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Abstract

Nest predators use visual, acoustic and chemical cues to locate nests. In the Neotropics, pre-
dation is high being the main cause of nest failure. Despite that, it is still not completely clear
what kind of information predators are using to find nests or whether predators respond differ-
ently according to habitat characteristics. Here, we executed an experimental manipulation to
investigate how different ecological factors influence nest predation probability. We hypothes-
ised that egg conspicuousness, nest clustering and a more open vegetation structure would
increase nest predation probability, and that nest predation would be higher during the breed-
ing season of most avian species in the region.We used artificial nests baited with plasticine and
quail eggs (Coturnix coturnix), manipulated egg coloration and nest density. Artificial nests
were distributed over forest and savanna-like vegetations. Overall predation rate was 40.9%.
We found that nests baited with conspicuous eggs, located in open habitats, at higher densities
and during the dry period were more predated. Results suggest that main predators must be
visually orientated, and that egg crypsis is an important trait for open-nest species in the area.
Moreover, a higher nest density may affect predator behaviour, favouring an increase in nest
searching, which may be facilitated in open habitats.

Introduction

Nest predation is the main cause of nest failure in birds, and it is generally higher in the Tropics
(Ricklefs 1969; Stutchbury & Morton 2001; Remeš et al. 2012). Studies demonstrate that pre-
dation rates vary throughout the year (Cox et al. 2012a; Husby & Hoset 2018), may range from
5.0% (Kleindorfer 2007) to 88.5% (Hanski & Laurila 1993) and are usually higher in open-nest-
ing than cavity-nesting species (Martin & Li 1992). Moreover, predation pressure during the
evolution has influenced several life history and behavioural traits in birds including clutch size,
egg coloration and nest-site selection (Martin 1995; Lima 2009; Remeš et al. 2012).

Different factors have been demonstrated to affect nest predation probability (Devries et al.
2018, Matysioková & Remeš 2018). The most well-known factors influencing breeding success
are the diversity and abundance of predators (França et al. 2009; Roshnath et al. 2019), parental
behaviour (Gulson-Castillo et al. 2018; Leniowski & Węgrzyn 2018), nest-site characteristics
(Fogarty et al. 2017; Millones & Frere 2017) and nest structure (Biddle et al. 2018; Fulton
2019; Mouton & Martin 2019). Despite the great advances over the last decades (Ibáñez-
Álamo et al. 2015), factors affecting nest predation in Tropical species are still much less well
understood than for their temperate counterparts (Remeš et al. 2012; Roper et al. 2010).

On the other hand, aspects such as nest density, egg conspicuousness and vegetation struc-
ture have been particularly understudied in the region. Evidence from temperate region suggest
that a higher breeding density was associated with elevated predation rates (Shitikov et al. 2018).
This happens because predators may respond to temporal or spatial heterogeneity in resource
abundance, especially those with large home ranges (Schmidt & Whelan 1999). Egg predation
has been a strong selective force shaping the characteristics of birds’ eggs (Lack 1968;
Westmoreland & Kiltie 1996). For instance, eggshell coloration may improve crypsis, reducing
the chances of detection by visually orientated predators (Cherry & Gosler 2010; Stoddard et al.
2011). Furthermore, vegetation structure has been suggested to improve nest concealment, thus
reducing nest predation rates (Seibold et al. 2013; Darolová et al. 2014; Laidlaw et al. 2020). For
instance, taller vegetation has been demonstrated to be associated with a lower predation rate in
ground artificial nests (Gillis et al. 2012).

Nest predators in the Neotropics are just recently being better described with the advances of
monitoring technology (Ribeiro-Silva et al. 2018; Akcali et al. 2019; Perrella et al. 2019). A study
conducted in a Tropical rainforest that used camera traps to investigate predation of natural
nests recorded 12 different predator species of mammals and birds, mainly birds of prey
(Ribeiro-Silva et al. 2018). Despite that, there is still a knowledge gap in terms of nest predator
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diversity and its association to habitat. The main predators in the
region are suggested to be birds and reptiles (Menezes & Marini
2017; Mise et al. 2021). Ramphastidae and Corvidae species, for
example, are considered to be important nest predators, since they
were recorded in different studies (França et al. 2009; Cockle et al.
2016; Cove et al. 2017).

Artificial nests experiments have been conducted to answer
questions such as how different ecological traits affect predation
and what strategies are used by nest predators to help them locate
nests (Kurucz et al. 2015; Holopainen et al. 2020). The advantages
of artificial nests include the possibility to have a larger sample size,
to remove the effect of parental behaviour and to control for other
nest (e.g. size, coloration and odour) and nest-site characteristics
(e.g. height, habitat structure; Faaborg 2004; Moore & Robinson
2004; Villard & Part 2004). In the Tropics, studies using artificial
nests have demonstrated that nest type significantly affected nest
survival (Djomo et al. 2014). However, divergent results have been
recorded for the influence of nest height (Duca et al. 2001) and veg-
etation structure (França &Marini 2009; Michalski & Norris 2014;
Spanhove et al. 2014) on nest success, for example.

