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Simple Summary: Migratory bird species face numerous threats during their annual
journeys, including habitat loss and degradation in breeding and non-breeding areas.
Ecological traps, which occur when a habitat appears attractive based on environmental
cues but are actually harmful for raising offspring, may be a significant factor in reduced
breeding success for both migratory and resident birds. These traps may arise from human
land-use changes or even well-intentioned conservation actions, such as providing nest
boxes. In our study, we found that pest outbreaks occurring after the arrival of European
Pied Flycatchers, a migratory species, severely degraded forest habitat quality. Because
degraded pine (Pinus sylvestris) forests were visually indistinguishable from healthy ones
early in the season, the birds selected nest sites in affected areas and subsequently suffered
reduced reproductive success. Compared to birds nesting in unaffected forests, offspring
from pest-affected areas had a lower body mass and tarsus length, and were less likely
to fledge successfully. Our findings suggest that conservation tools, like nest boxes, must
be used with caution in forests experiencing pest outbreaks, as they may unintentionally
attract birds to unsuitable breeding habitats.

Abstract: When selecting a habitat, it is optimal for organisms to choose one that maximizes
reproductive success through access to high-quality resources, particularly in species that
engage in parental care. However, organisms may inadvertently select a habitat for breeding
that would initially appear preferential and undamaged, but may, in reality, be detrimental
to parent and/or offspring fitness. In this study, we tested whether migratory European
Pied Flycatchers (Ficedula hypoleuca) nesting in forest patches affected by outbreaks of the
great web-spinning sawfly (Acantholyda posticalis) experienced fitness reductions indicative
of an ecological trap, compared to those nesting in unaffected forest patches. After installing
nest boxes to attract breeding pairs and potentially combat the outbreak, we found that
Flycatchers inhabiting areas with sawfly outbreaks had similar clutch sizes to pairs breeding
in unaffected forest patches. Contrarily, the fledgling number and body condition were
significantly lower for those nesting in the damaged forests. In providing nest boxes for
migrating Flycatcher pairs in forest patches that were subsequently impacted by a pest
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insect outbreak, an ecological trap arose for those pairs choosing to nest in what appeared
to be an unaffected forest at first. Given the inability of breeding pairs to distinguish habitat
quality on initial inspection, we suggest that nest boxes be used with caution in areas with
unfavorable habitat conditions when attracting migratory birds, given the trends of their
declining global numbers.

Keywords: ecological traps; food resources; fitness costs; pied flycatcher; migratory birds;
habitat selection; pest outbreaks

1. Introduction
In a dynamic biosphere increasingly shaped by human activity, rapid environmental

change imposes strong selective pressures on organisms to adapt swiftly. Individuals
depend on their ability to accurately interpret environmental cues and assess resource
availability when selecting habitats [1,2], and habitat selection is known to be a hierarchical
process in many species (e.g., birds [3–5]). While adaptive habitat selection is crucial to
avoid fitness costs or the need for constant dispersal, some habitats may appear attractive
based on these cues but are in fact of poor quality. Such scenarios are known as ecological
traps, defined as cases where organisms preferentially select habitats that appear suitable
but are ultimately less appropriate than other available options [1,6,7]. These traps typically
arise when rapid environmental change disrupts the historical reliability of habitat cues,
leading individuals to make maladaptive choices [1,8]. There are three key conditions that
define an ecological trap: (1) individuals exhibit no preference or show a preference for the
lower-quality habitat, (2) habitat choice leads to differential fitness among individuals, and
(3) fitness is reduced when individuals occupy the lower-quality habitat [1,9,10]. Impor-
tantly, conservation interventions, such as habitat restoration or the provision of artificial
nesting structures, can unintentionally contribute to ecological traps if the surrounding
environment becomes unsuitable due to unforeseen changes [11].

Forest habitats support biodiversity and ecosystem health while also providing critical
services to humans when managed sustainably [12]. However, they are increasingly im-
pacted by pest insect outbreaks, which can lead to the overconsumption of vegetation and
disrupt forest structure and species interactions [13,14]. While many insects are essential
for ecosystem functioning, including pollination, decomposition, and food web dynamics,
pest outbreaks can cause cascading ecological effects [15]. In response, forest managers
sometimes use insecticides, but these chemicals can harm non-target organisms, includ-
ing insectivorous birds, and degrade environmental quality [16]. As a more sustainable
alternative, conservation efforts increasingly rely on attracting natural insectivores, such as
cavity-nesting birds, to suppress pest populations and maintain ecosystem balance [17,18].

