Didelphis albiventris), 
Pampas Fox (Lycalopex gymnocercus), Lesser Grison 
(Galictis cuja), Big-hairy Armadillo (Chaetophractus vil
losus), small rodents, Black-and-white Tegu (Salvator 
merianae), and snakes (Philodryas spp.); potential 
avian nest predators include Guira Cuckoo (Guira 
guira), Chimango Caracara (Milvago chimango), 
Southern Crested Caracara (Caracara plancus) and 
Long-winged Harriers (Circus buffoni) [26,27].

Field procedure

We collected data on Grassland Sparrow (hereafter 
“sparrow”) nests during three breeding seasons 
(October–February 2017–2018, 2018–2019, and 
2019–2020) as part of a survey of breeding grassland 
birds. We found nests by flushing incubating females 
either by dragging a 20 m long rope between two 
people or by systematic walking with sweeping sticks 
[see 4]. We established temporary plots of 100 × 100 m 
and used portable poles as a reference to systemati
cally walk over all the area while avoiding walking over 
the already covered path. We carried on 100 m long 
transects of variable until the 100 m wide of the plots 

were covered with the rope or sticks. The search was 
repeated in the same plots once a week and the total 
area covered each season was approximately 250 ha. In 
addition, some nests were found by observing the 
adults’ behavior while building nests or feeding nest
lings [28]. Once a nest was found, we georeferenced it 
with a GPS and placed a small flag (a 5 cm red tape 
attached to a 50 cm long wire) 4 m north of it to 
facilitate relocation during monitoring. This type of 
marking is unlikely to be used as a cue by predators 
occurring at our study site [29]

We monitored nests every 2–3 days until the nest
lings successfully fledged or the nest failed. We con
sidered a nest successful when at least one fledgling 
left the nest. We considered a nest predated when the 
eggs or nestlings disappeared between two consecu
tive visits and no parental activity was detected in the 
surroundings. We considered a nest abandoned if eggs 
were found cold in successive visits after incubation 
had started or if nestlings were found dead in the nest 
with no signs of predation.

When clutches were complete (i.e. no new eggs 
were found between visits), we measured eggs for 
length and breadth to the nearest 0.1 mm using ver
nier calipers, and we weighed them to the nearest 
0.1 g using Pesola spring balances. We estimated egg 
volume following Hoyt [30]. We measured nestlings’ 
wing chord and tarsus length to the nearest 0.1 mm 
using calipers and weighed them to the nearest 0.1, 
0.2, or 0.25 g using Pesola spring balances of 10, 20, or 
50 g capacity, depending on nestling size. Eggs and 
nestlings were marked with non-toxic waterproof ink 
for individual identification over successive visits. To 
minimize the risk of premature fledging, nestling fea
tures were obtained until they reached an age of 
8–9 days, and in subsequent visits, nests were checked 
from a distance of 1–2 m. This study was conducted 
with research permits from the regional nature con
servation authority (OPDS #17,717, Direccion de Áreas 
Naturales Protegidas, Buenos Aires province, 
Argentina).

Nest and vegetation measurements

Immediately after the nest attempt ended, we mea
sured the nest for internal and external diameter, 
depth, and height from the ground to the entrance. 
We measured the height of the clump of vegetation 
used as cover and took measurements of visual 
obstruction using a modified version of a Robel pole 
[31]. We placed a pole divided into 10 cm sections and 
recorded the first visible section from the ground to 
the top, looking from a height of 1 m and a distance of 
4 m in the four cardinal directions (NSEW). Each obser
vation provided a score from 1 (lowest obstruction) to 
10 (highest obstruction) which were averaged to 
obtain the final VOI (Visual Obstruction Index) for 
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each nest. Upper concealment was measured by pla
cing an 8 cm diameter disc divided into eight black- 
and-white sections in the nest and recording the num
ber of sections visible from 1 m overhead. The score 
was calculated as 8 minus the number of visible sec
tions, with a higher score indicating better conceal
ment [21]. We also obtained the geolocation of the 
nearest perch to each nest (any bush, tree, or fence 
pole ≥1 m in height was considered a perch) and 
mapped wooded edges in the area using SPOT6 satel
lite images (1.5 m spatial resolution), provided by the 
CONAE (Comisión Nacional de Actividades Espaciales). 
We obtained distances to perches and to the closest 
forest edge with QGIS software, version 3.10.2 [32]. 
Wooded areas ≥500 m2 were considered as forests 
for this study (see also Suppl. Material S1).

