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ABSTRACT: In this study, we estimated and compared patterns of biodiversity of avifauna in the different land-
scape units that make up the middle basin of the Arroyo Saladillo, located in Santa Fe Province, Argentina. We 
found that species richness, abundance, and diversity were higher in the corridor than in the rest of the land-
scape units, with the simplified matrix showing the lowest values. The low-simplification matrix and patches 
showed similar values for the parameters analyzed. In addition, we analyzed avifauna abundance, richness, 
and diversity across different seasons and their relationship with the landscape units under study. We observed 
that richness, abundance, and diversity of wild birds were significantly higher during spring and summer com-
pared to other seasons, with simplified matrix areas recording the lowest values for these indicators. Biological 
corridors and patches showed similar seasonal variability. The low-simplification matrix showed patterns of 
seasonal variability similar to those observed in patches. These results highlight the importance of biological 
corridors and relict areas with high diversity of woody plant species, which act as biodiversity islands. In addi-
tion, it is important to consider the role played by productive fields with a low degree of simplification as key 
habitats for the conservation of wild birds. We consider it essential to preserve this type of production in the 
region and to encourage the implementation of diversified production systems, since they play a fundamental 
role in the conservation of wildlife in the region.
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Species diversity is a central topic in both com-
munity ecology and conservation biology (Villarreal 
et al. 2004). Its study has gained increasing relevance 
in recent years due to the modifications generated by 
human activities (Sala et al. 2000, Wilson et al. 2016).

In the Pampas region, agricultural expansion and 
population growth are key factors driving environmen-
tal transformation (Brown et al. 2006). Agricultural 
intensification has been mainly expressed through 
the expansion of double-cropping wheat–soybean 
systems, the widespread adoption of no-till farming, 
and the incorporation of transgenic cultivars (Aizen 
et al. 2009). These processes have drastically reduced 

natural environments and altered ecosystem struc-
ture and functioning, leading to fragmentation 
(Rimoldi & Chimento 2018). As a consequence, land-
scapes have become increasingly homogeneous, a 
condition identified as one of the main drivers of the 
decline of numerous vertebrate groups in temperate 
agroecosystems (Benton et al. 2003).

In this scenario, wildlife faces increasing threats 
due to habitat loss and fragmentation (IUCN 2008). 
The sensitivity of species to these alterations depends 
on their spatial requirements, diets, and behavioral 
responses to landscape change (Biasatti & Rimoldi 
2022). Among the most affected groups, birds stand 
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out for their ability to respond rapidly to environmen-
tal modifications at both regional and local scales, 
moving in response to resource variation or aban-
doning areas where resources are no longer avail-
able (Robinson et al. 2004, Guidetti 2020). However, 
these responses vary among species or assemblages, 
making birds valuable indicators for understanding 
ecosystem condition (Whelan et al. 2008, Wenny et al. 
2011, Zufiaurre et al. 2016).

Beyond their role as bioindicators (BirdLife 
International 2022), birds perform key ecosystem 
functions with direct effects on human well-being, 
such as pollination (Murphy & Kelly 2001), regulation 
of invertebrate populations (Mols & Visser 2002), 
natural rodent control (Rimoldi & Curti 2021), and 
seed dispersal (Guidetti 2020).

At the landscape level, the distribution, abun-
dance, and composition of bird communities are 
closely linked to land-use patterns, which determine 
habitat availability and quality (Allen & O’Connor 
2000, Heikkinen et al. 2004, La Sorte 2006, Codesido 
& Busch 2010). Thus, environmental degradation can 
be assessed through changes in density, abundance, 
and distribution of populations across the differ-
ent environments resulting from land-use patterns 
(Temple & Wiens 1989).

The impacts of intensive agriculture are not 
limited to habitat loss: the intensive use of pesticides 
and agrochemicals affects beneficial species, reducing 
biodiversity and weakening essential ecosystem ser-
vices (Krüger 2013). However, certain well-managed 
agroecosystems can retain a considerable portion of 
their original biodiversity (Mermoz et al. 2016).

Both seasonal variation and anthropogenic 
land-use changes affect bird community dynamics. 
Seasonal changes in climate and food resource avail-
ability influence habitat use, causing fluctuations 
in richness, abundance, and composition (Codesido 
et al. 2004, López de Casenave et al. 2008, Evans et 
al. 2013). However, changes driven by rapid and 
extensive land-use transformation are often more 
pronounced, as they affect both species distribution 
and relative abundance across habitats, as well as 
the resources available to different functional groups 
(Zanette et al. 2000, Silva 2003).

In this context, the objective of this study was 
to compare bird assemblages among the different 
landscape components present in the middle basin 
of the Arroyo Saladillo (southern Santa Fe Province, 
Argentina). Specifically, we evaluated differences in 

richness, abundance, and diversity. Additionally, we 
assessed whether the observed spatial patterns (i.e., 
the hierarchy among landscape units) remain con-
sistent across seasons, determining whether the unit 
with the highest and lowest diversity varies seasonally 
or remains constant.

MATERIALS AND METHODS

Study area

The Arroyo Saladillo basin is located between lat-
itudes 32º55’S and 33º30’S and longitudes 60º35’W 
and 61º55’W (southern Santa Fe Province, Argentina), 
covering parts of the Rosario, San Lorenzo, Caseros, 
Constitución, and General López departments (Fig. 
1). It spans approximately 3144 km², with eleva-
tion ranging from 115.5 m.a.s.l. to 18.5 m.a.s.l. The 
main channel flows in a W–SW to E–NE direction, 
draining into the Paraná River. The hydrographic 
network includes several permanent natural and arti-
ficial channels. The main watercourse is the Arroyo 
Saladillo, into which secondary channels such as 
Arroyo Candelaria, Sanford–Arequito Canal, Arroyo 
Pueblo Álvarez, Arroyo La Adela–La Esperanza, and 
Bombal Canal converge, among others. Mean annual 
precipitation is 1000 mm, distributed throughout the 
year with higher values between October and April. 
The middle basin is located between 33º30’ and 33º S 
latitude and 61º30’ and 61º W longitude.

In most of the upper and middle basin, soils are 
well drained, with moderate to moderately slow per-
meability, not prone to waterlogging and suitable for 
agriculture. In other sectors of the upper basin and 
in floodplains of watercourses, soils show imperfect 
drainage, leading to waterlogging problems (Mendez 
Zacarías & Zimmermann 2011).

Landscape units

In general terms, we distinguished three land-
scape components in the study area: the matrix, 
characterized by continuity, regularity, homogeneity, 
and, primarily, dominating the landscape due to its 
larger area relative to other components; patches, 
which are irregular polygonal or circular areas rep-
resenting smaller, discrete habitat units within the 
matrix; and corridors, which are characterized by 
their key role in facilitating connectivity among all 
landscape units and by their elongated shape, in 
which one dimension (length) predominates over the 
other (width).
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Based on this definition, we established four land-
scape units:

1) Highly simplified matrix (M1): characterized 
by annual double-cropping wheat/soybean, which 
has replaced former crop–livestock rotation systems. 
Transgenic glyphosate-resistant soybean predomi-
nates, favoring the adoption of no-till agriculture over 
more traditional practices. 

2) Low-simplification matrix (M2): includes farms 
where multiple production systems coexist, gener-
ally agricultural–livestock systems, which may or 
may not incorporate agroecological practices. These 
areas show greater vegetation heterogeneity due to 
the presence of sown or natural pastures and sections 
with exotic or native trees maintained for shade and 
livestock functional purposes. 

3) Patches (P): mainly composed of introduced 
tree species associated with former rural home-
steads, such as Eucalyptus sp., Melia azedarach, and 
Ligustrum sp., although native species persist at low 
frequency, including Ceibo (Erythrina crista-galli), 
Ombú (Phytolacca dioica), Tala (Celtis tala), and White 
Algarrobo (Prosopis alba). 