In the context of pest outbreaks, biological control efforts often rely on insectivorous
birds [19,20]. In Europe, nest boxes are commonly used to attract cavity-nesting species
to pest-affected areas [21–23], and their structural advantages—such as enhanced climate
control and predator protection—make them highly attractive compared to natural cavi-
ties [24,25]. While nest boxes can increase perceived habitat quality, some studies suggest
that birds select these sites independently of actual food resource availability [26,27]. This
decoupling between cue and habitat quality raises the potential for ecological traps, where
birds settle in visually appealing but functionally degraded environments. A previous
study found that Great Tits (Parus major) breeding in pest-affected patches with nest boxes
produced fewer fledglings with a lower body mass and shorter tarsi compared to those in
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unaffected forest [28], supporting the possibility that such conditions may act as ecological
traps under specific circumstances.

European Pied Flycatchers (Ficedula hypoleuca) are migratory passerine birds that breed
in pairs across most of Europe during the spring and summer seasons before returning
to Africa for overwintering [29]. Moreover, they are well-known cavity nesters and will
routinely favor breeding in artificial nest boxes over naturally occurring cavities [30]. Pied
Flycatchers are a common, insectivorous species [31], and this, in combination with their
attraction to artificial nest boxes, makes them an inherently viable choice as a biological
control for insect pests. In Latvia, the great web-spinning sawfly (Acantholyda posticalis)
has been observed each spring and summer outbreaking in forests near the city of Dau-
gavpils since 2013. Their larvae greatly defoliate and damage Scots pine trees (Pinus
sylvestris) [32], which dominate the surrounding forest and serve as the core basis of many
ecosystem functions for countless species [33]. As a result, total pine canopy cover and
volume, in addition to the proportion of dead and fully defoliated pine trees, can be mea-
sured to make assumptions about forest health and resource availability, and to estimate
larval biomass [28,34].

In this study, we examined whether nest boxes installed in forest patches degraded
by sawfly outbreaks acted as ecological traps for European Pied Flycatchers. Nest boxes
offer consistent cues for habitat selection, but the surrounding habitat quality declined due
to long-term defoliation by the great web-spinning sawfly. Drawing from the previous
findings on Great Tits [28], which showed that reduced canopy cover and high defoliation
negatively affect larval abundance and fledgling success, we predicted that Pied Flycatchers
nesting in degraded patches would have lower fledgling success, body mass, and tarsus
length than those in unaffected forests. We also predicted that these same measures of
offspring condition would be positively associated with larval biomass, which correlates
with canopy cover and volume, and negatively with defoliation [35]. Since egg-laying in
Flycatchers occurs before the outbreak phase begins, we predicted that clutch size would
not be influenced by pest activity.

2. Methods
2.1. Study Location and Experimental Setup

The study area was located in southeastern Latvia near the city of Daugavpils
(55.55◦ N, 26.34◦ E). Scots pines dominate the forest landscape of this urban forest area,
in which there were clearly distinguishable patches of trees that were either affected or
unaffected by the sawfly outbreak. Including the current event, there have been two
recorded outbreaks of this pest species in Latvia: the first in 1966–1982 (roughly 40 km east
of this study area) and the second in 2013–present day. It is usual for outbreaks to span
years, and there can be fluctuating levels of pine damage each year that correlates with
which phase of development the sawflies are in. Active larval stages result in more pine
defoliation, while the years with more sawflies in their larval diapause stages allow pines
to regrow needles [36].

