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Abstract

Nest predation is a major factor limiting avian reproductive success. It depends on factors
such as bird community, land use, vegetation structure and landscape. Anthropogenic
disturbances in native forests, such as logging and livestock grazing, alter forest structure
and understory, potentially affecting nest predation rates. In this study, we analysed the
susceptibility of open-cup nests to predation in Nothofagus antarctica forests in Tierra del
Fuego (Argentina), comparing 15-50 years ago thinned—T and unthinned forests, the latter
classified as open—O, closed—C or very closed—VC. We also identified nest predators
through camera traps and the main variables influencing predation using a Generalized
Lineal Model. Data were collected from 32 sites representing the four studied categories
of canopy cover across two years (256 artificial nests per year). Artificial nest predation
rates varied between year (9.4% in 2018 and 40.2% in 2022) and among forest types. In
2018, the O forests had the highest predation rate (50%, 12 in total), whereas in 2022, VC
forests showed the greatest predation (38%, 39 in total). Camera traps identified three nest
predators: Milvago chimango, Campephilus magellanicus and Xolmis pyrope. In 2018, canopy
cover was the only variable that influenced artificial nest predation, while in 2022, tree
sapling cover, patch shape, open-cup nester density and tree basal area were the most
influential (in that order). We found annual variations driven by different ecological factors
in N. antarctica forest of southern Patagonia. Although thinning showed no significant
long-term effects on artificial nest predation on this study, more research is needed to
understand the influence of low impact forest management in austral bird communities.

Keywords: Nothofagus forests; thinning; artificial nest; canopy cover; Patagonia

1. Introduction

Nest predation is a major factor influencing nest survival and, consequently, breeding
success [1-4]. This is especially true for open-cup nesters, for which predation often
causes the greatest nest losses [5]. However, nest predation rates vary greatly among
populations and sites [6,7], and numerous factors may account for this variation. These
factors may be related to predators themselves [8,9], the bird community [10,11], and
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site characteristics [12,13]. For instance, several studies have found that higher predator
abundance is associated with lower daily nest survival rate [9]. Skutch [14] proposed that
increased parental activity at the nest heightens the risk of predation; for example, during
years of food scarcity, greater parental foraging activity may provide more visual cues to
predators regarding nest locations [15,16]. Additionally, site characteristics at different
spatial scales play a crucial role. The extent and spatial arrangement of habitat types can
influence local predator abundances and predation pressure [17,18], while certain habitat
features—such as vegetation cover and tree or shrub density—may offer better concealment
and protection from predators [13,19].

Vegetation structure and cover influence bird community composition, species di-
versity [20,21], and nest predation through the ability of predators to locate the nests [22].
Martin [5] proposed the total foliage hypothesis, which posits that increased vegetation den-
sity provides concealment and reduces predation risk by inhibiting olfactory, auditory, and
visual cues predators use to detect nests. This hypothesis has been supported by several
studies [12,16]. Consequently, habitat modifications that simplify vegetation structure may
increase nests’ exposure and, in turn, elevate predation risk [23,24]. In managed forests,
early-stage interventions, such as thinning, often lead to structural simplification of the
canopy; however, in later successional stages, the development of understory vegetation
tends to provide more concealed sites for species that breed in this stratum [25-27].

Thinning is a silvicultural technique used to reduce the number of trees in a forest
stand, with the goal of redirecting resources toward selected individuals. By removing
smaller or less vigorous trees, such as advanced regeneration with small diameters, man-
agers can accelerate the growth of the remaining trees and improve their marketability.
Additionally, thinning increases light penetration to the lower strata of the forest, promoting
the growth of understory plants such as grasses. For this reason, it is also applied as a
silvopastoral technique to enhance forage availability for livestock in South Patagonia [28].
Livestock activity in Tierra del Fuego has shown a gradual increase in stocking rates over
time and has recently shifted toward cattle or mixed cattle-sheep production systems [29].
Over the past two decades, however, there has been a growing interest in reorienting
management practices toward more sustainable forestry and silvopastoral strategies like
low thinnings. In this sense, assessing and understanding the impacts of thinning within
native forests become relevant.