4) Corridor (C): defined by the Arroyo Saladillo 
channel as its main axis. Its extent depends on mul-
tiple environmental factors, particularly topography, 
which often limits agricultural activity (irregular 
relief such as undulations, depressions, and hills). 
As a result, it allows the persistence of natural or 
semi-natural habitats such as forests, shrublands, 
and grasslands. 

Sampling

We established three sampling sites for each of 
the four landscape units (12 sites in total; Fig. 1). Sites 
were selected to represent all landscape units and to 
adequately cover the spatial extent of the middle basin 
of the Arroyo Saladillo. At each site, we established 
three 500 m transects separated by 100 m. Along each 
transect, we placed five fixed-radius count points 
(50 m), each lasting 15 min and separated by 100 m 
(Ralph et al. 1996). We recorded all birds detected 
within the radius, regardless of height. Birds in flight 
actively using the space (hunting, foraging, or moving 
between trees) were included.

Counts were conducted at each point twice per 
season over two consecutive years (2021–2022): once 

Figure 1. Delineation of the study area in the middle basin of the Arroyo Saladillo, southern Santa Fe Province, Argentina. Each point represents a 
sampling site. Legend: C (Corridor); M2 (Low-simplification matrix); M1 (Highly simplified matrix); P (Patch).
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in the morning (starting 20 min after sunrise and up 
to 4 h after) and once in the afternoon (near sunset), 
following Villarreal et al. (2004). Counts were per-
formed by two observers using binoculars.

Trophic guilds

We classified species into trophic guilds based on 
dietary information from Birds of the World (Billerman 
et al. 2025). Following Foncea et al. (2023), guilds were 
grouped into six categories according to the main 
dietary item: omnivores, granivores, nectarivores, 
herbivores, carnivores, and insectivores. The herbi-
vore category includes both frugivores and folivores.

Statistical analyses

To characterize assemblages, we quantified total 
abundance (number of individuals recorded), species 
richness (number of species), and diversity using 
the Shannon–Wiener index (H’). This index simulta-
neously integrates richness and evenness (Moreno 
2001, Magurran & McGill 2011) and was expressed as 
true diversity or effective number of species through 
the transformation D = exp(H’) (Jost 2006).

We generated rarefaction curves (observed rich-
ness, S obs.) and non-parametric richness estimators 
(Chao 2, Jack 2, Bootstrap, and ICE) for each land-
scape unit, presented in five independent figures, 
each including the four corresponding curves per 
landscape unit (Magurran 1988, Colwell & Coddington 
1994, Moreno 2001). Rarefaction curves were used to 
evaluate sampling effort and its adequacy for compar-
isons among landscape units.

To compare assemblage composition among 
landscape units, we used the Jaccard index together 
with cluster analysis, non-metric multidimensional 
scaling (NMDS), and PERMANOVA. The Jaccard index 
was calculated from a presence–absence matrix con-
structed for each landscape unit using the ‘vegdist’ 
function in the vegan 2.7-2 package in R version 4.5.2 
(R Core Team 2025), specifying the ‘jaccard’ method 
and binary standardization. The resulting values were 
used to estimate pairwise similarity among landscape 
units and to perform hierarchical clustering using the 
UPGMA method (Unweighted Pair Group Method with 
Arithmetic Mean).

We implemented NMDS on a Bray–Curtis dis-
similarity matrix derived from species abundance 
data. We used two dimensions and 999 permuta-
tions to assess solution stability, and we evaluated 

model fit using stress values. In addition, we applied 
PERMANOVA (with 999 permutations) on the same 
dissimilarity matrix, estimating the proportion of 
variance explained by landscape unit type (R²) and 
its significance (p). These analyses were performed in 
R version 4.5.2 (R Core Team 2025). Ordination and 
community comparison analyses were conducted 
using the vegan 2.7-2 and permute 0.9-8 packages. 
Visualizations were produced with ggplot2 4.0.1 and 
data manipulation with dplyr 1.1.4.

To account for spatial dependence among observa-
tions from the same site, we complemented analyses 
with generalized linear mixed models (GLMMs) using 
the ‘glmmTMB’ function in R (R Core Team 2025). Site 
was included as a random factor (1 | site) to account for 
non-independence within spatial units. Fixed factors 
were landscape unit (C, P, M1, M2), season (winter, 
autumn, spring, summer), and year (2021, 2022), as 
well as two-way interactions ‘landscape unit’ with 
‘season’, and ‘lanscape unit’ with ‘year’.

For abundance, Poisson and negative binomial 
models showed convergence and fit issues, so we 
modeled the log-transformed variable (log(abundance 
+ 1)) using a Gaussian distribution (family = gaussian), 
which satisfied model assumptions. For richness, we 
used a Poisson distribution (family = poisson), and for 
the Shannon index (H’), a Gaussian distribution.

Significance of fixed terms and interactions was 
assessed using the ‘drop1()’ function with chi-square 
tests. When interactions were significant, post hoc 
comparisons among landscape units within each 
season were performed using the emmeans package 
with Tukey adjustment.

Model adequacy was evaluated through residual 
simulations using the DHARMa package, with no relevant 
deviations from assumptions detected in any model.

We assessed trophic guild associations with land-
scape units using an indicator species analysis with 
the ‘multipatt’ function from the indicspecies package 
(v1.7.14). We used the IndVal.g statistic on a presence–
absence matrix of guilds per landscape unit, with 999 
permutations to assess significance (α = 0.05).

RESULTS

We recorded a total of 25,302 birds (hereafter, 
records) belonging to 110 species, 39 families, and 17 
orders. The best-represented order was Passeriformes, 
with 18 families and 62 species, accounting for 56.3% 
of the avifauna recorded in this study (Table 1).
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Scientific name Common name
Location

C P M1 M2

Family: Tinamidae

Nothura maculosa Spotted Nothura X X X X

Family: Anatidae

Cygnus melancoryphus Black-necked Swan X 0 0 0

Callonetta leucophrys Ringed Teal X 0 0 0

Amazonetta brasiliensis Brazilian Teal X 0 X 0

Spatula versicolor Silver Teal X 0 0 0

Anas georgica Yellow-billed Pintail X 0 0 0

Anas flavirostris Yellow-billed Teal X 0 0 0

Family: Columbidae

Columba livia Rock Pigeon X X X X

Patagioenas picazuro Picazuro Pigeon X X X X

Patagioenas maculosa Spot-winged Pigeon X X X 0

Zenaida auriculata Eared Dove X X X X

Columbina picui Picui Ground Dove X X X X

Family: Cuculidae

Guira guira Guira Cuckoo X X X X

Family: Ciconiidae

Mycteria americana Wood Stork X 0 0 0

Ciconia maguari Maguari Stork X 0 0 0

Family: Rallidae

Fulica rufifrons Red-fronted Coot X 0 0 0

Family: Threskiornithidae

Plegadis chihi White-faced Ibis X 0 0 0

Family: Ardeidae

Nycticorax nycticorax Black-crowned Night Heron X 0 0 0

Ardea cocoi Cocoi Heron X 0 0 0

Syrigma sibilatrix Whistling Heron X X X X

Egretta thula Snowy Egret X X 0 0

Butorides striata Striated Heron X 0 0 0

Ardea ibis Western Cattle-Egret X 0 0 0

Family: Phalacrocoracidae

Nannopterum brasilianum Neotropic Cormorant X 0 0 0

Table 1. Bird species recorded in the middle basin of the Arroyo Saladillo, southern Santa Fe Province, Argentina, according to presence records 
at each sampling site. X indicates presence and 0 indicates absence.
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Scientific name Common name
Location