The active larval outbreak and Flycatcher breeding season overlapped in 2020. Sawfly
larvae emerge in late May and feed heavily on pine needles until early June. Flycatchers
typically arrive in late April, lay eggs by mid-May, incubate until early June, and fledge
their young by mid-June. We observed both extensive pine defoliation caused by the larvae
and Flycatchers actively hunting them. Although Scots pines are evergreen trees, those
affected by the pests were visibly degraded. When the Flycatchers returned from Africa and
began establishing their breeding territories, the degraded pines resembled neighboring
deciduous trees, which had not yet leafed out—leaves in southeastern Latvia typically
emerge only by the second week of May (https://www.silava.lv/images/Petijumi/2015

https://www.silava.lv/images/Petijumi/2015-LVM-Priezu-tikllapsene/2016-LVM-Priezu-tikllapsene-Parskats.pdf
https://www.silava.lv/images/Petijumi/2015-LVM-Priezu-tikllapsene/2016-LVM-Priezu-tikllapsene-Parskats.pdf
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-LVM-Priezu-tikllapsene/2016-LVM-Priezu-tikllapsene-Parskats.pdf (accessed on 13 May
2025)). Cavity availability is often the most critical limiting factor for Pied Flycatchers,
particularly in younger forests where natural nesting sites are rare [37,38]. It is important to
note that Flycatchers arrived, occupied nest boxes, and initiated egg-laying in both affected
and unaffected areas almost simultaneously, within a one-week window. We conducted
observations from late April to late June 2020, when larval sawflies served as a reliable
food source. Although pest outbreaks typically follow a multi-year cycle—beginning with
population buildup, peaking in larval abundance and defoliation, and then gradually
declining—our study took place when pest insect availability remained high.

Data were collected in two patches of pine forest differentially impacted by the sawfly
outbreak: (1) stands of unaffected pines (i.e., undamaged); and (2) an approximately 120 ha
stand of affected pines (i.e., damaged) located within the greater unaffected forest. We
placed nest boxes at a height of roughly 3 m on the trunks of pine trees to attract Pied
Flycatcher pairs one-to-two weeks before their arrival. The dimensions of the nest boxes
were 0.13 × 0.13 × 0.25 m, and the entrance was 3.6 cm in diameter. We kept the entrance of
all nest boxes closed until late April, when the first migrating Pied Flycatchers arrived. This
prevented the nest boxes from being occupied by Great Tits, a competing cavity-nesting
species, which are resident and typically begin nesting in mid-April. Seven-to-eight days
after the first Flycatchers arrived and began occupying nest boxes, we closed the entrances
of unoccupied boxes and removed them from the forest. There were six areas in the affected
forest and five areas in the unaffected forest that were selected for mounting nest boxes
(Figure 1), and these were the same exact areas as in [28]. Each of these areas was about
3.8 ha, and they were separated by at least 490 m [39]. A total of 12 nest boxes were placed
in each area (affected patch: 72 total; unaffected patch: 62 total). Each of the 12 boxes
within each of the 11 study areas was separated by at least 50 m to avoid competition with
neighbors [39]. The Pied Flycatcher is a facultatively polygynous species, where males
may breed with more than one female [25]. However, polygynous males typically provide
parental care only to their first mate’s offspring. Although we could not directly control for
or exclude polygyny in this study, all observed nests had an attending male providing food
and antipredator protection.

 

Figure 1. Map of our study area denoting sites for where nest boxes were placed, and vegetation
measurements were taken (dots). Black color represents human-made structures, darker-green
shade represents forest not impacted by the pest outbreak, and lighter-green shade represents forest
impacted by pest outbreak.

https://www.silava.lv/images/Petijumi/2015-LVM-Priezu-tikllapsene/2016-LVM-Priezu-tikllapsene-Parskats.pdf
https://www.silava.lv/images/Petijumi/2015-LVM-Priezu-tikllapsene/2016-LVM-Priezu-tikllapsene-Parskats.pdf
https://www.silava.lv/images/Petijumi/2015-LVM-Priezu-tikllapsene/2016-LVM-Priezu-tikllapsene-Parskats.pdf
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Once the boxes were occupied (i.e., male singing and female building the nest) by
Flycatcher pairs, we checked them once every three days and recorded the following for
each site: clutch size, number of successful fledglings (i.e., those that had successfully
fledged the nest), and the body mass and tarsus length of successful fledglings. We
calculated the proportion of young fledged per clutch (%) to compare the reproductive
success of Pied Flycatchers between the forest affected by A. posticalis and the unaffected
forest. A Pesola spring balance was used to weigh individuals to a precision of 0.1 g,
and tarsi (mm) were measured with sliding calipers to the nearest 0.1 mm on day 14
after hatching [40].