In previous studies, Benitez [30] reported significant differences in mean bird species
richness, composition, density, and some functional traits between thinned and unthinned
forests in Tierra del Fuego. Furthermore, the density of open-cup nesters—one of the groups
with the greatest number of species—was significantly higher in thinned forests compared
to unthinned (closed) forests. However, some research regarding thinning indicates that it
could affect the birds’ reproductive success [31], which has not been yet examined in Tierra
del Fuego.

In Patagonia, some studies have identified native and exotic nest predators and exam-
ined nest survival rates in coastal areas [32], undisturbed forests [33-36], and wetlands [37].
Additionally, Vazquez et al. [38] investigated the effects of habitat attributes and preda-
tor identity across different forest stand types (Nothofagus betuloides, N. pumilio, and N.
antarctica) within a protected area in northern Patagonia. Although previous research
has analysed the long-term effect of thinning and landscape context on bird assemblage
structure and functional traits of Nothofagus antarctica forests in Tierra del Fuego, Argentina,
by comparing thinned and unthinned stands [21,39], no studies have yet evaluated the
influence of silvicultural practices on nest predation in Nothofagus forest of Patagonia.

In this study, we examine the susceptibility of open-cup nests to predation in N.
antarctica forests of Tierra del Fuego (Argentina), comparing thinned and unthinned forests.
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We also aim to identify the main nest predators and the key variables influencing artificial
nest predation in these austral forests. We expect higher rates of nest predation in forests
with greater canopy opening (such as thinned and naturally open forests) due to increased
nest visibility. Furthermore, we hypothesize that forest structure variables will be more
strongly associated with nest predation than variables related to bird community (predator
and open-cup nesters) or landscape variables.

2. Materials and Methods
2.1. Study Site

This study was conducted in the central region of Isla Grande of Tierra del Fuego,
Argentina (54° S), within the Andean-Patagonian forests. The area is dominated by decidu-
ous N. antarctica forests (Figure 1). The growing season lasts approximately five months,
and frost-free conditions occur for only about three months each year, as air temperatures
frequently drop below 0 °C. Mean wind speed outside forested areas is around 8 km h~!,
with frequent summer windstorms reaching up to 100 km h~! [40]. Annual precipitation is
evenly distributed throughout the year, averaging 400-600 mm yr—! [41]. A more detailed
description of the study area is provided in [21].
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Figure 1. Top left: Location of study area (circle) in Tierra del Fuego (Argentina), with Nothofagus
antarctica forests in grey colour. Top right: Diagram with location of the counting point and the
artificial nests at each sampling site (the black arrow indicates the minimum distance between nests
and the blue arrow indicates the approximate radius of the site). Bottom: Studied forest types.

In these forests, passerines are the most abundant group in the bird community, with
approximately half of the species being migratory. Both migratory and resident birds breed
during spring and early summer season (from October to January), usually laying eggs in
only one clutch. Most species construct open-cup nests, while others nest in tree cavities.

The study area is situated near the center of the distribution range of N. antarctica
forests, which occur predominantly as patches interspersed with grasslands, shrublands
and peatlands (Figure 1). The elevation of the study sites ranges from 100 to 250 m a.s.l., and
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the terrain is undulated, with gentle slopes that become more pronounced near foothills.
Livestock production, primarily cattle breeding (Hereford), has been practiced in the area
for approximately 50 years. This activity involves round-year, extensive grazing within
large paddocks (approximately 1000 ha each), where cattle move freely across the landscape.

Mature N. antarctica stands were thinned during a single season between 15 and
50 years ago, reducing approximately 50% of the original canopy cover [42]. Thinning
operations in the region generally target unhealthy or suppressed-intermediate crown class
individuals, resulting in a relatively homogeneous residual stand with reduced crown
cover that enhances understory forage production. This management practice promotes
increased growth of remaining trees (i.e., higher basal area in the long term) and, in the
short term, improves forage availability and provides shelter for livestock during winter.
Harvested wood is typically used locally for firewood, poles and fence materials.

In contrast, unthinned N. antarctica forests within the study area display a wide
gradient of canopy cover, shaped by natural disturbances such as wind and anthropogenic
disturbances such as fire. Open canopies are associated with early stage expanding into
grassland, whereas closed canopies characterize mature forests, and very closed canopies
in young stands correspond to initial and final growth phases of tree development, with
high tree density [30].