C P M1 M2

Family: Recurvirostridae

Himantopus mexicanus Black-necked Stilt X 0 0 0

Family: Charadriidae

Vanellus chilensis Southern Lapwing X X X X

Family: Scolopacidae

Tringa solitaria Solitary Sandpiper X 0 0 0

Tringa flavipes Lesser Yellowlegs X 0 0 0

Tringa melanoleuca Greater Yellowlegs X 0 0 0

Family: Tytonidae

Tyto furcata American Barn Owl 0 X X 0

Family: Strigidae

Athene cunicularia Burrowing Owl X X X 0

Megascops choliba Tropical Screech-Owl X 0 X 0

Family: Accipitridae

Elanus leucurus White-tailed Kite X X X 0

Rupornis magnirostris Roadside Hawk X X X X

Parabuteo unicinctus Harris’s Hawk 0 X 0 0

Family: Alcedinidae

Chloroceryle amazona Amazon Kingfisher X 0 0 0

Chloroceryle americana Green Kingfisher X 0 0 0

Family: Picidae

Colaptes melanochloros Green-barred Woodpecker X X X 0

Melanerpes candidus White Woodpecker 0 X 0 0

Colaptes campestris Campo Flicker X X X 0

Family: Falconidae

Caracara plancus Crested Caracara X X X 0

Daptrius chimango Chimango Caracara X X X X

Falco sparverius American Kestrel X X X X

Falco femoralis Aplomado Falcon X X X 0

Family: Psittacidae

Myiopsitta monachus Monk Parakeet X X X X

Family: Caprimulgidae

Systellura longirostris Band-winged Nightjar 0 X 0 0

Family: Trochilidae

Hylocharis chrysura Gilded Hummingbird 0 X 0 0

Chlorostilbon lucidus Glittering-bellied Emerald X X X 0
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Scientific name Common name
Location

C P M1 M2

Family: Thamnophilidae

Taraba major Great Antshrike X X 0 0

Family: Furnariidae

Lepidocolaptes angustirostris Narrow-billed Woodcreeper 0 X 0 0

Furnarius rufus Rufous Hornero X X X X

Cinclodes fuscus Buff-winged Cinclodes X 0 0 0

Phacellodomus sibilatrix Little Thornbird X X 0 0

Phacellodomus striaticollis Freckle-breasted Thornbird X 0 0 0

Anumbius annumbi Firewood-gatherer X 0 0 0

Schoeniophylax phryganophilus Chotoy Spinetail X 0 X 0

Synallaxis albescens Pale-breasted Spinetail 0 0 X 0

Synallaxis frontalis Sooty-fronted Spinetail X X 0 0

Family: Tyrannidae

Serpophaga nigricans Sooty Tyrannulet X X 0 0

Serpophaga subcristata White-crested Tyrannulet X X X 0

Serpophaga griseicapilla Straneck’s Tyrannulet 0 0 X 0

Elaenia parvirostris Small-billed Elaenia 0 X 0 0

Pitangus sulphuratus Great Kiskadee X X X X

Machetornis rixosa Cattle Tyrant X X X 0

Myiodynastes maculatus Streaked Flycatcher X X 0 0

Tyrannus melancholicus Tropical Kingbird X 0 X 0

Tyrannus savana Fork-tailed Flycatcher X X X 0

Pyrocephalus rubinus Vermilion Flycatcher X X 0 0

Lessonia rufa Austral Negrito X 0 X 0

Hymenops perspicillatus Spectacled Tyrant X 0 0 0

Knipolegus aterrimus White-winged Black-Tyrant 0 X X 0

Neoxolmis coronatus Black-crowned Monjita X 0 X 0

Xolmis irupero White Monjita X 0 0 0

Myiophobus fasciatus Bran-colored Flycatcher X X 0 0

Myiarchus swainsoni Swainson’s Flycatcher X 0 0 0

Family: Vireonidae

Vireo chivi Chivi Vireo 0 X 0 0

Family: Hirundinidae

Tachycineta leucorrhoa White-rumped Swallow X 0 X X

Progne tapera Brown-chested Martin X X X 0

Progne chalybea Gray-breasted Martin 0 0 X 0
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Scientific name Common name
Location

C P M1 M2

Pygochelidon cyanoleuca Blue-and-white Swallow 0 X X 0

Family: Polioptilidae

Polioptila dumicola Masked Gnatcatcher X X X 0

Family: Troglodytidae

Troglodytes musculus Southern House Wren X X X X

Family: Mimidae

Mimus saturninus Chalk-browed Mockingbird X X X X

Mimus triurus White-banded Mockingbird X X X 0

Family: Turdidae

Turdus rufiventris Rufous-bellied Thrush X X X 0

Turdus amaurochalinus Creamy-bellied Thrush X X X 0

Family: Passeridae

Passer domesticus House Sparrow X X X X

Family: Motacillidae

Anthus furcatus Short-billed Pipit X 0 0 0

Family: Fringillidae

Spinus magellanicus Hooded Siskin X X X 0

Family: Passerellidae

Ammodramus humeralis Grassland Sparrow 0 0 X X

Zonotrichia capensis Rufous-collared Sparrow X X X X

Family: Icteridae

Leistes superciliaris White-browed Meadowlark X X 0 X

Molothrus rufoaxillaris Screaming Cowbird X X X X

Molothrus bonariensis Shiny Cowbird X X X X

Agelaioides badius Grayish Baywing X X X X

Chrysomus ruficapillus Chestnut-capped Blackbird X 0 0 0

Family: Parulidae

Geothlypis velata Southern Yellowthroat 0 X X 0

Setophaga pitiayumi Tropical Parula X X X 0

Family: Cardinalinae

Piranga flava Hepatic Tanager 0 X 0 0

Family: Thraupidae

Embernagra platensis Great Pampa-Finch X 0 X 0

Saltatricula multicolor Many-colored Chaco Finch X 0 0 0

Coryphospingus cucullatus Red-crested Finch 0 X 0 0

Rauenia bonariensis Blue-and-yellow Tanager 0 X X 0
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Scientific name Common name
Location

C P M1 M2

Sporophila caerulescens Double-collared Seedeater X X X 0

Microspingus melanoleucus Black-capped Warbling Finch X X 0 0

Sicalis flaveola Saffron Finch X X X X

Sicalis luteola Grassland Yellow-Finch X X X X

Paroaria coronata Red-crested Cardinal X X X 0

Paroaria capitata Yellow-billed Cardinal X 0 0 0

Family: Sturnidae

Sturnus vulgaris Common Starling X X X X

Regarding trophic guilds, 52% of species belonged 
to the group of birds that feed primarily on inverte-
brates, followed by omnivores (14%), carnivores 
(11%), herbivores and granivores (9% each), and fru-
givores and nectarivores (2% each).

Comparison of bird assemblage structure among 
landscape units

In the corridor, we obtained 9386 records (37% of 
the total) and a richness of 92 species (83.6% of the 
recorded species). In the highly simplified matrix 
(M1), we obtained 1994 records (7.8%) and 27 species 
(24.5%). In the low-simplification matrix (M2), we 
obtained 7126 records (28.1%) and 62 species 

(56.3%). Finally, in the patches, we obtained 6798 
records (26.8%) and 68 species (61.8%; Fig. 3).

Based on the behavior of richness estimators for 
each landscape unit, it seems unlikely that a higher 
number of species than those recorded would be 
obtained even with increased sampling effort, as 
species accumulation curves tended to stabilize (Fig. 4).

To facilitate the ecological interpretation of diver-
sity values, we calculated true diversity (D = exp(H’)). 
The values obtained were the following: C = 55.780, P 
= 38.910, M1 = 15.880, and M2 = 28.820, indicating 
that the corridor harbors the highest effective number 
of species, while M1 maintains the lowest effective 
diversity.