Considering that the main nest predators in the region are vis-
ually orientated, this study aims to investigate the factors affecting
nest predation in the Brazilian Cerrado. We used artificial nests to
test the following hypothesis: (1) a higher egg–nest contrast
increases nest predation probability. Therefore, predation in nests
filled with white eggs should be higher in comparison with brown

eggs; (2) denser vegetation structure may help conceal the nests.
Therefore, forest formations may have lower predation rates in
comparison with savanna-like habitats; (3) nest density may
increase the likelihood that a predator will find a nest. Thus, we
expect to observe a greater predation for clustered distributed
nests; and (4) the seasonality in the region may influence the varia-
tion in predation rate. Considering that most species in the region
nests during the rainy season, we expected to observe a positive
association between rainfall and predation rate.

Materials and methods

Study area

Nest predation experiments were conducted at the IBGE
Ecological Reserve (15º56'41” S; 47º53'07” W) at the Cerrado
(Brazilian savanna). The reserve comprises an area of 1,350 ha sit-
uated around 35 km from Brasília in Central Brazil (Figure 1). The
area is composed by different vegetational physiognomies ranging
from savanna-like formation (e.g. cerrado sensu strictu, sparse cer-
rado and grasslands) and forests (e.g. cerrado woodlands and gal-
lery forests; Ribeiro 2011). The climate in the region is highly
seasonal with a cold dry winter (May–September) and a hot
summer (October–April). The monthly rainfall average is around
200 mm during the rainy season falling to less than 30 mm during
the dry season (Silva et al. 2008).

Figure 1. Location of the study area in the Brazilian Cerrado, Central Brazil. The black continuous line represents the limits of the IBGE Ecological Reserve. Dark green areas
represent forest habitats and light green areas represent savanna-like habitats. Points indicates the distribution of artificial nests transects over the entire study period. White
points represent transects with nests baited with white eggs and brown points represent transects with nests baited with brown eggs. Circles represent high-density transects and
triangles represent low-density transects.

Journal of Tropical Ecology 363

https://doi.org/10.1017/S0266467422000268 Published online by Cambridge University Press

https://doi.org/10.1017/S0266467422000268


Artificial nests and experimental design

Artificial nests were handmade using a light brown sisal fibre to
simulate natural passerine nests. Artificial nest dimensions were
standardised according to the mean values of depth (50 mm)
and diameter (70 mm) of passerine nests found in the region
(Medeiros & Marini 2007). The experiments were conducted
between March 2017 and March 2018. A total of 768 nests were
allocated in 128 transects (a straight line along which the nests were
placed). On average, two transects were evaluated simultaneously
per week.We alternate the treatments within and between weeks to
avoid temporal pseudoreplication. To reduce the chances of spatial
pseudoreplication, transects were placed at least 500 m of each
other in each week. All nests were placed at a standardised height
of 1.5 m off the ground on the available tree or shrub. To avoid
producing cues to predators based on human scent, nests were
manipulated using gloves during the entire process. We placed
two eggs in each artificial nest, one plasticine and one quail
(Coturnix coturnix) egg. We decided to use two different types
of eggs to increase the chances of recording information on preda-
tor type. All eggs were hand-painted using a non-toxic gouache
paint (similar to other studies, Gillis et al. 2012; Magige et al.
2008). For half of the nests, both eggs were painted light brown
(hereafter called cryptic eggs) and the other half were painted
white. The white eggs (hereafter called conspicuous eggs) con-
trasted with the nest coloration becoming conspicuous even from
a distant view. Artificial nests were distributed in transects of 50 m
in length and were arranged equally in savanna-like and forest for-
mations. We also simulated areas of low and high reproductive
density. The low-density transects were composed by three artifi-
cial nests placed with 25 m distance between them. The high-den-
sity transects were composed by three sets of nests totalising nine
nests (Figure 2). Each set of nests was composed by three nests, and
the sets were also placed with 25 m distance between them. Within
each set, the nests were arranged forming a triangle with sides
measuring 5 m. Each nest was exposed for 7 days, and at the
end of the period nest outcome was recorded. We considered that
a nest was predated if at least one egg disappeared or was damaged.
We recorded any marks left on eggs (e.g. marks of claws, teeth,
pecks or scratches) to help identifying possible predators. We
assumed that any tooth mark was performed by mammals and

beak-shaped marks were produced by avian species. To aid the
identification of predators, we placed a cryptic camera trap
(HC-550 M/G) around 2 m away from some nests. The video
recordings were performed for 7 weeks, from December 2017 to
August 2018, producing a total sampling effort of approximately
1,176 hours. The presence of the camera trap did not increase
the chances of nest predation (Z= 0.08; P= 0.929). To control
for the seasonality effect observed in the region, we used the daily
rainfall data from the historical record database of the Instituto
Nacional de Meteorologia (Inmet, http://www.inmet.gov.br). We
calculated the average rainfall recorded during the days the nests
were exposed to predation. The data were obtained from the closest
weather station available.