Data analysis

Each nest was assigned a clutch-initiation date corre
sponding to the laying of the first egg. Clutch-initiation 
dates were determined directly for nests found under 
construction or during egg-laying and through back
dating from hatching dates for nests found during 
incubation. For nests found during the nestling stage, 
hatching dates were estimated from nestling measure
ments. For nests found during incubation that did not 
survive until hatching (N = 18), we assumed that they 
were found halfway through incubation [see details in 
33]. The incubation period was defined as the number 
of days elapsed from laying to hatching of the last egg. 
The nestling period was defined as the number of days 
elapsed since hatching of the last egg until fledging 
[33]. We calculated hatching success as number of 
eggs hatched/number of eggs that survived through 
the incubation period, and nest productivity as the 
number of fledglings/clutch size. Values are reported 
as means ± SD (standard deviation).

Using non-linear mixed models [nlme package, ver
sion 3.1–148; 34] we estimated nestling growth curves 
as a function of nestling age, fitted to a Richards equa
tion [35]. We only included nestlings with three or 
more measurements (N = 15 nestlings from six nests) 
and used nestling and nest identity as random effect 
factors to estimate curve parameters, due to the lack of 
independence among repeated measures [see 36 for 
details]. Nestling age was estimated with a precision of 
0.5 days. We followed Byers et al. [14] and Fecchio et al. 
[37] for a reference of adult size. We performed all 
statistical analyses using software R (version 3.6.3) 
[38]. We report all results as means ± SE.

We estimated the daily nest survival rate (DSR) for 
the species using generalized linear models with 
a logistic-exposure link function [39]. This model con
siders each visit interval’s fate as the response variable 
(coded as 0 = failed during the interval and 1 = survived 
the interval). We first created a null model for which 

DSR is constant across nests and then we estimated 
the cumulative nest survival probability for the species 
by raising the DSR to a power equal to the length (in 
days) of a complete breeding cycle for an average size 
clutch [~23.5 days from egg-laying to fledging; 16; this 
study]. We assessed the effects of habitat characteris
tics by building a model set which included explana
tory variables that a priori may influence nest survival 
of grassland birds, including clump height, VOI, upper 
obstruction, distance to perches, and distance to forest 
edges [18–20]. We also controlled for effects of time- 
specific variables that could influence nest DSR [40,41], 
which included year (a three-level factor, one corre
sponding to each season), linear effects of time within 
a season (standardized as day 1 = October 1), and 
linear effects of nest age (age 0 = day the first egg of 
each nest was laid). Additive models were built using 
combinations of a temporal factor with any of the 
habitat features, allowing a maximum of three para
meters in a single model to prevent overparameteriza
tion due to sample size. We checked for overdispersion 
using the Pearson X2 test on the global model [42]. 
Models were ranked using Akaike’s information 
Criterion corrected for small sample sizes (AICc), 
where the model with the lowest AICc value is the 
best-approximating model of the candidate model 
set and the differences in AICc value between each 
model and the best model (ΔAICc) allow for quick 
comparisons [42].

Results

We found 34 nests over the entire duration of the 
study (11 in 2017–2018, 12 in 2018–2019, and 11 in 
2019–2020). The earliest clutch was initiated on 
October 26 and the latest on January 31. The earliest 
and latest fledging dates were December 1 and 
January 25, respectively. The last active nest was pre
dated during incubation on February 15. The peak of 
clutch initiation for all seasons was in November 
(Figure 1). Two nests were found during construction, 
five during egg-laying, 26 during incubation, and one 
during the nestling stage. Nests were located under 
clumps of grass or in depressions on the ground and 
were built exclusively with grasses. They had a cup-like 
general shape, with one side higher than the other, 
acting as a roof and forming a tunnel-like structure 
with an oblique entrance (Figure 2). Descriptive nest 
and surrounding vegetation measurements are shown 
in Table 1.

Mean clutch size was 3.1 ± 0.6 eggs (range = 2–4 
eggs, N = 30), and modal clutch size was 3 eggs. The 
eggs were immaculate matte white and elliptical ovate 
in shape (Figure 2). Egg measures are summarized in 
Table 1. The incubation period lasted 11.0 ± 0.7 days 
(range = 10.0–12.0 days, N = 7), and nestlings stayed in 
the nest for 10.5 ± 1.2 days (range = 9.0–12.0 days, 
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N = 7). Hatching success was 0.8 ± 0.2 (range = 0.5–1.0, 
N = 16). None of the nests suffered clutch reduction 
during egg or nestling stages. Nest productivity was 
0.8 ± 0.1 (range = 0.7–1.0, N = 7 successful nests).

We present nestling growth curve parameters esti
mated from measurements of tarsus, wing chord, and 
body mass (Table 2), which were used to predict values 
for each measure at different ages (Figure 3). 
According to predicted curves, sparrow nestlings 
reached 50% of adult size at an age of 2.8 days for 
the tarsus, 6.8 days for wing chord, and 3.6 days for 
their body mass. At fledging, the tarsus, wing chord, 
and body mass have an estimated of 95%, 86%, and 
95% adult size, respectively.