2.2. Sampling Design

Within the study area, four forest types were selected (Figure 1), corresponding
to distinct categories of canopy cover: one forest type resulting from 15-50 years ago
thinned forests—T (35%-65% canopy cover) and three unthinned forests types classified
as open-O (<35% canopy cover), closed—C (65%—85% canopy cover) and very closed-CV
(>85% canopy cover). For each canopy cover category, eight replicates (forest patches
averaging 96 ha each) were randomly selected, with a minimum distance of 100 m between
patches (N = 4 canopy cover categories x 8 replicates = 32 plots).

2.3. Artificial Nest Experiment

We used artificial nests to overcome the extreme difficulty of finding and monitoring
real nests without disturbing them, thus obtaining sufficiently large sample sizes to test eco-
logical hypotheses. Although artificial nests may provide inaccurate estimates of the actual
failure risk of real nests [43,44], they are generally considered appropriate for identifying
factors that influence the spatial and temporal variation in nest survival [45-48].

During two breeding seasons (October 2018 and 2022), we installed eight artificial
nests, spaced 10 m apart, within each of the 32 plots (Figure 1). Artificial nests were
constructed with an external diameter of 15 cm using a hemispherical plastic base covered
by branches, grasses, and lichens (Usnea spp.), one of the main materials used by forest birds
for nest construction in this region ([49], personal observation). Each nest was positioned
1.0-1.5 m above the ground, corresponding to the average nesting height of the five most
common forest passerine species in the area [49,50].

Three white clay eggs were placed in each nest. The eggs were oval in shape, measur-
ing approximately 13 mm in width and 26 mm in length. Artificial nests were left active for
a period of 16 days, which approximates the mean incubation period of forest passerines in
the region [50]. All nests were inspected every four days to record their status. The number
of predated nests per plot was determined as the total number of nests in which at least
one egg was either marked or removed. Additionally, we calculated the number of nests
predated per day after installation, forest type, and year to assess how quickly predators
located the nests.
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Because predator identification based solely on eggs/nest remains can be difficult [51],
we supplemented nest checks with camera traps. Cameras were placed 1-2 m from 16 nests
(two per forest type), set to trigger by motion and programmed to take three consecutive
photographs per activation. The potential bird species acting as nest predators were
identified following the bibliography [32-34,37,38,49,50,52-54].

2.4. Bird Counts

Bird community structure (richness and density of open-cup nesters and potential
nest predators) was assessed using the point count method. Other potential predators
(as foxes) were not evaluated, because birds are considered the primary nest predators in
the region [35,38,50,52]. Bird surveys were conducted during the 2018 and 2022 breeding
seasons, within a four-hour period after sunrise, corresponding to the peak of avian social
and foraging activity [55]. Sampling was carried out under favourable weather conditions,
avoiding foggy, windy, or rainy days.

We employed a point count protocol with unlimited detection distance, previously
developed and validated for studies in Tierra del Fuego [41,56]. One observation point was
established at each plot, and two observers conducted the surveys. To minimize temporal
bias, the order of sampling points was rotated among visits [57]. Each point was revisited
two or three times per month, resulting in a total of 256 counts across the four forest types
during the two breeding seasons.

Each count consisted of a two-minute acclimation period followed by an eight-minute
effective counting period. Observations included direct visual detections with binoculars,
while vocalizations were used solely to locate individuals visually. All birds were identified
to species following the South American Classification Committee (SACC) taxonomy [58].
For each detection, observers recorded the species, number of individuals, and estimated
distance to each individual or group.

The richness of open-cup nesters and nest predators (number of species) of each forest
type and year was estimated by summing the total number of bird species recorded across
all surveys and replicates (plots) within each forest type. In addition, species richness per
plot and year was calculated adding the total number of species detected in that plot during
the breeding season. The total density of open-cup nesters, large open-cup nesters (species
with larger eggs: Curaeus curaeus, Turdus falcklandii, and Xolmis pyrope [59]), and nest
predators (individuals ha~') was estimated for each forest type (mean of eight replicates)
and for each plot following the methodology of Lencinas et al. [56]. This method estimates
bird density based on the number of individuals observed within a circular sampling
area, where the radius varies among forest types to account for reduced detectability with
increasing distance. In this study, the radii used for density calculations were 25 m in VC,
32minC,35min T and 40 m in O forests.