2.2. Food Resource Estimation

The frass-fall method was employed to estimate food resource availability for insec-
tivorous birds in the forest patches [28,41]. Using coffee filters (size 1 × 4) attached to
plastic funnels (35 cm diameter), larval frass production was collected. Rainwater could
pass through the filter while fallen frass was retained. Three funnels, each 60 m apart, were
attached to randomly chosen trees in each study area (33 total; all started on the same day).
Upon nestlings reaching seven-days old, funnels were set up for four consecutive days
(late May 2020) to collect frass before being transferred to a freezer for frass preservation.
To determine frass production for each collecting filter, we counted a filter’s individual
frass and measured the diameter of randomly selected frass with an ocular micrometer.
By quantifying the allometric relationship between frass dry mass and diameter [42] and
the equation used by [43], we calculated larval biomass from the dry mass of frass and
expressed it as g per m2 (gm−2). We noted that frass production was not discriminated
among larvae of different species (e.g., various moths and sawflies). This methodology is
an accurate estimation of the food resource availability across forest patches [44].

2.3. Tree Canopy Estimation

The observation period for the tree canopy vegetation parameter data used in our
estimations was mid-June 2020. To study the vegetation, 11 forest stands were selected, and
in each stand, circular plots of 100 m2 were set up. We assessed trees as the following: dead
(<25% foliage remaining), damaged (25–75% foliage loss), and undamaged (<25% foliage
loss) [34]. After this initial assessment, we measured the following variables: (1) total pine
canopy cover (%), (2) relative number of dead/dying pines with 75–100% loss of needles
from sawfly disturbance (%), and (3) total pine crown volume (m3 ha−1). The method for
tree canopy estimation was based on field measurements in plots, as described in ref. [34].
Suggested in ref. [34] and used by ref. [28], tree crown parameters can reliably be used to
estimate the availability of food resources. If substantial amounts of needle damage lead
to the eventual death of trees and the proportion of dead and fully defoliated trees are
reflective of pests’ damage rates, then the total pine crown volume would be indicative of
the total amount of space that insectivorous birds, like Flycatchers, can use when foraging
for their prey.

Canopy cover (i.e., the layer formed by tree leaves and branches) is represented by
lower values when discontinuous (affected) and higher values when continuous (unaf-
fected). From a centralized location within each of the 11 forest study areas, four circular
plots (10 m2 in size) were established in azimuth directions at a distance of 50 m from the
central point. Canopy cover was estimated by canopy closure using a forest densitometer
(concave gridded mirror) (Forestry Suppliers Spherical Crown Densitometer) in each plot,
where we measured in the four azimuth directions from the central point. We ensured that
we were at least 2 m from the nearest tree when measuring. Calculated as canopy cover
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percentage, the grid on the mirror was used to count points at line crossings that were
reflections of the tree canopy in the mirror.

Additionally, we measured the diameter at breast height (DBH, from 1.3 m) for all
trees within each plot. Moreover, for 2–4 trees per plot with varying sizes and degrees of
damage, we assessed two crown parameters: (1) width of crown from edge to edge in two
perpendicular directions (using a GRS densitometer); and (2) height to the base (i.e., lowest
living branch) and to the top of the live tree crown (using a Haglof VL5 vertex). A total
of 66 affected (>25% defoliated) and 16 unaffected trees were included in the crown volume
calculations, which were estimated as an ellipsoid in the case of the Scots pine [45]. The
allometric relationship between crown volume and DBH from the sampled trees for crown
parameters was used to approximate the volume for all pines in patches using an expo-
nential regression model: [undamaged pine volume = 10.529588 × EXP(0.068715 × DBH)]
and [damaged pine volume = 3.85498 × EXP(0.09189 × DBH)]. The exponential model was
found to best explain the relationship between crown volume and DBH (R2 = 0.525 and
R2 = 0.605 for unaffected and affected trees, respectively). A total of 82 pine tree measure-
ments from the ref. [34] study were included in our calculations. We then estimated the
total pine crown volume per ha in the stands.