Apparent nest success was 20.6% (N = 7 nests). The 
main cause of nest failure was predation (77.8% of the 
failures, N = 21 nests), while 2 nests (7.4% of the fail
ures) were abandoned due to flooding and 4 nests 
(14.8% of the failures) were abandoned for unknown 
reasons (three of them during incubation and one after 
hatching). The average DSR was 0.91, which resulted in 

a cumulative survival probability of 10.9% for an aver
age breeding cycle of ~23.5 days. The global model 
showed no evidence of overdispersion (C^ = 1.01, 
Pearson's X2 P > 0.05). The null model of constant 
DSR was the most supported model (i.e. lowest AICc 
value, Table 3) within the set, showing little evidence 
of habitat or temporal effects on nest DSR.

Discussion

We provide for the first time detailed data on the 
breeding biology and nest survival of the Grassland 
Sparrow in south temperate grasslands under cattle- 
grazing. Overall, our results indicate that the Grassland 
Sparrow has a short incubating period, fast nestling 
growth rates, and low nest survival in our study site.

The span of the breeding season for this species was 
previously only described for tropical populations at 
the northern limit of its range, where it lasts from April 

Figure 1. Distribution of Grassland Sparrow nests initiated 
every month during three breeding seasons (2017–2020) in 
a natural grassland in Buenos Aires province, Argentina.

Figure 2. Profile scheme of Grassland Sparrow nest (A), empty 
nest (B), clutch with four eggs (C) and 6-day old nestling (D). 
Figures A, B and D taken by MAC. Picture C taken by E. Grim.

Table 1. Nest features, nest-site features, and egg measures of Grassland Sparrow (Ammodramus humeralis) in grazed grasslands 
in central-eastern Argentina. Values are reported as mean ± SD (standard deviation) and range.

Measure N Mean ± SD Range

Nest features External diameter (cm) 30 7.89 ± 0.65 6.05–8.92
Internal diameter (cm) 30 5.80 ± 0.52 5.07–6.93
Depth (cm) 30 4.37 ± 1.19 2.80–6.80
Height from the ground (cm) 30 3.48 ± 1.57 1.00–7.00

Nest-site features Average VOI 34 2.08 ± 0.61 1.00–3.50
Upper obstruction 34 3.50 ± 2.24 0.00–8.00
Clump height (cm) 34 49.88 ± 19.81 12.00–95.00
Ground cover (%) 34 89.31 ± 12.05 50.00–100.00
Distance to nearest perch (m) 34 21.15 ± 16.81 6.00–80.00
Distance to nearest forest edge (m) 34 181.68 ± 127.84 19.00–465.00

Egg measures Weight (g) 50* 2.27 ± 0.22 1.70–2.80
Length (mm) 50* 19.58 ± 0.96 16.50–21.20
Breadth (mm) 50* 14.90 ± 0.46 13.90–16.00
Volume (cm3) 50* 5.50 ± 0.40 4.30–6.20

* Eggs from 19 nests
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Figure 3. Growth curves of Grassland Sparrow nestlings for tarsus, wing chord and body mass. Curves were fitted to a Richard’s 
equation using non-linear mixed models. Black dots represent the real measures obtained from nestlings (N = 15 nestlings from six 
nests).
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to August [14]. The length of the breeding season we 
found was similar (~100 days) but with different start
ing dates (late October to middle February), as occurs 
in most breeding passerines in south temperate 
regions [see also 33,43,44]. Nest measurements, egg 
measurements, and clutch size (2–4 eggs) were similar 
to previous reports [14,17]. Although the sparrow is 
believed to inhabit tall and dense grasslands and to be 
intolerant to grazing for this reason [14], we found all 
nests in relatively low (~50 cm height clumps) and 
sparse grass (~2 average VOI score), in plots used for 
extensive cattle-grazing. This indicates that short 
grasslands under low-intensity grazing should be con
sidered as potential nesting areas for the species, 
although the nest density we found was relatively 
low compared to other species common in the same 
study site, such as Pipits (Anthus spp.) and the 
Grassland Yellow Finch (Sicalis luteola) (MAC, Unpubl. 
data), which could be more tolerant to the modifica
tions caused by cattle management [10].

