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Abstract
Nest survival may be affected in several ways by predator-mediated interactions. According to the “predator dilution effect 
hypothesis”, the daily nest survival rate (DSR) can be density-dependent, because the probability of nest predation decreases 
as the number of active nests increases. Additionally, parental activity may increase with clutch size, nest age, and after low-
temperature periods, while climatic components such as air humidity and moderate winds can increase odour dissipation from 
nests. Consequently, predators can use these cues to locate nests, reducing the DSR. Determining such predator-mediated 
interactions is important to understand how multiple causes can affect avian reproductive success. Thus, we evaluated the 
effects of predation and predator-mediated interactions of abundance of active nests, parental investment and climate on 
annual and seasonal variations in DSR of the Chilean Elaenia (Elaenia chilensis), a long-distance migratory passerine that 
breeds in the Andean-Patagonian Forest. We monitored nests over four breeding seasons and modelled DSR for 86 nests. The 
mean ± SE DSR was 0.960 ± 0.005, corresponding to an overall nest success of 29.5%. DSR increased with the abundance 
of active nests, but it did not vary among years or throughout the breeding season, nor was it affected by other variables. 
Hence, there was no influence of parental investment and climate on predation. Instead, the increase in abundance of active 
nests towards the middle of the breeding season reduces the probability of predation per nest, resulting in greater Chilean 
Elaenia nest survival, and providing empirical support for the “predator dilution effect hypothesis”.

Keywords Andean-Patagonian Forest · Neotropical birds · Nest survival · Predator dilution effect · Predator-mediated 
interactions

Zusammenfassung
Mehr ist besser: Ein Verdünnungseffekt bei der Gefahr durch Räuber erhöht beim Weißbauch-Olivtyrann (Elaenia 
chilensis) die Überlebensrate der Gelege
Das Überleben von Gelegen kann auf verschiedene Weise durch von Räubern ausgehende Wechselwirkungen beeinflusst 
werden. Entsprechend der Hypothese des Verdünnungseffekts bei der Gefahr durch Nesträuber könnte die tägliche 
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Gelege-Überlebensrate (DSR) von der Dichte der Gelege abhängen, da die Wahrscheinlichkeit von Nesträuberei mit 
zunehmender Anzahl aktiver Gelege abnimmt. Außerdem könnte die Aktivität der Elterntiere mit der Gelegegröße, dem 
Alter des Nests und auch nach kühleren Perioden zunehmen, während Klimafaktoren wie Luftfeuchtigkeit und schwache 
Winde die Verbreitung von Gerüchen aus den Nestern möglicherweise erhöhen. Folglich könnten Fressfeinde solche Spuren 
nutzen, um Gelege aufzuspüren, was die DSR verringert. Das Erfassen solcher Wechselwirkungen mit Räubern ist wichtig, 
um zu verstehen, wie mehrere Faktoren den Fortpflanzungserfolg von Vögeln beeinflussen können. Deshalb untersuchten wir 
die Auswirkungen von Nesträuberei und die von Räubern initiierten Wechselwirkungen zwischen der Anzahl aktiver Nester, 
der Zuwendungen durch die Elterntiere und von Klimafaktoren auf die jährlichen und saisonalen Veränderungen der DSR 
beim chilenischen Weißbauch-Olivtyrann (Elaenia chilensis), einem langstreckenziehenden, im Anden-Patagonien-Wald 
brütenden Sperlingsvogel. Wir beobachteten Gelege über vier Brutzeiten hinweg und modellierten die DSR für 86 Gelege. 
Dabei betrug der mittlere ± SE für die DSR 0.960 ± 0.005, was einem Gesamt-Bruterfolg von 29.5% entspricht. Die DSR 
nahm mit der Anzahl der aktiven Gelege zu, veränderte sich jedoch weder zwischen den Jahren oder in der Brutzeit, noch 
wurde sie von anderen Faktoren beeinflusst. Folglich gab es keinen Einfluss der elterlichen Zuwendung oder des Klimas 
auf die Plünderung der Gelege durch Räuber. Stattdessen verringerte die zunehmende Anzahl aktiver Gelege zur Mitte 
der Brutzeit die Gefahr des Verlusts pro Gelege durch Fressfeinde, was zu einer höheren Überlebensrate von Gelegen des 
Weißbauch-Olivtyranns führt und die Hypothese vom Verdünnungseffekt empirisch untermauert.