Statistical analyses

To investigate how the experimental treatments influenced the
predation probability, we fitted a generalised linear mixed model
with a binomial error distribution. Nest predation (yes or no)
was used as the response variable, and egg conspicuousness, nest
density, vegetational structure and seasonality (represented by
rainfall) were considered as explanatory variables. The model
was implemented using the glmer function from the lme4 package
(Bates et al. 2015). We used the nest-set ID nested withing transect
as random terms in the model. We calculated the percentage of
variance explained by each of the fixed effects only and the combi-
nation of fixed and random effects, using marginal and conditional
R2, respectively (Nakagawa & Schielzeth 2013). Model diagnostics
were done using the DHARMa package (Hartig 2020). To evaluate
the association between predator group (mammals or birds) and
habitats type (forest or savanna formation), we performed a chi-
squared test of independence. All analyses were conducted in
the software R 4.0.2. (R Development Core Team 2020).

Results

A total of 768 artificial nests were used in the experiments totaliz-
ing an exposure time of 129 thousand hours. Overall predation rate
was 40.9% (n= 314) with nests being proportionally more pre-
dated during June (Figure 3). Considering only predated nests,
for 44.9% (n= 141) of these nests both eggs were predated. For
nests where a single egg was predated, plasticine eggs were more
frequently target (35.0%; n= 110) in comparison with quail eggs
(20.1%; n= 63).

Predation probability was significantly higher for nests filled by
conspicuous eggs, located in open habitats, at higher densities and
during the dry period (marginal R2= 0.21, conditional R2= 0.51;
Table 1). More specifically, we found that nests containing con-
spicuous eggs (23.2%; n= 178) were more predated than those
nests baited by cryptic eggs (17.7%; n= 136; Z = −2.04;
P< 0.041; Figure 4a). Similarly, nests placed at savanna-like for-
mations (26.3%; n= 202) had higher predation rate than nests
placed at forest habitats (14.6%; n= 112; Z = −4.38; P< 0.001;
Figure 4b). Predation rate was also influenced by nest density.
Clustered nests (26.3%; n= 202) showed a higher predation prob-
ability in comparison with more evenly spaced nests (14.6%; n
= 112; Z = −2.56; P< 0.011; Figure 4c). The seasonality character-
ised by rainfall variation also influenced the predation probability.
Periods of lower rainfall was associated with an elevated probabil-
ity of predation (Z = −4.39; P< 0.001; Figure 4d).

Marks left on plasticine eggs (n= 167), that included scratches,
beak and tooth marks, revealed that eggs were attacked by different

Figure 2. Scheme to represent the number of artificial nests and their spatial posi-
tion in low- and high-density transects.
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predators, mainly birds and mammals. Incisive tooth marks left on
some eggs suggest that rodents were possible predators. For those
nests where the identification of predator taxon (i.e. mammals or
birds) was possible, we observed an association between predator
group and habitats type (χ2= 23.39; P< 0 001). Mammals were the
main predators in forest habitats, while birds were the main pred-
ators in savanna-like habitats. We recorded predation by black-
tufted-marmoset (Callithrix penicillata), bearded capuchin
(Sapajus libidinosus) and curl-crested jays (Cyanocorax cristatel-
lus) in the camera trap (Figure 5). For instance, curl-crested jays
were the main predator recorded in savanna-like habitats. Other
potential predators were also recorded around nests, such as the
common agouti (Dasyprocta sp.) and the opossum
(Cryptonanus sp.).

Discussion

Different ecological aspects affect the probability of nest predation
in the Brazilian Cerrado. In accordance with our first hypothesis,
nests baited with conspicuous eggs were more predated, which
reinforces that the main predators in the study area are visually ori-
entated. Egg coloration has been previously shown to have an
important role in nest predation (Blanco & Bertellotti 2002;
Castilla et al. 2007; Magige et al. 2008). Similarly to what we
observed, an experimental study demonstrated that white eggs
(conspicuous) were more predated than cryptic eggs (Gillis et al.
2012). This result is interesting because pigmented eggs are consid-
ered to be more costly to produce than white eggs (Moreno &
Osorno 2003); thus, nest survival benefit must have overcome this
cost in many species that produce pigmented eggs. Moreover, dif-
ferent studies have suggested that the main nest predators in the
Brazilian Cerrado are birds (França & Marini 2009; Oliveira
et al. 2013), which use visual cues to locate nests. Nest predation
by mammals have been recorded by other studies conducted in
the biome, suggesting that marmosets and rodents may be respon-
sible for most mammal predation events (Almeida et al. 2013;
Dodonov et al. 2017; Guimarães-Silva 2020). Moreover,
differences in predation rate between plasticine and quail eggs

may be related to the eggshell thickness of quail eggs, which
may prevent small predators to open it (Maier & DeGraaf 2000).