2.5. Forest Structure and Landscape Variables

Based on previous studies, we evaluated the influence of a selected group of forest
structure and landscape variables, potentially related to nest predation susceptibility. For
forest structure, the selected variables included canopy cover (%), dominant height (m),
mean diameter (cm), tree density (ind ha~!), basal area (m? ha™!), tree saplings cover (%)
and total understory cover (%). Forest types (VC, C, T and O) were also included in this
group of variables. For landscape attributes, we considered the area (ha) and shape of the
forest patch where each plot was located, the total forest area (ha) and forest connectivity
(%), and the total open habitat area (ha) and open habitat connectivity (%). Detailed
descriptions of the procedures used to obtain these variables were provided in Benitez
etal. [21,39].
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2.6. Data Analysis

To assess whether bird community structure, forest structure and landscape variables
influenced the susceptibility of artificial nests to predation, we performed Generalized
Linear Models (GLM). Artificial nest predation susceptibility was estimated as the number
of predated artificial nests (nests in which at least one egg was either marked or removed)
per plot and year. We first examined the effects of forest type, year, and their interaction.
Because the interaction had a highly significant effect (p = 0.01), subsequent analyses were
conducted separately for each year.

For each year, we fitted a single explanatory variable (including bird community
structure, forest structure and landscape variables) to identify those with a significant
influence on response variable. Species richness and densities data were modelled using
a Poisson error distribution, and overdispersion was assessed by dividing the residual
deviance by the residual degrees of freedom. Continuous variables were transformed
into categorical variables to facilitate interpretation of the results. Depending on the data
distribution, variables were classified into two (high and low) or three (high, medium
and low/null) categories, ensuring both equitable and coherent representation (see
Appendix A).

LSD Fisher a posteriori tests were performed to evaluate differences among categories
of each explanatory variable [60,61]. Model performance was assessed using the Akaike
Information Criterion (AIC) to compare goodness of fit among candidate models; AIC
was also used to evaluate the importance of the analysed variables [62]. Variables were
considered influential when their models presented the lowest AIC value and a difference
of less than two units relative to the best-fitting model. All GLM and LSD analyses
were conducted using Infostat software version 2020 [63]. We used Bonferroni multiple
comparison test to adjust the significance level for each comparison [64]. A significance
level is used that avoids an excessive risk of Type I errors (false positives) when performing
multiple tests. This method involves dividing the original significance level by the number
of tests, making each individual test more rigorous.

3. Results

We identified eight open-cup nesters species belonging to five families (Emberizidae,
Fringillidae, Icteridae, Turdidae and Tyrannidae), and seven potential nest predators
from six families (Falconidae, Icteridae, Picidae, Threskiornithidae, Troglodytidae and
Tyrannidae) (Table 1). Species densities varied among canopy cover categories and
between years (Table 1), with higher richness of open-cup nesters recorded in O forests
during 2018 and in C forests during 2022. Overall, nesters reached higher densities in T
forests across both years. Predator richness was also greater in T forests in 2018 and 2022,
although predator density varied between years being higher in T during 2018 and in VC
forests during 2022. The notably high density of Milvago chimango in VC forests during
2022 (3.0 ind ha~!) may be related to the proximity of nesting sites of this species.

Predation susceptibility in the study area was 9.4% in 2018 and 40.2% in 2022. In 2018,
O forests showed the highest number of predated nests (50%, n = 12, Figure 2), whereas C,
T and VC forests exhibited low predation rates (<5 predated nests each). In 2022, predation
susceptibility was the highest in VC forests (38%, n = 39), followed by T (n = 27) and C
(n = 26). The number of predated nests also varied among revisits (Figure 2): during 2018,
most predation occurred during the first revisits, whereas in 2022, predation susceptibility
increased progressively over time.



Forests 2025, 16, 1741

7 of 16

Table 1. Bird species list of open-cup nesters and potential nest predators recorded in Nothofagus
antarctica forests of Tierra del Fuego (Argentina), according to literature. The table shows species
densities (individuals ha=') by forest type and sampling year, along with total density and species
richness (number of species) for each category.