Introduction

Nest survival is a crucial component of breeding output 
(Shaffer 2004) and as such has an impact on population size 
(Stahl and Oli 2006). Nest survival is mainly driven by pre-
dation, which is the main cause of nest loss (Remeš et al. 
2012). As predators search for and find nests by following 
visual and olfactory cues (Ibáñez-Álamo et al. 2015), under-
standing the numerous ways they accomplish this is useful in 
predicting how avian population size may change over time 
(Sherry et al. 2015).

The daily nest survival rate (DSR) can fluctuate annually, 
being lower in years with a greater abundance of predators 
that can detect nests (Sherry et al. 2015) or during years 
of food shortage, when parental foraging activity is higher 
and consequently more visual cues about nest locations are 
provided to predators (Rastogi et al. 2006). Furthermore, 
DSR can either increase throughout the season as foliage 
becomes denser for nest concealment (Borgmann et al. 2013) 
or decrease as the breeding season progresses (Segura and 
Reboreda 2012). According to the “predator search image 
hypothesis”, predators will focus attention on the prey type 
most frequently encountered during recent searching, even 
if other prey become more abundant (Dukas 2002; Ishii and 
Shimada 2010). Therefore, when nest abundance increases 
and there is greater parental activity, nests will become more 
conspicuous and predators will become more efficient in 
finding them, reducing DSR as the season progresses (Duca 
et al. 2019). However, according to the “predator dilution 
effect hypothesis” DSR can increase with nest abundance, 
because the predation probability of a nest is lower when 
there are many nests that can be predated (Dehn 1990; Duca 
et al. 2019). Hence, the predator dilution effect may reduce 
the impact of the predator search image on avian breeding 
success (Duca et al. 2019).

Parental investment can also modify DSR. Daily energy 
expenditure of incubating birds increases with clutch size 
(Moreno and Sanz 1994; Nord and Williams 2015), thus 
they must increase food intake (Coleman and Whittall 
1988), which implies increasing the number of foraging 
trips (Cooper and Voss 2013) and exposing their nest to a 
greater risk of being found by predators (Martin et al. 2000). 
Likewise, larger brood sizes increase the number of feeding 
visits to the nest (Sousa and Marini 2013), resulting in an 
increase of nest conspicuousness and a reduction of DSR 
(Martin et al. 2000).

Moreover, parental behaviour changes throughout nesting 
stages along with the number of cues provided to preda-
tors, and therefore DSR can vary with nest age (Grant 
et al. 2005). As egg laying proceeds, parental investment is 
greater (Verboven and Tinbergen 2002) and parents increase 
nest defence (Redmond et al. 2009). Then, parental activ-
ity increases during incubation, while chick begging calls 
(Redmond et al. 2009) and nest defence by parents intensify 
during the nestling stage (Cooper and Voss 2013). All these 
behaviours may produce a cubic relationship between DSR 
and nest age, when DSR increases during the laying period, 
decreases during incubation and finally increases again until 
nestlings fledge (Skagen and Yackel Adams 2012). If nest 
defence does not occur during the laying stage, DSR may 
decrease until hatching and then increase until nestlings 
fledge (quadratic relationship, Conrey et al. 2016). Addi-
tionally, the inverse quadratic pattern may occur, but it is 
very infrequent (see Weiser 2021 and references therein). 
If nest defence also does not increase during the nestling 
stage, DSR may decrease linearly with increasing nest 
age (Webb et al. 2012), while the inverse linear pattern is 
observed when nest defence increases throughout nesting 
stages (Segura and Reboreda 2012). Although the patterns of 
decreased DSR as the nest ages and as the season progresses 
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can be confounded, both effects can be differentiated if nests 
are initiated during different parts of the season (Smith and 
Wilson 2010).