Vegetation structure is known to affect nest success in several
avian species (Bellamy et al. 2018; Vazquez et al. 2021). In this
study, as suggested in our second hypothesis, we have demon-
strated that nest predation in forest habitats was lower than in sav-
anna-like habitats. Forest habitats may help conceal the nest,
making it difficult for predators to locate them, since vegetation
cover is denser (Bellamy et al. 2018; Krüger et al. 2018; Dagan
& Izhaki 2020). In addition, a denser vegetation may also hinder
the access of predators or may reduce its movement in such hab-
itats (but see Martin 1993; Denno et al. 2005). Although there are
other ecological differences between forest and savanna-like hab-
itats (e.g. predator species composition), vegetation cover has been
demonstrated to affect predation probability, especially by aerial
predators (Gillis et al. 2012; Segura et al. 2012; Vazquez et al.
2021). The effect of a more complex vegetation structure (e.g. taller
and denser vegetation) was associated with a lower predation rate
in the Woodlark (Lullula arborea, Buehler et al. 2017) and for five
mixed-grass prairie passerines (Davis 2005), for example.

Alternatively, predator community may also differ between
vegetational habitats. Avian species may be amore common preda-
tor in open habitats, while mammals may be more prevalent in
dense vegetation habitats. Studies have demonstrated that forest
parameters affect the likelihood of predation by mammals and
birds (Somsiri et al. 2020). For instance, evidence suggested that
an increase in forest cover was associated with an increase in pre-
dation by rodents and a decrease in predation by brown-headed
cowbirds (Molothrus ater, Cox et al. 2012b). Furthermore, a study
conducted in different Patagonian forests demonstrated that birds
are the dominant nest predator, but marsupials are a more
common predator on sites with high shrub cover (Vazquez et al.
2021). Thus, it is evident that bird species nesting on forest and
savana-like habitats are exposed to different predators and may
cope with different predation pressures. Here, we observed that
curl-crested jays are an important nest predator in our study site,
especially in savanna-like habitats. Other studies have already
demonstrated that jays are a common nest predator in the
Brazilian Cerrado (França et al. 2009; Studer et al. 2021). On
the other hand, our results also suggest that primates may be dom-
inant predators in forest habitats.

Nest density has been associated with lower predation rates in
colonial species due to mobbing behaviour or other antipredation
strategies such as the production of alarm calls (Wicklund &
Anderson 1994; Perry & Andersen 2003; Natusch et al. 2017).
In contrast, a higher proximity to other nests have been suggested
to reduce nest survival in some passerines (Roos 2002; Shitikov
et al. 2018). Artificial nest experiments from Temperate region
have produced ambiguous results, sometimes suggesting a

Figure 3. Variation on the proportion of predated nests over the year in the study
area.

Table 1. Results from the generalised linear mixed model about the effects of
egg coloration, vegetation type, nest density and rainfall on nest predation.
Conspicuous, savanna-like and high density were set as reference categories.
Transect and nest-set ID were included as random terms in the model

Variable Estimate SE Z P

Egg coloration (cryptic) −0.65 0.32 −2.04 0.041

Vegetation type (forest) −1.44 0.33 −4.39 < 0.001

Nest density (low) −0.86 0.33 −2.56 0.011

Rainfall −0.16 0.04 −4.39 < 0.001
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Figure 4. Effects of: (a) egg coloration; (b) habitat type; (c) nest density and (d) rainfall on the probability of artificial nest depredation over 7 days (with 95% confidence interval).

Figure 5. Predators of artificial nests recorded with camera traps in the study area. (a) Bearded capuchin (Sapajus libidinosus) (b) Black-tufted-marmoset (Callithrix penicillata)
and (C) Curl-crested jays (Cyanocorax cristatellus).
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density-dependent effect, but with an influence of the vegetation
structure (Schmidt & Whelan 1999, but see Ackerman et al.
2004; Ringelman et al. 2012; Carpio et al. 2016). By removing
parental effects using artificial nests, we have demonstrated that
the clustering of nests in the habitat may promote a higher preda-
tion rate, as indicated in our third hypothesis. This may be due to
the fact that a higher number of nests in an area could increase the
chances of a nest being found. An alternative explanation for the
observed pattern may be related to predator behaviour in relation
to a reward phenomenon. A predator may invest more time
searching for other nests in areas after encountering a nest
(Schmidt & Whelan 1999).