Species 2018 2022
VvC C T o vC C T o

Open cup nesters

Anairetes parulus 0.1 1.4 0.2 0.8 0.1
Curaeus curaeus 0.3 0.2 0.1 0.4 0.3 0.1
Elaenia albiceps 2.1 14 1.1 0.7

Phrygilus patagonicus 0.3 0.2 0.5 0.3 0.6 0.1
Spinus barbatus 0.2 0.8 22 0.1 0.2 0.4 1.3
Turdus falklandii 0.2 0.1 0.1 0.4 0.8 0.5 0.5 0.2
Xolmis pyrope 0.3 0.2 0.2 0.2
Zonotrichia capensis 0.5 0.8 0.6 1.2 0.8 0.7
Total density 3.2 2.5 4.4 2.8 3.3 3.5 3.9 1.2
Total richness 6 4 6 7 5 7 6 5
Potential nest predators
Campephilus magellanicus 0.1 0.1 1.0

Caracara plancus 0.2 0.1 0.1 0.1
Curaeus curaeus 0.3 0.2 0.1 0.4 0.3 0.1

Milvago chimango 0.5 3.0 0.2 0.1

Theristicus melanopis 0.2

Troglodytes aedon 0.5 0.3 0.8 0.8 0.6 1.2 1.0 0.4

Xolmis pyrope 0.3 0.2 0.2 0.2
Total density 0.9 0.6 1.9 1.2 4.6 1.8 1.8 0.8
Total richness 3 3 5 4 3 3 5 4

Forest types: VC = Very closed, C = Closed, T = Thinned, O = Open.
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Figure 2. Predated artificial nests by days after installation across forest types in 2018 and 2022, in
Nothofagus antarctica forests of Tierra del Fuego (Argentina).

We identified three nest predators using camera traps: Milvago chimango, Campephilus
magellanicus, and Xolmis pyrope (Figure 3). M. chimango accounted for the highest number of
predation events (eight records), whereas C. magellanicus and X. pyrope (the latter being the
only predator detected in 2018) were each recorded once (Table 2). In addition, Aphrastura
spinicauda, Curaeus curaeus, Lycalopex griseus, Pygarrhichas albogularis, Theristicus melanopis,
Troglodytes aedon and Turdus falklandii were photographed near some artificial nests in 2022,
but no evidence of predation was found at those nests (Figure 3, Table 2). Due to technical
issues, we were unable to identify species approaching but not preying upon nests during
2018. That year, only one camera-monitored nest was predated, and X. pyrope was identified
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as the predator. In contrast, in 2022, 13 of the 16 camera-monitored nests were predated,

and the predator identity was identified in nine of those cases.

Figure 3. Top (first line): bird predators on artificial nest identified with camera traps: (A) Milvago
chimango, (B) Xolmis pyrope, and (C) Campephilus magellanicus. Bottom (second and third lines): other
fauna (circles) observed near artificial nests (arrows) without exhibiting predatory behaviour (no
evidence of egg predation): Aphrastura spinicauda, Lycalopex griseus, Theristicus melanopis, Pygarrhichas
albogularis, Troglodytes aedon and Turdus falklandii. Note that L. griseus is an introduced fox species in
Tierra del Fuego (Family: Canidae).

Table 2. Bird species recorded with camera traps, showing evidence of predatory behaviour on
artificial nests (or not) in Nothofagus antarctica forests of Tierra del Fuego (Argentina). Note that only
one record was obtained in 2018.

Species Predatory Not Predatory

Milvago chimango 8 2
Xolmis pyrope * 1
Campephilus magellanicus (female) 1
Aphrastura spinicauda
Lycalopex griseus
Theristicus melanopis
Curaeus curaeus
Pygarrhichas albogularis
Troglodytes aedon
Turdus falcklandii

— == NN

*2018.
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In 2018, one of the variables studied significantly influenced nest predation susceptibil-
ity (canopy cover, Table 3). However, when we adjust the p-value, this variable ceases to be
significant. In 2022, 4 variables were significantly associated with nest predation when we
adjust the p-value (Table 3). The best-fitting models included tree sapling cover and patch
shape as the explanatory variables (F = 12.3 and F = 26.7, respectively; p < 0.01). Forests
with no sapling cover showed the highest number of predated nests (mean = 5.2), followed
by forests with low (2.7) and medium sapling cover (0.9; Figure 4). Regarding patch shape,
predation was higher in forests located within uniform patches (Figure 4).