Climatic conditions also influence the dissemination and 
detectability of cues used by predators to find nests. Pre-
cipitation can reduce DSR (Webb et al. 2012; Conrey et al. 
2016), because high air moisture facilitates the diffusion of 
odours (Gutzwiller 1990), allowing predators to smell bird 
feathers and find nests (Ruth and Skagen 2018). Addition-
ally, DSR may be reduced by daily minimum temperatures. 
After an intense cold period, parents intensify foraging 
activity in order to satisfy their energetic requirements to 
maintain both themselves and adequate nest temperatures 
(Reneerkens et  al. 2011), increasing the probability of 
nest detection by predators (Rastogi et al. 2006). As wind 
can carry the odour of birds over longer distances, preda-
tors like mammals may more easily detect nest locations 
(Webb et al. 2012). During days with moderate wind speed 
(7.2–14.4 km/h), a greater abundance of predatory mam-
mals can be observed (Ruzicka and Conover 2011). How-
ever, when wind speed is low, odours are concentrated in a 
narrow area and predators will only be able to detect their 
prey’s odour if they are very close to it (Ruzicka and Cono-
ver 2011), while strong winds make it difficult for predators 
to detect nests because turbulence dissipates odours (Cono-
ver 2007).

In order to improve our understanding of the impact of 
predator-mediated interactions on nest survival of Neotropi-
cal birds and contribute to understand how multiple causes 
acting simultaneously can affect avian reproductive success, 
we evaluated the effects of the aforementioned variables of 
time (year and time of breeding), nest abundance, parental 
investment (clutch size and nest age) and climate (precipita-
tion, minimum temperature and wind speed) on DSR of the 
Chilean Elaenia (Elaenia chilensis) in the Andean-Patago-
nian Forest.

Methods

Study area and species

We conducted our study at the Cañadón Florido Ranch 
(42.9253°S, 71.3628°W, 616 m.a.s.l.), Chubut Province, 
Argentina. The vegetation of the area belongs to the Valdiv-
ian Forest Province of the Andean Region (Morrone 2001). 
The forest at the study site is evergreen and dominated by 
Mayten (Maytenus boaria) and Laura (Schinus patagoni-
cus) trees, which form a low canopy of c. 5 m in height. 
The understory is dominated by Box-leaved Barberry (Ber-
beris microphylla) shrubs. This type of forest is common in 

valleys and hill slopes in the eastern portion of the northern 
Patagonian Forest, and is part of the forest-steppe ecotone.

Winters are cold and wet (mean temperature = 1.8 °C) and 
summers are warm and dry (mean temperature = 13.4 °C). 
Annual mean precipitation (rain and snow) is 704 mm and 
68% is concentrated in April–September (fall-winter). All 
climate data are from the ‘Rio Percey’ meteorological station 
(period: 1998–2017, 42.8583°S, 71.4297°W, 750 m.a.s.l., 
Hidroeléctrica Futaleufú S.A.), located 9 km NW of our 
study site.

The nest predator assemblage at Cañadón Florido Ranch 
is a mix of birds (Milvago chimango, Vazquez et al. 2018; 
Caracara plancus, Curaeus curaeus, Falco sparverius, 
Glaucidium nana, Menezes and Marini 2017; Agriornis liv-
idus, SP Bravo, CA Gorosito and VR Cueto unpubl. data) 
and mammals (rodents, Vazquez et al. 2018, SP Bravo, 
CA Gorosito and VR Cueto unpubl. data; Lycalopex cul-
paeus, Canevari and Vaccaro 2007). The wasp Vespula ger-
manica also preys on nests (CA Gorosito unpubl. data).

The Chilean Elaenia is a long-distance migratory tyrant 
flycatcher that breeds in the Andean-Patagonian Forest and 
overwinters in Brazil (Bravo et al. 2017). Males arrive in 
the forest from mid-October (Bravo et al. 2017; Cueto and 
Gorosito 2018) and females from early November (Cueto 
and Gorosito 2018; Gorosito 2020). Adults start fall migra-
tion between mid- and late February (Bravo et al. 2017; 
Cueto and Gorosito 2018), although some of them remain on 
the breeding grounds until early March (Cueto and Goros-
ito 2018; Gorosito 2020). During the spring–summer, the 
Chilean Elaenia is the most abundant bird species in the 
forest (Cueto and Gorosito 2018) and breeds between early 
December and late February (Gorosito et al. 2022). It builds 
open-cup nests, lays 1–3 eggs, incubates for 14 days, and its 
nestlings fledge after c. 14 days (Gorosito et al. 2022).

