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Abstract
The European Starling is a highly invasive passerine that recently started to expand throughout South
America. Despite its negative impacts on the native fauna, there are no reports of its breeding success,
the population recruitment rate, or the factors affecting its nest success in these recently invaded natural
habitats. In this study we monitored 100 European Starling nests in a native forest of central-eastern
Argentina, during the 2020–2021 and 2021–2022 breeding seasons. We estimated the most common
breeding parameters for the population (clutch size, number of �edglings, nest fate, nest survival) and
measured nest-site features at different spatial scales to assess if they affected nest survival. Starlings
used natural and woodpecker cavities, and nest initiation peak was in September. Successful nests
produced ~ 3 �edglings and estimated nest success was 38%. Daily survival rates were negatively
affected by nest-tree diameter at breast height. Nest survival was high compared to native cavity-nesting
birds. Moreover, the breeding onset as soon as spring begins favors the successful occupancy of cavities
by starlings. Here, we provide the �rst detailed information on the breeding parameters of the starling in
South America, which is now available to help in the design of management programs. Given our results,
in addition to their effective cavity usurpation behavior, we believe starlings represent a serious threat for
endangered native cavity-nesting species and need to be controlled.

Introduction
The European Starling (Sturnus vulgaris, hereafter ‘starling’) is a highly invasive passerine, native to
Eurasia and North Africa, that has invaded Oceania, North, Central and South America (Moulton et al.
2012, Cabe 2020). Its main threats to native fauna include unused cavity occupation (Mazgajski 2003),
attacks to native birds (Jauregui et al. 2021) and usurpation of cavities used by cavity-nesting birds
(Kerpez and Smith 1990; Koenig 2002; Frei et al. 2015). These behaviors have already been detected in
South America (Rebolo Ifran and Fiorini 2010; Jauregui et al. 2021) where the invasion is recent
(Codesido and Drozd 2021). Since the �rst reports in the mid-80s until 2004, the starling distribution in
South America extended only to Buenos Aires city and its surroundings (Peris et al. 2005). However, the
population grew exponentially and expanded through Argentina (map in Codesido and Drozd 2021),
Brazil (Silva et al. 2017), Paraguay, Chile and Uruguay (distribution map provided by www.ebird.org,
accessed 2 May 2022). Due to its invasive potential, studies regarding population growth rate are
important to predict both the damage it might cause to native fauna and future impacts on (still)
unreached areas. Accordingly, previous reports consider that this information is a key part in facing an
ecological invasion and designing effective management programs (Groom et al. 2017, Ivanova and
Symes 2019). However, this data is lacking for the starling invasion in South America.

Available information linked to the starling expansion in South America includes reports of its ecological
function overlap with native species (Palacio et al. 2017; Codesido and Drozd 2021), its harmful effects
on the native fauna (Rebolo Ifran and Fiorini 2010; Ibañez et al. 2017, Jauregui et al. 2021) or to its (under
expansion) distribution range (Silva et al. 2017). Nevertheless, the relation between environmental
characteristics and its breeding success and the basic nesting parameters of the species has not been
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studied in natural habitats of South America. Only Ibañez (2015) partially described its nesting biology in
an urban area and using arti�cial nest-boxes with no assessments of environmental in�uence on nest
success. Data regarding the breeding success in natural habitats is crucial to understand the nature of
the starling invasion and would help to develop management actions, as pointed out by local government
authorities (MAyDS 2022; InBiAr 2022). A study including data on the starling nest-site characteristics
and the factors in�uencing its breeding success would help to predict its future movements and
contribute to design preventive actions against its advance. This is particularly important as the starling
has still not reached areas inhabited by endangered cavity-nesting species (such as Celeus galeatus and
Amazona vinacea in northern Argentina) which could be compromised by its arrival.