The central region of South America is characterised by a strong
seasonality with two marked seasons, dry and wet (Eiten 1972).
Seasonality influences breeding behaviour of avian species in the
region, with most species concentrating nesting activity at the
beginning of the wet season, from September to December
(Marini et al. 2012). Our result demonstrated that rainfall was neg-
atively associated with nest predation probability, which was con-
trary to our expectation (fourth hypothesis). On the other hand,
this result may be associated with a possible reduction in the food
availability for nest predators during the dry season. Thus, an
increase in resource availability due to the presence of artificial
nests was associated with a greater number of predation events.
A similar result was observed for the Tropical, year-round breed-
ing, red-capped larks (Calandrella cinerea, Mwangi et al. 2018).
The authors monitored nests over a 64-month period and despite
the variation among years, they observed that rainfall negatively
affected nest survival.

Nest predation in the Tropics is a complex phenomenon that is
far from being fully comprehended, since we still do not have the
whole picture of who are the main predators in the region
(Menezes & Marini 2017). As we observed, different aspects
may influence predation in the Tropics, so specific characteristics
of nesting species must be considered in the interpretation of pre-
dation rates. Although there are many studies on the breeding biol-
ogy of Neotropical birds, most of them did not investigate the
causes of nest failure and those that did so, generally evaluated
the same few variables of influence. Many aspects require clarifi-
cation through further research, especially in the perspective of
the predator’s behaviour and their population dynamics.

Acknowledgements.Wewould like to thank the Assessoria de Pós-graduação
e Pesquisa from Centro Universitário de Brasília for all the support. We thank
Laiana Aveiro and Matheus Reche who helped during fieldwork.

Financial support. This work was supported by the Scientific Initiation
Program from the Centro Universitário de Brasília. IRA was supported by
the Conselho Nacional de Desenvolvimento Científico e Tecnológico through
a student scholarship.

Competing interests. The authors declare that they have no conflicts of
interest.

Ethical statement. The authors assert that all procedures contributing to this
work comply with applicable national and institutional ethical guidelines on the
care and use of laboratory or otherwise regulated animals.

References

Ackerman JT, Blackmer AL and Eadie JM (2004) Is predation on waterfowl
nests density dependent? Tests at three spatial scales. Oikos 107, 128–140.

Akcali CK, Adán Pérez-Mendoza H, Salazar-Valenzuela D, Kikuchi DW,
Guayasamin JM and Pfennig DW (2019) Evaluating the utility of camera
traps in field studies of predation. PeerJournal 7, e6487.

Almeida MV., Lucindo AS, Costa TVV and de Paula HMG (2013) Predation
on artificial nests by marmosets of the genus Callithrix (Primates,
Platyrrhini) in a Cerrado fragment in Southeastern Brazil. Biotemas 26,
203–207.

Bates D, Mächler M, Bolker B and Steven W (2015) Fitting linear mixed-
effects models using lme4. Journal of Statistical Software 67, 1–48.

Bellamy PE, Burgess MD, Mallord JW, Cristinacce A, Orsman CJ, Davis T,
Grice PV and Charman EC (2018) Nest predation and the influence of hab-
itat structure on nest predation of Wood Warbler Phylloscopus sibilatrix, a
ground-nesting forest passerine. Journal of Ornithology 159, 493–506.

Biddle LE, Broughton RE, Goodman AM and Deeming DC (2018)
Composition of bird nests is a species-specific characteristic. Avian
Biology Research 11, 132–153.

Blanco G and Bertellotti M (2002) Differential predation by mammals and
birds: implications for egg-colour polymorphism in a nomadic breeding sea-
bird. Biological Journal of the Linnean Society 75, 137–146.

Buehler R, Bosco L, Arlettaz R and Jacot A (2017) Nest site preferences of the
Woodlark (Lullula arborea) and its association with artificial nest predation.
Acta Oecologica 78, 41–46.

Castilla A, Dhondt A, Díaz-Uriarte R andWestmoreland D (2007) Predation
in ground-nesting birds: an experimental study using natural egg-color
variation. Avian Conservation and Ecology 2, 2–13.

Carpio AJ, Castro-Caro JC and Tortosa FS (2016) The influence of nest den-
sity on nest predation in olive groves depends on habitat features.Ardeola 63,
237–250.

Cherry MI and Gosler AG (2010) Avian eggshell coloration: new perspectives
on adaptive explanations. Biological Journal of the Linnean Society 100,
753–762.

Cockle KL, Bodrati A, LammertinkM, Bonaparte EB, FerreyraC and di Sallo
FG (2016) Predators of bird nests in the Atlantic forest of Argentina and
Paraguay. The Wilson Journal of Ornithology 128, 120–131.

Cove MV, Fernandez CM, Alvarez MV, Bird S, Jones DW and Fagan ME
(2017) Toucans descend to the forest floor to consume the eggs of
ground-nesting birds. Food Webs 10, 2–4.