Figure 2. Percentage distribution of bird abundance and species richness among the habitats surveyed in the middle basin of the Arroyo Saladillo, 
southern Santa Fe Province, Argentina. Legend: C (Corridor); M2 (Low-simplification matrix); M1 (Highly simplified matrix); P (Patch).
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Figure 3. Species accumulation curves (S obs) and nonparametric species richness estimator curves for the four landscape units in the middle 
basin of the Arroyo Saladillo, southern Santa Fe Province, Argentina. (A) Observed richness (S obs), (B) ICE, (C) Chao 2, (D) Jack 2, and (E) 
Bootstrap. Each panel shows the curves for the four landscape units: corridor (C), patches (P), highly simplified matrix (M1), and low-simplifica-
tion matrix (M2).

Figure 4. Hierarchical clustering dendrogram of bird species composition based on the Jaccard similarity index for each sampling site in the 
middle basin of the Arroyo Saladillo, southern Santa Fe Province, Argentina. Legend: C (Corridor); M2 (Low-simplification matrix); M1 (Highly 
simplified matrix); P (Patch).
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Comparison of species composition among landscape 
units

The Jaccard similarity coefficient showed low 
similarity in species composition between the highly 
simplified matrix (M1) and the other landscape units 
(corridor, patches, and low-simplification matrix), 
with values of J = 0.280, 0.360, and 0.430, respec-
tively. The most similar landscape units were patches 
(P) and the low-simplification matrix (M2; J = 0.620), 
which also showed relatively high similarity with the 
corridor (0.510 and 0.520, respectively; Fig. 5).

These patterns are consistent with the NMDS, 
which showed a clear segregation among the four 
landscape units, indicating marked differences in 
species composition (Fig. 6). Sites clustered consis-
tently in ordination space according to landscape 
unit, with the corridor showing the greatest differen-
tiation from the highly simplified matrix (M1), while 
the low-simplification matrix (M2) and patches (P) 
showed more similar compositions. The PERMANOVA 
confirmed that landscape unit type explained a sig-
nificant proportion of the observed variation (R² = 
0.545, p = 0.001), indicating that each landscape unit 
harbors a distinct bird assemblage (Fig. 6).

Comparison of trophic guilds among landscape units

The distribution of trophic guilds varied among 
landscape units. In the corridor (C), patches (P), and 
the low-simplification matrix (M2), approximately 
half of the species were insectivorous. In contrast, 
in the highly simplified matrix (M1), this proportion 

decreased to 30%, where granivorous species pre-
dominated (37%). Omnivores reached their highest 
proportion in M2 (21%), with no major differences 
among the other units. Carnivores were most repre-
sented in C (12%), followed by P and M2 (9% each), 
while no species from this group were recorded in M1.

The indicator species analysis (‘multipatt’) 
showed statistically significant associations of car-
nivorous, herbivorous, and nectarivorous guilds with 
specific landscape units (p < 0.000 in all cases). These 
three guilds were mainly associated with C, M2, and 
P and showed no association with M1. In contrast, 
omnivorous, granivorous, and insectivorous guilds 
did not show affinity for any particular unit, occurring 
broadly across all four landscape units.

Figure 5. Non-metric multidimensional scaling (NMDS) ordination of bird species composition across four habitats in the middle basin of the 
Arroyo Saladillo, southern Santa Fe Province, Argentina. Legend: C (Corridor); M2 (Low-simplification matrix); M1 (Highly simplified matrix); P 
(Patch).

Figure 6. Percentage distribution of trophic guilds across the different 
habitats studied in the middle basin of the Arroyo Saladillo, southern 
Santa Fe Province, Argentina. Legend: Habitats: C (Corridor); M2 
(Low-simplification matrix); M1 (Highly simplified matrix); P (Patch). 
Trophic guilds: Om (Omnivores); Gr (Granivores); Ne (Nectarivores); 
He (Herbivores); Ca (Carnivores); In (Insectivores).
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Seasonal variation of bird assemblages among 
Landscape units

The GLMMs showed a significant interaction 
between landscape unit and season for all three ana-
lyzed variables (abundance: χ² = 92.410, df = 9, p < 
0.001; richness: χ² = 17.980, df = 9, p = 0.035; diver-
sity: χ² = 92.980, df = 9, p < 0.001).

Post hoc Tukey comparisons revealed a consistent 
pattern across all seasons (Figs. 7, 8, 9): the corridor 
(C) showed the highest values, the highly simplified 
matrix (M1) the lowest, while patches (P) and the 
low-simplification matrix (M2) showed intermediate 
values with no significant differences between them 
in most seasons, particularly in spring (abundance 
and diversity: p = 0.999; richness: p = 0.975).

This pattern indicates that the hierarchy C > M2 
= P > M1 is maintained throughout the year, although 
the magnitude of differences fluctuates seasonally.

The interaction between landscape unit and year 
was not significant for any of the variables (p > 0.050 
in all cases), indicating that the observed patterns 
remained consistent between 2021 and 2022.

DISCUSSION

The analyses conducted in the present study high-
light and reinforce not only the importance and role of 
patches and biological corridors in highly anthropized 
landscapes, but also the potential of diversified pro-
duction systems to increase connectivity among 
ecosystem remnants of high conservation value. The 
results suggest that diversified production systems 
embedded within the dominant matrix as low-sim-
plification areas (M2) provide a more complex and 
heterogeneous habitat for wildlife than conventional 
agricultural fields (M1), as they support greater bird 
richness and diversity, variables that are positively 
associated with habitat heterogeneity (Frutos et al. 
2016). This structural diversity, at both the vertical 
and horizontal levels, provides a greater abundance 
and variety of microhabitats for birds, allowing them 
to select optimal sites to establish territories and 
complete their life cycles. In the present study, the 
low-simplification matrix (M2) tended to function 
similarly to patches (P) in terms of bird richness, 
abundance, and diversity, whereas the highly sim-
plified matrix (M1) supported the most depauperate 
assemblages. Species recorded that may contribute to 
the control of rodent disease vectors associated with 
croplands include, for example, Tyto furcata, Rupornis 
magnirostris, and Falco sparverius. Biondi et al. (2005) 
described Daptrius chimango as a predator of several 

Figure 8. Estimated values from the generalized linear mixed model 
(GLMM) for species richness across the four landscape units (C, P, 
M1, M2) throughout the seasons of the year in the middle basin of 
the Arroyo Saladillo, southern Santa Fe Province, Argentina. Error 
bars represent 95% confidence intervals. Legend: Sum (summer); 
Aut (autumn); Win (winter); Spr (spring); C (Corridor); M2 (Low-
simplification matrix); M1 (Highly simplified matrix); P (Patch).

Figure 9. Estimated values from the generalized linear mixed model 
(GLMM) for the Shannon–Wiener diversity index across the four 
landscape units (C, P, M1, M2) throughout the seasons of the year in 
the middle basin of the Arroyo Saladillo, southern Santa Fe Province, 
Argentina. Error bars represent 95% confidence intervals. Legend: Sum 
(summer); Aut (autumn); Win (winter); Spr (spring); C (Corridor); M2 
(Low-simplification matrix); M1 (Highly simplified matrix); P (Patch).

Figure 7. Estimated values from the generalized linear mixed model 
(GLMM) for bird abundance (log scale) across the four landscape units 
(C, P, M1, M2) throughout the seasons of the year in the middle basin 
of the Arroyo Saladillo, southern Santa Fe Province, Argentina. Error 
bars represent 95% confidence intervals. Legend: Sum (summer); 
Aut (autumn); Win (winter); Spr (spring); C (Corridor); M2 (Low-
simplification matrix); M1 (Highly simplified matrix); P (Patch).
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species of the family Scarabaeidae, which are known 
to damage a variety of crops. Likewise, some birds of 
prey play an important role in agroecosystems by con-
tributing to the biological control of species that can 
affect crops, such as parakeets and doves (Sergio et al. 
2008). However, some of these birds are scavengers 
and perform equally important ecological functions 
by removing organic remains, facilitating nutrient 
recycling, and reducing the proliferation of infec-
tious sources that could promote zoonotic diseases 
(Morales-Reyes et al. 2015). Together, both groups 
contribute to the regulation and ecological balance of 
productive and natural environments.