Nest monitoring and climatic data collection

We searched for Chilean Elaenia nests from late October to 
late February of the 2014–2018 breeding seasons following 
the method proposed by Martin and Geupel (1993). This 
passerine is the most abundant species of the bird assem-
blage in the study area (more than 35% of individual birds in 
the avian community are Chilean Elaenias, while the remain-
der belong to individuals of 24 other bird species), and the 
last species to initiate breeding in the Andean-Patagonian 
Forest (Cueto and Gorosito 2018). Because of this delay in 
reproduction, during the 2016/2017 and 2017/2018 breed-
ing seasons we also monitored nests of resident and short-
distance migratory species to determine the contribution of 
these nests to the total abundance of nests during the Chilean 
Elaenia breeding period (Table S1). We monitored nests fol-
lowing standardized protocols (Ralph et al. 1996) and visited 
each daily until the nest was successful (i.e., at least one 
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nestling left the nest) or failed. We classified causes of nest 
failure into predation and other causes (see Gorosito et al. 
2022 for details). We considered that the nest had been pre-
dated when it was empty before the estimated fledging date 
and when we found all eggs broken inside or around the nest.

We used data of daily minimum temperature, daily pre-
cipitation and daily mean wind speed of the four breeding 
periods, recorded by the ‘Río Percey’ meteorological station.

Data analyses

We estimated DSR using program MARK (Cooch and White 
2019) and quantified overall nest success as  DSRx, where x 
is the nesting period duration (Dinsmore et al. 2002), being 
30 days for the Chilean Elaenia (Gorosito et al. 2022). We 
coded encounter histories following Dinsmore et al. (2002) 
and standardized the length of the breeding season for all 
years (Julian day 1 = 12 December, Julian day 82 = 3 March) 
according to recommendations by Dinsmore and Dinsmore 
(2007). We used the sine link function to build a constant 
DSR model and the logit link function to build models with 
covariates.

We used all successful and predated nests to model DSR. 
We built models using the following temporal covariates: 
year (2014/2015, 2015/2016, 2016/2017, 2017/2018), Julian 
day (linear relationship with DSR) and quadratic Julian day 
(quadratic relationship with DSR, including intercept, Julian 
day and Julian  day2). As a nest abundance covariate, we 
used the abundance of active Chilean Elaenia nests. Because 
most nests in the bird community belonged to the Chilean 
Elaenia during its breeding period (~ 70%, Table S1), we 
considered its nest abundance as the main nest supply for 
predators and considered negligible the impact of nest abun-
dance of other species. We calculated the daily number of 
active nests, considering the length of the nesting stages of 
the Chilean Elaenia (Gorosito et al. 2022) and backward 
estimating the date of the onset of egg laying in those nests 
found during incubation or the nestling stage. We used the 
following covariates of parental investment: clutch size, nest 
age, nest  age2 (quadratic relationship with DSR) and nest 
 age3 (i.e., cubic term is added to the terms of the quadratic 
relationship between nest age and DSR). We considered the 
day of laying of the first egg as nest age = 0, following Din-
smore and Dinsmore (2007). Among climatic covariates, we 
used daily precipitation and precipitation of the previous day 
(due to the possibility of a delay in the effect of precipitation 
on the transmission of odours through air humidity, Webb 
et al. 2012). Because only precipitation events ≥ 10 mm have 
an impact on DSR (Skagen and Yackel Adams 2012; Con-
rey et al. 2016; Ruth and Skagen 2018), we transformed 
precipitation values into a binary scale (0 = precipitation 
event < 10 mm, 1 = precipitation event ≥ 10 mm). We used 
the daily minimum temperature, because its lowest value is 

recorded before sunrise and we expected it to have an effect 
on DSR during that day. We used the daily mean wind speed 
and daily mean wind  speed2 in order to evaluate a quadratic 
relationship between this climatic variable and DSR, con-
sidering that predators are expected to follow olfactory cues 
more easily in moderate wind speeds (Ruzicka and Conover 
2011).