Cox WA, Thompson FR and Faaborg J (2012a) Species and temporal factors
affect predator-specific rates of nest predation for forest songbirds in the
Midwest. Auk 129, 147–155.

Cox WA, Thompson FR and Faaborg J (2012b) Landscape forest cover and
edge effects on songbird nest predation vary by nest predator. Landscape
Ecology 27, 659–669.

Dagan U and Izhaki I (2020) Vegetation structure governs nest predation in
three types of conifer forest habitats. European Journal of Forest Research
139, 721–729.

Darolová A, Krištofík J and Hoi H (2014) Vegetation type variation in marsh
habitats: does it affect nest site selection, reproductive success, and maternal
investment in Reed Warblers? Journal of Ornithology 155, 997–1008.

Davis SK (2005) Nest-site selection patterns and the influence of vegetation on
nest survival of mixed-grass prairie passerines. The Condor 107, 605–616.

Denno RF, Finke DL and Langellotto GA (2005) Direct and indirect effects of
vegetation structure and habitat complexity on predator-prey and predator-
predator interactions. In Barbosa P and Castellanos I (eds.), Ecology of
Predator-Prey Interactions. NewYork: OxfordUniversity Press, pp. 211–239.

Devries JH, Clark RG and Armstrong LM (2018) Dynamics of habitat selec-
tion in birds: adaptive response to nest predation depends on multiple fac-
tors. Oecologia 187, 305–318.

Djomo NE, Sedláček O, Vokurková J and Hořák D (2014) Nest position and
type affect predation rates of artificial avian nests in the tropical lowland for-
est on Mount Cameroon. Ostrich 85, 93–96.

Dodonov P, Paneczko IT andTellesM (2017) Edge, height and visibility effects
on nest predation by birds and mammals in the Brazilian cerrado. Acta
Oecologica 83, 56–64.

Duca C, Gonçalves J and Marini MÂ (2001) Predação de ninhos artificiais em
fragmentos de matas de Minas Gerais. Ararajuba 9, 113–117.

Eiten G (1972) The Cerrado vegetation of Brazil. Botanical Review 38, 201–341.
Faaborg J (2004) Truly artificial nest studies.Conservation Biology 18, 369–370.

Journal of Tropical Ecology 367

https://doi.org/10.1017/S0266467422000268 Published online by Cambridge University Press

https://doi.org/10.1017/S0266467422000268


Fogarty DT, Elmore RD, Fuhlendorf SD and Loss SR (2017) Influence of
olfactory and visual cover on nest site selection and nest success for grass-
land-nesting birds. Ecology and Evolution 7, 6247–6258.

França LF, Sousa NO, Santos LRD, Duca C, Gressler DT, Borges FJ, Lopes
LE, Manica LT, Paiva LV, Medeiros RCS and Marini MÂ (2009)
Passeriformes: nest predators and prey in a Neotropical Savannah in
Central Brazil. Zoologia (Curitiba) 26, 799–802.

França LC and Marini MÂ (2009) Teste do efeito de borda na predação
de ninhos naturais e artificiais no Cerrado. Zoologia (Curitiba) 26,
241–250.

Fulton GR (2019) Meta-analyses of nest predation in temperate Australian for-
ests and woodlands. Austral Ecology 44, 389–396.

Gillis H, Gauffre B, Huot R and Bretagnolle V (2012) Vegetation height and
egg coloration differentially affect predation rate and overheating risk: an
experimental test mimicking a ground-nesting bird. Canadian Journal of
Zoology 90, 694–703.

Guimarães-Silva MA (2020) Armadilhas fotográficas e predação de ninhos
artificiais no cerrado. Master’s dissertation.

Gulson-Castillo ER, Greeney HF and Freeman BG (2018) Coordinated mis-
direction: a probable anti-nest predation behavior widespread in Neotropical
birds. The Wilson Journal of Ornithology 130, 583–590.

Hanski IK and Laurila A (1993) High nest predation rate in the Chaffinch.
Ornis Fennica 70, 65–65.

Hartig F (2020) DHARMa: Residual Diagnostics for Hierarchical (Multi-Level/
Mixed) Regression Models. R Package Version 0.2.7. http://florianhartig.
github.io/DHARMa/

Holopainen S, Vaananen VM and Fox AD (2020) Artificial nest experiment
reveals inter-guild facilitation in duck nest predation. Global Ecology and
Conservation 24, e01305.

Husby M and Hoset KS (2018) Seasonal variation in nest predation rates in
boreal forests. Journal of Ornithology 159, 975–984.
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Wentworth A, Gill JA and Alves JA (2020) Vegetation structure
influences predation rates of early nests in subarctic breeding waders. Ibis
162, 1225–1236.

Leniowski K and Węgrzyn E (2018) Synchronisation of parental behaviours
reduces the risk of nest predation in a socially monogamous passerine bird.
Scientific Reports 8, 7385.