The largest group of birds recorded belonged to 
the Passeriformes, which play an important role in 
controlling invertebrates that may be considered crop 
pests, as well as in consuming seeds, particularly 
those of grasses (Alessio et al. 2005, Goijman et al. 
2020). Identifying key species that provide ecosys-
tem services may be an appropriate starting point 
for developing conservation measures (Gorosabel et 
al. 2020). To achieve this, information that enables 
long-term population monitoring is essential, since 
it would allow assessment of how the ecosystem ser-
vices provided by these species are affected.

The pattern observed for herbivores suggests 
greater selectivity in habitat use, possibly associated 
with specific requirements for plant resources avail-
able only in certain landscape units. In contrast, the 
homogeneous distribution of the remaining guilds 
suggests greater ecological plasticity and a higher 
capacity to exploit diverse trophic resources across 
the different habitat types evaluated.

These trends are reflected differently among 
landscape units, as is clearly evident in the agricul-
tural environment (M1), where granivorous species 
account for a higher proportion of the assemblage, 
as reported by Verga et al. (2018) and Codesido et al. 
(2008). However, unlike Verga et al. (2018), who con-
cluded that habitat fragmentation did not negatively 
affect the abundance of resources used by birds, our 
results show a reduction in the number of species in 
this environment as a consequence of habitat modifi-
cation. As noted by Codesido et al. (2008), this type of 
simplification impoverishes the vegetation structure 
of croplands and their associated habitats, resulting 
in a decline in resource availability.

The low similarity in species composition 
between the highly simplified matrix (M1) and the 
other landscape units (C, P, and M2; J = 0.280, 0.360, 
and 0.430, respectively) may be associated with the 

high degree of habitat homogenization in this envi-
ronment; the intensive use of agrochemicals, which 
reduces food availability (seeds and insects); and 
the lower presence of key structural elements such 
as trees and shrubs that many bird species use for 
nesting, perching, or foraging. This specialization of 
the agricultural landscape reduces the assemblage 
to a few generalist species, resulting in the loss of 
ecosystem services (Zaccagnini et al. 2011). In this 
regard, Codesido et al. (2013) reported that total 
bird abundance, as well as the abundance and rich-
ness of grassland specialists, were lower in cropland 
landscapes than in livestock and mixed-production 
landscapes. This occurs because crops, particularly 
under no-till farming and herbicide-tolerant soybean 
cultivation, simplify habitat structure and reduce 
roadside vegetation, and agricultural operations may 
reduce the nesting success of ground-nesting birds. 
The greater representation of generalist species in 
bird assemblages of Pampas agroecosystems suggests 
that agricultural activities that modify habitats often 
benefit these species, allowing them to become more 
common (Codesido et al. 2012). The same authors 
also pointed out that grassland specialist species are 
among the most vulnerable because of the destruc-
tion and fragmentation of their natural habitat by 
intensive agriculture. Similarly, Zufiaurre et al. (2016) 
reported that bird assemblages are impoverished in 
agricultural fields compared with livestock fields, 
attributing this difference to the greater structural 
homogeneity of croplands, which simplifies habitat 
and reduces the number of available niches, whereas 
livestock fields create greater structural variability 
and resource diversity through grazing. Annual crop-
land is therefore more detrimental to bird commu-
nities than cattle grazing in Pampas agroecosystems 
(Codesido et al. 2013). In our study, the highest sim-
ilarity occurred between patches and the low-simpli-
fication matrix (P and M2; J = 0.620), suggesting that 
fields with lower levels of anthropogenic disturbance 
that retain natural elements can support part of the 
biodiversity typically associated with more conserved 
environments. Azpiroz & Blake (2009), in turn, sug-
gested that planted pastures benefit several common 
species that do not reach high densities in croplands, 
but negatively affect birds restricted to native grass-
lands. Consequently, many Pampas bird species, 
particularly insectivores and granivores, can use both 
landscape units, whereas grassland specialists do 
not use planted pastures, making the conservation of 
natural remnants essential for their protection.

The patterns observed in the NMDS indicate 
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that species composition differs consistently among 
landscape units, with clearly segregated commu-
nities. The marked separation of the corridor from 
the other units, together with the relative similarity 
between M2 and patches, suggests that the structural 
characteristics of each environment strongly influ-
ence the composition of its bird assemblages. Both 
approaches (the dendrogram based on the Jaccard 
coefficient and the NMDS ordination combined with 
PERMANOVA) evaluated community composition 
from complementary perspectives: the dendrogram 
reflects hierarchical similarity relationships, whereas 
the NMDS describes gradients in multivariate space, 
reinforcing the observed patterns. These results, sup-
ported by the PERMANOVA, reinforce the idea that 
each environment harbors a distinct bird community, 
probably associated with differences in vegetation 
cover, habitat heterogeneity, and resource availability.

In addition, M1 showed the greatest differences 
relative to the other landscape units in terms of rich-
ness, abundance, and diversity. This pattern can be 
explained by differences in land use, which generate 
variation in resource availability (Codesido et al. 2008). 
In particular, seasonal changes in diversity were more 
pronounced in M1, which is expected considering that 
the dominant crops in the region are planted in spring 
and harvested during summer–autumn, leaving 
fields with little vegetation cover throughout winter. 
In this regard, Leveau & Leveau (2004) noted that 
soybean monoculture is based on glyphosate-resis-
tant cultivars and the intensive use of agrochemicals 
to eliminate weeds, leading to the impoverishment of 
vegetation structure and a consequent decline in bird 
abundance. According to Whitford (1997), interannual 
variation in bird diversity may also be associated with 
changes in precipitation regimes and with the trans-
formations that vegetation undergoes throughout its 
phenological cycle.

In contrast, the M2 environment, with a lower 
degree of anthropogenic disturbance, showed higher 
values of richness, abundance, and diversity. This 
environment, characterized by greater ground cover 
and the presence of extensive livestock production, 
provides a more heterogeneous vegetation structure 
that promotes foraging opportunities on invertebrates 
and seeds (Codesido et al. 2008). Likewise, seasonal 
changes were less pronounced in this environment, 
which may be attributed to the effect of permanent 
pastures and livestock grazing, both of which intro-
duce structural variability into the habitat. The results 
show that, across the four landscape units studied, 
bird richness and abundance were highest during 

spring and summer. These findings are consistent 
with those of Leveau & Leveau (2011), who attributed 
this pattern to the arrival of species that are austral 
migrants. In addition, it may be associated with the 
search for food and nesting sites, as this period coin-
cides with the breeding season of most bird species.

The greatest seasonal changes were also recorded 
in M2, with marked declines from summer and spring 
to autumn. These results differ from those of Leveau 
et al. (2024), who proposed that greater diversity 
within landscape units leads to greater stability in bird 
diversity. Under this hypothesis, M1 would have been 
expected to exhibit the greatest seasonal variation. 
However, this discrepancy may be explained by the 
fact that landscape units such as M2 provide a greater 
abundance of resources during the breeding season, 
resulting in increased activity and the presence of 
species that arrive in search of food and nesting sites. 
This interpretation is consistent with Zufiaurre et al. 
(2016), who found that livestock fields consistently 
supported higher species richness than agricultural 
fields during spring and summer, whereas landscape 
units such as M1 consistently maintained low bird 
abundance and limited species turnover.

