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Abstract
The Araucaria tit-spinetail (Leptasthenura setaria) is a furnariidae endemic to the Araucaria Mixed Forest
(AMF) that inhabits the crowns of the emergent Araucaria (Araucaria angustifolia). This forest is highly
threatened and fragmented, especially due to urbanization, presumably challenging the local
maintenance of L. setaria population. Despite being highly vocal, this small bird is rarely seen from the
ground, which has likely limited the gathering of information on its natural history, particularly on its
breeding biology, a key parameter for assessing population trend. Our study indirectly estimated the
productivity of the Araucaria tit-spinetail as a proxy of breeding success on 79 AMF fragments in South
Brazil. We also examined whether this parameter is influenced by the Araucaria density using zero-
inflated negative binomial generalized linear models (ZINB-GLM) on samplings taken in the breeding and
post-breeding periods. We found a significant increase in individual counts during the post-breeding
season, estimating an average production of 2.32 young per couple. Moreover, higher Araucaria density
significantly reduced bird detectability, likely due to a habitat dilution effect, but the conifer density had
no effect on the species abundance or productivity. While urban fragmentation poses conservation
challenges, L. setaria exhibits positive productivity and a likely local resilience. These findings estimate
the first primary productivity for L. setaria, highlighting the complexity of the relationship between this
bird and the Araucaria and emphasizing the need for continued ecological monitoring and habitat
connectivity to ensure the long-term conservation of this poorly known bird, even though its regular
presence in human-modified landscapes.

Introduction
The Atlantic Rainforest is a biodiversity hotspot, with an abundance of endemic species (Grelle et al.
2021). This biome extends over the Brazilian coast and well inland, covering most of Minas Gerais, São
Paulo, Santa Catarina and Rio Grande do Sul, among other states. Nevertheless, it has been critically
degraded over the last few decades (Ranta et al. 1998; Grelle et al. 2021). The Araucaria Moist Forest
(AMF) is one of the habitats that compose the Atlantic Rainforest, a formation that ranges mainly across
the southern states of Brazil and is characterized by the abundant presence of Araucaria (Araucaria
angustifolia (Bretol.) Kuntze), a large conifer that plays a key role in this biome (Souza 2021).

Some of the endemic animal groups that inhabit the AMF include several bird species (Vale et al. 2018).
The Araucaria tit-spinetail Leptasthenura setaria (Aves: Furnariidae) is an endemic species that
diversified less than five million years ago (Derryberry et al. 2011). Some studies have shown that this
bird is strongly related to the Araucaria and that its geographical distribution is directly correlated with
the extent of occurrence of the conifer (Anjos et al. 2015; Remsen 2020). The canopies of isolated or
grouped Araucaria trees are year-round territories actively defended by the strictly insectivorous
Araucaria tit-spinetail for foraging, nesting, and mating (Vaurie and Vuilleumier 1980; Bóçon 1993;
Joenck 2005; Zurita et al. 2006; Cabanne et al. 2007). This bird is currently listed as of Least Concern for
conservation, as it has a distribution area of approximately 600,000 km² (BirdLife International 2024;
IUCN 2024). However, its current population size is unknown, and its tendency is to decrease following

Page 2/13



the suppression of the AMF to about 4% of its original cover (Zorek et al. 2024; BirdLife International
2024).

Urban expansion and the economic and financial activities linked to it are characteristic features of the
Capitalocene (Moore, 2017). Consequently, the intensive impact of the current capitalist production
system has profoundly affected the ecosystems, especially in biomes such as the AMF, where
fragmentation is of growing concern (Olson and Dinerstein 2002; Ribeiro et al. 2009; Santos-Silva 2016;
Mohebalian et al. 2022) since the biome covers the region of the country with the largest urban centers
and highest population density. Fragmentation in this environmental system represents a major threat to
its biodiversity, potentially limiting fauna dispersal and limiting their potential distribution due to habitat
availability restrictions (Galletti et al. 2021). Zorek et al. (2024) emphasizes that the AMF is facing
significant rates of deforestation, given that 2.151 ha were degradedin 2019–2020 in a single Brazilian
region (Paraná). The impact of fragmentation on the Araucaria has been very significant, leading to its
Critically Endangered status (Zorek et al. 2024; IUCN 2013).