Our main objective is to report information of the European Starling reproduction in South America,
focusing on a population breeding in a natural habitat of Argentina. We monitored starling nests during
two consecutive breeding seasons (2020–2021 and 2021–2022) in an altered native forest of central-
eastern Argentina. This native forest is being degraded due to human activity, resulting in the loss of
forest mass and an increase in forest fragmentation (Arturi and Goya 2004). We estimated basic
breeding parameters and measured nest-site characteristics at a local scale (cavity-tree) and a habitat
scale (500 m around the nest) to assess if these features in�uenced nest survival.

Methodology

Study site and species
We conducted this study on a private farm (‘Luis Chico’, 35º20’S, 57º11’W; 8 m a.s.l.) located in the
northeast of Buenos Aires Province, Argentina. The area is within the Pampas ecoregion, which has a
temperate-humid climate, and is composed of grasslands and semi-open forests (locally known as
‘talares’). Forests represent ~ 15% of the total farm area and are arranged as connected patches or as
isolated patches. Patches are mainly composed of the native Celtis tala and Scutia buxifolia. Other less
abundant native species are Erythrina crista-galli, Schinus longifolius, and Phytolacca dioica. Exotic
species, such as Gleditsia triacanthos, Populus spp., Acacia melanoxylon, and Melia azedarach (among
others), are also well represented.

The starling is an omnivorous mid-size passerine that uses natural, arti�cial or woodpecker cavities to
nest. Starlings typically rear two broods per season, with a clutch size of 4–6 eggs which are incubated
for 12 days, producing 2–3 �edglings per breeding attempt (Kessel 1957; Korpimäki 1978).

Nest monitoring and nest-site features
We collected data during the 2020–2021 and 2021–2022 breeding seasons. We searched for nests
intensively in every forest of the study area (~ 150 ha), throughout the entire breeding season. As
breeding season length was not reported for the region, we searched for nests from early September
(suggested breeding start given our own observations monitoring cavities during previous years) to early
January (no new nests found after a two-week searching period). We found nests by either identifying
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territories through adult activity (vocalizations, movements, displays), by listening to nestlings begging
call (during the nestling stage) or by checking cavities prone to be used. Once found, we visited nests
every day (during egg-laying and hatching stages), and every 3–10 days (during incubation and nestling
stages). There were some nests (n = 30) which we could not monitor regularly (> 10 days between visits)
and these were discarded for the nest survival analysis. We reached the cavity hole entrance by climbing
through the branches and/or using a 5 m ladder and checked cavity content using a mirror (attached to a
wire) and a small �ashlight. We monitored all nests until nestlings �edged or the nest failed. We
considered a nest successful when �edglings ≥ 1. We considered a nest predated if all the eggs or
nestlings (without being old enough to �edge) disappeared between two consecutive visits, and no
parental activity was detected near the nest. We considered a nest abandoned if we saw the eggs during
three consecutive visits or dead nestlings and no parental activity near the nest.

Once we con�rmed that the nestlings had �edged or the nest had failed, we recorded cavity depth, inner
diameter, entrance hole diameter and height from the ground. Cavity depth was de�ned as the distance
between the lowest part of the hole and cavity �oor and inner diameter was the distance between the
cavity hole and the wall opposite to it. We followed Cockle et al. (2015) to record cavity hole diameter and
considered cavity height as the distance between the lowest part of the hole and the ground. We
estimated cavity volume as the product of cavity depth and cavity �oor area (adapted from Wiebe and
Swift (2001)), where cavity �oor was modelled as a circle. Therefore, its area was π*r2; where r was half
of the cavity diameter. We also determined the type of cavity used (natural, excavated by woodpeckers or
Rufous Hornero Furnarius rufus nest), cavity-tree diameter at breast height (DBH) and species.

After the breeding season was over, we recorded forest features (cover and edge length) within a 500 m
diameter circle (centered on the cavity-tree). We measured these through a SPOT6 satellite image (1.5 m
spatial resolution) provided by the Comisión Nacional de Actividades Espaciales (CONAE) using QGIS 3.8
(QGIS Development Team 2018). By choosing an area this size, we aimed to account for landscape
con�guration. We considered forest cover as the number of pixels corresponding to tree canopies within
the circle and edge as the pixels corresponding to stands (groups of trees of different size and age) or
individual trees edges within the circle.