Our results indicate that bird diversity in the 
middle basin of the Arroyo Saladillo varies markedly 
among seasons, but above all according to land use 
and land cover in each landscape unit. Environments 
that retain greater vegetation diversity and experience 
lower levels of human disturbance, such as biological 
corridors, patches, and fields managed under more 
diversified production systems, support a greater 
abundance and variety of birds throughout the year. 
These findings highlight the importance of promoting 
management practices that integrate biodiversity 
conservation into productive landscapes. They also 
underscore the need to advance policies that recog-
nize the value of vegetation patches and biological 
corridors as fundamental components of ecological 
balance in these highly transformed landscapes.

Regarding seasonal variation, the GLMMs showed 
that the hierarchy among landscape units remained 
consistent throughout the year: the corridor (C) exhib-
ited the highest values of abundance, richness, and 
diversity in every season, whereas the highly simpli-
fied matrix (M1) consistently showed the lowest values, 
with no significant differences between patches (P) 
and the low-simplification matrix (M2) at any time of 
the year (post hoc comparisons, p > 0.05 in all cases). 
However, the magnitude of seasonal variation differed 
among landscape units: the decline in abundance 
from summer to autumn was more pronounced in C 
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and M2 than in M1 and P (landscape unit × season 
interaction, p < 0.001), whereas the increase in diver-
sity from winter to spring was greater in M2 and M1 
than in C (p = 0.012). These findings differ partially 
from those reported by Zúñiga (2007), who found that 
spring was the season of highest diversity across all 
landscape units analyzed, suggesting that seasonal 
responses may vary according to land cover and land-
use type.

Seasonal variation was also reflected in signif-
icant differences among most seasons, although 
summer and spring did not differ from one another. 
This pattern may be associated with the breeding and 
parental care period, as well as with seasonal changes 
in vegetation phenology that increase food availability 
for birds (Lorenzón et al. 2019, Leveau et al. 2024). 
Similarly, Codesido & Bilenca (2004) attributed higher 
bird diversity during these seasons to the greater 
abundance of invertebrates.

Regarding trophic guilds across the different 
landscape units, insectivorous birds were the best 
represented. These findings are consistent with 
those reported by Salas Correa & Mancera-Rodríguez 
(2018) and López-Muñoz et al. (2022), highlighting 
the importance of these trophic resources within the 
sampled landscape units.

In southern Santa Fe Province, Argentina, where 
grain and oilseed crops dominate the landscape and 
have led to a substantial reduction in natural habitats, 
changes in ecosystem structure and functioning, and, 
in most cases, habitat fragmentation (Rimoldi 2013), 
we found that bird assemblages tended to occur more 
frequently in the more stable landscape units, namely, 
the Arroyo Saladillo biological corridor, followed by 
patches and fields with a low degree of simplification. 
These findings support the proposal of Biasatti & 
Rimoldi (2022), who suggested implementing reverse 
fragmentation strategies in the region. This approach 
involves developing patches and biological corridors 
within the anthropogenic agroecosystem matrix to 
interrupt landscape homogeneity and promote bio-
diversity conservation in landscapes dominated by 
agricultural production.

Study limitations

The 100 m spacing between point counts is shorter 
than the 250 m generally recommended to ensure 
spatial independence in some sampling designs. This 
decision was dictated by the characteristics of the 
patch landscape unit (P), which consists of relatively 
small habitat areas where greater spacing would have 

compromised the representativeness of the sampled 
habitat.

Nevertheless, to account for the potential lack of 
independence among observations within each site, 
the analyses were complemented with generalized 
linear mixed models (GLMMs), including site as a 
random factor. The results were consistent with the 
initial analyses, suggesting that the observed patterns 
are robust despite this methodological limitation.

REFERENCES

Aizen MA, Garibaldi LA Dondo M (2009) Expansión 
de la soja y diversidad de la agricultura argenti-
na. Ecología Austral 19(1):45-54

Alessio VG, Beltzer AH, Lajmanovich RC, Quiroga MA 
(2005) Ecología alimentaria de algunas especies 
de Passeriformes (Furnariidae, Tyrannidae, Ic-
teridae y Emberizidae): consideraciones sobre 
algunos aspectos del nicho ecológico. En: Ace-
ñolaza FG (Ed.)  Temas de la Biodiversidad del 
Litoral fluvial argentino II. INSUGEO, Miscelánea 
14:441-482 

Allen AP, O’Connor RJ (2000) Interactive effects of 
land use and other factors on regional bird distri-
butions. Journal of Biogeography 27:889-900. ht-
tps://doi.org/10.1046/j.1365-2699.2000.00453.x

Azpiroz AB, Blake JG (2009) Avian assemblages in 
altered and natural grasslands in the northern 
Campos of Uruguay.  The Condor: Ornitholo-
gical Applications 111(1):21-35. https://doi.
org/10.1525/cond.2009.080111

Benton TG, Vickery JA, Wilson JD (2003) Far-
mland biodiversity: is habitat heterogeneity the 
key?  Trends in Ecology & Evolution 18:182-188. 
https://doi.org/10.1016/S0169-5347(03)00011-9

Biasatti NR, Rimoldi PG (2022) Paradojas de la conser-
vación de biodiversidad en los agroecosistemas 
pampeanos: La fragmentación inversa. Studies in 
Environmental and Animal Sciences 3(3):1582-
1589. https://doi.org/10.54020/seasv3n3-021

Billerman SM, Keeney BK, Kirwan GM, Medrano F, 
Sly ND, Smith MG (Eds.) (2025) Birds of the World. 
Cornell Laboratory of Ornithology, Ithaca, NY, 
USA. https://doi.org/10.2173/bow

Biondi LM, Bó MS, Favero M (2005) Dieta del chimango 
(Milvago chimango) durante el período reproductivo 
en el sudeste de la provincia de Buenos Aires, Ar-
gentina. Ornitología Neotropical 16:31-42

BirdLife International (2022) Estado de conservación 
de las aves del mundo 2022: Enfoques y solucio-
nes para la crisis de la biodiversidad. BirdLife In-
ternational

Brown A, Martinez Ortiz U, Acerbi M, Corcuera J 
(Eds.) (2006)  La situación ambiental Argentina 
2005. Fundación Vida Silvestre

Codesido, M., & Bilenca, D. (2004). Variación es-

EL HORNERO 41 (1) · EARLY VIEW



tacional de un ensamble de aves en un bos-
que subtropical semiárido del Chaco argen-
tino. Biotropica, 36:544-554. https://doi.
org/10.1111/j.1744-7429.2004.tb00349.x

Codesido M, Busch M (2010)  Ensambles de aves en 
agroecosistemas de la provincia de Buenos Aires: 
su relación con los patrones de uso de la tierra 
y las características del paisaje. Tesis doctoral. 
Universidad de Buenos Aires, Facultad de Cien-
cias Exactas y Naturales

Codesido M, González-Fischer CM, Bilenca DN (2008) 
Asociaciones entre diferentes patrones de uso de 
la tierra y ensambles de aves en agroecosistemas 
de la región pampeana, Argentina.  Ornitología 
Neotropical 19(Supl.):575-585

Codesido M, González-Fischer CM, Bilenca DN (2012) 
Agricultural land-use, avian nesting and rarity in 
the Pampas of central Argentina.  Emu – Austral 
Ornithology 112:46-54.  https://doi.org/10.1071/
MU11049

Codesido M, González-Fischer CM, Bilenca D N (2013) 
Landbird assemblages in different agricultural 
landscapes: A case study in the Pampas of cen-
tral Argentina. The Condor: Ornithological Appli-
cations 115(1):8-16. https://doi.org/10.1525/
cond.2012.120011