We used information-theoretic procedures for model 
selection (Burnham and Anderson 2002). To limit the num-
ber of candidate models that may explain the variation of 
nest survival with the covariates mentioned above, we used 
a hierarchical model selection procedure (Arnold 2010; Ruth 
and Skagen 2018). We used Akaike’s information criterion 
corrected for small sample size (AICc) to identify mod-
els with the most support (Burnham and Anderson 2002). 
First, we correlated all predictive variables to analyse issues 
of collinearity and, if so, we removed the variable whose 
AICc was larger. The number of active nests and quadratic 
Julian day were highly correlated (Pearson’s r = − 0.77, 
P < 0.0001), thus we removed the latter. Then, the model 
selection procedure was as follows:

1. We built models using four groups of variables: (I) year 
and Julian day, (II) number of active nests, (III) clutch 
size and nest age, and (IV) climatic variables. In each 
group we included a constant model (i.e., model with-
out covariates and with constant DSR) and interactions 
between year and each variable to determine if there 
were different patterns in each year. We selected the 
variable in the model that had the lowest AICc (which 
was considered as the most supported model to explain 
variations in DSR) within each group for the next step. 
If there was a second model that had a ΔAICc < 0.10 
relative to the best model, the variable in the second-best 
model was also carried forward to the next step (Ruth 
and Skagen 2018).

2. We used the selected variables from the previous step 
to build additive models in every possible combination. 
Following recommendations of Rotella (2019), we kept 
the models in which the combination of variables pro-
duced a better AICc than that of univariate models, but 
if the combination of variables produced models with 
a higher AICc, then we removed them from the set of 
candidate models.

3. Finally, we added or substituted competitive variables 
(i.e., those variables with a ΔAICc ≤ 1 relative to the 
best model in each group from step 1, Ruth and Skagen 
2018) into the best model from step 2.

We considered that the best model of the set of candi-
date models was the one with the lowest AICc (Burnham 
and Anderson 2002). Since Akaike weights < 0.90 indicate 
model selection uncertainty, we also considered models 
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with ΔAICc ≤ 2 to have substantial support (Burnham and 
Anderson 2002). We considered variables of the best model 
to have an effect on DSR if their 95% confidence intervals 
excluded zero.

Results

Characteristics of covariates

Mean daily precipitation was low during the four breeding 
periods (mean ± SD = 0.84 ± 1.41 mm). There were only 
one (2014/2015 and 2015/2016) and four (2016/2017 and 
2017/2018) precipitation events ≥ 10 mm, and no precipita-
tion was recorded during 78% (2016/2017 and 2017/2018) 
and 90% (2014/2015 and 2015/2016) of the 82 days of the 
nesting period. Mean daily minimum temperature of the four 
breeding periods was 6.05 ± 0.52 °C, and there were mini-
mum temperatures below 0 °C during 1–5 days per breeding 
period. Mean daily wind speed was 6.4 ± 0.4 km/h. During 
those days with the highest mean wind speed (> 13 km/h), 
gusts were ≥ 40 km/h.

Clutch size did not vary among the studied breeding 
seasons (zero-truncated Poisson regression: χ2

3,57 = 2.330, 
P = 0.507). The daily number of active nests was higher 
towards the middle of the Chilean Elaenia breeding season 
(Fig. 1).

Daily survival rate of nests

Nest survival analysis was based on 86 nests, representing 
1363 exposure days. Mean ± SE DSR for the four breed-
ing seasons was 0.960 ± 0.005 (95% CI 0.948, 0.969), cor-
responding to an overall nest success estimate of 29.5% 
(Fig. 2).

During the first step of model selection, Julian day 
was the variable that best explained DSR (Table  S2). 
There were no additive or multiplicative effects of year 
and Julian day, nor an effect of year on DSR (Table S2). 
The univariate model of number of active nests was bet-
ter than the constant model (Table S2). The univariate 
model of nest age was as supported as the constant model, 
while the model composed of clutch size was competitive 
(Table S2). Minimum temperature, a daily precipitation 
event of ≥ 10 mm, and a precipitation event of ≥ 10 mm 
on the previous day were competitive variables (Table S2).