2.4. Data Analyses

We utilized Bayesian generalized linear mixed-effects models (GLMMs) and Bayesian
linear mixed-effects models (LMERs) in R 4.4.1. [46] library brms [47] to analyze the effects
of vegetation parameters (total pine canopy cover, proportion of dead and fully defoliated
pine trees, and total pine canopy volume) and sawfly larval biomass on Flycatcher parame-
ters (clutch size, proportion of fledglings, and body mass and tarsus length of fledglings).
Separate models with one fixed factor and one dependent variable were implemented for
each combination of vegetation parameters/larval biomass: canopy cover, dead and fully
defoliated trees, canopy volume, and larval biomass; and Flycatcher parameters: clutch size
(Poisson GLMM), proportion of fledglings (binary logistic GLMM), body mass (LMER),
and tarsus length (LMER). To account for pseudoreplication in all models, the ‘plot ID’ was
set as a random factor. ‘Nest ID’ was added as a nested random factor within ‘plot ID’ for
models, including body mass and tarsus length. For each of the four chains, the number of
iterations was set to 2500. We used Rhat values (all close to 1) to evaluate the convergence
of the models. p values for the models were calculated with R library bayestestR [48]
function p_map. Spearman correlation analysis was used to assess relationships between
vegetation parameters (canopy cover, dead and fully defoliated trees, and canopy volume)
and larval biomass.

2.5. Use of Artificial Intelligence

We used ChatGPT via https://openai.com/ (accessed on 1 February 2025) to aid in the
generation of our Graphical Abstract. The image is original and unpublished elsewhere.

3. Results
Flycatchers occupied 25 boxes out of 62 (40.3%) in the undamaged forest and 30 boxes

out of 72 (41.7%) in the damaged forest (Fisher’s exact test, p > 0.05). Offspring fledged in
all these occupied nest boxes (Fisher’s exact test, p > 0.05).

3.1. Larval Biomass and Vegetation Parameters

The biomass of sawfly larvae was significantly associated with all three vegetation
parameters, and, thus, the sawfly outbreak. The mass of larvae increased with total pine
canopy cover (rs = 0.945, p < 0.001 Figure 2A), decreased with proportion of dead and

https://openai.com/
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fully defoliated pine trees (rs = −0.934, p < 0.001, Figure 2B), and increased with total pine
canopy volume (rs = 0.882, p = 0.001, Figure 2C).

Figure 2. Relationship between larval sawfly biomass (g/m2) and (A) total pine canopy cover (%),
(B) proportion of dead and fully defoliated pine trees (%), and (C) total pine canopy volume (m3/ha).

3.2. Clutch Size

The average clutch size (the number of eggs) did not differ significantly between
the unaffected and affected forest patches (6.33 ± 0.62 vs. 6.4 ± 0.5, mean ± SD; t = 0.44,
p = 0.66). The clutch size of Pied Flycatchers was not significantly associated with the sawfly
outbreak. Clutch size was not influenced by total pine canopy cover (slope estimate: 0, con-
fidence interval (CI): (−0.01,0.01), p = 0.962, Figure 3A), proportion of dead and fully
defoliated pine trees (estimate: 0, CI: (0,0), p = 0.984, Figure 3B), total pine canopy
volume (estimate: 0.01, CI: (−0.11,0.13), p = 0.997, Figure 3C), or sawfly larval biomass
(estimate: 0.01, CI: (−0.10,0.12), p = 0.977, Figure 3D).

Figure 3. Relationship between the clutch size of Pied Flycatchers and (A) total pine canopy cover (%),
(B) proportion of dead and fully defoliated pine trees (%), (C) total pine canopy volume (m3/ha), and
(D) sawfly larval biomass (g/m2). Solid lines represent model-predicted trends based on Poisson
generalized linear mixed models (GLMMs), which are appropriate for count data, such as clutch
size. The curved nature of some trend lines reflects the link function used in GLMMs. Shaded areas
indicate 95% confidence intervals.
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3.3. Fledglings

The average number of fledglings per nest was significantly higher in the unaffected
forest compared to the affected forest (6.16 ± 0.62 vs. 3.57 ± 1.36, mean ± SD; 42% reduction
in the affected patches; t = 8.80, p < 0.00001), indicating a strong negative impact of the
sawfly outbreak on reproductive success. The proportion of fledglings increased with
total canopy cover (estimate: 0.15, CI: (0.10,0.20), p < 0.001, Figure 4A), decreased with
proportion of dead, fully defoliated trees (estimate: −0.04, CI: (−0.06,−0.03), p < 0.001,
Figure 4B), tended to increase with total canopy volume (estimate: 1.19, CI: (0.20,2.16),
p = 0.060, Figure 4C), and increased with larval biomass (estimate: 1.44, CI: (1.05,1.90),
p < 0.001, Figure 4D).