Lima SL (2009) Predators and the breeding bird: behavioral and reproductive
flexibility under the risk of predation. Biological Reviews 84, 485–513.

Magige FJ, Moe B and Røskaft E (2008) The white colour of the ostrich
(Struthio camelus) egg is a trade-off between predation and overheating.
Journal of Ornithology 149, 323–328.

Maier TJ and Degraaf RM (2000) Predation on Japanese quail vs. House spar-
row eggs in artificial nests: small eggs reveal small predators. Condor 102,
325–332.

Marini MÂ, Borges FJA, Lopes LE, Sousa NOM, Gressler DT, Santos LR,
Paiva LV, Duca CG, Manica LT, Rodrigues SS, França LF, Costa PM,
França LC, Heming NM, Silveira MB, Pereira ZP, Lobo YPP, Medeiros
RCS and Roper JJ (2012) Breeding biology of birds in the Cerrado of
Central Brazil. Ornitología Neotropical 23, 385–405.

Martin TE (1993) Nest predation among vegetation layers and habitat types:
revising the dogmas. The American Naturalist 141, 897–913.

Martin TE (1995) Avian life history evolution in relation to nest sites, nest pre-
dation, and food. Ecological Monographs 65, 101–127.

Martin TE and Li P (1992) Life history traits of open-vs. cavity-nesting birds.
Ecology 73, 579–592.

Matysioková B and RemešV (2018) Evolution of parental activity at the nest is
shaped by the risk of nest predation and ambient temperature across bird
species. Evolution 72, 2214–2224.

Medeiros RCS and Marini MÂ (2007) Biologia reprodutiva de Elaenia chiri-
quensis (Lawrence) (Aves, Tyrannidae) em Cerrado do Brasil Central.
Revista Brasileira de Zoologia 24, 12–20.

Menezes JCT andMarini MÂ (2017) Predators of bird nests in the Neotropics:
a review. Journal of Field Ornithology 88, 99–114.

Michalski F and Norris D (2014) Artificial nest predation rates vary depending
on visibility in the eastern Brazilian Amazon. Acta Amazonica 44, 393–396.

Millones A and Frere E (2017) How nest site characteristics influence breeding
success in red-legged cormorants Phalacrocorax gaimardi. Acta
Ornithologica 52, 239–244.

Mise FF, Miranda JM, Santos DL, Curcino A and Oda FH (2021) An oppor-
tunist predator hidden in the vegetation: on the predation of birds by
Philodryas olfersii (Serpentes: Dipsadidae),Neotropical Biodiversity 7, 61–66.

Moreno J and Osorno JL (2003) Avian egg colour and sexual selection: does
eggshell pigmentation reflect female condition and genetic quality?
Ecology Letters 6, 803–806.

Moore RP and RobinsonWD (2004) Artificial bird nests, external validity, and
bias in ecological field studies. Ecology 85, 1562–1567.

Mouton JC and Martin TE (2019) Nest structure affects auditory and visual
detectability, but not predation risk, in a tropical songbird community.
Functional Ecology 33, 1973–1981.

Mwangi J, Ndithia HK, Kentie R, Muchai M and Tieleman BI (2018) Nest
survival in year-round breeding tropical red-capped larks Calandrella cin-
erea increases with higher nest abundance but decreases with higher inver-
tebrate availability and rainfall. Journal of Avian Biology 49, e01645.

Nakagawa S and Schielzeth H (2013) A general and simple method for
obtaining R2 from generalized linear mixed-effects models. Methods
Ecology and Evolution 4, 133–142.

Natusch DJD, Lyons JA and Shine R (2017) Safety first: terrestrial predators
drive selection of highly specific nesting sites in colonial-breeding birds.
Journal of Avian Biology 48, 1104–1113.

Oliveira CWDS, Almeida GP, Paiva LVD and França LF (2013) Predation on
artificial nests in open habitats of central Brazil: effects of time and egg size.
Biota Neotropica 13, 142–146.

Perrella DF, Zima PV, Ribeiro-Silva L, Biagolini CH Jr, Carmignotto AP,
Galetti PM Jr and Francisco MR (2019) Bats as predators at the nests of
tropical forest birds. Journal of Avian Biology 51, e02277.

Perry EF and Andersen DE (2003) Advantages of clustered nesting for Least
Flycatchers in north-central Minnesota. Condor 105, 756–770.

RCore Team (2020)R: A Language and Environment for Statistical Computing.
Vienna: R Foundation for Statistical Computing.

Remeš V, Matysiokova B and Cockburn A (2012) Long-term and large-scale
analyses of nest predation patterns in Australian songbirds and a global com-
parison of nest predation rates. Journal of Avian Biology 43, 435–444.