In the second step of model selection, none of all pos-
sible additive models combining Julian day, number of 
active nests and nest age were better than the univariate 
model of number of active nests (Table 1). In the third 
step, only the addition of the competitive variable daily 
precipitation event ≥ 10 mm produced a model with a 
lower AICc (Table 1). DSR increased with the number of 
active nests (β = 0.111, SE = 0.045, 95% CI 0.022, 0.200; 
Fig. 3) and was not associated with the daily precipita-
tion event of ≥ 10 mm (β = − 0.031, SE = 0.018, 95% CI 
− 0.067, 0.004).

Fig. 1  Daily variation of the 
number of active Chilean Elae-
nia nests during the period of 
nest monitoring (12 Decem-
ber–3 March) in each breeding 
season in the forest-steppe eco-
tone at Cañadón Florido Ranch, 
Chubut Province, Argentina

Fig. 2  Daily survival rate of Chilean Elaenia nests and overall nest 
success (%) during each breeding season and for all seasons pooled 
in the forest-steppe ecotone at Cañadón Florido Ranch, Chubut Prov-
ince, Argentina
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Discussion

In accordance with the “predator dilution effect hypothesis” 
(Dehn 1990; Duca et al. 2019), we found that DSR of Chil-
ean Elaenia nests increases with the number of active nests. 
Conversely, we did not observe here the pattern predicted 
by the “predator search image hypothesis” (i.e., a reduction 
of DSR as the breeding season progresses, Dukas 2002). 
Because in our study site resident and short-distance migra-
tory species begin breeding earlier than Chilean Elaenia 
(Cueto and Gorosito 2018), predators would already have a 
search image focused on eggs and nestlings before the begin-
ning of the Chilean Elaenia breeding period. Consequently, 
nests of the Chilean Elaenia are immediately potential prey 
items, but their great increase in number towards mid-season 
may be producing a predator dilution effect.

Contrary to expectations, parental investment of the Chil-
ean Elaenia (evaluated through clutch size and nest age) did 
not affect DSR. Commonly, nest survival decreases as clutch 
size increases due to greater parental activity around the nest 

Table 1  Daily nest survival 
models of the Chilean Elaenia 
in the forest-steppe ecotone at 
Cañadón Florido Ranch, Chubut 
Province, Argentina

All models include an intercept; K is the number of parameters in the model; ΔAICc is the difference 
between the AICc of the candidate model and the AICc of the best model, which is 442.435; wi is the 
Akaike weight of the model

Candidate models K ΔAICc wi

Number of active nests + daily precipitation event of ≥ 10 mm 3 0.000 0.293
Number of active nests 2 0.809 0.195
Julian day 2 2.752 0.074
Constant model 1 3.682 0.046
Nest age 2 3.731 0.045
Year × number of active nests 8 3.828 0.043
Clutch size 2 4.006 0.040
Minimum temperature 2 4.044 0.039
Daily precipitation event of ≥ 10 mm 2 4.087 0.038
Precipitation event of ≥ 10 mm on the previous day 2 4.674 0.028
Nest age + nest  age2 3 4.796 0.027
Mean wind speed 2 5.120 0.023
Nest age + nest  age2 + nest  age3 4 5.526 0.018
Mean wind speed + mean wind  speed2 3 6.398 0.012
Year + Julian day 5 8.265 0.005
Year 4 9.146 0.003
Year × clutch size 5 9.924 0.002
Year × Julian day 8 10.754 0.001
Year × minimum temperature 8 12.954 0.000
Year × daily precipitation event of ≥ 10 mm 8 14.267 0.000
Year × mean wind speed 8 14.832 0.000
Year × nest age 8 15.303 0.000
Year × precipitation event of ≥ 10 mm on the previous day 8 15.660 0.000
Year × (mean wind speed + mean wind  speed2) 12 21.020 0.000
Year × (nest age + nest  age2) 12 21.977 0.000
Year × (nest age + nest  age2 + nest  age3) 16 24.025 0.000