Figure 4. Relationship between the proportion of young fledglings per Pied Flycatcher clutch (%) and
(A) total pine canopy cover (%), (B) proportion of and fully defoliated pine trees (%), (C) total pine
canopy volume (m3/ha), and (D) sawfly larval biomass (g/m2). Solid lines are trendlines estimated
by the model, and shaded areas show 95% confidence intervals.

3.4. Fledgling Body Mass

The average body mass of fledglings was significantly higher in the unaffected forest
compared to the affected forest (15.32 ± 0.22 g vs. 14.42 ± 0.43 g, mean ± SD; t = 17.77,
p < 0.00001). The body mass of fledglings was reduced by the sawfly outbreak. The body
mass of fledglings increased with total canopy cover (estimate: 0.04, CI: (0.02, 0.06), p < 0.001,
Figure 5A), decreased with the proportion of dead, fully defoliated trees (estimate: −0.01,
CI: (−0.02,−0.01), p < 0.001, Figure 5B), increased with total canopy volume (estimate: 0.38,
CI: (0.10,0.66), p = 0.019, Figure 5C), and increased with larval biomass (estimate: 0.47,
CI: (0.36,0.58), p < 0.001, Figure 5D).

3.5. Fledgling Tarsus Length

The average tarsus length of fledglings was significantly higher in the unaffected forest
compared to the affected forest (17.53 ± 0.06 mm vs. 17.38 ± 0.08 mm, mean ± SD; t = 14.94,
p < 0.00001). The tarsus length of fledglings was reduced by the sawfly outbreak. The
tarsus length of fledglings increased with total canopy cover (estimate: 0.01, CI: (0.00,0.01),
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p < 0.001, Figure 6A), decreased with the proportion of dead and fully defoliated trees
(estimate: −0.002, CI: (−0.003,−0.002), p < 0.001, Figure 6B), increased with total canopy
volume (estimate: 0.06, CI: (0.01,0.11), p = 0.041, Figure 6C), and increased with larval
biomass (estimate: 0.08, CI: (0.05,0.10), p < 0.001, Figure 6D).

Figure 5. Relationship between the body mass of Pied Flycatcher fledglings (g) and (A) total pine
canopy cover (%), (B) proportion of dead and fully defoliated pine trees (%), (C) total pine canopy
volume (m3/ha), and (D) sawfly larval biomass (g/m2). Solid lines are trendlines estimated by the
model, and shaded areas show 95% confidence intervals.

Figure 6. Relationship between the tarsus length of Pied Flycatcher fledglings (mm) and (A) total pine
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canopy cover (%), (B) proportion of dead and fully defoliated pine trees (%), (C) total pine canopy
volume (m3/ha), and (D) sawfly larval biomass (g/m2). Solid lines are trendlines estimated by the
model, and shaded areas show 95% confidence intervals.