Given that the ecological interaction with Araucarias is apparently obligatory for the Araucaria tit-
spinetail, the process of reducing distribution and increasing fragmented populations of Araucaria also
have a plausible impact on the bird’s populations. Understanding the Araucaria tit-spinetail population
dynamics, as well as its distribution and reproduction, is essential for conservation. This bird species
occurs from preserved AMF remnants to urban centers with isolated Araucaria, therefore exhibiting
plasticity and adaptation to different habitat conditions. The strong connection between the species and
the Araucaria includes the nesting demands, but it is not yet clear whether the fragmentation of
Araucaria populations has a direct impact on the bird’s productivity, a proxy for breeding success. A
better understanding of the Araucaria tit-spinetail’s productivity is thus valuable for understanding the
species’ populations trend over time and to develop and guide conservation strategies.

There is, nevertheless, a need to better support the above statements with studies on the bird's natural
history, ecology, and demography, which is currently based on superficial information due to the lack of
dedicated studies on the bird species. Regarding its reproductive behavior, most information is based on
isolated or incidental evidence. Details on the species' nest, for instance, are limited to two nests found
(Bóçon 1994), and suggests that the species’ reproductive period generally occurs in the southern
hemisphere spring-summer (Remsen 2020). It has been reported that the species lays two eggs (de la
Peña 1988 apud Bóçon 1993), although there is no information on the productivity of couples (e.g.
number of offspring that leave the nest). We therefore lack key information for estimating population
growth potential (Frederiksen et al. 2024).

A measure of a species’ productivity is defined by the number of juveniles born during the reproductive
season that reach independence (Powell et al. 1999; Streby and Andersen 2011; Jarrett, Lehikoinen and
Willis 2024). Gottschalk and Huettmann (2011) discuss how variations in habitat can influence census
methods and abundance estimates in bird species. In coniferous forests, the probability of detecting
birds is described as apparently lower, leading to less precise density estimates (Gottschalk and
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Huettmann 2011). Species detectability can vary according to their mobility and conspicuousness. More
mobile species, for instance, may be over-detected, and their abundance overestimated, as a result of
constant movements in and out of the sampling area (Fuller and Langslow 1984). When counting
fledged broods, methods such as estimating daily detection probabilities provide accurate estimates of
bird productivity and are essential for understanding variations in productivity that may be associated
with factors such as habitat management (Sange et al. 2011).

The aim of this work was to estimate the breeding productivity of the Araucaria tit-spinetail within AMF
fragments in the largest metropolitan region in South Brazil. The study site has a high apparent incidence
of the bird and is representative of the increasing fragmentation of the Araucaria tit-spinetail’s habitat
(i.e., the AMF) due to urbanization. Specifically, the study quantified the breeding productivity of the bird
species in the context of forest fragmentation and urbanization, highlighting the effect of Araucaria
density on this life-history parameter of the Araucaria tit-spinetail.

Materials and methods

Data
The data was collected by MROR, from September 2023 to March 2024, as a side data to an occupancy
study. The sampling sites were in Curitiba (Paraná, Brazil) and in 10 of its metropolitan region cities:
Almirante Tamandaré, Araucária, Campina Grande do Sul, Campo Largo, Campo Magro, Colombo,
Fazenda Rio Grande, Pinhais, Piraquara e São José dos Pinhais. We randomly set 79 sampling points in
AMF fragment, with a distance of at least 500 m between them to ensure independence (Fig. 1).

We registered the number of bird individuals in each sampling point through fixed 30 m radius point
counts (Gregory et al. 2004). We sampled each point once for seven minutes in the mornings of non-
rainy days during both the breeding (October to December) and post-breeding seasons (March to May
2024), recording every heard or seen individual. We also recorded the number of Araucarias with a
diameter at breast height (DBH) > 30 cm in each sampled point, thus the mature conifers that reach the
canopy stratum.