Colwell RK, Coddington JA (1994) Estimating terres-
trial biodiversity through extrapolation. Philoso-
phical Transactions of the Royal Society of London. 
Series B: Biological Sciences 345(1311):101-118. 
https://doi.org/10.1098/rstb.1994.0091

Evans DM, Levey DJ, Tewksbury JJ (2013) Landscape 
corridors promote long-distance seed dispersal 
by birds during winter but not during summer 
at an experimentally fragmented restoration 
site. Ecological Restoration 31:23-30. https://doi.
org/10.3368/er.31.1.23

Foncea JF, Escobar MAH, Villaseñor NR (2023) Res-
puestas de la comunidad de aves a las variables 
del hábitat local y del paisaje en la ciudad de San-
tiago de Chile. Ecología Austral 33(2):455-468. ht-
tps://doi.org/10.25260/EA.23.33.2.0.2017

Frutos AE, Reales CF, Lorenzón RE, Ronchi-Virgoli-
ni AL (2016) Spatial variation in bird assembla-
ges are linked to environmental heterogeneity 
in agricultural landscapes in the province of 
Entre Ríos, Argentina.  Avian Biology Research 
9(4):273-281. https://doi.org/10.3184/17581551
6X14725499175863

Goijman AP, Conroy MJ, Varni VD, Thompson JJ, Zac-
cagnini ME (2020) Occupancy of avian foraging 
guilds in soybean fields and borders in Entre Ríos, 
Argentina: Responses to vegetation structure and 
prey resources. Avian Research 11:48. https://doi.
org/10.1186/s40657-020-00235-4

Gorosábel A, Bernad L, Pedrana J (2020) Ecosystem 
services provided by wildlife in the Pampas region, 
Argentina. Ecological Indicators 117:106576. ht-
tps://doi.org/10.1016/j.ecolind.2020.106576

Guidetti BY (2020) Servicios ecosistémicos brindados 

por aves frugívoras dispersoras de semillas en 
bosques con ganadería extensiva del Espinal de 
la provincia de Entre Ríos. Tesis doctoral. Facul-
tad de Ciencias Exactas y Naturales, Universidad 
Nacional del Nordeste

Heikkinen RK, Luoto M, Virkkala R, Rainio K (2004) 
Effects of habitat cover, landscape structure and 
spatial variables on the abundance of birds in an 
agricultural-forest mosaic.  Journal of Applied 
Ecology 41:824-835. https://doi.org/10.1111/
j.0021-8901.2004.00938.x

IUCN (2008)  The IUCN Red List of Threatened Spe-
cies. [URL: https://www.iucnredlist.org/]

Jost L (2006) Entropy and diversity. Oikos 113(2):363-
375. https://doi.org/10.1111/j.2006.0030-
1299.14714.x

Krüger H (Ed.) (2013) Sustentabilidad. Interpretación 
conceptual y problemas observados en el Centro 
y Sur de la provincia de Buenos Aires.  Boletín 
Técnico INTA - EEA Bordenave 19

La Sorte FA (2006) Geographical expansion and in-
creased prevalence of common species in avian 
assemblages: Implications for large-scale patter-
ns of species richness.  Journal of Biogeography 
33:1183-1191. https://doi.org/10.1111/j.1365-
2699.2006.01480.x

Leveau LM, Bocelli L, Quesada-Acuña SG, Gonzá-
lez-Lagos C, Gutierrz Tapia P, Franzoi Dri G, Del-
gado-V CA, Garitano-Zavala A, Campos J, Benede-
tti Y, Ortega-Álvarez R, Contreras-Rodríguez AI, 
Souza López D, Suertegaray Fontana C, da Silva 
TW, Zalewski Vargas SS, Toledo MCB, Sarquis 
JA, Giraudo A, Echevarria AD, Fanjul ME, Martí-
nez MV, Haedo J, Cano Sanz LG, Peña Dominguez 
YA, Fernandez-Maldonado V, Marinero V, Abilhoa 
V, Amorin R, Escobar-Ibáñez JF, Juri MD, Camín 
SR, Marone L, Piratelli AJ, Franchin AG, Crispim 
L, Morelli F (2024) Drivers of seasonal change of 
avian communities in urban parks and cemete-
ries of Latin America.  Animals 14(24):3564. ht-
tps://doi.org/10.3390/ani14243564

Leveau LM, Leveau CM (2004) Riqueza y abundancia 
de aves en agroecosistemas pampeanos durante 
el período post-reproductivo. Ornitología Neotro-
pical 15(3):371-380

Leveau LM, Leveau CM (2011) Uso de bordes de cul-
tivo por aves durante invierno y primavera en la 
pampa austral.   Hornero 26(2):149-157. https://
doi.org/10.56178/eh.v26i2.685

López de Casenave J, Cueto VR, Marone L (2008) 
Seasonal dynamics of guild structure in a bird 
assemblage of the central Monte desert.  Basic 
and Applied Ecology 9:78-90. https://doi.or-
g/10.1016/j.baae.2006.08.006

López-Muñoz EC, Enríquez PL, Saldaña-Vázquez RA, 
Hernández-Morales F, Vandame R. (2022). Di-
versidad avifaunística y gremios tróficos en tres 
condiciones diferentes de cobertura vegetal sel-
vática, al sureste de Chiapas, México. Acta Zooló-
gica Mexicana 38:1-36. https://doi.org/10.21829/

EL HORNERO 41 (1) · EARLY VIEW



azm.2022.3812434

Lorenzón RE, Beltzer AH, Olguin PF, León EJ, Sovra-
no LV, Antoniazzi CE, Ronchi-Virgolini AL (2019) 
Temporal variation of bird assemblages in dyna-
mic fluvial wetlands: Seasonality and influence 
of water level and habitat availability. Revista de 
Biología Tropical 67(6):1131-1145. http://dx.doi.
org/10.15517/rbt.v67i6.36734

Magurran AE (1988) Ecological diversity and its mea-
surement. Princeton University Press. https://doi.
org/10.1007/978-94-015-7358-0

Magurran A, McGill B (2011)  Biological diversi-
ty: Frontiers in measurement and assessment. 
Oxford University Press

Mendez Zacarías J, Zimmermann E (2011) Uso de 
Sistemas de Información Geográfica para para-
metrización de modelos de simulación hidrológi-
ca en llanuras. XXIII Congreso Nacional del Agua 
2011, Resistencia, Argentina. Pp. 55-72

Mermoz ME, Depalma DM, Valverde AC, Gancedo JM, 
Charnelli EM (2016) Evaluación de bordes de ca-
minos como fuente de recursos para las aves en 
la pampa deprimida.  Hornero 31: 13-26. https://
doi.org/10.56178/eh.v31i1.571

Mols CMM, Visser ME (2002) Great tits can reduce 
caterpillar damage in apple orchards. Journal of 
Applied Ecology 39(6):888-899. https://doi.or-
g/10.1046/j.1365-2664.2002.00761.x

Morales-Reyes Z, Pérez-García JM, Moleón M, Bote-
lla F, Carrete M, Lazcano C, Moreno-Opo R, Mar-
galida A, Donázar JA, Sánchez-Zapata JA (2015) 
Supplanting ecosystem services provided by sca-
vengers raises greenhouse gas emissions. Scien-
tific Reports 5(1):7811. https://doi.org/10.1038/
srep07811

Moreno CE (2001)  Métodos para medir la biodiversi-
dad. Volumen 1. M&T–Manuales y Tesis SEA. Pp. 84

Murphy DJ, Kelly D (2001) Scarce or distracted? Be-
llbird (Anthornis melanura) foraging and diet in 
an area inadequate mistletoe pollination. New 
Zealand Journal of Ecology 25(1):69-81

R Core Team (2025) R: A language and environment 
for statistical computing. R Foundation for Statis-
tical Computing, Vienna, Austria.  [URL: https://
www.r-project.org/]