Fig. 3  Daily survival rate of Chilean Elaenia nests as a function of 
the number of active nests, using the range of nests observed daily 
in the forest-steppe ecotone at Cañadón Florido Ranch, Chubut 
Province, Argentina. Estimates were made according to the logistic-
regression equation of the top model and considering days without 
precipitation events (Table  1). Dashed lines indicate the 95% confi-
dence interval of the estimated daily nest survival rate
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during the incubation (Nord and Williams 2015) and nest-
ling stages (Sousa and Marini 2013). This effect on DSR is 
evident in species with a large clutch (e.g., > 4 eggs, Moreno 
and Sanz 1994) and brood size (e.g., comparing broods of 
1 to 10 nestlings, Rytkönen et al. 1996). Conversely, clutch 
and brood sizes of the Chilean Elaenia are small (1–3 eggs/
nestlings) and not very variable (Gorosito et al. 2022). Addi-
tionally, an effect of clutch size on DSR might be highly 
probable if most nest predators follow visual cues (e.g., 
birds). However, in our study site rodents are important nest 
predators (e.g., Irenomys tarsalis, SP Bravo and VR Cueto 
unpubl. data) that follow olfactory cues. Although we had 
not established the proportion of nests preyed by rodents, 
some of them use the shrub stratum for nesting and foraging 
(e.g., see Formoso and Sanchez 2014), and this vegetation 
layer is also used by Chilean Elaenias for breeding (Gorosito 
2020). Consequently, rodents might contribute as much as 
birds to nest predation of this passerine.

Although intensity of parental activity differs among nest-
ing stages (Grant et al. 2005), we did not find any effect 
of nest age on DSR. Predation rate is similar across nest-
ing stages when there are active nests in both exposed and 
hidden sites (Martin et al. 2000). As nests in exposed sites 
are usually predated early during incubation, the effect of 
greater predation during the nestling stage is counteracted 
(Martin et al. 2000). Indeed, Chilean Elaenias built nests in 
places with different degrees of exposure, both in sites with 
high vegetation cover and in exposed sites with little vegeta-
tion (Gorosito 2020); therefore, this could have contributed 
to the fact that nest predation did not vary between nesting 
stages.

Here, we did not find any association between climatic 
variables and DSR. Unlike other studies (Skagen and Yackel 
Adams 2012; Ruth and Skagen 2018), precipitation had no 
effect on DSR, which may be attributable to the scarcity of 
rain events during the studied breeding seasons. In addi-
tion, we did not find that DSR decreases as minimum tem-
perature decreases. Chilean Elaenias build thick-walled nests 
with abundant material and line the interior with feathers 
(Gorosito et al. 2022), which might maintain suitable ther-
mal conditions for eggs and nestlings despite low environ-
mental temperatures. Accordingly, parents would be able to 
make fewer and longer lasting foraging trips, reducing the 
detectability of the nest. Our results also showed no relation-
ship between wind speed and DSR. At the study site, mean 
wind speed was outside the range of those wind speeds that 
are expected to have an effect on attracting predators (i.e., 
7.2–14.4 km/h, Ruzicka and Conover 2011). In addition, the 
gusts in the area would dissipate odours and make it difficult 
for predators to detect nests through olfactory cues.

In this study, we provided empirical support to the 
“predator dilution effect hypothesis”. Such effect is a con-
sequence of the great abundance of Chilean Elaenia nests 

in the forest, which arises from the short breeding sea-
son of this passerine (Gorosito et al. 2022). This species 
begins to breed when fleshy fruits start to ripen, in such a 
way that the timing of egg hatching matches the timing of 
highest ripe fruit abundance (Gorosito et al. 2023). Con-
sequently, the abundance of active Chilean Elaenia nests 
increases towards mid-season, increasing DSR, and thus 
the predator dilution effect may be a by-product of the 
aforementioned association between breeding and food. As 
shown here, by considering nest abundance it is possible 
to comprehensively understand a temporal pattern of vari-
ation in DSR other than seasonal decrease or increase in 
nest survival. Therefore, the predator dilution effect could 
be an important factor affecting nesting success and should 
be taken into account in studies that evaluate avian nest 
survival.
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