Data analyses
Due to 58% of absence of Araucaria tit-spinetail in the samplings (but only in five out of the 79 sampled
points), we ran a zero-inflated negative binomial (quadratic parameterization) generalized linear model
(ZINB-GLM) with a log link to assess the effects of density of Araucaria in the Araucaria tit-spinetail
productivity. For this model, we tested the number of individuals recorded at each point considering the
main effects of the sampling period (i.e. breeding and post-breeding) and the number of Araucaria
individuals, in both the counting and zero-inflated components of the model. We ensured that the ZINB-
GLM met its assumptions through graphical diagnostics, using the “simulateResiduals()” function of the
DHARMa package (Hartig, 2021). We ran the analyses in the R environment (R Core Team, 2024), using
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the “glmmTMB()” function of the glmmTMB (Brooks et al. 2017), ggplot2 (Wickham 2016) and ggeffects
(Ludecke 2018) packages.

Results

Detectability and productivity
The ZINB-GLM results show that the chance of recording Araucaria tit-spinetail individuals significantly
decreased with the number of Araucaria at the sampled point (ß ± SD: -0.35 ± 0.14; z = -2.60; p = 0.01) but
remained unchanged between periods (i.e., breeding vs. post-breeding: ß ± SD = 0.70 ± 0.71; z = 0.98; p = 
0.33).

The conditional model results indicate a significant increase of bird individuals in the breeding compared
to the non-breeding period (ß ± SD = 0.84 ± 0.25; z = 3.31; p < 0.01; Fig. 2A), i.e., an average ± SD
production of 𝑒 0.84 ± 0.25 = 2.32 ± 1.29 young per couple (range: 1.03 to 3.61). On the other hand, the
number of Araucaria had no significant influence on this response variable (ß ± SD = 0.004 ± 0.005; z = 
0.72; p = 0.47; Fig. 2B).

Discussion
At the study site, the Araucaria tit-spinetail population approximately doubled from the breeding to the
post-breeding period, suggesting breeding success even in this fragmented habitat. Araucaria density
reduced the species’ detectability, likely through a dilution effect in which greater habitat availability
causes birds to spread over a larger area or territories. Nevertheless, abundance estimates remained
unaffected by the number of Araucaria trees, and although season did not affect detectability,
abundance increased markedly during the post-breeding period. In this severe fragmentated and
urbanized AMF context, this pattern likely emerges because young remained in the parental territory
after the breeding season, a delayed natal dispersal behavior already documented in Furnariidae (e.g.
Amorim et al. 2024).

Reproductive success in a species should not be assessed solely by the survival of juveniles while still in
the nest, since the selective pressures may vary throughout the different stages of an individual's life
(Strebry et al. 2014). For individuals seeking to establish new territories, juvenile dispersal can be
influenced by several factors, among which territory size of the neighborhood, local and regional
population density, and resource availability appear to be the most relevant (Martín et al. 2008; Nicolaus
et al. 2012). Additionally, vegetation density and habitat fragmentation may restrict territory size and,
consequently, limit juvenile dispersal (Haggerty 1998; Cunningham and Johnson 2012; Cornelius et al.
2017). In some cases, when dispersal is delayed and juveniles remain in the natal territory for extended
periods, their likelihood of integrating into the local breeding population may increase (Gill and
Stutchbury 2010). For example, Furnarius rufus juveniles often establish territories close to their parental
area, possibly as a strategy to maintain kin-based neighborhoods (Amorim et al. 2024). In the case of L.
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setaria, the detected increase in the number of individuals during the post-breeding period (Fig. 2A)
suggests the prolonged presence of juveniles in the parental territory for this species, as well as their
more frequent vocalizations. This delayed dispersal could enhance reproductive success through
extended parental care. Tarwater and Brawn (2010), in a study on Thamnophilus atrinucha, described
delayed dispersal and prolonged family association as an adaptive strategy. In this context, the benefits
of remaining in parental territory, such as increased access to resources and protection from
competitors and predators, can significantly enhance juvenile survival (Tarwater and Brawn 2010). For
the Araucaria tit-spinetail, behaviors related to territory defense and its close ecological association with
the Araucaria may also play a role in improving chick survival (Remsen 2020).