The incubation and nestling period were short (11 
and 10.5 days, respectively), as was found for some 
Ammodramus species (11.5 and 9.5 days) [45,46] and 
other ground-nesting passerines in North America [47]. 
Incubation periods in these species are short com
pared to most tree-nesting subtropical passerines in 
South America (~14 days) [48] and other species in the 
same study area (see, for example, 12 days [33]; 15 days 
[43]; 16 days [44]). Given the high rate of nest failure at 
our study site, a short incubation period can be an 
advantage because it helps to reduce total exposure 
time, and may reflect an adaptation to a high exposure 
environment and high nest vulnerability [see also 
49,50]. Accordingly, sparrow nestlings’ growth was 
considerably fast, which may also be adaptive to 
a high nest predation risk [51,52]. The maximum 
growth rate for the tarsus occurred at 2 days from 
hatching, which is sooner than that of body mass and 
wing chord (3 and 5 days, respectively). Given that 
sparrows fledge by walking [16, pers. comm.], a fast- 
developing tarsus may allow nestlings to rapidly 
acquire mobility outside of the nest, enhancing their 
chances of escaping from predators.

The estimated nesting success of the sparrow was 
low (~11%). Studies on other Ammodramus species in 
North America showed higher success in plots that 
were excluded from cattle-grazing at the time [~35%, 
44,46]. Since our study site is under continuous cattle- 

grazing, which can reduce nest success in several indir
ect or direct ways [12,53], part of the difference could 
be related to the different management practices [54]. 
In addition, nesting success has been found to be 
generally lower in Neotropical birds [~15%, 55] than 
in Nearctic ones [up to 50%, 56]. This trend is usually 
attributed to predation rates, which have also been 
reported to be greater in the Neotropical region 
[41,57]. The low success rate we found could be 
a consequence of a wide diversity of nest predators 
in our study area [see also 33]. The high predation rate 
and wide predator diversity may also explain the low 
relevance of nest-site variables for DSR since they limit 
the availability of significantly safe sites for placing 
nests [55,58].

This study contributes to the knowledge of the 
nesting biology and success of a poorly studied 
grassland bird in a modified habitat. We found 
a very low nesting success in a grassland which 
has a long usage history as extensive rangeland. 
Although we were unable to find an effect of 
specific habitat features on nest survival, studies 
at a broader scale, including grasslands with dif
ferent land-use regimes, could help to elucidate 
which habitats are favorable for the reproduction 
of this species [59,60]. As most grasslands in our 
study region are used for the cattle industry and 
are under a continuous process of modification 

Table 2. Richard’s growth curve parameters for tarsus, wing chord, and body mass of Grassland Sparrow nestlings. Only nestlings 
with three or more measures were used (N = 15 nestlings from six nests). A = upper asymptote, ti = time (in days) when maximum 
growth was reached, K = maximum relative growth rate; d = shape parameter, and RD = residuals’ standard deviation for the 
predicted curve. Other values are reported as mean ± SD.

Measure A ti K d RD

Tarsus (mm) 19.53 ± 0.87 2.02 ± 0.79 0.13 ± 0.09 1.54 ± 0.96 0.59
Wing chord (mm) 47.08 ± 8.66 5.10 ± 0.33 0.01 ± 0.02 1.65 ± 0.72 1.06
Body mass (g) 15.21 ± 0.47 3.06 ± 0.33 0.17 ± 0.01 1.55 ± 0.43 0.32

Table 3. Ranking of models explaining daily nest survival of 
the Grassland Sparrow in central-eastern Argentina, including 
a null model of constant survival (S (.)). K = number of para
meter estimates, Deviance = likelihood difference between 
each model and the saturated model (hypothetic model with 
perfect fit), AICc = Akaike’s Information Criterion corrected for 
small sample size (lower means more support), 
∆AICc = difference in AICc units between a model and the 
best model, wi = model importance weight. We only present 
models within two AICc units from the best model.

K Deviance AICc ∆AICc wi

S(.) 1 123.95 125.61 0.00 0.12
S (Time) 2 121.54 125.65 0.04 0.11
S (Perch) 2 122.05 126.15 0.55 0.09
S (Time + Forest edge) 3 120.24 126.45 0.84 0.08
S (Time + IOV) 3 120.50 126.71 1.10 0.07
S (Clump height) 2 122.81 126.91 1.31 0.06
S (Time + Perch) 3 121.00 127.22 1.61 0.05
S (Time + Clump height) 3 121.10 127.31 1.70 0.05
S (Forest edge) 2 123.32 127.43 1.82 0.05
S (Nest Age) 2 123.33 127.43 1.82 0.05
S (IOV) 2 123.44 127.54 1.94 0.04
S (Time + Upper obstruction) 3 121.39 127.60 1.99 0.04
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[23,61, MAC, pers. obs.], we emphasize the impor
tance of knowing basic ecological aspects of its 
fauna to develop management and conservation 
plans. Given the noticeable lack of protected areas 
in the Pampas Grassland ecoregion [6] and that 
many grassland birds remain poorly studied, we 
encourage further research on how their breeding 
success is influenced by habitat features.
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