2018
)
=
5 6
b1
= 4
=
Rl
“ 2
- 2
S
5 0
] Low Medium High
Canopy cover
2022

@
=
£ A A
< 6 [ 6
= 6 A
: | :
@»

4 A :
‘E’ II* | T "
= 2
: ' 2
£ 0+ T T v 0 4 T T v 0
S Low Medium High Low Medium High Low High
'E Richness of open-cup nesters Density of open-cup nesters Predator density
=]

] A
A
A
2 i
% B
= B 1
< 4
-
< ]
ot t T ]
2 E vCc C T (6] Low Medium High Low Medium High Medium High
;;' ° Forest types Canopy cover Dominant height Tree density
=
- =
5} d
22 6 - A 64 A
£ 2 A ]
Z 5 4 4 A B
= B l
S LI N
|
0 T T 0 T T ,
Low Medium High Null Low Medium
=3
Basal area Tree saplings cover
6 1 N 6 A 6
47 5 4 B B N
g 2 2 " F 2
&
g 0 - 0 - T T 0
= Small Big Uniform Irregular Low Medium High Low High
£ g g
- Patch area Patch shape Forest total area Forest connectivity
6 1 A
4 A B AB
2
0

Low Medium High
Open area total area
Figure 4. Average values of predated artificial nests (Y Axes) in Nothofagus antarctica forests of
Tierra del Fuego (Argentina) in relation to different explanatory variables (X Axes), according to the
significant models detected by GLM (Table 2). The analysed categories for each explanatory variable
are detailed in the Appendix A. Different letters indicate differences by LSD test (p < 0.05).
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Table 3. Effect of bird community structure, forest structure and landscape variables (as explanatory
variables) on the quantity of predated artificial nests (response variable) during 2018 and 2022 in
Nothofagus antarctica forests of Tierra del Fuego (Argentina), analysed by Generalized Linear Models
(GLM). The red font for p-values shows a significant effect of the explanatory variable (p < 0.05). Bold
font for p-values and AICs highlights the best models.

2018 2022
Explanatory Variables F-Value  p-Value Adjusted AIC F-Value p-Value Adjusted AIC
p-Values p-Values

Bird community structure
Richness of open-cup nesters 1.8 0.19 3.61 84.1 7.5 <0.01 0.05 146.2
Density of open-cup nesters 3.0 0.07 1.33 81.4 8.0 <0.01 0.03 146.2
Density of large open-cup nesters 2.8 0.08 1.52 82.0 1.5 0.24 4.56 158.2
Predator richness 2.1 0.14 2.66 83.5 1.4 0.27 5.13 158.3
Predator density 2.3 0.14 2.66 83.2 4.6 0.04 0.76 154.4
Forest structure
Forest types 2.5 0.08 1.52 82.5 4.7 0.01 0.19 146.3
Canopy cover 3.7 0.04 0.76 80.4 42 0.03 0.57 151.5
Dominant height 1.9 0.17 3.23 84.2 4.0 0.03 0.57 153.2
Mean diameter 2.0 0.15 2.85 83.8 2.0 0.15 2.85 157.0
Tree density 1.9 0.18 3.42 83.6 8.4 0.01 0.19 151.1
Basal area 2.0 0.15 2.85 83.8 8.8 <0.01 0.02 141.6
Tree saplings 1.3 0.29 5.51 85.4 12.3 <0.01 0.00 128.1
Total understory plants 1.7 0.20 3.8 83.2 0.8 0.47 8.93 159.5
Landscape
Patch area 2.6 0.12 2.28 83.2 9.5 <0.01 0.08 149.0
Patch shape 1.0 0.32 6.08 84.8 26.7 <0.01 0.00 129.4
Forest total area 1.9 0.17 3.23 83.6 3.6 0.04 0.76 154.2
Forest connectivity 2.6 0.12 2.28 83.2 9.5 <0.01 0.08 149.0
Open area total area 2.7 0.08 1.52 82.6 42 0.03 0.57 152.6
Open area connectivity 29 0.10 1.90 82.8 2.0 0.03 3.23 157.0

One variable describing bird community structure (density of open-cup nesters) were
also significantly related to nest predation (Table 3). Forests with high bird density had
greater numbers of predated nests (Figure 4). Among forest structure variables, basal area also
showed significant effects (Table 3). Only O forests had lower nest predation rates (Figure 4),
whereas forests with medium to high basal area exhibited higher predation levels.