Delayed dispersal, however, warrants further investigation in this species, as it seems to be a widespread
and advantageous strategy among birds, especially in competitive environments or fragmented habitats
(Lens and Dhondt 1994). The relationship between productivity and delayed dispersal has been
discussed in the literature primarily in terms of reproductive and habitat quality (e.g. Luna et al. 2021;
Chu and Claramunt 2023). Species with slow life histories (e.g. many tropical birds) can exhibit low
annual reproductive output, which is compensated for by high survival rates, particularly among juveniles
(e.g. Tarwater et al. 2011). Such patterns are connected to delayed dispersal as strategies that increase
the likelihood of surviving the reproductive age (Covas and Griesser 2007; Tarwater et al. 2011). For
example, some urban birds show higher survival and lower reproductive output compared to rural
counterparts, reflecting a shift toward a slower pace of life (Sepp et al. 2017). In the burrowing owl
Athene cunicularia, delayed dispersal and family group formation are common in urban habitats and
areas with high population density, which suggest that habitat quality and productivity are key factors
(Luna et al. 2021). The individuals tend to remain in high-quality and more productive nests although
their presence does not increase the number of fledglings (Preston et al. 2016; Luna et al. 2021). Overall,
delayed dispersal is more common and advantageous in contexts where the costs of dispersal are high,
and breeding opportunities are limited or unpredictable, such as in stable or saturated environments
(Tarwater and Brawn 2010; Kingma et al. 2016). In addition, the extent and patterns of delayed dispersal
often vary between males and females depending on the ecological and social context (Nelson-Flower et
al. 2018). In such cases, remaining in the natal territory can bring indirect and direct fitness benefits,
highlighting that individual productivity is central to the evolution of this strategy (Tarwater and Brawn
2010).

The productivity observed in the Araucaria tit-spinetail, even under the severe fragmentation and
urbanization of the AMF sampled here, offers encouraging evidence for the conservation of both the
species and this unique bird–plant specialization. The observed decline in detectability of the bird
individuals in areas with higher densities of Araucaria aligns with the expectations for Neotropical forest
systems, where high species diversity, large territory size, and low individual density per territory are
common characteristics (Stouffer, 2007). Nevertheless, the effects of fragmentation and urbanization on
key life-history traits of the Araucaria tit-spinetail remain largely unknown. Further research should
uncover potential behavioral adaptations of this bird to the environmental pressures, including the
minimum needed amount of Araucaria crops as habitat for territory and nest establishment, and
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including vocal adjustments to urban noise pollution aimed at reducing signal overlap and mitigating
intraspecific competition in the increasingly fragmented landscape in which these birds currently live
(Staniewicz et al. 2023).

Conclusions
This study revealed key aspects of the interspecific relationship between the Araucaria tit-spinetail (L.
setaria) and the Araucaria (A. angustifolia), highlighting the presence of the bird in approximately 74% of
the sampled points and an average production of one to three young per couple in the sampled breeding
season, leading to a momentaneous population increase of around 50% in the post-breeding period in
the studied region. The density of Araucaria in the sampled fragments had no influence in the species'
productivity. This suggests that the ecological relationship between these two species is more complex
than previously assumed, likely involving additional behavioral factors that warrant further investigation,
such as territory size variation, interspecific competition, nest predation rate, and insect (i.e., food)
availability. Moreover, the ongoing fragmentation of the AMF (Zorek et al. 2024) remains a critical
conservation concern for this bird. This is especially true given the endangered status of Araucaria (IUCN
2013), on which the bird depends. A decline in Araucaria populations may exert a potentially significant
but poorly understood influence on the population dynamics of the Araucaria tit-spinetail, another aspect
that deserve attention in future research.

Although this study clarifies aspects of the relationship between the Araucaria tit-spinetail and the
Araucaria in the currently fragmented and urbanized context of AMF, we emphasize that further research
is essential to fully understand the complexity of their ecological association. Key aspects of this bird’s
ecology (i.e. territory size, survival rates, longevity, and juvenile dispersal) warrant quantitative studies.
Additionally, exploring how the density of Araucaria within fragments affects the bird’s territorial, nesting,
and vocal activity could yield valuable insights for conservation planning. The integration of bioacoustics
monitoring and occupancy modeling presents a promising approach to obtain more accurate estimates
of the species’ distribution and population density (e.g. Campos-Cerqueira and Aide 2016; Pillay et al.
2019; Abrahams and Geary 2020; Oliveira et al in prep.), including individual movements in the
fragmented landscape. Such findings would be essential to inform the development of ecological
corridors and long-term monitoring programs aimed at tracking population trends under the continued
pressures of fragmentation and urbanization of this biome.

Declarations

Author Contribution
C.M. participated in the analysis, interpretation, writing, and translation of the text; A.C.G. performed a
major part of the analysis and reviewed the text; MROR participated in the data collection and text
revision.