Breeding parameters
Each nest was assigned a clutch-initiation date (time of breeding), corresponding to the laying of the �rst
egg. Clutch-initiation dates were determined directly for nests found during construction or egg-laying, or
indirectly through backdating from hatching dates for nests found during incubation and from �edging
dates for nests found during the nestling stage. For nests that were found during the incubation stage
and failed in the following visit, we considered they were found in the middle of the incubation. For nests
found during the nestling stage and that failed before �edging, we visually determined nestlings age to
estimate clutch-initiation dates. We determined clutch size only for nests found during construction or
egg-laying after we observed the same number of eggs during two consecutive days. Because cavity nest
chambers are di�cult to access, we were only able to take egg measurements (weight, length and width)
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in three nests and nestling measurements (weight, wing, tarsus and bill) in one nest. We estimated egg
volume following Hoyt (1979). Both eggs and nestlings were weighed using a Pesola scale (10 ± 0.1 g, 20 
± 0.2 g and 50 ± 0.5 g) and measured to the nearest 0.05 mm using Vernier calipers.

Hatching success was calculated by dividing the number of eggs hatched to the number of eggs that
reached the hatching moment. The incubation period was estimated as the number of days elapsed from
the laying of the last egg until the hatching of the last egg. Nestling period was estimated as the number
of days elapsed from the hatching of the last egg until �edging. When nestlings were fully feathered and
disappeared between two successive visits without predation signals, we assumed �edge date to be the
midpoint between those visits. We estimated nest productivity as the number of �edglings divided by
clutch size. We estimated breeding cycle duration as the days elapsed between laying of the �rst egg and
�edging.

Analysis
We estimated daily nest survival rate (DSR) using the logistic-exposure model (Schaffer 2004). For this
model, the observation unit is the time interval between visits and the response variable is coded as 1 = 
survived the interval and 0 = did not survive the interval. We built a null model (without covariates) to
estimate constant daily survival rate. We then created models including simple effects (i.e., one variable
per model) of cavity and habitat features on DSR. We also examined the linear and quadratic effects of
time of breeding and the linear, quadratic and cubic effects of nest age to control for DSR in�uenced by
temporal variables. We compared all models using Akaike’s Information Criterion corrected for small
samples (AICc). The model with the lowest AICc value was assumed to be the best supported model
(Burnham and Anderson 2002). The cumulative probability that a nest had to survive was calculated by
raising the daily survival rate to a power represented by nesting cycle duration (days elapsed between
laying of the �rst egg and �edging). Reported values are means ± SE.

Results
We found a total of 100 nesting attempts (39 in the 2020–2021 and 61 in the 2021–2022 breeding
seasons). Four nests were found under construction, 28 during egg laying, 38 during incubation and 30
during the nestling stage. Twenty eight nesting attempts were in natural cavities, 70 were in woodpecker
cavities and two were in Rufous Hornero nests. Trees bearing cavities were 43 Celtis tala, 16 Populus
alba., six Eucalyptus spp., �ve Melia azedarach and four other tree species. Cavity, cavity-tree and habitat
characteristics are summarized in Table 1. The earliest nesting attempt was initiated on 9 September and
the last nestling �edged on 19 December (breeding season length = 101 days). Nest initiation peak
occurred in September (Fig. 1). Time elapsed between two consecutive nesting attempts was 12.2 ± 0.4
days (range = 9–14, n = 7) for failed nests and 11.8 ± 0.5 days (range = 7–14, n = 13) for successful nests.
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Table 1
Measurements of cavities (n = 85), cavity-trees and the

habitat surrounding them (n = 74) used by the
European Starling to nest in forests of central-eastern

Argentina.
Variable Mean ± SE (range)