Ribeiro ML (2011) Reserva Ecológica do IBGE: Biodiversidade Terrestre. Rio de
Janeiro: Coordenação de Recursos Naturais e Estudos Ambientais.

Ribeiro-Silva L, Perrella DF, Biagolini CH Jr, Zima PVQ, Piratelli A,
Schlindwein MN, Galetti PM Jr and Francisco MR (2018) Use of camera
traps for detecting nest predation of birds in the Atlantic Forest of Brazil.
Zoologia 35, 1–8.

Ricklefs RE (1969) An analysis of nesting mortality in birds. Smithsonian
Contributions to Zoology 9, 1–48.

Ringelman KM, Eadie JM and Ackerman JT (2012) Density-dependent nest
predation in waterfowl: the relative importance of nest density versus nest
dispersion. Oecologia 169, 695–702.

Roos S (2002) Functional response, seasonal decline and landscape differences
in nest predation risk. Oecologia 133, 608–615.

Roper JJ, Sullivan KA and Ricklefs RE (2010) Avoid nest predation when pre-
dation rates are low, and other lessons: testing the tropical–temperate nest
predation paradigm. Oikos 119, 719–729.

Roshnath R, Athira K andAllesh SP (2019)Does predation pressure drive her-
onry birds to nest in the urban landscape? Journal of Asia-Pacific Biodiversity
12, 311–315.

368 IR de Aguiar et al.

https://doi.org/10.1017/S0266467422000268 Published online by Cambridge University Press

http://florianhartig.github.io/DHARMa/
http://florianhartig.github.io/DHARMa/
https://doi.org/10.1017/S0266467422000268


Segura LN, Masson DA and Gantchoff MG (2012) Microhabitat nest cover
effect on nest survival of the Red-crested Cardinal. The Wilson Journal of
Ornithology 124, 506–512.

Seibold S, Hempel A, Piehl S, Bässler C, Brandl R, Rösner S andMüller J (2013)
Forest vegetation structure has more influence on predation risk of
artificial ground nests than human activities. Basic and Applied Ecology 14,
687–693.

Shitikov D, Vaytina T, Makarova T, Fedotova S, Volkova V and
Samsonov S (2018) Species-specific nest predation depends on the total
passerine nest density in open-nesting passerines. Journal of Ornithology
159, 483–491.

Silva FAM, Assad DE and Evangelista AB (2008) Caracterização climática
do Bioma Cerrado. In Sano SM, Almeida SP and Ribeiro JF (eds.),
Cerrado Ecologia e Fauna. Brasília: Embrapa Informação Tecnológica,
pp. 71–88.

Schmidt KA and Whelan CJ (1999) Nest predation on woodland songbirds:
when is nest predation density dependent? Oikos 87, 65–74.

Somsiri K, Gale GA, Pierce AJ, Khamcha D and Sankamethawee W (2020)
Habitat structure affects nest predation of the Scaly-crowned Babbler
(Malacopteron cinereum) by macaques and snakes in a Thai-seasonal ever-
green forest. Journal of Ornithology 161, 389–398.

Spanhove T, Callens T, Hallmann CA, Pellikka P and Lens L (2014)
Nest predation in Afrotropical forest fragments shaped by inverse edge
effects, timing of nest initiation and vegetation structure. Journal of
Ornithology 155, 411–420.

Stoddard MC, Marshall KLA and Kilner M (2011) Imperfectly camouflaged
avian eggs: artifact or adaptation? Avian Biology 4, 196–213.

Studer A, Ballarini Y and Marini MÂ (2021) Breeding biology of Hooded
Tanager Nemosia pileata in Brazil. Bulletin of the British Ornithologists’
Club 141, 412–417.

Stutchbury BJM and Morton ES (2001) Behavioral Ecology of Tropical Birds.
San Diego: Academic Press.

VazquezMS, Zamora-Nasca LB, Rodriguez-CabalMA andAmicoGC (2021)
Interactive effects of habitat attributes and predator identity explain avian
nest predation patterns. Emu-Austral Ornithology 121, 1–11.

Villard MA and Part T (2004) Don’t put all your eggs in real nests: a sequel to
Faaborg. Conservation Biology 18, 371–372.

Westmoreland D and Kiltie RA (1996) Egg crypsis and clutch survival in three
species of blackbirds (Icteridae). Biological Journal of the Linnean Society 58,
159–172.

Wicklund CG and Anderson M (1994) Natural selection of a colony size in a
passerine bird. Journal of Animal Ecology 63, 765–774.

Journal of Tropical Ecology 369

https://doi.org/10.1017/S0266467422000268 Published online by Cambridge University Press

https://doi.org/10.1017/S0266467422000268

	Nest density, egg conspicuity, vegetation structure and seasonality affect artificial nest predation in the Brazilian Cerrado
	Introduction
	Materials and methods
	Study area
	Artificial nests and experimental design
	Statistical analyses

	Results
	Discussion
	References