Page 7/13



Acknowledgements
CM is grateful for the support of all LECO members, especially Maria Ruth for providing the data that
made this research possible. MROR thanks the Coordenação de Aperfeiçoamento de Pessoal de Nível
Superior - Brasil (CAPES) - Finance Code 001 - for a Master’s Scholarship. ACG is thankful to the
Conselho Nacional de Desenvolvimento Científico e Tecnológico (CNPq) for the research grant
(301057/2025-7).

References
1. BirdLife I (2024) Species factsheet: Araucaria Tit-spinetail Leptasthenura setaria. Available at:

https://datazone.birdlife.org/species/factsheet/araucaria-tit-spinetail-leptasthenura-setaria
(accessed 5 Nov 2024)

2. Bóçon R (1993) Observações sobre o ninho de Leptasthenura setaria (Temminck, 1824) no Brasil.
Primera reunión de ornitología de la Cuenca del Plata, Puerto Iguazú, Argentina. Asociación
Ornitológica del Plata. Administración de Parques Nacionales de Argentina y Sociedad de Biología
del Paraguay

3. Brooks ME, Kristensen K, van Benthem KJ, Magnusson A, Berg CW, Nielsen A, Skaug HJ, Maechler
M, Bolker BM (2017) glmmTMB balances speed and flexibility among packages for zero-inflated
generalized linear mixed modeling. R J 9(2):378–400. https://doi.org/10.32614/RJ-2017-066

4. Cabanne GS, Zurita GA, Seipke SH, Bellocq MI (2007) Range expansion, density and conservation of
the Araucaria Tit-spinetail Leptasthenura setaria (Furnariidae) in Argentina: the role of araucaria
Araucaria angustifolia (Araucariaceae) plantations. Bird Conserv Int 17(4):341–349.
https://doi.org/10.1017/S0959270907000871

5. Chu JJ, Claramunt S (2023) Determinants of natal dispersal distances in North American birds. Ecol
Evol 13(2):e9789. https://doi.org/10.1002/ece3.9789

6. Cornelius C, Awade M, Cândia-Gallardo C, Sieving KE, Metzger JP (2017) Habitat fragmentation
drives inter-population variation in dispersal behavior in a Neotropical rainforest bird. Perspect Ecol
Conserv 15(1):3–9. https://doi.org/10.1016/j.pecon.2017.02.002

7. Covas R, Griesser M (2007) Life history and the evolution of family living in birds. Proceedings of the
Royal Society B: Biological Sciences, 274(1616), 1349. 10.1098/rspb.2007.0117

8. Cunningham MA, Johnson DH (2012) Habitat selection and ranges of tolerance: how do species
differ beyond critical thresholds? Ecol Evol 2(11):2815–2828. https://doi.org/10.1002/ece3.394

9. Derryberry EP, Claramunt S, Derryberry G, Chesser RT, Cracraft J, Aleixo A, Brumfield RT (2011)
Lineage diversification and morphological evolution in a large-scale continental radiation: the
Neotropical ovenbirds and woodcreepers (Aves: Furnariidae). Evolution 65(10):2973–2986.
https://doi.org/10.1111/j.1558-5646.2011.01374.x

10. Frederiksen M, Anker-Nilssen T, Schekkerman H, Dierschke V, Parsons M, Marra S, Mitchell I (2024)
Model-based assessment of marine bird population status using monitoring of breeding productivity

Page 8/13



and abundance. Ibis 166:940–950. https://doi.org/10.1111/ibi.13288

11. Fuller RJ, Langslow DR (1984) Estimating numbers of birds by point counts: how long should counts
last? Bird Study 31(3):195–202

12. Gill SA, Stutchbury BJ (2010) Delayed dispersal and territory acquisition in Neotropical buff-breasted
wrens (Thryothorus leucotis). Auk 127(2):372–378. https://doi.org/10.1525/auk.2009.09025

13. Gottschalk TK, Huettmann F (2011) Comparison of distance sampling and territory mapping
methods for birds in four different habitats. J Ornithol 152(2):421–429.
https://doi.org/10.1007/s10336-010-0601-1

14. Gregory RD, Gibbons DW, Donald PF (2004) Bird census and survey techniques. In: Sutherland WJ
(ed) Bird Ecology and Conservation. Oxford University Press, pp 17–56