Cavity height (m) 3.4 ± 0.2 (0.7–7.6)

Cavity hole diameter (cm) 6.1 ± 0.2 (3.5–11.0)

Cavity depth (cm) 31.9 ± 0.9 (16.0–61.0)

Cavity diameter (cm) 12.8 ± 0.5 (16.0–31.0)

Cavity volume (l) 4.8 ± 0.5 (0.7–33.1)

DBH (cm) 47.7 ± 2.4 (15.9-119.5)

Forest cover (ha) 6.4 ± 0.7 (2.3–28.0)

Edge (km) 13.5 ± 0.8 (5.3–34.2)

Clutch size was 4.7 ± 0.1 eggs (n = 4–6 eggs), and median clutch size was four eggs (n = 32 nests). Eggs
were incubated for 13.8 ± 0.3 days (range = 13–15 days, n = 20 nests). Hatching success was 0.98 ± 0.02
(range = 0.75-1.00, n = 26 nests). There were 3.8 ± 0.2 nestlings per nest (n = 30 nests) and nestling
survival was 0.76 ± 0.08 (range = 0.50-1.00, n = 21 nests). Nestlings remained in the nest for 19.2 ± 0.1
days (range = 18–20 days, n = 21 nests) and successful nests produced 2.7 ± 0.1 �edglings (range = 1–5
�edglings, n = 49 nests). Productivity was 0.57 ± 0.04 (range = 0.40–0.75) and breeding cycle lasted 34.7 
± 0.2 days (range = 33–37 days, n = 20 nests). Eggs and nestling measurements are summarized in
Online Resource 1 and images are shown in Online Resource 2.

There were 49 successful nesting attempts, 31 depredated, 16 abandoned for unknown reasons (six
during incubation and 10 during the nestling stage) and in four cases we were not certain of nest fate.
Apparent nest success was 49%. Daily survival rate was 0.973 ± 0.003 (n = 392 intervals) and mean
exposure period was 5.7 ± 0.4 days (range = 1–10 days). The cumulative probability that an average nest
had to survive was 38% (0.97335). The most supported model included a negative in�uence of DBH on
DSR (β = -0.66 ± 0.2 [Lower CI = -1.16, Upper CI = -0.3]; Table 2 and Fig. 2).
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Table 2
Top �tting models explaining DSR variation in

response to environmental variables on a European
Starling population breeding in a forest of central-

eastern Argentina. Df = degrees of freedom; logLik = 
log Likelihood; AICc = Akaike Information Criterion

(corrected for small sample sizes); ∆ = differences in
AICc between models; wi = AICc weight.

Variable df logLik AICc ∆ wi

DBH 3 -70.8 147.7 0.0 0.96

Edge 3 -74.8 155.6 7.9 0.02

Cob 3 -75.8 157.9 10.1 < 0.01

Discussion
Our results indicate that European Starling breeding attempts in a recently invaded natural landscape of
South America had a probability of success of ~ 38%. Though lower than the reported for its original
distribution area (Korpimäki 1978; Mazgajski 2007), this breeding success is considerably higher than
that of native cavity-nesting passerines in the same area. Particularly, it is higher than the ~ 25% of
Lepidocolaptes angustirostris (Jauregui et al. 2019) and Troglodytes aedon (Llambias and Fernandez
2009) and doubles the ~ 19% of Agelaioides badius (De Mársico et al. 2010). In addition, the success rate
here reported is similar to the 37% and the 45% of Colaptes campestris and Colaptes melanochloros,
respectively (Cockle et al. 2015; Jauregui 2020), two native woodpeckers breeding in the area.
Nevertheless, as the starling is double-brooded (Korpimäki 1978), its population growth rate doubles that
of native woodpeckers, which are single-brooded. This breeding output suggests that this population is
recruiting new individuals at a concerningly high rate compared to native cavity-nesting birds. Moreover,
as the starling invasion in South America is recent, starlings may still be able to develop strategies to face
a rather new predator, competitor and parasite communities after some adaptation time. If this is the
case, breeding success could still reach even higher levels.