4. Discussion

The use of artificial nests presents some limitations that should be considered when
interpreting the results. The absence of parental behavior and the lack of olfactory or visual
cues associated with adults may underestimate actual predation rates, as some predators
locate nests based on parental activity [43,44]. In addition, artificial nests are usually
uniform in size, shape, and placement, and do not reflect the natural nest-site selection
performed by birds, which may introduce biases in the estimation of predation risk [46].
Therefore, results obtained from artificial nests should be interpreted as comparative
indicators of spatial or temporal variation in susceptibility to predation. However, the
use of artificial nests also offers several advantages, such as allowing for the deployment
of sufficient sample sizes for statistical analyses, ensuring comparable distribution across
forest types, and avoiding disturbance to real nests. These advantages make it possible to
better understand the ecological processes involved.

This study provides the first assessment of the effects of forest intervention on artificial
nest predation in Nothofagus antarctica forests of Patagonia. We detected differences in
artificial nest predation between years and among forest types. Additionally, we identified
the main nest predators and the key variables influencing nest predation at this austral
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latitude. Considering all forest types together, the overall nest predation rates observed
in this study were low compared to those reported for other regions (e.g., [8,16,65-68])
and in northern Patagonia [34,38]. However, our results were similar to those recorded
in nearby sites, such as Navarino island [33,35]. Artificial nest predation varied markedly
between years (9.4% in 2018 and 40.2% in 2022), a pattern also observed in other studies
(e.g., [4,16,68]). This interannual variability may be related to climatic conditions or to
fluctuations in food availability for predators. For instance, rainfall during October 2022
was lower than in October 2018 in the study sites [69], which could have reduced the
availability of alternative prey pressure such as insects, as observed in other forests [70],
thereby increasing predator pressure on artificial nests. This could be considered since
predators found consumed a large number of arthropods, so the availability of this other
food resource could affect the search for and predation of nests. It highlights the importance
of conducting multi-year studies to obtain more accurate estimates of nest predation sus-
ceptibility. Furthermore, the year with higher nest predation (2022) coincided with greater
overall predator density, suggesting this may have been one of the main drivers of increased
nest losses [9]. Camera traps identified three nest predators, with M. chimango emerging as
the primary species, consistent with findings from other studies in the region [33-36]. M.
chimango is an abundant raptor inhabiting a wide range of environments, from forest to
open areas such as grasslands, wetlands, coastal zones, and areas heavily influenced by
human activity [71,72]. Although originally described as a scavenger species [73], it is now
recognized as a generalist and opportunistic predator [72]. This species is gregarious and
typically places its nests near the central part of the trees, beneath dense canopy cover [74];
therefore, our study sites, particularly the VC forests, offer suitable nesting conditions.
This was confirmed in 2022, when several active nests of M. chimango were observed in
VC forests.

When comparing forest types, during 2018, O forests showed the highest number
of predated nests, as we expected, however, this variable had little influence in the GLM
(Table 3). This low canopy cover (<35%) in O forests likely facilitated the transmission
of visual cues, increasing the probability of nest detection by predators. This finding is
consistent with observations in protected N. antarctica forest in northwestern Patagonia,
where the likelihood of predation decreased with increasing tree cover [38]. Although T
forests exhibited medium canopy cover (35%—65%) and the highest predator richness with
intermediate predator density during 2018 (Table 1), this treatment showed low suscep-
tibility to nest predation. This may be due these forests were thinned only once, 15 to
50 years ago, allowing the understory to recover over time; together with the remaining
trees, this likely enhanced nest concealment. Consequently, thinning did not show signifi-
cant long-term effects on nest predation. This aligns with finding by Hagar et al. [31] in
thinned forests of the Pacific Northwest USA, where a decade after thinning, observation
rates of nest predators did not differ between thinned and unthinned stands. Nevertheless,
high interannual variation could mask differences among forest types. Therefore, the
continuity of this kind of research could give more solid information about the effect of
old thinnings and significant explanatory variables, as well as further research is needed
to better understand the effects of recent thinning on nest predation dynamics at these
southern latitudes.