4. Discussion
Our findings show that European Pied Flycatchers selected nest boxes equally in both

degraded and unaffected forest patches, indicating that nest box availability—rather than
habitat quality—was the primary cue guiding settlement decisions. Importantly, it is not
the nest boxes themselves that created the ecological trap, but the surrounding degraded
habitat, which appeared superficially suitable, yet led to reduced fledgling success. This
mismatch between apparent and actual habitat quality fulfills the criteria of an ecological
trap, where maladaptive habitat selection occurs despite consistent cue reliability [1,9]. Our
study highlights the need to assess the ecological context of conservation interventions,
such as nest box provisioning, particularly in landscapes affected by long-term disturbances.
These findings also underscore how extended pest outbreaks can alter both the perceived
and functional quality of breeding habitats. Although larval abundance could be lower in
the later phase of the outbreak we studied, cumulative defoliation likely impaired forest
productivity and microclimatic conditions, reducing food availability and affecting nest
success. While both Great Tits and European Pied Flycatchers primarily rely on Lepidoptera
larvae to feed their nestlings [41], defoliation by sawflies likely suppressed the availability
of these preferred prey. Although sawflies were still available to Flycatchers in our study,
they may represent a lower-quality or less-preferred food source. This dietary shift could
explain why fledglings from damaged patches still performed worse, despite apparent food
availability. Thus, indirect effects of pest outbreaks—via reduced abundance of high-quality
prey—may significantly impair reproductive success in insectivorous birds. Future studies
should consider both temporal outbreak dynamics and structural forest degradation when
evaluating habitat suitability and avian reproductive outcomes.

Overall, we found that providing nest boxes to attract migrating Flycatchers as a means
of biological control resulted in an ecological trap for pairs choosing nest boxes in patches
of pest-disturbed forest. The rapid environmental change (i.e., the outbreak) resulted in the
severe deterioration of forest habitat quality that, in turn, negatively impacted the offspring
of Flycatchers that had chosen to nest in pest-affected patches. Compared to the pairs that
had nested in undamaged forest, ecologically trapped offspring were less likely to have
successfully fledged, and they had a lower body mass and tarsus length. As predicted,
clutch size was not associated with any of the estimated vegetation parameters or larval
biomass, suggesting that nesting site selection is largely based on availability and breeding
suitability. It is evident that pairs were not able to differentiate forest quality upon arrival,
as all nest boxes were filled regardless of if the box was in the undamaged or damaged part
of the forest. The cascading effect of the sawfly larvae deteriorating the quality of the forest,
which would disrupt the established ecosystem processes of the area, decreased the fitness
of Flycatchers residing in the outbreak-affected habitat.

One possible explanation for this lack of discrimination between the habitats is that
degraded Scots pines, having lost most of their needles, visually resembled leafless decidu-
ous trees during the early breeding season. Since deciduous trees in southeastern Latvia do
not typically leaf out until the second week of May, and Flycatchers arrive and settle by
late April, the birds may have been unable to visually distinguish between affected and
unaffected patches. This may explain why nest boxes in defoliated stands were occupied at
similar rates as those in healthy forest, supporting the presence of an ecological trap.

These cascading effects have been observed in other systems similar to this one. For
instance, the leaf-eating autumnal moth (Epirrita autumnata) is a common outbreaking
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pest species in birch (Betula pendula)-dominated forests [49]. Brambling (Fringilla montif-
ringilla) responds positively to this, even exhibiting breeding nomadism during outbreaks,
because the moth larvae greatly increase the amount of food available to adult birds and
their fledglings [50]. However, the larvae greatly deteriorate the overall quality of the
birch habitat through their overgrazing of birch leaves, twigs, and seeds. This results in
a cascading effect that ultimately harms other arthropods reliant on birch trees, which in
turn harms bird species reliant on birch trees and these other arthropods for resources [51].
Moreover, the relationship between the fitness of birds and outbreaking insect pest species
is dependent on numerous organismal and ecological factors, making it difficult for conser-
vationists to account for all possible scenarios when combatting outbreaks with biological
control methods.

Although the sawflies were in different outbreak phases when comparing [28] (non-
larval stage; conducted in 2019) and this study (larval stage; conducted in 2020), the
three vegetation measurements we took were also very similar. In the larval stage, sawfly
populations persist steadily until early June, when they migrate to the forest floor for
pupation and no longer become a reliable food source. As a result, the amount of food
available to Flycatchers from sawflies ad libitum decreases sharply in a matter of days
following this larval transition. This means that exploiting sawflies as a reliable food source
is no longer viable about a week before the Flycatchers actually fledge their nests, leading
to a situation where this study and [28] show similar trends for fledgling success. In both
studies, the nestlings suffered from starvation, but the specific causes of starvation were
different. In [28], the Great Tits did not have the sawflies available as a food source, but
the outbreak damaged forest patches to such an extent that overall resource availability
was poor since overall foraging substrate was impacted by the cascading effects of the
larvae overconsuming tree matter and indirectly decreasing the abundances of other insect
species. Interestingly, even with the sawflies available for the Flycatchers, the fledglings
from damaged patches still suffered compared to those from undamaged forest patches.