In addition to the high nest success rate found, the time elapsed between �rst and second broods was
relatively short (~ 12 days), even for successful nests for which adults must attend recent �edglings.
Although we cannot con�rm broods in the same cavity belong to the same breeding pair because we did
not band adults, cavity reuse by the same breeding pair for second clutches is frequent for the species
(Royall Jr. 1966; Cabe 2020). Short time periods between clutches could be a way to avoid cavity
occupation by other cavity-nesting species. Moreover, �edglings tend to form �ocks shortly after leaving
the cavity (Cabe 2020), which allows reduced parental care by the adults and favours energy investment
in a new brood (Russell 2000). The period between broods was also short for failed �rst attempts. As an
alternative explanation, reducing time between clutches (either failed or successful) prevents starlings
from breeding during January and February, when bird nest success is considerably reduced in these
latitudes (Segura and Reboreda 2012; Jauregui 2020).
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The starling clutch initiation peaked in September, indicating a population synchronic start as previously
reported for the species (Korpimäki 1978; Ojanen et al. 1979; Flux and Flux 1981). This is early compared
to other cavity-nesting passerines within the area that start in late September and early October (Llambias
and Fernandez 2009; de La Peña 2016; Jauregui et al. 2019). Hence, the early start in the breeding season
could favour the starling breeding success by avoiding the competition with native species for cavity use.
In addition, starlings used natural and woodpecker cavities for nesting, which are subject of competition
between cavity-nesting species (Cockle et al. 2011). If cavity availability is a limiting factor, starlings can
overcome this drawback as they have proven to be considerably successful cavity usurpers through
aggressive behaviors (see Frei et al. 2015 and Jauregui et al. 2021 and articles there cited).

Starlings’ nest survival was negatively in�uenced by cavity-tree diameter. We were surprised as this
pattern contradicts the general idea that larger trees increase nest survival chance (Zhu et al. 2012;
Nyrienda et al. 2016). Mature large trees have been in the ecosystem for a longer time, compared to
smaller trees. Consequently, predators may search and �nd food in large old trees because they are used
to it, similar to what was suggested for old vs. new cavities (Wiebe et al. 2007). Alternatively, among
cavity-trees, the smallest individuals (i.e., with lower DBH) were mostly Populus alba. The trunk of this
tree has few lateral branches and smooth-surfaced bark compared to Celtis tala trees (frequently used by
starlings), which could make it inaccessible to terrestrial predators such as snakes or small rodents (AJ,
pers. obs.). Nevertheless, during data exploration we were not able to �nd a signi�cant relationship
between cavity-tree species and nest fate. Whichever is the case, due to the contradiction of our result
with previous ideas and the lack of clarity in our explanation, we suggest taking these results with caution
and encourage the development of experimental studies that aim to clarify this pattern.

This study provides the �rst breeding data of the starling in South America, based on a population
inhabiting a southern temperate forest of Argentina. Our results suggest that the starling exponential
growth and expansion (Zu�aurre et al. 2016; Codesido and Drozd 2021) is favoured by a concerningly
high breeding success. Information here reported regarding the starling nest-site characteristics can help
to design management actions to mitigate the advance of this alien species (see management strategies
in Feare et al. 1992 and Williams et al. 2019). If the patterns here reported (i.e., early and synchronic start,
occupancy of natural and woodpecker cavities, and high breeding success) replicate in areas with
threatened cavity-nesting species, consequences may be regrettable.

Declarations
Competing Interests. All authors certify that they have no a�liations with or involvement in any
organization or entity with any �nancial interest or non-�nancial interest in the subject matter or materials
discussed in this manuscript.

Funding. Partial �nancial support was received from ‘Proyecto Acreditado de Incentivos, Universidad
Nacional de La Plata’ under grant number 11/N930.