15. Grelle CEV, Rajão H, Marques MCM (2021) The Future of the Brazilian Atlantic Forest. In: Marques
MCM, Grelle CEV (eds) The Atlantic Forest. Springer, Cham. https://doi.org/10.1007/978-3-030-
55322-7_23

16. Hartig F (2021) DHARMa: Residual Diagnostics for Hierarchical (Multi-Level / Mixed) Regression
Models. R package version 0.4.1. https://CRAN.R-project.org/package=DHARMa

17. IUCN (2013) The IUCN Red List of Threatened Species – Araucaria angustifolia (Parana pine).
Available at: http://www.iucnredlist.org/details/32975/0 (accessed 5 Nov 2024)

18. IUCN (2024) The IUCN Red List of Threatened Species – Leptasthenura setaria. Available at:
https://www.iucnredlist.org/species/22702196/248737763 (accessed 5 Nov 2024)

19. Jarrett D, Lehikoinen A, Willis S (2024) Monitoring wader breeding productivity. Ibis 166(3):780–800.
https://doi.org/10.1111/ibi.13298

20. Joenck CM (2005) Utilização do espaço arbóreo no forrageio por Leptasthenura setaria (Temminck,
1824) e L. striolata (Pelzeln, 1856) (Furnariidae, Aves) em floresta ombrófila mista montana no Rio
Grande do Sul, Brasil. Dissertação de Mestrado. Universidade Federal do Rio Grande do Sul

21. Kingma SA, Bebbington K, Hammers M, Richardson DS, Komdeur J (2016) Delayed dispersal and the
costs and benefits of different routes to independent breeding in a cooperatively breeding bird.
Evolution 70:2595–2610. https://doi.org/10.1111/evo.13071

22. Lens L, Dhondt AA (1994) Effects of habitat fragmentation on the timing of Crested Tit Parus
cristatus natal dispersal. Ibis 136:147–152. https://doi.org/10.1111/j.1474-919X.1994.tb01078.x

23. Lüdecke D (2018) ggeffects: Tidy data frames of marginal effects from regression models. J Open
Source Softw 3(26):772. https://doi.org/10.21105/joss.00772

24. Luna Á, Lois NA, Rodríguez-Martinez S, Palma A, Sanz-Aguilar A, Tella JL, Carrete M (2021) Urban
life promotes delayed dispersal and family living in a non-social bird species. Sci Rep 11(1):107.
https://doi.org/10.1038/s41598-020-80344-8

25. Martín CA, Alonso JC, Alonso JA, Palacín C, Magaña M, Martín B (2008) Natal dispersal in great
bustards: the effect of sex, local population size and spatial isolation. J Anim Ecol 77(2):326–334.
https://doi.org/10.1111/j.1365-2656.2007.01349.x

Page 9/13



26. Mohebalian PM, Lopez LN, Tischner AB, Aguilar FX (2022) Deforestation in South America’s tri-
national Paraná Atlantic Forest: trends and associational factors. For Policy Econ 137:102697.
https://doi.org/10.1016/j.forpol.2022.102697

27. Moore JW (2017) The Capitalocene, Part I: on the nature and origins of our ecological crisis. J
Peasant Stud 44(3):594–630. https://doi.org/10.1080/03066150.2016.1235036

28. Nelson-Flower MJ, Wiley EM, Flower TP, Ridley AR (2018) Individual dispersal delays in a cooperative
breeder: Ecological constraints, the benefits of philopatry and the social queue for dominance. J
Anim Ecol 87:1227–1238. https://doi.org/10.1111/1365-2656.12814

29. Nicolaus M, Michler SP, Jalvingh KM, Ubels R, van der Velde M, Komdeur J et al (2012) Social
environment affects juvenile dispersal in great tits (Parus major). J Anim Ecol 81(4):827–837.
https://doi.org/10.1111/j.1365-2656.2012.01959.x

30. Olson DM, Dinerstein E (2002) The Global 200: priority ecoregions for global conservation. Ann Mo
Bot Gard 89(2):199–224. https://doi.org/10.2307/3298564

31. Preston SA, Briskie JV, Hatchwell BJ (2016) Adult helpers increase the recruitment of closely related
offspring in the cooperatively breeding rifleman. Behav Ecol arw087.
https://doi.org/10.1093/beheco/arw087