Unexpectedly, in 2022 we found higher predation susceptibility in the most closed
forest (VC), although this was not statistically different from forest with intermediate
canopy covers (T and C). This pattern coincided with the very high predator density
recorded in VC during that year, particularly of M. chimango (Table 1). This raptor nests
in the canopy and frequently uses branches as perches to search for prey [36]; therefore,
its greater abundance and hunting behaviour in this forest type may explain the increased
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nest predation observed. According to the GLM results, the best explanatory variable
for nest predation in 2022 was tree sapling cover (tree < 1.3 m in height; Table 3). This
variable was null in VC forests, and null or low in most C and T plots. Tree saplings
provide refuge, feeding sites, and nesting substrates for birds in these forests [30]; thus, low
sapling cover (<5%) may increase nest visibility and detection probability by predators.
This result supports the “total foliage” hypothesis proposed by Martin [5] and is consistent
with findings from other parts of the world [12,67]. As expected, forests with higher
densities of open-cup nesters also exhibit greater numbers of predated nests (Figure 4). A
higher abundance of nesting birds may reflect greater overall avian activity, which can
signal to predators an increased likelihood of finding nests, as hypothesized by Skutch [14].
Landscape at different scales also influence susceptibility to nest predation. We found
higher nest predation in plots located in small and uniform patches of forests (local scale).
In addition, at landscape with low total forest cover, greater open areas and low forest
connectivity presented greater nest predation. These results are consistent with Maag
et al. [75], who reported in Europe forests that nest predation was higher in landscapes
with low forest cover. It is possible that such habitat generalist predators prefer to forage or
spend more time in this type of landscape, where they also nest, while taking advantage of
adjacent open areas that facilitate prey detection and movement.

5. Conclusions

We found a low and medium susceptibility to artificial nest predation in Nothofagus
antarctica forests of southern Patagonia, with notable annual variation which could be
associated with other larger-scale factors such as the climate (precipitation) and food
resources availability (insects). According to this, our hypotheses were partially supported
by our results, because only in 2018 were higher rates of nest predation observed in forests
with greater canopy opening (naturally open forests). Regarding the influence of forest
structure, canopy cover had some influence that affected artificial nest predation in 2018,
while sapling cover was one of the two most influential factors affecting artificial nest
predation in 2022. However, in 2022, other factors related to the bird community and
landscape played important roles. This highlights the importance of conducting multi-year
studies to more accurately estimate susceptibility to nest predation, including not only forest
structure variables but also bird community and landscape variables. Our results indicate
that bird community, forest structure and landscape features all affect the vulnerability of
open-cup nests to predation in Nothofagus antarctica forests of Tierra del Fuego. Although
we did not find significant effects of forest thinning on nest predation in this study, more
studies would be necessary to comprehend the effect of thinning performed a long time
ago (15-50 years before). Moreover, further research is needed to understand the effects of
recently applied thinning on nest predation dynamics at these southern latitudes.
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The following abbreviations are used in this manuscript:

T Thinned forests
(@) Open unthinned forests
C Closed unthinned forests

vC Very Closed unthinned forests
AIC Akaike Information Criterion
GLM  Generalized Linear Models

Appendix A

Table Al. Range of values of the explanatory variable categories used in GLM.

Variable Null Low Medium High
Bird community structure
Richness of open-cup nesters 0-1 2 3-5
Density of open-cup nesters (ind ha™!) 0-2.0 2.1-4.0 >4.1
Density of large open-cup nests (ind ha—?) 0 0.1-1.3 >1.3
Predator richness 0 1.0 >1.0
Predator density (ind ha™?) 0 0.1-1.0 >1.0
Forest structure
Canopy cover (%) 10-59 60-79 80-100
Dominant height (m) 5.7-9.0 9.1-12.0 12.1-15.3
Mean diameter (cm) <20 20-40 >40
Tree density (ind ha—') <1000 >1000
Basal area (m? ha™ 1) <25 25-40 >40
Tree saplings (%) 0 0.1-5.0 >5.0
Total understory plants (%) <70 70-85 >85
Landscape
Patch area (ha) <100 >100
Patch shape <4 >4
Forest total area (ha) <70 70-180 >180
Forest connectivity (%) <10 >10
Open area total area (ha) <120 120-200 >200
Open area connectivity (%) <15 >15
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