Page 9/14

Author Contributions. Adrian Jauregui and Luciano Noel Segura conceived and designed the study. Data
collection and analysis were performed by Adrián Jauregui, Martin Alejandro Colombo and Paula
Agustina Gerstmayer. Luciano Noel Segura provided funding for the study. The �rst draft of the
manuscript was written by Adrián Jauregui and Luciano Noel Segura and all authors commented on
previous versions of the manuscript. All authors read and approved the �nal manuscript.

Data availability. Upon manuscript acceptance, authors are willing to share their data through a public
repository.

Acknowledgments

We are thankful to M. L. Shaw who let us undertake the study in Luis Chico. We also thank V. Monges, L.
Demarchi, L. González-García, A. Mellum and E. Gonzalez for the help during �eld work. We thank the
CONAE for providing the satellite image. We also thank T. Lansley for the comments in a previous version
of the manuscript. This paper is the Scienti�c Contribution N° 1230 of the Institute of Limnology “Dr. Raúl
A. Ringuelet” (ILPLA, CCT-La Plata CONICET, UNLP). This study was conducted with research permits
from the regional nature conservation authority (Res. 003/16; OPDS #17717, Dirección de Áreas
Naturales Protegidas, Buenos Aires province, Argentina) and complies with the current laws of the
country in which they were performed.

References
1. Arturi MF, Goya JF (2004) Estructura, dinámica y manejo de los talares del NE de Buenos Aires. In:

Arturi, MF, Frangi JL, Goya JF (eds.) Ecología y Manejo De Los Bosques De Argentina. Edulp, La
Plata, Argentina. pp. 1–23

2. Burnham KP, Anderson DR (2002) Model selection and multimodel inference. A practical information-
theoretic approach. Springer-Verlag, New York, USA

3. Cabe PR (2020) European Starling (Sturnus vulgaris), version 1.0. In: Billerman SM (ed.) Birds of the
world. Cornell Lab of Ornithology, Ithaca, NY, USA. https://doi.org/10.2173/bow.eursta.01

4. Codesido M, Drozd A (2021) Alien birds in Argentina: pathways, characteristics and ecological roles.
Biol Invasions 23:1329–1338. https://doi.org/10.1007/s10530-020-02444-w

5. Cockle KL, Martin K, Wesolowski T (2011) Woodpeckers, decay, and the future of cavity-nesting
vertebrate communities worldwide. Front Ecol Environ 9:377–382. https://doi.org/10.1890/110013

�. Cockle KL, Bodrati A, Lammertink M, Martin K (2015) Cavity characteristics, but not habitat, in�uence
nest survival of cavity-nesting birds along a gradient of human impact in the subtropical Atlantic
Forest. Biol Conserv 2015:193–200. https://doi.org/10.1016/j.biocon.2015.01.026

7. de La Peña MR (2016) Aves Argentinas: Descripción, comportamiento, reproducción y distribución.
Trogonidae a Furnariidae. Vol. 20 (2). Comunicaciones Museo Provincial Ciencias Naturales
Florentino Ameghino. Santa Fe, Arg



Page 10/14

�. De Mársico MC, Mahler B, Reboreda JC (2010) Reproductive success and nestling growth of the
Baywing parasitized by Screaming and Shiny Cowbirds. Wilson J Ornithol 122:417–431

9. Feare CJ, Douville de Franssu P, Peris SJ (1992) The starling in Europe: Multiple approaches to a
problem species. In: Borrecco JE and Marsh RE (eds.) Proceedings of the Vertebrate Pest Conference
15. ISSN 0507–6773

10. Flux JEC, Flux MM (1981) Population dynamics and age structure of starlings (Sturnus vulgaris) in
New Zealand. N Z J Ecol 4:65–72

11. Frei B, Nocera JJ, Fyles JW (2015) Interspeci�c competition and nest survival of the threatened Red-
headed Woodpecker. J Ornithol 156:743–753. https://doi.org/10.1007/s10336-015-1177-6