32. Powell LA, Conroy MJ, Krementz DG, Lang JD (1999) A model to predict breeding-season
productivity for multibrooded songbirds. Auk 116(4):1001–1008. https://doi.org/10.2307/4089680

33. R Core Team (2024) R: A language and environment for statistical computing. R Foundation for
Statistical Computing, Vienna, Austria. https://www.R-project.org/

34. Ranta P, Blom TOM, Niemelä J, Joensuu E, Siitonen M (1998) The fragmented Atlantic rainforest of
Brazil: size, shape and distribution of forest fragments. Biodivers Conserv 7:385–403.
https://doi.org/10.1023/A:1008885813543

35. Remsen JV Jr (2020) Araucaria Tit-spinetail (Leptasthenura setaria), version 1.0. In: del Hoyo J,
Elliott A, Sargatal J, Christie DA, de Juana E (eds) Birds of the World. Cornell Lab of Ornithology,
Ithaca, NY. https://doi.org/10.2173/bow.artspi1.01

36. Sepp T, McGraw KJ, Kaasik A, Giraudeau M (2018) A review of urban impacts on avian life-history
evolution: Does city living lead to slower pace of life? Glob Change Biol 24:1452–1469.
https://doi.org/10.1111/gcb.13969

37. Souza AF (2021) A review of the structure and dynamics of araucaria mixed forests in southern
Brazil and northern Argentina. N Z J Bot 59(1):2–54.
https://doi.org/10.1080/0028825X.2020.1810712

38. Staniewicz A, Sokołowska E, Muszyńska A, Budka M (2023) Competition for acoustic space in a
temperate-forest bird community. Behav Ecol 34(6):1043–1054.
https://doi.org/10.1093/beheco/arad075

39. Stouffer PC (2007) Density, territory size, and long-term spatial dynamics of a guild of terrestrial
insectivorous birds near Manaus, Brazil. Auk 124(1):291–306.
https://doi.org/10.1093/auk/124.1.291

Page 10/13



40. Streby HM, Andersen DE (2011) Seasonal productivity in a population of migratory songbirds: why
nest data are not enough. Ecosphere 2(6):art78. https://doi.org/10.1890/ES10-00187.1

41. Tarwater CE, Brawn JD (2010) Family living in a Neotropical bird: variation in timing of dispersal and
higher survival for delayed dispersers. Anim Behav 80(3):535–542. 10.1016/j.anbehav.2010.06.017

42. Tarwater CE, Ricklefs RE, Maddox JD, Brawn JD (2011) Pre-reproductive survival in a tropical bird
and its implications for avian life histories. Ecology 92:1271–1281. https://doi.org/10.1890/10-
1386.1

43. Vaurie C, Vuilleumier F (1980) Taxonomy and geographical distribution of the Furnariidae (Aves:
Passeriformes). Bull Am Museum Nat History 166(1):1–357

44. Wickham H (2016) ggplot2: elegant graphics for data analysis. Springer-, New York Haggerty TM
(1998) Vegetation structure of Bachman’s sparrow breeding habitat and its relationship to home
range. J Field Ornithol 69(1):45–50

45. Zorek BE, Biswas S, Brum FT, Leimgruber P, Carlucci MB (2024) How much Araucaria Mixed Forest
remains? Novel perspectives on conservation status based on satellite imagery and policy review.
Biol Conserv 296:110723. 10.1016/j.biocon.2024.110723

46. Zurita G, Rey N, Varela D et al (2006) Conversion of the Atlantic Forest into native and exotic tree
plantations: effects on bird communities from the local and regional perspectives. For Ecol Manag
235(1–3):164–173. 10.1016/j.foreco.2006.08.009

Figures

Page 11/13



Figure 1

Map of the 79 count points sampled for the number of Araucaria tit-spinetail (Leptasthenura setaria) in
the Curitiba Metropolitan Region.
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Figure 2

A) Model estimates for the number of individuals of Araucaria tit-spinetail (Leptasthenura setaria) in the
breeding and post-breeding periods, indicating the significant population increase due to young
production (refer to the text for statistics). B) Non-significant shift on the number of bird individuals due
to the number of Araucaria (Araucaria angustifolia).
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