Ralph CJ, Geupel GR, Pyle P, Martin TE, DeSante DF, 
Milá B (1996) Manual de métodos de campo para 
el monitoreo de aves terrestres. General Techni-
cal Report PSW-GTR-159-Web. Pacific Southwest 
Research Station, Forest Service, US Department 
of Agriculture. Pp. 46

Rimoldi PG (2013) Diversidad y patrones de distribu-
ción de los mamíferos nativos medianos y gran-
des de la cuenca del río Carcarañá (provincia de 
Santa Fe). Tesis Doctoral.  Universidad Nacional 
de Rosario, Facultad de Ciencias Veterinarias. 
Pp. 139. [URL: https://rephip.unr.edu.ar/server/
api/core/bitstreams/d5ee670d-924e-4df4-a124-
285301616bd1/content]

Rimoldi PG, Chimento NR (2018) Diversidad de ma-
míferos nativos medianos y grandes en la cuenca 
del río Carcarañá, provincia de Santa Fe (Argenti-
na). Revista del Museo Argentino de Ciencias Na-
turales, nueva serie 20(2):333-341.   [URL: http://
revista.macn.gob.ar/ojs/index.php/revmus/arti-
cle/view/575]

Rimoldi PG, Curti MG (2021) Ecología trófica de la 
lechuza de campanario (Tyto furcata) en cuatro 
ambientes del sur de la provincia de Santa Fe, Ar-
gentina.  Boletín del Museo Nacional de Historia 
Natural del Paraguay 25(1):20-32

Robinson, R.A., Hart, J.D., Holland, J.M., & Parro-
tt, D. (2004). Habitat use by seed-eating birds: 
a scale-dependent approach. Ibis, 146(Su-
ppl. 2), 87–98. https://doi.org/10.1111/j.1474-
919X.2004.00364.x

Sala OE, Stuart Chapin F, Armesto JJ, Berlow E, 
Bloomfield J, Dirzo R, Huber-Sanwald E, Huen-
neke LF, Jackson RB, Kinzig A, Leemans R, Lod-
ge DM, Mooney HA, Oesterheld M, Poff NL, Sykes 
MT, Walker BH, Walker M, Wall DH (2000) Global 
biodiversity scenarios for the year 2100. Science 
287(5459):1770-1774. https://doi.org/10.1126/
science.287.5459.1770

Salas-Correa ÁD, Mancera-Rodríguez NJ (2018) Rela-
ciones entre la diversidad de aves y la estructura 
de vegetación en cuatro etapas sucesionales de 
bosque secundario, Antioquia, Colombia.  Revis-
ta U.D.C.A Actualidad & Divulgación Científica 
21(2):519-529.  https://doi.org/10.31910/rudca.
v21.n2.2018.970

Sergio F, Newton I, Marchesi L (2008) Top predators 
and biodiversity: much debate, few data. Journal 
of Applied Ecology 45(3):992-999. https://doi.or-
g/10.1111/j.1365-2664.2008.01484.x

Silva ME (2003)  Efectos ecológicos de la expansión 
urbana sobre las tierras agrícolas de la pam-
pa ondulada, Buenos Aires, Argentina. Tesis de 
Maestría. Universidad de Buenos Aires. Facultad 
de Ciencias Exactas y Naturales. Pp. 106. [URL: 
https://bibliotecadigital.exactas.uba.ar/down-
load/tesis/tesis_n3626_Silva.pdf]

Temple SA, Wiens JA (1989) Bird populations and 
environmental changes: can birds be bio-indica-
tors?  American Birds 43:260-270. [URL: https://
digitalcommons.usf.edu/american_birds/vol43/
iss2/14]

Verga EG, Peluc SI, Landi M, Galetto L (2018) Efecto 
de la fragmentación del bosque sobre las fuen-
tes potenciales de alimento para aves en Córdo-
ba.  Ecología Austral 28(2):339-352.  https://doi.
org/10.25260/EA.18.28.2.0.429

Villarreal H, Álvarez M, Córdoba S, Escobar F, Fa-
gua G, Gast F, Mendoza H, Ospina M, Umaña A 
(2004)  Manual de métodos para el desarrollo de 
inventarios de Biodiversidad. Instituto de Inves-
tigación de Recursos Biológicos Alexander von 
Humboldt, Bogotá, Colombia. [URL: https://sib.
gob.ar/archivos/IAVH-00288.pdf]

EL HORNERO 41 (1) · EARLY VIEW



Wenny DG, Devault TL, Johnson MD, Kelly D, Se-
kercioglu CH, Tomback DF, Whelan CJ (2011) 
The need to quantify ecosystem services provi-
ded by birds.  The Auk 128(1):1-14. https://doi.
org/10.1525/auk.2011.10248 

Whelan CJ, Wenny DG, Marquis RJ (2008) Ecosystem 
services provided by birds.  Annals of the New 
York Academy of Sciences 1134(1):25-60. https://
doi.org/10.1196/annals.1439.003

Whitford, W. G. (1997). Desertification and animal bio-
diversity in the desert grasslands of North Ameri-
ca. Journal of Arid Environments 37(4):709-720. 
https://doi.org/10.1006/jare.1997.0313

Wilson MC, Chen XY, Corlett RT, Didham RK, Ding P 
(2016) Habitat fragmentation and biodiversity 
conservation: key findings and future challen-
ges.  Landscape Ecology 31:219-227. https://doi.
org/10.1007/s10980-015-0312-3

Zaccagnini ME, Thompson JJ, Bernardos J, Calamari 
N, Goijman A, Canavelli S (2011) Riqueza, ocupa-
ción y roles funcionales potenciales de las aves en 
relación a los usos de la tierra y la productividad 
de los agroecosistemas: un ejemplo en la ecorre-
gión pampeana. En: Valoración de servicios eco-

sistémicos. Conceptos, herramientas y aplicacio-
nes para el ordenamiento territorial. Ediciones 
INTA. Pp. 185-219. [URL: https://ubatic.agro.uba.
ar/sites/default/files/files/libro_serv_ecosist/pdf/
Capitulo_08.pdf]

Zanette L, Doyle P, Trémont SM (2000) Food shortage 
in small fragments: evidence from an area-sen-
sitive passerine.  Ecology 81:1654-1666. https://
doi.org/10.1890/0012-9658(2000)081[1654:F-
SISFE]2.0.CO;2

Zufiaurre E, Codesido M, Abba A, Bilenca D (2016) 
Uso diferencial de lotes agrícolas y ganade-
ros por aves terrestres en la Región Pampeana, 
Argentina.   Hornero 31(1):41-52.  https://doi.
org/10.56178/eh.v31i1.573

Zúñiga DA (2007) Parámetros de abundancia, riqueza 
y diversidad de aves en un área del valle inferior 
del río Neuquén: variaciones por estación, sitios 
de muestreo y ambiente. Tesis de licenciatura. 
Universidad Nacional del Comahue, Facultad 
de Ciencias del Ambiente y la Salud, Argentina. 
[URL: https://rdi.uncoma.edu.ar/bitstream/hand-
le/uncomaid/6827/Tesis%20Daniel%20Z%c3%-
ba%c3%b1iga%202007%20LSPA.pdf?sequen-
ce=1&isAllowed=y]

EL HORNERO 41 (1) · EARLY VIEW


	bookmark=id.gjdgxs
	bookmark=id.30j0zll
	_heading=h.se9yamsw2dgs
	_heading=h.qogggkc1e8q8
	_heading=h.pr68ssg30aq0
	_heading=h.nfmhxzxhlndy
	_heading=h.5r17jw1w9xc
	_heading=h.ok0cc9eu5pjz
	_heading=h.9ewj6944savp
	_Hlk211847857