12. Groom QJ, Adriaens T, Desmet P, Simpson A et al (2017) Seven recommendations to make your
invasive alien species data more useful. Front App Math Stat 3:13.
https://doi.org/10.3389/fams.2017.00013

13. Hoyt DF (1979) Practical methods of estimating volume and fresh weight of bird eggs. Auk 96:73–
77

14. Ibañez LM (2015) Invasión del Estornino Pinto Sturnus vulgaris en el Noreste de la provincia de
Buenos Aires: Análisis de la competencia con aves nativas y potencialidad como transmisor de
parásitos. Dissertation, Facultad de Ciencias Naturales y Museo, Universidad Nacional de La Plata,
La Plata, Argentina. Available at http://sedici.unlp.edu.ar/handle/10915/45048

15. Ibañez LM, Girini JM, Palacio FX, Fiorini VD, Montalti D (2017) Interacciones entre el Estornino Pinto
(Sturnus vulgaris) y aves nativas de Argentina por el uso de cavidades. Revista Mexicana de
Biodiversidad 88:477–479. https://doi.org/10.1016/j.rmb.2017.03.009

1�. InBiAr (2022) Base de Datos sobre Invasiones Biológicas en Argentina. GEKKO, Grupo de Estudios en
Conservación y Manejo, Departamento de Biología, Bioquímica y Farmacia, Universidad Nacional del
Sur. Bahía Blanca, Argentina. http://www.inbiar.uns.edu.ar Consulted 04/04/2022

17. Ivanova IM, Symes CT (2019) Invasion of Psittacula krameria in Gauteng, South Africa: are other
birds impacted? Biodivers Conserv 28:3633–3656. https://doi.org/10.1007/s10531-019-01841-5

1�. Jauregui A, Gonzalez E, Segura LN (2019) Nesting biology of the Narrow-billed Woodcreeper
(Lepidocolaptes angustirostris) in a southern temperate forest of central-east Argentina. Stud
Neotrop Fauna Environ 54:114–120. https://doi.org/10.1080/01650521.2019.1590968

19. Jauregui A (2020) Selección de sitios de nidi�cación y efecto del hábitat en el éxito reproductivo de
Colaptes campestris (Carpintero Campestre) y Colaptes melanochloros (Carpintero Real) (Aves:
Picidae) en talares bonaerenses. Dissertation, Facultad de Ciencias Naturales y Museo, Universidad
Nacional de La Plata, La Plata, Argentina. Available at http://sedici.unlp.edu.ar/handle/10915/90390

20. Jauregui A, Gonzalez E, Segura LN (2021) Impacts of the invasive European Starling on two
neotropical woodpecker species: agonistic responses and reproductive interactions. Emu – Austral
Ornithology 121:223–230. https://doi.org/10.1080/01584197.2021.1920841

21. Kerpez TA, Smith NA (1990) Competition between European Starlings and native woodpeckers for
nest cavities in saguaros. Auk 107:367–375. https://doi.org/10.2307/4087621



Page 11/14

22. Kessel B (1957) A study of the breeding biology of the European Starling (Sturnus vulgaris L.) in
North America. Am Midl Nat 58:257–331

23. Koenig W (2002) European Starlings and their effect on native cavity-nesting birds. Conserv Biol
17:1134–1140

24. Korpimäki E (1978) Breeding biology of the starling Sturnus vulgaris in western Finland. Ornis
Fennica 55:93–104

25. Llambías PE, Fernandez GJ (2009) Effects of nestboxes on the breeding biology of southern House
Wrens Troglodytes aedon bonariae in the southern temperate zone. Ibis 151:113–121

2�. MAyDS (2022) https://www.argentina.gob.ar/ambiente/biodiversidad/exoticas-
invasoras/estrategia.Ministerio de Ambiente y Desarrollo Sostenible de la Nación, Buenos Aires,
Argentina. Management program.