Perceived resource availability is a key factor influencing habitat selection in many
forest-dwelling species. For instance, brown bears (Ursus arctos) prefer berry-rich areas,
Indigo Buntings (Passerina cyanea) select disturbed forest edges, and Sage Sparrows (Am-
phispiza belli) nest in dense vegetation [52–54]. Yet, in each case, individuals choosing
seemingly resource-rich sites experienced reduced fitness, primarily due to increased pre-
dation risk, illustrating how misleading environmental cues can result in ecological traps.
These examples parallel our findings in Pied Flycatchers, where forest patches degraded
by pest outbreaks appeared suitable but ultimately reduced reproductive success. Such
cross-taxa patterns underscore how even subtle habitat misjudgments in forest systems can
have profound fitness consequences. In our study, the assessment of resource availability
differences was not possible, as the forest quality appeared similar when migrating Fly-
catchers arrived. Interestingly, our findings align with those reported for resident Great Tits
in a previous study conducted in the same region [25], where birds nesting in pest-affected
forest similarly exhibited reduced fledgling body mass and survival. This similarity may
reflect the shared ecological niche of the two species during the breeding season—both
are cavity-nesting, insectivorous passerines with overlapping dietary preferences and lim-
ited foraging ranges while provisioning their young [41,55]. Such parallels suggest that
the observed reduction in fitness is more strongly tied to local habitat degradation than
migratory status.

Sawfly outbreaks are unpredictable, tending to last for over a decade and causing
damage to trees at various levels of severity, depending on which stage of individual
development and outbreak the sawflies are in, ref. [56]. Here, we found that larval biomass
increased with canopy cover and volume, but decreased with dead and fully defoliated tree
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proportion along a gradient of outbreak severity. Larvae existed in the unaffected forest
patches—but not at the densities in the affected patches—and did not damage trees to such
an extent that fledgling fitness was impacted through overall resource reduction. It is clear
that larval fitness is also correlated with vegetation availability as their food source. Larvae
grow larger (as measured in terms of their average overall biomass) in undamaged forests
with denser vegetation, which leads to the following: at sites with greater estimated larval
biomass, fledglings tended to have a higher fitness level compared to those where larval
biomass was lower. Undamaged forest patches contributed to larger larvae, which then
contributed to fitter fledglings, whereas the opposite trend was evident for affected patches.
Although pest larvae may constitute significant parts of avian diets, their overarching
negative effects on habitat quality may still result in costs to bird species and even reduce
their own numbers through interspecific resource competition and overabundance [57].

From a conservation perspective, our findings suggest that using insectivorous species,
such as Pied Flycatchers, for biological control during the peak of a pest outbreak may not
be effective. Although the birds actively preyed on larvae, their presence did not prevent
further forest degradation, and fledgling success was lower in outbreak-affected patches.
Migrating pairs were attracted to nest boxes in degraded habitats, incurring unintended
fitness costs—thereby meeting the criteria for an ecological trap. This underscores the
importance of assessing not only the potential benefits of avian biological control, but also
the associated risks to the control species. In severely defoliated areas, it may be more
appropriate to temporarily remove nest boxes or delay their deployment until habitat
conditions recover. Nest boxes should be used with caution, especially in outbreak zones,
where food availability and forest structure may no longer support successful reproduction.
While supplementary feeding could potentially mitigate some of these effects, any such
intervention must be carefully evaluated to avoid further unintended consequences.

As climate change and land-use intensification drive rapid ecological change, the risk
of creating ecological traps through conservation interventions, such as nest box provision,
increases. While nest boxes offer valuable opportunities to study cavity nesters and can
support bird populations in degraded habitats, their use must be carefully evaluated,
particularly in areas affected by long-term disturbances, like pest outbreaks. Birds attracted
to such areas may experience reduced reproductive success, negating the intended benefits
of biological control. Therefore, identifying conditions under which nest boxes enhance
rather than compromise fitness is critical for minimizing unintended conservation costs
and ensuring that efforts to support biodiversity do not inadvertently harm target species.
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