27. Mazgajski TD(2003) Nesting interaction between woodpeckers and starlings – Delayed
commensalism, competition for nest sites or cavity kleptoparasitism? In: Pechacek P and
D’OleireOltmanns W (eds.). International Woodpecker Symposium. Proceedings. Forschungsbericht
48, Nationalparkverwaltung Berchtesgaden

2�. Mazgajski TD (2007) Effect of old nest material in nestboxes on ectoparasite abundance and
reproductive output in the European Starling Sturnus vularis (L.). Pol J Ecol 55:377–385

29. Moulton MP, Cropper WP Jr, Moulton LE, Avery ML, Peacock D (2012) A reassessment of historical
records of avian introductions to Australia: no case for propagule pressure. Biodiver Conserv
21:155–174. https://doi.org/10.1007/s10531-011-0173-2

30. Nyrienda VR, Chewe FC, Chisha-kasumu E, Lindsey PA, Mine KC (2016) Nest sites selection by
sympatric cavity-nesting birds in miombo woodlands. Koedoe 58:1–10

31. Ojanen M, Orell M, Hirvelä J (1979) The breeding biology of the starling Sturnus vulgaris in northern
Finland. Holarctic Ecol 2:81–87

32. Peris SPA, Soave GE, Camperi AR, Darrieu CA, Aramburu RM (2005) Range expansion of the
European Starling Sturnus vulgaris in Argentina. Ardeola 52:359–364

33. Rebolo Ifran N, Fiorini VD (2010) European Starling (Sturnus vulgaris): population density and
interactions with native species in Buenos Aires urban parks. Ornitología Neotropical 21:507–518

34. Royall WC Jr (1966) Breeding of the starling in Central Arizona. Condor 68:196–205

35. Russell EM (2000) Avian life histories: is extended parental care the southern secret? Emu 100:377–
399

3�. Segura LN, Reboreda JC (2012) Nest survival rates of Red-crested Cardinals increase with nest age in
south-temperate forests of Argentina. J Field Ornithol 83:343–350. https://doi.org/10.1111/j.1557-
9263.2012.00384.x

37. Silva FC, da Motta Pinto J, Mädder A, Teizeira de Souza VA (2017) First records of European Starling
Sturnus vulgaris in Brazil. Revista Brasileira de Ornitologia 25:297–298



Page 12/14

3�. Wiebe KL, Swift TL (2001) Clutch size relative to cavity size in Northern Flickers. J Avian Biol
32:167–173

39. Wiebe KL, Koenig WD, Martin K (2007) Costs and bene�ts of nest reuse versus excavation in cavity-
nesting birds. Ann Zool Fenn 44:209–217

40. Williams DR, Child MF, Dicks LV, Ockendon N, Pople RG, Showler DA, Walsh J, zu Ermgassen EKHJ,
Sutherland WJ (2019) Bird conservation. In: Sutherland WJ, Dicks LV, Ockendon N, Petrovan SO,
Smith RK (eds) What Works in Conservation 2019. Open Book Publishers, Cambridge, UK, pp 141–
290

41. Zhu X, Srivastava DS, Smith JNM, Martin K (2012) Habitat selection and reproductive success of
Lewis’s Woodpecker (Melanerpes lewis) at its northern limit. PLoS ONE 7:e44346

42. Zu�aurre E, Abba A, Bilenca D, Codesido M (2016) Role of landscape elements on recent
distributional expansion of European Starlings (Sturnus vulgaris) in agroecosystems of the Pampas,
Argentina. Wilson J Ornithol 128:306–313. https://doi.org/10.1676/wils-128-02-306-313.1

Figures



Page 13/14

Figure 1

Temporal distribution of nest initiation by European Starling during two breeding seasons in a south
temperate forest of central-eastern Argentina
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Figure 2

European Starling nest daily survival rate variation as a function of diameter at breast height (DBH) for a
population breeding in central-eastern Argentina. Black solid line represents average relationship and grey
areas surrounding it are the standard error
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